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Reality and appearance
'Tis light makes colour visible: at night 

Red, green, and russet vanish from thy sight 
So to thee light by darkness is made known: 

All hid things by their contraries are shown

R. A. Nicholson.
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Abstract
Photographs of microbial material can substitute for live 

cultures to convey information for teaching purposes, but more 
than one photograph may be needed to explain the subject as 
images are taken in one plane. Photographed objects such as 
Petri-dish cultures are three dimensional (3D) reflecting and 
refracting light depending on their position in the light 
source. Alternatives to live cultures and photographs are 
permanent and non-toxic models. However, no commercial models 
for microbiology exist.

This thesis describes the development of "plastic" models 
to provide teaching and training material. Microbial growth 
was copied using artists pigments mixed into epoxy resin, 
biscuit crumbs mixed into epoxy resin, aerosol spray paint and 
carbohydrate pellets embedded into epoxy resin. Likenesses 
mimicking the results of tests and bacterial morphology have 
been made by copying features of antibiotic resistance, 
nutritional requirements, and distinct culture morphology of 
microorganisms such as Staphylococcus aureus, Haemophilus 
influenzae and Klebsiella sp.

Agar inoculated with cultures of bacteria and non- 
filamentous fungi have been moulded with alginate mixtures and 
silicone rubber. Facsimiles of living cultures have been 
reconstructed in pigmented epoxy resin, using a similar live 
culture or photograph for reference from silicone rubber 
moulds. Glass paints and artists pigments have been used to 
substitute colour changes induced by microbial metabolism in 
commercial identification systems employing indicator dyes.

The models are microorganism free, unlike the medical 
teaching models generally used, which contain biological 
tissue in situ. The models are designed to be used without 
constraint outside the laboratory (were necessary conventional 
safety and handling controls for pathogenic material are in 
force).

Two models were developed for public exhibition. A 
collection of models for medical microbiology has been 
produced and a selection of these is included as part of this 
thesis.



1.0 Introduction.
It is usual for the first section of a thesis to describe 

previous work in the field and to suggest how relevant 
knowledge can be extended. However as there appear to have 
been no previous systematic attempts to produce models of 
microbial cultures, the subject in the present thesis cannot 
be addressed in this manner.

Specimen alteration, without changing the visual 
appearance, has been practised in teaching laboratories 
probably for the past century - a good example is the 
coagulase test; the slide coagulase test is put up in glycerol 
instead of water so the slide will last for a few hours. The 
tube coagulase test can be made bacteria-free by putting a 
plug of gelatin in a tube containing nutrient broth and enough 
starch to give the appearance of turbidity when the tube is 
shaken. These techniques have not been written up or widely 
disseminated in the oral tradition. Why this is so will be 
discussed later.

The whole raison d'etre of this work was to produce 
models of microbial cultures, designed to be of use in 
teaching the diagnosis and management of infectious disease. 
It seems appropriate, therefore that instead of the 
conventional introduction to briefly describe the development 
of microbiology and culture media through to the present day, 
as these are the system that have been modelled.

1.1 The development of Bacteriologv.
Two fundamental problems aroused serious investigation 

and discussion in the eighteenth and nineteenth centuries:how 
a clear infusion becomes cloudy or "putrefied" and the nature 
of what causes pathogenic disease. Established naturalist 
views that life generated spontaneously from dead and 
decomposing organic matter - "The Theory of Spontaneous 
Generation" - were challenged by scientific experiment. The 
interest in the generation of living organisms allowed "Cell 
Theory", "The Theory of Fermentation" and "The Germ Theory of 
Disease" to be developed and challenged.

In the eighteenth century Lazzaro Spallanzani (Davis et 
al 1968) showed that a "putrescible fluid" such as a meat



infusion would remain clear if boiled and sealed from the air. 
In 1837 Theodor Schwann, an associate of Jacob Henle - Swiss 
pathologist and teacher of Robert Koch, - demonstrated that 
"heat" would prevent putrefaction. If air, passed through a 
heated tube, was allowed to re-enter a cooling flask 
containing a boiled meat infusion, after sealing the flask 
contents remained clear.

" Ayant placé quelques morceaux de chair animale dans un 
flacon, SCHWANN en ferma hermétiquement le goulot au moyen 
d'un bouchon que traversaient deux tubes en verre: l'un devait 
servir à l'entrée de l'air; l'autre à sa sortie.

