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Current problems in LD:
• What is LD, its distribution in Europe and the UK
• Introduction to the causative agent of LD disease, Borrelia burgdorferi

sensu lato
• The current diagnostic method, and the major drawbacks

Our strategy: use of phage to treat/diagnosis of LD
• Screening for lytic phages from tick samples
• Induce phages out of their host bacteria
• Develop new diagnotic method
• Use phage-encoded enzymes to kill Borrelia

Structure of the talk



Facts about Lyme disease (LD), or Lyme 
borreliosis (LB)

• First discovered in the town 
of Lyme in Connecticut, USA

• Approximately 300 000 cases 
of LD are reported to Centres 
for Disease Control and 
Prevention (CDC) annually

• In Europe, about 85 000 cases 
every year

• In England and Wales, it is 
estimated that around 3,000 
new cases of LD are 
diagnosed each year

• No vaccine available at 
present, can developed into 
chronic LD even after 
antibiotic treatment



Distribution of Lyme disease (red) in Europe

(European centre for disease prevention and control)



The causative agent of Lyme disease
• Caused by the LD spirochaetes collectively referred to as Borrelia burgdorferi sensu lato
• The Lyme bacteria are spread to humans through the bite of infected ticks

(Radolf, et al., 2012)



Lyme Borrelia strains

• Borrelia is an obligate parasite 
with a minimal genome

• Borrelia rely on the host to 
acquire building blocks

• In the human body, glucose is the 
primary energy source for Borrelia

• Borrelia in the blood is very low 
100 cells/ml

• Borrelia can be outside human 
cells or inside human cells, you 
need antibody to stain the 
Borrelia and observed the 
location of Borrelia

• Intracellular Borrelia can survive 
inside human cells, showed no 
cell cytotoxicity



What is special about Borrelia spp.?

Borrelia cell wall

Gram negative bacterial 
cell wall



• a main chromosome (911 kb for the type strain B31), 
and 20 or more smaller plasmids ranging from 5-50 kb

• Cp32 plasmid family of Borrelia burgdorferi has 
been demonstrated to be a bacteriophage

What is special about Borrelia spp.?

(Tim Brook, HPE)



The current diagnostic method of LD: clinical 
diagnosis 

Bull’s eye rash (erythema migrans)





Immune response-based serologic tests

• The current antibody-based 
standard diagnostic tests for 
LD are unreliable because 
during the early stage of LD 
disease, the antibodies are 
either not yet developed or 
being suppressed by the 
bacteria. 

• Consequently, the current 
diagnostic system has a low 
sensitivity, and is estimated 
to miss around 54% of 
patients.



• Since the antibody-based diagnosis may not be positive within the first 2-4 weeks of LD, a 
PCR-based diagnostic is a promising alternative for early LD diagnosis. 

• Currently, PCR has been used in detecting B. burgdorferi DNA from skin biopsies, synovial 
and cerebrospinal fluid (CSF), but these PCR testing result is not clinically useful.

• For example, PCR testing of skin biopsy samples is generally used in research and not 
recommended for diagnosis because the skin rash (erythema migrans) can be established 
clinically. 

• PCR testing of synovial fluid is not reliable and not well established. While only one third of 
LD patients in the USA showed positive PCR result against CSF samples. 

• Additionally, there has rarely been a successful story in PCR detecting Borrelia DNA in the 
blood. 

• In fact, half of patients in the early stage of LD showed PCR negative in blood samples. This 
is due to the extreme low number of the Borrelia circulating in the blood. 

PCR diagnostic method



Current knowledge about Borrelia phages

Systematic effort is 
needed to investigate 
both temperate and 
lytic phages infecting 
Borrelia species



Professor Sven Bergström, Department of Molecular 
Biology, Umea University, Sweden 

Strain collection in the lab

Isolate names Scientific names

1 1120 Borrelia duttonii

2 Her HS1 Borrelia hemsii

3 VS185 P9 Borrelia burgdorferi

4 NE218 Borrelia valaisiana

5 ACA1 Borrelia afzelii

6 UK filtered Borrelia burgdorferi

7 190 P9 Borrelia garinii

8 China23 Borrelia burgdorferi

Results



Current strategy for obtaining Borrelia phages
Tick sampling/dissection



Sample

1 Tick gut suspension (Martha’s tick)

2 Tick blood from a well fed tick

3 Tick body ground suspension (Martha)

4 Tick ground suspension (Bradgate park)

5 Deer Poo

1     2      3     4      5      +      -
Universal 16S

1       2        3        4       +       -
Borrelia-specific 16S

Tick dissection, enrichment and PCR detection 
of Borrelia and phages

1       4     +      -
Phage-specific nested PCR



Grow Borrelia on a petri dish



• Temperate phages can be induced from Lyme Borrelia
strains (table below). Currently working on increasing the 
phage concentration and phage purification. At least two 
different phages can be seen under transmission electron 
microscope (TEM) 



Ongoing work in the lab

• Phage induction from different strains

• Optimisation of spot test and plaque assay

• Large screening using 96-well plate based live/dead assay 
against enriched tick samples, induced phage samples

• Over-expression of potential Holin and endolysin (identified 
from Borrelia genomic sequences)


