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EXPERIMENTAL STUDY

Initial attachment of Borrelia burgdorferi spirochetes 
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ABSTRACT
BACKGROUND: Adhesion is the initial process in the establishment of any infection and can contribute to 
bacterial pathogenesis. Without the ability to adhere to host cell surface, there is no invasion, dissemination, or 
persistence and host colonization by many bacterial pathogens, including B. burgdorferi. During the infection, 
B. burgdorferi cells interact with cells of various origins. We are having limited information and knowledge 
regarding the borrelial invasion, intracellular existence and the host cell damage and the pathological effects 
to the host. We have investigated by electron microscope the adherence of motile Borrelia burgdorferi 
s.l. to Vero cells derived from the kidney of an African green monkey by electronmicroscopy. These cells 
have been shown as an interesting model for study of the toxic potential of many bacterial pathogens. 
METHODS: Adherence of the long-term in vitro passaged Borrelia burgdorferi sensu lato strains to a 24-hour 
monolayer of primate kidney epithelial Vero cells was studied using transmission electronmicroscopy. The 
reaction was read after incubation at 1-hour intervals.
RESULTS: A vertical contact between borreliae and Vero cells was confi rmed already after one hour of in 
vitro incubation. A cytotoxic effect of borreliae could be observed when the time of incubation was extended 
to 4 hour. The extent of attachment varied between the two borrelia strains tested.
CONCLUSION: The optimal time for spirochetal adhesion in our model was 1 h postinoculation. Our results 
suggest that borrelia attaches to the tested cells by length and by the tip. The data showed that the extent of 
attachment varied between the two borrelia strains tested (Tab. 1, Fig. 4, Ref. 21). Text in PDF www.elis.sk.
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Introduction

Borrelia burgdorferi spirochete is the causative agent of Lyme 
borreliosis (LB). LB is occuring in around 85 000 cases in Europe 
and in around 20 000 cases in USA yearly, thus becoming the 
tick-born infectious disease number one (7, 12, 15). The infection 
presents with signs of multi-system disorders in patients body. The 
symptoms are highly variable and overlapping with symptoms of 
other diseases causing organ and systemic disorders. For this rea-
son the disease was named „a great imitator of many diseases“. It 
is a disease presenting from subacute to chronic form, from local 
to generalized form. The etiological agent of LB, the spirochetal 
invasive gram-negative bacterium Borrelia burgdorferi s.l. is rep-
resented mainly by Borrelia garinii (Bg), Borrelia afzelii (Ba) and 
Borrelia burgdorferi sensu stricto (Bb s.s). The main vector for 
these spirochetes is the tick, genus Ixodes. The habitat in the nature 

for the tick Ixodes ricinus has covered in the past the regions of 
central and southern Slovakia with altitude up to 400 meters about 
sea level (a.s.l.). Currently, due to the climatic changes, changes 
in land use and cover, and human induced environmental changes 
the ticks have spread into higher altitude, up to 1000 m a.s.l. and 
more into northern latitudes. Similar trends have been observed 
in all of Europe. Also the disease seasonal incidence has been ob-
served to be shifting towards spring and autumn (7).

Pathogenesis of LB as well as factors and mechanisms of patho-
genicity of the causative agent of this debilitating disease are up 
to now not elucidated completly. B. burgdorferi does not replicate 
to high numbers in the bloodstream, so it is diffi cult to study the 
pathobiology of the disease in clinical material (6). Also the isolation 
of the pathogen from body fl uids can be problematic, because the 
numbers of spirochetes are low and bactericidal factors may sup-
press their growth. The scientifi c information, and the knowledge of 
structural and functional roles of these factors and mechanisms are 
the base for development of more effective diagnostic, therapeutic 
and preventive tools important for the control of the disease (2, 6, 
16, 8, 21). Borrelias transmitted by ticks during the blood feeding 
on the host are interacting with many factors of the host body. The 
entry of Borrelia into the host determinates the process of the dis-
ease with interaction of the pathogen and macrophages. It was found 
that the spirochetes residing in the salivary glands of the tick are 
far more infective than those residing in the midgut (4, 5, 10, 11). 
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At present there is also a gap in the understanding of infec-
tion dynamic proceses such as spirochetal invasion and possible 
host cell damage, intravascular transport of borrelia, mechanisms 
of borrelia escape from the vascular network and possible com-
ponents involved in organotropism.

Presence of a variety of substances on the pathogen cell surface 
substantiates chemical and physical properties of the cell such as 
surface charge, hydrophobicity/ hydrophilicity, antigenicity/im-
munogenicity. These properties have a profound impact on the 
activity of bacterial cell to adhere to host cell receptors, to inter-
act with host cells and to colonise the different loci in the host. 

Materials and methods 

Two strains of B. burgdorferi used in the study (Tab. 1) were 
isolated from lxodes ticks and cultivated under identical standard 
growth conditions in the modifi ed BSK – H medium (Sigma, USA). 
Each cultivation bottle containing 100 mL BSK-H medium was 
inoculated with 5 mL of an exponential-phase spirochetal culture 
(concentration of 106 cells per mL) as described previously (18, 
19). Spirochetes were incubated for 6–7 days at 34 °C to a cell 
concentration of 108/mL and examined weekly under dark fi eld 
microscopy (magnifi cation 200×).

Cultivation of Vero cells with spirochetal cultures
Attachment of B. burgdorferi to Vero cells was studied as 

described previously (1, 3, 13). Briefl y, 2 x l08 spirochetes were 
coincubated with Vero cells in modifi ed BSK medium at 37 °C. 
The cultures were taken after 1, 2 and 3 hours (h). The media were 
decanted and the fl asks were washed twice with BSK medium to 
remove non-adherent spirochetes. The cells were harvested for 
electron microscopy up to 1 h postinfection.