Les deux tubes étaient conduits à travers un bain de 
plomb tenu en fusion, de sote que l'air ne pouvait arriver 
dans le flacon qu'après avoir été chaffé à haute température. 
Le flacon ayant été soumis au préalable à une ébullition 
prolongée, afin de détruire les germes ou les infussoires qui 
auraient pu s'y trouver, 1'expériences se prolongea durant un 
mois et pas un infussoire n'apparut dans le flacon; de plus , 
la viande ne montra aucune trace de putréfaction."[Schwann 
1878]

In 183 9 Schwann reported he believed that fungal cells were 
responsible for fermentation.
"We have every conceivable proof that the fermentation 
granules are fungi. ... Now, that these fungi are the cause 
of fermentation, follows, first from the constancy of their 
occurrence during the process; secondly, from the cessation of 
fermentation under any influences by which they are known to 
be destroyed, especially boiling heat, arseniate of potass, 
&c.; and, thirdly because the principle which excites the 
process of fermentation must be a substance which is again 
generated and increased by the process itself, a phenomenon 
which is only met in living organisms."(Smith 1847)
Spallanzani and Schwann's experiments started to question the 
widely held theory that living organisms could arise 
spontaneously in decomposing organic matter. In 1840 Henle 
formulated the hypothesis that
"the material of contagion is not only organic but living, 
endowed with individual life and standing to the diseased body 
in the relation of a parasitic organism."(Bulloch 1979 pl64, 
Dubos 1950 p240)
The idea that separate entities invisible to the eye could 
caused putrefaction, contagion, illness and death was 
perceived as fantastic, was slow to be accepted and needed to 
be proven. Gradual acceptance of the idea of the "Germ Theory 
of Disease", put forward by Schwann's investigations into



cells and putrefaction and Henle's ideas on the nature of 
contagious disease, augmented by the development of practical 
laboratory tools allowed bacteriology to develop in Europe. 
These tools were:
A. Further development of the light microscope.
B. Culture methods for the isolation of pure bacteria strains.
C. Staining methods for observation of poorly refractile 
material under the light microscope.

Joseph Jackson Lister showed how to improve the design of 
the optical system of objective lens combinations by cementing 
them together.
"To cement together also the two lenses of the glass, 
diminishes by very nearly half, the loss of light from 
reflection, which is considerable at the numerous surfaces of 
a combination. I have thought the clearness of the field and 
the brightness of the picture evidently increased by doing 
this; It prevents any dewiness or vegetation from forming on 
the inner surfaces ...". (Lister 1830)

This development allowed microscopic observations to progress 
and, as L'E Turner says, established the light microscope as 
a scientific instrument.

"J.J. Lister's research on the lenses system of the microscope 
turned what was simply a philosophical or recreational 
instrument into a fully scientific one." (L'E Turner 1989)

Bacteria in tissue samples are not easy to distinguish 
from the surrounding animal cells, and early treatments using 
acid and alkali damaged the tissues only demonstrating the 
presence of bacteria. Robert Koch stated in his paper on 
'Investigation into the aetiology of traumatic infective 
diseases' that:
"An attempt has been made to obtain better results by the use 
of staining fluids, and the one that has been chiefly 
recommend, simultaneously indeed by several observers, is
haematoxylin....... haematoxylin does not stain rod shaped
bacteria at all, and only colours the spherical so slightly as 
to prevent their certain recognition when isolated. 
Staining with aniline dyes has yielded still better results 
than with haematoxylin. So far as I know, aniline staining, 
as a means of demonstrating bacteria in animal tissues, was 
first employed by Weigert. ... The objects are first hardened 
in alcohol. The sections made from these are allowed to lie 
for a considerable time in a pretty strong watery solution of 
methyl-violet. They are then treated with dilute acetic acid 
, the water removed by alcohol, cleared up in oil of cloves, 
and mounted in Canada balsam." (Cheyne 1880)



Building on the work of German pathologist Carl Weigert and 
others (who developed and used stains for microscopical 
examination of pathological material) Christian Gram observed, 
in 1884, that when bacteria were stained with Paul Erlich's 
aniline-water-gentian-violet, treated with a solution of 
iodine-potassium iodide . in water (Lugol's iodine) and then 
placed in alcohol some bacteria discharged the colour and 
others did not (Bulloch 1979 p217). This method attributed to 
Gram is still used routinely for examining bacteria 
microscopically.

The works of French chemist Louis Pasteur, British 
physicist John Tyndall, British surgeon Joseph Lister and a 
German doctor Robert Koch, demonstrated that 'germs' were 
carried by dust in the air, caused disease, fermentation and 
putrefaction. Pasteur's experiments disproved the "Theory of 
Spontaneous Generation". Pasteur and Koch were instrumental 
in changing views on what caused putrefaction and contagious 
infection and in what manner. Practical, laboratory based 
researches by Pasteur, Tyndall, Lister and Koch were 
fundamental to the development of bacteriology as an 
investigative science.

