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●
The diagnosis of
disease states is 
a primary pre-

requisite of successful
medical treatment and as
such is a high priority in
any area of clinical science.
Microbial infections and
related causes of illness
seem to be one of the 
more common problems
encountered in the world
today and are widely
reported by the press,
especially when so-called
‘killer bugs’ or ‘antibiotic-
resistant’ organisms are
mentioned.

In many cases, infection
with micro-organisms
produces a change in the
smell of a person, which can be especially noticeable on
the breath, in the urine or the stools. Such changes have
been commonly used as an aid to diagnosis of disease 
and in some countries, smelling the patient or the body
fluids of the patient was, and still is, an important tool in
diagnosis. In 1986, National Geographic published an
article on ‘The intimate sense of smell’ in which the
odour of different diseases was described and in which
clinicians state that odour is important in diagnosis,
especially in the emergency room.

● Smells and disease
There are a number of specific publications detailing
smell as one of the major aids in determining correct
clinical diagnosis. Maple syrup urine disease is a well
known condition that is characterized by a sweet aroma
in the urine of affected patients. The cause in this case is
not infection, but a defect in the branched-chain amino
acid metabolism, leading to excretion of sotolone, a
flavour impact compound that is present in fenugreek
and lovage. Schizophrenia has been reported to be
characterized by the appearance of volatile compounds 
in the breath of patients, which may be used to indicate
the condition. The characteristic odour appearing in 
the breath of these patients seems to be due to changes 
in fatty acid metabolism. A very recent report has
indicated that lung cancer may be identified using 
GC-MS analysis of 22 volatile organic compounds 
in the breath of patients. These compounds have 
been identified as mainly alkanes, alkane derivatives 
and benzene derivatives. Urinary tract infection by
enterobacteria has been diagnosed by headspace 
GLC analysis of urine and other workers have 
detected anaerobic bacteria in blood cultures using GLC
methods.

● Electronic noses
Over the last few years, the development of instruments
that detect and digitally characterize smells by electronic
means have been well reported in both the scientific 
and the topical literature. These instruments, which 
use arrays of chemically sensitive sensors, have been
colloquially dubbed ‘electronic noses’. Basically they
produce a digital response to a complex odour or smell
that may then be used to identify or describe that odour
by some sort of definitive measure. They are not, in 
the accurate sense of the term, analytical instruments,
but are more comparative in their use and deployment. 
A recent book by Gardner & Bartlett covers the basic
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TOP RIGHT:
Fig. 1. The Bloodhound BH 114
instrument is based on conducting
and semi-conducting polymer
sensors and is designed to be
versatile, with a rapid sampling
time (usually less than 1 minute).
The sensor arrays produce signals
from a wide range of volatile
organic compounds and are stable
and reversible in nature, allowing
instrument use over periods of
several months or even years. A
recalibration facility is available
and the instrument is fairly
compact, weighing approximately
2.8 kg. The instrument is fully
software-controlled and allows
some integral data processing and
data export to more sophisticated
processing packages.

BOTTOM RIGHT:
Fig. 2. Profiles of headspace
odour taken in ‘effective real time’.
The sampling window of the BH
114 in this example is set to 60
seconds, with a 15 second pulse of
headspace sample over the 14
sensors. Each sensor responds
individually to the volatile
compounds contained in the
sample to give a unique pattern of
responses that can then be further
processed using statistical or
neural network techniques.
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principles of electronic noses and the current methods
available, with a number of application areas described.

As an example of an electronic nose, a Bloodhound 
BH 114 instrument, which is based on an array of 14
conducting and semi-conducting polymers with varying
sensitivity to volatile organic compounds, is shown in
Fig. 1.

The actual traces from a sample can be seen in Fig. 2,
where 14 sensors are responding in ‘effective real time’ to
give a unique pattern of responses to the odour of
bacteria. The different parameters such as peak height,
rate of adsorption, rate of desorption and area under 
the curve are then processed using statistical methods 
or neural network techniques to give a ‘digital finger-
print’ and thus identify the bacteria producing the
odour.

