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SYNOPSIS 

In 1989 when this study commenced, Lyme disease or Lyme Borreliosis (LB), was still a 

relatively recently identified disease entity. The earliest clinical description of some 

aspects of this disease are from Europe and extend back as far as 1883. These 

observations accumulated for nearly a century before the various manifestations were 

correlated and described as a single entity. Clinically, the description of LB is complex 

and comprises a diverse range of syndromes. Research established that distinct 

differences in the clinical presentations of patients occurred depending on the 

geographical locality in which they were infected. 

Anecdotal reports that an illness not dissimilar to the Northern Hemisphere LB was 

common in the Manning Valley District of New South Wales (NSW) began circulating in 

the late 1980's. However, because of the geographical isolation of Australia from the 

Northern Hemisphere it seemed at that time only a remote possibility that such a disease 

could exist on this continent. If it did exist, it was questionable as to how likely it would 

be that it had the same cause as Northern Hemisphere LB. 

This dissertation has been directed towards obtaining conclusive evidence 

that LB exists in Australia. The objectives have been: 

1. To determine whether Australian ticks carry and transmit spirochaetes related to 

Borrelia burgdorferi. 

2. To develop a specific and sensitive sero-diagnostic test to assess whether or not there 

is a correlation between clinical illness and the presence of Borrelia burgdorferi specific 

antibodies in likely Australian LB candidates. 

3. To access the distribution of LB along the East Coast of Australia. 
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This study was initiated in December 1989 and concluded in December 1994. 

It began as an attempt to detect the presence of B. burgdorferi in Australian ticks and 

concentrated on the Manning Valley, where two main species of ticks are common; 

Ixodes holocyclus and Haemophysalis longicomis. Because these tick species are widely 

distributed, the study extended south to include the Hunter Valley and to the Sydney 

regions (Plate 1). 

MANNING RIVER DISTRICT 
NEWCASTLE 

Plate 1 

CENTRAL COAST 

SYDNEY 

Map of Australia. Main locations of study are as indicated 

Despite modest success in the isolation of-fragile spiral shape organisms, using 

conventional Borrelia culture methods (Wills and Barry, 1991 ), a controversy 
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subsequently developed as to the true nature of these agents, because it was claimed that 

they were artefacts, probably aggregates of bacterial flagellae (Russell et al., 1994). From 

experiments based on improvements in culture conditions and examination of the 

ultrastructure of antibacterially treated cultures of B. burgdorferi, it was .concluded that 

the spiral shaped organisms detected in this study were mostly dead spirochaetes. 

Subsequent studies using monoclonal antibodies directed against the major structural 

proteins, as well as polymerase chain amplification of microbial DNA, provided evidence 

that B. burgdorferi - like spirochaetes are likely to occur in Australian ticks. 

A second approach was an attempt to correlate the presence of LB-like symptoms in 

patients with the presence of LB-specific antibody. This study commenced in 1992, in 

conjunction with Dr B. Hudson, Infectious Diseases Physician at Royal North Shore 

Hospital, Sydney. The objective of this phase of the work was to develop a suitable 

serological test. The three genospecies of B. burgdorferi were used to develop and 

evaluate the usefulness of an immunoblot procedure and interpretation of this test was 

based on recommendations made by the American Center for disease Control [Centers for 

Disease Control and Prevention. Case definition for public health surveillance. MMWR, 

39(RR-13):19-21, 1990] (Appendix C). Using stringent criteria for the clinical diagnosis 

of LB, Dr Hudson subdivided candidate LB patients into three categories based on the 

decreasing likelihood of LB specific illness. A correlation was established between the 

likelihood of clinical illness and positive serology. An unexpected finding to emerge was 

that the diagnostic specificity of the immunoblot test varied according to which 

genospecies of B. burgdorferi was used as antigen. Sera from Australian patients were 

most likely to be reactive to Osp A of B. garinii, with reactivity to B. aftelii Osp A_less 

common. They were least likely to be reactive to B. burgdorferi sensu stricto. 

The clinical manifestations of LB, acquired in Australia, resembled more closely those 

described in Europe, rather than in the USA~ This may correlate to the nature of 

Australian B. burgdorferi. Due to more frequent seroreactivity in Australian patients to 
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B. garinii compared with other strains, especially B. burgdorferi sensu stricto, suggests 

that Lyme borreliosis in Australia is more likely to be caused by an organism resembling 

B. garinii. 

This dissertation supports the conclusion that LB exists indigenously in Australia and 

provides a reasonable explanation for the controversy created by previous Australian 

studies. Further research is needed concerning several issues arising from this study, 

namely: 

1. Development of suitable cultural conditions for the growth and maintenance of 

Australian B. burgdorferi. 

2. The molecular characteristics of Australian strains of B. burgdorferi so that a 

taxonomical comparison with existing genospecies can be obtained. 

3. A more exact definition of the clinical manifestations of Australian Lyme disease and 

the immunological responses of patients. 

4. Determination of epizootiology of LB in Australia, and the importance of LB in 

Australian wild and domestic animal populations. 
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FOREWORD 

This dissertation is concerned with the biology, morphology and cultural characteristics 

of a Borrelia burgdorferi -like organism found in Australian ticks and with the clinical and 

serological features of a Lyme borreliosis like illness thought to be associated with tick 

bite. 

The introduction to this dissertation examines the history of Lyme disease, including the 

early clinical presentations observed independently in both America and Europe, and the 

ultimate realisation that both disease syndromes are caused by the same organism, B. 

burgdorferi. The review continues to examine the complexity and fastidious nature of B. 

burgdorferi, its modes of transmission and the difficulties in the diagnosis of the various 

clinical syndromes with which it is associated. The introduction ends with a discussion of 

the epidemiology of the disease and its importance in non-human animals. 

This review has taken into account all publications in print and available in Australia at the 

~ 30th July 1995. 

Following the literature review (Chapter 1), there is a description of the experimental 

methods (Chapter 2). The experimental results have been subdivided into three chapters: 

1. Chapter 3: Preliminary characterisation of Borrelia-like microorganisms 

found in Australian ticks. 

2. Chapter 4: Clinical and immunological assessment of Australian LB patients. 

3. Chapter 5: Epidemiology of Australian LB. 

Each experimental chapter is a discrete unit, containing both the experimental findings 

and a discussion that is relevant to the topic under consideration. 
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Chapter 1 Review of Literature 

1.1 History of Lyme Borreliosis 

1.1 . l Introduction 

It was in 1977 that Lyme disease or Lyme Borreliosis (LB) was established as a distinct 

tick-transmitted clinical entity. LB is, however, not a 'new ' disease. It is now realised 

that signs and symptoms of this complicated systemic disorder had been reported at least 

as far back as the late 18Q(j's. The path of discovery to the true nature of the disease has 

been complicated by the diversity of clinical manifestations, the expanding geographical 

distribution of the disease, and the fastidious nature of the infective agent. 

The emerging clinical syndrome 

The first description of a characteristic symptom of LB was reported in 1883 by the 

German physician, Alfred Buchwald (Weber and Pfister, 1993). His description of 

'diffuse idiopathic skin atrophy' of 16 year duration in a 36-year-old male is now 

regarded as the first clinical description of the late manifestation of LB, known as 

acrodermatitis chronica atrophicans (ACA). Associated syndromes occurring in 

conjunction with ACA were reported during the early 1900's, and these included 

arthralgia (Ehrmann and Falkenstein, 1925); and joint changes (Jessner and 

Loewenstamm, 1924). 

In 1895, Bronson and Elliot first reported ACA in the United States (cited in Sweitzer 

and Laymon, 1935) in a number of patients, some of whom were European immigrants. 

The presence of other symptoms was observed, but their relationship to ACA was not 

realised. 
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The association of a characteristic expanding red skin lesion with preceding tick bites was 

reported in 1909 in Stockholm at a dermatology meeting by Arvid Afzelius (Afzelius, 

1910), who described the lesion as 'erythema migrans' (EM). In 1913, Lipschtitz, 

described a similar lesion on a patient that lasted 7 months, and named the lesion 

'erythema chronicum migrans' (ECM). Afzelius continued to stress the importance of tick 

bite, and speculated that the condition might be caused either by a virus transmitted by the 

ticks, or by a toxic substance originating in the ticks (Afzelius, 1921). 

Reports of another characteristic lesion, namely lymphocytoma, began to appear by 1911 

(Burckhardt, 1911). The first connection of lymphocytoma with ACA was by Mulzer and 

Keining in 1929. Later, Bafverstedt (1943), reviewed case reports on lymphocytoma and 

found that several patients presented with lymphocytomas as well as with either ECM or 

ACA. 

Garin and Bujadoux (1922) described a patient with erythema following tick bite. This 

patient later developed radiculoneuritis associated with severe radicular pain and 

meningitic symptoms. However, it was in 1930 that a link between neurological 

symptoms and previously occurring erythema migrans and tick bite was made by the 

Swedish scientist Sven Hellerstrom. 

What is now a classic neurological feature of LB was first described in the i940's, when 

Alfred Bannwarth (1941) reported what he called 'chronic lymphocytic meningitis with 

the clinical syndrome of neuralgia or neuritis'. Although he made no connection to tick 

bite, a later investigator, Gelbjerg-Hansen (1945), drew attention to the possible 

importance of tick bites in a patient who had lymphocytic meningitis following ECM. 

By the late 1940's, European physicians had began to treat LB patients with antibiotics, 

and this led to some curious results (summarised by Weber and Pfister, 1993). 

Penicillins, tetracyclines and chloramphenicol were all reported by several investigators to 
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alleviate symptoms. However, a Jarish-Herxheimer reaction was described in 1951, by 

Gotz and Ludwig, when they reported a fever of "unknown origin" in a patient with 

generalised ACA treated with penicillin. The first successful transmission of ACA was 

achieved by Gotz (1954, 1955), who infected himself and three other physicians. He 

concluded that EM was due to the local accumulation of the hypothetical causal agent and 

that haematogenous and lymphatic spread occurred in a similar manner to syphilis. 

Discovery of the disease entity 

An interesting historical o6servation made in Germany by Walter Hauser in 1955 was 

that there appeared to be a correlation between the occurrence of ACA and the 

geographical distribution of Ixodes ricinus ticks. By 1963, it was evident that the 

distribution of ACA varied throughout Europe and occurred also in the United States 

(Danda, 1963). As suggested by Hauser (1955), it was found that in Europe, clustering 

of ACA in certain geographical regions was related to tick activity in these areas (Hopf 

and Strome, 1968). The seasonal variation in the incidence of ECM also became evident, 

with the peak rate observed during spring and autumn. This, as reported by Sedlacek 

(1960), followed the peak activity of Ixodes ricinus in Europe and the nymph /xodes 

ricinus became the major candidate vector for the disease (fhone, 1968). 

During the 1960' s the relationship between dermatological and neurological symptoms 

following an arthropod bite became clear (Schaltenbrand, 1967). The positive, curative 

response to antibiotic treatment, suggested a likely causative organism of bacterial origin, 

so that in 1974 it was postulated that borreliae, rickettsiae, and Pasteurella sp. were all 

possible candidates (Weber, 1974). 

In 1975, the State Health Department for the State of Connecticut, USA, commissioned 

Dr Allen Steere from the Rheumatology Department of Yale University to investigate a 

report of the unusually high incidence of what seemed to be juvenile rheumatoid arthritis 
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observed in the township of Lyme. The clinical presentation was asymmetric swelling 

and pain in the large joints of children. Some patients presented with expanding skin 

lesions, similar to those described in Europe as ECM. In most cases of ECM, however, 

there seemed to be no connection with the arthritis, so Steere and his colleagues reported 

the arthritic syndrome as a new disease entity, and called it Lyme arthritis, later changed 

to Lyme disease (Steere et al., 1977a). Plate 1. l is a historical account of the settlement 

of Lyme, Connecticut. 

Plate 1.1 A town history of Lyme, Connecticut, USA. The name-sake 

of the now recognised disease syndrome Lyme disease or Lyme 

Borreliosis. 
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For 5 years, the aetiological agent responsible for Lyme disease remained illusive, 

although the rural setting of Lyme and the seasonal occurrence of disease suggested that it 

might be an insect vector borne disease. The causative agent of LB was discovered by 

accident in 1981. In that year, Burgdorfer and Benach were evaluating ticks from Long 

Island, USA, as the possible vectors of the spotted fever agent, R. rickettsii. In the 

course of this study they discovered that the midgut of I. dammini often contained a large 

number of spirochaetes (Burgdorfer et al., 1982), which when cultured and grown in 

modified Kelly's medium proved to be a previously unrecognised species of borreliae 

(Barbour, 1984). 

The /. dammini spirochaete was designated Borrelia burgdorferi and was shown to be 

the aetiological agent of Lyme disease by indirect fluorescence with sera from several 

Lyme disease patients who had been seen by Dr E. Grunwaldt, a practicing physician on 

Shelter Island, New York (Burgdorfer, 1993). 

Similar, if not identical, spirochaetes were observed in/. ricinnus tick smears that had 

been stored following collection during a tick/rickettsial survey on the Swiss Plateau in 

1978 (Burdorfer et al., 1979). 

Burgdorfer et al., (1985), convinced that ECM in Europe and Lyme disease in the USA 

were expressions of one and the same aetiologic agent, commenced a tick survey in south 

eastern Oregon and in north/central California where the first report of ECM in the USA 

had been made in 1975 (Burgdorfer, 1993). The proposed vector was/. pacificus , is 

which endemic in this region. Of the 2402 ticks examined, 39 contained spirochaetes 

identical to those observed in/. dammini and/. ricinus (Burgdorfer et al., 1985) . 
. : ''! ::~ 
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1. 2 The order Spirochaetales and the genus Borrelia 

1.2.1 Introduction 

The structural components and morphological appearance of B. burgdorferi are typically 

spirochaetal, and when first analysed it seemed likely that it would be a new member of 

the genus, Borrelia. It is however, a complex organism, and is now recognised to 

comprise a diverse range of genetically similar genospecies. 

Characteristics of the Order Spirochaetales 

The diversity of spirochaetes in nature is extensive. Of the six genera in the Order 

Spirochaetales, only three contain organisms pathogenic for man; Treponema, Borrelia 

and Leptospira, with most spirochaetes being commensals of many different higher living 

organisms, ranging from molluscs to humans (Schmid, 1989). The factors that make 

some spirochaetes pathogenic and others not are largely unknown. 

The basic structure of a spirochaete is characteristic and shown in Plate 1.2. Aexuous 

spirochaetes possess a fundamentally different morphology and fine structure from the 

rigid spiral and curved bacteria (Freeman, 1979). The cell wall is not ordinarily rigid and 

motility is a function of cell structures other than typical external flagella (Freeman, 

1979). 

The spirochaetal structure is well defined, and essentially consists of a helically shaped 

protoplasmic cylinder, composed of the cytoplasm enclosed in a cytoplasmic cell 

membrane and surrounded by a trilaminar outer membrane or cell wall. With the 

exception of its spiral shape, the protoplasmic cylinder is similar to that of a typical Gram 

negative cell; the_ CY,~?plasmic elements, including the nuclear region ~d inclusions, are 

similar to those found in other bacteria. Surrounding the protoplasmic cylinder is an outer 
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envelope or S-layer that is elastic , fragile and essential to the integri ty of the cell 

(Freeman, 1979). Between the outer membrane and the cell membrane is the periplasmic 

space that contains axial filaments , or endoflagella . These are responsi ble for the 

organisms shape and cork-screw motility (Hayes and Burgdorfer, 1993 ). Like flagella of 

other Gram negative organism' s, the individual fibrils are made up of a filament, hook 

and basal body (Schmid, 1989). The fibril s are inserted into the cytoplasmic membrane 

near the ends of the cell and extend along the protoplasmic cylinder, beneath the outer 

envelope. Those originating from opposite ends of the ce!I may overlap near the central 

area. 

Plate 1.2a. Schematic representation of a spirochaete. 

The broken line indicates the outer envelope. The area delineated by the thick, solid line 

adjacent to the broken line represents the protoplasmic cylinder. The circles near the ends 

of the protoplasmic cylinder indicate the insertion points of the periplasmic fl agella. T he 

solid thin lines wound around the protoplasmic cylinder are the periplasmic flagella. 

Plate 1.2b Cross-section of a spirochaete. 

(Source: Schmid, G.P. 1989. Review of Infectious Disease l 1 (6), 1460- 1468. 
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l.2.3 Taxonomy of spirochaetes 

Spirochaetes belong to the order, Spirochaetales. Within this order there are two families, 

Spirochaetaceae and Leptospiraceae. Four genera belong to Spirochaetaceae and two to 

Leptospiraceae (Diagram 1.1). 

SPIROCHAETALES 

Diagram 1.1 

SPIROCHAETA 

CRISTISPIRA 

SPIROCHAETACEA 
TREPONEMA 

BORRELIA 

{ 

LEPTOSPIRA 

LEPTOSPIRACEAE 

LEPTONEMA 

Order - SPIROCHAETALES 

1.2.4 Structure of Borreliae spirochaetes 

The ultrastructure of B. burgdorferi is representative of all spirochaetes in the Order 

Spirochaetales, and is as described in Section 1.2.2. With the implementation of electron 

microscopy, however, it has been possible to distinguish certain features of the 

ultrastructure which are unique to this microorganism. 
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B. burgdorferi is a helical organism, with 3 to 10 loose coils and 0.25 to 0.30 µm wide 

(Preac-Mursic and Wilske, 1993). The length can vary depending on the age of the 

cultures and the nutritional adequateness of the culture media, and may be 8 to 30 µm 

long (Barbour and Hayes, 1986). It has between 3 to 18 axial filaments or endoflagella 

(Hayes and Burgdorfer, 1993). 

B. burgdorferi has varying endshape profiles formed from the trilaminar outer membrane 

or cell wall (Hayes and Burgdorfer, 1993). This phenomen gave rise to the speculation 

that more than one spirochaetal species may be involved in the aetiology of Lyme disease 

(Hovind-Hougen, 1984; Rovind-Hougen et al., 1987). However, this is not correct, 

because individual clones of B. burgdorferi continually resulted in cultures containing 

spirochaetes with endshape profile ranging from blunt to pointed (Hayes and Burgdorfer, 

1993). 

Structurally the S-layer or outer envelope of B. burgdorferi is, unlike that observed in 

Treponema, an apparently structureless 'skin', unstable in structure and easily lost when 

exposed to aqueous solution. Depending upon the nature of staining, it appears either as 

an electron dense or electron lucent layer ranging from 4 to 30 nm thick (Hayes and 

Burgdorfer 1993). 

The insertion patterns of endoflagella in the cytoplasmic cell membrane of B. burgdorferi 

appears identical to that of pathogenic treponemes (Hovind-Hougen, 1976). For both 

species of spirochaetes, the endoflagella are in a helical rotating row parallel to the long 

axis of the spirochaete. It has been the suggested that some relationship may exist 

between the insertion point pattern and the pathogenicity of the spirochaete (Hayes and 

Burgdorfer, 1993). Borreliae differ from treponemes in the ultrastructure of their 

endoflagella. With the exception of T. genitallium, sheathedness of the endoflagella and 

the presence of cytoplasmic fibrils appear characteristic in treponemes, not so in borreliae 

(Hovind-Hougen, 1976). 
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At the terminus of B. burgdorferi , in the periplasmic space, is a granular element (Hayes 

et al., 1990). This granule determines the round or truncated appearance of the end 

shape, and may play a role in the penetration of tissues (Hayes and Burgdotfer, 1993) 

The innermost compartment, or protoplasmic cylinder, consists of a limiting trilaminar 

membrane, nucleoplasm, ribosomes, mesosomal components and occasional crystalline 

elements (Hayes and Burgdorfer, 1993). Membranous vesicles (blebs, gemmae), may be 

observed associated with the protoplasmic and cytoplasmic cell membrane, however their 

functions have not been defmed (Hayes and Burgdotfer, 1993). 

Cultivation of spirochaetes 

The growth of spirochaetes in artificial media is complicated by the different nutritional 

and physiological requirements of the different species and not all spirochaetes can be 

grown in vitro, for example Treponema pallidum. In this study of borreliae, considerable 

attention has been payed to the formulation of media that are suitable for growth and 

maintenance of the microorganism in vitro. This will be discussed in Section 1.7.2. 
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1. 3 The biological characteristics of B. burgdorf eri 

1.3.1 Introduction 

The helical-shaped, Gram negative bacterium, B. burgdorferi, is readily visualised under 

dark field microscopy as a highly motile spirochaete. The optimum temperature for 

growth and motility is between 30-3SoC (Preac-Mursic et al., 1986). 

B. burgdorferi is a member of the genus Borrelia, and most members of this genus are 

transmitted by tick vectors. The disease most commonly associated with borrelial 

infection of humans and other vertebrates is tick-borne relapsing fever, an illness with a 

wide global distribution, but one which does not occur in Australia. The differentiating 

characteristics of the known borreliae are shown in Table 1. 1. 

Since its initial isolation in 1982, B. burgdorferi has been the subject of intense 

structural, antigenic and molecular characterisation. By 1992, it had become apparent that 

Lyme borreliae do not belong to a single borrelial genus, but there are at least 3, and 

possibly more, separate species (Baranton et al., 1992). The individual genera now 

recognised consist of B. burgdorferi sensu stricto, and the new genera Borrelia garinii 

and Borrelia aftelii. Borrelia burgdorferi sensu stricto is responsible for most, if not all 

cases, of Lyme borreliosis in North America and the most frequently investigated strain 

of this organism is designated 831. There are many individual strains of both B. garinii 

and B. aft.elii, and there is significant molecular heterogeneity within each genotype. 

These species predominate throughout Europe and Asia. Despite this essential 

delineation, all species of Lyme borreliae share many similar characteristics, therefore 

throughout this dissertation whenever the term B. burgdorferi is used, it is intended in 

the generic sense. 
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TABLE 1.1 Differential Characteristics of the 

species of the genus B orrelia. 
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[Adapted from Kreig, N. R. and Holt, J. G. 1984 Bergey's Manual of Systemic 
Bacteriology. p.60 and Barbour, A. G. and Hayes, S. F. 1986 Biology of Borrelia 
species. Microbiological Reviews 50( 4),382) · 

------------------·----------------------------------------------------------------------------------------------------
SPF.CIBS VECTOR HOST DISTRIBUfION DISEASE 

----------- ---·-----------------·-------------·-------------· .. ·---------------------------------------------------------------------
8. anserina A. miniatus Numerous birds Worldwide Avian borreliosis 

A. persica 
A. reflexus 

B. brasiliensis 0. brasi lienus Rodents Brazil 
B. caucasica 0. verrucosus Rodents, man Iraq, USSR Tick-borne relapsing 

Europe fever 
B. crocidurae 0. erraticus - Rodents, man Africa, Asia Tick-borne relapsing 

fever 
B. dugesii 0. dugesii Rodents Mexico 
B. duttonii1 0. r,wubata Man Africa Tick-borne relapsing 

fever. 
B. graingeri 0 . graingeri Rodents, man East Africa Tick-borne relapsing 

fever 
B. harveyi Unknown Monkeys Africa 
B. hermsii1 0. hermsii Rodents, man USA.Canada Tick-borne relapsing 

fever 
B. hispanica2 0. erraticus Rodents, man Spain, Portugal Tick-borne relapsing 

Morocco, Algeria fever 
Tunisia 

B. latyschewii 0. Rodents , reptiles Iran, Iraq, Asia Tick-borne relapsing 
tartakovskyim man Afghanistan, USSR fever 

B. mazwttii 0. talaje Rodents. man Mexico Tick-borne relapsing 
monkeys Guatemala fever 

armadillos 
B. parkeri1 0.parkeri Rodents, man USA Tick-borne relapsing 

fever 
B. persica 0. tholozani Rodents, bats Asia Tick-borne relapsing 

man Greece fever 

B. recu"entis2 P. humanus Man World wide Louse-borne relapsing 
fever 

B. theileri R. deco/oratus Ruminants Africa, Australia Cattle and horse 
R. evertsi horses Nigeria, Brazil borreliosis 

B. micropus Mexico 
B. illae 0 . zumpti Rodents South Africa 
B. turicatae1 0. turicatae Rodents, man USA, Mexico Tick-borne relapsing 

fever 
B. venez.uelensis 0. rudis Rodents, man Central & Tick-borne relapsing 

South America fever 

B. coriaceae1 0. coriaceus cattle USA Epizootic Bovine 
abortion 

B. burgdorferi1 l. ricinus man, animals Worldwide Lyme Disease 
I. dammini 
I. pacijicus 

I. Grow well in vitro. 
2. Grow in vitro but only low cell numbers obtained. 
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In vitro culture of B. burgdDrferi 

The culture media that has evolved for B. burgdDrferi is complex, and contains a mixture 

of amino acids, vitamins, inorganic salts, N-acetylglucosamine, serum albumin and 

rabbit serum. Variations to the original Kelly's medium were introduced by both Barbour 

et al. (1983b) and Preac-Mursic et al. (1986) [Discussed in Section 1.7.2]; these 

modified media have been named Barbour-Stoenner-Kelly (BSK II) and MKP 

respectively. A recent study by Dotward et al. ( 1994) indicates that the presence of ferric 

ions may be a critical constituent in the media composition. 

B. burgdorferi has been described by different authors as microaerophilic (Barbour, 

1988a) and anaerobic (Preac-Mursic and Wilske, 1993). Its preferential growth at the 

bottom of the media tube indicates a preference towards a lower oxygen tension, although 

strain variations may account for discrepancies observed in their aerotolerance. 

It is accepted universally that optimum growth is obtained at temperatures between 300C 

and 34oC. The organism is more tolerant of lower rather than higher temperatures. Under 

optimum conditions, most strains have a generation time between seven to twenty hours, 

and can reach cell concentrations of 1<1i-8 per ml (Preac-Mursic and Wilske, 1993). 

Growth on solid media was obtained by Kurtti et al. (1987) using BSK medium 

solidified with 1.5% agarose. Cultures were incubated at 34oC for 2-5 weeks in a candle 

jar by which time, discrete colonies could be observed with a dissecting microscope; 

variation in colony size and shape was found for different strains of B. burgdorferi. 

Preac-Mursic et al. (1991) studied differential growth patterns using six different solid 

media. She found that PMR medium, incubated for two weeks, at 33oC, under anaerobic 

conditions, provided the highest recovery rates and the best colony formation. 

The colonies were of two types, one that was similar to the "fried egg" colony pattern 
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seen with mycoplasma and which was grey and shallow with a convex dark centre. 

having either rough or smooth edges. The other colony morphology lacked the dark 

centre, and was grey, smooth, or ;;rough diffuse". Variations in morphology were 

observed from isolates from different patients as well as isolates from individual patients. 

In vivo culture of B. burgdor(eri 

B. burgdorferi has been found to replicate in a variety of experimental animals. White 

rabbits (Burgdorfer, 1984 and Kornblatt et al., 1984), Syrian hamsters (Johnson et al ., 

1988), dogs (Burgess, 1986a, b), gerbils (Stanek et al., 1986a and Preac-Mursic et al., 

1987), severe combined immunodeficient (SCIO) mice (Schaible et al., 1989), rats 

(Barthold et al., 1988) and hispid cotton rats (Burgdorfer and Gage, 1987) have all been 

infected by intraperitoneal, intradermal, or intravenous inoculation of 104-7/ml of B. 

burgdorjeri or by exposing them to infected ticks. 

The outcome of infection by B. burgdorferi varies between animal species. In some, for 

example hamsters and immunologically intact mice, there are no apparent signs or 

symptoms, whereas others may develop arthritis (infant rats and SCID mice), or skin 

lesions similar to erythema migrans (rabbits) [Preac-Mursic and Wilske, 1993] . 

Histological evidence of arthritis in infected rats that are apparently symptomless implies, 

however, that mild cases of the disease may not be recognised clinically (Barthold et al., 

1988). 

[n vivo studies have shown that spirochaetemias occur in experimentally infected animals 

(Preac-Mursic and Wilske, 1993), with the number of spirochaetes in the blood 

fluctuating following a peak at day three post infection, until they eventually disappear 

(Burgdorfer 1991, Preac-Mursic et al., 1987, 1990). B. burgdorferi has been isolated 

from a number of organs of infected animals many months following infection, including 

the liver, spleen, kidney, heart, skin and blood (Burgdorfer 1991, Preac-Mursic et al., 
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1987, 1990). 

Genetic structure 

The genetic organisation of B. burgdorferi comprises a relatively small linear duplex 

DNA chromosome of 900 - 1000 kb in size (Ferdows and Barbour, 1989) together with 

extrachromosomal DNA in the form of linear and circular plasmids (Barbour and Garon, 

1987; Barbour, 1988b). The plasmids play an important role in the pathogenicity if B. 

burgdorferi sensu lato, because the genes for all the outer surface proteins identified to 

this date are encoded in plasmids. Osp A and Osp B are carried on a linear plasmid of 50 

kb in B. burgdorferi sensu stricto, 55 kb in B. garinii and 56 kb in B. aftelii (Marconi 

et al., 1993). The gene for Osp C is located on a 27 kb circular plasmid (Sadziene et al., 

1993b). The gene for Osp Dis located on a 38 kb linear plasmid (Norris et al., 1992). 

Two addition Osp's designated E and F, have been described which are encoded on a 45 

kb plasmid (Lam et al., 1994). 

Characterisation of chromosomal DNA indicated that B. burgdorferi is a separate species 

in the genus Borrelia (Hyde and Johnson, 1984, 1988; Schmid et al., 1984). Further 

studies using DNA/DNA hybridisation and specific rRNA gene restriction patterns 

allowed B. burgdoferi to be differentiated into three genospecies: B. burgdorferi sensu 

stricto, B. garinii and B. aftelii (Postic et al., 1990; Baranton et al., 1992). A fourth 

genospecies, B. japonica, has since been delineated (Kawabata et al., 1993). The 

definition of at least four genospecies was confirmed by Belfaiza et al. (1993) using 

pulse-field electrophoresis of large restriction fragments produced by digestion of 

chromosomal DNA using rare cutting endonucleases. A correlation between genospecies 

and the associated clinical disorders has been observed (van Dam et al., 1993). 

The plasmid profiles of different B. burgderferi strains (Barbour, 1988b) are 

heterogenous. In a comparison of 13 strains from the United States and Europe, Barbour 
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( 1988b) found that plasmid size range varied from 15 - 60 kb, and that there were both 

circular and linear plasmids ranging in number from three to seven. 

Identification and characterisation of the immunodominant antigens of B. 

burgdorferi sensu lato 

a) Introduction 

The immune response provoked by infection with B. burgdorferi generates a large 

number of individual antibodies. More then 30 polypeptides can be detected when the 

microorganism is analysed by SDS-polyacrylamide gel electrophoresis (Barbour and 

Schrumpf, 1986), and each polypeptide contains a number of antigenic epitopes. 

However, when examined by immunoblotting (Chapter 4) the immune response to B. 

burgdorferi polypeptides is characterised by the occurrence of a number of 

immunodominant antigens. This section will discuss the major immunodominant proteins 

that have identified. These are summarised in Table 1.2. 



Table 1.2 Molecular weights of the antigenically significant 

proteins of B. burgdorferi sensu lato 

Protein Molecular Weight 

p&.3/100 80-100 kDa 

p60 ffikDa 

Flagellin 41 kDa 

OsoB 34kDa 

OsoA 31 kDa 
-

OspD 28kDa 

Osp F 26kDa 

OspC 21 kDa 

OspE 19kDa 

b) Properties of main antigenic proteins of B. burgdorf eri 

The following is a brief description of the proteins described in Table 1.2. 

p83/JOO 
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The p83/100 protein is a cytoplasmically located peptide present in nearly all strains of B. 

burgdorferi and is thought to be species specific (Wilske et al., 1990). On a SDS

polyacrylamide gels it migrates in the 80 - 100 kDa range and is characterised by its 

reaction with monoclonal antibody L.100 1D4 (Preac-Mursic and Wilske, 1993). 

The gene for p83/100 is chromosomal and is 2 kb in size. Strain variability for this 

protein is observed from amino acid 400 to 550, with many strains lacking the amino acid 

sequence 400 to 405 that occurs in the B31 strain of B. burgdorferi sensu stricto. Amino 

acids 1 to 350 (N-tenninus). and the last 150 amino acids (C-tenninus) are conserved . --
(RoBler et al., 1994). 
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p60 

ln the 60 kDa region, B. hurgdorferi has a cluster of antigens referred to as the common 

antigens (CA), which show broad cross-reactivity, and were considered to be heat shock 

proteins (Hansen et al., 1988a). The group is highly conserved, not only amongst 

spirochaetes, but also amongst many other bacteria, with the consequence that they are 

immunologically cross-reactive (Bruckbauer et al., 1992). These cytoplasmic proteins 

may not be however, heat shock proteins, as their production could not be induced by 

heat (Cluss and Boothby, 1990). 

flagellin (41 kDa) 

The 4lkDa protein has been identified as the structural unit of flagellin (Barbour and 

Schrumpf, 1986), which constitutes the endoflagella of the periplasmic space, and has an 

actual molecular mass 35.7 kDa. Post translational modification is responsible for the size 

discrepancy (Jiang et al., 1992). These molecules have antigenic epitopes that are present 

on the flagella of other bacteria, although they also possess species-specific epitopes 

(Wilske et al., 1990). Monoclonal antibody H9724 recognises one such Borrelia- specific 

epitope located at amino acids 90 to 266 of p41 (Collins and Peltz, 1991). 

Osp A and Osp B (31 kDa and 34 kDa respectively) 

The outer membrane of B. burgciorferi contains at least two abundant proteins that are 

designated outer surface proteins A and B (Osp A and Osp B). These proteins play a 

major role in pathogenicity and have molecular weights of about 30 - 36 kDa, with Osp A 

having the lower molecular weight. Osp A, apparently unique to B. burgdorferi 

(Bruckbauer et al., 1992), is antigenically variable, particularly amongst European 

isolates (Wilske et al., 1985, 1986a). Osp B, likewise, displays considerable 

heterogeneity, and in some strains may be absent. 

The Osp A and Osp B genes are located on a what was initially believed to be 49 kilobase 
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double stranded DNA linear plasmid (Barbour and Garon, 1987). The two genes are 

transcribed together as a single transcriptional unit (Howe et al., 1986). Mapping studies 

have demonstrated that the Osp A gene is at the 5' end of the operon and that ospB is 

downstream of ospA (Howe et al., 1986). Subsequent studies have, however, 

established that the Osp A/Osp B plasmid varies in size between 50-56 kb depending on 

the genospecies (see Section 13.4). 

Partial DNA sequence analysis of the Osp A gene by Wilske et al. (1993) established that 

it has a highly conserved N-terminal region of 29 amino acids and another smaller 

conserved region encompassing amino acids 102 to 111 that exist amongst different 

strains of B burgdorferi. A variable region exists between amino acids 30 to 101. 

Differences in this variable region correlated with distinct reactivity patterns of Osp A to a 

selected group of monoclonal antibodies (MAb's) and Wilske et al. (1993) used these 

differences to establish a serotyping system. Using a MAb panel comprising 1.32, lfl 1, 

1C8, H5332, LA 26, 1.32 1F7, H3TS, 1.32, 103, and 1.32 lDl 1, this system 

recognised seven serotypes. The serotype designated to each strain was highly correlated 

with the geographical region of initial isolation. 

Thus it was shown by Wilske et al. (1993) that Osp A serotypes 1 and 2 correspond to 

B. burgdorferi sensu stricto and B. aftelii respectively. B. garinii was found to be more 

heterogeneous with respect to serotype and individual strains comprise Osp A serotypes 

from 3 through to 7; serotype 6 lacked Osp B. Earlier studies by Barbour and Schrumpf 

( 1986), using monoclonal antibody H6831, had established antigenic differences in Osp 

B between strains isolated in Europe and the United States. As Osp B may play a role in 

adhesion to cell walls, its absence in some strains may result in reduced pathogenicity 

(Wilske et al., 1994). 

Osp D (28 k.Da) 

Osp Dis a surface exposed lipoprotein of 28 kDa which is encoded in a 38 kb linear 
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plasmid (Norris et al., 1992), and is preferentially expressed by low passage, virulent 

strains of B. burgdorferi sensu stricto (Lam et al., 1994). Because it is absent in high 

passage, non-virulent strains of B. burgdorferi, this lipoprotein is considered to be a 

likely virulence factor (Norris et al., 1992). 

Osp E and Osp F (19 kDa and 26 kDa respectively) 

The surface exposed lipoproteins Osp E and Osp F are the gene products of the ospE and 

ospF genes that occur on a 45 kb plasmid and are structurally arranged in tandem as one 

transcriptional unit under control of a common promoter (Lam et al., 1994). The 

calculated molecular mass of Osp E and Osp Fis 19.2 and 26.1 kilodalton respectively, 

but on SOS-PAGE they are seen as a bands of sizes 19 and 29 kilodalton (Lam et al., 

1994). 

Osp C (21 kDa) 

Present in some strains of B. burgdo1feri is a 20 - 21 kDa protein, designated pC 

(Wilske et al., 1986a). Although antigenically heterogenous, this is a major protein of the 

early immune response, particularly in European patients (Wilske et al., 1990). Although 

the pC is rarely reported in American strains of B. burgdorferi, these strains often 

express a predominant protein of molecular mass 23 kDa (p23) [Padula et al., 1993). 

Nucleic acid and amino acid sequence comparisons of p23 with those of pC, indicate a 

high degree of homology (Fuchs et al., 1992). It is now accepted that p23 and pC are 

homologues of the same outer surface protein, Osp C. 

The ospC gene is found on a 26 to 27 kDa circular plasmid in B. burgdorferi (Marconi 

et al., 1993). A varying degree of heterogeneity was observed in the Osp C phenotypes, 

which was later found to correlate to the different genospecies of Lyme borreliae (Theisen 

et al., 1993). 

Absence of detectable Osp C is likely to be due to poor expression, rather than lack of, 
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the ospC gene. (Livey et al., 1994). Studies using B31, in which detectable levels of 

Osp C cannot be determined by SOS-PAGE, by immunoblot or on whole organism by 

immunoelectron microscopy, indicate that the ospC gene is present (Padula et al., 1993 ). 

A 54 bp deletion in the 5' noncoding region of the gene probably accounts for the lack of 

detectable levels of expression of Osp C, because this region contains the enhancer 

elements required for increased ospC transcriptional activity (Padula et al., 1993). 

Sadziene et al. (1993b) also found a correlation between Osp C expression and absence 

of a linear 16 kb plasmid. It was hypothesised that a protein or RNA encoded by this 

plasmid may function as a represser of ospC expression; loss of this plasmid overcomes 

repression and Osp C is expressed. 

An ospC homologue is detectable in other Borrelia species, including B. coriaceae, B. 

hermsii, B. anserina, B. turicatae and B. parkeri (Marconi et al., 1993). In contrast to 

B. burgdorferi, these strains carry more than one copy of the ospC gene on linear 

plasmids of different sizes. The protein encoded by this gene is, however, 

immunologically reactive with the Osp C-specific antisera and in most isolates is of the 

same molecular weight as the Osp C found in B. burgdorferi (Marconi et al. , 1993). 
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1. 4 Ecology of Lyme Borreliosis 

1.4.1 Vector of transmission of Bo"elia burgdorferi 

When Af zelius described what is believed to be the first account of EM at the site of a tick 

bite in 1910, the aetiology of the skin disorder was unknown (Afzelius, 1910). However 

he speculated at the time that EM might be the result of a tick-associated toxin or 

infectious agent. As European reports of the LB syndrome accumulated during the early 

decades of this century it became clear that the illness was of a chronic nature, and 

consequently unlikely to be toxic in origin. In 1950, Hellerstrom found spirochaetes in 

skin sections of erythema migrans and suggested they may be the tick-transmitted, cause 

of this disease. Confirmation of this conclusion was delayed for 30 years until 

Burgdorfer's observation of the B. burgdorferi spirochaetes in hard-bodied lxodes sp. 

ticks in 1981 (Burgdorfer et al., 1982). 

Until this discovery, tick-borne Bo"elia infections were thought to be spread only by 

soft body ticks, in particular Ornithodorous spp. (Table 1.1) [Felsenfeld, 1965]. It is 

now clear that Bo"elia burgdorferi is transmitted not only by the lxodes sp tick, but also 

by the other hard body ticks; Dermacentor variabilis, D. parumapertus, Amblyomma 

americanum, Rhicepha/.us saguineus and Haemophysalis leporisalustris, as well as other 

insects such as Ctenocephalidias Jelis, mosquitoes, and various flies (Sigal, 1988). 

1.4.2 Characteristics of ticks 

Ticks, along with mites, spiders and scorpions are included in the Class Arachnida. 

Unlike the Class Insecta, members of the Class Arachnida are characterised by a head, 

thorax and abdomen fused into one body region, by a lack of antennae, and by the 

presence of four pairs of legs in the nymphal and- adult stages (Green and Burton, 1985). 

The two main groups of ticks are the hard ticks (Family Ixodidae), and the soft ticks 
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(Family Argasidae). The genus lxodes belongs to the large family of ixoid or hard

shelled ticks. Characteristically they have distinct anal grooves that embrace the anus 

anteriorly, lack eyes and festoons, are inornate and have sclerotized plates which cover 

the entire ventral surface of the body in the male, but only the anterior portion in the 

female (Roberts, 1970) [Plate 1.3]. 

b 

8 

Fig. 1. - External morphology of an Ixodid tick. A, Prostriata, Ixodes, 
male (dorsal view): a, capitulum (gnathostoma); b, body (idiosoma); c , 
scapula; d , cervical g·roove; e, lateral groove; f, scutum; g, marginal 
body fold; h, marginal scutal fold; i, trochanter; j, femur; k, tibia ; 
i, metatarsus; m, tarsus; n, claws; o, pulvillus. 8, Prostriata, 
[xodes, male (ventral view): a, basis capituli; b, palp; c , hypostome; d , 
jugular plate; e, pregenital plate; f, genital aperture; g, additional 
accessory plate; h, median plate; i, spiracular plate; j, epimeral plate; 
k , adanal plate; L, anus; m, anal plate; n, trochanter I (spurred); 
o, trochanter II (spurred); p, trochanter III (spurred); q, trochanter IV 
(spurred); r, coxa I (internal and external spur): s, coxa II; t, coxa III; 
u , coxa IV. C, Prostriata, Ixodes, female (dorsal view): a, capitulum; 
b, palp; o, cervical groove; d, anterolateral margin of scutum; e , 
lateral carina; f, scutum; g, posterior angle of scutum; h , marginal 
groove; i , posterolateral groove; j, median groove. D, Prostriata, I:z:odes, 
female (ventral view): a, _ capitulum; b, palp; c, hypostome; d, coxa I; 
e, coxa II ; f, coxa III; g, coxa IV; h, spiracular plate; i, macula; 
j, anus; k, genital aperture; l, genital groove; m, anal groove; n, 
sternal plate . 

Plate 1.3 Schematic diagram of Jxodes sp tick. Source: Roberts 
(1970). Australian Ticks. 
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Global distribution of Ixoid Ticks 

Ixodes ticks are found world wide (Table 13). Their distribution depends mainly on the 

availability of suitable hosts, and temperature fluctuations that remain within the range of 

minus 10°C to 3.SOC with a relative humidity of at least 80% in the air and of near 

saturation in the soil. 