1.2 Louis Pasteur (1822-1895).
Pasteur devised a method to show that boiled infusions 

could remain clear in a unsealed "swan-neck" flask see (Fig 1. 
section 1.8): the drawn out horizontal tube of the flask
allowed dust to settle out or to be trapped in condensed 
moisture as air entered a cooling vessel. In atmospheres free 
from dust, Pasteur demonstrated that the flask could be opened 
and resealed with a good probability that the flask would not 
be contaminated.

From his studies on fermentation Pasteur was convinced 
that "microbes" were the "cause" rather than the "product" of 
fermentation. Pasteur recognized that grape juice used for 
wine production contained mixtures of microorganisms and that 
"good" alcoholic fermentations contained predominately one 
type of organism and "bad" soured fermentations others. He 
recognized that it was essential to eradicate the organisms 
already present in the juice before fermentation. Heating the



juice at 145°F for 30 mins was sufficient to kill the 
organisms, a process known today as pasteurisation. Pasteur 
did not work with pure cultures for his fermentation studies 
but used a crude form of dilution: culture from a good
alcoholic fermentation was seeded into a fresh batch of heat 
treated juice. Pasteur's work on putrefaction was criticised 
as some workers could not repeat it due to unexplained 
contamination. Vindication was provided by the works of a John 
Tyndall. Rene Dubos' book "Louis Pasteur, Free Lance of 
Science" has an excellent chronology of Pasteur's life and 
achievements not mentioned above.

1.3 Joseph Lister (1827-1912) .
Pasteur's studies inspired the work of Joseph Lister and 

although better known for chemical sterilisation methods in 
surgery. Lister showed that the fermentation of milk was due 
to a bacterium he named "Bacterium lactis" in his paper "On 
lactic fermentation" in 1878. Lister obtained pure cultures 
of the bacterium from fermented milk using a dilution method 
employing a graduated syringe and a microscope field of known 
dimensions.
"As the result of the estimate which I made of the number of 
bacteria present in every 1/5 0 minim, I found it necessary to 
dilute the milk with no less than a million parts of boiled 
water in order that every 1/100 minim should contain on the 
average a single bacterium. This having been done, 1/100 
minim of the infected water was added by means of the small 
syringe ... to each of five glasses of pure boiled milk. ... 
The milk of the fifth glass,however,was, in the course of the 
third day after inoculation ... on examination was found to be 
sharply acidic, and under the microscope there were seen among 
the granular masses of casein countless motionless bacteria 
with the ordinary characters of Bacterium lactis ... No other 
bacteria, however, were to be discovered ...
Having therefore presumably obtained the Bacterium lactis pure 
and unmixed, I proceeded to ascertain its behaviour in other 
media." (Lister 1878)

Lister's paper also describes in detail his methods of 
collecting sterile milk and urine using dilute carbolic acid 
and heat sterilization procedures for glassware.

1.4 John Tyndall(1828-1893)and pure cultures in liquid.
Tyndall was interested in the optical effects of

atmospheric dust and demonstrated that "germs" are carried by



dust in the air.

"On the 13th of January, 1876, I had the honour of submitting 
to the Royal Society some account of an investigation in which 
the power of atmospheric air to produce life in organic 
infusions and its power to scatter light were shown to go hand 
in hand. "Scattering" was proved to be due, not to the air 
itself, but to foreign matter suspended in the air. It was 
moreover proved that air placed under proper conditions went 
through a process of self-purification, and that, when this 
purification was visibly complete, the power to scatter light 
and to generate life disappeared together."(Tyndall 1877 pl49)
After a bale of hay was brought to his laboratory to make 
infusions Tyndall found that he could no longer produce clear 
solutions of various infusions by boiling. However, they 
could be achieved in a separate room in which the hay had not 
been present. He concluded from this that the hay had 
contaminated his laboratory with a living organism which could 
withstand boiling.
"As in the case of the 8-hour bulb already mentioned, this 
appearance of life was, I doubt not, due to stray germs of 
exceptional resisting power, which maintained themselves 
unscathed in the infusions after their fellows had been 
destroyed." (Tyndall 1877 pl86-87)
Realising that the age of the hay was important he did further 
experiments and found that;
"in all the foregoing cases the infusions which five minutes' 
boiling proved sufficient to sterilize were without exception, 
derived from fresh hay mown in 1876, while the infusions which 
five minutes' boiling failed to sterilize were derived, 
without exception, from old hay mown either in 1875 or some 
previous year." (Tyndall 1877 pl59)
Tyndall did further experiments using discontinuous boiling 
and managed to sterilize the hay infusion by this method where 
a single boiling for 10 mins did not. He explains his 
observation as follows:
"By the first brief application of heat the germs, which are 
at that moment plastic , are killed; and before any of the 
remaining germs can develop themselves into bacteria they are 
subject to another brief period of heating. This again kills 
such germs as are sufficiently near their final development. 
At each subsequent period of heating the number of living 
organisms is diminished, until they are finally destroyed." 
(Tyndall 1877 pl93)
This process of "Tyndalization" is used today for sterilizing



glucose solutions and chemicals which cannot be steam- 
sterilized or boiled without their properties being altered.

