
Researchers at the 
Centres for Ecology and
Hydrology at Oxford and
Monkswood in the UK 
have been checking on the
immunological status of wild
birds to arboviruses in the
UK. West Nile virus
(WNV) causes fever and
inflammation of the brain
which may be fatal, while
other arboviruses, Usutu
virusand Sindbis virus, rarely
cause serious disease.
WNV was first identified in
Uganda in 1937 and is
found throughout northern
Africa, southern Europe,
much of Asia and Australia. 
It recently hit the headlines
through killing more than
300 people in the USA, and
also many wild birds and
other animals since
emerging in 1999.
Previously, outbreaks in
Europe, the Middle East and
Russia have affected birds,
animals and many human
fatalities have been
recorded.

The natural life cycle of 
all three viruses involves
migratory birds and the
mosquitoes that feed on
them. The mosquitoes
transmit the virus between
the birds, and can pass it on
to animals and non-
migratory birds. The risks 
of infection are greatest
when large numbers of
mosquitoes, people and
birds are found together,
especially in towns near

West Nile virus in the UK?
lakes or slow moving rivers.
The recent experience in
North America has indicated
how dangerous WNV can
be when it encounters bird
or animal or human
populations that have never
been exposed to it before.
The researchers knew that
there is no evidence that any
of these viruses is present 
in the UK, although for
thousands of years birds
have migrated to Britain
from regions of Africa where
the viruses are found. In a
country with so many keen
bird-watchers, the sudden
death of wild birds on the
same scale as in the USA
would be rapidly detected.
There have also been 
no reports of illness in 
UK citizens that can be
attributed to these
mosquito-borne infections.
However, the researchers
decided to survey birds in
Britain to see whether the
virus was really absent.

They used very sensitive
tests to search for both the
virus and any evidence that
birds had been exposed to
the virus. Exposure to any
pathogen normally causes
the immune system of the
body to try to produce a
series of defences against 
it, including antibodies that
persist for many years. The
researchers tested serum
from birds that had been
trapped in mist nets and
then released, as well as
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HME – an emerging human
disease
Human monocytic ehrlichiosis (HME) is an emerging
disease in the USA. Although only a few hundred cases 
have been reported, there are probably many more, because
the symptoms are similar to several other diseases. Patients
may have a fever, headache, muscle aches and feel tired.
About half have a rash. A course of antibiotics clears up 
the problem in most people, although the illness can
occasionally develop life-threatening complications. The
disease is caused by Ehrlichia chaffeensis, small Gram-
negative bacteria that are unable to live outside the cells of
their animal hosts. They probably live in blood cells in wild
deer, transmitted between animals by the lone star tick if it
picks up the bacterium in its meals of blood. The danger to
humans is during walks in woodland when ticks can bite
them.

Researchers at the Center for Biodefense and Emerging
Infectious Diseases, and the Animal Resource Center of the
University of Texas Medical Branch, have been learning
more about the disease. They knew of reports that dogs
have been naturally infected by E. chaffeensis, and wanted
to discover more about this. One fear is that domestic pets
could become a reservoir for the disease, bringing it into
closer contact with more humans. Studying dogs that had
been experimentally infected would also give a better idea of
any disease symptoms and how long the infection persisted. 

With the approval of their University’s Institutional Care 
and Animal Use Committee, they designed an experiment 
in which two beagle dogs were infected with E. chaffeensis,
while two others acted as uninfected controls. They
collected regular blood samples over 6 months to test for
bacteria. When the researchers found signs of bacteria, they
decided to investigate the structure of one of the bacterial
surface proteins. Several bacterial species that set up
persistent infections have a mechanism to change surface
features frequently, to continually evade the immune system.
E. chaffeensis looked as if it should have this system, and 
the researchers wanted to check on it. 

Although the infected dogs had decreased blood 
platelet counts, neither of them ran a fever or lost weight. 
The researchers started detecting bacteria in the dog’s
blood 23 days after infection, and continued to find evidence
of E. chaffeensis for 2.5 to 3.5 months. Both dogs developed
antibodies to the bacteria, and when the researchers looked
at their results for the surface proteins, it was clear that 
these did not change during the course of the infection. 
The study indicates that dogs can harbour an infection by 
E. chaffeensis for up to 4 months without showing any
symptoms of illness. As well as adding to public health
information about HME, this gives the researchers an
opportunity to study the infection in more detail.