Table 1.3 Distribution of lxodes sp. tick 

[Adapted from Palferman, T.G. (1992). Lyme Disease: An Overview. Deer. 8, 567-569. 
and Anderson, J. F. (1989). Epizootiology of Borreiia in Ixodes Tick Vectors and 
Reservoir Hosts. Rev. Infect. Dis., 11, 1451-1459.] 

Tick species Distribution Animal Hosts 
Larval and nymphal Adult 

I. dammini North-east, Mid Rodents, Deer, canids 
west USA. insectivores, birds 

I. scapularis South-east USA Skinks , birds, Deer, bear,canids 
rodents 

I. pacificus Western USA Lizards, birds, Deer, beer,canids 
rodents 

I. dentatus .Eastern USA Rabbits, birds Rabbits 
I. ricinus Europe, Western Rodents, Deer, canids, hare, 

Asia insectivores, birds cattle 
I. persulcatus Western USA Rodents, Deer, canids, hare, 

insectivores, birds cattle 
I. hexagonus Europe Hedgehogs, cats, dogs 

mustelidae 
I. ovatus Japan unknown unknown 
I. holocyclus Australia small mammals mammals 

1 .4.4 Llf e-cycle of Ixodidae ticks 

Seasonal activity of the ticks begins in spring (Plate 1.4). Mating generally occurs on the 

host animal and, after engorging fully with blood, the female drops to the ground to lay 

eggs. Egg hatching is subsequently influenced-by environmental factors, but generally 

occurs within 4-8 weeks. The larvae or 'seed ticks' have only three pairs of legs and are 
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not distinguishable as to their sex. After attachment and feeding on a suitable host, the 

engorged larvae moult into the eight legged nymphs. This generally occurs around late 

spring, early summer. Unlike the adult, the nymph is smaller and has no genital opening. 

During summer and early autumn the nymphs feed and moult into either µiale or female 

adult ticks. Both males and females ingest blood, males however, do not engorge. After 

7-10 days of feeding, mated females drop to the ground where, after 8-30 days, they 

oviposit up to 3000 eggs. After egg laying is complete the female tick dies. Engorged 

ticks or eggs oviposited during late autumn, go into a diapause, hibernate, and moult in 

early spring of the following year. 



Page 31 

will feed on 

any of these hosts, 

but needs 

Plate 1.4 Life cycle of the Australian paralysis tick Ixodes holocyclus 

showing host species for the three stages. Source: Stone, 8.F. ( 1990). Ticks 

and Their Toxic Effects In: A Colour Guide to Dangerous Animals. Singapore University 

Press. 

Tick/spirochaete interaction 

Lyme borreliae establish a persistent infection in the tick midgut and aggregates 

accumulate between epithelial cells, becoming closely associated with the basement 

membrane of the gut. Dissemination to other tissues follows (Gem et al. , 1990). The 
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presence and development of spirochaetes in ovarian tissue could allow for the 

transovarial transmission, but massive spirochaetal development in oogonia and oocytes 

have been shown to have adverse effects on egg development (Burgdorfer et al., 1988). 

As a consequence of this, there is little likelihood that tick larvae harbour B. burgdoferi 

prior to a blood meal. 

Transmission of the spirochaete to the tick probably begins following the commencement 

of blood feeding by larvae and nymphs on infected vertebrates. Once attached to the host, 

the tick secretes saliva into the feeding lesion (Stone, 1990). During alternate periods of 

blood sucking and the release of the saliva, an infected tick can transfer the spirochaete to 

the vertebrate host (Burgdorfer et al., 1986). All stages of Ixodes sp. ticks parasitise a 

large variety of animal hosts, including humans (Table 1.4), and up to 66% of lxodes 

ticks in endemic Lyme disease areas are found to be infected with spirochaetes (Gem et 

al., 1993). This suggests the existence in such areas of large reservoirs of persistently 

infected vertebrate hosts such that B. burgdorferi persists in cycles between its tick 

vector and animal hosts. Certain animal hosts play important roles in this infection cycle. 

In North America, white footed mice (Peromyscus leucopus) are particularly important 

hosts for subadult ticks, while adult ticks have a predilection for white-tailed deer 

(Odocileus virginianus) [Anderson, 1989]. 

Any vertebrate parasitised by a vector tick has the potential to be infected by B. 

burgdorferi, and thus play a role in subsequent disease transmission. The spirochaete has 

been isolated from the blood of humans, and wild and domestic animals following tick 

attachment (Anderson, 1989). The duration of tick attachment appears to be critical in the 

acquisition of the disease (Piesman et al., 1987). Shih and Spielman, ( 1993) showed that 

nymphal ticks generally acquire infection within 16 hours of attachment to an infected 

host, and become infectious to other hosts within another 3 to 5 days. Successful 
, 

spirochaetal transmission usually requires tick attachment for 48 hours or more (Plate 

1.5) [Shih and Spielman, 1993]. An exception is those species of ticks that have a 
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predilection for lizards rather then warm blooded animals. Reptiles are believed to be 

unsuitable hosts for the Lyme disease spirochaete due to their low body temperature 

(Anderson, 1989). This may explain variations in the efficiency of some vectors to 

transmit the disease (Piesman and Sinsky, 1988). The larvae, nymph and adult stages can 

all potentially harbour Borrelia burgdorferi (Piesman et al., 1987, Shih and Spielman, 

1993, Piesman and Stone, 1991). 

Plate 1.S Nymph tick embedded in human leg 

Australian ticks 

In Australia, approximately 60 different species of ticks have been described (Stone et 

al., 1987). The ticks commonly found infesting domestic animals are listed in Table I .4. 
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Table 1.4 Common Australian ticks 

[Source: Green, P.E. and Burton, D.W. (1985) Identifying ticks of veterinary interest. 
Old. Ag. J., Jan:15--20.] 

Haemophysa is 
Ion icomis 
Am lyomma triguttatum 

Ixodes holocyclus 

Haemophysalis bancro 

ommonname Domestic host ran e 

tick 

orses, 

Paralysis tick 

Wallaby tick 

Along the East-coast of Australia, Haemaphysalis longicomis and Ixodes holocyclus are 

the most prominent (Plate 1.6) 



New South Wales 

COLOUR CODE 

- Approximate distribution of lxodes holocyclus 
- Approximate distribution of Haemophysalis longicornis 

Plate 1.6 Distribution of /. holocyclus and H. longicornis in 

Australia 

-
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The paralysis tick(/. holocyclus), sometimes called the dog tick in New South Wales and 

the scrub tick in Queensland, occurs throughout coastal areas of eastern Australia as far 

south as Lakes Entrance, Victoria. In the Sydney area, it is common between the Harbour 

and the Hawkesbury River and westward to Castle Hill. It has been found as far west as 

the Blue Mountains in New South Wales. 

The bush tick (H. longicornis), sometimes called the grass tick, the bottle tick or the 

New Zealand cattle tick, is permanently established in New South Wales on a narrow 

coastal strip less than 100-km wide. In favourable seasons mild infestations may be 

found as far inland as the Murray Valley. 

Both/. holocyclus and H. longicornis can feed on all warm blooded animals, including 

humans. Domestic infestations have been reported with cattle, horses, sheep, goats, 

dogs, cats, pigs, birds and poultry, as well as in native fauna, particularly bandicoots and 

possums (Bryce and Dicker, 1985, Carter, 1985). 

The paralysis tick, I. holocyclus, causes paralysis in the animal host by injecting a toxin 

which is produced in the tick's salivary glands (Carter, 1985). 
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1. 5 Clinical Overview 

1.5. I Introduction 

Lyme borreliosis consists of periods of acute illness followed by periods of apparent 

remission and is typical of spirochaetal diseases. There are three stages in LB, the first 

two occurring within a few weeks or months following exposure to B. burgdorferi, and 

represent the early phase of the disease. Months or years after infection the late or third 

stage of the disease becomes evident. Individual patients tend to develop only part of the 
-

disease spectrum, and the three stages are usually only apparent when observing large 

numbers of patients. Clinical manifestations vary throughout different geographical 

regions, and may be related to the particular genospecies of B. burgdorferi responsible 

for infection. 

1.5.2 The stages of Lyme borreliosis 

Table l.S Manifestations of Lyme borreliosis at each stage of the 

disease 

[Source: Weber, et al. (1993). In: Aspects of Lyme Borreliosis. Weber and Burgdorfer 

(eds).] 

Sta e 

I 

II 

III 

Erythema migrans 
Constitutional s toms 
Meningoradiculoneuritis (Bannwart s syndrome) 
Meningitis/ meningoencephalitis/ cerebral vasculitis 
Arthralgia (arthritis) 
Myalgia (myositis) 
Carditis 
Borrelial lymphocytoma 
Multi le e ema mi ns lesions 
Acrodermatis c nica atrophicans 
Arthritis 
Encephalomyelitis/ cerebral vasculitis 
Peri beral neuro ath 



Page38 

a) Early infection - Stage 1 

Following the tick bite, B. burgdorferi spreads locally in the skin. Only 30-50% of 

infected patients remember a tick bite (Weber et al., 1983; Asbrink and Olsson, 1985; 

Weber and Neubert, 1986). In North America, between 60 to 80% of patients will 

develop EM, which is often accompanied by fever, minor constitutional symptoms, or 

regional lymphadenopathy (Steere et al., 1983a; Steere et al., 1986). EM is unique to 

Lyme disease (Weber et al., 1993). In some instances Borrelial lymphocytoma may be 

seen as the first sign of Lyme borreliosis (Weber et al., 1993). 

Diagnosis at this stage can be made by culture or direct visualisation of the spirochaete 

(Berger et al., 1985); specific antibody is usually absent (Shrestha et al., 1985). 

Within three to four weeks the erythema migrans usually fades, even in untreated patients 

(Steere et al., 1983a). 

b) Early infection - Stage II 

Dissemination of the spirochaete into the patients' blood, lymphatics and in other sites as 

listed in Table 1.5 occurs within days or weeks of infection. During this stage, Benach et 

al. (1983) showed that it is possible to isolate the B. burgdor/eri from the blood, and 

other authors have shown limited success in the isolation or observation of the organism 

in the myocardium, retina, muscle, bone, synovium, spleen, liver, meninges, and brain 

(Duray and Steere, 1988). 

Secondary annular skin lesions, similar to the primary EM, may occur in up to 50% of 

patients (Steere, 1989). Meningoradiculoneuritis (Bannwarth's syndrome) is common in 

second stage Lyme disease, in particular in European patients (Weber et al., 1993). 

Although excruciating headache and neck stiffness are common, the attacks are usually 

short, and the cerebrospinal fluid is usuatty normal (Steere, 1989). Migratory 

musculoskeletal pain occurs in joints, bursae, tendons, muscle and bone, and the patients 
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frequently have debilitating malaise and fatigue (Steere, 1989). 

Unilateral or bilateral facial palsy is the most commonly observed cranial neuropathy 

(Clark et al., 1985). Pachner and Steere (1985) reported that the peripheral neuritis is 

usually an asymmetric motor, sensory, or mixed radiculoneuropathy of the limbs or 

trunk. Neurological abnormalities observed in Stage II may last weeks or months, but 

may recur or become chronic (Steere, 1989). 

Cardiac involvement may occur in 4 to 8% of patients sev~ral weeks post infection 

(Steere et al., 1980). Most commonly, fluctuating degrees of atrioventricular block are 

observed, however acute myopericarditis, mild left ventricular dysfunction, cardiomegaly 

and fatal pancarditis have also been reported (Marcus et al., 1985b). The duration of 

cardiac abnormalities is usually between three days to six weeks (Steere et al., 1980). 

Second stage Lyme disease has many other associated symptoms including: fatal adult 

respiratory distress syndrome (Kirsch et al., 1988); recurrent hepatitis (Goellner et at., 

1988); myositis (Atlas et al., 1988); osteomyelitis (Jacobs et al., 1986); panniculitis 

(Kramer et al., 1986); and serious involvement of the deeper tissue of the eye, including 

iritis followed by panophthalmitis (Steere et al., 1985) or choroiditis with exudative 

retinal detachments (Bialasiewicz et al., 1988). 

In Europe in particular, patients develop Borrelial lymphocytoma, usually at sites such as 

the ear lobe or nipple (Asbrink and Hovmark, 1988). Multiple lymphocytoma lesions 

may occur, and may be observed in all stages of Lyme disease, but are most common in 

second stage (Weber, 1989a). 

Generalised lymphadenopathy is often seen in patients with Stage II disease (Steere et al., 

1983a; Weber et al., 1986), although enlarged the lymph nodes are not usually tender. 

Steere et aL. (1983a) reported that splenomegaly may also occur, although difficult to 
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detect clinically. 

Patients may occasionally experience a dry cough. but pneumonia has not been observed 

(Steere et al .• 1983a; Weber et al., 1983; Shresta et al., 1985; Weber and Neubert, 

1986). Throat and nose abnormalities have been observed in 9% and 3% of patients 

respectively (Weber et al .• 1983; Weber and Neubert, 1986). 

Up to 60% of American patients have brief attacks of asymmetric, oligoarticular arthritis, 

primarily in the large joints. such as knees, ankles, wrists and elbows (Steere et al., 

1987). 

c) Late infection - Stage III 

At this stage of the disease another unique dermatological manifestation may be observed. 

Acrodermatitis chronica atrophicans (ACA) is a skin lesion which usually 'begins 

insidiously with bluish-red discolouration and swollen skin on an extremity (Steere, 

1989). It is primarily observed in Europe where hundreds of cases have been 

documented (Hauser, 1965). The lesion's inflammatory phase may persist for many 

years, but eventually atrophy of the skin supervenes (Steere, 1989). 

Neurological manifestations become chronic during late stage LB, and include chronic 

encephalitis/encephalomyelitis, cerebral vasculitis or peripheral neuropathy; Ackermann 

et al. (1985) and Kohlhepp et al. (1987) demonstrated spastic paraparesis and psychic 

changes in patients with encephalomyelitis. Late stage LB patients have presented 

occasionally presented with stroke-like symptoms. This is due to cerebral vasculitis 

resulting in a cerebral infarction (May and Jabbari, 1990). Late peripheral neuropathy and 

ACA are usually closely correlated (Hopf, 1966; Kristoferitsch, 1989). 

Intermittent arthritis in the large joints, in particular the knee, is common in the late stage 

of the disease (Steere, 1989). The arthritis may become chronic, and is likely to be 
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associated with persistent arthralgia. The arthralgia may occur even in patients treated 

with antibiotics early in the disease (Steere et al., 1977b, 1987; Herzer et al., 1986; 

Weber and Neubert, 1986; Weber et al., 1986, Herzer 1989). 

A number of other syndromes have been observed. Stanek et al. (1990) isolated B. 

burgdorferi from patients with cardiomyopathy, suggesting cardiac involvement at this 

stage. Late myositis and chronic lymphadenopathy are often associated in patients with 

ACA, even when treated with certain antibiotics (Hauser, 1955, 1965; Weber et al., 1984 

a, b, 1988b). There may be reactive hyperplasia of the bone marrow in patients with 

ACA (Hauser 1955, 1965j, and a few patients in the USA have been observed with 

keratitis (Steere, 1989). 

d) Latent phase 

Evidence that patients undergo a latent phase of the disease results from studies with 

patients who have no clinical signs or symptoms. Positive IgG antibody titres in such 

patients (Weber et al., 1993) as well as isolation of B.burgdorferi in biopsy material at 

sites where ECM lesions have completely dissipated (Weber et al., 1990), suggest 

latency. 

1.5.3 Clinical differences between European and North American Lyme Borreliosis 

Weber et al. (1989b) reported that early Lyme borreliosis may be less severe in Europe, 

but the diversity of symptoms may be greater, with Borrelial lymphocytoma, ACA and 

meningoradiculoneuritis occurring more frequently in Europe than North America. 

1.5.4 Reinfection 

The clinical presentation which occurs after reinfection is similar to the one seen 

following primary infection (Hollstrom, 19.58; Weber et al., 1985, 1986; Pfister et al., 
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1986). Antibody response appears to depend on the how quickly antibiotics are 

administered (Weber et al., 1986). Following reinfection there is evidence in some 

patients of a significant increase in lgG antibody response (Pfister et al., 1986; Weber et 

al., 1990). 

Hauser (1965) and Asbrink et al. (1984) demonstrated the occurrence of ECM in ACA 

patients, suggesting the possibility of superinfection. 

1.5.5 Congenital infection 

B. burgdorferi can be transmitted to the foetus via the placenta. Two infants whose 

mothers had Lyme borreliosis during the first trimester died within the first week of life, 

one from cardiac abnormalities (Schlesinger et al., 1985) and the other with encephalitis 

(Weber et al., 1988a). Both were shown by silver stain to have spirochaetes in their 

tissues. In a retrospective study Markowitz et al. (1986) reviewed nineteen cases of LB 

during pregnancy; adverse foetal outcomes were found in five cases, although there 

appeared to be no direct link to the maternal Lyme infection. Although B. burgdorferi 

may affect foetal development, Williams et al. (1988) studied 463 infants from endemic 

and nonendemic areas, and concluded that no association could be established between 

congenital malformations and the presence of detectable antibody to B. burgdorferi in the 

cord blood, and no inf ant had an IgM response to the spirochaete. 

1.5.6 Prognosis 

Although the prognosis for LB is relatively good, morbidity may be high in individual 

cases when chronic neurological, cardiovascular or rheumatological manifestations are 

present. Mortality is low, with B. burgdorferi infection being implicated in only a few 

deaths. Often intercurrent illnesses or pre-existing conditions were observed in fatal 

cases. 



Page43 

1. 6 Management of Lyme Borreliosis 

1.6.1 Introduction 

The requirements for adequate antibiotic therapy of LB must take into consideration 

several features of the infecting organism, in particular, rapid distribution of the 

spirochaete to all parts of the body , including the central nervous system, following 

infection, and its long incubation period and periods of dormancy. The antibiotic should 

be able to penetrate all tissues in adequate concentrations to be bactericidal at all stages of 

infection, and treatment must be long enough to eradicate all the active symptoms and 

prevent relapse, particularly in late infections. 

A number of antibiotic sensitivity studies have been carried out both in vitro and in vivo 

by using experimental animals (Johnson et al., 1984a, b; Preac-Mursic et al., 1986; 

Johnson et al., 1987). Tetracycline, ampicillin, ceftriaxone and imipenem are highly 

active against B. burgdorferi; while penicillin, oxacillin and chloramphenicol are only 

moderately active, and the aminoglycosides, ciprofloxacin, and rifampin have no activity. 

Erythromycin is very active against the spirochaete in vitro, but not as effective in vivo 

(Steere, 1989). 

Table 1.6, although not comprehensive, lists the common recommendations for 

treatment; variations of this protocol are common. 
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Table 1.6 Treatment Regimens for Lyme Borreliosis 

[Source: Steere, 1989. Lyme Disease. The New England Journal of Medicine. Aug, 
1989. p. 59'3 .] 

MANIFESTATION 

Early infection* 
Adults 

Children (<8 yr) 

REGIMEN 

Tetracycline, 250 mg orally 4X daily, 10-30 days+ 
Doxycycline, 100 mg orally 2X daily, 10-30 days+ 
Amoxicillin, 500 mg orally 4X daily, 10-30 days+ 

Amoxicillin or penicillin V, 250 mg orally 3X daily or 
20 mg/kilogram body weight/day in divided doses, 10-
30 days+ 
In case of penicillin allergy: 
Erythromycin, 250 mg orally 3X daily or 30 mg/kg/day 
in divided doses, 10-30 days 

Neurological abnormalities (early or late)* 
General Ceftriaxone, 2 g intravenously lX daily, 14 days 

Penicillin G, 20 million U intravenously, 6 divided 
doses daily, 14 days 

Facial palsy alone 

Cardiac abnormalities 

In case of ceftriaxone or penicillin allergy: 
Doxycycline, 100 mg orally 2X daily, 30 days 
Chloramphenicol, 250 mg intravenously 4X daily, 14 
days 

Oral regimens may be adequate 

Frrst-degree atrioventricular block 
(PR interval <0.3 sec) Oral regimens, as for early infection 

High-degree atrioventricular block 
Ceftriaxone, 2 g intravenously IX daily, 14 days 
Penicillin, 20 million U intravenously, 6 divi<:f:ed doses 
daily, 14 days 

Arthritis (intermittent or chronic)+ 

Acrodermatitis 

Doxycycline, 100 mg orally 2X daily, 30 days 
Amoxicillin and probenecid, 500 mg each orally 4X 
daily, 30 days 
Ceftriaxone, 2g intravenously lX daily, 14 days 
Penicillin, 20 million U intravenously, 6 divided doses 
daily, 14 days. 

Oral regimens for 1 month usually adequate 

*Treatment failures have occurred with all these regimens, and retreatment may be necessary. 
-+The duration of therapy is based on clinical response. 
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1.6.2 Antibiotic treatment 

a) Early disease - Stage I and II 

Steere et al. (1983b) showed oral tetracycline to be suitable for treatment of Stage I and 

Stage II Lyme disease, but Neu (1988) found doxycycline to be preferable as it achieves 

better tissue levels, is taken only twice a day, and is associated with minimal 

gastrointestinal distress. The erratic absorption of penicillin G when taken orally makes it 

unsuitable for treatment of early LB (Neu, 1988). Duration of therapy is guided by 

clinical response and varies between ten to thirty days, with some patients requiring 

retreatment with oral or intravenous therapy (Steere, 1989). Hansen et al. (1988b) 

showed that half the patients may still experience minor symptoms following antibiotic 

therapy. 

Steere et al. (1983c) and Skoldenberg et al. (1988) reported that intravenous penicillin 

was effective in treating Stage II neurological abnormalities. Ceftriaxone is more 

commonly used as it crosses the blood-brain barrier more readily than penicillin, and 

requires only once a day administration (Dattwyler et al., 1988b). Chloramphenicol or 

doxycycline are suitable alternatives for patients allergic to ceftriaxone or penicillin 

(Skoldenberg et al., 1988; Diringer et al., 1987). Patients with Stage II cardiac 

abnormalities such as cardiomegaly or high-degree atrioventricular block are routinely 

given intravenous penicillin or ceftriaxone (Steere, 1989). 

b) Late disease - Stage III 

Treatment of Stage III Lyme borreliosis, in particular for those patients with joint or 

neurological abnormalities, has generally been more problematic than for earlier stage 

Lyme disease (Steere, 1989). Liu et al. (1989) demonstrated that in Stage Ill arthritis, 

treatment failures are common regardless of the therapy regime. Response time in late 

stage Lyme borreliosis is slow (Steere, 1989). - ._ 
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Jarisch-Herxheimer reaction 

Following antibiotic treatment, some patients may experience a Jarisch-Herxheimer 

reaction. This occurs within three days of treatment and consists of fever, chills and 

worsening of the EM, fatigue, headache, myalgia, radicular pain and other symptoms 

(Steere et al., 1983b, c). Intensification of symptoms and signs has been recognised in 

several organs, including skin, joints, heart, and lymph nodes (Weber et al., 1993). 

Although all effective antibiotics have been shown to induce this reaction, Steere et al. 

(1983b) found it to occur more often with penicillin and tetracycline, than with 

erythromycin. 

Prevention 

Prevention of LB requires vigilance in the avoidance of tick bite. The four main strategies 

described by Burdorfer et al., (1991) are: 

1. avoidance of heavily tick-infested areas; 

2. wearing protective clothing; 

3. application of tick repellent to clothes (not skin); and 

4. prompt removal of ticks. 

The likelihood of developing EM in an endemic area following a tick bite· is about 1 % 

(Shapiro et al. 1992). Such a low risk factor does not justify routine antibiotic treatment 

for tick bites, but appropriate antibiotic therapy should be administered at the first sign of 

EM or a 'flu-like' illness following a tick bite. 
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1. 7 Diagnosis of Lyme Borreliosis 

1. 7. 1 Introduction 

The laboratory diagnosis of LB is often very difficult and problematic. This inadequacy is 

a reflection of the fastidious nature of the causative organism, B. burgdorferi. The 

inherently low numbers of the spirochaete in clinical material, and the lack of knowledge 

of its growth dynamics and localisation in the human host, has resulted in low rates of 

primary isolation of the microbe in culture. Additionally, serological diagnosis has also 

been hindered by a failure to recognise the true complexity and cross-reactivity of the 

immunological response, as well as knowing which immunological proteins are specific 

to all strains of B. burgdorferi. Newer diagnostic techniques have provided some 

assistance in the elusive laboratory diagnosis of LB. In particular amplification of B. 

burgdorferi DNA by polymerase chain reaction has recently been used (Nocton et al., 

1994; von Stedingk et al., 1995). All of these techniques have proven to be of limited 

value when used alone or without a good understanding of their limitations. 

1. 7 .2 Microbiological diagnosis of Lvme Borreliosis 

a) Culture of B. burgdorferi 

Development of culture media 

Since the first discovery of Borrelia spirochaetes in the blood of patients with louse

borne relapsing fever in 1868 by Otto Obermeier (Obermeier, 1873), the development of 

cultivation techniques for Borrelia has been a slow and difficult process. 

In 1906 the use of animal models to successfully maintain borreliae was achieved by 

Novy et al. B duttoni , the cause of African tick-borne relapsing fever, was inoculated 

into dialysis bags containing serum that were placed into the peritoneal cavities of rabbits. 
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In this way, borreliae could be maintained indefinitely, although the concentration of the 

spirochaetes obtained was never as high as that found in the originally infected animal at 

peak spirochaetemia. This experiment however, showed that the spirochaetes could grow 

and survive in the absence of cells and were therefore not obligatory intracellular 

orgamsms. 

Noguchi (1912) was able to maintain relapsing fever borreliae outside an animal host 

using a medium based on human ascitic fluid. It was shown to be suitable for borrelial 

respiration but not for cell enlargement and division. K.Jigler et al. (1922) substituted 

rabbit or horse serum for the ascitic fluid used in Noguchi's formulation and established 

that borreliae was aerobic, but growth was dependent on a precise CO2 concentration. 

The supposition that hydrogen ion concentration was critical led to the addition of 

peptone water or egg albumin as a "buffer". However, the improved growth obtained by 

the addition of these constituents may have been as much related to the additional 

nutrients they provided as to their buffering effects (Barbour, 1984). 

Several different media formulations were investigated during the early to mid 1900's for 

the growth and maintenance of relapsing fever borreliae and were apparently able to 

maintain viable cultures over a number of passages. Included among the constituents 

were extracts of cow and rabbit brains (Eberson et al., 1931), chicken egg constituents 

together with rabbit serum and glucose (Bruynoghe, 1928) or chicken embryo extracts 

(Oag, 1939). 

The first truly unequivocal , artificial borrelial growth medium was developed by Kelly 

(1971); an important constituent of which was N-acetylglucosamine. This amino sugar is 

a building block for integumentary chitin and as such, is possibly in high concentration in 

the arthropod vector (Barbour, 1986); it is also an important building block of the 

bacterial peptidoglycan found in borreliae (Barbour, 1984). Other constituents of Kelly's 

medium included an adequate buffering system, other salts, glucose, pyruvate, gelatine 
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and sodium bicarbonate (Barbour, 1984). B. hennsii, B. parkeri, B turicatae and B. 

hispanica were shown to grow in this or a modification of this medium (Kelly, 1976). 

Continuous passing of B. hermsii in Kelly's medium produced strains that grew more 

readily in vitro (Stoenner, 1974). It was concluded that either strain variants were 

selected by this process, or the properties of the spirochaetes were altered by continual 

culture. However, because Kelly's media would not support the growth of blood culture 

inocula containing less than 800 spirochaetes (Stoenner, 1974), it was concluded that it 

was not particularly suitable for primary isolation. Accordingly, modifications to Kelly's 

media were made (Stoenner et al., 1982). These authors added yeast extract and CMRL 

1066, a tissue culture supplement. With improvements to the buffering capacity of the 

Kelly-Stoenner medium for borreliae cultivation appeared the first formulation of 

Barbour, Stoenner, Kelly (BSK) medium (Barbour et al., 1983b). 

Modifications to the original BSK were made by Barbour ( 1984) for the cultivation of B. 

burgdorferi. These included the deletion of glutamine from CMRL 1066 and the addition 

of yeastolate. The new medium was named BSK II. All the ingredients in this media 

were not necessary for the growth of B. burgdorferi, but the complete medium allowed 

for reliable spirochaete growth to a final concentration of 1-4 x 108 per ml, with a 

generation time of 11- 12 hours following the inoculation of one or t Q_.,org_anisms 
'<. .. 

½' 
(Barbour, 1984). ~ 

> LIBRAr\". C z 
'·· 

., 

Several modifications to BSK II have since been published. Preac-Murs1c s Borrelia 

MKP-media is a typical example (Preac-Mursic et al., 1986). Standardisation of medium 

for culturing Lyme disease spirochaetes has become an important issue (Pollack et al., 

1993). 

Callister et al. (1990) showed that batch variation of bovine serum albumin (BSA), a 

major constituent of BSK, BSK II and MKP, may effect the ability to grow B. 

burgdorferi. The effect was dramatic, since medium containing some batches of BSA 
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supported growth after inoculation with <2 organisms per ml, whereas with other BSA 

batches inocula containing 2X 1()5 organisms per ml were needed for detectable growth to 

occur. Furthermore, batch variation of BSA resulted in observable morphological 

changes in the B. burgdorferi, such that in the presence of unsuitable BSA the organisms 

became thinner, longer, and less tightly coiled. These morphological variants, when used 

to prepare slides for indirect fluorescence, were up to 16-fold less sensitive (Callister et 

al., 1990). 

Other constituents , including neopeptone, yeast extract, rabbit serum and CMRL 1066, 

have likewise all been shown to be highly variable amongst batch lots (Pollack et al., 

1993). In an exercise in medium quality control, Sigma Products have produced a 

commercially available medium, BSK-H, whose composition varies slightly to that of 

BSK II. Each of the major proteinacious components are screened for lack of growth 

inhibitors and the company ensure that BSK-H will support the growth of an inocula of 

one to five organisms, and that log-phase growth at 37°C will be reached by 10 to 12 

hours (Pollack et al., 1993). 

Dorward et al. (1994) have reported that ferric ions may be a limiting feature of BSK 

media. When available iron was reduced by the addition of inhibitory agents, the capacity 

of the medium to sustain growth and multiplication of B. burgdorferi was reduced. 

Addition of new iron to depleted medium, including ferric nitrate and human transferrin, 

restored growth. 

The optimum temperature for in vitro cultivation of Lyme disease spirochaetes is between 

30oC: and 37oC:. Morphology of the spirochaete is affected at 390C, at which temperature 

they appear as long filamentous forms, with a much retarded growth. Above 40°C the 

growth ceases (Barbour, 1984). 
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Solid media 

A solid medium, based on BSK solidified with 1.3% agarose, was developed for the 

growth of B. burgdorferi (Kurtti et al., 1987). In a subsequent comparative study of six 

solidified media preparations, including BSK, BHIAM, TAROM, MEM, MKP and 

PMR, Preac-Mursic et al. (1991) found that PMR agar resulted in the highest recovery 

rate and best colony formation. In this study it was also reported that the highest rates of 

recovery and the best and the most diverse colony appearance, were observed under 

anaerobic conditions, following a two week incubation at 33oC (Preac-Mursic et al., 

1991 ). This group suggested that as a result of their aerotolerance testing, B. burgdorferi 

is an obligate anaerobic organism, while Kurttii et al. (1987), had equal success in 

cultivation on solid media using a candle jar which provides a gaseous environment 

consisting of 3% carbon dioxide, 17% oxygen and 80% nitrogen (Jensen and Trager, 

1977). 

Diversity in colony formation was reported by two groups of investigators (Preac-Mursic 

et al., 1991 and Kurtti et al., 1987). This was more apparent with PMR agar than BSK 

agar (Preac-Mursic et al., 1991). The two distinct morphological forms observed had 

diameters from 0.3 to 3.0 mm, with one form being grey and shallow with a convex dark 

centre and smooth or rough well-defined edges, the other form was grey, smooth, or 

diffuse without a dark centre (Kurtti et al., 1987). 

Addition of selective agents 

Both types of media are made selective by the addition of antibiotics. Borrelia burgdorferi 

is resistant in vitro to oxacillin, cefaclor, cefadroxil, ciprofloxacin, ofloxacin, co

trimoxazole, aminoglycosides and antituberculosis agents (Preac-Mursic, personal 

communication). For isolation of Borrelia burgdorferi from non sterile sites, it is 

recommended that the media contain rifampin and kanamycin (Tilton, 1994). Nalidixic 

acid and 5-fluorouracil are also commonly used selective agents (Barbour, 1984). 



Page52 

b) Changes in B. burgdorferi following invitro cultivation 

After 11 to 15 passages of B. burgdorferi in culture medium, Schwan et al. (1988), 

demonstrated a reduction in the number of detectable plasmids, along with a 

corresponding loss of infectivity and expression of plasmid encoded outer surface 

proteins. Likewise serial passaging of this spirochaete increases the apparent molecular 

weight of its LPS-component. (Schwan et al. 1988). 

c) Isolation from clinical specimens 

Isolation of B. burgdorferi from a patient is possible and when this is achieved the 

diagnosis of Lyme disease is confirmed. The recovery rate of B. burgdorferi from 

clinical specimens, is quite variable, and depends on the stage of illness (Wilske and 

Preac-Mursic, 1993). The highest isolation rates are observed from skin biopsies taken 

from patients with ECM (Tilton, 1994); Barbour (1988a) recorded an isolation rate 

between 6-45% in such specimens. In the hands of Preac-Mursic, 70% of biopsy 

specimens taken from patients with ECM were culture positive (Wilske and Preac

Mursic, 1993). Skin biopsies from patients with ACA are less likely to grow B. 

burgdorferi on culture, although the isolation rate can still be as high as 50% (Wilske and 

Preac-Mursic, 1993). Culture of other clinical specimens is less likely to yield the 

organisms. B. burgdorferi has occasionally been isolated from blood (Nadelman et al., 

1990), CSF (Karlsson et al., 1990) and synovial fluid (Schmidli et al., 1988). Borreliae 

have been isolated from the skin and CSF after antibiotic treatment (Preac-Mursic et al., 

1989), as well as from patients with negative serology (Preac-Mursic et al., 1986). 

d) Direct visualisation of B. burgdorf eri 

Borreliae are easily visualised microscopically~Live organisms can be observed using 

dark field or phase contrast microscopy. Fixed preparations may be stained with Gram, 
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Giemsa, or silver stain and observed under a light microscope. Tmmunofluorescence is 

also a useful tool , with an advantage over other methods being its usefulness in 

identification of the spirochaete using specific MAb ' s. The sensitivity of all direct 

visualisation techniques, as with culture, is limited by the concentration of spirochaete in 

the specimen under analysis and thus the stage of the illness of the patient. 

Dark-field and phase contrast microscopy 

Dark-field and phase contrast microscopy are useful techniques for examining 

concentrated preparations of borreliae, such as in culture medium. An advantage is that 

the morphological changes caused by the fixation do not occur (Wilske and Preac

Mursic, 1993). Clinical specimens can be examined this way, but to increase sensitivity it 

is better to centrifuge specimens such as CSF and blood. In most instances the specimens 

are examined at a magnification of 400x ( Plate 1.7). 

Plate 1.7 Dark field photograph of Borrelia burgdorferi 

Staining methods for light field microscopy 

Giemsa , Gram and the silver stains (Plate 1.8) are commonly used for visualising 

Borreliae. Problems in identification can arise however because of the presence of 

artefacts derived from erythrocyte debris , fibrin filaments and cellular debris. 

Inexperienced observers often confuse such debris for Borreliae, foJJowing fixation and 

staining (Wilske and Preac-Mursic , 1993). Staining can be useful , however, for rapid 
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diagnosis. 

Plate 1.8 Silver stain of Borrelia burgdorferi 

Imm unofluorescence 

lmmunofluorescence is commonly used for detection of B. burgdorferi, and is reported 

to be more sensitive than the previous two methods of visualisation (Gustafson et al., 

1989) [Plate 1.9]. 

Plate 1.9 Immunofluorescence of Borrelia burgdorferi 
[Source: Munro, R. and Dickeson, D. 1989. Lyme Disease. Today's Life Science. Oct: 
32-39.l 
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Direct Immunofluorescence using fluorescein isothiocyanate (FITC)-labelled immune 

sera against B. burgdorferi, or by indirect immunofluorescence using first unlabelled B. 

burgdorferi- specific antibodies and secondly FITC-labelled antibodies are both 

commonly used (Wilske and Preac-Mursic, 1993). Either monoclonal or polyclonal sera 

may be used, but false negatives are more common with monoclonal antibody because a 

positive is dependent on the presence of the corresponding epitope on the spirochaete 

(Burdorfer et al., 1985). However the detection of species-specific epitopes is positive 

identification of B. burgdorferi (Wilske and Preac-Mursic, 1993). 

Antigen detection in body fluids 

The use of antigen detection methods for diagnosis of LB requires further assessment. 

Hyde et al. (1989), however, examined the urine specimens of infected mice and humans 

using Western blots and detected antigens using monoclonal antibodies against flagella 

and Osp A. Evidence of the Osp A of B. burgdorferi was also found in infected hamsters 

urine (Benach et al., 1988). 

1.7.3 Serological Diagnosis of Lyme Borreliosis 

a) Introduction 

In summarising the problems associated with the sero-diagnosis of LB, the summary 

provided by Dressler et al. (1993), has been drawn on. 

Because culture or visualisation of B. burgdorferi from patient specimens has been 

difficult (Steere et al., 1983a), diagnosis has depended on recognition of a characteristic 

clinical picture with serological confirmation. Serological tests currently available for use 

in this disorder include ELISA (Craft et al., 1984; Russell et al., 1984; Magnarelli et al., 

1984; Berardi et al. , 1988; Hansen et al., 1988b; Hansen et al., 1991; Simpson et al., 

1990), indirect immunofluorescence assay [IFA] (Craft et al., 1984; Russell, et al., 
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1984, Magnarelli et al., 1984), and Western blotting or immunoblotting (Grodzicki and 

Steere 1988; Wilske et al., 1986a; Nadal et al., 1989; Karlsson et al., 1989; Wilske et al., 

1991; Zoller et al., 1991; Olsson et al., 1991; Rose et al., 1991; Ma et al., 1992). 

Antigen preparations for these tests include sonicated spirochaetes (Craft et al., 1984; 

Russell et al., 1984; Magnarelli et al., 1984; Berardi et al. 1988; Craft et al., 1984; 

Russell et al., 1984; Magnarelli et al., 1984; Berardi et al. 1988) or partially purified 

(Hansen et al., 1988b; Hansen et al., 1991; Grodzicki and Steere, 1988) or recombinant 

protein (Simpson et al., 1990). Serodiagnosis with each of these methods has been 

complicated by the cross-reactivity of certain spirochaetal polypeptides with other 

antigens (Barbour et al., 1986; Hansen et al., 1988b; Luft et al., 1991), the delay in the 

development of the humoral immune response (Craft et al., 1984; Barbour et al., 1983a; 

Craft et al., 1986), the dampening effect of early antibiotic therapy on this response 

(Berardi et al., 1988; Shrestha et al., 1985), and the variability of response in different 

patients (Grodzicki and Steere, 1988; Craft et al., 1986). Serodiagnosis is also 

complicated by the existence of a wide range of both 'in-house' and commercially 

available tests whose reliability and comparative sensitivity has never been evaluated. 

b) Immunological aspects of Lyme Borreliosis 

Introduction 

To understand the significance of serological testing for Lyme borreliosis it is necessary 

to review the basic characteristics of the immunological response to B. burgdorferi. 

Humoral immune response in Lyme borreliosis 

A systemic lgM response becomes apparent from the third week post infection and is 

followed by an IgG antibody response which starts from about the sixth week after 

infection, and persists from months to years (Dattwyler et al., 1989). However with 

currently available assays, antibodies are undetectable in about 50-70% of stage I cases 

(Zoller et al., 1990). The early IgM response is directed primarily at the 41 kDa flagella 
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protein (Dattwyler et al., 1989), but later, persisting lgM response expands to include 

antibody to the 34 kDa Osp B protein. 

In Stage II, IgG antibodies are generally developed. Moreover in most cases presenting 

with neuroborreliosis, specific antibodies can be detected in the CSF. The initial IgG 

response is also mainly directed against the 41 kDa flagellum, which remains the 

immunodominant antigen throughout the early stages of disease (Craft et al., 1986). In 

some cases, antibodies against Osp A and Osp B become detectable early, whereas more 

frequently, particularly in European LB cases, patients develop antibodies to Osp C. 

With time, the immune response gradually expands involving further proteins. The next 

immunodominant antigen to emerge after flagellum is the 60 kDa protein, which is highly 

immunogenic. Stage III borreliosis patients often have an expanded reaction pattern 

which can involve the whole spectrum of B. burgdorferi protein antigens. Antibodies 

against the Osp's are more frequently detected in the late stage of disease, but the overall 

frequency of their occurrence is relatively low (Zoller et al., 1993). 

B. burgdorferi is a polyclonal B cell activator (Sigal et al. 1988). A Lyme disease patient 

produces little specific lgA (Russell et al., 1984), but measurable amounts of IgE 

(Benach et al., 1986). The lgG responses are primarily in subclasses lgGl and lgG3, 

with little lgG4 and some IgG2 response (Olsson et al., 1987). 

Autoantibodies, for example rheumatoid factor (Steere et al., 1977b; Steere et al., 1979a; 

Hardin et al., 1979), and antinuclear antibodies (Hardin et al., 1982) are not commonly 

found by routine clinical tests. 

Synovial fluid and serum of patients with Lyme disease arthritis contain cryoglobulins 

and immune complexes (Steere et al., 1979a; Hardin et al., 1979). The immune 

complexes localise in the synovial space and may be phlogistic (Hardin et al., 1979). 
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Comparative studies show a strong correlation between the specificity of antibody in the 

synovial fluid and the serum (Craft et al., 1986). 

Borrelia burgdorferi can fix complement by both the classic and alternate pathway (Sigal, 

1989). Complement fixation may therefore be an important host defence against this 

organism. 

Immune response in the CNS 

The immune response within the central nervous system is different to the systemic 
-

response. lntrathecal production of IgG, IgM and IgA antibodies have been shown to 

occur (Benach et al., 1984; Henriksson et al., 1986). B cells capable of making antibody 

can be isolated from the CSF, but have not been isolated from peripheral blood 

(Henriksson et al., 1986). Following therapy, CSF abnormalities, such as increased 

protein and cell counts, normalise (Stiemstedt, 1985), but specific lgM responses may 

persist, even after IgG and IgA responses have diminished (Benach et al., 1984). 

The presence of oligocional bands in CSF is a further indication of the intrathecal 

synthesis of immunoglobulin (Benach et al., 1984; Kristoferitsch et al., 1986; Kruger et 

al., 1981; Murray et al., 1986). These bands are usually IgG isotype, although lgM 

bands have also been found; kappa light chains are more frequent than lambda 

(Kristoferitsch et al., 1986). 