Independently, in 1877, Ferdinand Cohn also demonstrated 
heat resistant forms as small refractile endospores and showed 
that they were stages in the life cycle of the "Hay Bacillus" 
subsequently named Bacillus subtills, These experimental 
observations supported Pasteur's views that microbes caused 
fermentations and putrefaction.

1.5 Robert Koch (1843-1910).
Koch established the aetiological role of bacteria in a 

disease in 1876 for anthrax. In his classical paper "Die 
Aetiologie der Milzbrand-Krankheit, begründet auf die 
Entwicklungsgeschichte des Bacillus Anthracis" he relates his 
"passage" experiments with mice and his microscopical 
observations of the development, in vitro, of Bacillus 
anthracis in blood, serum and aqueous humour. The 
classification of the bacterium is based on a system of 
Ferdinand Cohn.
"Die Milzbrandbacterien gehoren nach Prof. F . Cohn's System 
der Schizophyten . . . zur Gattung Bacillus und sind mit dem 
speciellen Namen Bacillus Anthracis belget, dessen ich mich 
im Folgenden statt des veil umfassenden Ausdrucks Bacterien 
bedienen werde.

1. Im Blute und in den Gewebssaften des lebenden Thieres 
vermehren sich die Bacillen ausserodentlich schellin derselben 
Weise, wie es bei verschiedenen andern Arten Bacterien 
beobachtet ist, namlich durch Verlangerlung und fortwahrende 
Quertheilung." (Koch 1876)
Koch's work on anthrax satisfied all the criteria of Henle's
beliefs; he demonstrated that the given microscopical agent
caused disease, it was present in the pathological condition
and a pure isolation of the agent could reproduce the disease.
Reinfection with the agent after further isolation could then
also induce disease in a healthy body. Koch outlined his
proofs at a scientific meeting in Berlin in 1890.
"If, however, it can be proved: First, that the parasite is 
met with in each individual case of the particular disease and 
under conditions which correspond to the pathological changes 
and the clinical course of the disease; secondly, that in no 
other disease is it found as an accidental non-pathogenic 
guest; and, thirdly, that if completely isolated from the body 
and cultivated in pure culture with sufficient frequency, it 
can reproduce the disease - then it can no longer be 
considered an accidental accompaniment of the disease, but in

8



that case no other relation between the parasite and the 
disease can be admitted than the parasite is the cause of the 
disease.

This proof has now been furnished in the fullest measure 
with regard to a number of infectious diseases, such as 
anthrax, tuberculosis, erysipelas, tetanus, and many diseases 
of animals - generally all those diseases which are 
communicable to animals." (Koch 1890)
Today the outlined principles are known as Koch's Postulates.

Koch introduced the use of solid culture media into his 
laboratory practices, first using potato, then gelatin, heated 
serum (which solidifies) and finally replacing gelatin with 
agar-agar (agar). Previous attempts using solid culture media 
for bacterial propagation had been made by Joseph Schroeter 
(Bulloch 1930 p71) to study pigment bacteria using
carbohydrate pastes, meat and potato; Bulloch infers that he 
may have obtained pure cultures, but attributes the isolation 
of a single bacterium to J.Lister. Koch's innovation provided 
a consistent method which was easy to replicate in other 
laboratories and he established a method of bacterial 
technique still used today; microorganisms are separated by 
dilution on, or in, a solid nutrient matrix which allows 
invisible individuals (to the naked eye) to be studied in the 
visible form of a colony.

1.6 Gelatin. Agar and the "Petri-plate (dish)".
The introduction of gelatin in the 'poured plate' 

technique allowed the morphology, biochemistry, and habitat of 
microorganisms to be studied easily by isolating pure 
colonies derived from one individual. An individual bacterium 
is not the subject of study on solid culture media: the
subject of any investigation is a group of clones which have 
grown and multiplied from a single bacterium cell.