Zhang, X.-F., Zhang, J.-Z., Long, S. W., Ruble, R. P. & Yu, X.-J.
(2003).Experimental Ehrlichia chaffeensis infection in beagles. J Med
Microbiol52, 1021–1026.

OPPOSITE PAGE (UPPER):
Transmission electron micrograph
of Borrelia sp. from H. aegyptium.
Five insertion points of flagella
were observed in the tapered ends.
COURTESY T. MASUZAWA, SHIZUOKA,
JAPAN

OPPOSITE PAGE (LOWER):
An adult hard tick, Hyalomma
aegyptium (adult), from an infested
tortoise. The diameter of the hole in
the 5 yen coin is 5 mm across.
COURTESY T. MASUZAWA, SHIZUOKA,
JAPAN
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A new fast-growing species
of Borrelia
Bacteria of the genus Borreliacause diseases in humans
called Lyme disease (see pp. 165–166) and relapsing 
fever (see p. 167), as well as illnesses in animals, including
epizootic bovine abortion and fevers. Ticks, and their
relatives, transmit the bacteria between hosts, which include
animals and humans. As people and wild animals are
brought closer together by changes in climate and
agriculture, as well as by tourism and cities encroaching onto
previously uninhabited land, there are more opportunities for
people to pick up previously rare diseases. Microbiologists
are therefore keen to learn more about both the bacteria
and the ticks that transmit them.

Researchers at Yeditepe University in Turkey, and Aichi
Medical University and the University of Shizuoka in Japan,
have collaborated to study a novel species of Borrelia that is
carried by tortoises. They collected 150 tortoises from
woodland and scrub near the coast, 80 km from Istanbul.
Almost all of the tortoises had hard ticks (Hyalomma
aegyptium) on them. As the ticks went through their life-
cycle from larvae to nymphs to adults by the end of summer,
the average number on each animal decreased from around
15 to 4. Around 40 % of the adult and nymphal ticks were
infected with the novel bacterium, which was absent from
the larvae. 

Borreliaare spirochaete bacteria. The cells of this new
species were slender, corkscrew-shaped and swam
vigorously using flagella attached to the ends of the cells.
The researchers sequenced part of a gene for a protein that
makes up the flagella. When they compared it with the same
gene from other Borrelia species, the bacteria isolated from
the tortoises formed a separate group. However, the feature
that dramatically distinguished this species from other
Borrelia species was its rapid growth. The cells doubled in
number in about 5 hours, about twice as fast as all previously
known Borrelia species. The researchers want to investigate
the reason for this rapid growth, as well as determining
whether this new species poses any risks to the health of
humans or domestic animals. 

Güner, E. S., Hashimoto, N., Kadosaka, T., Imai, Y. &
Masuzawa, T. (2003).A novel, fast-growing Borrelia sp. isolated
from the hard tick Hyalomma aegyptium in Turkey. Microbiology149,
2539–2544.

from free-range poultry. 
In total, they had over 430
samples from 30 species 
of birds collected in
Cambridgeshire, Dorset 
and South Wales. These
included house martins,
swallows and several
species of warblers that 
had migrated from Africa, as
well as others, particularly
juvenile birds and free-
range poultry, that had never
left the UK. In addition, they
tested the brains of carrion
crows and magpies that had
been killed during pest
control programmes, for the
presence of WNV RNA. 

The researchers found 
signs that all three viruses
had been introduced into
UK-resident birds from
migrating birds. About a
quarter of the sera from
apparently healthy resident
birds had antibodies to
WNV. This difference from
the North American
experience suggests 
that either UK birds have
managed to build up
immunity over the years, or
the virus is less virulent than
that circulating in the USA.
The  authors conclude 
that since there are few
mosquitoes in the UK
compared with warmer
countries like North America
and Southern Europe, the
risk to human health is
probably low at the moment.
However, they think that 
if the climate becomes
warmer, the risk may
increase. They intend to
extend their study to more
birds, insects and animals 
in the UK, to assess the
situation more thoroughly.

Buckley, A., Dawson, A.,
Moss, S. R., Hinsley, S. A.,
Bellamy, P. E. & Gould, E. A.
(2003).Serological evidence of
West Nile virus, Usutu virus and
Sindbis virus infection of birds in
the UK. J Gen Virol84,
2807–2817.