Cellular immune responses 

B. burgdorferi, after binding to lymphocytes, can induce a specific cellular immune 

response in peripheral blood, synovial fluid and CSF (Sigal et al., 1986; Dattwyler et al., 

1986; Pachner et al., 1985). The proliferative response is concentrated at sites of 

inflammation (Sigal, 1989). 

The T cell immune response to B. burgdorferi develops early in the course of infection, 

I 

I 
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frequently preceding the development of a measurable antibody response (Dattwyler et 

al., 1986; Dattwyler et al., 1988a) and is long lasting. While the humoral immune 

response may be diminished by early antibiotic therapy, the cellular immune response 

does not appear to be so affected (Sigal, 1989). 

Specific T Cell Populations 

Dattwyler et al. (1986) demonstrated that in patients with Lyme disease, there are no 

changes in the absolute number of T cells (CD3), inducer cells (CD4), or suppressor cells 

(CD8) in the peripheral blood. Likewise, this group showed no change in the CD4/CD8 

ratio. In contrast to this, Lyme disease is associated with specific alterations in the 

response to T cell mitogens such as concanavalin A and phytohemagglutinin (Dattwyler et 

al., 1989). Although the changes which are observed are consistent in Lyme Disease, 

they are not unique to this disease (Dattwyler et al., 1989). 

Phagocytic cell interactions 

B. burgdorferi induces the production of two monokines, interleukin 1 and tumour 

necrosis factor (Beck et al., 1986; Habicht et al., 1985), that may contribute to the 

production of the local and systemic manifestations of Lyme disease (Sigal, 1989). 

Phagocyte attachment occurs, but for phagocytosis and intracellular killing, specific 

immunoglobulin interaction is necessary (Spagnuolo et al., 1982). Chemotaxis is partly 

mediated by B. burgdo,Jeri's flagellin (Sigal, 1989), but also by complement 

components fixed directly to the organism (Henriksson et al., 1986) and by bound 

immunoglobulin (Henriksson and Link, 1985). 

c) Crossreactive proteins of B. burgdorferi 

The specificity of serological tests for LB is impaired by cross-reacting antibodies. 

Antigenically B. burgdorferi is a complex mixture (Section 1.3.5). Cross reaction with 

other Borrelia sp, other spirochaetes and even other bacteria is well recognised. In the 
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case of relapsing fever borreliae, Wilske et al. (1988) demonstrated, using Western 

blotting, that immune sera against B. hermsii would react to a number of proteins from 

B. burgdorferi. The converse was also shown to occur (Magnarelli et al., 1987b). 

Cross reactions between Treponema pallidium and B. burgdorferi are also well 

recognised (Barbour et al., 1983a, Ackermann et al., 1984, Wilske et al., 1984, 

Magnarelli et al., 1987b) and the number of crossreacting proteins is high. The p60 from 

B. burgdorferi crossreacts with Treponema pallidium and Treponema phagedenius , as 

well as other Gram negative and Gram positive bacteria (Wilske and Preac-Mursic, 1993) 

Thus, broad cross-reactivity has been shown for borrelial proteins of the 60-75 kDa 

range, and also for proteins identified as p40, p33 and two proteins in the range of 20 

kDa (Brnckbauer et al., 1992). 

Studies on the crossreactivity of nonproteinaceous antigens are limited , however 

crossreactivity is known to occur (Hechemy et al., 1988). 

d) Serological tests for the detection of B. burgdorferi 

lmmunofluorescence 

This was the first serological test developed for the detection of antibodies against B. 

burgdorferi (Burgdorfer et al., 1982). The indirect immunofluorescence antibody test 

(IFA) is a simple quantitative procedure involving the interaction of patients' sera with 

fixed preparations of B. burgdorferi, in which antibody-antigen complexes are detected 

by the addition of fluorescent-labelled antihuman antisera detects those patients who have 

antibody to B. burgdorferi. Titration of the patients serum indicates the relative positivity 

of the test. A patient is considered reactive if fluorescence is observed when the serum is 

diluted to a minimum of 1: 128. 

Certain criteria should be considered in its use. Firstly the antigen preparation should be 
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optimal. Wilske et al. ( 1984) recommend that optimum cultivation time be equivalent to 

the exponential growth phase, and that the borreliae are not aggregated or overlapping. 

To achieve the latter two objectives, nonclotting strains should be used and the density of 

the culture should be about 50 borreliae per field. Nonspecific staining occurs when the 

antigen is not washed sufficiently (Wilske et al., 1984). Polyvalent conjugates are often 

used for screening. Nonspecific and crossreactions can occur due to similar antigenic 

structure as mentioned previously. False positive IgM results may also result from the 

presence of rheumatoid factor (Wilske et al., 1984). Adsorption of sera with T. 

phagedenis and pretreatment of sera with anti-IgG serum can help alleviate these 

respective problems (Wilske et al., 1984). 

H emagglutination 

An indirect hemagglutination test was developed by Wilske (Wilske et al., 1993), and 

was based on that designed for detecting antibodies against T. pallidum. It involved the 

sensitisation of sheep erythrocytes with B. burgdorferi antigen. Standardisation 

difficulties were encountered, but the test was found to be suitable for screening large 

numbers of patients for both IgM and IgG antibodies against B. burgdorferi. Unlike 

indirect immunofluorescence and ELISA (see below), the hemagglutination test has not 

come into common use. 

Enzyme-linked immunosorbent assay (ELISA) 

(i) ELISA 

The enzyme linked immunosorbent assay (ELISA) is the most widely used serodiagnosis 

test used for the detection of LB. The problem however, is that this method may give rise 

both to false-negative and false-positive results (Dattwyler et al., 1988a; Magnarelli, 

1988). Despite this, there are over 20 commercial ELISA kits available, and they are in 

popular use in small diagnostic laboratories. Tiie- test is based on the use of either whole 

or ultrasonicated preparations of B. burgdorferi, either of which is of comparable quality 
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as antigen (Magnarelli, 1988), and antigen-antibody complexes are detected optically 

using either polyvalent conjugates or class-specific enzyme-linked conjugates. 

Standardisation of LB ELISA tests is difficult, usually because of variation in antigen 

content. Even with commercial kits, lot-to-lot variation is common (Tilton, 1994). 

Additionally, the antigenic diversity of B. burgdorferi poses questions concerning 

specificity and sensitivity (Wilske et al., 1989). 

Various comparative studies of commercially available kits indicate that not only is the 

quality of the assay quite variable, depending on the manufacturer of the diagnostic kit 

(Golightly and Viciana, 1992), but there are both intra- and inter-laboratory variations in 

test performance (Bakken et aL., 1992). In a study using 60 patients with clinically 

confirmed and documented stages of LB, it was found that for 8 commercial kits, the 

sensitivity for detecting late LB varied from 91 % to 39% with a mean of 68% (Golightly 

and Viciana, 1992). These authors also noted that the manufacturers claimed sensitivities 

far better than found in their study. 

(ii) IgM Capture ELISA 

This method has been developed to improve the sensitivity of detection of B. burgdorferi 

- specific IgM and is designed to "capture" all IgM in a patients serum, both specific and 

non specific. B. burgdorferi- specific IgM is then determined as a proportion of total 

IgM. The result leads to less interference from lgG antibody and rheumatoid factor 

(Tilton, 1994). 

The capture assay proved to be more sensitive and specific than conventional IgM ELISA 

(Hansen et aL., 1991; Berardi et al., 1988). Tilton (1994) obtained a sensitivity equivalent 

to that of an IgM Western blot for diagnosis of early Lyme disease. 

There is, however, no worthwhile benefit to be obtained in adapting this technique to the 
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capture of IgG because of the relatively low proportion of B. burgdorferi- specific lgG to 

total IgG (Tilton, 1994). 

(iii) Peptide enriched and recombinant antigen ELISA 

Both sensitivity and specificity of ELISA can be improved by the use of specific non

crossreacting antigens in place of whole or sonicated microorganisms. Coleman and 

Benach ( 1987) using a flagellin-rich fraction of antigen improved the sensitivity of the 

early immune response in patients with erythema migrans. To increase specificity, 

Simpson et al. (1990) used both the 41 kDa (flagellin) and the 39 kDa protein fractions. 

These two proteins together provided increased sensitivity and specificity. Robinson et 

al. (1993) developed a test using a conserved subunit of the B. burgdorferi 41 kDa 

flagellin protein. This was shown to be more specific in detecting antibody than with the 

entire protein. Other improvements to the sensitivity and specificity of ELISAs have 

resulted in the use of other proteins or combinations of proteins (Dias et al. 1992). 

A number of genes encoding immunodominant proteins of B. burgdorferi have been 

cloned into E.coli. Wilske et al. (1990), using recombinant p41 and pC almost doubled 

the serological positivity in clinically diagnosed patients. The success in using specific 

proteins in an ELISA would depend on adequate knowledge of the stage of the patients 

illness. ELISAs designed using Osp A as the major antigenic protein would not be 

suitable for detection of antibodies early in the disease for example (Wilske et al. 1990). 

The removal of cross-reactive proteins, such as the common antigen p60, by density 

gradient centrifugation of sodium dodecyl sulfate treated spirochaetes, has lead to a 

reduction in false-positives, particularly with syphilitic sera (Hansen et al., 1988a). 

(iv) Borreliacidal activity 

The borreliacidal antibody test (Gunderson rest) was first described by Pavia et al. 

(1991). The methodology is based on the Treponema pallidium immobilisation test (TPI) 
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and has been shown to be useful in the diagnosis of Lyme disease (Callister et al., 1993; 

Sadziene et al., 199'3a). The correlation between the Gunderson test and ELISA are poor, 

however Callister et al. ( 1993) showed the Gunderson test to correlate more strongly 

with the clinical diagnosis. 

( e) Immunoblotting 

Immunoblotting was advocated initially as a method for the identification of false 

positives, as determined either by the indirect immunofluorescence test (IFA) or ELISA, 

by Grodzicki and Steere (1988). The advantage of immunoblotting, often referred to as 

Western blotting (WB), is that it will detect antibodies directed at any of the B. 

burgdorferi immunodominant proteins, including those that are cross-reactive. The 

technique involves the electrophoretic separation of spirochaetal proteins on an SDS

PAGE, and their transfer to and immobilisation on a synthetic membrane support, usually 

nitrocellulose. Strips containing the blotted proteins are then incubated with serum for the 

detection of antibodies of interest using enzyme linked antiglobulin conjugates. Unlike 

either ELISA or IFA, the WB is not a quantitative test, but one in which the presence of 

antibody is detected usually as a stained band appearing on the nitrocellulose strip. 

Deciding how to interpret WB's, particularly what constitutes an unequivocal positive, 

has become controversial. Usually, a patient with signs of late stage illness, such as 

arthritis, has antibodies to most of the immunodominant microbial proteins and there may 

be as many as 15 visible bands (Dressler et al., 1993). However, at the stage of early 

EM, there may be only 1 - 2 bands visible in either IgG- or lgM- reactive blots, one of 

which usualJy corresponds to the 41 kDa flagellin (Dressler et al., 1994). Another 

complication is that the number of bands detected for likely positive patients varies 

according to the genospecies of B. burgdorferi used as a source of antigen (Assous et 

al., 1993). 

Initially interpretation of a Western blot depended on the number of bands present. A 
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positive result was recorded if two to five or more bands were present (Grodzicki and 

Steere, 1988). However Tilton and Ryan (1993) have pointed out that because there are a 

number of cross-reactive antibodies in Lyme disease patients as well as in nonnal control 

sera, for a WB to be considered reactive, there must be an antibody . response that 

corresponds to specific B. burgdorferi antigens. Accordingly, Tilton ( 1994) has 

reported on three categories of antibodies observed in Western blots: 

Category 1: known to be cross-reactive and or at present undefined bands (9, 20, 37, 

38,45, 50,55,57,60,66, 75, lOOkDa) 

Category 2: genus-family specific (41 kDa) 

Category 3: Genus-species specific (12, 22, 25, 31, 34, 39, 83 kDa). 

The number of bands observed from each category was used to detennine whether a blot 

was reactive, indeterminate or nonreactive; the presence of two or more bands from 

category 3 was postulated as a positive result. The presence of only one band from 

category 3 was considered equivocal, and depending on the number of bands from 

category 1 and 2, the result was either equivocal or nonreactive. 

A slight variation to this interpretation of the Western blot was made by Dressler et al. 

( 1993). In a retrospective study of 225 case and control subjects, they found that the best 

discriminatory ability of test criteria was obtained by requiring at least two of the eight 

most common lgM bands in early disease (18, 21, 28, 37, 41, 45, 58, and 93 kDa), and 

by requiring at least five of the ten most frequent IgG bands after the first week of 

infection (18, 21, 28, 30, 39, 41, 58, 66, and 93 kDa). This gave a 32% sensitivity and 

100% specificity for the early disease IgM blot, and a 83% sensitivity and 100% 

specificity for diagnosis of the disease one week post infection using an IgG blot. 

In 1994, however, Dressler et al. in a subsequent paper examined antibody response of 

European patients to the three genomic groups of Borrelia burgdorferi. Their results 



Page 66 

indicated discrepancy in antibody response between the European and American LB 

patients. In Europe, infection may occur with any of the three genomic groups, and the 

number and type of bands observed by WB varied according to which strain was used. 

Furthermore, the number of spirochaetal polypeptides recognised also varies depending 

upon the symptoms of the patient being tested (Assous et al., 1993; Wilske et al., 1990). 

Regardless of the genospecies of B. burgdorferi, Dressler et al. ( 1994) also found that 

the antibody response in European LB patients was much more restricted than that of 

patients who acquire LB in the USA. 

Subclinical infection with B. burgdorferi appears to be more common in Europe than in 

the United States (Fahrer et al., 1991; Gustafson et al., 1992), and this finding 

complicates both the sensitivity and specificity of serodiagnostic tests for LB in Europe. 

Whatever system of interpretation is used, equivocal results need to be interpreted in the 

light of clinical data. In early Lyme disease the IgG and IgM immune response is almost 

always restricted to p41 (Craft et al., 1986). Antibody to the pC protein, however, is 

usually present as well as p41 in European patients (Wilske et al., 1986a). In later stages 

of Lyme borreliosis, the antibody response expands. Zoller et al. ( 1991) showed the 94 

kDa protein to be the best marker for stage III Lyme borreliosis. 

lgM antibodies are occasionally present in late Lyme disease. Craft et al. (1986) 

demonstrated that IgM antibodies to p41 persisted until the presentation of arthritis, and a 

new IgM immune response to p34 also occurred at this time in some patients. Following 

anti biotic treatment, a new IgM response to p41, Osp A and Osp B was recorded by 

Rother et al. ( 1988). Reimers et al. (1989) detected IgM antibodies to pC in a patient with 

chronic myositis. Whether or not these late IgM responses are due to antigenic changes in 

B. burgdorferi is still, however, under question (Wilske et al., 1993). 
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f) Antibody detection in CSF 

The presence of antibody in the CSF is not indicative of an intrathecal immune response. 

When the meninges are inflamed, blood serum-derived antibodies may pass into the 

CSF. To determine the presence of true intrathecal antibody, the CSF/serum ratio of B. 

burgdorferi-specific antibodies is compared to the CSF/semm ratio of another protein not 

produced intrathecally. The most sensitive and commonly used ratio is against specific 

tetanus toxoid antibody (Wilske et al., 1986b). The specific antibodies must be 

determined quantitatively by ELISA , as IFA titres are not suitable (Wilske and Preac

Mursic, 1993). 

Cross-reacting antibodies may influence results , in particular, patients with neurosyphilis 

often have high CSF/serum indices for intrathecal B. burgdorferi antibody production 

(Wilske and Preac -Mursic, 1993). 

Detection of intrathecal IgM has been reported (Stiernstedt et al., 1985). Wilske et al. 

(1984) demonstrated , however, that false positive lgM antibody tests may result due to 

rheumatoid factor in the sernm. Likewise false-negative results may occur (Wilske et al., 

1984). 

Isoelectrofocussing and immunoblot have been successfully implemented in the detection 

of B. burgdorferi- specific antibody in the CSF. In isoelectrofocussing, an oligoclonal 

lgG band demonstrable in the CSF, but not in the serum, is indicative of intrathecal IgG 

production . By using immunofixation of radiolabelled B. burgdorferi antigen, 

Stiemstedt et al. ( 1984) demonstrated the presence of specific oligoclonal IgG to B 

burgdorfe ri in patients with Bannwarth's syndrome. By blotting of the 

isoelectrofocussing gel on to an antigen-loaded nitrocellulose filter Martin et al. (1987, 

1988) confirmed that the oligoclonal IgG was reactive with B. burgdm/eri antigens in 

Bannwarth' s syndrome. Wilske and Preac-Mursic (1993) showed the presence of 
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oligoclonal B. burgdorferi lgG in the CSF of patients with chronic progressive 

encephalomyelitis. The intrathecal immune response is believed, however, to be only 

against heterologous antigens (Wilske and Preac Mursic, 1993). 

Up to nine antigenic components are involved in the intrathecal antibody response. In the 

second stage of neuroborreliosis, the major immune response is against the p41 flagellin 

protein (Wilske et al., 1986b; Hansen et al., 1990). 

g) Seronegative Lyme borreliosis 

There is much controversy concerning patients who have clinical signs and symptoms 

consistent with Lyme disease but who appear to be seronegative. Among the various 

reasons postulated for this finding are the following considerations: 

1) Because the symptomatology of LB .mimics a number of different diseases, the 

patients may appear to have LB, but are in fact suffering from an unrelated disorder. 

2) The presence of other-tick borne diseases could also be significant. Patients suffering 

from tick bite may have contracted an infection due to Ehrlichia, Rickettsia or 

Spiroplasma (Tilton, 1994). It is presently unknown whether these microbes are 

serologically cross-reactive with LB. 

3) Strain diversity could attribute to variations in antibody test efficacy in various 

geographical regions. Differences in North American strains of B. burgdorferi, such as is 

found with European strains, could explain inaccurate IFA or ELISA results when using 

commercial kits based on the North American strains are used for diagnosis. 

4) Reduced antibody synthesis may be a possible reason for the seronegativity. Shrestha 

et al. ( 1985) demonstrated that antibiotic therapy alters antibody response, and Berardi et 
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al. (1988) suggested that treatment could impair the transition between lgM and IgG 

antibody synthesis. 

5) Schutzer et al. ( 1990) demonstrated immune complexes in seronegative patients with 

Lyme disease, although Tilton ( 1994) queried this reasoning because of the low numbers 

of bacteria in the blood. 

h) Lymphocyte stimulation test 

Dattwyler et al. (1988a) and Dressler et al. (1991) have both reported a number of 

seronegative LB patients showing highly reactive T lymphocyte responses when exposed 

to B. burgdorferi antigens. These results, however, have been difficult to reproduce 

(Tilton, 1994). The T-cell assay had a 95% specificity, but only a 45% sensitivity 

(Dressler et al., 1991). 

Amplification of B. burgdorferi DNA 

Because of the immunological uncertainties discussed above (Section 1.7.3), a direct 

detection system for the microorganism, or any of its components, in a clinical specimen 

would have great advantages for the diagnosis of LB. One such recently introduced 

method is the polymerase chain reaction (PCR), which detects small amounts of B. 

burgdorferi DNA, and is therefore more sensitive than culture (Jaulhac et al., 1991). 

Four types of body fluids are potential candidates for PCR detection of B. burgdorjeri: 

blood, urine, CSF, and synovial fluid. Using nested PCR, Leibling et al. (1993) were 

able to detect <10 organisms per millilitre in these fluids. Skin biopsies can also be 

examined by PCR, but Schwartz et al. (1992) found the method to be only of equivalent 

sensitivity to culture. 
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Choosing appropriate DNA primers for PCR is an important issue that is likely to 

influence both the sensitivity and specificity of results. To date, primers have been 

chosen for the DNA amplification of chromosomal genes (Rosa et al., 1989; Melchers et 

al., 1991), and the genes for flagellin (Wise et al., 1991; Lebech et al., 1991); Osp A 

(Guy et al., 1991, Malloy et al., 1990); and 16S rRNA (Marconi et al., 1992; Marconi 

and Garon, 1992). 

An important consideration in the choice and selection of primers is that they amplify 

regions of genes that are present in all strains of B. burgd01feri. The principle of PCR is 

based on the use of two primers (or single stranded DNA templates) that enclose a region 

of the gene that is to be amplified. The PCR involves denaturing of the double stranded 

DNA from the test source by heating; followed by annealing of the primers to the DNA 

template by cooling. The synthesis of new strands of complementary DNA by use of a 

heat resistant DNA polymerase, derived from Thermus aquaticus (TAQ polymerase). 

The heat denaturation/annealing cycle is repeated until sufficient DNA is generated for 

detection by agarose gel electrophoresis. The specificity of primer binding is affected by 

reaction conditions such as the temperature of reactivity and Mg++ concentration. 

Stringent conditions should yield a DNA product of base sequence identical to that of the 

gene of interest. Confirmation that the PCR-product is the correct sequence can be 

obtained by checking with an internal probe by Southern hybridisation, or by DNA 

sequencing. In experienced hands PCR is a very sensitive and relatively quick method to 

detect B. burgdorferi. 

A number of primer sets have been published and are available for routine diagnostic 

work; some have been used in conjunction with internal probes and shown to be species

specific. For example, Marconi et al. ( 1992) developed primer sets for the amplification 

of the 16S rRNA gene, and used two different internal probes. The first identified 

nucleotide sequences common to all strains of B. burgdorferi . The second probe detected 

sequences that occur in all Borrelia species except B. burgdorferi. 
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However, because of the antigenically diverse nature of B. burgdorferi faJse negative 

PCR results can occur if primers are designed to DNA sequences that are not the same in 

aJI strains. 
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1. 8 Lyme Borreliosis in domestic animals 

1.8. l Introduction 

As discussed previously, (Section 1.4), LB is primarily a vector transmitted, zoonotic 

infection with a wide host range affecting not only wild vertebrates, but also domesticated 

animals. In the USA there exists extensive literature concerning the occurrence and 

outcome of both naturally occurring infections and experimentally induced infection in 

dogs, cats, horses, cattle and sheep (summarised by Bushmich, 1994). In Europe, 

infection with B. burgdorferi has been reported in farmed cattle, sheep and deer, as well 

as horses, cats, dogs and free living mammals (Hovmark et al., 1986; Muhlemann et al., 

1986; Parker and White, 1992). Reports of clinical illness, however, in domestic species 

in Europe due to B. burgdorferi are uncommon (Mitchell and Smith, 1994). 

As in humans, the predominant mode of transmission to domestic animals is tick-bite by 

nymphal and adult Ixodes sp. ticks (Anderson et al., 1983; Magnarelli et al.; 1987a; 

Magnarelli et al., 1990); other species of ticks, fleas and biting insects can harbour B. 

burgdorferi, but transmission by these vectors appears to be relatively less efficient 

(Rawlings 1986; Magnarelli et al., 1987a). 

Contact transmission has also been reported in experimentally infected dogs and mice 

(Burgess 1986a, b) and urine shedding has been demonstrated in naturally infected cattle 

(Post et al., 1986b; Burgess 1988; Bushmich and Post, 1992), as well as in the reservoir 

host, Peromyseus leucopus [white-footed mouse] (Anderson, 1989). Nevertheless, the 

zoonotic transmission of B. burgdorferi due to contact with infected animals appears to 

be low (Miller et al., 1991; Farrell and Marth, 1991), even though in cattle, there is 

demonstrable shedding of the organism in urine, colostrum and milk (Burgess, 1988; 

Buschmich and Post 1992). 
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As will be discussed in more detail below, the majority of domestic animals of all species 

that are infected with B. burgdorferi undergo seroconversion, but most do not display 

overt clinical signs. 

Lyme Borreliosis in dogs 

Infection in canines is believed to be predominantly the result of tick bites (Magnarelli et 

al., 1987c; Magnarelli et al., 1985; Anderson et al., 1983), although Gustafson et al. 

(L 993) demonstrated trans placental transmission in experimentally infected dogs, and 

contact transmission was shown by Burgess (1986a, b). There have been no studies on 

the relative importance of alternative modes of transmission in natural infection. 

It has been estimated that the infection rate of dogs in endemic areas ranges from 40 to 

89% (Burgess, 1986a, b; Cohen et al., 1990; Levy and Magnarelli, 1992; Magnarelli et 

al., 1987c), although approximately 5% will present with symptoms (Cohen et al., 1990; 

Levy and Magnarelli, 1992). The most common clinical presentation is an acute onset of 

single or shifting limb lameness, swollen joints, fever, and depressed attitude (Appel, 

1990; Lissman, 1990). Although radiographic findings are unremarkable, the mainjoints 

affected are the carpus, elbow and tarsus (Levy and Magnarelli, 1992). There are 

additional symptoms also apparent in canines, but because of similar diagnostic 

difficulties to those experienced with humans, estimating the complete range of canine 

signs and symptoms is not possible. Additional manifestations include myocarditis 

(Lissman, 1990; Levy and Ouray, 1988), renal failure (Grauer et al., 1988), seizure 

activity (Mandel et al., 1993) and behavioural changes (Mandel et al., 1993). 

The treatm.ent of actively ill dogs is with either oral amoxicillin or oral doxycycline for 2 

to 4 weeks with a reported a response time of 24 to 48 hours (Levy and Magnarelli , 

1992). Repeat treatment was required for some animals. Vaccine development has been 

complicated by the suggestion that immunisation may precipitate an immune-mediated 
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disease in those animals that are subclinically infected (Levy et al., 1993). Chu et al. 

(1992), using a killed strain of B. burgdorferi, could find no evidence for this. 

Lyme Borreliosis in cats 

Cats are frequent hosts for infected nymphal lxodes spp. ticks, but rarely display clinical 

symptoms (Magnarelli et al., 1990). Mild LB associated lameness has been reported and 

symptoms usually resolve within a week, particularly following amoxicillin treatment 

(Appel, 1990). It has been suggested that a possible route of infection for cats is via 

ingestion of infected white-footed mice or other infected rodents (Burgess et al., 1992). 

Lyme Borreliosis in horses 

In endemic areas, the seropositivity rate for horses has been reported to be 14 to 24% 

(Magnarelli et al., 1988; Marcus et al., 1985a; Cohen et al., 1988), although clinical 

symptoms are present in only about 10% (Magnarelli et al., 1988; Marcus et al., 1985a). 

Tick-bite transmission is the most likely cause, and hence seropositivity is higher in 

pastured horses than in horses confined to stables (Cohen and Cohen, 1990). 

As is the case for other domestic animals, the most common clinical presentation in 

horses consists of lameness, with or without joint swelling, and sometimes fever (Cohen 

and Cohen, 1990; Madigan, 1993; Parker and White 1992; Post et al., 1986a). Other 

clinical signs have been reported but less frequently, and these include: laminitis (Post et 

al., 1986a), uveitis (Burgess, 1988), encephalitis (Burgess and Mattison, 1987), 

abortion, (Burgess et al., 1~) and lethargy (Post et al., 1986a). 

Intramuscular procaine penicillin, benzathine penicillin, or intravenous oxytetracycline 

(Bushmich, 1994) have been used for treatmenLover a course of 2 to 4 weeks; Jarisch

Herxheimer reactions are not uncommon (Bushmich, 1994). 
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Lyme borreliosis in cattle 

Once again tick bite is the most likely cause of bovine infection (Post, 1990), although 

contact transmission is possible due to the presence of B. burgdorferi in urine of infected 

animals (Burgess, 1988; Bushmich and Post, 1992; Burgess et al., 1993).The microbe 

has also been isolated from the blood, colostrum, milk, and synovial fluid, and aborted 

foetal tissues of dairy cows (Burgess, 1988; Bushmich and Post, 1992; Parker and 

White, 1992) and observed histologically in the joints of a beef steer in Australia 

(Rothwell et al., 1989). 

LB in cattle does not always present as a clinical syndrome, but the predominant signs are 

lameness and joint swelling (Burgess, 1988; Bushmich and Post, 1992; Parker and 

White, 1992; Post et al., 1986b). Calf heifers are the most severely affected (Parker and 

White, 1992). Other less common symptoms include: erythematous skin rash, laminitis, 

fever, weight loss, depressed milk production, and abortion (Burgess, 1988, Bushmich 

and Post, 1992; Parker and White, 1992; Post et al., 1986b). 

Hesitancy to treat occurs due to the economic loss faced by dairy producers when 

prolonged use of antibiotics is required. Rothwell et al. (1989) showed that clinically ill 

cattle do recover over months without treatment, but a faster improvement is observed 

with the use of penicillin or ox.ytetracycline (Parker and White, 1992; Post et al., 1986b). 

Lyme Borreliosis in sheep 

Despite the fact that the principle LB tick vector in the UK and Europe is /. ricinus, the 

sheep tick, and that sheep flocks often harbour significant numbers of/. ricinus, little is 

known of the clinical impact, if any, of LB on sheep. A small number of cases in lambs 

has been reported in which lameness, anorexia and poor body condition were noted 
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(Fridriksdottir et al., 1992), but experimental infection of lambs with cultured B. 

burgdorferi produced seroconversion without clinical signs (Stuen and Fridriksdottir, 

1991). 
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1. 9 Epidemiology of Lyme Borreliosis 

1.9.1 Geographical distribution 

Even before the aetiology of Lyme disease was known, it was clear that there was a 

widespread prevalence of specific LB disorders, such as ACA and related neuropathies, 

throughout Europe (Hauser, 1955; Danda, 1%3; Hopf, 1966). Using a questionnaire, 

Danda (1963) obtained information about the frequency of ACA from all parts of the 

world. He found that the condition was most frequentJy diagnosed in Central and Eastern 

Europe. It was subsequently established that both ACA and peripheral neuropathies are 

common in Europe and Eurasia (Kristoferitsch, 1989), but rare in North America. It has 

now also been established that the prevalence for other clinical manifestations of LB, 

notably articular involvement, seem to be more frequent in American rather then 

European patients (Stanek et al., 1985). 

Stanek et al. (1986b, 1989) verified that Lyme borreliosis was a health problem affecting 

the whole of the northern hemisphere and Dekonenko et al. (1988) reported that the 

distribution of infected ticks throughout Russia extended from the European to the Asian 

regions. Documented LB cases have been reported in Japan (Kawabata et al., 1987), 

China (Ai et al., 1988) and Central and Southern Africa (Stanek et al., 1989). Lyme 

borreliosis has been recognised in 41 states of the United States of America, and has also 

been shown to exist in Canada (Lycka, 1986, Doby et al., 1986). 

The geographical diversity of LB is not only concerned with the absolute prevalence of 

different organ system syndromes, but also with clinical manifestations. A milder, 

prolonged course of EM is more common and multiple skin lesions are less frequent in 

European patients, while EM is thought to proceed more often to nervous system 

involvement in USA (Asbrink and Hovmark, 1988). However, despite apparent 

differences in prevalence and severity of LB in different geographical regions, the 
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existing data is insufficient to answer the question as to whether the geographical 

diversity of LB is a fact or an artefact. 

Although Lyme borreliosis is clearly distributed throughout the entire northern 

hemisphere, reports of its existence in the southern hemisphere are uncommon. 

Lyme borreliosis in Australia 

The first case report of LB in Australia concerned a 21 year old male from the Hunter 

Valley, on the east coast of Australia (Stewart et al., 1982). This patient presented with 

EM following an unidentified arthropod bite, and the illness developed into an arthritic 

and neurological disorder. During the twelve months preceding this case, the authors 

reported that they had seen six other patients from this region who had presented with a 

rash that resembled that characteristic EM of Lyme disease. This report predated the 

isolation of B. burgdorferi, so that ·serological investigation of these patients was not 

possible. 

Several years later, two short clinical case reports of possible LB occurring on the central 

and south coast of New South Wales appeared (McCrossin, 1986; Lawrence et al., 

1986); a positive serological finding of LB was also reported from Queensland 

(Stevenson and Hughes, 1988). 

In a veterinary pathological study, Rothwell et al. (1989) demonstrated the presence of 

silver stained spirochaetes in the joints of a polyarthritic Friesian heifer located on a farm 

on the outskirts of Sydney, New South Wales. Another polyarthritic cow from the same 

farm was borderline positive for LB serology, having an IFAT titre of 1: 128 against an 

American isolate of B. burgdorferi (Russell et al., 1984). Rothwell noted that the herd 

was heavily infested with Haemophysalis longicornis, but Ixodes holocyclus was also 

common in this area. 
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Seropositive rates in the human population of tick infested areas of New South Wales 

(using an American strain of Bo"elia burgdorferi in an ELISA test) have been variously 

reported as 2.2% (Doggett et al., 1992) to 3.7% (Munro and Dickeson, 1989). 

Wills and Barry (1991) reported that spirochaete-like agents could be recovered from the 

in gut contents of both /xodes holocyclus and Haemophysalis longicornis, collected in 

the Manning to the Hunter Valley regions of New South Wales. In mixed cultures the 

spirochaetes were morphologically similar to 831 and preliminary serological studies 

indicated that they reacted to both monoclonal and polyclonal sera prepared against B. 

burgdorferi. This study, together with further analysis of these agents, constitutes 

Chapter 3 of this dissertation. 

Barry et al. ( 1994), in a preliminary report, described the immunoblot reactions of a small 

number of Australian patients with clinical symptoms of possible LB. The serological 

response was variable and depended on the strain used as antigen for immunoblotting. 

This work has been greatly extended and is discussed in Chapter 4 of this dissertation. 
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Chapter 2 Materials and Methods 

2 .1 Introduction 

Suppliers of reagents and apparatus used in this Chapter are listed, where appropriate, in 

the text and their addresses are provided in Appendix A. Procedures for the preparation of 

reagents and buffers are described in Appendix B. 

2. 2 Culture techniques 

2.2. 1 Laboratory strains of Borrelia burgdorferi 

Laboratory strains of B. burgdorferi sensu lato were provided by Professor A. Barbour 

and ProfessorT. Masuzawa. These are summarised in Table 2.1. 

Table 2.1 Details of Laboratory strains of B. burgdorferi. 

Strain Source Country of Genospecies Supplier 
isolation 

B31 I. dammini USA sensu stncto A. Barbour 
HB 19 human blood USA sensu stricto A. Barbour 
ECM-87 human skin USA unknown A. Barbour 
SH-2-82 I. da.mmini USA sensu stricto A. Barbour 
HV-1 human heart Austria unknown A. Barbour 
ACA-1 human skin Sweden B. afzelii A. Barbour 
NBS- 16 I. ricinus Sweden B. ~arinii A. Barbour 
Gl Germany unknown A. Barbour 
G25 I. ricinus Sweden unknown A. Barbour 
IP21 Lenin2rnd B. afzelii A. Barbour 
IP90 I. persulcatus Siberia B. ~arinii A. Barbour 
IKA2 I. ovatus Japan unknown T. Masuzawa 
Fuji Pl · /. persulcatus Japan unknown T. Masuzawa 
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Culture media 

a) Glassware 

All glassware were rinsed twice with double distilled water to remove detergent residues. 

BSK-II, Borrelia MKP-Medium and BSK-H (Appendix B) was adjusted to pH 7.6 using 

5 N NaOH (BDH Chemicals Pty Ltd), filter sterilised with Millipore Acrodisk filters 0.22 

µm (Gelman Sciences), and dispensed into Falcon 16 x 125 mm sterile tubes (Becton 

Dickinson Labware). Media were stored for a maximum of two weeks, at 4oC. 

b) Antibacterial reagents 

Phosphomycin ( lO0jtg/mJ); Neomycin ( l00pg/ml) and Rifampicin (50jtg/ml) [Sigma 

Chemicals] were added as required when culturing nonsterile material. Desiccated 

antibacterial agents were reconstituted according to the manufacturers specifications and 

stored (l00x required concentration) in 100 µI aliquots at -70oC. 

c) Media quality control 

Fresh batches of media were checked for satisfactory growth characteristics by inoculation 

of a 1:30 dilution of log phase B. burgdorferi strain B31 into a Falcon tube containing 9 

ml of medium. The criterion for acceptability was a yield of at least 107 organisms per ml 

within 72 hours. 

2.2.3 Culture Techniques 

a) Laboratory strains of Borrelia burgdorferi 

Strains of B. burgdorferi (106-8/ml) were stored frozen in 2 ml Corning Cryogenic vials 

(Corning Glass Works) in 10% DMSO (BDH Chemicals Pty. Ltd) at -7fJlC. To prepare 

log phase cultures and obtain sufficient concentrated material for analytical studies, 100 Jll 
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of thawed stock was added to 9 ml volumes of BSK medium and incubated at 30-3.SOC 

for 4 to 6 days. From experience it was found that increasing culture acidity, indicated by 

a colour change from pink to yellow or yellow-orange, corresponded to a microbial 

concentration of approximately ld>-8 cells per ml. 

b) Microbial cultivation of ticks 

Ticks were speciated according to Roberts (1970), washed in 70% alcohol for a period of 

5 to 10 minutes, and rinsed in sterile double distilled water. Individual ticks were placed 

in 0.5 ml of BSK in sterile Petri-dishes (Disposable products) and finely diced with a 

scalpel blade. Half of the material was stored frozen at -70°C and the remainder was 

added to a 9 ml tube of BSK medium containing antibiotics and incubated at 30-35oC. 

Each culture was examined for the presence of motile spirochaetes once or twice weekly 

for a period six weeks. The procedure involved the aseptic pippetting of approximately 25 

µl of culture onto glass slides for observation by dark field microscopy using a Lietz 

Ortholux microscope. 

c) Purification of tick spirochaete isolates contaminated with other 

bacteria 

Recommended antibacterial concentrations were unable to control the growth of the tick 

gut bacteria. To obtain pure cultures of Australian tick spirochaetes a complex process of 

filtration and subculture was required. This is described and discussed in Section 3.2.2. 

d) Antigen preparation 

Antigen for use in PAGE and immunoblotting was prepared from 30 ml batches 

(approximately 3 culture tubes) of log phase organism in BSK medium, which was 

centrifuged at 20 OOOrpm for 30 minutes in a Beckman L8-70 Ultracentrifuge using a Sw 
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28 - rotor. The resultant pellet was washed three times in 30 ml of PBS (Appendix B) and 

resuspended in l ml PBS. For analysis of tick isolates, the procedure was the same, 

except resuspension was in 200 µI of distilled water containing l % Triton X-100 

(Sigma). 

2.3 Immunoblotting 

2.3 . l Preparation of Antigen 

Resuspended samples of centrifuged and washed spirochaetes were transferred to 5 ml 

sterile plastic tubes (Disposable Products), placed in a beaker of ice and sonicated with a 

Soni prep 150 (MSE) for six 30 second intervals at an amplitude of 25 µm. 

Protein Estimation. 

The protein content of each sample was estimated using the Bio Rad protein estimation kit 

(Bio Rad, Chemical Division). A dilution series of BSA (Sigma) in PBS was prepared, at 

concentrations of 3.125, 6.25, 12.5, 25.0 and 50.0 µg per ml to provide the standards. 

160 µI of each dilution of standard and dilutions of the sonicated test preparation were 

added in triplicate to the wells of a 96-well flat bottom ELISA plate (Nunc). Forty 

microlitres of Protein Binding Dye Concentrate (Bio-Rad) was added to each well and the 

plate agitated for one minute on a plate shaker. Absorbance in each well was measured at 

620nm using a Titertek Multiscan MC 340 plate reader (Flow Laboratories, North Ryde, 

N.S.W.). The concentration of the antigen was determined from a standard curve. 

The sonicated sample was diluted in PBS to a concentration of 3.0 mg per ml and then 

diluted in 2x treatment buffer (Appendix B) to a final concentration of 1.5 mg per ml. 
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Samples were heated in a boiling water bath for 10 minutes, cooled and stored at -200C in 

0.5 ml aliquots until required. 

Polyacrylamide gel electrophoresis (PAGE). 

The method used was that described by Laemmli (1970), and is described in detail in 

Chapter 4. 

Vertical 12.5% acrylamide gels (Appendix B) were prepared using the Dual Cooled 

Vertical Slab apparatus, supplied by Hoefer Scientific Instruments (San Francisco, 

California U.S.A), at a width of 0.75 mm. Each gel was prepared by slowly pippetting 

the 12% acrylamide separating gel mix (Appendix B) along the edge of the glass plates, 

leaving 2 cm at the top for the stacking gel. 100 µl of sterile water was layered over the 

top and the acrylamide gel was allowed to set for 10 to 20 minutes at room temperature. 

The water layer was carefully poured out and a 1 cm stacking gel was added to the top of 

the separating gel. This solidified within 10 minutes at room temperature. Double gels 

were run fully immersed in tank buff er (Appendix B) at a constant current of 5 mA, at 

lOOC, overnight (approximately 18 hours). 

Ten well combs were inserted into the stacking gel (Appendix B) when more than one 

lane was run per gel. Samples were added at a concentration of 30 µg of protein per well. 

For gels where only one B. burgdorferi strain was required, 0.5 ml (0.75 mg) of the 

prepared antigen was layered directly over the stacking gel. 

Protein staining of gel. 

Stacking gels were carefully removed from the top of the main gel. The gel was removed 
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from the glass plate, immersed in Coomassie Blue stain (Appendix B) and incubated at 

56°C with constant shaking for two hours on a rotating tray. 

The gels were destained by immersion in destaining solution (Appendix B) overnight at 

56°C with constant shaking. 

Protein transfer to nitrocellulose. 

For Western blotting, unstained gels after electrophoresis were washed in cold (4°C) 
-

transfer buffer (Appendix B). A SemiPhori Semi-Dry Transfer Unit (Hoefer Scientific 

Instruments) was used for the electrophoretic transfer of protein onto an 0.2 µm 

nitrocellulose membrane (Hoefer Scientific Instruments) at a constant current of 165 mA 

for 45 minutes. 

The nitrocellulose was removed and incubated in blocking buffer (Appendix B) for 1-2 

hours with constant agitation at room temperature, then rinsed thoroughly with ELISA 

wash (Appendix B). The nitrocellulose was allowed to air dry and stored at 4°C until 

required. 

2.3.6 Staining of the nitrocellulose 

Staining of the nitrocellulose was achieved either by Coomassie blue stain or by 1: 1000 

Indian ink in ELISA wash. The nitrocellulose was immersed in either stain for 

approximately 10 minutes, removed and gently washed with running water until no 

further colour was removed. 
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lmmunoblotting 

Nitrocellulose strips (0.5 cm) containing electrophoretically transferred borrelial 

polypeptides were placed individually in the 24 wells of incubation trays (Hoeffer 

Scientific Instruments). To each well was added 2 ml of ELISA wash, and the tray rocked 

until the strips were wet. 

The first two wells served as positive controls for locating the whereabouts on the gel of 

the flagellin, Osp A and Osp Busing MAb's. Strip three was a negative control, which 

-
was reacted with serum from a known negative LB individual, and strip four was reacted 

with serum from a known positive LB patient (supplied by Dr A. Barbour). All other 

wells were used for patient samples. Each of the MAb's, control and patient sera were 

used at a concentration of 1:100 and the tray was incubated for 2 hours with constant 

shaking at 3'7°C. 