● Applications in microbiology
In the past few years various groups and companies 
have been experimenting with electronic noses in the
detection of microbial growth. It is a logical progression
to look at the incidence of infection by micro-organisms
using changes in the smell of the patients themselves 
or the odour of clinical samples. Further to this idea, the
combination of selective culturing techniques currently
used and the subsequent measurement of the odours
generated could be used to identify the causative
organisms in clinical infections more quickly.

In 1996, a project to discriminate between bacteria 
in culture was carried out by Bloodhound Sensors Ltd in
collaboration with Oxoid Ltd. This work indicated 
that it is possible to simultaneously detect bacteria and 
to identify them by smell. The rapidity of the culturing
and sampling to produce results was reduced to a 

single working day, with 
a 4–6 hour incubation
period being sufficient to
produce the characteristic
odours associated with
bacterial growth. Table 1
shows the results for a
number of bacterial species
and strains that were used
to train a neural network.
Identification of these
species was carried out to a
95% confidence match. 
It can be seen that in all
cases the identification was
successful.

Headspace odour samples
were generated by plates in
sealed bags or by sparging
through liquid medium.
Published research on
bacterial detection by

electronic noses includes the screening of bacterial
vaginosis, microbial contaminations in bioprocesses 
and detection and simultaneous identification of bacteria
in culture.

Recently, workers at Cranfield University have 
been able to show the utility of an electronic nose
(Bloodhound BH 114) to diagnose Helicobacter pylori
infections. Inclusion of biochemical inducers results in
an improvement in the discrimination patterns. Results
using a genetic algorithm/neural network classification
method are shown graphically in Fig. 3.

The electronic nose methodology used to detect 
and diagnose bacterial infection is growing, with some 
of the latest results showing that TB infection can be
rapidly diagnosed using odours generated from sputum
samples. Again, a BH 114 electronic nose was used to
sample the volatiles from the headspace of the sputum.
The experimental set-up is shown in Fig. 4 and 
the results were analysed using the same genetic
algorithm/neural network method used for the H. pylori
study (Fig. 5). This method of rapid, non-invasive

ABOVE:
Fig. 3. Detection of 
Helicobacter pylori in artificial
stomach atmospheres, showing
discriminant analysis scores 
and formation of three separate
clusters. An artificial stomach
atmosphere containing H. pylori
and biochemical inducers (■ ) 
has produced a completely
different odour profile. Although
sterile artificial stomach (● ) 
and H. pylori normal growth (◆ )
are closer, there is still a clear
distinction between them.

Table 1. Identification of bacterial species
and strains using neural network techniques

Bacterial species / strain Percentage correct 
classifications

Control plates 100
Control liquid media 100
Distilled water blank 100
Escherichia coli 10418 (plate) 100
Escherichia coli 10418 (liquid culture) 100
Escherichia coli M1 (plate) 100
Escherichia coli M1 (liquid culture) 100
Proteus mirabilis (plate) 100
Proteus mirabilis (liquid culture) 100
Pseudomonas aeruginosa 10662 (plate) 100
Pseudomonas aeruginosa 10662 (liquid culture) 100
Pseudomonas aeruginosa 510 (plate) 100
Pseudomonas aeruginosa 510 (liquid culture) 100
Staphylococcus aureus (plate) 100
Staphylococcus aureus (liquid culture) 100
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as sensor technology becomes more advanced, different
types of simplified detection principles will emerge. A
new technique, termed pulse spectroscopy, is being
developed by Bloodhound Sensors Ltd, which uses a
single sensor to give a response trace similar to GC-MS,
but over timescales of a few seconds. This method may
supercede the more traditional electronic noses and make
the detection and identification of bacterial infection a
much simpler task than it is at present. The crucial need
for inexpensive diagnostic tools will continue apace 
and as technology develops at an alarming rate, the
appearance of a Star Trek ‘tricorder’ device may not be too
long in coming.
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identification of TB could have very important
ramifications in the global detection of this disease,
especially if portable devices can be developed.