A new threat from bats
Scientists from the American Centers for Disease Control
and Prevention have been collaborating with colleagues in
the Ministry of Health in Cambodia to assess the public
health risk from bats. These are the only flying mammals,
and can harbour several viruses, including rabies. The
scientists tested Chaerephon plicatabats from Kampot
Cave in southern Cambodia, where local villagers had
reported that the number of bats in the colony was declining.
Apart from being a tourist destination, the cave is an
important source of fertilizer from the bat guano, so there
were considerable opportunities for contact between the
bats and people. If the bats were suffering from a disease
that could be transmitted to people, there could be a real
problem. 

The researchers obtained materials from both healthy 
and dead bats, and began searching for viruses. To find out
whether the dead bats had died of anything that could be
passed on to other mammals, the investigators injected
extracts from the bats’ brains into young mice. A substantial
number of the mice died, supporting the idea that the bats
had died from disease rather than another cause. The
researchers used electron microscopy to look for virus
particles, and found some that looked like members of the
virus family Bunyaviridae. There was one report of Kaeng
Khoi virus (KK), a member of this family, in the same species
of bat from Thailand around 1970. When the researchers
used molecular biological methods on their samples, they
identified the presence of KK virus.

The researchers now have good evidence that KK virus is
present across hundreds of kilometres of southeast Asia,
but they are unsure of its effect on local bat populations, or
human health. Without further observations it is impossible
to know if KK virus has caused a decline in the numbers of
bats in the Kampot caves. And, although in an earlier study
almost a third of bat guano collectors had been shown to
possess antibodies to KK virus, none of them associated
serious illness with the caves. However, arthropods are often
the vectors that transmit bunyaviruses between hosts, and
the previous researchers had isolated KK virus from
bedbugs within the caves in Thailand. The locals reported
that bedbug bites could cause an influenza-like illness,
which is a typical symptom of infection by several family
Bunyaviridae viruses. Further studies to determine the virus
effect on the bats, if this virus is associated with human
disease, and potential for spread are warranted.

Osborne, J. C., Rupprecht, C. E., Olson, J. G., Ksiazek, T. G.,
Rollin, P. E., Niezgoda, M., Goldsmith, C. S., An, U. S. & Nichol,
S. T. (2003). Isolation of Kaeng Khoi virus from dead Chaerephon
plicatabats in Cambodia. J Gen Virol84, 2685–2689.
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New member
of the CF lung
flora
Cystic fibrosis causes many
life-threatening problems,
including repeated
infections of the lungs. The
genetic change that causes
the disease makes the
respiratory tract a much
more attractive ecological
niche for a wide variety of
bacteria. Bacterial species
such as Pseudomonas
aeruginosaand Burkholderia
cepacia frequently set up
persistent infections.
Researchers have found
that a number of unusual
species of bacteria can also
take advantage of the
situation. Scientists from 
the University of Michigan
have collaborated with Peter
Vandamme of the University
of Gent in Belgium to study
some of the less well-known
species.

They focused on five 
strains that appeared to 
be members of the genus
Ralstonia, isolated from
patients receiving treatment
in three US states. After
carrying out a thorough
investigation of the media on
which the bacteria could
grow, their cellular fatty
acids, the sequence of one
of their genes and a profile
of their proteins, the
researchers concluded that
the strains originated from
two previously unknown
species. They have named
one Ralstonia respiraculi
(after the Latin noun
respiraculumrespiration).
However, they are waiting
until they discover more
strains of the other one
before giving it an official
name.

Coenye, T., Vandamme, P. &
LiPuma, J. J. (2003).Ralstonia
respiraculi sp. nov., isolated from
the respiratory tract of cystic
fibrosis patients. Int J Syst Evol
Microbiol531339–1342.