Following shaking, each strip was washed 3x for 5 minutes with ELISA wash and then a 

1: 1000 dilution of appropriate alkaline phosphatase labelled conjugate (Silenus, 

Hawthorn, Victoria, Australia) was added in 2 ml of ELISA wash. The trays were then 

incubated again for a further hour at 37°C with constant shaking. 

Once again, each strip was washed 3x for 5 minutes with ELISA wash and 1.5 ml of 

substrate [5-bromo-4-chloro-3-indolyl phosphate (BCIP) / nitroblue tetrazolium (NBT)] 

(Promega) was added and rocked for ten minutes. The strips were then washed in distilled 

water and allowed to air dry overnight. 
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2. 4 Polymerase Chain Reaction 

2.4. 1 Preparation of Samples 

a) Preparation of spirochaete DNA 

Control strains of B. burgdorferi and tick isolates were adjusted to an approximate 

concentration of 102 organisms per ml in PBS, and 1.5 ml was added to a microfuge 

tube, centrifuged at 13 000 rpm for 15 minutes and then washed 3x with PBS. The pellet 

was resuspended with 100 µl of distilled water and heated in a boiling water bath for 10 

minutes. 

Purification of spirochaetal DNA was by the method described by Lebech et al., 1991. 

400 µl of SEf buffer (Appendix B) was added to the resuspended spirochaete sample. 

Lysozyme (5mg/ml), 0.5% (wt/vol) sodium dodecyl sulfate (SOS), DNase-free RNase 

(0.1 mg/ml), and proteinase K (0.3 mg/ml) were added sequentially. The sample was 

incubated at 37°C for 1.5 hours with gentle shaking every 15 minutes. DNA was 

extracted with three successive phenol extractions and one ether extraction. After adjusting 

the NaO concentration to 0.1 M, DNA was precipitated with 2 volumes of 99% (vol/vol) 

ethanol for 1 hour at -200C and pelleted by centrifugation for 30 minutes at 30 000 x g. 

The DNA pellet was washed with cold 70% (vol/vol) ethanol, air dried for 1 hour, and 

resuspended in 200 µl of TE buffer (Appendix B) 

Oligonucleotides for P.C.R. 

Primer sets were selected from published information and the oligonucleotides were 

constructed to order by Bresatec, Adelaide, Australia. 



Each set of primers is discussed in further detail in Section 3.9.2. 

TARGEf: 16S rRNA gene. 

PRODUCT SIZE: 368bp 

DD06 [base 1452 - base 1472]: 

DD02 [base 1452 - base 1123]: 

SOURCE: Rys, P., 1993. 

TARGEf: Flagellin gene. 

PRODUCT SIZE: 248bp 

F-7 [base 594 - base 614]: 

F-3 [base 823 - base 842]: 

5' ATCTGTTACCAGCATGTAAT3' 

5' CCC TCA CT A AAC ATA CCT 3' 

5' CTC TGG TGA GGG AGC TCA AAC 3' 

5' GTA CTA TICTTT ATA GATTC3' 

SOURCE: Lebech, A. and Hansen, K., 1992. 
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T ARGEf: Osp A gene. 

PRODUCT SIZE: 463bp. 

Osp A 1 [aa 70 - aa 79]: 

Osp A2 [aa 218 - 224]: 

5' ACA ATG GAT CTG GAG TAC TTG AAG GCG T 3' 

5' CAGGCACTTCAA CITTAAC3' 

SOURCE: Designed in house based on sequence published by Bergstrom, S.; Bundoc, 

V. G. and Barbour, A.G., 1989. 

PCR Amplification 

P.C.R was performed in a reaction volume of 100 µI containing l U Taq DNA 

polymerase (Promega), gelatine and magnesium free lOx Buffer (Promega), 200 µM of 

each dATP, dCTP, dTTP, and dGTP (Pharmacia), and 50 pmol of each primer 

(Bresatec). The P.C.R. mixture was overlaid with 100 Jtl of mineral oil (Sigma). 
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All reactions were petformed in a thermal cycler (Hybaid). After an initial denaturation at 

94°C for 4 minutes, the PCR conditions used consisted of denaturation at 94°C for 1 

minute, annealing at 45°C for 2 minutes and extension at 72°C for 3 minutes, for 50 

cycles. After the final cycle, the temperature was maintained at 72°C for 10 minutes to 

complete extension. The PCR mixtures were analysed for amplification products by 

mixing 20 µl of the mixture with 2 µl of 5 x Sample buffer (Appendix B) and observing 

after agarose gel electrophoresis using a 1 % agarose gel containing 20 µl ethidium 

bromide (1 mg/ ml)/ 100 ml agarose (Appendix B). Comparison of size of the products 

was obtained by the use of DNA ladders (Gibco BRL). 

Visualisation of PCR products 

Following electrophoresis the agarose gel was examined under a ULTRA ·LUM 

Ultraviolet Transilluminator (Edwards Instrument Company) and photographed with a 

Polaroid camera using "665" black and white instant film. 

2.S DNA cloning 

2.5.2 Gene cleaning of PCR products. 

To remove the impurities from PCR products either the appropriate band was cut from the 

agarose gel or the remainder of the PCR mixture was cleaned using a Amersham Gene 

Oean Kit. 

The appropriate PCR product was either excised from the agarose gel or the remainder of 

the reaction mix was transferred to a new tube without the mineral oil overlay. Three 

volumes of Nal stock solution (Amersham) was added to the product, heated for 5 
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minutes at 5.SOC and 5 µI of Glassmilk suspension was added (Amersham). The mixture 

was incubated for 5 minutes at room temperature, centrifuged for 5 seconds in an 

microfuge, and the supernatant discarded. The pellet was washed 3x with 400 µI of New 

Wash (Amersham) and the DNA eluted by the addition of 20 µI of water and incubated at 

5.SOC for 3 minutes. The sample was centrifuged for 5-10 seconds in a microfuge and 

supernatant removed and kept 

2.5.2 Ligation of PCR products. 

a) Vector 

The plasmid vector used was pGEM-T (Promega). This vector contains the origin of 

replication of the filamentous phage fl. The plasmid also contains T7 RNA and SP6 RNA 

polymerase promoters flanking a multiple cloning region within the a-peptide coding 

region of the enzyme B-galactoside. Insertional inactivation of the a-peptide allows 

recombinant clones to be directly identified by colour screening on indicator plates. The 

multiple cloning region is unique and includes restriction sites for Apa 1, Aat 11, Sph 1, 

Nco 1, Sac 11, Spe 1, Not 1, Pst 1, Sal 1, Nde 1, Sac 1, BstX 1, andNsi 1. 

b) Ligation protocol 

Constituent Amount STD amount Source 

pGEM-T lOOng 1 µl Promega 

Insert DNA 17ng Gene cleaned product 

T4 DNA ligase lU 1 µl Promega 

(Weiss units) 

Ligase lOx buffer 1 µl 1 µl Promega 

deionised water to 10 µl 
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The ligation mixtures were incubated at: 

4oc overnight or 

1s0 c 4-6 hours or 

25oc l hour. 

2.5.3 Transformation of PCR product 

a) Preparation of competent Escherichia coli cells 
-

The JM109 (Promega) strain of E.coli was used for PGEM-T transformation. JM109 

were streaked onto M-9 agar plates containing thiamine-HCl (Appendix B) and incubated 

overnight A single colony was selected and inoculated into 25 ml LB Broth (Appendix 

B), then incubated with shaking overnight at 37°C. A subculture was prepared by the 

inoculation of 5 ml into 5(X) ml of fresh LB broth which was then shaken at 150-200 rpm 

at 37°C until the A600 reached 0.45-0.55 using a Beckman D-65 spectrophotometer. The 

cells were chilled in an ice-water bath for 2 hours and collected by centrifugation at 2 5(X) 

x g for 15-20 minutes at 4°C in a precooled J2-21 centrifuge using a JA-10 rotor. The 

bacterial cells were resuspended in 10-20 ml of ice-cold tituration buffer (Appendix B) 

and diluted to 500 ml with the same solution. The cells were incubated on ice for 45 

minutes, centrifuged at 1 800 x g for 10 minutes and gently resuspended in ice-cold 

tituration buffer. The cells were pooled and 80% glycerol was added to a final 

concentration of 15% (v/v). The cells were aliquoted into 0.2 ml quantities, freeze dried 

on ice and stored frozen at -70oC. 

b) Transformation of competent E. coli cells with the plasmid vector 

A 200 µl aliquot of JM109 was thawed on ice. 3µ1 of DMSO (BDH Chemicals Pty Ltd) 

was added to the competent cells, and mixed gently, followed by the addition of 5 µl of 
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the ligation mix [Section 2.5.2.(b)]. Following incubation on ice for 30 minutes, the cells 

were heat shocked at 42~ for 1-2 minutes then incubated for a further 1 minute on ice. 2 

ml of LB broth was added to the cells, and the mixture was then incubated at 37<>C with 

shaking for 1 hour. The cells were spun in a microcentrifuge and the supernatant 

removed. The pellet was resuspended in 200 µI of LB broth and a lawn culture was 

prepared on LB agar plates (Appendix B) containing 50 µg/ml ampicillin (Sigma 

chemicals) and 40 µg/ml X-Gal (5-Bromo-4-chloro-3-indolyl-8-D-Galactoside) 

(Promega). 

-
c) Selection of transf onned colonies 

Plates were incubated for 24 hours at 37~. White (recombinant) colonies containing the 

DNA inserts were picked with a sterile tooth pick and individually inoculated into 10 ml 

volumes of LB broth containing ampicillin (50 µg/ml). Incubation was at 37~ overnight 

with shaking. 

2.6 Isolation and analysis of plasmid DNA. 

2.6.1 Mini-prep (Alkali lysis method) for plasmid DNA extraction 

1.5 ml of overnight culture of the transformed E. coli was centrifuged at 12 000 x g for 1 

minute in a microfuge. The pellet was resuspended in 100 µl of ice-cold Solution I 

(miniprep resuspension buffer) [Appendix BJ, and incubated for 5 minutes at room 

temperature. 200 µI of freshly prepared 0.2 N NaOH containing 1 % SDS (Solution II -

Lysis Solution) [Appendix BJ was added, mixed by inversion and incubated on ice for 5 

minutes. 150 µl of ice cold potassium acetate solution, pH 4.8 (Solution III -

Neutralisation buffer) [Appendix B] was then added, mixed and incubated on ice for a 

further 5 minutes. The mixture was centrifuged at 12 000 x g for 5 minutes and the 
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supernatant was transferred to a fresh microfuge tube. Phenol:chloroform:isoamyl alcohol 

(Sigma) [1 volume] was added and the tube was vortexed and then centrifuged. The 

upper, aqueous phase was transferred to a fresh tube and mixed with 2.5 volumes of 

100% ethanol. The sample was allowed to precipitate on ice for 5 minutes, then was 

centrifuged at 12 000 x g for 5 minutes in a microfuge. The pellet was washed with 

prechilled 70% ethanol and air dried. The pellet was dissolved in 10-20 µl of sterile 

deionised water. 

Wizard Minipreps DNA Purification System (Promega) for plasmid DNA 

extraction 

1-3 ml of overnight culture of the transformed E.coli was pelleted by centrifugation for 

1-2 minutes at top speed in a microcentrifuge. The pellet was resuspended in 200 µl of 

Cell Resuspension Solution (Promega), followed by the addition of 200 µl of Cell Lysis 

Solution (Promega) and the tube mixed by inversion. Finally, 200 µl of Neutralisation 

Solution (Promega) was added and the mixture was spun at top speed in a microfuge for 5 

minutes. The supernatant was decanted into a new microfuge tube, Wizard Miniprep DNA 

Purification Resin (Promega) [1 ml] was added and mixed by inversion. The Resin/ DNA 

mix was then filtered through a Wizard Minicolumn placed on a 2 ml syringe. The filter 

was washed 3x with 2 ml of Column Wash Solution (Promega), and then dried by a 20 

second centrifugation in a microfuge tube. The filter was place in a new microfuge tube, 

50 µl of water was added to the filter and left at room temperature for one minute. DNA 

was eluted from the filter by spinning the microfuge tube at top speed for 20 seconds. 

Restriction endonuclease digestion of the plasmid 

To determine whether the plasmid preparation was clean and contained the correct insert, 
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the plasmid was cut with the enzymes, Apa 1 and Pst 1 using Buffer B (Promega).The 

recognition sites were GGGCC TC and CTGCA T G respectively. The reaction mixture 

was as follows: 

DNA from miniprep 

Buffer B 

Apal 

Pst 1 

5µ1 

2µ1 

0.5 Jtl 

0.5 µl 

Water 2µ1 

The mixture was incubated at 37°C for 1-1.5 hours, mixed with 2 µI of 5x sample buff er 

(Appendix B) and then exami"ned by electrophoresis on a 1 % agarose gel (Appendix B) 

for the correct size products as described in Section 2.4.3. 

2. 7 DNA Sequencing of the PCR product 

The Sequenase Version 2.0 D_NA Sequencing Kit (Promega) uses a modification on the 

chain termination method described by Sanger et al. ( 1977). 

Preparing single stranded DNA 

The plasmid minipreparation was made up to a volume of 50 µI with water, an equal 

volume of 0.4 mM EDTA and 0.4 mM NaOH were added and the mixture was incubated 

at 37°C for 30 minutes. 10 µl of 3M sodium acetate and 400 µI of absolute ethanol were 

added and the mixture was stored at -70°C for 30 minutes. Precipitates were pelleted by 

centrifugation in a microfuge at maximum speed for 15 minutes, washed in 70% ethanol 

and air dried at a temperature of 60>C. Pellets were resuspended in 7 µI of sterile water. 
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Sequencing Protocols 

The method is as described in the Sequenase Version 2.0 DNA Sequencing kit 

(Promega). 

Annealing mixture: 

ssDNA 7 µl 

Reaction buffer (Promega) 2 µl 

*Primer I µl 

*M13 (-40) 5' .. GITITCCCAGTCACGAC.3' 
-

The mixture was annealed by heating for 2 minutes at 6.SOC and cooling slowly to less 

than 35oC. It was stored on ice until required for labelling. 

Labelling reaction: 

ice-cold Annealed DNA Mixture 10 µl 

DDT, 0.1 M 1 µl 

1 :5 Labelling Mix 2 µI 

P5S] dATP 

1:8 Sequence Polymerase 

0.5 µl 

2µ1 

Incubated at room temperature 2-5 minutes. 

2.5 µI of Termination Mix (Promega) was pre-warmed to 37°C and 3.5 µl of labelling 

mixture was added to each Termination Mix, then incubated at 370C for 5 minutes. The 

reaction was stopped by adding 4 µl of Stop Solution (Promega). Before loading to the 

sequencing gel the samples were heated to 75<:C for 2 minutes. 

I 
I 
I 

I 
I 
I 

.J 
I . 
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Preparation of Sequencing gel 

A 6% acrylamide gel (Appendix B) was used consisting of; 5.7 g acrylamide (ICN), 0.3 g 

Bis-acrylamide (Bio-Rad), 42g urea (BDH), 10 ml lOx TBE buff er (Appendix B) and 

water to 100 ml. This monomer mixture was dissolved using heat and bead resin 20-50 

mesh (Bio Rad) was added and placed on a stirrer for 30 minutes. 60 ml of the monomer 

was filtered through a 0.2 µm filter (Millipore) and 60 µl TEMED (Promega) and 60µL 

25% ammonium persulphate (Gibco) was added. The gel was poured on to a 50 cm long 

gel apparatus (Bio Rad) and run for approximately three hours at 2 500 volts. 

Autoradiography 

The gel was removed from the glass plates by placing a sheet of filter paper over the entire 

gel and gently peeling it off, dried for 2 hours on a vacuum manifold, and placed in a 

photographic cartridge with Kodak XAR-5 film for 24 to 72 hours at -70oC. 

The film was developed in the Autoradiography Department at Royal Newcastle Hospital, 

Newcastle, Australia. 

Automatic sequencing 

Automatic sequencing was performed by Mr Dale Leuitzke from the Biomolecular 

Research Facility, University of Newcastle, Newcastle, Australia. He was supplied with a 

the extracted recombinant plasmid processed as described in Section 2.6.2. The procedure 

followed was that of the PRISMfM Ready Reaction DyeDeoxy TM Terminator Cycle 

Sequencing Kit, with the product examined on a ABT PRISM 377 DNA Sequencer. 
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2. 8 Staining techniques 

2.8. l Preparation of microrgansims 

A 9 ml culture of log phase spirochaetes was centrifuged at 10 000 rpm and washed 3x in 

9 ml of PBS. The pellet was resuspended in PBS at an approximate concentration of 103 

organisms per ml. A IO-welled slide was cleaned thoroughly with 70% alcohol, air dried 

and 25 µl of the diluted spirochaete suspension was added to each well. The slides were 

dried in a 37°C incubator and the spirochaetes fixed onto the slide by immersion in 

absolute methanol for 10 minutes. 

Giemsa stain 

The slides were stained for 30 minutes with a 1 :20 dilution of stock Giemsa stain in 

neutral buffered water (Appendix B). The slides were washed in PBS, air dried and 

counterstained with methylene blue (Appendix B) for 1 minute. The slides were examined 

with a light microscope at lOOOx and appear as blue, spiral structures. 

Indirect immunofluorescence 

MAb was diluted 1: 100 in PBS, 25 µl added to the appropriate wells of the prepared slide 

and incubated at 37°C in a moist chamber for 30 minutes. The slide was washed 3x by 

immersing in PBS for approximately 5 minutes, air dried and 25 µl of 1: 1000 of 

fluorescein isothiocynate (ATC) labelled antimouse total immunoglobulin (Silenus) was 

added to each well and incubated at 37°C for 30 minutes. The slide was washed 3x in 

PBS, air dried and mounted with a coverslip using buffered glycerol (1 part PBS and 9 

parts glycerol). The slides were examined using a fluorescence microscope. 
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2. 9 Electronmicroscopy 

2.9.1 Scanning Electron Microscopy (S.E.M.) 

All S.E.M. studies were performed by Mr Garry Weber and Mr David Phelan of the 

Electron Microscopy Unit, University of Newcastle, Newcastle, Australia. 

Tick specimens for S.E.M. were snap frozen in liquid nitrogen for 5 seconds. They were 

then attached to stubbs using carbon dag and coated with 20 nm of gold using a Sputter 

Coating Unit (Polaron Eq. E5000). They were examined using a JEOL 1200 EX II 

Scanning Electron Microscopy, and photographed using black and white film. 

2.9.2 Transmission Electron Microscopy (T.E.M.) 

a) Preparation of spirochaete samples 

A 9 ml culture of log phase spirochaetes was centrifuged at 10 000 rpm and washed 3x in 

9 ml of PBS. The pellet was resuspended in 50 µl of PBS. 

b) Negative staining of spirochaete preparation and observation using 

T .E.M. 

T.E.M studies were performed by Mr Robert Herd, Department of Virology, University 

of Newcastle, Newcastle. 

Spirochaete samples were adsorbed onto copper grids for 3 minutes, then stained with a 

2% phosphotungstenic acid solution for 2 minutes. The grids were examined using a 

T.E.M. JEOL 1200 EX II, at the Electron Microscopy Unit, University of Newcastle. 



Chapter 3 Preliminary characterisation of Borrelia-like 

microorganisms found in Australian ticks. 

3 .1 Introduction 
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This study began in 1989 because of frequent anecdotal reports of a Lyme disease-like 

illness among residents of Wingham, a small rural town located in the Manning River 

region of eastern coastal Australia, and its surrounding districts. Much of the wooded and 

pastoral grazing land in the area is heavily tick infested, and tick bites are common both in 

humans and domesticated animals. 

Because classical Lyme disease is a tick-transmitted spirochaetosis caused by Borrelia 

burgdo,jeri, it was hypothesised that the Wingham illness may have a similar aetiology 

and ecology. However, it was realised at the outset that all the principal known tick 

vectors of human disease belong to the lxodes persulcatuslricinus complex, a group of 

ticks that does not occur in Australia. Additionally, it was anticipated that the likely wild 

life cycle of the LB-like illness would be different from that occurring elsewhere because 

native mammalian fauna are predominantly marsupial, whereas known reservoir hosts of 

Lyme disease are placental animals. 

The species of tick commonly associated with human and animal bites in Australia are 

lxodes holocyclus and Haemophysalis longicornis. To begin this study, a collection 

comprising mostly engorged female ticks of these species was obtained from domestic 

animals, notably cats, dogs and cattle. Two collection areas were chosen, namely the 

mid-northern coastal region of New South Wales, based on Wingham, and the Hunter 

and Central Coast region of New South Wales between Sydney and Newcastle. To assist 

in collection, veterinary practices in these regions also provided ticks that were found on 

animals brought to the surgery for treatment (Appendix D). Each tick was identified 

according to the criteria of Roberts ( 1970). 
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3.2 Microbiological examination of ticks 

For details of tick collection and cultivation of ticks containing spirochaetes refer to Table 

3.1. This Table also summarises cultural and molecular data presented later in this 

Chapter. 

TABLE 3.1 Summary of Spirochaete Isolates 

Isolate Tick Nymph/ Area of Source of Incubation Reaction to 
number species Adult Collection Tick time-weeks OspAPCR 

l I.H. Adult MNC dog 5 + 
2 (a) I.H. Adult MNC dog 5 -
2 (b) H.L. Adult MNC dog 5 -

3 I.H. Adult H&CC dog 5 + 
4 I.H. Adult H&CC dog 5 + 
5 I.H. Adult H&CC dog 5 -
6 I.H. Adult H&CC dog 7 + 
8 1.H. Adult MNC dog 5 + 
9 I.H. Adult MNC dog 3 ND 
10 I.H. Adult MNC dog 6 -
15 I.H. Adult H&CC dog 6 -

16 I.H. Adult MNC dog 3 -
17 I.H. Adult MNC steer 3 + 
20 l.H. Adult H&CC dog 3 + 
21 I.H. Adult H&CC dog 7 -
23 I.H. Adult H&CC dog 6 -
28 I.H. Adult MNC dog 7 -
32 I.H. Adult H&CC cat 7 + 
33 I.H. Adult H&CC cat 7 -
35 I.H. Adult H&CC cat 6 + 
37 I.H. Nymph H&CC dog 3 -
38 I.H. Adult H&CC cat 6 + 
39 I.H. Adult H&CC cat 4 -
40 I.H. Adult H&CC dog 7 -
42 I.H. Adult MNC dog 7 -
43 I.H. Adult H&CC dog 7 -
45 I.H. Adult H&CC dog 7 -
46 I.H. Adult H&CC dog 7 -
47 I.H. Adult H&CC dog 6 -
49 I.H. Adult H&CC cat 7 -
51 I.H. Adult H&CC dog 5 + 
53 I.H. Adult H&CC dog 4 -
59 I.H. Adult H&CC dog 3 -
61 I.H . Adult H&CC dog 4 -
62 I.H. Nymph H&CC dog 4 ND 
63 H.L. Nymph H&CC - dog 4 -
72 H.L Adult MNC dog 4 + 
74 I.H. Adult MNC dog 3 + 



Isolate 
number 

75 
76 
77 
80 
83 
84 
85 
l:So 
89 
92 
95 
98 
l17 
121 
122 
125 
127 
128 
132 
133 
135 
138 
139 
143 
146 
148 
149 
150 
151 
154 
159 
160 
161 
164 
166 
167 

I.H. 
H.L. 
MNC 
H&CC 
OspA 
PCR 
+ 

ND 

Page 101 

Tick Nymph/ Area of Source of Incubation Reaction to 
soecies Adult Collection tick time-weeks OspA PCR 

I.H. 
I.H. 
I.H. 
H.L. 
H.L. 
I.H. 
I.H. 
I.H. 
I.H. 
I.H. 
I.H. 
I.H. 
H.L 
I.H. 
I.H . 
I.H. 
H.L. 
H.L. 
l.H. 
H .L. 
I.H. 
I.H. 
I.H. 
H.L. 
H.L. 
H.L. 
H.L. 
H.L. 
I.H. 
I.H. 
I.H. 
I.H. 
l.H. 
I.H. 
I.H. 
I.H 

Adult MNC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult MNC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult MNC 
Adult MNC 
Adult MNC 
Adult MNC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult MNC 
Adult MNC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult MNC 
Adult MNC 
Adult H&CC 
Adult MNC 
Adult MNC 

Nymph MNC 
Nymph H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 
Adult H&CC 

Ixodes holocyclus 
Haemophysalis longicornis 
Mid North Coast 
Hunter and Central Coast 
Outer smface protein A 
Polymerase chain Reaction 

dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
cat 
dog 
steer 
dog 
dog 
cat 
cat 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
dog 
cat 
dog 
dog 
dog 
dog 
dog 
dog 

3 -
3 -
3 + 
3 -
7 + 
3 -
3 -
3 -
3 ND 
4 -
3 + 
5 -
3 -
4 -
3 -
3 -
3 + 
3 -
4 -
4 -
4 -
4 -
4 + 
4 + 
4 -
4 -
4 ND 
4 ND 
4 -
4 ND 
5 -
5 -
4 -
3 -
4 + 
6 -

PCR product of 463bp detected by ethidium bromide staining on 
agarose gel 
No PCR product observed 
Not done 

I .. 
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3.2.1 Initial studies 

a) Cultivation of ticks 

The procedures adopted for microbiological cultivation of ticks followed those developed 

originally by Barbour ( 1984) for the initial isolation and recognition of Lyme disease 

spirochaetes. Individual ticks were decontaminated by immersion in 70% alcohol (5-10 

min), rinsed in sterile distilled water and placed in a sterile Petri dish. The entire contents 

of the ticks were removed, using a scalpel and syringe, and emulsified in 0.5 ml of BSK

II, supplemented with phosphomycin [lO0µg/ml], neomycin [ lO0µg/ml] and rifampicin 

[50µg/ml], (Barbour, 1984; Anderson et al., 1983; Berger et al., 1985; Bundoc, personal 

communication). The total suspension of material was used to inoculate tubes containing 

9 ml of BSK-11 and each culture was incubated at 33°C for up to 10 weeks. All cultures 

were examined once or twice weekly by the aseptic pipetting of approximately 25 µl 

amounts onto glass slides for observation by dark field microscopy using a Lietz 

Ortholux micros~ope. 

Within days, all tick cultures were found to contain a mixed population of various 

bacteria, with Gram negative rods predominant. Detailed microbiological characterisation 

of these microorganisms indicated the presence of Acinetobacter sp. and Pseuclomonas 

sp., (in particular P. putida, P. maltophilia, P. cepacia and P. stutzeri.) Additionally , 

some cultures also contained Gram positive organisms that had the growth 

characteristics, morphology, basic biochemistry and sporulation characteristics of 

members of the genus Bacillus. All these bacteria proved to be resistant to all the 

antibacterial drugs commonly used elsewhere for the isolation of Borrelia species. It was 

concluded that the microbiological flora of the gut contents of engorged ticks consist 

predominantly of common environmental bacteria. Henceforth these environmental 

bacteria will be referred to as "contaminants". 
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b) Observation of spirochaetes 

Despite the heavy burden of environmental contaminants, repeated dark field examination 

of some cultures eventually detected the presence of fragile , weakly motile, spiral shaped 

organisms, usually appearing at 3-7 weeks post culture. These agents ultimately reached 

a concentration of approximately 10i.. 103 per ml, and were of similar size and appearance 

to Lyme borreliae, but were much less active (Plate 3.1). 

Plate 3.1 Dark field photomicrograph ( 400x) of spirochaetes initially 

isolated from Australian ticks: a. Isolate 17; b. Isolate 20; c. Isolate 72; 

d. Isolate 74; e. Isolate 38; f. Isolate 83; g. Isolate 6; b. Isolate 17; and i. 

Isolate St. For comparison, the morphology of a 2 day culture of B . 

burgdorf eri (B31) in BSK medium is shown 
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In some cultures, the predominant appearance of the spirochaete-like structures was either 

as slow moving, semi-rigid structures or as non-motile, rigid structures (Plate 3.2). 

Plate 3.2 Dal'k field photomicrograph ( 400x) of spirochaete isolate 

number 74, after 3 weeks culture, depicting the semi-rigid morphology 

that often characterised the Australian tick isolates 

An early observation and one that was consistently encountered was that the apparent 

number of spirochaete-like structures detected in any culture was roughly proportional to 

the concentration of contaminants. 

These preliminary findings gave rise to the following speculations: 

1. that spiral structures were cultural artefacts, possibly arising as degenerative 

structures derived from the contaminating environmental bacteria; 

2 . that the structures were genuine spirochaetes originating from the tick gut but for 

which the BSK-IJ formulation was unsuitable, that is, initial spirochaete growth 

rapidly became senescent and spirochaetes began to degrade, 

3. that the presence of certain environmental bacteria provided growth enhancement 

factors that helped injtiate the growth and prolong the survival of the spiral 

structures. 

' I 
I 
I 
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Purification and concentration of spirochaetes 

To determine the significance of these spiral shape structures, it was necessary to obtain 

purified preparations that contained enriched numbers of the agent. For this purpose, 10 

tick-derived cultures (for details see Table 3.1), described as isolate numbers 6, 10, 20, 

38, 39, 40, 51, 72, 74 and 83 were selected for a more detailed study. 

a) Selective inhibition using antibacterial drugs 

Antimicrobial drugs are commonly included in BSK-11 to inhibit preferentially any 

contaminants, the drugs most commonly used being phosphomycin [lOOµg/ml], 

neomycin [IOOµg/ml] and rifampicin [.SOµg/ml] (Barbour, 1984; Johnson et al., 1984b, 

Preac-Mursic et al., 1986). In addition, B. burgdorferi have been reported to be 

relatively resistant to nalidixic acid [lOOµg/ml] (Barbour, 1984), 5-fluorouracil 

[200µg/mlJ (Barbour, 1984), kanamycin sulfate [8mg/ml) (Anderson et al., 1983), and 

ciprofloxacin (0.4µg/ml) (Berger et al., 1985). 

The contaminants encountered in this study grew readily in the presence of 

phosphomycin, neomycin and rifampicin, at concentrations normally considered to be 

bacteriostatic. Repeated attempts to control the contaminants with various mixtures of 

antimicrobial drugs mentioned above were ineffective (data not shown). In a final attempt 

to determine whether any combination of decontaminating drugs might be effective in 

reducing the burden of contamination, antibacterial "cocktails" in BSK-II were 

formulated that comprised various concentrations of the six drugs - nalidixic acid, > 

fluorouracil, ciprofloxacin, rifampicin, kanamycin sulfate and phosphomycin. 

Combinations were prepared, comprising five progressive, two-fold increments in the 

concentration of each drug, and were tested for (a) inhibition of contaminants, and (b) 

spirochaete survival, using the 10 primary isolates listed above. The effect of each drug 

combination on microbial growth and survival for each isolate was checked by 

microscopy at one and two weeks of incubation. The results of this experiment are 
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summarised in Table 3.2. Summarised briefly, the findings indicate that while very high 

levels of antibiotics (relative concentrations of 8 and 16 fold) completely eradicated all 

microbes, lower concentrations (relative concentrations l and 2 fold) were ineffective at 

preventing contaminant growth, even though the growth rate of contaminants appeared to 

be reduced. Nevertheless, the spirochaete-like structures apparently survived for several 

weeks in relative drug concentrations of four fold and less. 
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TABLE 3.2 

* 
RDC 6 

Wl W2 

Combined antimicrobial treatment and microbial survival 

Isolate number 
10 20 38 39 40 51 

Wl W2 WI W2 Wl W2 Wl W2 WI W2 Wl W2 
72 74 83 

Wl W2 Wl W2 Wl W2 

X 1 ::}t:;f f \ } f:ff./ :;:;:fff} \ :f.f.f:::. /:;f f:f./ :/f.f.::J:/: /:f:f.f./ }:f.:t-::f./ ;:;;;f.f:f,;::: \::i::f.+.\ :::;:f:f.f./ :::::%ff/ / f+.:t-:::: / f.f.f/ }f.f:f::::; :/ f.::f.:f.\ / f:f.f / }:f.:f.f \ \f:f.f./ ::::f.:+.f} 
x2 ::;:::+.+:::::: ?+:+.+.:::: :/:ff:) :/+.+.+.\ ::::++:::=::: t :+.B.? :::?+.+:::=:: ?++.+.::: ::::::+.+ ::::: : :/f.#./ :::::::ff::::\:/+.+.+.:::: ::/f :+:::=::: ::::+.+.+:::: :/}ii+.:? ::>+.+.+.:::: :::::::+.+:::::: /%f.:f:::: ::::::++\/ ::::+.:+.+:::: 
x4 {}ki) :\f:i/{ :\;:'.:\\::: :):::+./::::: ::::::;::+/:::: }::::i/t::? ):::::+:::/ :::::++.) /:}f.:::::;::' :;:;}(f:) /:::) :}:/ /\:it(::/ :)\(:/;: :)::it(/: }\:f/:: ):::::¥:::'.::: :}::::/// )::::~f:\ ::::)\:/ ;: r:>li/) 
x8 

xl6 

Wl -Week 1 
W2-Week2 

*RDC - relative drug concentrations 

No contaminating bacteria 
+ < 50 contaminating bacteria per field 

xl 

++ 50-100 contaminating bacteria per field 
+++ > l 00 contaminating bacteria per field 

= Nalidixic acid - JOOµg/ml 
5-Auorouracil - 200Jtg/ml 
Ciprofloxacin - 0.4µg/ml 
Rifampicin - 4.0µg/ml 
Kanamycin - 8µg/ml 
Phosphomycin - lOOµg/ml 

I ~~if~~ ~~r seen by dark field microscopy at concentrations of at I east I per lO fields ( after week 2 on! y) 
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b) Spirochaete purification using combined drug inhibition and 

filtration 

Pure cultures of fragile spirochaetes were obtained finally by the process of rapid, 

successive subculture in the presence or absence of antibacterial drugs, combined with a 

filtration step at each subculture. The previous experiment indicated that the antimicrobial 

drugs were potential inhibitors of growth for the isolates, and thus subcultures were 

made in both the presence and absence of antimicrobial drugs. The experimental protocol 

was as follows: 

Aliquots (1 ml) of each of the 10 tick-derived cultures used in the preceding experiment 

(Table 3.2) were subcultured into tubes containing 9 ml of fresh BSK-II, supplemented 

with rifampicin [4µg/ml], phosphomycin [lOOµg/ml] and 5-fluorouracil [200µg/ml]. 

Each of these first passage cultures was incubated overnight at 33°C and then 1-2 ml of 

each was removed and filtered (0.45 µm pressure filter - Millipore). Each filtrate was 

then subcultured into two tubes of BSK-II, one supplemented with the antimicrobial 

agents and one not supplemented. These second passage cultures were also incubated 

overnight at 33oC and the process of filtration and subcultivation repeated. By the end of 

week 1, each starting culture had been subjected to five passages, which generated 15 

drug containing and 15 drug free cultures. All cultures (a total of 31 for each strain) were 

incubated at 33°C and examined on the same day, once per week, by dark field 

microscopy. For each strain, the culture with the highest ratio of spirochaetes to 

contaminants was kept, and the remainder of the cultures were discarded. The process 

was then repeated for six weeks. By week 4 it became apparent that some of the 

subcultures derived from early passage series (notably day 3 and 4) of cultures 6, 20, 40, 

51, 72, and 83 contained significantly reduced numbers of contaminants, but still 

contained spirochaetal structures. However, cultures 38 and 39 were still heavily 

contaminated and lacked spirochaetes even after extensive subculture; these cultures were 

discarded. Continuing subcultivation and filtrafion of 6, 20, 40, 51, 72 and 83 until week 

6 resulted in one contaminated culture (No. 20) and five pure spirochaete cultures, as 
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judged by dark field microscopy (6, 40, 51 , 72 and 83). The apparently pure spirochaete 

cultures were thus obtained after a minimum of 24 subcultures. At each subculture the 

maximum concentration of spirochaetes obtained rarely exceeded 102 per mJ. 

c) Purity 

To determine whether the five tick-derived spirochaete preparations were free of 

contaminating bacteria, each was cultured into brain heart infusion broth and cooked meat 

media, and incubated at three temperatures - room temperature, 33°C and 37°C for 2 

weeks. A11 tubes remained non turbid. Each was subcultured both onto blood and 

chocolate agar medium and sets of plates were incubated aerobically, anaerobically and 

under micro-aerophilic conditions at the three temperatures stated above. After one 

week's incubation, no visible bacterial growth was observed on any plate. It was ~ 

concluded that the spirochaete preparations were pure (Plate 33). ! 

Plate 3.3 Dark field picture micrograph of the five purified tick 

isolates, depicting their morphology following purification by the 

procedure described in Section 3.2.2c. Isolate numbers 6, 40 ,51, 72 and 

83 are labelled a, b, c, d, and e respectively. 

Despite low levels of spirochaete recovery, the continuing p1·opagation of 

these agents throughout a lengthy passage history covering several 

months and the gradual elimination of contaminants, argues against the 

proposition that the spiral structures are artefacts derived from other 

bacteria. 
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3.3 Cultural requirements for tick-derived spirochaetes 

Growth in BSK-11 medium 

The spirochaete-like agents isolated from cultures 6, 40, 51, 72 and 83 have borrelial 

morphology, but do not grow well in BSK-11 medium. When inoculated in fresh 

medium, these agents could not be detected by dark-field microscopy until the 7th day of 

incubation, and slowly increased in number to approximately 101 per ml after 14 days, 

with no further increase in number on incubation for up to 21 days. On subsequent 

subculture, poor growth and loss of motility was observed. By contrast, B. burgdorferi 

strain B31 when cultured under the same conditions reached a cell concentration of> 1(1> 

per ml in 6 days. 

a) Media requirements 

Because medium constituents or the formulation of these materials into BSK II may be · 

responsible for the poor growth of tick-spirochaetes, an experiment was performed in 

which the agents were cultivated in BSK-IJ (Barbour, 1984), BSK-H (Pollack et al., 

1993) and MKP (Preac-Mursic et al., 1986). Each of these media is a complex mixture 

comprising a tissue culture mixture of amino acids, vitamins, inorganic salts, N

acetylglucosamine, serum albumin and rabbit serum. Because of the presence of highly 

variable components such as bovine serum albumin (BSA), neopeptone, yeast extract, 

and rabbit serum, various batches of BSK-11 and MKP frequently must be discarded 

because they do not support the growth of B. burgdmferi (Pollack et al., 1993). BSK-H 

is commercially prepared, and because of rigorous quality control, is regarded as more 

reliable (Pollack et al., 1993). Additionally, the presence or absence of oxygen may be a 

growth-limiting factor. 

As a pilot study, 1ml (- 100 spirochaetes) of each of the three isolates, 51, 72 and 83 

was seeded into three culture tubes containing 8 ml volumes each of BSK-11, MKP and 
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BSK-H. The lids of the culture tubes were loosened and all were incubated at 33oC. The 

three isolates in the three different formulations of BSK were then subjected to three 

different atmospheric conditions: a) anaerobic (using an anaerobic jar and gas-pack); b) 

microaerophilic (in a candle jar); and c) aerobic (in the presence of atmospheric oxygen). 

All cultures were examined by dark-field microscopy at 7 and 14 days, and the number of 

motile spirochaetes observed per 400x microscopic field was recorded. The results are 

shown in Table 3.3. 

TABLE 3.3 

Strain Medium 

BSK-11 
51 MKP 

BSK-H 
BSK-ll 

72 MKP 
BSK-H 
BSK-11 

83 MKP 
BSK-H 

Varying the medium and incubation 
conditions 

Air Enriched Cl)i Nitrogen 
(Aerobic) (Microaerophilic) (Anaerobic) 

*Week 1 *Week2 *Week 1 *Week2 *Week 1 *Week 2 
1 4 1 3 - -
- 3 1 2 - -
- 3 1 3 - -
3 3 2 4 - -
2 3 3 3 - -
4 4 3 3 - -
3 3 2 3 - -
1 3 1 3 - -
2 3 1 2 - -

* Average number of spirochaetes seen per field 

All media formulations are listed in Appendix 8. 

Although the recovery of spirochaetes at 14 days was maximum(...., 1()3 per ml), it was 

apparent that all three isolates grew to a similar extent in each type of medium, provided 

the conditions were aerobic or microaerophilic; strictly anaerobic conditions were 

unsuitable for the growth of the fragile spirochaetes. 

b) The impact of different batches of selected BSK constituents 

It has been reported that the pre-screening of certain medium constituents, notably BSA 

(Callister et al., 1990) and rabbit serum (Pollack et al., 1993) greatly improves the 

reliability of BSK, as some batches of these ingredients are growth inhibiting and/or toxic 
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for B. burgdorferi. 

Bovine Serum Albumin 

The likelihood that BSA was a growth retarding variable was evaluated as follows: 

Sample batches of BSA (Fraction V) were obtained from three sources: Sigma 

Biochemicals, Commonwealth Serum Laboratories and Gibco. Seven different batches of 

BSA were used in the preparation of 100 ml amounts of BSK-11 that were otherwise 

identical in all other constituents. Each was dispensed in 8 ml volumes into Falcon tubes, 

using the letters A to G to identify the individual BSA component. The test organisms 

comprised two control B. ourgdorferi strains, namely 831 and NBS-16, and two tick 

isolates (51 and 83), which were inoculated at approximately 102 log phase organisms 

into duplicate tubes of BSK-11 preparations A - G. All cultures were incubated at 33°C 

and checked daily by dark field microscopic examination of a drop (- 25 µl) of culture. 

The results are shown in Table 3.4. 
I 
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TABLE 3.4 

Isolate *Batch ii 
No. II 1 

A -
B -
C -

51 D -
E -

F -
G -

A -
B -
C -

83 D -
E -
F -

G -
A 101 
B 102 
C 102 

B31 D 102 
E -

F -
G 102 
A 102 
B 102 
C 101 

NBS D 102 
- 16 E 101 

F 101 
G 102 

Effects of BSA batch variation on 
growth and multiplication of 
spirochaetes. 

Spirochaetes oer ml at each days incubation 
2 3 4 5 8 9 
- - - 101 102 102 
- - - - 102 102 
- - - - 102 103 
- - - 101 102 102 
- - - - - -
- - - - - -
- - - JOI 101 102 
- - - - 102 102 
- - - 102 103 103 
- - - 102 102 
- - - 101 102 103 
- - - - - -
- - - - - 101 
- - - - 102 102 

102 103 105 106 107 107 
102 104 105 106 107 108 
103 103 104 104 105 106 
102 104 105 105 107 107 
- 102 102 103 104 104 

102 103 104 104 105 106 
103 103 104 105 107 107 

102 103 104 106 107 108 
103 104 104 105 106 107 
103 104 105 106 107 108 
104 104 105 106 107 107 
101 103 103 103 103 103 
102 103 103 104 105 105 
102 104 105 106 108 108 

* Average of duplicate batches 
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10 

102 
103 
103 
103 
-
-

103 

102 
103 
103 
103 
-

102 
103 
107 
108 
107 
107 
104 
106 
108 

108 
107 

108 
108 
104 
106 
108 

Improved growth for 51 or 83 was not observed with any BSA preparation. However, 

considerable inter batch variation was observed for the control organisms. In the case of 

batch E there was greatly reduced growth of controls, and both 51 and 83 failed to grow 

at all. Accordingly, henceforth, all batches of BSA were screened with both B3 l and 

NBS-16 before being incorporated into BSK-Ih -
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Rabbit serum 

Two commercially available sources of rabbit serum, namely Pel-Frez and Gibco were 

evaluated in a fashion similar to that described above for BSA; control strains grew 

adequately in both preparations. Because the Gibco product was more readily available in 

Australia, it was used henceforth. 

