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HotoffthePress

Science journalist
Meriel Jones takes
a look at some
papers in current
issues of the
Society’s journals
which highlight 
new and exciting
developments in
microbiological
research.

The mystery of TTV
About 2 years ago a group of Japanese researchers
reported a new virus from a patient with unexplained liver
disease. Although it was reminiscent of a parvovirus, there
were significant differences. One of the first things to do with
a new virus is to sequence its entire genome. The first three
isolates were 97% identical along their 3852 base genome
sequences but were completely unlike any known viruses.
That immediately meant that it was the first member of a
new viral family, as well as a new species. They called it TT
virus (TTV), after the name of a patient, or the possibility that
it might be ‘transfusion-transmitted’. Recently in JGV, reports
have been published on two interlinked aspects of this
newcomer. As always, as information accumulates, the story
becomes much more confused and interesting. There is a
real question mark over the place of TTV in disease and a big
debate over how to detect it. 

The first studies on TTV concentrated on patients suffering
from liver disease and people who were likely to have had
contact with blood. Eckart Schreier and co-workers in Berlin
picked out the DNA signature of the virus in 22 out of 118
German patients suffering from a range of liver diseases. A
study of patients being treated with interferon for hepatitis C
virus infection at the Toranomon Hospital in Tokyo showed
that 16 of them were infected with TTV before their treatment
started. The interferon removed both viral infections from
just over half the patients. The remainder included those
who had been cured of their hepatitis C infection but not of
TTV, people who had been cured of TTV but not hepatitis C
and a third group who still had both viruses. Those who
harboured TTV only appeared to have recovered their health
while most of the patients who still had the hepatitis C virus
had symptoms of liver disease. When a group from Chicago
used their most sensitive test on samples from healthy blood
donors, about a third of them were found to be infected with
TTV. With a disease connection looking less likely, they
searched for a source for the virus and tested farm animals.
Significant numbers of chickens, pigs, cows and sheep all
contained the virus.

Of course, a key aspect of these clinical studies is to have a
good way of detecting TTV.

Viruses are small and often have few distinguishing physical
characteristics. TTV is a small, dense particle, about 40nm
across. The DNA itself is single-stranded. Isa Mushahwar
and the Virus Discovery Group at the Abbott Laboratories in
Chicago, have been adding to the number of complete TTV
genomes. They have now reported a further nine. The
sequences differ by up to 30% overall, with some small
regions being 90% identical in all isolates, while others were
as much as 40% different. This is a very substantial, and
unexpected, amount of variation and provides evidence that
there are at least three types of the virus, with two sub-types.
Further sequencing may reveal even more.

Variation within a viral genome poses an immediate problem
for detection of the virus. The current way of finding TTV
uses the polymerase chain reaction. This relies on pairing up
two short pieces of DNA against the target DNA and then
running off masses of copies of the sequence between them.
Obviously, if the short pieces do not match the target, it may

Bacteria come in all shapes
and small sizes and even
include square ones living 
in salt-saturated water.
Outdoor ponds are used in
countries like Israel, Egypt
and Spain to produce
domestic table salt, sodium
chloride. As a first step,
seawater is evaporated in
the hot sun. Some bacteria
can live only in these salt-
saturated brines, where the
salt concentration is above
250 g per litre. These
conditions are similar to
those used for preserving
food and the bacteria are

known to have a series of
specialized features that
allow them to thrive where
most die. In addition,
although square bacteria
can be seen swimming in
extremely saline ponds,
most have so far defied
attempts by microbiologists
to grow them in the
laboratory. One was isolated
from an Egyptian brine pool
about 20 years ago and has
been an intriguing oddity
ever since. An international
collaboration, led by Aharon
Oren from the Hebrew
University of Jerusalem, has

Hip to be square
now reported a critical look
at its identity.

