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Molecular biology and infections of the gut

Molecular techniques are now being applied to the clinical
diagnosis of infections after much use in the experimental
field. Why use these techniques when conventional methods
such as culture and serology are available? The most promis-
ing of these techniques, the polymerase chain reaction
(PCR)' has a number of advantages over more conventional
methods. In this procedure part of a gene from the target
organism is amplified many millions of times to reach easily
detectable levels. The advantages of this technique are
numerous. It is both more sensitive and more specific than
almost any technique currently available. It is relatively
rapid, and can deliver answers in clinically useful times (such
as 12-48 hours). This is of special relevance when very slow
growing organisms, such as mycobacteria (which may take
months to culture) are being sought. Once a specific PCR has
been developed for an organism, it requires little expertise to
perform the test. Capital expenditure in setting up a basic
PCR laboratory is low. The test not only has directly practical
implications in the diagnosis of disease. It also has great
potential for the elucidation of pathogenesis in idiopathic
disease, in the field of epidemiology and in microbiological
taxonomy.
These advantages are, however, accompanied by dis-

advantages. The sensitivity renders the technique suscept-
ible to contamination and problems of interpretation. The
test may detect a single organism, but what is the importance
of finding one bacterium or virion in a clinical sample? The
specificity means that one must know which organism is
being sought as each test will only seek that organism. The
test only confirms that the organism's nucleic acid is present.
It provides no data upon the viability of the organism, and
even bacteria that have been autoclaved will still generate a
positive PCR.
The probem of contamination is one of the most well

known and difficult hurdles with this technique. Many
clinicians are aware of this disadvantage even if they know'
little else about the technique and this contributes to clinical
scepticism about its potential value as a diagnostic test. It is
one of the main barriers preventing the technique from
entering the routine microbiological laboratory.2 This
problem has been recognised and a variety of methods have
been instituted in an attempt to avoid it. Stringent 'aseptic'
technique is required, with the universal use of gloves and
clean equipment. A room dedicated to PCR is helpful
and, ideally, the complete physical separation of specimen
preparation, PCR facilities, and post PCR analysis should be
established.
The most pernicious causes of contamination for PCR are

the products of previous reactions. An aerosol from a test
tube containing PCR products can contaminate gloves,
hands, beards, benches, pipettes, and other equipment. If
these products then contaminate a test tube in which a PCR is
being set up, a false positive reaction will result. Two
methods of obviating this problem have been reported. One
involves incorporating dUTP instead of dTTP into reaction
products. A pre-reaction treatment by uracil-N- glycosylase
will eliminate any carry-over from previous reactions.3 In the
other method psoralen derivatives are incorporated into
PCRs.4 These are treated by ultraviolet light after the
reaction. This has no effect on detection of the PCR product
on agarose gels, but renders the product useless for further
amplification (and thus contamination).

Light has recently been shed upon the organism causing
Whipple's disease.5 Wilson et al took samples of diseased
intestine and subjected them to a non-specific PCR amplify-
ing the DNA of any bacteria present. This DNA was
sequenced and found to be most similar to that from
Rhodococcus, Streptomyces, and Arthrobacter genera. This
goes some way towards typing the organism causing the
disease. Further work has been done confirming the organ-
ism's relationship to Arthrobacter and the organism was found
to be present in extraintestinal tissue from unrelated cases of
Whipple's disease.

This approach to diseases that may be caused by micro-
organisms has wide ranging implications. There may be
many different bacterial species completely unknown
because they cannot be cultured. How many of these
organisms cause disease? These questions can, at present,
only be answered by techniques such as the PCR.
A role for micro-organisms is now being sought in many

conditions such as coeliac disease,6 in which the results have,
to date, been negative. However, many promising results are
being seen in one of the most common idiopathic diseases
affecting the gut. Crohn's disease has long been suspected of
having an infective aetiology. As a consequence many
organisms have been sought in the disease. As PCR becomes
more widespread, it is the favoured tool for searching for
organisms in this situation. Chlamydia7 has been sought,
unsuccessfully, by PCR in Crohn's disease. At present
Mycobacterium paratuberculosis is the favoured candidate.
Previous culture experiments have hinted at a mycobacterial
aetiology, and the circumstantial evidence such as granulomas
is suggestive. Mycobacteria have been detected by PCR is
Johne's disease,8 a similar condition affecting cattle. Now the
organism is being found by similar techniques in Crohn's
disease.9'0 However, the same techniques also detect this
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organism albeit at a lower prevalence, in other conditions in
the gut. Further work is necessary before this bacterium is
fully implicated in Crohn's disease.

Other molecular techniques are making their impact felt
in microbiology. Ribotyping is a means by which bacterial
strains are classified according to the gene encoding their
ribosomal RNA." DNA is extracted from the bacterium and
digested by restriction enzymes. This is then electrophoresed
on an agarose gel and transferred to nitrocellulose. A
standard probe such as a plasmid containing the genes
encoding a variety of ribosomal RNAs will then hybridise to
the bacteria's ribosomal RNA genes in a characteristic
pattern. These techniques may be used for typing strains of
bacteria such as Salmonella typhi'2 or Campylobacterjejuni'3 to
investigate an epidemic, or as a taxonomic tool. In the future
it may complement or even replace standard techniques such
as phage typing. Such techniques no longer even need
radioactively labelled probes,` which will facilitate their
routine use in laboratories.
PCR can produce very large amounts of DNA from