Ferric ions 

A possible explanation for the transient stimulation of spirochaetal growth by other 

bacteria (Section 3.3.2) could be the provision of excreted siderophores, low molecular 

weight iron-specific ligands (Klauser et al., 1993). It has recently been reported that the 

growth of B. burgdorferi can be stimulated by siderophores such as transferrin and 

lactoferrin, which scavenge the ferric ions for the bacteria (Dorward et al., 1994). These 

authors also reported that free, inorganic ferric ions, provided by Fe(N0:3)3, could also 

improve the growth of B. burgdorferi. Unfortunately, because of prohibitive cost, the 

potential for transferrin to stimulate tick spirochaete growth could not be tested, but the 

effect of the presence of 1 mM FeN:30J·H:z() in BSK-11 on the growth of control and tick 

isolates was determined. This concentration of ferric ions produced no observable 

differences in the growth capability of B. burgdorferi, B. garinii or B. aftelii as 

determined by dark field microscopy. Similarly, 1 mM FeN309.H20 had little effect on 

the growth of tick isolates 20, 72 and 83. In one instance, however, isolate 17, 

significant transient improvement in growth and motility was observed. When inoculated 

with Fe+++ containing BSK-11, highly motile spirochaetes were observed by dark field 

microscopy at 24 hours and by 48 hours had reached a concentration of approximately 

105 organisms per ml. 

When subsequently subcultured into BSK-11 lacking additional iron, isolate 17 rapidly 

lost motility and by 72 hours consisted mainly of rigid, fragile spiral structures. 

Subculture with fresh, iron-containing BSK-U ~ontinued to provide enhanced growth 

and motility, although by 72 hours motility had been lost. 
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The morphological characteristics of isolate 17 are considered in more detail in Section 

3.5.2. 

Can bacterial contaminants improve the growth of tick-associated 

spirochaetes? 

a) Conditioning experiments 

The apparent correlation of increased spirochaete numbers with increasing contamination 

suggested that the presence of environmental bacteria may play a synergistic role in 

spirochaete growth. The contaminants may either provide a co-factor that is required for 
(, 

spirochaetal growth, such as a siderophore, or they may metabolise a constituent of the ~ 

medium that is otherwise toxic to the spirochaete. To investigate these possibilities the 

possible growth enhancing ability of pure cultures of contaminating bacteria was tested, 

using Escherichia coli, Acinetobacter sp., Pseudomonas aeruginosa, Staphylococcus 

aureus, Group B Streptococcus, P. stutzeri, P. putida, P. maltophilia, P. cepacia and 

two Bacillus sp. The test spirochaetes were numbers 51 and 83, and results are presented 

in Table 35. The growth/survival of the spirochaetes was most strongly enhanced by the 

presence of Bacillus sp., although many Gram negative rods had a lesser effect. 

Whether or not the growth enhancing activity of contaminants required the active 

presence of the microbe was tested by "pre-conditioning" BSK prior to the addition of the 

spirochaete. In this experiment, an overnight culture of Bacillus sp. in BSK-11 medium 

(without gelatine) was filtered using a 0.22 µm pressure filter (Millipore). After sterility 

checking, the filtrate was diluted 1: l in fresh BSK-11, the pH was adjusted to 7.5 and the 

combination medium was filter sterilised. Aliquots (1 ml) of isolates 51 and 83 were 

seeded into 8 ml of the modified medium and incubated at 33°C. The conditioning 

procedure appeared to enhance the growth rate:...of both isolates, in that they attained a 

maximum concentration of 102·_ 1()3 organisms per ml within 2-3 days. However, 
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continued incubation did not significantly increase the final yield. 
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TABLE 3.5 Growth of Australian spirochaete isolates 51 and 83 in the presence of 
other bacteria 

Isolate 

No 

51 

83 

WI 
W2 

+ 

++ 

+++ 

I 

I 

l'Seuaomonas neudomonas Pseudomonas 
aeruginosa stutzeri putida 

Wl 

+ 

+ 

W2 Wl W2 Wl W2 

++ 

++ 

Week 1 

Week2 

+ 

++ 

++ + 

++ + 

Nil spirochaetes seen 

1-101 spirochaetes per ml 

102 spirochaetes per ml 

103 sprichaetes per ml 

++ 

++ 

Pseuaomonas Pscudomonas 
maltophilia cepacia 

Wl W2 Wl W2 

+ ++ + ++ 

+ + + + 

llac1Uus sp. 1lac111us sp. r:scnenclUa coll Staphylococcus Acmetobacter Group ll 
aureus sp. Streptococcus 

Wl W2 Wl W2 Wl W2 WI W2 Wl W2 Wl W2 

++ +++ ++ +++ - + - + + + - -

I 

++ ++ +++ +++ - - - + + ++ - -



3. 4 Initial conclusions 

From the preceding experiments, two major conclusions were drawn: 

that Australian ticks, lxodes holocyclus and Haemophysalis longicornis, 

contain spirochaetes, morphologically similar to B. burgdorferi. 
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2 that standard culture formulations for the growth of Borrelia burgdorferi are not 

suitable for the maintenance and growth of the Australian tick spirochaetes. 

3. 5 Morphology of the tick associated spirochaetes 

3.5.1 Introduction 

Borreliae are helical organisms with 4 to 30 coils and are 10 to 30 µm long and 0.2 to 

0.25 µm wide. They are highly motile with a flexuous motility resulting from their 3 to 

18 endoflagella (Hayes and Burgdorfer, 1993). Borreliae have an affinity for acid dyes 

and they stain with nearly all aniline dyes. Dark-field microscopy is used for the rapid 

examination and detection of spirochaetes. 

Dark-field examination of spirochaetes 

To examine positive tick cultures, a pipette drop (-25 µl) was examined by a dark-field 

microscope at a magnification of 400X using a Leitz Ortholux microscope. 

a) Morphology of spirochaetes grown in BSK medium 

As mentioned in Section 3.2.1 (b) above, at initial detection tick associated spirochaetes 

were loosely coiled structures, comparable in size and shape to B. burgdorferi (see Plate 
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3.1 ), although motility was not prominent. Within days of detection, motility was lost 

altogether and the structures appeared to become rigid, often with tight, regular coils. At 

this stage, the structures were of varying length. Examples of these structures are shown 

in Plate 3.4. Altogether, 74 tick cultures yielded spirochaete-like agents (Table 3.1), but 

with accumulating experience it was found that the majority at first detection had the 

rigid, non-motile morphology. 

Plate 3.4 Varying length of spirochaete isolates: a. Isolate 6; b. Isolate 

83; c. Isolate 74 and d. Isolate 20 

On the basis of these observations, it was tentatively concluded that candidate tick vectors 

for Lyme borreliosis in Australia often carry fragile, B. burgdorferi -like organisms and 

this finding was published (Wills and Barry, 1991). The possibility that spiral structures 

similar to those encountered in this study, might be artefacts, possibly assembled from 

the degenerative products of tick-gut bacteria, was first raised by Miles et al. (1992). ln a 

poster presented at the 5th International Conference on Lyme Borreliosis, Arlington, May 

1992, these investigators reported that they had found borrelia-like structures in the mid-
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gut of Amblyomma sp (lone-star) ticks collected in Missouri, USA, which on electron

microscopic examination appeared to consist of bundles of flagella. At that time, Missouri 

was not regarded as a LB endemic area, nor were Amblyomma sp considered to be likely 

LB vectors. Subsequently however, Masters et al. (1994) have reported that LB is 

common in Missouri, and that Amblyomma sp carry B. burgdorferi, a finding which 

suggests that the apparent artefacts may actually be disintegrating B. burgdorferi. In the 

Australian context, Russell et al. (1994) confirmed that Australian ticks, notably lxodes 

holocyclus, contain rigid spiral structures, which on electron microscopy appear to 

consist of bundles of flagella; their conclusion was that the spiral structures contained by 

I. holocyclus were artefacts. 

Consequently, despite the evidence presented in Section 3.2.2(b) that painstaking sub

cultivation of /. holocyclus gut contents yield slowly replicating spirochaetes, it was 

necessary to consider why so many appear to be rigid, non-motile structures. Experience 

suggested that BSK formulations were unsuitable for the maintenance of growth of these 

objects. The question was proposed: Is it possible that the rigid structures were 

"dead" spirochaetes? 

To explore this possibility, a culture of B. burgdorferi was subjected to unfavourable 

conditions, namely antibiotic exposure, which ultimately resulted in its death. A 9 ml 

culture of B. afzelii (ACA-1) was incubated overnight at 33°C. After 24 hours the 

spirochaete concentration was approximately 103 actively motile organisms per ml. At 

this time 100 µg/ml of ceftriaxone was added, and after a further 48 hours of incubation 

the culture was re-examined. The B. afzelii had lost all motility. Within 7 days the 

morphology of the antibiotic treated B. afzelii was indistinguishable from the spiral 

organisms isolated from the ticks, as shown in Plate 3.5. 

This finding supports the conclusion that the rigid spiral structures 

isolated from the Australia ticks could be "dead" spirochaetes. 

•i 
I 
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Plate 3.5 Morphology of B. afzelii following culture in the presence 

of ceftriaxone [100 µg/ml], as obsnved by dark field microscopy (400x) 

b) Morphology of' tick-associated spirochaetes grown in modified BSK 

medium 

Addition of ferric ions to BSK-11 not only improved the growth rate of tick isolate 17, 

(Section 3.3.2.b) but also had a pronounced effect on its morphology and motility. In the 

presence of 1 mM Fe(NO3)3, isolate 17 appeared as a highly motile, loosely coiled 

structure, morphologically indistinguishable from B. burgdorferi (Plate 3.6). 

Plate 3.6 Isolate 17 as observed by dark field microscopy at 24 hours 

of culture following the addition of 1 mM Fe(NO3)J to BSK-11 culture 

medium (a), and compared to B. burgdorferi (B31) grown under the 

same conditions (b). (400x magnification) 
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After 72 hours of continued incubation, the spirochaete lost motility and appeared to 

adapt the more rigid morphology (Plate 3.7). 

Plate 3. 7 Dark field morphology of isolate number 17 at 72 hours of 

incubation in BSK-11 initially supplemented with 1 mM Fe(NO3)J ( 400x 

magnification) 

The rapid loss of motility and increasing rigidity found with isolate 17 also supported the 

conclusion that the rigid spiral shaped stmctures were not bacterial artefacts, but were 

likely to be "dead" spirochaetes. To have grown and survived to the stage where they 

could be detected by microscopy implied that some growth was possible in BSK-11, but 

that the medium was basically unsuitable. The presence of contaminants in the initial 

cultures was probably an aid to spirochaetal persistence. 

c) Spirochaete storage and recovery 

Control strains of B. hurgdorferi sensu lato were routinely stored by freezing aliquots of 

log phase cultures in 10% DMSO, and holding at -7CPC. It has been found that similar 

freezing and storage conditions are suitable for tick isolates, in that both purified and 

mixed cultures can be stored for up to three years and then successfully recovered when 

thawed and grown in BSK-ll . 

3.5.3. Spirochaetal morphology - stained preparations 

Actively growing cultures of B. burgdmferi can be readily fixed onto microscope slides 
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and visuaJised by staining. T he most commonly used dye sta in is Giemsa, with typical 

stained organisms appearin g as blue spirochaetes 8 to 30 µm long, 0.25 - 0.30 µm wide 

and composed of 3-10 loose coils (Preac-Mursic and Wi lske, 1993). lmmunotluorescent 

staining is particularly useful because it not only provides morphologica l dimensions, but 

detects the presence of microbe-specific anti gens. ln this study, many of the primary 

isolates, as indicated in Plates 3. 1 and 3.3, were present oTJly in low numbers, so that 

attempts to visualise them by fixation and staining were not successful. However an 

adequate amount of isolate 17 was available for Giemsa identification, and purified isolate 

5 1 was visualised by immunofluorescence. 

a) Giemsa stain 

A 24 hour culture of isolate I 7 grown in BSK-II supplemented with Fe(N03)3 was 

centrifuged in a microfuge for 10 minutes. The pellet was washed three times in PBS and 

then resuspended in 200 µJ of PBS. A drop of the suspension was air dried onto a glass 

slide and fixed with acetone. Following Giemsa staining (Chapter 2) and examined by 

light microscopy at a magnification of 1 OOOx. Typical spirochaetes were about 25 µm in 

length, with approximately 8 loose coi ls per organism were observed (Plate 3.8). 

Plate 3.8 Giemsa stained preparation of isolate 17 

b) Indirect Fluorescence (IF A) 

T he five tick isolates (6, 40, SJ, 72 and 83) described in Section 3.2.2 were sent to the 

laboratory of Professor A. Barbour and Dr V. Bundoc a t the University of Health 

Science Center at San Antonio, Texas. On arrival the c ultures were passaged into fres h 

~ 

r ., 
1· 
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BSK-Il. After 5 days of incubation at 33°C limited growth (102/103) was obtained and 

were examined by both of the above mentioned scientis ts. They reported "intact (but 

apparent ly dead) spirochetes from some of the cu lture tubes" and furthermore agreed 

··that they really are spirochetes" (Personal communication). 

During a brief visit in May 1992 to the laboratory of Professor Barbour, isolate 5 1 was 

subcultured into BSK-TT and , after 5 days incubation , was centrifuged and fixed onto a 

glass slide. An indirect immunofluorescence test was performed as described in Chapter 

2, using MAb H9724 which specificall y reacts to the flagellin protein of Borrelia sp. On 

examination by fluorescence microscopy, spiral shaped organisms were observed that 

fluoresced strongly , and were of identical morphology to the con trol B. hurgdorferi 

(Plate 3.9). 

3. 9 Immunoflourescence stain of a) Isolate number 51 and b) B. 

burgdorferi strain B31 using MAb H9724 (Photography courtesy of Dr. 

Bundoc). 
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Recognition of antigenic epitopes on isolate 51 by MAb H9724 indicate 

the presence of Borrelia sp. Oagellin. 

3 . 6 Ultrastructure of spirochaetes 

3.6.1 Introduction 

The ultrastructure of B. burgdorferi has been described in Chapter 1. Repeated attempts 

to conduct ultrastructure studies on Australian tick isolates were frustrated by the low 

yield of organisms obtained on culture. In one instance, however, it was possible to 

compare the E.M. appearance of isolate 6 with that of control Lyme borreliae. Cultures 

containing a minimum of 103 organisms per ml of purified isolate 6 were centrifuged, 

resuspended, stained with a 2% phosphotungstenic acid solution, and examined by 

transmission electron microscopy (T.E.M.). 

T.E.M. of B. burgdorferi - Standardising the procedure 

To standardise sample preparation, a log phase culture of B. garinii was subjected to the 

staining procedure, and the T.E.M. micrographs that were obtained were compared to 

published T.E.M. photos of B. burgdorferi sensu lato. The results shown in Plates 3.10 
-

and 3.11 indicate the overall morphology of B. garinii, and the relationship of 

endoflagella to the periplasmic membrane. 
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Plate 3.10 T.E.M of B. garinii (strain NBS-16) at instrumental 

magnification 4000x, showing loose spiral structure (Note the 

photographic negative has been reversed, and hence appears as a positive 

contrast image) 



' 
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Plate 3.11 Negative contrast image of B. garinii (strain NBS-16) at 

instrument magnification 50000x, showing endoflagella wrapped around 

outer membrane 

3.6.3 T.E.M of killed B. burgdorferi 

Exposure of B. aft,elii (ACA-1) to 100 µg/mJ ceftriaxone produced an observable change 

in the dark-field morphology of the spirochaete (Section 3.4. la). Ceftriaxone treated B. 

aft,elii were also examined by T.E.M (Plates 3.12 and 3.13). 
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Plate 3.12 Negative contrast image of B. afzelii strain ACA-1 grown in 

BSK-11 containing 100 µg/ml ceftriaxone for 7 days (instrument 

magnification 25000:x). Bundles of flagella appear to be separating from 

the cytoplasmic membrane (A). Bundles of flagella that have separated 

from the bacterial cell are also apparent (B). 
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Plate 3.13 Negative contrast image of B. afzelii strain ACA-1 grown in 

BSK-11 containing 100 pg/ml ceftriaxone for 7 days (instrument 

magnification 30000x) showing the appearance of an apparently 'dead' 

spirochaete. 

The external appearance of the spirochaete was affected by the unfavourable cultural 

conditions and the endoflagella were clearly visible, which suggested that the outer 

membrane has been stripped and shed from the spirochaete. Disintegration of 

spirochaetes seemed to be generating bundles of flagella, although the overall shape 
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remained spiral. 

T .E.M. of the tick isolates 

Attempts were made to visualise each of the 5 purified spirochaetes described in Section 

3.2.2. Because of the small number of spirochaetes available only one preparation 

(Isolate 6) was found by T .E.M. to contain spiral structures. A typical organism was a 

spiral structure that had 8 or 9 unifonn coils and was approximately 10 µm long. At high 

magnifications ( lOOOOx) each organism appeared to be a bundle of flagella, to which was 

adherent clumps of presumed cellular debris.(Plate 3.14). The number of flagella could 

only be estimated as at least 25 per organism. 

Plate 3.14 Negative contrast image of Isolate 6 (instrument 

magnification lOOOOx) 
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The disintegrating spiral structures observed on T .E.M. of isolate 6 appear mainly as 

bundles of flagella, associated with debris. The fragility of isolate 6 has probably been 

increased by mechanical disruption associated with the preliminary concentration and 

resuspension of centrifuged microorganisms. With regard to structures such as that seen 

in Plate 3.15, Russell et al. (1994), concluded that they were degenerative products from 

the contaminating bacteria, and not genuine spirochaetes. The data presented here 

supports an opposite conclusion, namely that spiral structures are "dead" spirochaetes, 

that have maintained their spiral morphology, although having apparently lost their outer 

membrane, so that endoflagella are fully exposed and are disintegrating. 

Final comments on ultrastructure 

The ultrastructure of B. burgdorferi has been extensively studied and Hayes and 

Burgdorfer (1993) easily removed the outer membrane from B. burgdorferi (Sh-2-82) 

by treatment with SOS. For comparison with the studies outlined above (3.6.4) the 

appearance of released bundles of flagella from healthy borreliae is shown in Plates 3.16 

and 3.17. 
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Plate 3.lS Negative contrast image of the endoflagella of Sh-2-82 

released following sodium dodecyl treatment. Arrows, circles and 

asterisks relate to certain properties of individual flagella. (Source: Hayes 

and Burgdorfer. 1993. Aspects of Lyme Borreliosis, page JS.) 
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Plate 3.16 Negative contrast image of endoflagella of B. burgdorferi 

using ammonium molybdate (2% ). Arrows indicating variability of 

staining. (Source: Hayes and Burgdorfer, 1993 Aspects of Lyme 

Borreliosis, page 36.) 

3. 7 Collection of Tick species 

3. 7 .1 Choice of tick species 

In Australia there are at least 59 different tick species belonging to either the Ixodidae 

('hard-bodied') or Argasidae ('soft-bodied') families (Roberts, 1970). On the assumption 

that the likely vector of B. burgdorferi in Australia would be of a similar to Northern 

hemisphere vectors (Chapter 1), it was decided to concentrate on ticks mainly from the 

Ixodidae family. However, the main Northern hemisphere vectors belong to the Ixodes 

persulcatus/ricinus complex, a group that does not occur in Australia. 
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The Lyme disease-like illness that initiated this study (Section 3.1) occurs not only in 

Wingham but geographically throughout a region extending along the east coast of 

Australia, between the coastal mountain range (Great Dividing Range) and the sea. In this 

region there are two main tick species known to feed on both humans and animals. Of 

these, the Ixodes species, Ixodes holocyclus is abundant, and is associated with tick

paralysis, particularly in dogs and cats. The other hard bodied tick dominant in this 

region is Haemophysalis longicomis, and consequently was also considered as a 

potential vector. 

3. 7 .2 Collection of ticks 

a) Area of collection 

For the purpose of this study, the region from which ticks were collected was divided 

into two main areas; the mid north coast, extending North from Raymond Terrace to Port 

Macquarie, and the Hunter and central coast region, from Newcastle to Sydney (Plate 

3.17). 



MANNING RIVER DISTRICT 
NEWCASTLE 

CENTRAL COAST 

SYDNEY 

Plate 3.17 Distribution of tick collection areas 
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The collection area included natural rain forest, urban and rural development, and climatic 

conditions are relatively uniform throughout the entire coastal strip. The rainfall is 

predominantly summer, creating hot humid conditions for tick maturation and egg 

development which occurs approximately from October to February. Winter temperatures 

are generally mild (maximum 12-18°C; minimum 5-10°C), although frosts occur in 

certain regions. Tick activity is relatively dormant from May to September. 

Collection of ticks for this study occurred during the tick season of October 1989 to early 

1990. An important element in preparing the collection was provided by veterinary 

practitioners who removed and dispatched ticks from domestic pets (Appendix D). Other 

sources of ticks came from regional centres where members of the public were asked to 

leave ticks removed from their pets, themselves or from farm animals. 

b) Tick storage 

Ticks were placed in pathology urine collection containers (Disposable Products). To 

maintain humidity, a small piece of cotton wool was placed on the bottom of each 

container, and kept damp by adding 1 to 2 drops of water every 3 days. The ticks were 

stored in a dark, cool area until co!Jection. If not cultured within 14 days of collection, the 

ticks were kept at -700C until culturing was possible. 

c) Tick identification and culture 

Ticks were identified according to the criteria of Roberts ( 1970) and cultured as described 

in Section 3.2.1.(a). Plates 3.18 and 3 .19 show magnified and scanning 

electronmicrographs of the ticks species examined. 
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Plate 3.18a Ventral view of lxodes holocyclus. Characteristics include a 

protruding probiscus (see Plate 3.19a) and triangular distribution of legs 

Plate 3.18b Ventral view of Haemophysalis sp. Mouthparts more compact 

compared to lxodf!s holocyclus (see Plate 3.19b) and legs more evenly 

distributed and in a curved arrangement a1·ound the body of the tick 
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Plate 3.19(a) Scanning electronmicrograph of mouth part of I. 

holocyclus (Prepared and photographed by the Electron Microscopy Unit, 

University of Newcastle, Newcastle, NSW) 
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3.19 ( b) Scanning electron micrograph of the mouth part of 

Haemophysalis sp. (Prepared and photographed by the Electron 

Microscopy Unit, University of Newcastle, Newcastle, NSW) 
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Table 3.6 summarises the types and numbers of ticks collected from each region under 

study. 

TABLE 3.6 

TICK SPECIES 

/xodes holocyclus 

(nymph) 
Ixodes holocyclus 

(adult) 
Haemophysalis longicomis 

(nymph) 
Haemophysalis longicomis 

(adult) 
TUTAL 

Types and Numbers of Ticks Collected 
from each region under study 

MID NORTH COAST HUNTER/CENfRAL 
COAST 

1 4 

29 102 

0 1 

22 9 

52 116 

3. 8 The polypeptide and antigenic components of candidate 

Australian tick-associated borreliae 

3.8.1 Introduction 

Studies reported in earlier sections of this Chapter, based on microbial cultivation, 

purification and microscopic observation indicate that likely tick vectors contain borreliae

like agents that could be responsible for the Australian Lyme borreliosis-like syndrome. 

The Lyme disease spirochaete, B. burgdorferi, although newly recognised in 1982, is 

now well characterised in terms of its biology, biochemistry and genetics. It is the 

purpose of the following sections of this Chapter to compare, where possible the 

biochemical, immunological and molecular characteristics of the Australian spirochaetes 

with those of the three presently recognised genera of Lyme borreliae, namely B. 

burgdorferi sensu stricto, B. garinii and B. ajzelii. 
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The polypeptide profile, as determined by SDS polyacrylamide analysis, for genospecies 

of Lyme borreliae, comprises more then 30 polypeptides of which a significant number 

are immunodominant (Preac-Mursic and Wilske, 1993), and have been discussed in 

Chapter l. In the next set of experiments, these characteristics of _representative 

Australian borreliae were compared with those of standard Lyme borreliae. Because of 

technical difficulties associated with microbial purification and concentration, the studies 

have been confined either to three purified isolates (20, 51 and 72), or to the iron-growth 

enhanced isolate 17. In each instance, culture batches were combined, concentrated by 

ultra-centrifugation and the protein concentration was determined as described in Chapter 

2. 
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SDS-PAGE analysis of pure isolates 20. 51 and 72. 

An early SOS-PAGE analysis, using isolate numbers 20, 51 and 72, indicated the 

presence of a variety of polypeptides of similar M.W. to those present in B burgdorferi. 

Particularly noteworthy was the presence of polypeptides that seem to correspond in size 

to the 41 kDa (flage11in), 34 kDa (Osp B) and 31 kDa (Osp A) borrelial polypeptides. 

However because the protein concentration of the test samples was at least lOOx less than 

that of the controls the separated bands were very faint and sometimes difficult to 

distinguish (Plate 3.20). 

1 2 3 4 5 6 7 

~20 

Plate J.20 Coomassie blue stained 12.5% SDS-PAGE slab gel of whole

cell lysates of B. burgdo,feri and spirochaetes isolated from lxodes 

holocyclus. Lanes 1, 2 and 3 comprise isolates 20, 51 and 72 

respectively. Lanes 4, 5, 6 and 7 are B. burgdorferi sensu Jato isolates 

from Germany, Sweden, Leningrad and Siberia, respectively. Molecular 

weight markers are shown on the right. 
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3.8.3 SDS-PAGE analysis of isolate 17. 

The higher yields of isolate 17 (Section 33.1) provided a suitable spirochaetal candidate 

with which to compare polypeptide profiles with those of B. burgdorferi sensu stricto 

(B31), B. garinii (NBS-16) and B. afzelii (ACA-1). Isolate 17 separated into at least 7 

polypeptides of comparable size to those of the controls. Two samples of 17 (lanes 3 and 

4) showed a polypeptide of 66 kDa that was not present for the controls, however it was 

speculated to be a residual protein carried over from the culture medium, possibly BSA. 

There were polypeptides of approximately 41 kDa, 34 kDa and 31 kDa for isolate 17 

which coincide with the flagellin, Osp B and Osp A respectively of the control strains 

(Plate 3.21). 



1 2 3 4 5 6 7 8 
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~14·4 
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Plate 3.21 Coomassie blue stained SDS-PAGE of whole-cell lysates of 

B. burgdorferi sensu lato and isolate 17. Lanes 2, 3, 4 are isolate 17. 

Lanes 5, 6, 7 are B. garinii (strain NBS-16), B. burgdorferi sensu 

stricto (strain B31) and B afzelii (strain ACA-1) respectively. Lanes 1 and 

8 are molecular weight markers. 

The Osp A equivalent of isolate 17 was approximately 32 kDa and closest in M. W. to the 

Osp A of NBS-16, but slightly larger than the Osp A's of 831 and ACA-1. Unlike NBS-

16, which lacks an Osp B, isolate 17 has a polypeptide of approximately 33 kDa, co

migratory with the Osp B for ACA-1. 
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3.8.4 Immunoblotting for the comparison of Australian borreliae with Lyme 

borreliae 

a) Detection of LB Oagellin and outer surface protein antigens using 

monoclonal antibodies. 

A panel of seven MAb's that recognise various antigenic epitopes on the major 

immunodominant B. burgdorferi antigens; flagellin (41 kDa), Osp A (31 kDa) and Osp 

B (34 kDa), was kindly provided by Professor A. Barbour and Dr B. Wilske, and are 

listed in Table 3.7. The .MAb recognising epitopes on the 41 kDa protein (H9724) is 

genus specific, while the remainder are species specific. The specificities of H604, 

H5332, H3TS, l32 and H683 l and H4824 are also presented in Table 3.7. As the three 

genospecies of B. burgdorferi have varying antigenic specificities associated with the 31 

k.Da (Osp A) antigen (Wilske et al., 1993), B. burgdorferi sensu stricto (B31); B. garinii 

(NBS-16) and B. aftelii (ACA-1) were each reacted to the seven MAb's in immunoblots 

(Plates 3.22, 3.23 and 3.24). Denatured borrelial proteins were first separated by PAGE, 

then transferred to nitrocellulose and finally probed with MAb's. This procedure is 

described and assessed in detail in Chapter 4. 
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Plate 3.22 Immunoblot of B. burgdorferi sensu stricto (strain B31) 

using the MAb panel. Lane 1-H9724, HS332 and H6831; Lane 2-H9724; 

Lane 3-H604; Lane 4-HJTS; Lane S-HS332; Lane 6-L32; Lane 7-H6831 

and Lane 8-H4824. 
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1234 5 67 8 

kDa 

flag~ ~41 

OspA.,. ,..31 

Plate 3.23 Immunoblot of B. garinii (strain NBS-16) using the MAb 

panel. Lane l-H9724, HS332 and H6831; Lane 2-H9724; Lane 3-H604; 

Lane 4-HJTS; Lane S-HS332; Lane 6-L32; Lane 7-06831 and Lane 8-

H4824. 



flag-. 

OspA-. 

kDa 

. ._41 

.,..31 

Page /48 

Plate 3.24 lmmunoblot ot' B. afzelii (strain ACA-1) with the MAb 

panel. Lane 1-H9724, HS332 and H6831; Lane 2-H9724; Lane 3-H604; 

Lane 4-H3TS; Lane S-HS332; Lane 6-L32; Lane 7-H6831 and Lane 8-

H4824. 
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b) Reactivity of Australian tick isolate 17 with the MAb panel 

Immunoblotting of isolate 17 with the MAb panel is shown in Plate 3.25. Strong binding 

occurred with both the flagellin (H9724, H604) and Osp A (H5332, H3TS and L32) 

MAb's, but there was no reaction with either the Osp B MAb, or the MAb that recognises 

the B. hermsii Vmp 33. 

flag 

OspB 
OspA 

• 
• • 

12 345678 

I .. 

I. 
I .. . 

4IKDa 

34KDa 
3IKDa 

Plate 3.25 Immunoblot of lxodes holocyclus isolate number 17 with the 

MAb panel. Lane 1-H9724, HS332 and H6831; Lane 2-H9724; Lane 3-

H604; Lane 4-HJTS; Lane S-H5332; Lane 6-L32; Lane 7-H6831 and Lane 

8-H4824. 
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The immunoblotting results are summarised in Table 3.7. 

Table 3.7 Summary of Immunological reactions of 

control B. burgdorferi, and the Australian 

tick spirochaete isolate 17 

MAb Supplier Antigens *Bo"elia 
recognised burl!dorferi 

H9724 Barbour Flagella of + 
all Bo"elia 

sp. 
H604 Barbour Flagella of + 

B. 
burJ?dorferi 

H5332 Barbour C-tenninal + 
end ofOsp 

A of B. 
b1m?dorferi 

H3TS Barbour Osp A of B. + 
burJ?dor/eri 

I.32 Wilske Osp A of B. + 
burJ?dorferi 

H6831 Barbour C-terminal + 
end of Osp 

B of B. 
burf!dorferi 

H4824 Barbour Vmp33, -
outer 

membrane 
protein of 
B. lumnsii 

* Borrelia burgdorferi sensu stricto strain B31 

+ Borrelia garinii strain NBS-16 

# Borrelia aft.elii strain ACA-1 

+Bo"elia 18. aft.elii Isolate 17 
f!arinii 

+ + + 

+ + + 

+ + + 

+ - + 

+ + + 

- - -

- - -

The data provided in Table 3.7 indicate that isolate 17 has immunological characteristics 

in common with strains of B. burgdorferi sensu lato because both of the flagellin MAb's 

recognise the 41 kDa peptide, and the 3 Osp A MAb's recognise epitopes on the 32 kDa 

polypeptide. The only available Osp B MAb (H6831) does not interact with the Osp B 

size protein of isolate 17. Although far more detailed immunological analysis of isolate 17 

and other Australian tick borreliae is needed:..before the taxonomic status of these 

microbes are established, the findings reported above support the hypothesis that 
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Australian ticks harbour LB-like spirochaetes. 

3. 9 Molecular analysis of tick isolates 

3.9.1 Introduction 

Poor yields of tick isolates in BSK-II have significantly delayed progress. However, the 

introduction of the polymerase chain DNA amplification method (PCR), together with 

rapid DNA sequencing methods, have revolutionised the characterisation of 'difficult' 

microorganisms (Persing et al., 1993). A limited exploration of the use of PCR for the 

analysis of the likely borreliae isolates (listed in Table 3.1) has been carried out. The 

costly nature of these experiments has restricted detailed analysis to relatively few 

isolates. Despite this, the following data indicate that representative tick-derived isolates 

have DNA sequences that are homologous to regions of B. burgdorferi plasmid gene 

associated with Osp A, and chromosomally located genes for flagellin and 16S ribosomal 

DNA. 

Choice of primers and the results of PCR amplification 

All DNA primers were prepared and purchased from Bresatech, Adelaide, AUSTRALIA. 

a) Amplification using Osp A primers 

Various studies, including those of Bruckbauer et al. ( 1992), indicate that the plasmid

associated ospA gene is possibly unique for LB associated microbes. From published 

Osp A DNA sequence information for 831 (Bergstrom et al., 1989), PCR primers were 

chosen that encompass a 463 bp region of the 969 bp gene. Significant base substitution 

has been noted within the region flanked by the primers (Jonsson et al., 1992), and these 

base changes may reflect the significant antigenic variation known to exist among various 

Osp A's (Wilske et al., 1993). 



The primers were as follows: 

Osp Al [amino acid 70 to amino acid 79]: 

5' AC AAT GGA TCT GGA GTA CTI GAA GGC GT 3' 

Osp A2 [amino acid 218 to amino acid 224] : 

5' CA GGC ACT TCA ACT TT A AC 3' 
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In preliminary experiments, DNA extracted from a total of 68 tick isolates (see Table 3.1) 

was added to a PCR reac1ion mix (Chapter 2), annealed at 4.SOC for 50 cycles of 

amplification and the products were separated on a 1:5000 ethidium bromide / 1 % 

agarose gel. For each PCR experiment, a number of precautions were undertaken to 

eliminate DNA contamination, and included individual areas for preparation of the PCR 

mix and the handling of DNA, the use of several negative controls included at different 

stages of the preparation procedure and the careful decontamination of equipment, such 

as pipettes, by irradiation with UV light. Amongst the samples for each reaction, there 

was at least one control organism (B31 or NBS-16), and on each agarose gel there was a 

DNA ladder. 20 µl of the PCR samples and controls were added to the gel with 2 µI of 

5x Sample buff er (Appendix B), and bands were observed under UV light. 



PCR products of comparable size to those obtained with standard B. hurgdotferi 

amplified Osp A, and comprising 463 bp, were obtained for 20 isolates (Plate 3.26). 

Positive Osp A amplification is included in Table 3.1. The nature of the PCR products of 

Osp A primer amplification are considered in more detail in Section 3.9.3. 

463 hp .... 

.-. 463bp 

Plate 3.26 Preliminary PCR experiments, depicting PCR products 

obtained when Australian tick spirochaete DNA was amplified using Osp 

A primers. Each lane is as labelled 
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Shown in Plate 3.27 is the Osp A PCR product obtained for isolate 17, compared to that 

obtained for known B. burgdorferi strains. 

.463bp 

Plate 3.27 Osp A PCR products. Lane 1 and Lane 2 - molecular weight 

standards; Lane 3 Osp A PCR product for B. burgdorferi sensu-stricto 

strain 831; Lane 4 Osp A PCR product for B. garinii strain NBS-16; 

Lane 5 · Osp A PCR product for B. afzelii strain ACA-1; Lane 6 - Osp A 

PCR product for Australian tick isolate 17 

b) Amplification using flagellin primers 

The flagellin (fla) gene is a chromosomally located gene and has been cloned and 

sequenced (Gassmann et al., 1989). Due to its biological function, the flagellin protein is 

conserved, even between non-related bacteria, with the N- and C- terminal parts of the 

protein more conserved than the internal region (Wallich et al., 1990). Thus the overall 

homology between the fla gene of B. burgd01feri and that of Salmonella typhimurium or 

Bacillus subtilis is 52% and 55% respectively (Wallich et al., 1990). The gene comprises 

about 1000 nucleotide base pairs and codes for a protein consisting of 336 amino acid 

residues. 
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The primers chosen for this study of tick-spirochaete flagellin were those designed by 

Lebech and Hansen (1992), which span a region of relatively low cross homology. The 

primers are as follows: 

F-7 [base 594- base 614]: 5' CTC TGG TGA GOG AGC TCA AAC 3' 

F-3 lbase 823 - base 842J: 5' GTA CTA TTCTIT ATA GATTC 3' 

On successful PCR these primers amplified a DNA fragment of 248 bp (including 

primers). 

The DNA of five isolates which had amplified with the Osp A primers, namely isolate 

numbers 17, 51, 72, 77 and 83, were individually incorporated in PCR reaction mixes 

together with the flagella primers. DNA products of approximately 250 bp were detected 

on agarose gels for all isolates. Plates 3.28 and 3.29 show the flagellin PCR products of 

the 5 isolates and those obtained using control strains of B. burgdorferi . 

......... _ 248 hp 

Plate 3.28 Preliminary PCR experiments, depicting PCR products 

recovered from Australian tick spirochaetes following probing with Fla 

primers. Each lane is as labelled 
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+248bp 

1 2 3 4 5 6 

3.29 Fla PCR products Lane 1 and Lane 2 - molecular weight standards; 

Lane 3 Fla PCR product for B. burgdorferi sensu-stricto strain Bll; 

Lane 4 Fla PCR product for B. garinii strain NBS-16; Lane S - Flag PCR 

product for B. afzelii strain ACA-1; Lane 6 - Fla PCR product for 

Australian tick isolate 17 

c) Amplification using 16S rRNA primers 

Analysis of the chromosomal l6S ribosomal DNA sequences from B. burgdorferi 

indicate the presence of signature nucleotides that are unique to each genomic group; 

additionally there are signature nucleotides that are common to all isolates of B. 

burgdorferi (Marconi et al., 1992). In this section of the study the choice of 16S rRNA 

primers for DNA amplification of tick spirochaetes was based on those described by Rys 

(1993), and were as follows: 

DD02 [base 1105 - base 1123): 5 ' CCC TCA CT A AAC AT A CCT 3' 

DD06 [base 1452 - base 1472]: 5' ATC TGT TAC CAG CAT GTA AT 3' 
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PCR amplification using these primers produced a product of 368 bp (including primers). 

The five isolates that responded to PCR amplification for Osp A and flagellin were tested 

also for response to the 16S rRNA primers. All five generated a reaction product of 368 

bp. Plates 3.30 and 3.31 show the 16S rRNA PCR product for the Australian tick 

spirochaetes and three control strains of B. burgdorferi. 

......----368 hp 

Plate 3.30 Preliminary PCR experiments, depicting PCR products 

recovered from Australian tick spirochaetes following probing with 16S 

rRNA primers. Each lane is as labelled 
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+368bp 

1 2 3 4 5 6 

Plate 3.31 16S rRNA PCR products. Lane 1 and Lane 2 - molecular 

weight standards; Lane 3 16s rRNA PCR product for B. burgdorferi 

sens-stricto strain B31; Lane 4 16S rRNA PCR product for B. garinii 

strain NBS-16; Lane S - rRNA PCR product for B. afzelii strain ACA-1; 

Lane 6 - rRNA PCR product for Australian tick isolate 17 

d) Summary 

Consistently successful amplification of DNA extracted from several representative 

Australian tick spirochaetes with DNA primers specific to B. burgdorferi was consistent 

with the conclusion that they are likely to be Lyme borreliae. However, PCR 

amplifications are notoriously sensitive to cross-contamination and / or non-specific 

amplification. Accordingly, it is necessary to ensure that amplification products have 

nucleotide sequences that correspond to those genes for which the primers were 

developed. 

DNA Sequencing 

Attempts were made to obtain partial DNA sequence information for the Osp A products 



Page 159 

described in Section 3.9.2.(a). Manual DNA sequencing was perfonned using Sequenase 

Version 2.0 DNA Sequencing Kit (Amersham) as described in Chapter 2. The main 

disadvantage of this approach was that only about one third of the DNA base sequence 

for any Osp A PCR products sequenced could be clearly separated and read from the 

autoradiograph. Nevertheless, partial sequence information obtained for 18/20 PCR 

products was sufficient to indicate that there was a total lack of identity with known Osp 

A genes. A significant result was obtained however for the Osp A amplification product 

of two of the original 5 purified tick isolates. Although only 130 Osp A bases could be 

determined, the products obtained from PCR amplification of isolates 51 and 83, 

however, were similar to- each other, and also to the product obtained on PCR 

amplification of 831 Osp A. (Plate 332). Detailed comparison indicated that the 

nucleotide sequence of amplified 51 Osp A product was identical to that of B31, while 83 

had 3 base substitutions (Discussed in Section 3.10). These preliminary sequence studies 

raised several questions, notably whether the isolate 51 result was due to laboratory 

contamination, and to what extent the entire isolate 83 Osp A product differed from 

known Osp A sequences. 

DNA sequence of the entire Osp A PCR amplification product for 

isolate 83 

A sample of isolate 83 was provided to the Hunter Region Molecular Research Facility. 