This involved a battery of
tests to see if the bacteria
could grow in particular
growth media, complicated
by the need to add large
amounts of salt to them all. 
In addition, the researchers
analysed the bacterial cells
for fats since some are
confined to particular
taxonomic groups. Their
final step was to analyse
several characteristics of 
the DNA of the bacteria. 
The picture from the results
was revealing. The cells
contained a group of
complex lipids that have 
only been found together in
the genus Haloarcula. The
fact that the bacteria grew
best at temperatures around
55 °C and could live on a diet
of sugars such as glucose
and maltose also fitted with
this group. However, when
the strain was compared
with representatives of the
six species in this genus, it
was not particularly like any
of them. Apart from its
unique shape, the most
telling differences were in 
its DNA characteristics,
indicating a new species
within the genus. The name
Haloarcula quadratawas
coined to emphasize its
square shape.

■A. Oren et al.Haloarcula
quadrata sp. nov., a square,
motile archaeon isolated from a
brine pool in Sinai (Egypt). Int J
Syst Bacteriol49, 1149–1155.

ABOVE:
Phase-contrast micrograph of a
culture of the square bacterium
Haloarcula quadrata in standard
growth medium. Bar, 10 µm.
COURTESY A. OREN
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Cystic fibrosis is a common
inherited disease in white
European populations.
Although understanding its
genetic basis may eventually
provide a cure, careful
regimes of physiotherapy
and monitoring are the way
to a good quality of life for
people with this condition at
present. One aspect of the
disease is frequent lung
infections, particularly with
Pseudomonas aeruginosa.
This causes damage which
can eventually be fatal.
Current treatment uses
antibiotics to eradicate the
bacteria as soon as possible.
The situation becomes
particularly serious if the 
P. aeruginosaconverts 
to its mucoid form. The
bacterial cells manage to
coat themselves with a
sugary layer called alginate,
along with acquiring other
new characteristics. These
interfere with the lethal
bursts of energized oxygen
directed by immune cells at
the bacteria. Obviously,
anything that can be done to
prevent or remove mucoid
strains will be helpful to
patients.

A group in Denmark, led 
by Arsalan Kharazmi, has

Parental strain Pseudomonas
aeruginosa strain PAO1 (above)
and a typical mucoid variant
observed after treatment of a
biofilm with hydrogen peroxide
(right).
COURTESY K. MATHEE

be impossible to produce any copies and the virus will not be
detected. On the other hand, if they match very common
sequences, the method will over-report the presence of TTV.
The trick is to find a region that is unique to TTV, and found in
all its variants, but nothing else. Isa Mushahwar and
colleagues reported a comparison between the detection
powers of several regions of the genome which shows very
clearly that some of them do not detect all TTV variants. 

The source of this large amount of variation is intriguing. One
possibility is errors during propagation of the virus. This is a
deliberate strategy used by some viruses to evade destruction
by the immune system. An alternative is that variants are a
consequence of the antiquity of TTV. Variation acquired over
thousands or millions of years by occasional mistakes would
be handed on from one generation of human host to another.
These possibilities can be resolved by seeing if the genome
of the virus stays the same during an infection. A survey by
Xavier de Lamballerie and colleagues in Marseille of French
in-patients detected several with TTV. One patient kept the
same two strains for 15 months and another patient had the
same strain for almost 3 years. In contrast, Jonathan Ball and
colleagues from the University of Nottingham followed the
virus in serum samples from three British people suffering
from chronic hepatitis C infection. Although one patient had
a stable level of one form of the TTVfor 3 years, another had
fluctuating levels of at least seven distinct forms of the virus
over 5 years. The strange fact was that there was no obvious
way for this person to acquire such a collection of viruses.
For example, she had not had blood transfusions, did not
have tattoos and had a single lifetime sexual partner. Thus,
although it looks as if the virus maintains a constant identity
within one host, the opposite is occasionally true as well.

The worldwide distribution of the virus, along with its
variability, has been brought home by a study led by Peter
Simmonds of the University of Edinburgh with collaborators
in England, Gambia, Pakistan and Saudi Arabia. They have
reported TTV infection in over 70% of healthy people in
countries like the Gambia and Ecuador. Some TTV variants
had a worldwide distribution. For example, one appeared in
undisturbed indigenous people of Ecuador, rural people
from Gambia and blood donors in Saudi Arabia. Another was
unique to Papua New Guinea.

Thus, after only a few years study, knowledge about the
natural history of TTV has expanded, and provides a confusing
but very interesting picture of its life.

■M. Höhne et al.Detection of sequences of TT virus, a novel DNA
virus, in German patients. J Gen Virol79, 2761–2764.