● Future developments 
In the future, devices like electronic noses are likely 
to become much more versatile and common in the
detection and identification of clinical infections. It 
may be possible eventually to sense diseases and
infections in the field using portable, miniaturized
instruments. Already, small battery-operated detectors
for breath analysis are available and battery-operated
prototype electronic noses have been constructed. Also,
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Fig. 4. Apparatus for detection
of TB in sputum. The Bloodhound
BH 114 electronic nose samples
the volatiles from a sputum 
sample through a filter to prevent
instrument contamination. Large
carbon filters are used to scrub
incoming air so that only odour
from the sample is recorded.
Calibration headspace for
instrument recalibration is
generated at the rear of the
machine.
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tuberculosis (▲ , 10 samples),
Mycobacterium avium (◆ , 10
samples), Pseudomonas
aeruginosa (● , 10 samples),
mixed infection (■ , 8 samples)
and normal/control sputum (● , 8
samples) were collected and
sampled. The data were processed
using a genetic algorithm/neural
network technique and the results
presented in the graph are based
on discriminant analysis of the
processed data. It can be clearly
seen that the different bacterial
infections produce separate
clusters using this method, even to
the extent that mixed infections
can be discriminated from single
organism infections. The data
generated here were from an
instrument that has been in use for
over 2 years.
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Letters

Article in
Microbiology Today
Vol. 26/4, November
1999, pp. 172–173
I was interested to see 
the article in Microbiology
Today by Peter Balfe 
and wish to offer a few
observations which I hope
will be of interest. 

I would suggest that the
headline to the article is
misleading – to the best
of my knowledge, Lady
Mary Wortley never
advocated vaccination
per se – as the article
makes clear, she was in
favour of variolation. The
‘leap in the dark’ was to
use cowpox virus as the
inoculum and then follow
this by challenge with
smallpox (Variola) virus. I
would certainly agree that
Edward Jenner was not
really taking such a ‘giant
leap’, since it could be
argued that, by challenging
with Variola post-Vaccinia
inoculation, he was only
‘hedging his bets’ to
variolate in case the
vaccination did not work!

I don’t know whether 
readers are familiar with
the story of Benjamin
Jesty, a Dorset farmer – 
I believe that he was the
first ‘vaccinator’, who
vaccinated his family 
with cowpox in 1774 – 22
years before Jenner. (See
http://home.sprynet.com/
~btomp/smallpox.htm for
details of the story, which 
I think was probably 
taken from a small
booklet entitled The First
Vaccinator published by
Dorset County Museums
in about 1970.)

The only thing that
Jenner did and Jesty did
not was to challenge his
vaccinees with Variola
afterwards, probably
believing that they would
be immune anyway – this
seems to have been a
common country belief at
the time.
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Microbiological
aspects of
wastewater
treatment and reuse
in  developing
countries
Wastewater treatment 
in developing countries
needs to be low-cost,
easy to operate and
maintain, and, in most
cases, produce an
effluent that can be safely
used for crop irrigation
and/or fish culture. The
most appropriate
treatment technologies
are usually (i) waste
stabilization ponds
(WSP), one or more
series of anaerobic,
facultative and maturation
ponds, or (ii), in water-
short areas, wastewater
storage and treatment
reservoirs (WSTR), or 
(iii) a hybrid WSP–WSTR
system.

● WSP anaerobic ponds
are low-rate anaerobic
reactors, but nonetheless
very efficient (over 70 %
BOD removal at 25 °C).
Facultative and
maturation ponds are
photosynthetic reactors
with green algae
providing the oxygen for
bacterial BOD removal.

The algae also create
optimal conditions for the
rapid die-off of faecal
bacteria.

● WSTR permit the
whole year’s wastewater
to be used for irrigation,
rather than that just
produced in the irrigation
season, so enabling a
greater area of land to be
irrigated and more crops
produced. The hybrid
WSP–WSTR system also
allows this to be done
with half the year’s
wastewater treated and
used for restricted
irrigation and the other
half for unrestricted
irrigation.

● Reuse quality
guidelines. For restricted
irrigation the WHO
guideline is one human
intestinal nematode 
egg per litre treated
wastewater. For
unrestricted irrigation
there is the additional
guideline of 1000 faecal
coliforms per 100 ml
treated wastewater. 
For wastewater-fed
fishponds the guidelines
are an absence of human
nematode eggs and
1000 faecal coliforms per
100 ml fishpond water.
Properly designed WSP
and WSTR can easily
achieve these levels. For
restricted irrigation and
fish culture often only
anaerobic and facultative
ponds are necessary,
whereas for unrestricted
irrigation, maturation
ponds are needed.
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