Using the PRISMfM Ready Reaction Dyedeoxy™ Terminator Cycle Sequencing Kit the 

complete sequence of the Osp A PCR product was obtained (Plate 3.33). Comparison of 

the Osp A DNA sequence of isolate 83 with B. burgdorferi strain 831 is shown in Plate 

334. Instances where the nucleic acid could not be determined were recorded as 'N'. On 

analysis of the entire Osp A PCR product sequence, a further 2 base changes were noted, 

resulting in a total of 5 base changes. The changes are as marked (Plate 334). 
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Plate 3.32 Negatives of DNA sequencing gels of a) B. bu.rgdorferi strain 

BJl; b) isolate 51 and c) isolate 83. 
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Plate 3.33 Isolate 83 Osp A DNA sequence. API PRISM 377 DNA 

Sequencer analysis of Osp A PCR product of Isolate 83, sequenced using 

the PRISM™ Ready DyeDeoxy TM Cycle Sequencing Kit. Results courtesy 

of Mr Dale Leuitzke. 
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i1ffi :::11lr::~: ,,1~w: 1 :~1~;mm1rn;:::;i1.mlm~:r1 :~:ft::~mmim:;: l 
lilli{l t!;t:llt{!f :11\f :~Jil${1 i A A A G C T G A C A A 

A A A G C T G A C A A 
jflo 390 

A A G T A A A G T A A A A T T A A C A A 
A A G T A A A G T A A A A T T A A C A A 

400 410 

[IT T C T G A C G A T C T A G G T C A [TI T T C T G A C G A T C T N G G T C A 
430 

A C C A C A C T T G A A G T T T T C [TIA 
A C C A C A C T T G A A G T T T T C N 

440 450 

A G A A G A T G G C A A A A C A C T A G 
A G A A G A T G G C A A A A C A C T A G 

460 470 

T A T C A A A A A A A G T A A C T T C C 
T A T C A A A A A A A G T A A C T T C C 

480 490 

A A A G A C A A G T C A T C A A C A G A 
A N N G A C A A G T C A T C A A C A G N 

500 5 10 

A G A A A A A T T C A A T G A A A A A G 
A G A A A A A T T C A A T G A A A A A G 

520 530 

G T G A A G T A T C T G . A A A A A A T A 
G T G A A G T N T C T G A A A A A A T N 

540 550 

A T A A C A A G A G C A G A C G G A A C 
A T N A C A A G A G C A G A C G G A A C 

560 570 

C A G A C T T G A A T A C A C A G G A A 
C N G A C T T G A A T N C A C A G G A A 

580 5 90 

T T A A A A G C G A T [JG A T C T G G A 
T T A A A A G C G A T G A T C T G G A 

600 

A A A G C T A A A G A G G T T T T A A A 
A A A G C T A A A G A G G T T T T A A A 

620 630 

A G G C T A T G T T C T T G A A G G A A 
A G G C T N T G T T C T T G A A G G A A 

640 650 
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C T C T A A C 
[]G 

C T G A A A A A A C A 
C T C T N A C G C T G A A A A A A C A 

660 670 

A C A T T G G T G G T T A A A G A A G G 
A C A T T G G T G G T T A A A G A A G G 

680 690 

A A C T G T T A C T T T A A G C A A A A 
A A C T G T T A C T T T A A G C A A A A 

700 7 10 

A T A T T T C A A A A T C T G G G G A A 
A T A T T T C A A A A T C T G G G G A A 

720 730 

G T T T C A G- T T G A A C T T A A T G A 
G T T T C A G T T G A A C T T A A T G A 

740 750 

C A C T G A C A G T A G T G C T G C T A 
C A C T G A C A G N A G N G C T G C T N 

760 770 

C T A A A A A A A C T G C A G C T T G G 
C T A A A A A A A C T G C A G G T T G G 

780 790 

A A T T 1::1:1:11::1::1:m:1::::m::1:m::t:~1::11::~::::1rn:::rw:::i11:::mi'l G A T T 
800 

-
Plate 3.34 Osp A PCR product sequence of B. burgdorferi (B31) [in 

italics] compared to that of Australian tick isolate 83 [normal]. Base 

positions relative to entire Osp A DNA sequence are indicated under base. 

-
D 

Indicates primer sequence 

Indicates change in base 

Analysis of these results will be presented in the Discussion (Section 3 .10). 



Page 164 

3.10 Discussion 

At the outset of this project, there had been three brief case reports of the occurrence of a 

Lyme disease-like syndrome in patients in coastal NSW (Stewart et al., 1982; 

McCrossin, 1986; and Lawrence et al., 1986). No information, however, was available 

concerning the likely cause of this illness. Thus, in 1989, this study was initiated to 

determine the casual agent of this syndrome and whether it was of similar nature to that 

responsible for northern hemisphere Lyme borreliosis. 

The initial objective was to -determine whether borreliae spirochaetes occur in Australian 

ticks. Two members of the Ixodidae family were chosen for the study: lxodes holocyclus 

and Haemophysalis longicornis (Plates 3. 18 a, b and 3.19 a, b). A total of 168 ticks 

were collected (Table 3.6), from two geographical areas along the east coast of New 

South Wales; the Mid North Coast and the Hunter Valley (Plate 3.17). Of these, 74 

contained spirochaete-like structures (Table 3.1), which were obtained after prolonged 

microbiological culture of tick-gut contents. Although the spiral structures could be seen 

readily by dark field microscopy, they were fragile, slow growing and had only weak, if 

any, motility (Plate 3.1). Recovery of these likely spirochaetes from ticks was always 

associated with the presence of a number of other bacterial species. Attempts to remove 

these other bacterial 'contaminants' proved to be difficult, and often resulted in the loss of 

the spiral organism (Section 3.2.2). 

The reported finding of similar spiral structures in the gut contents of Amblyomma sp 

ticks, collected in Missouri, USA (Miles et al., 1992), and the conclusion that these 

structures were artefacts, introduced an element of controversy, particularly so far as the 

lxodes holocyclus isolates in Australia were concerned. Electron microscopy of the 

structures found in Amblyomma sp. showed them to be bundles of flagella (Miles et al., 

1992). The artefact hypothesis was generated because, at the time, Missouri was not 

considered to be an endemic LB area, and Amblyomma sp. ticks were thought to be 
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unlikely borreliae vectors. Thus is was proposed that the bundles of flagella might be 

degenerative products of normal tick gut bacteria. One of the authors of the Missouri 

study subsequently reported that not only is LB common in Missouri but that 

Amblyomma sp carry and probably transmit B. burgdorferi (Masters et al., 1994). This 

retraction brings into question the artefact theory, and a more likely explanation for the 

bundles of flagella is that they are disintegrating forms of B. burgdorferi. 

In the Australian context, Russell et al. (1994) also described the presence of spiral 

shaped structures in some species of Australian ticks, and in electron microscopy studies 

demonstrated they were likely to be bundles of flagella. Citing Miles et al. (1992) in 

support of their conclusions, Russell et al. (1994) state: ''The electron micrographs of the 

SLO's were comparable with photographs of similar SLO's recovered from cultures of 

ticks from Missouri, USA, and comprised aggregates of bacterial flagella thought to 

originate from contaminating bacteria in the cultures [18]" (From Epidemiology and 

Infection (1994) 112, page 381). On the basis of this conclusion, Russell et al. (1994) 

state: "there is no definitive evidence for the existence in Australia of B. burgdorferi, the 

casual agent of Lyme disease". The hypothesis underpinning the data presented in this 

chapter calls into question the conclusions of Russell et al. (1994), and states that the 

structures observed in this study that resemble the structures observed by Miles et al. 

(1992) and Russell et al. (1994) are degenerating forms of B. burgdorferi and not 

artefacts. 

The putative spirochaetes, initially isolated from the tick gut cultivation, were weakly 

motile (Plate 3.1), but subsequently lost motility and become rigid (Plate 3.2). Common 

to all cultures of the tick gut contents were particular bacterial species [Section 3.2.l(a)]. 

It is reasonable to propose, if the spiral structures were artefacts, that all prolonged 

cultures in which the common gut bacteria are present should contain such structures. 

This however was not found to be the case, since in this study only 74 of the 168 (44%) 

cultures contained spiral structures (Table 3.1). Furthermore, the studies of Russell et al. 
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( 1994) cited above, indicated that spiral structures were found in only 4 of the 12 species 

of ticks that were cultivated, namely/. holocyclus, H. bancrofti, H. longicomis and A. 

moreliae. Such findings argue against the generation of artefacts from degenerating 

bacteria, because artefacts would be anticipated to occur randomly, in all cultures, from 

all tick species. 

The purification protocol for tick spirochaete isolation is discussed in Section 3.2.2. This 

process was lengthy and difficult, but 5 tick derived spirochaete-like organisms were 

eventually purified, each was successfully subcultured and maintained in the absence of 

any other bacteria. In the light of this finding, the case for the origin of spiral structures 

as degenerative products of other bacteria is difficult to sustain. 

The apparent senescence of tick spirochaetes following initial isolation suggested that the 

BSK formulations were unsuitable for the growth and maintenance of these organisms. 

This gave rise to several possibilities: 

1. The isolates were true spirochaetes, but not B. burgdorferi. 

2. The isolates were varieties of B. burgdorferi that could not be maintained in 

standard BSK formulations. 

With regard to the second of these possibilities, not all B. burgdorferi types grow readily 

in BSK. In the UK, infected ticks, as determined by PCR, are common and widespread. 

However Nuttell et al. (1994) succeeded in obtaining only one isolate from 85 tick pools 

(representing 504/. ricinus nymphs and adults) collected in the U.K. By contrast, using 

identical conditions, B. burgdorferi was isolated from l of 7 tick pools ('ol ticks) from 

Switzerland, and a single pool of 10 ticks from Slovakia. 

To investigate why media that were suitable for standard B. burgdorferi were inadequate 

for the growth and maintenance of Australian spirochaete isolates, various attempts were 

made to modify the conditions of growth and incubation such that the tick spirochaetes 
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might maintain their motility and grow to adequate concentration for further analysis 

(Section 3.3). The most promising lead was the addition of lmM Fe(N03)3 to BSK-II. 

Subculture of a single isolate, namely number 17, into BSK-11 supplemented with 

Fe(N03)3 produced a highly motile spirochaete (Plate 3.6), although after extended 

culture, motility was lost and it became rigid (Plate 3.7). The addition of lmM Fe(N~)J 

to BSK-11 stimulated transient growth of at least this isolate, but further studies are 

required to determine the optimum concentration of Fe+++ in the culture media, and 

whether other growth stimulating iron compounds, such as transferrin, have a similar 

effect. The loss of motility and increasing rigidity seen on extended culture, suggest 

either that another constituent of the medium was limiting, and/or toxic to spirochaete 

growth, or that the Fe+++ had been utilised and was in insufficient quantity to maintain 

vitality. A retrospective review of the source of tick isolates listed in Table 3.1 indicated 

that initial isolation was more successful with ticks that had recently had a blood meal. 

The haemolysed blood in the tick gut may provide free iron to the culture medium for 

initial growth and multiplication of the spirochaete. Siderophore depletion due to 

spirochaete replication may directly affect spirochaetal survival, so that prolonged culture 

led to the appearance of rigid, non-motile structures. Once again, the observations of 

Russell et al. (1994) are relevant, because they reported that the spiral structures could 

only be isolated from blood fed ticks. In this study, 74/168 blood fed adult ticks yielded 

spirochaetes on prolonged culture. The recovery rate reported by Russell et al. 1994 was 

much lower in that they recovered only 92 'spirochaete-like objects' from a total of 11 

000 ticks. The discrepancy in isolation rate between this study and theirs is not so large, 

because analysis of the data indicates that only 2360 blood fed ticks were cultured. 

Evidence of the inadequacy of standard BSK formulations for the growth of Australian 

tick spirochaetes was also provided by the 'conditioning experiment' [Section 3.3.2(a)J. 

As can be observed in Table 3.5, concentration of the tick spirochaetes in any one culture 

dramatically improved following the 'pre-conditioning' of standard BSK with specific 
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species of bacteria, prior to the addition of the spirochaete. It is possible that the bacteria 

either provide a co-factor that is required for spirochaetal growth, such as a siderophore, 

or that they metabolise a constituent that is otherwise toxic to the spirochaete. This 

phenomenon, however, provides a possible explanation for why purified tick spirochaete 

cultures are difficult to obtain. 

Until this stage it had been assumed that 'dead' B. burgdorferi sensu Jato would appear 

morphologically as rigid spiral structures. To confinn this, a culture of B. aft.elii (strain 

ACA-1) was subjected to unfavourable conditions by adding ceftriaxone to a log phase 

culture. After several days,-morphology had changed from loosely coiled spirals, to the 

rigid spiral structures (Plate 3.5). Morphologically, the dead B. aft.elii were identical in 

coil amplitude and rigidity to the Australian tick spirochaetes when observed by dark field 

microscopy. 

Electron microscopy (although incomplete) supported the degenerating borreliae theory. 

Plate 3.12 depicts the beginning of this degenerative process for antibiotic treated B. 

aft.elii with the apparent exposure of endoflagella. Finally, degenerated B. aft.elii 

appeared to be 'bundles of flagella' (Plate 3.13) similar to those previously described as 

'bacterial artefacts' (Miles et al., 1992; Russell. et al, 1994). For B. burgdorferi sensu 

Jato, the removal of the outer membrane and exposure of endoflagella is easily achieved 

(Hayes and Burgdorfer, 1993), and published electron micrographs of exposed 

endoflagella from B. burgdorferi (Plates 3.15 and 3.16) have a general similarity to 

degenerating B. aft.elii (strain ACA-1) [Section 3.3]. Electron micrographs of tick 

isolates were difficult to obtain; only in the case of isolate 6 could spirochaetal structures 

be discerned with any certainty. Negative contrast staining revealed a coiled structure of 

the dimensions of a spirochaete, that appeared to comprise a coiled bundle of flagella, 

with which was associated remnants of microbial cell debris (Plate 3.14). 

With regard to the structure and morphology of the Australian tick spirochaetes, it is 
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concluded that: 

l. /. holocyclus and H. longicornis contain spirochaetes; and 

2. Standard BSK formulations are unsuitable for the growth and maintenance of 

these spirochaetes. 

Further evidence that the Australian tick isolates were likely to be Borrelia sp. was 

obtained with the help of Dr Bundoc and Professor Alan Barbour of the University of 

Health Science Center at San Antonio, Texas. Using the anti-flagellin MAb H9724 Dr 

Bundoc demonstrated by indirect fluorescence that Australian tick isolate 51 fluoresced 

strongly, and was morphologically indistinguishable from control B.burgdorferi (strain 

B31) [Plate 3.9]. A comparison of the polypeptide profiles of Australian tick borreliae 

with those of standard strains of B. burgdorjeri was attempted, using SDS

polyacrylamide gels electrophoresis and isolates 20, 51 and 72 were compared to four 

different strains of B. burgdorjeri (Section 3.8.2). Although the protein concentration of 

the Australian isolates was at least l00x less than that of controls there appeared to b~ 

faintly staining Coomassie blue bands occurring particularly in the 41 kDa and 31 kDa 

range (Plate 3.20). 

Far more substantial data concerning the morphology, structure and antigenic make-up of 

Australia borreliae has been provided by an analysis of isolate 17. Coomassie blue 

stained, SDS-polyacrylamide gel electrophoresis of cell lysates of B. burgdorferi sensu 

lato and of isolate 17 (Plate 3.21) indicated that the polypeptide profile of isolate 17 

resembled more closely that of B. garinii (strain NBS-16) than it did that of either B. 

afzelii (strain ACA- 1) or B. burgdo,Jeri sensu stricto (strain B31 ). The possible 

implication of this finding in relation to serological analysis of Australian patients was 

noted, and will be discussed in Chapter 4. 

Some antigenic features of the flagellin and Osp A regions of the polypeptide profile of 

isolate 17 were determined using a panel of 7 MAb' s (Section 3.8.4). To begin with, 
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each of the control strains of B. burgdorferi was reacted against the MAb panel (Plates 

3.22, 3.23 and 3.24). As previously reported by Wilske et al. ( l 993), the flagellin and 

Osp A polypeptides of the 3 genospecies of B. burgdorferi varied slightly in size, and 

these results are summarised in Table 3.7. As expected, all three controls reacted with the 

genus specific flagellin MAb, H9724. Likewise, all three reacted with H604 (flagellin of 

B. burgdorferi ); H5332 (Osp A); and Ll2 (Osp A). Variable reactions were observed 

with 2 MAb's. One of these (H6831), recognises an epitope on the C-terminal end of 

Osp B of B. burgdorferi (A. Barbour, personal communication), and did not react with 

the Osp B lacking strain, NBS-16, nor did it recognise either the Osp B of strain ACA-1, 

or the putative Osp B of isolate 17. The other variable reaction was observed with H3TS, 

a MAb that recognises a specific epitope on the Osp A of B3 I (A. Barbour, personal 

communication); this MAb did not react with the Osp A of the B. afzelii strain ACA- 1, 

but recognised isolate 17 Osp A. Altogether, isolated 17 reacted with 5 of the 7 MAb's, 

namely H9724; H604; H5332; l.32 and H3TS. The immunological reactions of isolate l 7 

(Plate 3.25) are summarised in Table 3.7. Three conclusions can be drawn: 

1. Isolate 17 reacted with MAb's that recognise specifically B. burgdorferi flagellin 

and Osp A epi topes. 

2. The pattern of reactivity of isolate 17 to the panel of 7 MAb's is more similar to 

that observed with B. garinii (strain NBS- 16), than that with the two other B. 

burgdorferi genospecies. 

3. Failure of isolate 17 to react with a MAb directed at a major structural antigen of 

B. hermsii, indicates that it is unrelated to the large group of relapsing fever 

borreliae (Table 1.1). 

Unfortunately, the molecular analysis of Australian tick spirochaetes presented in this 

dissertation is also incomplete. Because of financial constraints, detailed analysis was 

confined to relatively few tick isolates, and most attention was devoted to partial sequence 

analysis of the plasmid encoded gene for Osp A, a gene that has been reported to be 

specific to B. burgdorferi (Bruckbauer et al., 1992). 
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Beginning in late 1993, polymerase chain DNA amplification technology was developed, 

not only to characterise Australian tick isolates, but as a potentially useful rapid diagnostic 

method. This methodology requires the most stringent control procedures to minimise 

DNA cross-contamination amongst cultures. It required that DNA extraction procedures 

and reaction mixtures be carried out in separate rooms from those containing borreliae 

cultures, and a variety of negative controls had to be included in each reaction. 

As most of the isolates of Australian tick spirochaetes listed in Table 3.1 contained 

contaminants of, notably, Pseudomonas sp., E.coli and Bacillus sp., an experiment was 

performed in which DNA was extracted from pure cultures of each of these species and 

subjected to PCR using the same Osp A primers and conditions that were subsequently 

used for the spirochaetes. An amplified DNA product was not obtained from any 

contaminant. 

DNA extracted from three B. burgdorferi sensu lato strains was always included in every 

PCR run, and it was found that while both strains B31 and NBS-16 amplified with the 

Osp A PCR primers producing products of the correct size, no Osp A amplification was 

obtained with ACA-1 (Plate 3.26). From this it was concluded that the Osp A primers 

used here and which were based on published B31 sequence information, would not 

amplify the DNA of all Osp A types. 

Of the 74 primary tick spirochaete isolates, 68 were subjected to PCR amplification using 

the Osp A primers. A PCR product of approximately 463 bp was obtained for 20 (29%) 

[Table 3.1]. Although the products were not internally probed or sequenced, this result 

suggested that at least some of the Australian tick isolates might be B. burgdotferi, on the 

criterion of possibly containing an Osp A gene. However the majority of the spirochaete 

isolates (71 %), did not react to the Osp A primers, raising the possibility that Australian 

ticks may also contain other non-B. burgdorferi spirochaetes. Alternatively, some of 



Page 172 

these non-reactive isolates may have varieties of B. burgdorferi that do not have 

nucleotide sequences in common with those of the Osp A primers chosen. 

Five possible Osp A positive isolates, namely 17, 51, 72, 77 and 83 were also tested for 

DNA amplification using sets of primers designed to identify genes for flagellin and 16s 

rRNA of B. burgdorferi [Section 3.9.2 (b, c)). Each reacted positively with both sets of 

primers, which reinforced the conclusion that at least some of the Australia tick 

spirochaetes may be B. burgdorferi sensu lato. 

In an attempt to establish that the PCR products obtained with Osp A primers were 

genuine Osp A DNA, the 20 Osp A PCR products were subjected to DNA sequence 

analysis using the Sequenase Version 2.0 DNA Sequencing Kit (Amersham). Partial 

DNA sequences (up to 130 bases) indicated a great degree of disparity between the 

individual specimens, and less then 50% base homology was obtained to any published 

Osp A DNA sequences for 18 of the 20 Osp A sequences (data not shown). Although the 

PCR reaction conditions (Section 2.4.3) complied with those normally used for B. 

burgdorjeri Osp A amplification (Nocton et al., 1994), it could be that the annealing and 

extension conditions were inadequately stringent in most cases. However, for two 

isolates, namely 51 and 83, DNA sequence determination indicated the presence of a Osp 

A product that was virtually indistinguishable from that of B. burgdorferi sensu stricto 

strain 831 (Plate 3.32). Only 25% of the Osp A PCR product could be sequenced, but 

for isolate 51 the first 130 bases were identical to those of the Osp A product of 831. A 

particularly interesting preliminary finding was obtained in the case of isolate 83. In this 

case, partial sequencing of the Osp A product indicated that the first 130 bases contained 

3 base substitutions to the published 831 Osp A sequence. Unwitting cross

contamination of DNA samples is a consistent source of false PCR positives, and despite 

all precautions, it could be that the result obtained for isolate 51 is the outcome of 

contamination. The base changes encountered in isolate 83 PCR product however have 

not been reported in any published Osp A sequence, so that the likelihood of laboratory 
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error is reduced. 

To obtain more base sequence information for the purified PCR amplified Osp A product 

of isolate 83, material was sent to the Hunter Region Molecular Research Facility where 

automatic sequencing is available using the PRISM'fM Ready Reaction Dyedeoxy™ 

Terminator Cycle Sequencing Kit. The result obtained is shown in Plate 3.33 and a 

comparison of the complete sequence of the amplified Osp A gene product of isolate 83 

with that of 831 is shown in Plate 334. Altogether there were 5 base substitutions in the 

83 Osp A DNA sequence when compared to that of 831. The bases affected were at base 

position 419, 438, 457, 61'0 and 666. Two changes (438 and 666) comprised silent 

mutations, not affecting the amino-acid sequence of the protein. The other three changes 

however represent amino-acid alterations as indicated below: 

base number 419: Isoleucine -+Threonine 

base number 457: Lysine -Kilutamic Acid 

base number 610: Glycine -+Arginine 

Certain regions of the Osp A gene are genetically labile in that the amino-acid 

substitutions are common; studying 14 different strains of B. burgdorferi, Wilske et al., 

(1993) produced partial Osp A sequence data indicating the base position at which 

changes produced amino-acid substitutions. Alternatives in amino-acid composition was 

also reflected in antigenic variation. The base changes observed here for isolate 83 do not 

correspond to any of the Osp A sequences published so far. If isolate 83 is in any way 

representative of Australian tick associated spirochaetes, the possibility emerges that local 

borreliae are likely to be related to the B. burgdorferi sensu lato family, but may 

constitute additional genotypes. 

The data presented herein, and derived from tick cultivation, morphological studies, 

antigenic analysis and PCR DNA amplification, all support the hypothesis that there are 

Borrelia burgdorferi -like spirochaetes present in some species of Australian ticks. The 



Page 174 

picture so far is a composite one, for it has not been possible to conduct all these studies 

on one, or a small number of spirochaetes. Furthermore, the intention to carry out 

pathogenicity studies in laboratory animals was frustrated by the lack of adequate 

cultivation methods. There are however significant avenues for future investigation, the 

most important being to improve culture and detection methods. 

Assuming that the spirochaetes carried by Australian ticks are responsible for the LB 

syndrome, the origin or possible evolutionary history of these agents on an isolated 

continent such as Australia has to be considered. The data presented here, particularly that 

relating to isolate 17, suggest that Australian Lyme borreliae are different to B. 

burgdorferi sensu stricto, and may be more akin to European genotypes, particularly B. 

garinii. It is also clear from the literature that European Lyme borreliae are exceedingly 

heterogenous. Thus it is hypothesised that Australian borreliae may have originated in 

Europe and may possibly have been bought to this country through the introduction of 

domestic animals. Adaptation to local vector ticks may have exerted a selection pressure 

for evolutionary change. The answers to such speculations require further detailed 

studies. 
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Serological and clinical evidence for the existence of 

Lyme Borreliosis in Australia. 

4.1 Introduction 

The data presented in Chapter 3 supports the conclusion that certain species of ticks 

occurring in Australia associated with human tick bites carry Borrelia burgdorferi -like 

spirochaetes. If these microorganisms are transmitted by tick bites and are responsible for 

the Lyme disease-like illness reported from Wingham and elsewhere, it is to be expected 

that those suffering and/or recovered from the illness would possess microbiological 

indicators of past infection. However, it is the experience in the USA that culture or 

visualisation of B. burgdorferi from patient specimens is very difficult (Steere et aL., 

1983a). Disease diagnosis usually depends on recognition of a characteristic clinical 

picture, together with the detection of an immune reaction to B. burgdorferi (Dressler et 

aL., 1993). Accordingly, the next stage of this study was to develop, implement and 

evaluate a sero-diagnostic procedure for Lyme borreliosis that might help to confirm or 

deny the existence of the disease in Australia. 

In considering a choice of serological test(s), the procedures in common use when this 

study began were examined; enzyme-linked immunoadsorption tests (ELISA), indirect 

immunofluorescence assays (Craft et al., 1984; Russell et aL., 1984; Magnarelli et al., 

1984) and Western blotting or immunoblotting (Wilske et aL., 1986a; Grodzicki and 

Steere, 1988). Antigen preparations for these tests included sonicated spirochaetes (Craft 

et al., 1984), partially purified preparations (Hanson et al., 1988b) or recombinant 

proteins (Simpson et al., 1990). However, significant problems and complications in the 

diagnostic usefulness of the tests had been encountered and still continue. Not only is 

lack of standardisation a cause of significant interlaboratory variation (Schwartz et aL., 

1989) but there is serological cross-reactivity of certain spirochaetal polypeptides and 

those of many other bacteria (Bruckbauer et al., 1992) which contributes to a lack of 

IJ 
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specificity and sensitivity in the tests. There are also serodiagnostic complications that are 

attributable to delayed development of the humoral immune response (Barbour et al., 

1983a), to the dampening effect of early antibiotic therapy on this response (Shrestha et 

al., 1985), and the variability of the response in different patients (Grodzicki and Steere, 

1988). An additional variable, more recently recognised, is that B. burgdorferi is 

immunologically and genetically more heterogenous than was previously believed 

(Wilske et al., 1985), so that reliable diagnostic immunoassays are likely to be strain or 

species specific (Wilske et al., 1993; Assous et al., 1993). 

Despite the problems and trncertainties noted above, the immunoblot procedure has the 

potential to discriminate genus and/or species-specific antibody reactions from those 

caused by cross-reactions, if it can be established that there are antigenically unique 

antigens in B. burgdorferi. Among the ~ 10 immunodominant proteins of B. burgdorferi, 

only two appear to lack cross-reactivity - the 94 kDa core protein, and the 31 kDa outer 

surface protein A; the 41 kDa flagellin protein cross-reacts with antibodies to other 

spirochaetes (Bruckbauer et al., 1992; Zoller et al., 1993). Encouraged by the likelihood 

that immunoblots might detect B. burgdorferi specific antibody, a procedure was 

established in which immunoblots were used to look for microbe-specific antibodies in 

the serum of Australian patients whose history and symptoms were suggestive of Lyme 

borreliosis-like illness. To maximise the possibility that Australian borreliae may share 

antigenic epitopes with any of the known B. burgdorferi genotypes, each of these 

agents, namely B. burgdorferi, B. garinii and B. aftelii were used as a separate source 

of antigen when testing individual sera from suspected Australian patients. 

The details involved in the development and standardisation of immunoblotting for the 

detection of B. burgdorferi sensu lato-specific antibody are described below. 



4.2 Development of immunoblotting techniques for 

detection of B. burgdorferi antibody 
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The procedure now referred to as Western or immunoblotting was developed originally 

by Towbin, Staehelin and Gordon (1979) and involves the electrophoretic transfer of 

proteins from polyacrylamide gels onto nitrocellulose sheets. Many applications and 

methodologies for protein blotting have been developed and are presently in use (Gartin 

and Bers, 1989). For antibody detection, the procedure consists of the solublisation and 

electrophoretic separation of microbial proteins on polyacrylamide gels, and their 

subsequent electrophoretic transfer to strips of nitrocellulose. The microbial antigens that 

are immobilised on the nitrocellulose strips provide a detection system for homologous 

antibody when the strips are incubated with serum samples containing those antibodies, 

because antibody capture is visualised with enzyme-linked antiglobulins. 

In this study, the primary source of antigen was BSK grown preparations of B. 

burgdorferi (Strain B31), B. garinii (Strain NBS-16) and B. aftelii (Strain ACA), 

concentrated and purified as described in Chapter 2. The standard procedure ultimately 

adopted for immunoblotting is also described in Chapter 2. The steps involved in 

optimising each stage of the procedure are considered below, and consist of the 

· following: 

1. The electrophoretic separation of borrelial proteins on polyacrylamide gels. 

2. The electrotransfer and immobilisation of borrelial proteins onto nitrocellulose 

membranes. 

3. Nitrocellulose membrane saturation. 

4. Conditions for antigen - antibody binding. 

5 . Detection and visualisation of immune complexes. 
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4.2.2. Polyacrylamide gel electrophoresis 

a) Introduction 

Separation of the proteins based upon their molecular weight, was first described by 

Shapiro et al. ( 1967), and referred to as sodium dodecylsulfate (SDS) electrophoresis. 

SDS is an anionic detergent which denatures proteins by wrapping around the 

polypeptide backbone and provides a net negative charge to the polypeptide that is 

proportional to its length. When treated with SDS and a reducing agent, polypeptides 

become rods of negative charge with equal "charge densities" or charge per unit length. 

To determine the molecular weights of the polypeptides, a standard curve can be 

generated using the linear relationship that exists between the log10 of the molecular 

weight of a polypeptide and its Rr (where Rr is the distance from the top of the gel to the 

polypeptide, divided by the distance from the top of the gel to the dye front [Section 

2.3.3]. 

The modified system developed by Laemmli (1970) has been used in this study. This is a 

discontinuous system, in which the denatured charged peptides are stacked before 

electrophoresis though a separating gel. Compared to earlier electrophoretic systems, the 

Laemmli system provides excellent resolution. 

b) Optimisation of separation parameters 

Choice of electrophoresis equipment 

The equipment available in the laboratory consisted of the "Dual Cooled Vertical Slab 

Unit" and the "Sturdier Vertical Slab Unit", both obtained from Hoefer Scientific 

Instruments, California. Of the two systems, the "Dual Cooled Vertical Slab Unit" 

consistenly provided better results. This system permitted the circulation of cool water 

around the exterior of the gel plates and hence maintenance of a constant temperature 
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during the electrophoresis was possible. The curved (smiling) bands often observed 

when using the uncooled system were not apparent in the cooled system. 

The slab gels are 14.5 by 12 cm, and samples are loaded on the stacking gel, which can 

be subdivided into 10 or 12 tracks with a suitable comb. As many as 12 protein samples 

can be separated simultaneously. 

Strength of current for the electrophoretic separation of proteins 

Increasing the current used in electrophoresis increases the rate of mobilisation of the 

protein through the polyacrylamide gel. At a current of 30 mA per gel, the smallest 

borrelial proteins had reached the bottom of the gel [indicated by the dye line marker 

(Section 2.3.3)] in approximately five hours . However, even in the ''Dual Cooled 

Vertical Slab Unit", the heat generated by such a current produced slightly curved bands. 

Lower currents resulted in polypeptide bands that were straighter, although the length of 

time for band separation was longer. Finally it was decided that 5 mA per gel overnight 

provided a suitable and convenient procedure for complete polypeptide separation, and 

was practical for the adaptation into the normal laboratory routine. 

Protein concentration and detection 

Gels overloaded with protein result in inadequate band separation, whereas small 

amounts of proteins are inadequate for visualisation (Section 2.3.4). The protein content 

of each sample was estimated using the Bio-Rad Protein Estimation Kit (Bio-Rad), and 

30 µg of protein per sample was found to be optimal for clear band discrimination. 

4.2.3. Protein transfer to nitrocellulose membranes 

a) Introduction 

The transfer and immobilisation of proteins from the polyacrylamide gel onto a suitable 

membrane substrate was obtained by the use of an electric field. 
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In this study, semi-dry blotting has been used (Beisiegel, 1986). In this procedure, the 

gel and the membrane are positioned between two horizontal plate electrodes, and two 

stacks of filter paper served as ion reservoirs during the transfer. 

b) The significance of acrylamide concentration 

The relative concentration of acrylamide in PAGE affects not only the electrophoretic 

conditions required for separation of a given mix of proteins, but also the efficiency of 

transfer of proteins from the acrylamide gel to the nitrocellulose membrane. As 

acrylamide gel concentration increases, the pore size decreases and protein transferability 

decreases. An additional complication is that, for any acrylamide gel concentration, the 

relative efficiency of transfer of proteins of different molecular weight (M.W.) varies. 

The M.W. of immunodominant proteins of B. burgdorferi range from 100 kDa (Wilske 

et al., 1990) to 21 k.Da (Wilske et al., 1986a). Of particular importance in this study were 

the immunodominant antigens, flagellin and Osp A, 41 kDa and 31 k.Da respectively 

(Barbour et al., 1986, Barbour and Garon, 1987). To optimise the transfer of protein in 

this M.W. category the usefulness of gels containing acrylamide at concentrations of 

10%, 12.5%, and 15% were tested. Separated proteins on gels containing 12.5% 

acrylamide, when transferred to nitrocellulose and stained by Coomassie blue proved to 

be the most effective for providing the immunodominant antigens on interest (Plate 4.1). 

,, 
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Plate 4.1 The influence of acrylamide concentration on the efficiency 

of protein elution and transfer to nitrocellulose. Gels containing 

acrylamide at a concentration of a)l0%, b)12.S%; and c)15% were loaded 

with 30 µg of protein of three of the same strains of B. burgdorferi. Gels 

were subjected to identical electrophoretic and transfer conditions. Each 

was stained with Coomassie blue (Appendix B). 

c) Gel thickness 

GeJ thickness may affect the relative efficiency of protein transfer to nitrocellulose. To 

test this, two 12.5% acrylamide gels spaced at 0.75 mm and 1.5 mm were prepared, 

loaded with 30 µg of B. hurgdorferi and nm at 5 mA overnight. Transfer lo 

nitroceUuJose was assessed by Coomassie blue staining, and indicated quantitatively that 

significantJy more protein was transferred from gels of 0.75 mm than from gels of 1.5 

mm [Data not shownj. 
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d) Temporal aspects of electrotransfer 

Increasing the time of electrotransfer increases the amount of protein eluted from the 

acrylamide gel that is available for nitrocellulose trapping, but as the M.W. of the 

microbial polypeptide varies over a wide range, the transfer and retention of individual 

polypeptides might be expected to vary. To evaluate relative transfer efficiencies, 12.5% 

acrylamide gels were subjected to transfer using 165 mA (22 V) current for different 

times (Plate 4.2). The efficiency of transfer was estimated by standard irnmunoblotting 

(Chapter 2) using a positive LB polyvalent antisera (Sample 1), a negative LB control 

(Sample 2) and two random, LB candidates (Samples 3 and 4). Although the 60 minute 

transfer time did result in the most intense bands, the difference between the 60 and 45 

minute transfer times was not significant 

1234 1 2 3 4 

-

a --~ - - :c. - - d -

Plate 4.2 Immunoblot of B. garinii (NBS-16) polypeptides transferred 

to nitrocellulose strips from a 12.S % acrylamide gel using 165 mA for 

a)4S, b)60, c)80, and d)lOO minutes. Strips were immunoblotted against 

four serum samples, (described above), using the method in Section 2.3.6 

Following transfer the original acryJamide gels were stained with Coomassie blue to 
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estimate the amount of residual untransferred protein (Plate 4.3). Little difference was 

<1pparent for transfer times varying between 45 - 100 minutes. 

- a - - b - -r O - .- d -
Plate 4.3 Coomassie blue stain of the residual B. garinii polypeptide 

on the polyacrylamide gels following electrophoretic transfer to 

nitrocellulose for a) 45, b) 60, c) 80 and d) 100 minutes 

e) Optimising transfer current / power range 

Three currents were compared (150 mA, 165 mA and 180 mA) using a transfer time of 

45 minutes. The three nitrocellulose samples thus obtained were immunoblotted with four 

serum samples; a positive polyvalent serum (Sample 1), and negative sernm (Sample 2) 

and 2 LB candidates (Samples 3 and 4) [Plate 4.4). omparison of the three transfer 

currents indicated that slightly more proteins wer' transferred and/ or retained on the 

nitrocellulose using either 150 mA or 165 mA rather than a 180 mA current (indicated by 

the presence of more bands). Future protein transfer from polyacry l.amide gels was at 165 

mA (22 V). 
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Plate 4.4 Optimising transfer conditions. Immunoblot of B. garinii 

(NBS-16) polypeptides transfened to nitrocellulose strips from a 12.5 % 

acrylamide gel using a) 150, b) 165 and C) 180 mA current for a transfer 

time of 45 minutes. Strips were immunoblotted against four serum 

samples, (described above), using the method in Section 2.3.6 

f) Transfer buffering 

Transfer buffer is needed to effect the elution of the polypeptides from the acrylamjde gel 

matrix and ensure their retention by the nitrocellulose membrane. The most common 

buffer system used for the transfer of polypeptides from SOS-PAGE gels is that devised 

by Towbin et al. (1979) , and consists of 25 mM Tris, 192 mM glycine, and 20% 

methanol, pH 8.3 . Methanol facilitates removal of SOS from the detergent-protein 

complexes, and increases affinity between nitrocellulose and SOS-free proteins; its 

presence however, reduces gel pore size and restricts the transfer of some proteins. As 

the gels used in this dissertation contained SOS, methanol was required. 

Despite the apparent need to reduce SOS in the system, the addition of 0.1 % SOS to the 

transfer buffer has also been advocated (Burnette, 1981 ; Szewczyk and Kozloff, 1985). 
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T he presence of 0.1 % SDS helps to elute high M .W . proteins, a lthough it also interferes 

with bindin g of proteins to the nitrocellulose. To determine whether or nol SOS in the 

transfer buff e r was advantageous, transfers were carried out with or without 0 . 1 % SOS 

(Plate 4 .5). Comparing the results it was apparent that buffer without SOS was the more 

sui ta ble . 

I 2 3 4 S 1 2 3 4 s 

.... 
I a I ' 

Plate 4.5 Indian ink stain (Section 2.3.6) of nitrocellulose following 

the transfer of electrophoretically separated polypeptides from a 12% 

acrylamide gel. Before transfer the acrylamide gel was cut in two, each 

half was transferred independently of the other, using transfer buffer a) 

with SOS and b) without SOS. Lanes I to S are different strains of B. 

burgdorferi. 

g) Choice of membrane substrate for immunoblotting 

Several materials are suitable as support membranes for immunoblotting. Nitrocellulose 

and PVDF are commonly used and were tested in thi s study by subjecting each to 

identical transfer conditions. The membranes were stained with Coomassi e blue (Plate 

4.6). 
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Plate 4.6 The polypeptides of three strains of B. burgdorf eri (Lanes 

1-3) were electrophoretically separated on a 12.5% acrylamide gel. This 

gel was divided into two and the polypeptides of each half were 

transferred to either a) nitrocellulose or b) PVDF, 165 mA (22 V) for 4S 

minutes. Eacl1 half was stained with Coomassie blue. 

The result shown in Plate 4.6 indicated that PVDF membranes bound proteins more 

strongly than nitrocellulose. However PVDF imrnunoblots bound proteins non

specifically regardless of the use of ' blocking ' buffers. This was not the case for 

nitrocellulose which proved to be adequate for use as an irnmunoblotting membrane. 

Immunological detection of antigens by immunoblotting 

Proteins transferred to membranes may be stained by either Coomassie blue or Indian 

ink, and this provides a semi-quantitative means for assessing relative protein 

concentration. As immobilised antigens, these proteins are available for the detection with 

corresponding antibody , provided precautions are taken to ensure that incubation with 
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serum is not complicated by non-specific binding of serum proteins other than specific 

antibodies. Non-specific protein binding can be reduced by the use of a suitable blocking 

buffer. 

a) Blocking buffers 

A blocking buffer is a solution that contains proteins that will bind to the nitrocellulose 

membrane in regions where there are no electrotransferred proteins, so as to prevent 

nonspecific binding by serum proteins to these regions. 

Blocking buffers in common use contain ionic constituents along with various 

concentrations of gelatine, non-fat dry milk, bovine serum albumin (BSA), and Tween-

20 either individually or in combinations. The effectiveness of these blocking buffers is 

affected by the duration of the incubation with antigen-containing membranes and the 

temperature of incubation (Garfin and Bers, 1989; Gershoni and Palade, 1983). 

The blocking buffer used in this study was a 0.2% solution of BSA in ELISA wash 

(Appendix B) that contained 0.1 % Tween 20. Blocking at either 370C or at room 

temperature for 1 hour was equally effective (Plate 4.7).Under these conditions, 

microbial polypeptides were clearly visualised with only minor background non-specific 

binding. 
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4. 7 The influence of blocking buffer. Immunoblot of four strains of B. 

burgdorferi (labelled lanes 1 to 4), transferred from a 12.5% acrylamide 

gel to nitrocellulose [165 mA (22 V) for 45 minutes]. The nitrocellulose 

was divided into two and each half was independently incubated in 

blocking buffer at a) room temperature (approximately 2S°C); and b) 

37°C, for an hour with constant agitation. Each was immunoblotted 

against serum from a LB candidate using the method described in Section 

2.3.7. 

b) Antigen-antibody reaction time 

The incubation time for antibody and conjugate was based upon recommended 

procedure. One hour incubation at 37°C was implemented for both steps (Turner, 1983 ; 

Blake et al. , 1984). 

c) Detection system 

In the immunoblot system, antigen-antibody interactions were detected using an enzyme

linked antiglobulin detection method. Several such systems are commercial ly available . 

Alkaline phosphatase system was chosen as it was more sensitive than horseradish 

peroxidase systems. The soluble substrate was 5-bromo-4-ch loro-3- indolyl phosphate 
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(BCIP) which when catalysed by alkaline phosphatase, produces a product which reacts 

with nitro blue tetrazolium (NBT), producing a stained product that develops as a blue 

band on the nitrocellulose strip at the site of the antigen and does not fade readily. 

4.3 SDS-Page and immunoblot methodology adapted for this 

study 

Although immunoblotting is a standard procedure, the purpose of the preceding sections 

of this Chapter has been to consider possible variables of this technique that might 

adversely affect the sensitivity of antibody detection and to standardise conditions that 

were optimal for the detection of antibodies specific for the immunodominant proteins of 

B. burgdorferi. The protocol adopted for immunoblotting is described fully in Chapter 2, 

and henceforth will be referred to as the "in-house" immunoblot. 

The sensitivity of the "in-house" immunoblot prepared with B31 antigens (Section 2.3) 

was compared to that of a commercial blotting product (Accublot) [Whittaker 

Bioproducts], which also contained B. burgdorferi sensu-stricto strain B31 antigens. 

The Accublot and "in-house" systems were reacted with a panel of 12 serum samples 

comprising the following: positive polyvalent and negative serum provided with Accublot 

kit (Lanes 1 and 2 respectively); positive polyvalent and negative serum provided by 

Prof. A. Barbour (Lanes 3 and 4), and serum from eight possible Australian LB 

candidates (Lanes 5-12) [Plate 4.8 and 4.9]. 



flag-... 

Osp B-. 
OspA-.. 

I 2 3 4 S 6 7 8 9 1011 12 

•I 

kDa 

~ 41 

.,_ 34 

.,_ 31 

Page JC)() 

Plate 4.8 Immunoblots using the commercial kit (Accublot). Lanes 1-

12 as described in text. Locations of the flagellin, Osp A and Osp B and 

their respective molecular weights are as indicated 
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Plate 4.9 'In house' Immunoblot using B. burgdorferi sensu stricto 

strain B31. Lanes 1-12 as described in the text. Locations of the flagellin, 

Osp A and Osp B and their respective molecular weights are as indicated 

By visual inspection , the "in-house" immunoblot appeared to be more sensitive than the 

Accublot kit. Comparison of the intensity of the immunological reaction to the panel of 

twelve sera indicated that reactions were generally more intense , and more 

immunologically reactive polypeptides were found for the "i n-house" system. Clearly 

patients 11 and 12 would have been reported as serologically negative using the Accublot 

kit, but positive on the "in-house" system. 