organisms. This DNA can be analysed by various methods,
including full base sequencing. This has increased the
methods by which organisms can be classified. Helicobacter
pylori was placed in the genus Helicobacter, partly upon the
basis of comparison of 16S ribosomal RNA sequences which
showed significant differences from other organisms in the
Campylobacter genus.'5 Further studies on the hybridisation
of the organism's ribosomal RNA with probes from Campy-
lobacter organisms confirmed this classification. 16
Another way in which molecular biology provides infor-

mation about bacterial strains is by the digestion of PCR
product by a restriction enzyme. It is hoped that this will
produce a pattern characteristic for each strain of organism.
Thus HaeIII digestion of PCR product from the urease gene
of Helicobacter pylori in 22 clinical isolates of the organism'7
produced 10 different patterns, allowing the relationship of
these isolates to be determined. These patterns tend to stay
stable over time and most patients had the same strain of
Helicobacter in the stomach and duodenum. This discovery
has potential as a useful tool in the epidemiological investiga-
tion of the spread of such an organism, and may even replace
the other new techniques described earlier.
One uniquely gastroenterological problem in the use of the

PCR is analysis of faeces. The use of faeces as a sample can
give false negative results as a variety of chemicals from the
stool will prevent Taq polymerase from working and inhibit a
PCR. A range of techniques has been used to avoid this
problem, including chromatographic cellulose fibre powder
to remove PCR inhibitors from the samples.'8 Probably the
most important rule is to use a small faecal sample. The
sensitivity of the test is such that a diluted specimen may still
give a positive result, but the contaminants will be so dilute as
not to cause a problem.'9 More studies using faeces as a
sample source have been published recently. For example,
PCR has been used to confirm the persistent faecal shedding
ofHIV in children with HIV associated diarrhoea.20

All of this work is of interest but as yet far removed from
the task of diagnosing infections in patients. Hepatitis B and
C have already been the subject of PCR work and are the
subject of a separate article in this series. Many entero-
pathogens can already be detected by the PCR. Much PCR
work has been done for rotavirus,2' 24 adenovirus,'9 and other
causes of diarrhoea. Picornaviruses such as poliovirus have
been successfully detected by PCR in faeces. Bacteria such
as Shigella26 and enterotoxin producing Escherichia coli27 can
be shown in the stool by PCR. The toxins of these two
organisms can be detected-and differentiated by PCR.26 It can
also be used in the demonstration of toxin producing
Clostridium difficile.29 We have developed a PCR test for
Helicobacter pylori," and the demonstration of DNA from

that organism in the faeces raises the possibility of a stool test
for the organism eliminating the need for follow up endo-
scopy, or the use of radioactive gases.

It is not only the genes encoding toxin production that can
be identified by PCR and other molecular techniques. Genes
that have great clinical importance include those responsible
for antibiotic resistance. Multi-drug resistance genes have
been detected in Plasmodium falciparum` by PCR. The
methicillin resistance gene in Staphylococcus aureus has also
been shown by this method.`2 Once data are published on the
sequence of a gene responsible for antibiotic resistance, it will
be a relatively easy task to design a PCR test for that gene.
The proliferation of all these tests for bacteria raises a

practical problem if they should be used in the investigation
of diarrhoea. If a separate PCR had to be done for each
possible pathogen on each samples the work involved and the
cost would be major drawbacks. To this end the 'multiplex
PCR' has been developed. This technique uses a number of
PCR primers for different organisms in the same test tube.
This has been demonstrated by Frankel et al using three sets
of primers for Shigella, and the heat labile and heat stable
toxins of enterotoxin producing E coli. They found positive
results in 21 of 70 children with diarrhoea.

It is not only patients that will provide samples of PCR.
The great sensitivity of the test means that environmental
samples can be tested for infectious organisms. Thus, tests
for organisms such as E coli and Shigella34 have been
developed for use on drinking water supplies. Even a single
cyst of Giardia can be detected by the PCR, and this is a
reasonable sensitivity for environmental testing.3' Organisms
can also be detected in food.36 It is in these situations that
multiplex PCR would have a role, with one single reaction
potentially detecting a whole range of pathogens.`7
As potential applications for PCR develop more emphasis

is being placed upon the practical aspects of the reaction. Few
who have worked in this field would deny that, at present, it
is a labour intensive procedure. However, advances are
happening all the time. Initially, a PCR laboratory had three
water baths at different temperatures, and a technician
moving test tubes through each bath 40 times. The advent of
thermal cyclers, which automatically vary temperature at
preset times, has obviated this onerous task. At present the
main problem is in establishing PCR, with each specimen
requiring the addition of numerous reagents at microlitre
quantities. It is hoped that developments in robotics will
make setting up a PCR less arduous, and simultaneously
reduce the likelihood of contamination. Other techniques are
being used to improve the detection of positive PCRs, such as
hybridising the products to labelled oligonucleotides in
microtitre dishes3` allowing the use of ELISA readers. It may
not be long before PCR kits are available, comprising test
tubes containing all the reagents in a 'pre-mix'. The labora-
tory would add only the Taq polymerase enzyme and the
specimen, and then place the tube into the thermal cycler.
This would make PCR an extremely simple procedure,
capable of being performed by a laboratory auxiliary. Not
only will the test be easier in the future, but it should also be
cheaper too. The widespread availability of cheap, cloned
Taq polymerase will make this test affordable in the district
general hospital laboratory.
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