There were drawbacks to the use of gelatin as it is a 
proteinaceous material, of low melting point, which can be 
liquified by some bacteria. Its use was limited to isolating 
those bacteria which do not have proteolytic enzymes which 
break down the structure of gelatin and grow below 
temperatures of 2 0°C. This low melting point of gelatin 
excludes the investigation of many bacteria of medical 
interest which require temperatures near to 37°C to grow and



multiply.
Agar is a polymer extracted from seaweed, used in 

jellies, and was suggested by the wife of Walther Hesse (a 
student of Koch), as an alternative to gelatin (Bulloch 193 0 
p75) and was introduced into Koch's laboratory in 1883. Agar 
has a higher melting point than gelatin, remains solid at 37 
°C and unlike gelatin is not attacked by proteolytic enzymes. 
R.Hesse and W.Hesse compared agar and gelatin for the 
isolation of bacteria from pathological, experimental mice 
tissue in 1885 (Hesse and Hesse 1885). Cut, selected tissue 
was immersed either in media with 1% agar or 5% gelatin and 
growth over time was observed. The agar cultures were 
incubated at a higher temperature than those of gelatin, using 
the method of Koch established in 1881 (Koch 1881) . Turbidity 
was noted in the agar after several hours located away from 
the surface exposed from the air; microscopic examination 
revealed bacteria. In the gelatin culture growth occurred 
after several days spreading in all directions. The centre of 
gelatin became liquified, covered by a top layer of 
undissolved gelatin. The liquefaction was used to advantage 
for further examination and inoculation of the bacteria: a 
chemically treated, flamed glass capillary (plugged with 
sterile cotton wool) attached to a tube to which suction by 
mouth could be applied, was used to remove some of the 
liquified culture-gelatin mixture (a procedure now considered 
dangerous !) .

A further refinement made by another student of Koch 
was the Petri-dish: R.J.Petri introduced a modification of 
Koch's plate pouring technique to prevent contamination of 
pure cultures by dust when handling the cultures. Petri 
introduced a covered dish 10-11cm in diameter, into which 
melted agar could be poured.
"Seit über Jahresfrist bediene ich mich zu diesem Behufe 
flâcher Doppelschalen von 10-11 cm Durchmesser und 1-1,5 cm 
Hohe. Die obers Schale dient als Deckel und hat einen etwas 
grosseren Durchmesser." (Petri 1887)

1.7 The modern Petri-dish.
Koch's culture method was to put a layer of gelatin on 

a glass slide or plate and allow it to harden (Koch 1881) . 
The prepared plates were then stored in a rack protected by a
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bell jar. Practical problems existed in the preparation and 
use of the plates; they dried out easily and were subject to 
aerial contamination when outside the protecting cover of the 
bell jar. Originally the dish was made of glass, a transparent 
and chemically inert material subject to disruption by 
physical and sonic shock. The surface of glass can be 
sterilized by heat and steam and is subject to abrasion by its 
-self and harder substances such as diamond. Its low 
mechanical strength makes objects made from it exacting to 
handle; broken shards of glass have the potential to cause 
injury. Pathogenic organisms released from a broken culture 
plate onto the broken glass have the potential to be directly 
injected into a worker. Glass dishes have to be handled 
carefully to prevent accidents which may cause injury or 
infection.

Pyrex ® glass was and is still used for Petri-dishes. 
Modifications to the Petri-plate made from Pyrex ® glass were 
made for the culture of tissue and consisted of a plate with 
an inside diameter of 32mm and a depth of 12mm (Warren et al 
1955).

The first plastic dishes became available in the early 
1950's. Plexiglass plates were used for complement fixation 
tests in 1953 (Morgan et al.) and 1954 (Pike et al.). 
Disposable plastic "Bi-plates" made by "Falcon plastics" were 
used by Hoeprich in 1960 for the culture of urine. Disposable 
plastic petri-dishes were imported from the U.S.A into Europe 
in the 1950's but were considered too expensive for normal 
use. European manufacture of such dishes started in 
Scandinavia and the product was first imported into Britain 
from Sweden and Denmark in 1960. Petri dishes were 
subsequently manufactured by B.J.Hamlin Ltd under the trade 
name of "Sterilin" in 1962. The most familar version of the 
modern Petri-dish, available from Bibby Sterilin (manufactured 
in South Wales) today, is a 90mm diameter transparent triple 
vented disposable dish made of high grade polystyrene (Kreuzer 
1996) .

1.8 Early glassware used for the culture of microorganisms.
Pasteur's vessels (Fig. 1), Lister's culture apparatus
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(Figs. 2 and 3), Koch's culture apparatus and Petri's dish 
(Fig. 4) all employ the principle of keeping the contents 
within from being contaminated from without but allowing gas 
exchange. The flasks in Fig. 1 and the liqueur glass in Fig. 
2 are not easily transportable, are easily broken and the 
contents spilt if not handled carefully. Lister solved the 
"liquid transport" problem and minimized the possibility of 
spillage by lashing the test tubes to a frame as in Fig. 3, 
devising a test tube rack. Koch's isolation procedure was to 
culture on a flat plate with no lid and then remove selected 
colonies and place these on a slope of solid medium in a test- 
tube plugged with cotton wool. All the above apparatus must 
have produced condensation. Pasteur drew out the necks of the 
flasks to allow any condensation formed to drain away from the 
body of the flask, but the flask contents where vulnerable if 
the neck got broken. Lister's vessels had double protection; 
a lid and a bell jar. Koch's method was vulnerable to aerial 
contamination when using the plate and to drying out producing 
a source of condensation, and contamination from the cotton 
wool plug if it became wet. Fig. 4 is a photograph of the 
modern petri dish in both plastic and glass. Petri's dish 
allows the culture to be examined without the probability of 
aerial contamination and it is easily transportable.
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Figure 1. Pasteurs culture flasks, redrawn from Bulloch 1971.