■P. Biagini et al.Determination and phylogenetic analysis of partial
sequences from TT virus isolates. J Gen Virol80, 419–424.

■K. Chayama et al.Susceptibility of TT virus to interferon therapy.
J Gen Virol80, 631–634.

■L.E. Prescott et al.Sequence diversity of TT virus in geographically
dispersed human populations. J Gen Virol80, 1751–1758.

■J.C. Erker et al.Analyses of TT virus full-length genomic
sequences. J Gen Virol80, 1743–1750.

■J.K. Ball et al.TT virus sequence heterogeneity in vivo: evidence for
co-infection with multiple genetic types. J Gen Virol80, 1759–1768.

■T.P. Leary et al. Improved detection systems for TT virus reveal
high prevalence in humans, non-human primates and farm animals. 
J Gen Virol80, 2115–2120.

Revealing the secrets within the 
cystic fibrosis lung

been studying how mucoid
variants arise, since they
might be a response to
attack by the immune
system. To test this
hypothesis, a normal 
P. aeruginosastrain was
grown within a flat container
with the growth medium
flowing gently past the
attached cells to mimic an
infected lung. Additions of
hydrogen peroxide
simulated the reaction of 
the immune system. The
intriguing result was that the
P. aeruginosa remained
normal until the hydrogen
peroxide treatment when a
few mucoid variants always
appeared. Exactly the same
result was observed when
white blood cells were
added to the growth medium
as a more realistic test.

The big question was
whether these experimental
mucoid strains were the
same as ones found in cystic
fibrosis patients. All the
mucoid strains had a
mutation in one gene, mucA,
and changes in a number 
of physical characteristics.
When the researchers
deliberately created a
mutation in only this gene,
the mutant had a set of new

characteristics. The strains
from cystic fibrosis patients
had this set, plus a variable
collection of other
characters. The reason why
a mutation in one gene can
cause many changes lies in
the normal role of MucA. 
It controls several other
genes, so any changes to it
immediately affect them all
and they are probably the
most important ones for
damaging lungs.

This experiment suggested
that the immune system
encourages precisely the
type of P. aeruginosa that
resists it best. Scientists
know that plant and animal
cells can switch on sets of
genes to protect themselves
against toxic oxygen
molecules. This research
indicates that bacteria can
do this as well, and at just the
wrong moment for us.

■ K. Mathee et al.Mucoid
conversion of Pseudomonas
aeruginosaby hydrogen peroxide:
a mechanism for virulence
activation in the cystic fibrosis
lung. Microbiology145,
1349–1357.
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Bacteria are hardly the 
first thing that springs to
mind when you think 
about medieval industrial
processes. However, it 
turns out that they have an
important role in both the
production of dyes and in
the destruction of ancient
paintings. Up until the 17th
century, the only source of
blue dye in Europe was the
woad plant. Its leaves were
processed to extract the
blue dye indigo by a lengthy
procedure of crushing,
drying, re-wetting and
fermenting. The final stage
involved soaking the
fermented mass in a hot
alkaline vat along with the
cloth to be dyed. The
insoluble pigment was
released from the decayed
leaves, but bleached
colourless in the process.
However, once the cloth was
hauled out into the air the
indigo was oxidized back to
its intense blue colour. The
start of the synthetic dye
industry in the late 19th
century signalled the end of
natural dyes. However, the
need to clean up wastewater
from modern dye factories
has made scientists look
again at biological methods
of dye production.

The Chiltern Open Air
Museum near Chalfont 
St Giles in Britain has been
demonstrating all stages of
the woad dye industry. Their
collaboration with Nikki
Padden and colleagues
from Reading University has
uncovered a new species of
bacteria from the depths of
the dye vats. Clostridium
isatidisenjoys the 50 °C

The enemy within
The bacterium Burkholderia cepacia was first detected in
the late 1940s, causing a soft-rot disease in onions.
However, it appears in many other situations, including 
life-threatening lung infections in people who are already
suffering from lung problems, such as cystic fibrosis. These
are very difficult to deal with because this species is
intrinsically resistant to many antibiotics. Clinical isolates 
can survive for a long time in the environment and can
spread from patient to patient. 