Rabbit numbers are a very
serious problem in Australia
and New Zealand. After a
new, highly contagious and
virulent viral disease of
rabbits had emerged from
China in 1984 and spread to
the rest of Asia and Europe,
the Australian government
approved trials of its use as a
bio-control agent. The rabbit
haemorrhagic disease virus
(RHDV) can kill susceptible
adult rabbits in hours from
massive internal bleeding.
Trials were held on an
offshore island, so that the
virus could be contained if
problems arose. However,
the virus escaped to the
mainland, possibly with
human help, where it 
spread, at least initially, as a
phenomenally fast and
lethal epidemic throughout
the southern Australian
states. The New Zealand
Government rejected the
idea of using RHDV, but the
virus was deliberately and
illegally introduced into New
Zealand in 1997. Many
farmers set out baits of oats
and carrots contaminated
with RHDV, initiating the first
epidemics of the disease,
although with only 10–50 %
mortality. After the disease
was established, the New
Zealand Government
changed its mind and
approved importation,
manufacture and sale. 

However, by 2001 there
were many healthy rabbits in
areas of New Zealand where
the virus was released. In
Australia as well, the disease
has become much less

Rabbit, rabbit!
lethal. Researchers in the
UK have been trying to work
out how this has happened.
Although people had initially
assumed that New Zealand
was free of RHDV before
the illegal releases, 
re-analysis of stored serum
samples has shown that 
a RHDV-like virus was
already present. Since 
there were no records of
disease symptoms, it must
have been present as a
subclinical infection. One
implication is that rabbits
with immunity to this virus
may also have been able to
resist RHDV, explaining the
variable mortality in the first
epidemics in 1997. 

The researchers checked
for RHDV in healthy rabbits
shot near Alexandra in
Central Otago. This was
among the first places to
report the disease following
release of the virus in 1997.
They used an extremely
sensitive version of the
polymerase chain reaction
to find out the sequence of
one of the most variable
regions of the viral genome.
They detected very small
amounts of two types of the
virus in about half of the
rabbits. When the
researchers tried to infect
healthy, virus-free rabbits
with extracts from these
rabbits, they were
completely unsuccessful,
indicating that although 
the viral RNA was present,
there was insufficient to
cause a new infection at
least under experimental
conditions.

Most of the infected rabbits
contained a version of the
virus that was very closely
related to the Czech V351
strain that was deliberately
introduced in 1997. All but
one of the remaining
positive rabbits had a very
similar, but distinctly
different version,
corresponding to the virus
introduced illegally by the
farmers. The biggest
surprise was a third version
in one rabbit, most closely
related to a type of RHDV
isolated in Spain. After
carrying out experiments to
check this result, the
researchers were convinced
that this was real, but were
left without an explanation
of how it had got to New
Zealand. The presence, in
healthy rabbits, of similar
viral sequences to the strain
responsible for the first
epidemics indicated that the
virus has become less able
to cause a lethal infection.
The big question, which the
researchers are now
attempting to answer, is how
has RHDV become able to
cause these persistent, non-
lethal infections, and how
can it be awakened back to
a virulent infection.

Forrester, N. L., Boag, B.,
Moss, S. R., Turner, S. L.,
Trout, R. C., White, P. J.,
Hudson, P. J. & Gould, E. A.
(2003).Long-term survival of
New Zealand rabbit
haemorrhagic disease virus
RNA in wild rabbits, revealed
by RT-PCR and phylogenetic
analysis. J Gen Virol84,
3079–3086.
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Cleaning up the environment
Chlorinated hydrocarbons are very useful man-made
chemicals. Their major advantages are that they do not
dissolve in water and they are resistant to degradation by
microbes. They are essential industrial solvents and can be
found in brake fluid in cars and in dry-cleaning liquid.
However, their chemical nature means that they are 
toxic and must be handled with care. Nevertheless, their
usefulness means that large volumes are manufactured. 

These advantages turn into a problem when the chemicals
are spilt or reach the end of their useful life and need to be
disposed of. Although many bacteria attempt to use
chlorinated hydrocarbons as a source of food, degradation is
slow. The chemicals can remain in the soil for decades and
seep into underground rock to contaminate water supplies.
A substantial portion remains resolutely inaccessible,
perhaps adsorbed onto soil particles or sequestered within
pores in the soil minerals. The only way to encourage
microbes to get at this so-called ‘aged’ pollutant is to spray
the ground with expensive detergents. Digging up all the soil
from a contaminated site and burning it in a furnace at a very
high temperature is sometimes another costly solution. It is
no surprise, therefore, that biotechnologists continue to look
for more environmentally friendly ways to clean up ‘aged’
chlorinated hydrocarbons. 