Figure 2. Listers culture vessel, redrawn from Lister 1878

A = Glass cover 
B = Liqueur glass 
C = Glass bell jar

Figure 3 . Apparatus used for transporting cultures, redrawn 
from Lister 1878.

A = Test tube cover 
B = Test tube 
C = Test tube rack 
D = Glass bell jar
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Figure 4. Photograph of glass and plastic modern Petri-dishes
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2.0 Pure culture isolation and culture media development.
2.1 Requirements for microorganism growth.

Microorganisms use nitrogen based materials,
carbohydrates and salts for maintenance, growth and 
propagation. Metabolism of such compounds is achieved 
biochemically, by the chemical reactions of hydrolysis, 
oxidation, reduction and the process of deamination. 
Biocatalysts, enzymes, are manufactured and employed by 
microorganisms in these processes and result in end products 
such as alcohols, ketones and gases: yeasts produce alcohol in 
the fermentation of grape juice to wine. Holes in bread are 
spaces left by gas produced from the fermentation of dough in 
bread making.

Studies by Carl von Naegeli (1868-80) determined the 
forms of carbon, hydrogen, oxygen and nitrogen which could be 
easily utilized by bacteria for their development (Difco 
1953) . Peptone, a constituent of modern nutrient agar, was 
recognised as a compound suitable for bacterial cultivation in 
187 9 after comparison studies with ammonium tartrate. 
Peptones are mixtures of partially hydrolysed proteins 
composed of amino acids, peptides and polypeptides readily 
utilized by bacteria, and may also give a pale straw colour to 
any medium. Ammonium tartrate is a pure chemical compound 
giving soluble nitrogen in the form of the ammonium ion, NĤ "̂ . 
Not all bacteria can obtain their nitrogen requirements 
directly from protein and protein hydrolysates.

2 .2 The physical nature of gels for microbiological culture.
A Petri-dish culture is a complex dynamic system 

consisting of organisms sitting on top of a liquid layer 
present on the surface of a gel. The gel contains nutrients 
and is enclosed in a rigid container allowing gas exchange but 
excluding extraneous airborne material which could contaminate 
it. Physically, the gel provides a platform to separate out 
individuals, it acts as a nutrient storage source and carrier. 
The gel contains pores which allow the passage of water. 
Undissolved material such as sand or earth can be suspended or 
trapped in the gel matrix as stated by Petri in 1887.
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"Untersuchung von Brodenproben, Sand, Erde und ahnlichen 
Substanzen kann man mit Vortheil das Material im Schalchen 
selbst mit der flüssigen Gelatine übergiessen." (Petri 1887)

Liquid in the gel is regulated by the processes of diffusion 
and evaporation. Translucent to the eye, agar and gelatin 
gels reflect and refract light. Reflected and refracted 
visual information gained from viewing is affected by the 
medium contents solidified by the gel (e.g. dyes colouring the 
gel) and opaque materials, such as egg yolk or blood, can 
reduce the information obtained from transmitted light.

The surface of a bacterial plate is sufficiently moist to 
allow motile organisms to swim on it. This barrier between 
the colony and the gel provides an exchange area for material 
used and produced by the colony.

2.3 Pure cultures of pathogenic organisms.
To investigate the cause of an illness, a sample of a 

bodily exudate or tissue is taken from a site of infection and 
will be cultured in the laboratory. Some sites such as blood 
are usually sterile so in theory it is simple to obtain a pure 
culture from this site of infection. Faeces is not sterile 
and contains 400 species of bacteria (combined with other 
matter) which are essential for a healthy gut, referred to as 
"the normal flora". Pathogens have to be separated from the 
normal flora in order to be implicated as the cause of a 
disease, and may only be present in small numbers. Two 
principles are applied to obtain pure cultures of pathogens: 
enrichment to increase the number of pathogen clones and 
selection for the pathogen.