A furth er advantage of using an "in-house" blot was that it was possible to choose and 

incorporate a variety of B. burgdorferi gentotypes in the testing procedure, particularly 
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those strains for which there was no commercial equivalent. 

4.4 Interpretation of Immunoblots 

Criteria for Immunoblot (Western blot) positivity 

As a serodiagnostic technique in general terms, Western blotting has major advantages in 

both sensitivity and specificity. Adopted initially as a reliable confirmatory test for 

infection by human immunodeficiency virus (HIV), it has come into similar use for the 

confirmation of the diagnosis of Lyme borreliosis. For a variety of reasons however, the 

issue of what determines a 'positive' LB blot has become complicated. Of relevance to 

this study is the complication introduced by the existence of antigenic variation among 

different strains of the individual genotypes of B. burgdorferi, and also the apparent 

disparity in the range of antibody responses observed between American and European 

LB patients (Grodzicki and Steere, 1988; Tilton and Ryan, 1993; Dressler et al., 1993; 

Dressler et al., 1994). 

Also complicating the issue has been uncertainty about what constitutes the full range of 

immunodominant antigens for any particular B. burgdorferi type, and which of these 

agents is genus or species specific, as opposed to which are broadly cross-reactive. 

According to Wilske et al. (1990), the most commonly encountered immunodominant 

antigens are 94 kDa, 60 kDa, 41 kDa (flagellin), 34 kDa (Osp B), 31 kDa (Osp A), 30 

kDa, 21 kDa (Osp C) and 17/18 kDa. The problem is that in any particular instance a 

strain of B. burgdorferi may (a) express only some of these antigens, (b) constitutionally 

lack certain genes expressing certain protein, for example, Osp B, or (c) comprise 

immunodominant antigens of molecular weights that differ from those mentioned above. 

During the course of the studies reported in this dissertation it was decided that if LB was 
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a reality in Australia, there would be patients with a history of tick-bite, with a clinical 

pattern of illness consistent with LB who were seropositive for LB. On the assumption 

that spirochaetes responsible for LB in Australia might be antigenically similar to those 

responsible in the northern hemisphere, Western blot methodology was established using 

the three known B. burgdorferi genotypes as the source of antigen. Because of the 

cross-reactivity of many of the antigens of M.W. greater than 40 k.Da, the initial criteria 

for detecting likely LB positive patients in Australia was based on the detection of an IgG 

antibody response to the genus-specific flagellin antigen and the species specific Osp A 

antigen. 

Application of the Western blot procedure 

The development of a standardised, in-house WB procedure has been described above. 

The impetus for establishing this test came from a request by Dr Bernard J. Hudson, . 

Infectious Diseases Physician, Royal North Shore Hospital, Sydney, who had been 

consulted by a number of patients, many of whom came from the Pittwater Shire region 

of Sydney. This suburban area adjoins a large national park (Kuringai Chase National 

Park), is heavily infested with ticks, and as a consequence, repeated tick bites are 

common. The patients mentioned above had signs and symptoms similar to those 

reported anecodotally in the Wingham district. Sera received from Dr B. Hudson, and 

several other interested physicians, provided the preliminary data, such as shown in Plate 

4.9. 

Interpreting Western blots 

a) Preliminary findings 

In its early stages of development, the "in-house" WB was tested for its ability to detect 

anti-LB immunoglobulin in the serum of likely patients (Source Dr. B. Hudson). The 

results obtained for five sera, when incubated with nitrocellulose strips containing B31, 
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are shown in Plate 4.10. Three of the five sera contained antibody to the 41 kDa antigen, 

flagellin; relatively few other bands were discernible. A typical negative is shown in the 

first lane. 

f 

. "' 

i . 

,._OspB 
,._OspA 

Plate 4.10 WB analysis of sera from S suspect LB patients, using B. 

burgdorferi (B31) as a source of antigen. Lane 1 - Negative, Lane 2 -

MAb H9724 (flagellin), MAb HS332 (Osp A) and H6831 (Osp B), Lanes 

3-7, patients H, S, C, M and T. 
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When the same five sera were analysed by WB using either B. garinii (NBS -16) [Plate 

4.11] or B. afzelii (ACA-1) [Plate 4.12], different results were obtained with respect to 

Osp A reactivity. Patients Mand T (Lanes 3 and 7) had detectable flagellin antibody to all 

three borrelial strains; using ACA-1 as antigen, however, revealed an Osp A reactivity of 

equal or greater intensity than that of the control MAb (Plate 4.12). Patient S (Lane 4) 

was judged to be negative using B31, but when tested on NBS~16 had a faint Osp A 

band; on ACA-1 this patient has a faint flagellin reaction and a strong Osp A reaction. 

Conversely, patient C (Lane 5) was negative on ACA-1 , but has a moderate Osp A 

reaction on NBS-16 (Plate 4.11). Two conclusions can be drawn from these results: 

1. Some candidate patients had anti-flagellin IgG that recognised flagellin isotopes 

on all three test strains. 

2. Some candidate patients additionally had anti-Osp A IgG, but this was detected 

only with a suitable genospecies. 
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Plate 4.11 WB analysis of sera from 5 suspect LB patients, using B. 

garinii (NBS-16) as a source of antigen. Lane 1 - Negative, Lane 2 • 

MAb H9724 (flagellin) and MAb H5332 (Osp A), Lanes 3 • 7, patients H, 

S, C, Mand T. 
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•FLAG 

•OspA 

Plate 4.12 WB analysis of sera from S suspect LB patients, using B. 

afzelii (ACA-1) as a source of antigen. Lane 1 - Negative, Lane 2 - MAb 

H9724 (flagellin) and HS332 (Osp A), Lanes 3-7, patients H, S, C, M 

and T. 



b) 

Page 198 

Diversity of immunoglobulin reactivity to LB polypeptides 

among candidate LB patients 

Currently, there are no accepted criteria for positive WB, because the immune response 

of known LB patients can be very variable, but after the first few weeks of infection there 

are usually lO or more detectable IgG bands. The lO most common immune reactions are 

to the 18, 21 , 28, 30, 39, 41, 45, 58, 66 and 93 kDa proteins (Dressler et al., 1993). 

However, with the exception of the 41 kDa, 34 kDa and 31 kDa antigen, the functions 

and specificity of the other prominent LB antigens is not dear. For example, patients may 

have antibody to antigens of 28, 30, 37, 39, 45 and 93 kDa (Dressler et al., 1993). On 

the other hand, not all patients have nearly as many positive bands, and this is particularly 

true for European LB patients (Assous et al., 1993; Dressler et al., 1994). The current 

bench-mark for WB positivity in the USA is the requirement that patients have at least 

five of the 10 most frequent IgG bands (Dressler et al., 1993); criteria for WB positivity 

with European patients has not currently been defined. 

In the study reported in 4.4.3(a), very few reactive bands were detected, but those 

present are likely to be microbe specific. In an attempt to determine whether the 

immunoglobulin response of possible Australian LB patients was similar to found 

elsewhere, 21 serum samples from suspected patients were reacted in a WB reaction 

using B31 as antigen and the findings are shown in Plate 4.13. The resu lt highlights the 

complexity of establishing hard-and-fast criteria for positivity. Using the Dressler et al. 

(1993) criteria, samples that could be positive were numbers 3, 4, 5, 6, 7, 14, 17, 18, 

21, 22, while likely negatives were 8, 9, 10, 11, 12, 13, 15, 16, 19, 20, 23. However, 

if reactivity to flagellin (41 kDa) is a marker of early infection, the Dressler et al. (1993) 

negative samples 9, 13, 16 and 20 might be considered positive. It is also interesting to 

note that in only two of the likely positives (numbers 4 and 21) was there a suggestion of 

reactivity to the species specific Osp A (31 kDa) antigen. When all sera were reacted with 

B. garinii and B. afzelii, several additional samples were Osp A positive (data not 

shown). Absolute criteria for defining a seropositive WB await further characterisation of 
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lhe numerous immunodominant proteins, a process that is beyond the scope of this 

dissertation . Since both the 4 1 kDa and 31 kDa agents are well defined and are important 

antigens of B. hurgdorferi sensu lato, if" was decided to use sero-reactivity to these 

antigens as the main index of likely LB sero-positivity in Austra lian patients. 

B 31 
1 2 3 4 5 6 7 8 9 D 11 12 13 14 15 161718 19 2021 22 23 

41kDa• 

34kDa-. 
31k0a-. 

Plate 4.13 
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WB analysis of sera from 21 suspect LB patients, using B. 

burgdorferi sensu stricto (B31) as a source of antigen. Lane l - MAb 

H9724 (flagellin), MAb H6831 (Osp B) and HS332 (Osp A), Lane 2 · 

Negative flagellin and Osp A sera, Lanes 3 - 23, candidate LB patients 

Determining the specificity of the Western blot procedure 

To examine the specificity of WB using the criteria of a positive patient being reactive to 

both flagellin and Osp A antigens, a pilot survey was conducted. A serum bank was 
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established which comprised samples from; A) healthy , young adults (University 

students taking part in an influenza virus vaccine trial), B) patients with a variety of 

arthritic and connective tissue disorders and C) a group of possible LB patients, whose 

clinical problems had been assessed by Dr Hudson. The patients in both groups both A 

and B were residents of the Hunter Valley , where tick infestation is high in certain 

regions. Clinical assessment of patients in group B and C was completed before the 

outcome of the WB was known. All patients had acquired their illness in Australia. The 

results are shown in Table 4.1 and indicate that of the potential Lyme disease patients, 

13/23 (55%) had antibody to Osp A. By contrast there was a low prevalence of Osp A 

antibody in the other groups. The differences were statistically significant. 

Table 4.1 Comparison of the Immunoblot Reactivity of 
Control groups and LB cases a 

Category Persons Tested Number Positive Percentage 
A. Healthy volunteers 92 2 2.2% 
B. Rheumatic illness-not 56 2 3.3% 
LB 
C. LB cases 23 13 55.0% 

a Seroreactivity to Osp A of European strains of B. burgdorferi (NBS-16 and ACA-1) of 
candidate Lyme borreliosis cases, compared with healthy controls and patients with 
connective tissue diseases. 

A,B: not significant (Chi squared); A,C: significant p < 0.01; C,B: significant p < 0.05; 
and AB,C: significantp < 0.01. 

4.5 A Study of Patients with Clinical Lyme disease 

4.5.1 Introduction 

The complete c linical spectrum of LB has been revised in Section 1.5. Typically the 

disease begins with an EM rash at the site of a tick bite followed shortly afterwards by 

constitutional symptoms that include myalgia, low grade fevers and overwhelming 
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lethargy. Early and late manifestations include facial nerve palsy, meningitis, radiculitis 

and arthritis. Fibromyalgia can occur and LB needs to be excluded before diagnosing 

chronic fatigue syndrome (Holmes et al., 1988). Illness due to persistent infection, 

sometimes lasting years, can occur. Unfortunately, patients may progress to late stage 

illness without ever having EM or even giving a history of tick bite. Diagnosis of LB, an 

illness with protean manifestations, is then difficult, as it is still primarily a clinical 

diagnosis, with positive serology supporting the diagnosis. 

Only three likely cases of EM have been reported in Australia, none of which were 

confirmed by laboratory testing (Stewart et al., 1982; McCrossin, 1986; Lawrence et al., 

1986). 

Identifying seven likely Australian Lyme disease candidates 

To establish the relationship between clinical LB and positive serology, a study of seven 

patients was undertaken. Each patient was assessed by Dr B. Hudson and a clinical 

diagnosis of LB was based upon the case definition of the Centers for Disease Control 

and Prevention (CDC) Lyme Disease National Surveillance Case Definition (Appendix 

C). In each instance the illness was acquired in Australia and each patient had antibody to 

the specific immunodominant antigen of B. burgdorferi, outer surface protein A (Osp A). 

The main findings are summarised in Table 4.2 and the geographical regions mentioned 

in each of the case studies are indicated in Plate 4.14. 



Table 4.2 

Case Age/sex 

1 9/M 

2 36/M 

3 47/M 

4 (,()JM 

5 52/F 

6 41/F 

7 41/F 

Summary of the Clinical and Serological presentations of seven representive 
Australian Lyme Borreliosis Candidates 

Tick bite Where Illness Duration #Jmmunoblot reaction 
infected of illness 

+ Avalon Fever, photophobia, headaches, 4months B. afzelii: Flag ( + ), Osp A ( +) 
neurological complaints, Monoarticular B. garinii: Flag ( + ), Osp A (-) 
arthritis (LK) B. bur?,dorferi: Flag ( + ), Osp A (-) 

+ Wingham EM, arthralgia, neuropsychological 5 years B. aft,elii: Flag ( + ), Osp A ( +) 
complaints, fibromyalgia, CFS B. garinii: Flag ( + ), Osp A (-) 

B. burf!.dorferi: Flag ( + ), Osp A ( -) 
+ Grafton EM, arthralgia, widespread pain, 12 years B. afzelii: Flag ( + ), Osp A(-) 

neuropsychological complaints B. garinii: Flag ( + ), Osp A(-) 
B. burf!.dorferi: Flag ( + ), Osp A ( +) 

+ Tea EM, arthralgia, widespread pain, 3 years B. afzelii: Flag ( + ), Osp A ( +) 
Gardens myalgia, neuropsychological B. garinii: Flag ( + ), Osp A(-) 

complaints, CFS B. burf!,dorferi: Flag ( + ), Osp A (-) 
+ Nowra EM, fever, arthralgia, widespread pain, 2.5 years B. aft,elii: Flag ( + ), Osp A(-) 

CFS B. garinii: Flag ( + ), Osp A ( +) 
B. burf!,dorferi: Flag ( + ), Osp A (-) 

+ Kakadu EM, arthritis, conjunctivitis, neck 12 B. afzelii: Flag ( + ), Osp A (-) 
stiffness, headaches, myalgias, lethargy months B. garinii: Flag ( + ), Osp A ( +) 

B. burf!,dorferi Flag ( + ), Osp A (-) 

+ Lismore EM, lethargy, neurological complaints, 12 years B. afzelii: Flag ( + ), Osp A(-) 
arthralgia, widespread pain, B. garinii: Flag ( + ), Osp A ( +) 
photophobia, headaches, chest pain and B. burgdorferi: Flag ( + ), Osp A(-) 
irregular heart beat, CFS 

Abbreviations: CFS: Chronic fatigue syndrome; EM: Erythema migrans; LK: Left knee;(-) negative; (+)positive 
# Strains used for immunoblots B. aft,elii - ACA- 1; B. garinii - NBS-16; B. burgdorferi (sens-stricto) - B31. 
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LISMORE 
GRAFTON 
WINGHAM 

TEA GARDENS 

AVALON 
NOWRA 

Plate 4.14 Area of suspected infecti~n for each Case mentioned in 

Section 4.5 
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In an attempt to exclude the possibility that symptoms could be attributed to infection by 

other pathogens that cause similar symptomatology or that such agents are cross-reactive 

with LB, each serum sample was tested by independent laboratories for antibody to 

Rickettsia australis, R. tsutsugamushi, R. prowazeki (Fairfield Hospital, Vic, Australia); 

Treponema pallidum, Ross River virus, Q fever (Coxiella burnetti) (Hampsons 

Pathology, NSW, Australia), and leptospirosis (Westmead Hospital, NSW, Australia), 

as well as for Rheumatoid factor and Antinuclear Antibodies (Hampsons Pathology, 

NSW, Australia). All seven patients were seronegative to for these agents. 

There now follows a detailed case history of each of these patients, which has been 

kindly provided by Dr B. Hudson, Royal North Shore Hospital, Sydney. 

(i) CASE 1 

A 9 year old male from Avalon, a suburb in the Northern Beaches Shire of Sydney, 

presented in May 1992 for evaluation of an iJlness of 4 month's duration. The illness was 

characterised by recurrent fevers up to 39°C, left-sided headaches, with photophobia in 

the left eye, persistent lethargy, dyspnoea on exertion, swelling of left knee joint, with 

development of a popliteal fossa cyst. His performance at school had deteriorated over 

the previous 18 months. He had lived at his current address all of his life, apart from 12 

months in Perth when aged 3, and has sustained many tick bites; there was no history of 

overseas travel. He has often had rashes related to tick bites but no history of typical EM 

elicited. 

Two separate 14 day courses of oral erythromycin (400mg daily) improved most 

symptoms with resolution of fevers, but illness recurred within 4-6 weeks of cessation, 

with fevers and recurrence of left knee joint sweJling and popliteal fossa cyst. Evaluation 

by a paediatrician, routine haematology, biochemistry and rheumatology investigations 

failed to find an alternative diagnosis to Lyme borreliosis, so ceftriaxone (1 g 



Page 205 

intravenously daily) was given for 28 days in September 1992. During the second week 

of this treatment he became most unwell with high fevers up to 390C, increased knee 

joint swelling (still with popliteal fossa cyst) and photophobia. Between days 21 and 28 

of treatment, all symptoms and signs resolved, including the knee joint swelling. 

Following cessation of treatment his general condition improved; he has remained well 

(as at June 1995); his teachers and parents have noticed a dramatic improvement in his 

academic performance, and he has returned to full sporting activities. 

(ii) CASE 2 

A 36 year old farmer in the Wingham district of New South Wales presented in 

September 1992 for evaluation of illness of 5 years' duration. Illness was characterised 

by fluctuating symptoms; generalised arthralgias, widespread muscle pain and weakness, 

fatigue and lethargy especially after exertion, paresthesiae and "shooting" pains in arms 

and legs, sharp bilateral thoracic pain, right-sided facial pain, difficulties with memory, 

concentration, sleep disturbance, depression, palpitations and presyncopal episodes. 

There had been an acute exacerbation in symptoms in March 1992. Previous diagnosis 

had been depression and Chronic Fatigue Syndrome (CFS). He had lived at his current 

address since 1980 except for a two year period when he worked in Queensland 

(Rockhampton, Y eppoon). In the Wingham area he had sustained many tick bites, 

especially when working in a volunteer bush regeneration group. In September 1991, he 

developed a large area of erythema and swelling on the right face 3-7 days after removal 

of an adult lxodes holocyclus tick from his right submandibular region. This resolved 

over 3 weeks without any specific treatment and did not recur. When seen in September 

1992, he had 11 painful muscle tender points which, together with widespread muscle 

pain, satisfied the criteria for fibromyalgia. He had both major criteria and eight minor 

symptom criteria satisfying the case definition of CFS. From July 1992, he was treated 

with two courses of doxycycline 100mg bid (an initial 10 day course then a 14 day 

course which was discontinued because of photosensitivity. There was no detectable 
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change in his condition and he remains unchanged, having taken no further antibiotic 

treatment 

(iii) CASE 3 

A 47 year old male from Wingham, New South Wales, was referred in July 1992 for 

evaluation of an illness of twelve years' duration. He had gradual onset of generalised 

muscle pain, migratory arthralgias, severe lethargy and fatigue worse after exertion, 

depression, difficulties with concentration, memory, sleep disturbance and episodic 

paresthesiae in both arms. 0-espite multiple investigations over a 10 year period, no cause 

was found for his symptoms that were eventually diagnosed as CFS. 

In February 1992 he had developed a persistent rash on his right thorax, at the level of 

the fifth rib in the mid-axillary line and stated that most of his symptoms had been much 

worse since the onset of the rash which was composed of two annular erythematous 

lesions with mild elevation of an erythematous margin and central clearing, the largest 

lesion was 5cm by 3cm, the other being about half that size (Plate 4.15). There was also 

a faint, slightly raised erythematous 2cm diameter skin lesion on the back of his neck at 

the site of a previous tick bite. Despite widespread muscle pain, he only had eight 

fibromyalgia muscle tender points, not fulfilling the criteria for fibromyalgia; neither was 

he considered to have CFS (both major but only six minor symptom criteria). Skin 

biopsy of thoracic wall lesions showed hyperkeratosis with patchy acanthosis. There was 

a lymphohistiocytic infiltrate of the dermis, particularly profuse around one pilosebaceous 

follicle and elsewhere around small vessels in the dermis, extending down into the mid

dennis. A Warthin-Starry stain for spirochaetes was negative. 
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Plate 4.15 Appearance of rash on Case 3. 

A fencing contractor born in the Wingham area, he lived in Glen Innes between 1976-

1989. In 1986 when working in Washpool National Park (near Grafton), clearing fire 

trails, he sustained many tick and leech bites. Following removal of one of these ticks 

from the back of his neck, he developed an erythematous rash of about 10cm diameter 

that persisted for "a few weeks" . He was unsure of the exact temporal relationship 

between bite and onset of rash. In 1987, an erythematous rash (8cm diameter with central 

clearing) occurred on his right thigh that lasted for " months" but resolved without 

treatment. 

In June 1992 he had doxycycline, 100mg bid for 28 days, with no improvement in rash 

or symptoms. Following consultation in July he had roxithromycin (300mg bid) with 

cotrimoxazole (double strength tablets, DS one bid for 21 days). Within 2 weeks of 

commencement of the latter combination, all symptoms resolved, skin lesions persisted 

but were much less erythematous. Symptoms recurred to previous levels within two 

weeks of treatment completion. He recommenced roxithromycin ( 1.50mg bid), which he 
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took for 20 weeks. Skin lesions doubled in size but started to fade from week 16, 

disappearing over the subsequent two weeks. As the lesions began to fade, his other 

symptoms also began to recede. Following cessation of therapy musculoskeletal 

symptoms, paresthesiae, lethargy and fatigue had resolved, allowing him to return to 

manual labour for the first time in two years. Symptoms reappeared two months 

following cessation of antibiotics and by June 1993 he had reverted to his previous 

cond.ition. 

(iv) CASE 4 

A 60 year old male from Tea Gardens, north of Newcastle, presented in April 1992 for 

evaluation of an illness of 3 years' duration. Born in England, he had been in the Royal 

Navy until 1%3 thereafter living in Australia, moving to Tea Gardens in 1984, where he 

sustained multiple tick bites. Symptoms dated from an acute episode in 1989 when he 

removed a number of non-adult ticks from his scalp. Following removal be developed 

oedema, erythema, discomfort of the scalp, which was diagnosed as a hypersensitivity 

reaction. In the ensuing 2 months he had hyperesthesiae of the scalp, paresthesiae of the 

left face, arm, and leg with patient-reported left facial weakness. In late 1990 he 

developed a non-tender erythematous rash ( 10 cm by 20 cm) over the anterior abdominal 

wall near his belt line where he had recently removed a tick. He was unsure how soon 

rash onset followed tick removal. This resolved 3-5 days without treatment although 

generalised myalgias occurred for "some days afterward". In September 1991 he had a 3 

week episode of arthralgias of both knees and ankles with swelling of both ankle joints. 

At this time he again had generalised myalgias, especially prominent in the right shoulder 

region. Joint symptoms resolved without any specific treatment. Other symptoms 

included persistent fatigue worse after exertion, generalised muscle weakness, 

headaches, poor memory and concentration difficulties. In March 1992 he developed 

marked exacerbation of myalgias, arthralgias and left-sided paresthesiae during a course 

of doxycycline therapy given by his local doctor ( 100mg bid for 21 days). Symptoms 
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were especially worse during the third week of therapy. 

Physical examination in April 1992 showed osteoarthritis of the right wrist, reduced 

range of movement of the right shoulder and cervical spine; muscle pain on palpation of 

the right trapezius and supraspinatus and normal neurological examination. Despite 

widespread muscle pain, he lacked sufficient tender points for fibromyalgia, but did 

satisfy the criteria for CFS. 

Following this consultation he received an additional course of doxycycline (100mg bid 

for 30 days). Myalgias, arthralgias and fatigue worsened over the first 14 days, then 

improved with complete disappearance of myalgias and arthralgias. He was able to move 

his right shoulder freely for the first time in two and a half years. Symptoms recurred in 

October 1992, especially myalgias, arthralgias of hands, fingers and scalp 

hyperesthesiae. Physical examination was normal apart from the above mentioned 

osteoarthritis of the wrist. Treatment comprised a 21 day course of roxithromycin and 

cotrimoxazole and thereafter, symptoms gradually improved. Reviewed in February 1993 

showed him to be well apart from mild lethargy, however, from March 1993 he again 

deteriorated, with return and persistence of previous symptoms. He has not had any 

further antibiotics and was unchanged on review in June 1993. 

(v) CASE 5 

A 52 year old female who had lived in the Nowra district since 1%9 presented in March 

1992 for evaluation of an illness of 2 years duration. In November 1989 she developed a 

large (> 10cm diameter) pruritic, erythematous rash with central clearing and more 

prominent erythematous margin on her lateral abdominal wall first appearing six hours 

following the removal of an adult Ixodes holocyclus tick, which she had acquired in her 

garden. The rash was treated with topical corticosteroids and oral antihistamines, 
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resolved over 72 hours but reappeared at the same site eight days following the tick bite 

and was of similar appearance and size with a more prominent central area of erythema of 

lcm diameter at the site of the actual bite. It was accompanied by multiple urticaria! 

papules and plaques (up to 2cm diameter) over her trunk. These skin lesions all persisted 

until mid-January 1990. In June 1990, the original rash reappeared (reaching > 10cm 

diameter) foll.owing administration of antibiotics peri-operatively for abdominal 

hysterectomy and resolved without treatment within one week. In September 1990 the 

original rash recurred at the same site (> 10cm diameter) and was associated with fevers 

and rigours. It resolved over 2-3 days. Between November 1990 and June 1991 the rash 

reappeared six times at the original site but resolved spontaneously over 2-3 days. 

However, on three occasions it recurred upon commencement of oral amoxycillin 

prescribed for exacerbations of asthma. The rash was photographed on a number of 

occasions (Plate 4.16). 

Plate 4.16 Appearance of rash on Case 5 
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In 1991, she experienced low grade fevers , generalised muscle weakness and pain, 

arthralgias, fatigue worse after exertion, memory and concentration difficulties, insomnia 

and somnolence. In February 1992 a recurrence of rash was treated with a seven day 

course of doxycycline (100mg daily) with resolution by day five of therapy. When first 

evaluated in March 1992 physical examination was normal with no rash evident. Two 

weeks following consultation, the rash reappeared. She consulted a dermatologist who 

biopsied a 3cm diameter erythematous lesion at the usual site and prescribed doxycycline 

(100mg bd) for 28 days. Biopsy showed a mixed superficial and deep perivascular and 

patchy interstitial infiltrate of eosinophils, plasma cells and occasional macrophages, with 

epidermis appearing normal and a modified Warthin-Starry stain for spirochaetes was 

negative. On day four of doxycycline she developed fevers, generalised myalgias and 

severe headaches ("felt like the 'flu"), that gradually eased over five days although the 

rash did not fully resolve. The patient was then treated with 14 days of ceftriaxone (2g IV 

daily). Within 24 hours of commencement she experienced recurrence of myalgias, 

increased erythema of the skin lesion. These gradually subsided with the rash 

disappearing by day 13 of therapy. She satisfied both major and eight minor symptom 

criteria for the diagnosis of CFS but despite the widespread muscle pain had too few 

tender points to satisfy the criteria for fibromyalgia. 

Over the next nine months she gradually improved but had persistent generalised 

myalgias, arthralgias, fatigue, lethargy, neuropsychological complaints palpitations and 

atypical chest pain. Evaluation by a cardiologist could find no cardiac abnormality. 

Follow-up physical examination has been normal. The rash briefly recurred but was of 

small size in July 1992 following a course of oral amoxycillin. The only history of 

overseas travel was a South Pacific cruise in 1969 (Fiji, New Caledonia and New 

Zealand). 
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(vi) CASE 6 

A 41 year old female from Turramurra, north of Sydney, New South Wales, presented in 

August 1991 for evaluation of an illness of 12 months duration. Upon return from a three 

week holiday to Kakadu, east of Darwin, she noticed a tick embedded in the skin behind 

her right knee. It was removed, with little surrounding reaction. Six days after the tick 

was removed, she stayed in another tick infested area and four days latter she became 

unwell. She suffered malaise and a large, pruritic, erythematous rash over her right 

shoulder/back region. The rash had a definite edge and central clearing. Similar smaller 

lesions also appeared in other sites. She developed painful, swollen knee joints. In 

August l 990 she was treated with doxycycline ( 100mg bd) for four weeks. The rash 

recurred at least six times in various sites following treatment. A day after starting another 

course of doxycycline (100mg bd) the rash became much more prominent and she 

developed fever, bilateral knee pain and effusions. These resolved, but reappeared four 

weeks following treatment. 

In August 1991 she presented with conjunctivitis, small petechial subconjuctivital 

haemorrhage in the bulbar conjunctiva inferiorly in the left eye; mild neck stiffness; and 

four erythematous, slightly scaling skin lesions (max. size 4cm by 3cm) on right 

forearm, left lower leg, right lower leg and right post-auricular region. These lesions 

were compatible with erythema migrans. She commenced Ceftriaxone (2g/d). In the first 

few days following therapy she experienced an increased erythema of rash, fever, flare of 

arthritis in both knees, headaches, backache, myalgias and neck stiffness, but after 

completing three weeks of therapy was well. 

In September 1993, she presented indicating a return of symptoms, particularly myalgias 

in the right shoulder and episodic urticaria! rash. The rash was predominantly on the 

trunk and on the back of the neck associated with erythema of the earlobes and behind the 

ears (Plate 4.17). There was no fibromyalgia and joints were normal. 
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Plate 4.17 Appearance of rash on Case 6 

In November 1993 she recommenced ceftriaxone therapy. Following three days of 

treatment she developed a rash on her back and legs without fever. She felt unwell, and 

had quite obvious swelling of both knee joints between days 4 and 8 of the treatment. On 

day 8 she developed some edema and discolouration with erytbema of her right face. 

These symptoms resoJved but after two weeks of therapy had persistent swelling of her 

right knee joint without any tenderness and a tippabJe spleen. Doxycycline (100ml b.d.) 

was added to her treatment regime for 8 weeks, and thereafter, a further 100mg once 

daily for eight weeks. 

On review in December 1993, she felt much better, however still presented with pressure 
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behind the eyes, and mild lethargy. 

(v) CASE 7 

A 41 year old female from Avalon, a suburb in the Northern Beaches of Sydney, 

presented in May 1992 for evaluation of an illness of 12 year duration. Her history began 

in 1982 following a holiday near Lismore, NSW, where she spent time on a farm and 

considerable time bush walking. She did not remember a tick bite on this occasion, but 

had been bitten numerous times in this area in the past. 

She returned to Avalon, (where she currently resides), and approximately three weeks 

later developed nausea, "flu-like" symptoms and fatigue. She experienced a recurring 

erythematous lesion on her face that lasted 2-3 days (Plate 4.18). She developed myalgia 

and arthralgia in the knees, hips and shoulders. 

Plate 4.18 Appearance of lesion on Case 7 
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In April, 1987 she was hospitalised with a meningitis-like illness, followed by continuing 

polymyalgia, polyarthralgia, an inability to concentrate and intermittent erythematous 

lesions on her face. No abnormalities were found in her CSF sample. On discharge she 

still suffered photophobia, audiophobia and non-specific pain. Diagnosis was pain of 

"uncertain origin". 

By 1989 all symptoms had worsened. She was unable to walk long distance and could 

not maintain employment. In 1990 she was diagnosed with CFS and depression. In 1991 

a skin biopsy of the lesion on her left forehead was taken. A Warthin-Starry silver stain 

of this biopsy was examineo in the Department of Anatomical Pathology, Royal North 

Shore Hospital, Sydney. The report stated; "silver staining reveals occasional 

spirochaete-like forms somewhat suggestive but not diagnostic of Borrelia" (Plate 4.19). 

She commenced 28 days of 2 g daily IV Ceftriaxone with resultant Herxheimer reaction. 

On completion of treatment she still suffered tinnitus, neuralgia, joint pain and skin 

lesions. 

In 1992 she had Rulide (300 mg b.d.) for 8 weeks. She did not report any improvement. 

Continual antibiotic treatment was ineffective. In 1995 she commenced Doryx and 

Amoxil and following a mild worsening of symptoms, she noted a slight improvement. 

Since this time her condition has worsened, regardless of intermittent use of antibiotic 

treatment. 

Western blot serology of seven patients 

The serum of each patient was tested using the three strains of B. burgdorferi: B. 

burgdorferi sensu stricto (B31); B. garinii (NBS-16) and B. aftelii (ACA-1).Their 

results are shown in Plates 4.20, 4.21 and 4.22; and are summarised in Table 4.2. 
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U4E 1 

ROYAL NORTH SHORE HOSPITAL 
DEPARTMENT OF ANATOMICAL PATHOLOGY 

Phone 438-7085 
438-7329 

Ward/Clinic Copy 

Name 
Cll6E 7 -

Address 

Date of Birth 30/04/1954 

A,M.O. 
R.M.O. : HUDSON 

Previous Biopsies : A9381/91 

SPECIMEN TYPE : SKIN BIOSPY , 

CLINICAL NOTES: 

HISTOPATHOLOGY REPORT 
FINAL 

Sex: F 

Provider No. 
Item No. 

Printed 20 Sep 1995 

Accession No. : A8601/91 

Unit No. 00697925 

Date Requested 10 Nov 1991 
Date Received 14 Nov 1991 

Ward/Clinic MIC 

Lyme disease, disease 3 years ago. Still recurrent ECM rashes. 
Lesion R. forearm. No recent abiotics. 

MACROSCOPIC: 
"Skin biopsy". The specimen consists of a punch biopsy of skin 3 x 2 x 1mm. 
All embedded. 

MICROSCOPIC: 
The epidermis appears normal. There is a predominantly lymphoid perivascular 
and interstitial infiltrate in the superficial and deep dermis. Mild dermal 
oedema is present. There is no evidence of vasculitis. Silver staining 
reveals occasional spirochaete-like forms somewhat suggestive but not 
diagnostic of Borrelia. 

COMMENT:. The overall histological appearances are non-specific but may be 
consistent with Lyme disease in the appropriate clinical and microbiological 
setting. JF 

Pathologist Dr. Fryer 06 Jan 1992 *** End of Report*** 

Plate 4.19 Histopathology report for skin biopsy from Case number 7. 

(Curtesy of Royal North Shore Hospital, Sydney) 

r , 

( ~-
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Plate 4.20 Immunoblot using B. burgdoferi sensu stricto (B31) as 

antigen source. Lane 1 - MAb's H9724 and H5332 (Flagellin and Osp A 

respectively) ; Lane 2 - MAb H6831 (Osp B); Lanes 3 to 9 - Cases lto 7 

respectively. 
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Plate 4.21 Plate 4.22 

Plate 4.21 Immunoblot using B. garinii (NBS-16) as antigen source. 

Lane 1 - MAb H9724 (flagellin), Lane 2 - MAb H5332 (Osp A), Lanes 3 

to 9 - Cases 1 to 7 respectively. 

Plate 4.22 lmmunoblot using B afzelii (ACA-1) as antigen source.Lane 

1 - MAb H9724 (flagellin), Lane 2 - MAb H5332 (Osp A), Lanes 3 to 9 -

Cases 1 to 7 respectively. 

OspA 
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4.6 Discussion 

For all the reasons that have been discussed extensively in Chapter 3, it is unlikely that a 

microbiological diagnosis of LB can be established at present in Australia; adequate 

conditions for primary isolation have yet to be established, and experience elsewhere 

indicates that the recovery rate from clinical specimens is low. In differentiating LB from 

other forms of chronic illness there are three major considerations. Firstly, LB is usually 

a clinical diagnosis, based on a typical history of illness and associated with an antecedent 

tick bite in an area of known endemicity. Secondly, LB patients usually have serological 

markers of past exposure fo B. burgdorferi. Finally, it is necessary to exclude other 

possible causes of illness. The primary objective of this Chapter has been to develop and 

evaluate an immunoblotting procedure for the detection of LB antibody, and to use this 

test in association with patients who are likely to have the disease. In other words, the 

basis of the study in this Chapter was to determine whether Australian patients with 

clinical LB had antibody to B. burgdorferi. 

Previous serological studies in Australia suggest a low level of seroprevalence for LB 

positivity (Doggett et al., 1992; Munro and Dickeson, 1989). These studies, however, 

have several major shortcomings. First there is no documentation to indicate whether 

those tested had clinical signs or history of possible LB, and secondly, the tests were 

based on ELISA or IFA, both of which are of dubious sensitivity and specificity. 

Additionally, all the diagnostic serological tests used for LB in Australia at that time were 

commercial productions, based upon B. burgdorferi sensu stricto (B3 l) as the antigen. 

In adopting the immunoblot approach, it was realised that little was known of the 

relatedness of the Australian strains to those isolated in the northern hemisphere. 

However, the discovery that B. burgdorferi types were antigenetically heterogenous, 

particularly with regard to Osp A reactivity (Wilske et al., 1993), indicated that it might 

be prudent to test likely Australian LB patients against a range of B. burgdorferi types. 
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Thus, although immunoblotting kits were commercially available, it was decided that a 

properly evaluated and standardised procedure was essential in Australian circumstances. 

The immunoblot procedure was based on that described originally by Towbin et al., 

1979. To ensure that the method was reliable and reproducible, each step was evaluated 

and has been reviewed at the beginning of this Chapter. The finalised procedure was then 

compared to a commercial immunoblot kit (Accublot) [Section 4.3). For both 

immunoblots, B31 was the source of antigen. When tested using a panel of 12 sera, 

including the positive and negative controls supplied with the commercial kit (Plates 4.8 

and 4.9), the "in-house" immunoblot was of superior sensitivity in that the antibody 

staining bands were of greater intensity. More significantly, the "in-house" immunoblot 

identified the existence of anti-borrelial antibodies in the sera of eight candidate Australian 

LB patients. At least three had strong Osp A reactions, only one of which was detected 

by Accublot. On the basis of this comparison, it was decided that the immunoblotting 

method was suitable for assessing the LB antibody status of Australian patients with the 

LB-like syndrome. 

As mentioned previously, it was decided at the outset that every serum sample would be 

tested in three immunoblot reactions, each representing one of the three known LB 

genotypes. Accordingly, batches of nitrocellulose strips were prepared to which had been 

transferred the electrophoretically separated polypeptides of B. burgdorferi sensu stricto 

(B31), B. garinii (NBS-16) and B. afzelii (ACA-1). In a preliminary screening 

experiment using five possible positive sera (Plates 4 .10 - 4.12) an unusual and 

unexpected result was obtained. Several patients (Hand T), in addition to being flagellin 

positive, had antibodies that recognised only one of the three Osp A antigens, namely that 

of B. aftelii; others recognised other Osp A's. Despite the small sample size, it appeared 

that individual responses differed from each other both in the numbers of 

immunodominant antigens recognised and the recognition of different Osp A epitopes. A 

possible explanation for this diversity is that a variety of B. burgdorferi sensu Jato types 

may be circulating in Australia; 
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The next issue to be faced was to decide what constituted a seropositive reaction, in the 

Australian context. In had rapidly become clear that negative sera were characterised 

either by the complete absence of stained bands or comprised mainly faint, indeterminate 

discolouration. Likely positives almost always had a medium to strong IgG band at the 

position of the 41 kDa (flagellin) polypeptide. In addition to other bands, samples were 

likely to be considered positive if they reacted strongly with the 31 kDa (Osp A) antigen 

of one of the three test organisms. 

The complexities involved in interpreting WBs were considered in Section 4.4.3(b) . 

Immunoblots for 21 possible LB patients reacted with B3 l served as the focus of 

discussion (Plate 4.13). Applying the Dressler et al. (1993) criteria, which are strongly 

advocated in the USA, nearly half of the samples tested might be considered positive. 

Ironically, however, only one Dressler et al. (1993) negative sample (number 4) and one 

positive (number 21) would be considered to be positive in serological studies carried out 

in the later part of this study, while three or four others (numbers 9, 13, 16 and 17) might 

be tentatively classified as positive because of strong flagellin reactions. Because of the 

pressing need to determine the likely extent and severity of LB in Australia, the 

immunoblot was applied as a likely aid in diagnosis. With regard to all the difficulties and 

uncertainties in interpretation, it was decided that the presence of antibody to Osp A as 

well as antibody to flagellin should be the simple, guiding rule for discriminating positive 

from negative. In the light of the data presented in Plate 4.13, this is likely to increase the 

level of false negatives, but for preliminary serological evaluation this was considered 

preferable to the inclusion of likely false positives. 

As a practical means of determining the usefulness and specificity of the WB test for 

determining LB incidence and prevalence, the positivity rate of three groups of subjects 

was determined (Section 4.4.4), and the results obtained are shown in Table 4.1. The 

prevalence of LB serological markers was low (2.2 - 3.3% in both healthy young adults 
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and among a group of 56 patients suffering from a variety of chronic illnesses. In 

contrast to this, more than 55% of a group of 23 patients, considered on clinical grounds 

by Dr. B. Hudson to be likely LB patients, had antibodies both to the flagellin and Osp 

A. 

The final section of Chapter 4 (Section 4.5) is a lengthy description of the clinical 

findings, demographic features and LB serology of a group of seven likely LB patients. I 

am indebted to Dr. B. Hudson for providing the detailed clinical case histories, and the 

justification for inclusion of this information in this dissertation is that it reinforces the 

major difficulties confronted by those, who since 1883 (Section 1.1), have attempted to 

delineate the disease and determine its aetiology. In selecting patients, Dr. Hudson based 

his assessment on the criteria established by Centers for Disease Control, Alanta for the 

case definition of LB. Case histories, tick-bite and serological status are summarised in 

Table 4.2. 

Of the seven patients (Table 4.2), three had physician diagnosed EM (Cases 5, 6 and 7), 

and their subsequent illness and response to antibiotic treatment was compatible with LB. 

Only one of these three had a positive Warthin-Starry silver stain for spirochaetes (Case 

7). The interval between tick bite and onset of rash in Case 2 is suggestive of EM, while 

the rash in Case 3 was not typical EM but resembled the benign lymphocytic infiltration 

(Jessner-Kanof) report in LB (Abele et al., 1989). Both Case 1 and 4 had physician

observed joint swelling not explained by another cause, Case 1 (the child) had the typical 

presentation of Lyme arthritis as described by Steere et al. (1977b) in USA. Cases 1, 4, 

5, 6 and 7 satisfied the CDC surveillance case definition, while Cases 2 and 3 were 

strong candidates: Case 2 had a skin manifestation often associated with LB while Case 3 

was likely to have had EM without physician diagnosis. 

The six adult cases had a long history of illness (1 - 12 years), but LB could have been 

additive to pre-existing complaints. Each had systemic symptoms of widespread muscle 
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pain, arthralgias, fatigue; neuropsychological complaints were common. Case 2 satisfied 

criteria for fibromyalgia, a condition commonly seen in LB, which may persist despite 

otherwise successful antibiotic therapy (Sigal, 1989). Cases 2, 4, 5 and 7 satisfied 

criteria for CFS. Fatigue is an almost universal finding in early LB and is often persistent 

and severe, 39-85% of patients with late rheumatologic and neurologic manifestations 

reporting fatigue (Wokke et al., 1987). The clinical findings were consistent with those 

of Halperin et al. (1987), who recorded a variety of subtle neurologic syndromes 

including intermittent distal paresthesiae and radicular pain occurring in chronic LB. In 

Case 1, poor academic performance and subsequent marked improvement following 

ceftriaxone therapy, are compatible with neuroborreliosis. 

