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Genetic studies of cystic fibrosis epidemic strains of Pseudomonas
aeruginosa

Catherine Smart

ABSTRACT

Cystic fibrosis is the most common genetic disorder in the UK and is associated with
pulmonary infection and respiratory failure. P. aeruginosa is the most prevalent
pathogen in the CF lung and chronic infection by this bacterium has serious
implications for the lung function and clinical decline of the patient. A number of
transmissible P. aeruginosa strains have been reported amongst the CF population in
the UK. The most prevalent of these is the Liverpool epidemic strain (LES),
identified in 1996. Midlands1 and Manchester epidemic strains have also been
identified in the UK, with the Midlands1 genotype being the second most prevalent in
England and Wales. A number of studies indicate that infection with epidemic
genotypes is associated with increased treatment requirements and morbidity. The
aims of this study were to identify factors that may account for the unusual
characteristics exhibited by the LES and Midlands1 epidemic strains, to develop
diagnostic tests for the strains, and to examine the diversity present in isolates
belonging to these lineages.

The technique of suppression subtraction hybridisation was used to examine the
accessory genomes of the LES and Midlands1 strains, using LES400 and MD1-9245
as representatives of each genotype. A large library of subtracted sequences,
representing the accessory genomes of these strains was identified. A total of 78 and
54 new subtracted sequences were identified for the LES and Midlands1 genotypes,
respectively. Subsequent distribution studies revealed that several of the Midlands1
sequences are specific to the Midlands1 strain. A diagnostic marker for this genotype
was identified and a PCR assay developed. Identifying a LES-specific probe proved
more difficult due to the intraclonal diversity exhibited by this strain, and because of
rare false positives. However, a multiplex PCR assay to screen for the two most
common epidemic strains in the UK was proposed and tested.

Examination of the accessory genomes of the LES, Manchester and Midlands1
epidemic strains by the CLONDIAG tube array system, and distribution profiles of
subtracted sequences, revealed that the three strains are genetically very different, and
thus have evolved separately. The LES exhibits greater intraclonal diversity than the
Midlands1 and Manchester epidemic strains, reflecting the longer time period this
genotype has had to evolve in CF patients. The diversity exhibited by the P.
aeruginosa strains indicates the need for constant surveillance of these genotypes, and
suggests that methods used to detect them may need to adapt alongside their target
bacteria.

RNAse protection assays were performed to assess whether or not they are
effective methods of investigating differences in cytokine induction. Human cell lines
were infected with different P. aeruginosa strains, and subsequent cytokine induction
measured. Although strain differences were identified, the results proved difficult to
reproduce. The factors responsible for the greater transmissibility of the UK epidemic
strains remain unclear.
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