Modern agar gels are designed to select, suppress, 
enhance and maintain specific bacterial growth. Faeces is 
plated out directly onto whole horse blood agar and MacConkey 
agar. Whole blood agar is a richer medium for organisms which 
do not grow, or grow slowly, on a simple medium known as 
nutrient agar. The addition of blood also makes the medium 
opaque, allowing little light to be transmitted through it. 
MacConkey agar is a selective medium which (in addition to 
basic nutrients) contains bile salts and dyes (MacConkey 
1908) . The medium is still transparent but takes on the
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colour of the dyes. The bile salts have the effect of reducing 
the surface tension on the water colony interface inhibiting 
organisms such as Proteus mirabilis from swarming and 
suppressing the growth of organisms which do not have a 
tolerance for them. On a blood agar plate swarming species of 
Proteus can obscure any other bacteria present by growing over 
them. Agar allows even distribution of the blood cells in the 
medium - in a liquid medium, unless agitated, the blood cells 
sink to the bottom of a container.

2.4 Prepared commercial culture media.
Frequent preparation of culture media from component 

ingredients is laborious and only standard in the laboratory 
in which it is prepared; not all institutions have the 
facilities to prepare their own culture media. Doerr in 1909 
prepared powdered culture media by drying it on glass (Difco 
1953) . W.D. Frost (1910) stated that it should be possible to 
prepare culture media in large batches in establishments 
specifically designed for media preparation. To give 
standardisation and predictable results commercial companies 
such as Difco, the Baltimore Biological Laboratory (BBL®) and 
Oxoid began to develop and market dehydrated culture media. 
The work of the Difco Company was initiated in 1915 under the 
direction of J.W.M. Bunker (Difco 1953). BBL® was founded by 
T.J. Carski and E. Leif son, employees of the John Hopkins 
Hospital in 1935 (Power and McCuen 1988) . The Oxoid company 
has its origins in the "Liebig Extract of Meat Company
established in 1865". This company made high quality meat 
extract. About 1912 a modified liquid meat extract was made
into a cube, sold widely in England, known as "Oxo" . "Oxo"
Limited was created in 1914 and Oxoid was the medical division 
of this company (Oxoid 1990). All of these companies
undertook the study and preparation of peptones. Peptone is 
now the primary nitrogen source in microbiological culture 
media.

Commercial dehydrated culture media are usually in powder 
form composed of the nutrients, dyes, growth factors, other 
essential chemicals and agar to which water is added. The 
reconstituted powder is either directly heated or steam
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sterilized under the companies recommendations. Ready 
prepared dehydrated culture media are routinely used today.

2.5 Solid culture plate methods isolating and diagnostic 
testing of microorganisms.

Most bacteria can be maintained and propagated on simple 
media such as nutrient agar or nutrient agar supplemented with 
whole horse blood. Topographical features and colonial 
interactions with the agar can be observed by eye e.g. full or 
partial haemolysis of blood around a colony. We can state 
that some agent produced by the colony is responsible for the 
observed changes.

Dehydrated growth media are usually formulated to be 
either neutral or slightly alkaline in pH when reconstituted, 
7-7.4. An indicator is used which has a two-fold function: on 
reconstitution the medium has a recognized colour before 
bacterial growth. Secondly when growth occurs the colour 
change in the medium indicates biochemical change, the result 
of bacterial metabolism.

MacConkey medium (MacConkey 1900, 1905, 1908) is used
today to distinguish between lactose and non-lactose 
fermenters whose morphology is indistinct. Non-lactose 
fermenters are regarded as potential pathogens. The 
fermentation of lactose produces acid and this acid production 
will contribute to a pH change and may be indicated by a 
yellow halo round the colony. Bacteria may also take up the 
indicator dye, neutral red, and appear pinkish or red. The 
pathogens can be easily removed from the plate for further 
tests or study providing the indicator system is not toxic to 
the bacteria under study. The colour change is a visual 
signal that a biochemical change has taken place, and is 
widely used in diagnostic testing where a dye indicates a 
chemical reaction. Proteus produces an enzyme called urease 
and it can be detected by growing the organism in the presence 
of urea and neutral red (Christensen 1946) . The urea is 
broken down to produce some ammonia which turns the medium 
alkaline and the yellow indicator becomes pink. Some 
Streptococcus spp. and Listeria spp. hydrolyse aesculin giving 
a browning of the medium. Oxford agar, used in the detection
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of Listeria spp., has in its formulation aesculin together 
with an antibiotic which makes the medium selective for the 
growth of Listeria spp. Organisms which grow on the medium but 
do not produce browning can be disregarded.
Dyes are important as indicators of metabolic activity and 
serve as a visual selection or rejection screening mechanism 
for further laboratory tests.
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3.0 Polymers in medicine and medical teaching.