All patients had antibody to the flagellin of the 3 genospecies, and also had antibody to 

Osp A (Plates 4.20, 4.21 and 4.22). Variation in responsiveness to Osp A, as mentioned 

previously (Plate 4.10, 4.11 and 4.12) was found. Cases 1, 2, and 4 reacted only with 

Osp A of B. afzelii; Cases 5, 6 and 7 reacted only with the Osp A of B. garinii; and 

Case 3 reacted only with the Osp A of B. burgdorferi sensu stricto (Table 4.2). This 

finding is probably explained by serotyping studies of Wilske et al., 1993, who 

demonstrated immunological variation in the Osp A of each the genospecies. Once again, 

the results also suggest that more than one genospecies of B. burgdorferi sensu lato may 

occur in Australia. The clinical pattern of illness of individual patients did not correlate to 

Osp A reactivity, neither was there any geographical clustering (Discussed further in 

Chapter 5). Variations in seropositivity, depending on the genotype used as antigen, may 

explain in part why earlier serological studies (Doggett et al., 1992; Munro and Dickeson, 

1989) found only low level of overall positivity. 



Chapter 5 The sero-epidemiology of Australian Lyme borreliosis: a 

preliminary investigation 

5 .1 Introduction 
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Studies reported so far in this dissertation all began because of curiosity concerning 

anecdotal reports that a disabling Lyme-like illness was occurring in humans and animals 

in the Wingham region of eastern coastal NSW. Fragile borrelia-like spirochaetes were 

observed in microbial cultures of ticks from this region (Wills and Barry, 1991) and it 

was suggested that these agJnts may be responsible for the illness. Many attempts were 

made to improve the growth conditions for these agents, so far without success. Thus, 

although the structural, antigenic and molecular data presented in Chapter 3 strongly 

support the conclusion that Lyme borreliae occur in Australia, it has not yet been possible 

to establish a direct link between the occurrence of spirochaetes in ticks and the 

development of illness. Other authors have gone so far as to suggest that there is no 

Lyme borreliosis in Australia (Russell et al., 1994), although the detection of LB specific 

antibodies in a number of patients (Chapter 4) argues against this possibility. 

The second phase of this study began when a small number of physicians contacted this 

laboratory and discussed the feasibility of a serological procedure that might help them 

differentiate the LB-like syndrome from other forms of chronic musculo-skeletal illness. 

Included among those who expressed interest in improved laboratory testing was Dr. B. 

Hudson (see Chapter 4), many of whose patients lived on the northern beaches peninsula 

of Sydney, a heavily tick infested area; others also practiced in areas notable for the 

frequency of tick-bite, such as the Umina region of the New South Wales Central Coast, 

and the Taree-Wingham region. It was with sera from suspected patients provided by 

these physicians, that the WB test described in Chapter 4 was developed and evaluated. 

On the assumption that the local disease entity was reasonably commonplace and caused 

by spirochaetes of the borrelial family, it was anticipated that the prevalence of disease 
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would be strongly influenced by the geographical distribution of ticks and by risk factors 

such as occupational exposure to repeated tick bites (Smith et al., 1988). It was also 

assumed that, like patients with LB elsewhere in the world, Australian patients would 

have serological markers of past exposure to LB-specific antigens. 

Unable to use antigens from indigenous tick-associated spirochaetes, the WB was 

developed using the widest range of known LB genospecies. As shown in Chapter 4, 

suspected Australian LB patients usually have antibody to various major 

immunodominant antigens of B. burgdorferi (Plate 4.13). Because of uncertainties 

concerning the origin and specificity of many of these immunodominant antigens, the 

criterion adopted for seropositivity in this study was the presence of antibody to the well

characterised polypeptides Osp A and flagellin. When this standard was used to compare 

the serological status of likely LB patients with that of others (Table 4.1), both the 

sensitivity and specificity of the WB test indicated that it not only had value as a 

diagnostic procedure, but that it might shed light on the community prevalence of the 

disease. 

Accordingly, as requests for serological examination became more frequent, samples for 

testing were accumulated from various regions of eastern coastal New South Wales. Each 

sample was tested exactly as described in Chapter 4, namely against the antigens of all of 

the three B. burgdorferi genospecies. What has emerged is a pattern of LB seropositivity 

among many patients with chronic, under-diagnosed musculo-skeletal pain who live and 

work in regions that are tick infested. 

This brief Chapter provides a preliminary overview of the geographical distribution of LB 

seropositivity, and is essentially a pilot survey intended as a first step towards 

establishing the incidence and prevalence of Australian LB. 
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Specimen details 

A steady demand has developed for LB diagnostic WB serology, based partly on 

increased physician awareness of the LB illness, but also because of increased 

expectation from the community. Since 1993, a standardised diagnostic procedure has 

been adopted, in which 5 m1 samples of serum, usually dispatched from pathology 

laboratories on ice and delivered within 24 hours by courier, were received in the 

laboratory, given an accession number and processed within 1 week of arrival. All 

samples were from patients for whom LB was being considered as part of the differential 

diagnosis. Despite otherwife scanty historical information, samples were identified by 

patient name, sex, age and residential address. Each sample was tested in the triple WB 

and the results were recorded and reported as: 

1. Positive medium/strong Osp A and flagellin reactions 

2. Possible positive Osp A band, faint or no flagellin; 

strong flagellin only 

3. Negative Osp A and flagellin negative 

In this study only samples recorded as positive were included. All test results and patient 

data are maintained on permanent computer file. This pilot sero-epidemiological survey 

consists of samples received over an approximate 2 year period - from early 1993 till late 

1994, and comprises a total of 1043 samples. 

5. 2 Distribution of LB candidates with positive serology to 

Lyme borreliae 

Geographical areas studied 

The 1043 samples that comprise this survey have been collected from various medical 

practices in eastern coastal regions of New South Wales. In a study such as this it has not 
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been possible to survey other regions of the State. In addition to the data included here, a 

small number of seropositive samples were detected on the New South Wales south 

coast, mainly in the Jervis Bay-Batemans Bay area, but these have not been included. 

The main regions under consideration comprise five areas arbitrarily designated as: 

1. Far North Coast - Extending from Grafton, NSW, north to Brisbane, QLD; 

2. Mid North Coast- Extending from the Manning Valley, NSW, north to Grafton, 

NSW; 

3 . Hunter Valley - Extending from Lake Macquarie, NSW, north to the Manning 

Valley, NSW; 

4. Central Coast- Extending from Broken Bay, NSW, north to Lake Macquarie, 

NSW; and 

5. Sydney and District- Extending from Botany Bay, NSW north to Broken Bay, 

NSW. 

Each of these regions are indicated on Plate 5.1. 
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Plate S.1 Geographical division of east coast of Australia 
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The number and percentage positive subjects for each region is presented in Table 5.1; a 

total of 210 positive (20%) was obtained. Considered by district, the positive percentage 

rate varied from 10.8% (Region l) to 61.2% (Region 2). By far the largest number of 

specimens tested originated in the Sydney district, comprising more than half the total 

samples. 



Table S.1 Percentage of serologically positive patients in each region studied 

*Genospecies of B. burgdorferi Region 1 Re2ion 2 Re2:ion3 Region4 

No. +ve 1%+ve No. +ve 1% +ve No. +ve 1% +ve No. +ve 1%+ve 

B. afzelii 0 0 

B. Rarinii 4 4.8 

B. burRdorferi sensu stricto 2 2.4 

B. burgdorferi sensu stricto & 1 1.2 

B. afzelii 

B. burgdorferi sensu stricto & 0 0 

B. ~arinii 

B. afzelii & B. ~arinii 2 2.4 

B. burgdorferi sensu stricto & 0 0 

B. aftelii & B. ~arinii 

Total number tested in each region 83 

% of Total tested in each region 10.8 

with positive seroloev 
n 1 = Far North Coast Re ion 2 = Mid North Coast Regio 

* 
g 

Strains of genospecies used 
B. aftelii ACA-1 
B. garinii NBS-16 
B. burgdorferi sensu stricto B31 

9 

17 

2 

2 

2 

1 

0 

% positive in relation to the number tested in each region 

16.7 6 5.7 6 5 

31.5 9 8.7 8 6.8 

3 .7 2 1.9 I 2 1.7 

3.7 1 1 1 0.8 

3 .7 1 1 2 1.7 

1.9 1 1 2 1.7 

0 0 0 0 0 

54 104 117 

61.2 19.3 17.7 

Re 
. 
on 3 = Hunter Valle Re ion 4 = Central Coast y g 

Region 5 

No. +ve 1% +ve 

37 5.4 

59 8.6 

10 1.5 

9 1.3 

3 0.4 

4 0.6 

5 0.7 

685 

18.5 

Re ion 5 = S dne g y y 



Geographical distribution of borrelial genotypes. as determined by 

serology 
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The breakdown of seropositive samples is presented also in Table 5.1. and indicates the 

genotype of B. burgdorferi possibly involved as judged by the presence of Osp A 

antibody. Of a total of 210 seropositive samples, 173 (83%) reacted with only a single 

genospecies Osp A; the remaining 37 samples ( 18% ), reacted with more than one Osp A 

antigen, and were considered to be either mixed infections or multiple infections. The 

predominant positive seroreaction was to B garinii, for which 97 positives were 

detected. Next most frequent were positive reactions to B. aftelii (58) and then B. 

burgdorferi sensu stricto (18). The predominance of B. garinii positive reaction over 

that of other serotypes was found to occur in each of the survey regions. 

The serological data presented in Table 5.1 is shown pictorially in Plates 5.2 - 5.6, as an 

attempt to highlight the geographical distribution of LB positive individuals. 
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Plate S.4 Region 3 (Hunter Valley) - Locations of suspected infection 

of individuals with antibody to both the Osp A and flagellin of either one 

or combinations of the three genospecies of B. burgdorferi (as indicated 

by coloured dots) 



Colour code 

Antibody to the fi agellin & Osp A of: 

B. aft,elii only 

B. garinii only 

B. hurgdorferi sensu stticto only-

B. burgd01:feri sensu stricto & B. afzelii-

8. burgdo1feri sensu stricto & B. gaTinii 

B. afzelii & B. garinii-

B. burgd01feri sensu stricto & B. ajzelii & B. garinii 9 H: aaEtU H 

CENTRAL COAST 
Holiday Map 
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Plate 5.5 Region 4 (Central Coast) - Locations of suspected infection 

of individuals with antibody to both the Osp A and flagellin of either one 

01· combinations of the three genospecies of B. burgdorferi (as indicated 

by coloured dots) 
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Plate 5.6 Region S (Sydney and District) - Locations of suspected 

infection of individuals with antibody to both the Osp A and flagellin of 

Colour 

Antibody to the flagellin & Osp A of: 

B. aft,elii only

B. garinii only 

B. burgdorferi sensu stiicto only-

B. burgdorferi sensu stricto & B. aft,elii

B. burgdorferi sensu stricto & B. garinii 

B. aftelii & B. garinii -

B. burgdorferi sensu stricto & B. afzeLii & B. garinii

Number inside dot indicates more than one +ve in area 
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5. 3 Discussion 

LB bas a wide-range of clinical manifestations, particularly in late stage disease, and the 

well-known shortcomings of LB serology often create diagnostic problems, even in those 

regions of the world where the existence of the disease is well established. In the 

Australian context, the WB was developed to help in the detection of likely LB patients, 

and the accumulating body of inferential data presented elsewhere in this dissertation 

points to the conclusion that LB is a reality in this country. 

Extrapolating from detailed studies of a small number of likely patients, and the 

serological findings in these patients (Chapter 4), it was concluded that the WB test could 

provide helpful diagnostic guidance to physicians, particularly to those who practice in 

regions of the country from which the anecdotal reports of LB-like illness originated. 

However, there remains the important consideration of what constitutes a positive WB. 

For diagnostic purposes, only those patients with appropriate history and symptoms, 

plus a WB with positive reactions to both Osp A and flagellin were considered positive. 

The stringency of this standard was assessed (Table 4.1) and it was found that positive 

WB was associated with more than 50% of those with LB history, whereas only 2-3% of 

control subjects were positive. 

The serological survey presented here developed from the need for more accurate disease 

diagnosis, and represents the findings from more than 1000 samples accumulated over a 

two year period. The survey is limited in scope for a variety of reasons, and the results 

presented have been confined only to geographical whereabouts of positives, and 

antigenic types of B. bw-gdorferi. The primary intention behind the study was to obtain a 

preliminary estimate of the possible burden of illness, and some guidance as to the likely 

B. burgdorferi genotype involved. It has not been possible to design or implement a 

conventional seroepidemiology study aimed at detecting the overall incidence and 
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prevalence of disease, although the preliminary findings now suggest that such detailed 

studies would be appropriate. 

The study was based simply on specimens received from interested and informed 

physicians and the results have been considered by geographical location. Of significance 

is the finding that there were 210 patients from a total of 1043 who were seropositive. 

While a small percentage (2-3%) may represent false positives, the number of positives 

may still be an under-estimate. The reason is that, as the study progressed, increasing 

numbers of subjects presented with a recent history of tick-bite associated illness; many 

bad received antibiotic the111py. As there is an incomplete occurrence of LB antibodies 

early in the disease, many of these subjects who were recorded as possible positives, and 

who have not been included in Table 5.1, may be genuinely positive. 

A significant number of LB seropositive results was obtained for each of the five coastal 

regions covered by the survey. Despite increasing awareness of the likely existence of LB 

in Australia, this survey is noteworthy for the virtual absence of requests from regions 

other than those listed in Table 5.1, with the exception of the Australian Capital Territory 

(ACT). Data from the ACT have not been included because seropositives from Canberra, 

unlike most of those from regions 1-4, all associated their LB illness with tick-bites 

acquired on the NSW South Coast. The likely explanation for the geographical 

distribution of cases is that the frequency of LB positivity is a reflection of the 

distribution and density of tick vectors. 

Munro and Dickeson (1989) compared the seroprevalence rates for B. burgdorferi 

infection in 400 healthy blood donors from high tick exposure groups (rural residents) 

and low tick exposure groups (urban residents) in NSW; they found an overall 

seropositivity rate of 2.2% with no significant difference between rural and urban 

groups. 
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The apparent discrepancy between these findings and those reported above can probably 

be attributed to several factors, which include selection of study subjects and methods for 

determining seropositivity. In this study, seroprevalence in non LB subjects as 

determined by specific WB is 2-3% (Table 4.1); in carefully evaluated subjects with 

clinical illness it was 55%, but the total number of subjects (23) was small. It could be 

that the overall seropositivity of LB in unselected Australian subjects is of the order of 1-

. 3%, but subject selection, as it was in this study, biased the detection rate to a higher 

level. Additionally, WB provided a more sensitive detection system then the B. 

burgdorferi B31 ELISA system used by Munro and Dickeson, 1989. 

With regard to seropositivity, the findings for the 5 regions of NSW tabulated in Table 

5.1 are interesting. By far the largest test group was the 685 subjects from Sydney, with 

overall occurrence of 18.5%. The positive specimens were not distributed randomly 

throughout the city (Plate 5.6), but occur predominantly in the north-eastern suburban 

areas. Unlike the inner city and inner western suburbs, which are free of ticks, the most 

positive subjects live on the fringe of a major national park (Kuringai/Broken Bay); many 

reported a history of antecedent tick-bite. For both the Central Coast and Hunter Region, 

although the number of specimens tested was much less then for Sydney, the detection 

rate was similar to that reported in Region 5, and the patients all lived or worked in tick

infested area (Plates 5.4 and 5.5). Fewer specimens were obtained from both Regions 1 

and 2, but the overall serological findings imply that, during 1993/94, there was 

. apparently much more LB-like illness in the Manning Valley to Grafton region, then in 

the region between Grafton and the Queensland border. In each area patients were from 

tick-infested regions (Plates 5.2 and 5.3). 

Unfortunately, the information provided in Table 5.1 cannot be interpreted in terms of 

seroprevalence, but nevertheless lends support to the conclusion that an indigenous LB

like illness, associated with tick bite and LB sere-conversion, occurs annually throughout 

tick-infested areas. As such it becomes a matter of public health concern and deserves 
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further detailed investigation. 

Another significant conclusion to be derived from the data presented here is that, unlike 

the USA, the spirochaetes responsible for LB are more likely to prove to be of the B. 

garinii or B. aftelii genotypes, rather than B. burgdorferi sensu stricto. Even so, 

infections attributed to all three genotypes were detected, with infections by B. 

burgdorferi sensu stricto significantly less common then the others. In the absence of 

detailed demographic data it is impossible to estimate how many positive patients 

contracted LB as the result of foreign travel. 

The ecology of the Lyme borreliae themselves is complex and involves a number of 

mammals, birds, reptiles and blood sucking arthropods. With regard to the ecology of 

likely Australia borreliae, nothing at present is for certain. However the demonstration 

that Borrelia sp. occur in the seabird tick, Ixodes uriae collected from seabird colonies in 

Sweden (Olsen et al., 1994) suggests that the global spread of LB could be associated 

with bird migration. Seabird colonies in Iceland, Faroe Islands, Alaska, Labrador and 

New Zealand carry /. uriae ticks that have been shown by microscopy, 

immunofluorescence and PCR to contain B. garinii (Olsen et al., 1994). The implication 

of their ecological observations is that infections by B. burgdorferi sensu lato may be 

regularly introduced into Australia by bird migration. 
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APPENDIX A - COMP ANY ADDRESSES 

The following is a summary of the addresses of the companies that supplied 

laboratory reagents and materials as stated in Chapter 2. 

AJAX 

Auburn 

NSW, AUSTRALIA 

AMERSHAM 

North Ryde 

NSW, AUSTRALIA 

BDH/ANALAR 

Merck Proprietary Limited 

207 Colchester Road 

Kilsyth, Victoria 3137, AUSTRALIA 

BDH CHEMICALS AUSTRALIA PROPRIETARY LIMITED 

207 Colchester Road 

Kilsyth, Victoria 3137, AUSTRALIA 

BECKMAN INSTRUMENTS INCORPORATED 

Beckman Instruments (Australia) Proprietary Limited 

24 College Street 

Gladesville, NSW 2111, AUSTRALIA 

BECTON DICKSON LABW ARE 

Becton Dickson and Company 

2 Bridgewater Lane 

Lincoln Park, NJ 07035, USA 

BETHESDA RESEARCH LABORATORIES (BRL) 

Life Technologies Incorporated 

845 l Helgerman Court 

Gaithersburg, MD 20877, USA 



BIO-RAD LABORATORIES INCORPORATED 

2000 Alfred Nobel Drive 

Hercules, CA 94547, USA 

BOEHRINGER MANNHEIM GmbH 

Biomedica 

D-68298 Mannheim, GERMANY 

BRESATECH 

Adelaide 

SA, AUSTRALIA 

CROWN CORNING (CROWNING GLASS WORKS) 

Moorebank A venue 

Moorebank, NSW 2170, AUSTRALIA 

COMMONWEALTH SERUM LABORATORIES 

Melbourne, AUSTRALIA 

CYTOSYSTEMS 

Castle Hill 

NSW, AUSTRALIA 

DIFCO LABO RA TORIES 

PO Box 331058 

Detroit, MI 48232-7058, USA 

EPPENDORF 

FLOW 

Eppendorf - Netheler - Hinz - GmbH 

22331 Hamburg, GERMANY 

Seven Hills 

NSW, AUSTRALIA 

GELMAN SCIENCES INCORPORATED 

600 South Wagner Road 

Ann Arbor, MI 48106, USA 

Page 281 



GIBCO BRL 

Life Technologies Limited 

PO Box 366 

Glen Waverley, Victoria 3150, AUSTRALIA 

GIBCOBRL 

Life Technologies Incorporated 

8451 Helgerman Court 

Gaithersburg, MD 20877, USA 

GRADWOHL LABORATORIES 

St. Louis 

Mo. USA. 

HERAEUS 

Terry Hills 

NSW, AUSTRALIA 

HOECHST 

Kingsgrove 

Victoria, AUSTRALIA 

HOEFER SCIENTIFIC INSTRUMENTS 

654 Minnesota Street 

PO Box 77387 

San Francisco, CA 94107-0387, USA 

ICN BIOMEDICALS INCORPORATED 

Unit 12/31 Seven Hills Road North 

PO Box 187 

Seven Hills, NSW 2147, AUSTRALIA 

ICN BIOMEDICALS INCORPORATED 

1263 South Chillcothe Road 

Aurora , OH 44202, USA 

KODAK(AUSTRALIA) PTY LTD. 

Melbourne, 
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AUSTRALIA 

MILLIPORE 

Bedford, MA, 01730 

USA 

MSE SCIENTIFIC INSTRUMENTS 

Manor Royal 

Crawley, Sussex RHlO 2QQ, ENGLAND 

NUNC A/S 

Kamstrupvej 90 

Kamstrup 

DK - 4000 Roskilde, DENMARK 

OXOID LIMITED 

Wade Road 

Basingstoke, Hampshire RG24 OPW, ENGLAND 

PHARMACIA 

North Ryde 

NSW, AUSTRALIA 

PROMEGA CORPORATION 

2800 Woods Hollow Road 

Maddison, WI 53711-5399, USA 

SCHWARTZ/ MANN BlOTECH 

Division of ICN Biomedicals lncorporated 

Cleveland, OH 44128, USA 

SIGMA CHEMlCAL COMPANY 

PO Box 14508 

St Louis, MO 63178, USA 

SILENUS LA BORA TORIES PROPR1Ef ARY LIMITED 

5 Guest Street 

Hawthorn, Victoria 3122, AUSTRALIA 
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SQUIB 

USB 

Blexandra 

NSW, AUSTRALIA 

Cleveland 

Ohio, USA 

WHITT AKER BIOPRODUCTS INC. 

Biggs Ford Road 

Walkerville, MD 217930127 
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APPENDIX B - BUFFERS AND SOLUTIONS 

General 

B.1.1 Phosphate Buffered Saline (PBS) 

Reagent Quantity Supplier 
Sodium chloride 8.0 g BDH/ANALAR 
Potassium chloride 0.2 g BDH/ANALAR 
Disodium hydrogen phosphate 1.15 g BDH/ANALAR 
Potassium dihydrogen phosphate 0.2 g BDH/ANALAR 
Distilled water lL 
Preparation notes: Dissolve in water, pH 7.5. Autoclave if required. 

Culture Media 

B.2.1 BSK-11 

Reagent (Juantity Supplier 
Double distilled water 900ml 
CMRL 1066 (lOx) w/o glutamine 100ml Gibco BRL 
Trisodium citrate 0.7 g BDH/ANALAR 
Neopeptone 5g Difeo 
Bovine serum albumin fraction V 50 g Sigma 
HEPES* 6g Sigma 
Glucose Sg Sigma 
Yeastolate 2g Difeo 
Sodium Pyruvate 0.8 g Siroia 
N-acetylglucosamine 0.4 g Sigma 
Sodium bicarbonate 2.2 g BDH/ANALAR 
7% Gelatine (autoclaved) 200ml BDH/ANALAR 
Rabbit serum 120ml Gibco BRL 
Preparation notes: Prepare glassware by washing three times in distilled 
water to remove detergent residues. Dissolve all dessicated chemicals in 
distilled water. Add CMRL 1066. Adjust to pH 7.6 with 5 N NaOH and 
filter sterilise with 0.22 µm Millipore Acrodisk filter. Store at 4°C for a 
maximum of l month. Before use, prepare gelatine solution and allow to 
cool after autoclauving, but not solidify. Add to mixture. Add rabbit serum 
by filtering through 0.22µm filter. Dispense into Falcon 16 x 125 mm sterile 
tubes. Store at 4CC for a maximum of 2 weeks. 
* N-2-hydroxyethylpiperazine-N'-2-ethane-sulphonic acid. 
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B.2.2 Borrelia MKP-Medium 

Reagent Quantity Supplier 
Double distilled water 900ml 
CMRL 1066 ( LOx) w/o glutamine LOO ml Gibco BRL 
Neopeptone 3g Difeo 
Bovine serum albumin fraction V 35 ml Sigma 
HEPES* 6g Sigma 
Sodium Pyruvate 0.8 g Sigma 
N-acety l gl ucosami ne 0.4 g Sigma 
Sodium bicarbonate 2g BDH/ANALAR 
7% gelatine (autoclaved) 200ml BDH/ANALAR 
Rabbit serum 70ml Gibco BRL 
Preparation noces: Prepare glassware by washing three times in distilled 
water to remove detergent residues. Dissolve all dessicated chemicals in 
distilled water. Add CMRL 1066. Adjust to pH 7.6 with 5 N NaOH and 
filter sterilise with 0.22 J,tm Millipore Acrodisk filter. Store at 4°C for a 
maximum of I month. Before use, prepare gelatine solution and allow to 
cool after autoclauving, but not solidify. Add to mixture. Add rabbit serum 
by filtering through 0.22µm filter. Dispense into Falcon 16 x 125 mm sterile 
tubes. Store at 4oC for a maximum of 2 weeks. 
* N-2-hydroxyethylpiperazine-N1-2-ethane-sulphonic acid. 

B.2.3 BSK-H 

Reagent Quantity Supplier 
BSK-H 780 ml Sigma 
7% Gelatine (autoclaved) 200ml BDH/ANALAR 
Rabbit serum 120 ml Gibco BRL 
Preparation notes: Prepare glassware by washing three times in distilled 
water to remove detergent residues. Add rabbit serum to BSK-H and adjust 
to pH 7.6 with 5 N NaOH. Filter sterilise with 0.22 µm Millipore Acrodisk 
filter. Prepare gelatine solution and allow to cool after autoclauving, but not 
solidify. Add to mixture. Dispense into Falcon 16 x 125 mm sterile tubes. 
Store at 4oC for a maximum of 2 weeks. 
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Polyacrylamide gel electrophoresis and immunoblotting 

B.3.1 Monomer Solution 

Distilled water 

Pre aration notes: Mix and filter with 0.22 m filter. Store in dark at 4oC. 

B.3.2 4x Resolving Gel Buffer 

Reaoent 
Tris 
Distilled water to 200 ml 
Pre aration notes: Ad·ust to H 8.8 with HCl. Filter with 0 .22 m filter. 

B.3.3 4x Stacking gel buffer 

Reaoent Quantit Su lier 
Tris 3.0 0 ICN 
Distilled water to 50 ml 
Pre aration notes: Ad ·ust to H 6.8 with HCI. Filter with 0.22 m filter. 

B.3.4 10% SDS 

Rea ent Quantit Su lier 
sos 50 (J lCN 
Distilled water to 500 ml 
Pre aration notes: Dissolve SOS in water. 

B.3.5 Initiator 

Quanti 
0.5 0 

Distilled water to 5.0 ml 

Pre aration notes: Store for maximum one week at 4oC. 
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B.3.6 12.5 % Acrylamide separating gel 

Reagent Quantity Supplier 
Monomer solution 15.6 ml 8.3. l 
Resolving gel buffer 9.4 ml B.3.2 
10% sos 375µ1 8.3.4 
Distilled water 11.85 ml 
Initiator 187.5 µ1 8.3 .5 
TEMED* 12.5 µl Promega 
Preparation notes: Mix carefully immediately before use. 
*N,N,N ' ,N ' - tetra-methylethylenediamine 

B.3.7 Stacking gel 

Reagent Quantity Supplier 
Monomer solution 665 ttl 8.3.l 
Stacking gel buff er 1.251-tl 8.3 .3 
10% sos 50µ1 B.3.4 
Distilled water 3.05 ml 
Initiator 25 J,tl 8.3. 5 
TEMED* 5µ1 Promega 
Preparation notes: Prepare immediately before use. Layer carefully on set 
resolving gel. 
* N,N,N' ,N' - tetra-methylethylenediammine 

B.3.8 Treatment buff er 

Reagent Quantity Supplier 
Tris 2.5 ml 4x B.3 .3 

stacking 
gel buffer 

sos 4 ml 10% 8 .3.4 
sos 

Glycerol 2.0ml 8DH/ANALAR 
2-Mercaptoethanol 1.0 ml Sigma 
Distilled water to 10ml 
Preparation notes: Mix well , divide into aliquots and freeze. 
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8.3. 9 Tank buffer 

Reaoent 

Tris 
Gl cine 
sos 

Distilled water to 4.0 L 
Pre aration ,wtes: Mix well. 

8.3.1 0 Coomassie Blue Stain 

, 

8.3. 

B.3. 

Reaoent Quantit Su lier 
Coomassie Blue R-250 0.5 0 

Methanol 800ml BDH/ ANAI..AR 
Acetic acid 140 ml BDH/ ANAI..AR 
Distilled water to 2.0 L 
Preparation notes: Add Coomassie Blue to methanol, stir until dissolved. 
add remainino solutions. 

11 Destaining solution 

Rea ent Quanti 
Acetic acid . 700ml 
Methanol 500ml 
Distilled water to lOL 
Pre aration notes: 

12 Transfer buffer 

Rea ent 
Tris 
Gl cine 
Methanol 200ml 
Distilled water to 1 L 
Preparation notes: Dissolve Tris and glycine in 500 ml of water, add 
methanol, make to l L with remaining water. Store at 4l1C for maximum of 
one week. 
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8.3.13 Blocking buffer 

Reagent Quantity Suoolier 
Skim milk powder 5g 
ELISA wash lL 8.3.14 

Preparation notes: Store at 4oC. 

8.3.14 ELISA wash 

Reagent Quantitv Suoolier 
PBS lL 8.2.l 
Tween-20* l ml Siimia 
Preparation notes: Mix well. 
* Polyoxy-ethylene-sorbitan monolaurate 

8.3.lS Alkaline phosphatase buffer 

Reagent Quantity Supplier 
Tris 6.05 g ICN 
Sodium chloride 2.90 g BDH/ANALAR 
Magnesium chloride 0.5 g BDH/ANALAR 
Distilled water to 500 ml 
Preparation notes: Sir on magnetic stirrer while adiustine. pH to 9.5. 

8.3.16 Substrate 

Reagent Quantity Supplier 
Alkaline phosphatase buff er 30ml 8.3.15 
BCIP* 100 µl Prome2a 
NBT# 200 µl Promega 

Preparation notes: Make immediately before use. 
*5-bromo-4-chloro-3-indolyl phosphate 
#nitroblue tetrazolium 
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Electrophoresis 

B.4.1 SET buffer 

Reagent Quantity Supplier 
sucrose 25% BDH/ANALAR 
EIJfA 50mM UNIYAR 
Tris-HCl pH 7.5 50mM ICN 
Lysozyme 5 mg/ml 
SDS 0.5 % ICN 
DNase-free RNase 0.1 mg/ml 
protei nase K 0.3 mg/ml 
PreparaJion notes: 

B.4.2 TE buffer 

Reagent Quantity Supplier 
Tris-HCl lOmM ICN 
EDfA lmM UNIYAR 
Preparation notes: pH 7.0 

B.4.3 lOx T AE buffer 

Reagent Quantity Supplier 
Tris 48.4 g lCN 
Glacial acetic acid 11.4 ml BDH/ANALAR 
Na2EDTA·2H20 3.7 g UNlYAR 
Distilled water to 1 L 
Preparation notes: 

B.4.4 1x T AE buff er 

Reagent Quantity Supplier 
lOxTAE 100 ml B.4.1 
Distilled water to 1 L 
Preparation notes: 



Page 292 

B.4.5 Ethidium bromide 

Reagent Quantity Supplier 
Ethidium bromide 100 mg Sigma 
Distilled water to 100 ml 
Preparation notes: Store in the dark. 

B.4.6 1 % Agarose Gel in lx T AE 

Reagent Quantity Supplier 
Agarose 4g Promega 
lxTAE 400ml 8.4.2 
Ethidium bromide solution 20 µl B.4.3 
Preparation rwtes: Microwave to dissolve. 

B.4. 7 
' 

Sx Sample buffer 

Reagent Quantity Supplier 
Ficoll 2.5 g Phannacia 
Bromophenol bl.ue 5mg BDH/ANALAR 
Xylene cyanole FF 5mg BDH/ANALAR 
Distilled water 10ml 
Preparation notes: 

DNA Cloning 

B.5.1 Luria Bertaini (LB) Broth 

Reagent Quantity Supplier 
Bacto-tryptone 10 g Oxoid 
Bacto-yeast extract Sg Oxoid 
Sodium chloride Sg BDH/ANALAR 
Distilled water IL 
Preparation notes: Add components to water and adjust to pH 7.5 with 
NaOH. Dispence into required volume and autoclave. 
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B.5.2 Luria Bertaini (LB) Agar 

Reagent Quantity Supplier 
Bacto-tryptone lO g Oxoid 
Bacto-yeast extract 5g Oxoid 
Sodium chloride 5g BDH/ANALAR 
Distilled water 1 L 
Agar 15 g Oxoid 
Preparation notes: Add components to water and adjust pH to 7.5 with 
NaOH. Dispense into 400 ml bottles and autoclave to sterilize. Cool to 55oC 
and add ampicillin (final concentration 50 µg/ml) if required. Pour 30-35 ml 
of medium into 100 mm petri dishes. Flame the surface of the medium with 
a bun sen burner to remove any bubbles. Allow media to solidify. Store at 
4oC (maximum 1 month). 

B.5.3 M-9 Agar 

Reagent Quantity Supplier 
Na2HPO4 6.0 g BDH/ANALAR 
KH2PO4 3.0 g BDH/ANALAR 
NaCl 0.5 g BDH/ANALAR 
NH4CI 1.0 g BDH/ANALAR 
Agarose 15 g Oxoid 
Preparation notes: Add components and make up to l L with distilled water. 
Autoclave. Cool to SOoC and add: 
lM MgSO4 2.0 ml BDH/ANALAR 
lM CaCl2 0.1 ml BDH/ANALAR 
20% glucose 10.0ml BDH/ANALAR 
lM thiamine-HO 1.0 ml Ajax 
Preparation notes: Pour 30-35 ml of the medium into 100 mm petri dishes. 
Flame the surf ace of the medium with a bunsen burner to remove any 
bubbles. Allow the agar to solidify. Store at 4oC (maximum l month). 

B.5.4 Tituration buffer 

Reagent Quantity Supplier 
100 mM CaC!i BDH/ANALAR 
70mMMgCl2 BDH/ANALAR 
40 mM sodium acetate, pH 5.5. BDH/ANALAR 
Preparation notes: Prepare fresh and filter before use. 
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Plasmid Isolation 

B.6.1 Solution I (Resuspension solution) 

Reagent Quantity Supplier 
Glucose 9g BDH/ANALAR 
Tris-Cl 3.04 g ICN 
EDTA 3.72 g UNIVAR 
Distilled water 1 L 
Preparation notes: Add components to water and adjust to pH 8.0. Dispense 
into 100 ml batches and autoclave. Store at 4<:C. 

B.6.2 Solution II (Lysis solution) 

Reagent Quantity Supplier 
0.2 N NaOH 200 Jtl of BDH/ANALAR 

lON 
NaOH 

sos 0.1 g ICN 
Distilled water 10ml 
Preparation notes: Add components to water immediately before use. 

B.6.3 Solution III (Neutralisation solution) 

Reagent Quantity Supplier 
5 M potassium acetate 60ml BDH/ANAl.AR 
glacial acetic acid 11.5 ml BDH/ANAl.AR 
distilled water 28.5 ml 
Preparation notes: The resulting solution is 3 M with respect to potassium 
and 5 M with respect to acetate. Store at 4<:C. 

B.6.4 TE buffer 

Reagent Quantity Supplier 
l0mM Tris-HCI, pH 8.0 ICN 
lmMEDTA UNIVAR 
Preparation notes: Dissolve in distilled water, adjust to pH 8.0. Add 20 
µglml of RNAse. 
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Chain Termination Sequencing Reaction 

8. 7 .1 Denaturing solution 

Reagent Quantity Supplier 
NaOH 16 g BDH/ANALAR 
EDfA 0.054 g UNIVAR 
Distilled water to l L 
PreparaJion notes: 

B. 7 .2 Neutralising solution 

Reagent Quantity Supplier 
Sodium acetate 408.24 g BDH/ANALAR 
Distilled water to l L 
PreparaJion notes: Adjust to pH 5.3. 

8.7.3 lOx T8E buff er 

Reagent Quantity Supplier 
Tris 108 g ICN 
Boric acid 55 g Ajax 
Na2EDTA.2H20 9.3 g UNIVAR 
Distilled water to lL 
PreparaJion notes: Autoclave 
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B.7.4 6% Acrylamide gel solution 

Reagent Quantity Supplier 
Acrylamide 5.7 g ICN 
Bis-acrylamide 0.3 g BIORAD 
Urea 42-50 g Gibco 
l0x. TBE buffer 10 ml B.7.3 
Distilled water to 100 ml 
10% Ammonium persulfate l ml Gibco 
TEMED* 25 µI Promega 
Preparation notes: Dissolve acrylamide, bis-acrylamide, urea and TBE 
buff er in water by warming to 25-46oC. Add 10 g of analytical grade mixed 
bead resin (20-50 mesh). Mix with a magnetic stirrer for 30 minutes. Filter 
out beads with Wattman filter paper. Solution may be stored for up to l 
week at 4°C. Immediately before use add ammonium persulfate and 
TEMED. 
* N,N,N1,NLtetramethylethylenediamine 

Giemsa stain 

B.8. 1 Stock solution 

Reagent Quantity Supplier 
Giesma powder 0.5 g Gradwohl Lab. 
Methyl alcohol 33 .0 ml BDH/ANALAR 
Preparation notes: Mix thoroughly, allow to sediment, and store at room 
temperature. 

B.8.2 Buffered water, pH 7.2 

Reagent Quantity I Supplier 
Solution I 
Na2HPO4 9.5 g IBDH/ANALAR 
distilled water l L I 
Solution 2 
NaCl 9.2 g IBDH/ANALAR 
distilled water l L I 
Preparation notes: Mix 72 ml of solution 1 with 28 ml of solution 2 and 900 
ml of distilled water. 
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B.8.3 Working solution 

Reagent Quantity Supplier 
Stock solution l part B.9.1 
Buffered water, pH 7.2 40/50 part B.9.2 
Preparation notes: 

B.8.4 Methylene blue counterstain 

Reagent Quantity Supplier 
Methylene blue 0.3 g 
Distilled water 100ml 
Preparation notes: 
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APPENDIX C · CDC* LYME DISEASE NATIONAL SURVEILLANCE 

CASE DEFINITIQN#J USA. 

*Centers for Disease Control 

Lyme disease is a systemic, tick-bourne disease with protean manifestations, including 

dermatologic, rheumatologic, neurologic and cardiac abnormalities. The best clinical 

marker for the disease is the initial skin lesion, erythema migrans, that occurs in 60% to 

80% of patients. 

Case definition for the surveillance of Lyme disease: 

1 . A person with erythema migrans; or 

2'. A person with aJ least on late manifestaJion and laboraJory confirmation of 

infection. 

General definition: 

1. Erythema migrans (EM): For the purposes of surveillance, EM is a skin 

lesion that typically begins as a red macule or papule and expands over a period of days 

to weeks to form a large round lesion, often with partial central clearing. To be 

considered to be EM, a solitary lesion must measure at least 5 cm. Secondary lesions may 

also occur. Annular erythematous lesions developing within several hours of a tick bite 

represent hypersensitivity reactions and do not qualify as EM. In most patients, the 

expanding EM lesion is accompanied by other acute symptoms, particularly fatigue, 

fever, headache, mildly stiff neck, arthralgias and myalgias. These symptoms are 

typically intermittent. The diagnosis of EM must be made by a physician. Laboratory 

confirmation is recommended for patients with no known exposure. 

2. Late manifestations: These manifestations include any of the following when an 
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alternate explanation is not found: 

a. Musculoskeletal system: Recurrent, brief attacks (lasting weeks or 

months) of objective joint swelling in one or a few joints sometimes 

followed by chronic arthritis in one or a few joints. Manifestations that are 

not considered to be criteria for diagnosis include chronic, progressive 

arthritis that is not preceded by brief attacks and chronic symmetric 

polyartbritis. Additionally, arthralgias, myalgias, or fibromyalgia 

syndromes alone are not accepted as criteria for musculoskeletal 

involvement. 

b. Nervous system: Lymphocytic meningitis, cranial neuritis, 

particularly facial palsy (may be bilateral), radiculoneuropathy, or, rarely, 

encephalomyelitis alone or in combination. Encephalomyelitis must be 

confinned with evidence of antibody production against Borrelia 

burgdorferi in the cerebrospinal fluid, shown by a higher titer of antibody 

in the cerebrospinal fluid than in the serum. Headache, fatigue, 

paresthesias, or mildly stiff neck alone are oot accepted as criteria for 

neurologic involvement. 

c. Cardiovascular system: Acute-onset, high-grade (second or third 

degree) atrioventricular conduction defects that resolve in days to weeks 

and are sometimes associated with myocarditis. Palpitations, bradycardia, 

bundle-branch block, or myocarditis alone are not acceptable as criteria for 

cardiovascular involvement. 

3. Exposure: Exposure is defined as having been in wooded, brushy, or grassy areas 

(potential tick habitat) in an endemic shire no more than 30 days before the onset of 

erythema migrans. A history of tick bite is not required. 

4. Endemic shire: A shire in which at least two definite cases have been previously 

acquired or in which a tick vector has been shown to be infected with B. burgdorferi. 
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S. Laboratory confirmation: Laboratory confirmation of infection with B. 

burgdorf eri is established when a laboratory isolated the spirochete from the tissue or 

body fluid, detects diagnostic levels of immunoglobulin M or immunoglobulin G 

antibodies to the spirochete in the serum or cerebrospinal fluid, or detects an important 

change in antibody levels in paired acute and convalescent serum samples. States may 

determine the criteria for laboratory confirmation and diagnostic levels of antibody. 

Syphilis and other known biologic cases of false-positive serologic test results should be 

excluded, when laboratory confirmation is based on serologic testing alone. 

# Definition for epidemiological purposes - does NOT necessarily exclude the diagnosis 

of Lyme disease. 
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APPENDIX D - VETERINARY PRACTICES 

A number of Veterinary practices assisted in the collection of tick specimens. These are 

listed below. 

P. Adams - Adamstown, NSW. 

R. Beatty - Kotara/Merewether, NSW. 

G. Brown - Kotara/Merewether, NSW. 

J. Dooley - Wingham , NSW. 

C. Godfrey - Taree, NSW. 

J. Hayes - Fennell Bay, NSW. 

J. Newell - Belmont, NSW. 

G. Shumack - Belmont/Charlestown/Warners Bay , NSW. 

R. Stabler - Fennell Bay, NSW. 

P. Wilson - Belmont/Charlestown/Warners Bay, NSW. 

B. Young - Taree, NSW. 
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APPENDIX E - PATHOLOGY PRACTICES 

The following pathology practices assistant in the collection and delivery of serum 

specimens used in this dissertation: 

Douglass Laboratories Pty. Ltd. 

Hampson Pathology Pty. Ltd. 

Royal North Shore Hospital, Pathology. 
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