Transmission electron microscopy 
The spirochete ‒ Vero cell monolayers were fi xed with 4 % 

formaldehyde and 1 % glutaraldehyde  in phosphate buffer, pH 7.2, 
for 1 h, gently scraped off the plastic fl asks and negatively stained 
with 3 % phosphotungstic acid. The adherence was examined by 
electron microscopy as already described (18).

Results

Interaction of Vero cells with B. burgdorferi was monitored. 
The suspension in the exponential phase of growth in E-MEM me-
dium at a concentration of 108 cells per mL was applied on a 24 hour 
monolayer of Vero cells. The reaction was read after incubation at 
37 °C at one hour intervals (Fig. 1). Most of the spirochetes were 
detected either free in the cytoplasm or tightly bound to the host 
membrane. During incubation up to 1 hour adherence with char-
acteristic vertical contact between B. garinii and Vero cells could 

Tab. 1. Borrelia burgdorferi s.l. strains used in the study.

Borrelia species Strain Isolation Source
Bb. s.s B31 Ixodes dammini USA
B. g. K48 Ixodes ricinus Slovakia

Fig. 1. Attachment of borreliae to Vero cells. The reaction was read 
after incubation at 37 °C at 1-h intervals. Typical spiral morphology 
of borreliae is seen in the electron microscope (EM); negatively stained 
with 3 % phosphotungstic acid; ×4000.

Fig. 2. A vertical contact between B. garinii and Vero cells could be 
seen (arrow).

Fig. 3. Attachment of B. burgdorferi s.s. to Vero cells. A cytotoxic effect 
of borreliae was observed after 2 h (arrow). EM; negatively stained 
with 3 % phosphotungstic acid; ×4000.
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be seen (Fig. 2). A cytotoxic effect of borreliae could be observed 
when the time of incubation was extended to 2 hours (Fig. 3).

The results indicate that the spirochetes adhered to mammalian 
cells mainly by the apical pole and less frequently by the lateral 
wall. In Vero cells penetration is accomplished especially by cy-
toplasmic membrane destruction, the spirochetes appearing free 
in the cytoplasm, but also by phagocytosis. Growth of spirochetes 
cocultured  with fi ve of six lines did not change. 

Discussion

Lyme borreliosis is the most common vector-born disease. 
However, in spite of the 35 years of research since the fi rst descrip-
tion it has remained a disease with many unresolved issues in the 
area of diagnosis, therapy and prevention. Particularly the factors 
and mechanisms of patogenicity of etiological agent Bb as well 
as pathogenesis of the disease deserve more research. This situ-
ation stands on the controversy about persistent infection caused 
by the spirochetal agent as well as chronic symptoms in patients 
diagnosed with LB both under treatment or without treatment in 
the initial phase of the infection. 

Borrelia burgdorferi s.l. the causative agent of LB is an inva-
sive gramnegative bacterium. However, which of the cell surface 
substances or metabolic products are involved in the invasivity is 
not yet clear. Whether substances of the invasive proteins similar 
to other gramnegative bacteria are involved in this process is not 
known. Neither the possibility that metabolic products with enzy-
matic activity or modulating activity are involved in this process 
is excluded. The relevant answer to this questions can be obtained 
only when based on data and information from experiments utilis-
ing the modern laboratory methods applied for the study of the 
borrelia interaction with structures of the host macroorganism at 
the molecular and cellular level. 

The optimal time point for observation of spirochetal adhe-
sion in our model was 1 h postinoculation, similar to others (5, 
11), while the optimal adherence to human endothelial cells oc-
curred after 4 hours of incubation (13). Using scanning electron 
microscopy, Kurtti et al. observed B. burgdorferi attached by one 
or both ends to cultured tick cells in cocultivation experiments 
(11). Our results suggest that attachment occurs both by apical 
and laminar mode. The data showed that the extent of attachment 
varied between the two borrelia strains tested. While by B. garinii 
the cell apical contact with Vero cells has been observed, the cell 
destruction by B. burgdorferi s.s. has been detected. Further exami-
nation is needed to determine whether this fi nding is related to the 
B. burgdorferi potential to cause damage in mammalian kidney.

B. burgdorferi produces a number of substances that allow it to 
colonize and persist in its natural mammalian and tick hosts (2, 4, 5, 6, 
9, 20). How the spirochete manages to induce the changes necessary 
to survive in these settings is the subject of intensive investigation.

Conclusion

Mechanisms involved in the internalization of B. burgdorferi 
into host cells attachment are at interest in understanding more 

about borrelia adherence and invasion into eukaryotic cells. We 
do not have enough data and information that would help us to 
understand the pathogenesis of LB at the various levels similarly 
as in the case of other gramnegative bacteria. This is related also to 
the reactions at the level of interstitial space of host structures and 
pathogen. We need more scientifi c data about the surface stuctures 
of Bb that are invollved in invasive activity, structures involved in 
the adhesion, tropism, exoproducts and biofi lm production suport-
ing substances and mechanisms. 

Besides the aspects of the LB pathogenesis as mentioned 
above, the presence of the cysts and granules (Fig. 4) in persis-
tent LB remains unclear (14). Whether chronic borreliosis is the 
consequence of the action of persisting spirochetal cells present in 
the form of biofi lm, or L-forms without cell envelop is not clearly 
defi ned, however in both cases therapy is needed. Though the op-
tions of the therapy for these forms are limited, the eradication of 
the clinical symptoms deserves an agresive multi-antibiotic therapy 
similar as in the case of AIDS or TB (7, 8, 17, 21). 
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