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Identification and epidemiological
typing of Legionella species using
genotypic methods
� Laura Franzin

I was really very happy when the SGM accepted my
application for a two-week research visit, hosted in
January 2003 by Dr Norman Fry of the Respiratory
and Systemic Infection Laboratory at the Central
Public Health Laboratory (CPHL) in London.

Legionella is a respiratory pathogen, responsible for
severe pneumonia. In my laboratory in Turin, we had
obtained several isolates of Legionella bozemanii from
a patient and the hospital environment that required
further characterization. The SGM grant allowed me 
to carry out molecular typing of these strains.

The scientific objectives of my visit were: (1) to confirm
the identity of the presumptive L. bozemanii clinical
and environmental isolates from Turin by macrophage
infectivity potentiator gene (mip) sequencing; (2) to
epidemiologically type the isolates by amplified
fragment length polymorphism (AFLP) and
fluorescent-AFLP (f-AFLP) analysis; (3) to look for
microbiological evidence of the source of the infection;
and (4) to compare these data with those obtained
from UK isolates.

Genotypic mip sequence-based identification (first
described by Dr Rod Ratcliff, University of Adelaide,
Australia) was carried out on 16 Turin isolates by PCR
amplification, purification of the amplified products
and sequencing. Nucleotide sequences were
determined using the dideoxynucleotide method 
and by analysing the products on an automated
fluorescent DNA analysis system (CEQ 8000;
Beckman Coulter). Sequence analysis was performed

using BioNumerics (Applied Maths) and data were
compared to a comprehensive database of all
available Legionella mip sequences. AFLP was
performed using the Standard European Working
Group on Legionella Infections Protocol. Agarose gels
were photographed under UV transillumination,
scanned and saved. The files were normalized and
analysed using BioNumerics and clustered using the
Pearson correlation similarity coefficient. The f-AFLP
analysis was performed using a two enzyme and
primer combination. One primer was labelled with
Beckman Dye-4. The f-AFLP traces of the labelled
fragments were analysed using a numerical character
type with a simple matching similarity coefficient.

The mip sequence data confirmed the identity of all
Turin isolates as L. bozemanii. To date there are at least
five distinct mip gene sequences of L. bozemanii
strains, and the mip sequence type of the Turin strains
showed complete homology with one of these types
found in strains from Australia and the UK. The AFLP
method showed that all the clinical and environmental
L. bozemanii Turin isolates were highly related to each
other and that the AFLP profiles were distinct from the
type strain (included as a reference). The f-AFLP
method also showed a high level of similarity for the
profiles obtained with clinical and environmental
isolates tested, which were also distinct from the
profile obtained with the type strain.

In conclusion, the mip sequence, AFLP and 
f-AFLP data support the hypothesis that the hospital
contained a reservoir of a dominant clone of 
L. bozemanii. The clinical and environmental isolates
showed a very high degree of similarity using three
methods of analysis. However, to confirm that this
clonal lineage of L. bozemanii is endemic to the
hospital, we intend to seek further clinical and
environmental isolates of L. bozemanii from unrelated
sources in Italy and compare them with UK isolates.

I would like to thank the SGM for awarding the
fellowship and Dr Jane Westwell for her helpful advice.
My scientific visit at the PHLS Central Public Health
Laboratory was very profitable and pleasant. I am very
grateful for assistance and kindness from Dr Norman
Fry, Dr Tim Harrison and Dr Baharak Afshar. I would
also like to acknowledge the helpful support of 
Dr Robert George, Director of the Respiratory and
Systemic Infection Laboratory and Frances Knight,
Operations Manager, CPHL. 
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Analysis of RNA structures involved
in poliovirus replication
� Ian Goodfellow

Although poliovirus no longer poses a serious 
medical threat, its study has given virologists a much
greater understanding of how positive-stranded 
RNA viruses interact with the host cell and how this
interaction leads to genome replication. Poliovirus is
arguably one of the best studied of all RNA viruses and
has long been used as a model system for many of its
more economically important relatives; examples of
which are the common cold virus (Rhinovirus) and 
foot-and-mouth disease virus (FMDV). One of the
major benefits of using poliovirus as a model system is
the availability of a cell-free replication system capable
of replicating in vitro transcribed RNA to form progeny
virus particles. The cell-free replication also allows
the dissection of the intricacies of the viral genome
replication cycle – many features of which are currently
impossible to dissect using cell-based systems.

Although over 10 years old, the cell-free replication
system, which is based on cytoplasmic extracts from
permissive cells, still remains something of a ‘black
box’ as very few labs can consistently reproduce the
system. One such lab at UCSF (San Francisco),
headed by Raul Andino, has been at the pinnacle of
poliovirus research for many years. They have had a
long-term interest in vaccine development and more
recently their work has focused on the role that RNA
interference plays as an intracellular anti-viral defence
mechanism. This lab was the obvious choice for me to
gain the necessary experience to address the role that
small RNA structures play in genome replication.
Specifically, I was interested in two RNA structures,
one located in the middle of the poliovirus genome and
the other located at the 3′ end of the genome.

In total I spent six weeks at UCSF, beginning in
September 2002 – one of the hottest months in
California, which didn’t seem to deter the San
Francisco fog at all. During this time I prepared

extracts from over 20 litres of highly permissive cells.
Using these extracts we were able to address the 
role that a small RNA structure in the centre of the
poliovirus genome played in genome replication, and
also the role that an RNA structural element at the 3′
end of the genome plays in genome replication.

The second part of my research trip was made to the
lab of Craig Cameron at Pen State University. Craig’s
lab is something of a newcomer to the RNA virus
replication field, but in a short time they have made a
major impact with a somewhat unique approach to their
research. They have used highly optimized expression
and purification schemes to purify viral RNA-
dependent RNA polymerases. Their lab specializes in
using highly quantitative enzyme kinetic analysis to
study every feature of RNA-dependent RNA
polymerases. In addition to their outstanding work on
poliovirus and hepatitis C virus replication, one of their
recent major findings was that the antiviral Ribavirin,
often used in the treatment of hepatitis C infection,
functions as an RNA virus mutagen essentially 
forcing the virus into error prone catastrophe.

The purpose of my visit to Pen State was to address 
the effect that a mutation in viral-RNA-dependent
RNA polymerase, which suppresses a structural
mutation in the 3′ end RNA structure, has on its
various activities using highly quantitative enzyme
kinetics. In the two weeks I spent at Pen State, I not
only managed to purify the viral polymerase in
sufficient quantities to address these problems, but
also learnt the technologies to allow me to perform the
technically difficult enzyme kinetic analysis back in
Glasgow. Craig and the rest of his group went out of
their way to make me feel very welcome and I was also
privileged enough to get to see the Pen State
American football team play at home – with the
stadium holding around 110,000 screaming fans it
was certainly an exhilarating experience, even if it 
was well below freezing!

The trip was a fantastic experience and I thank the
SGM immensely for giving me this opportunity. It has
left me feeling very enthused, but also exhausted. That
said I would highly recommend such a research visit to
anyone. The work carried out has added greatly to 
our understanding of the role of these small RNA
structures in genome replication and has formed the
basis of two research papers. I would particularly like
to thank Raul Andino and Chanti Polacek (UCSF),
Craig Cameron and Christian Castro (Pen State), as
well as all the members of their labs for taking time out
from their work to accommodate me in their labs and
making my trip truly worthwhile.

For more information on the research groups
mentioned above please see
http://www.polio.vir.gla.ac.uk
http://www.ucsf.edu/andino/
http://phonechatter.bmb.psu.edu/
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