Although many Gram-negative bacteria can digest
chlorinated hydrocarbons, this ability is rare among Gram-
positives. Many Gram-positives, however, can degrade non-
chlorinated hydrocarbons, and some produce a detergent
during the process. A bacterial species that combines both
abilities could be exactly right for bioremediation. In the late
1990s Peter Rapp and Lotte Gabriel-Jürgens found a
contaminant in a culture of Gram-negative bacteria that
looked like it might have these properties. They have now
described the remarkable abilities of Rhodococcussp. 
strain MS11 in a recent issue of Microbiology.

Not only could this aerobic, Gram-positive, non-motile
bacterial strain degrade an unexpectedly wide range 
of chlorinated and non-chlorinated hydrocarbons, but it 
made its own detergent as well. It could grow on 1,2,4,5-
tetrachlorobenzene, as well as versions of this chemical
containing only two or three chlorine atoms. This is a 
rare ability, even among Gram-negative bacteria, so the
researchers checked out the genes that provided this
characteristic. They turned out to be surprisingly similar to
those in the Gram-negative bacterial culture from which the
Rhodococcusstrain had been isolated as a contaminant.
The researchers suspect that when the contaminant had
been in the life-or-death situation of needing to use a novel
chemical as a source of food and energy in order to live, it
had acquired exactly the right genes from the culture. In
combination with the innate ability of Rhodococcussp. 
strain MS11 to synthesize a detergent, the researchers 
have found an organism that might be well suited for
bioremediation of sites polluted with industrial chemicals.

Rapp, P. & Gabriel-Jürgens, L. H. E. (2003).Degradation of alkanes
and highly chlorinated benzenes, and production of biosurfactants, by 
a psychrophilic Rhodococcus sp. and genetic characterization of its
chlorobenzene dioxygenase. Microbiology149, 2879–2890.

Real sex in bacteria!
Among the first things that students are taught about
bacteria is that they do not indulge in real sex. Bacterial cells
are haploid, with only one copy of every gene. They have
several ways to pick up bits of DNA from the environment,
and to transfer it into other bacterial cells, but the result is
never a diploid cell with two copies of every gene like the
average animal cell. Up until the 1950s bacteriologists
speculated that sexual reproduction might be waiting to 
be discovered in bacteria. Since then, apart from a few
scattered reports, most people quietly dropped the idea.

However, in 1994 Jean-Pierre Gratia from the Pasteur
Institute in Brussels found something that appears to be
closer to true sexuality in bacteria than has ever been seen
before. He isolated a strain of Escherichia coliwith very
surprising characteristics. At the time, the best explanation
was that each cell contained two entire sets of E. coli genes,
only one of which was in use at any time. Now he and his
colleague Marc Thiry from the University of Liege in Belgium
have been following up this discovery, applying new
techniques in molecular biology and cell imaging to gain a
more detailed understanding of this phenomenon. They call
it ‘spontaneous zygogenesis’, or Z-mating for short. 

The researchers performed crosses between strains
carrying genetic markers for antibiotic resistance or
requirements for particular amino acids in the growth
medium. The results were much more like those from diploid
cells, where the progeny contain all the genetic markers.
However, one other possibility that would explain the results
would be that the E. coli cells had become particularly sticky.
To check on this, the researchers used several sorts of
microscopy to look at both the arrangement of the cells, and
also the DNA within them. They could use minute gold
particles to label the DNA from each of the parental strains
in their crosses, and then examine the labelling of the
progeny. 

Putting together all their results, the researchers feel that
they have convincingly demonstrated the existence of a
transmissible Z-factor in E. coli that gives the cells an ability 
to fuse and exchange genetic information in a way that has
never been observed before. They are sure that this new
process opens up exciting prospects for both fundamental
research and biotechnology.

Gratia, J.-P. & Thiry, M. (2003).Spontaneous zygogenesis in
Escherichia coli, a form of true sexuality in prokaryotes. Microbiology
149, 2571–2584.

LEFT:
Mating between strains marked 
by complementary auxotrophic
mutations. Colonies are formed on
minimal agar in the zone where the
dropped cultures P1 and P2
overlap.
COURTESY J.-P. GRATIA, PASTEUR
INSTITUTE OF BRUSSELS, BELGIUM

P1

P2


