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Abstract

Legionella pneumophila is a species of Gram-negative bacteria that survives in natural
freshwater and soil habitats. It also now colonises modern, man-made water systems
from which humans can become infected, usually via inhalation of contaminated
aerosols. Infection can result in a severe and potentially fatal pneumonia known as
Legionnaires’ disease. This thesis uses whole genome sequencing (WGS) of large sample
collections of L. pneumophila, firstly, to develop our understanding of the evolution and
emergence of this important human pathogen. Secondly, it explores how WGS data can

be used in a clinical setting for outbreak detection and resolution.

To aid outbreak investigations and surveillance, L. pneumophila isolates are currently
subdivided into “sequence types” (STs) using sequence-based typing (SBT), a method
analogous to multi-locus sequence typing (MLST). Analysis of the SBT database has
shown that a large proportion of Legionnaires’ disease cases are caused by just a small
number of STs, despite much higher diversity being observed in commonly implicated
environmental sources of L. pneumophila. The first part of this thesis describes the
application of whole genome sequencing (WGS) to understand the emergence of five
major disease-associated STs (1, 23, 37, 47 and 62) within the context of the L.
pneumophila species. Phylogenetic analysis showed that all five STs have very limited
diversity (excluding recombined regions), they have emerged recently, and have since
dispersed rapidly and internationally. The findings support the idea that humans are not
“accidentally’ infected by any L. pneumophila strain that happens to be present in an
environmental source, but rather are infected by specific clones that are more efficient

at human infection.

Analysis of the five major disease-associated STs revealed that recombination accounts
for >95% of diversity in some lineages. The next part of the thesis characterises the

dynamics and biological impact of homologous recombination on L. pneumophila
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evolution. This revealed novel insights into the selection pressures of L. pneumophila
through the identification of hotspot regions, and provided a greater understanding of

the genomic flux within the species.

In addition to its use in studies of bacterial evolution and pathogenicity, WGS also now
represents a promising typing tool that could supplement or even replace current
methods such as SBT. In the next part of this thesis, several WGS-based methods are
evaluated for the epidemiological typing of L. pneumophila. A 50-gene core genome
multi-locus sequence typing (cgMLST) scheme is proposed as the optimal method for
future development since it substantially improves upon the discrimination achieved by

SBT whilst maintaining high epidemiological concordance.

The final part of this thesis explores whether WGS can be used in nosocomial
investigations to support or refute suspected links between hospital water systems and
cases of Legionnaires’ disease. We focused on cases involving ST1, which is a major
nosocomial-associated strain. Overall, we found that WGS can be used successfully to aid
investigations but that deep hospital sampling is required. This is due to the potential
co-existence of multiple populations within the hospital water system, the existence of
substantial diversity within hospital populations, and the similarity of hospital isolates

to local populations.
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