To add to the problem, it now appears that B. cepacia
can survive within amoebae. This is not just an esoteric
laboratory experiment; several types of amoebae can be
found in the noses of patients with respiratory problems, and
amoebae containing Burkholderia cells have been found on
the tiles inside a hospital. This group report that the bacteria
really can survive, and even multiply within an amoeba. They
used several varieties of B. cepaciaand of the amoeba
Acanthamoeba in their experiments. When they mixed
amoebae that had been grown in sterile conditions with live
B. cepaciacells, the amoebae developed spacious vacuoles.
The researchers could see bacteria swimming about within
them, and the number of both bacteria and vacuoles
increased over about a week. These vacuoles looked
completely different from the sort formed around bacteria
like Escherichia coliwhich are often given to these amoebae
as food. The B. cepaciastrains could set up persistent
infections in most strains of Acanthamoeba.

Interestingly, the temperature of the cells affected 
the outcome of the experiments. At 37 °C, the amoeba
remained uninfected and went into a resting stage called a
cyst, or became infected with bacteria and disintegrated.
The long-term infections with B. cepaciawere only set up at
lower temperatures, between 20 and 30 °C. This is of clinical
importance, since the tip of the nose, where the amoebae
lurk, is typically at about 30 °C. If infected amoebae set up
home here, they are in a good spot to release bacteria-laden
droplets out into the air, or down into the lungs.

■C.L. Marolda et al. Intracellular survival and saprophytic 
growth of isolates from the Burkholderia cepacia complex in free-living
amoebae. Microbiology145 (in press).

ABOVE:
Acanthamoeba polyphaga carrying
intracellular Burkholderia cepacia
(arrowheads) 24 h after
phagocytosis. Samples were
stained with the fluorescent
DEAD/LIVE BacLight kit to
determine the viability of
intracellular bacteria. Dead
bacteria stain red and live bacteria
stain green.
PREPARATION PERFORMED BY 
H. SHANNON & C.L. MAROLDA

RIGHT:
Clostridium isatidis reducing indigo.
INSET: 
Fresh woad ball containing indigo
prior to processing.
PHOTOS COURTESY NIKKI PADDEN & 
PHILIP JOHN

temperature and air-less
conditions, but more
importantly has the ability to
decolourize indigo. A first
look at its cells and colonies
indicated that it was a
member of the well known
genus Clostridium: it grew 
in anaerobic conditions 
and had characteristic rod-
shaped cells which stained
positive with the Gram 
stain and could produce
endospores. This genus
contains a large number of
species and the researchers
had to go through many
tests to satisfy themselves
that they really had a new
species, rather than a variant
of a less well known one. 
An analysis of one region of
its DNA pinned the new
Clostridiumdown to Cluster
I of the genus. A detailed
comparison between it and
genuine members of the
cluster showed that although
the new isolate was similar,
there wereenough detailed
differences to warrant its own
specific name. 

The new species
Agrococcus citreuswas
recently isolated by
researchers in a much 
less useful situation. 
Hans-Jürgen Busse and 

his colleagues are studying
decaying medieval murals in
the chapel of Castle
Herberstein in Austria. The
cool damp atmosphere
unfortunately provides ideal
growth conditions for some
bacteria, including a yellow-
coloured one that belongs to
the coryneform group. This
group poses a number of
taxonomic problems,
centred around the fact 
that their similar physical
appearance conceals
dramatic differences in cell
biochemistry and genetics.
The composition of their 
cell wall and lipids can 
be revealing. When the
researchers analysed their
new isolate it contained the
very unusual diaminobutyric
acid. This immediately
narrowed down its identity
and the sequence of part of
its DNA indicated the genus
Agrococcus. Although it had
many features in common
with the other species in 
this genus, significant
differences such as its
resistance to an antibiotic
and inability to grow on
particular organic acids
suggested that it was a 
new species.

■A.N. Padden et al.An
indigo-reducing moderate
thermophile from a woad vat,
Clostridium isatidis sp. nov. Int J
Syst Bacteriol49, 1025–1031.

■M. Wieser et al. Agrococcus
citreus sp. nov., isolated from a
medieval wall painting of the
chapel of Castle Herberstein
(Austria). Int J Syst Bacteriol49,
1165–1170.

Ancient and modern