3.1 Laboratory and surgical methods.
Polymer material first became generally available in the 

1930's and found its way into laboratory use. Fleming used 
cellophane as a support for growing microbial specimens for 
preservation (Fleming 1943) . Perry used a plastic lacquer 
called "cerrie" which was substituted for coverslips when 
making serial sections and other thin preparations of tissue 
(Perry 1954) . Acrylic plastic was used by Dick for the
construction of a tissue culture perfusion chamber (Dick 
1955) . Water-soluble resins such as dimethyl hydantoin 
formaldehyde were used as tissue mountants (Steadman 1958). 
Plastic sheeting was used as a substitute for cloth at the 
edge of an incision to prevent post-operative wound infection. 
Cloth may act as a wick drawing up organisms from the dermis 
allowing the potential for wound infection, while plastic 
sheeting acts as a barrier. Plastic sheeting was also
explored as an aid to infection prevention in the laboratory; 
laboratory apparatus was wrapped in heat-welded plastic 
sheeting to prevent the spread of aerosols during operations 
such as tissue homogenization, and after use the apparatus 
could then be sterilized (Lamanna 1960). "Melinex o", a 
polyester sheeting, was used as a tissue culture support for 
muscle cells when preparing flat-faced embedding material for 
use in electron microscopy: muscle cells are cultured on a 
plastic slide and then embedded in epoxy resin. After 
mechanical stripping of the sheeting the cells are left behind 
in the resin (Firkett 1966) and prepared sections can be made.

Polymers are also used for implants in surgery. Habal 
reports that silicon was first used in 1955 for shunts and 
mammary prostheses in 1961 (Habal 1984). Lovely et al, (1986) 
report a epoxy moulding encapsulating system for 
microelectrical implant devices and various material have been 
used in joint replacements. Polymers are widely used in 
laboratory and medical procedures.
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3 .2 Preparation of models using polymer embedding techniques.
Problems are encountered in the teaching of anatomy, as 

soft tissue perishes quickly and preservation techniques for 
hard tissue such as bone make delicate structures brittle. 
Methods for embedding preserved tissue have been employed to 
make delicate structures easier to examine for students.

Martinez and Astruc (1975) use a method for teaching in 
which fixed brain specimens are embedded in transparent 
plastic. Larsson (1975) used methyl methacrylate for 
embedding small animal organs using a temperature of 5°C. 
Ogura et al. (1978) designed a system for embedding the 
ossicular chain in plastic: the chain was embedded in a 5cm 
ball which magnified the embedded bones, allowing easier 
observation. In 1968 Church prepared models of
gastrointestinal tracts by removing them from the animal, 
emptying them and dehydrating the tissue in alcohol. The 
organs were then re-inflated and put onto an air line to dry. 
Fragile, paper thin models were the result of the procedure 
(Church 1968) . Fibre glass resin and mats were applied to the 
external surfaces of air dried models to give strength to the 
structures (Church 1968, Kitchell 1971) but the layers of 
resin obscured surface detail. Damage to the resin layer 
exposing the internal uncoated surface leaves the inner 
surfaces vulnerable to further mechanical and atmospheric 
attack.

Gunther von Hagens (1979) used a method in which the 
polymer of choice permeates the whole structure of soft 
biological material to be embedded. Fixed, dehydrated tissue 
is immersed in a solvent, miscible with the polymer, with a 
boiling point of > 40°C. Tissue is then fully immersed in 
primed unpolymerized resin and placed under vacuum. 
Evaporation of the solvent occurs and is successively replaced 
by the resin mixture. Vacuum pressure is replaced gradually 
and the treated specimen is cleaned of any excess liquid and 
allowed to polymerize. Updike and Holladay (198 6) have used 
a similar technique to produce flexible models of hollow 
gastrointestinal organs. The plastic infiltrates the full 
thickness of the organ walls and structures, making the model 
lightweight, flexible and resistant to fluids. This was a
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vast improvement on Church's original air dried specimens, 
allowing students to handle the impregnated organs safely and 
without difficulty.

All of the above methods use dead tissue which is left in 
situ, forming an integral part of the model structure. 
Materials used to impregnate and embed the tissue include; 
methyl methacrylate, epoxy resin and R.T.V. (Room Temperature 
Vulcanisation) silicone rubber.

3.3 Impression moulding for interpretation of X-ravs.
X-rays can be difficult to interpret as the

representation is two-dimensional (2-D) while the subject is 
three-dimensional (3-D). Wilbrand and Raussching (1986) 
use a method of embedding the temporal bones in polymer and 
moulding the spaces within the structure combined with
photography of fresh, deep frozen sections of the temporal 
bones. In this method prepared bone is embedded in paraffin 
wax and rubber or resin is poured in and then the mass is 
evacuated. The bone is then dissolved away after the resin 
hardens leaving a mould of the bone. Photography allows 
colour reproduction of minute detail on the mould.
Correlation of the photographs with images from the
corresponding tomographic planes and the mould of the 
temporal bone allows accurate information to be obtained for 
the interpretation of radiographic images.
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4.0 Safety
4 .1 Clinical laboratory safety.

Cruickshank et al. (1973) define pathogenic organisms
thus :
"True pathogens are the parasitic microorganisms that are 
adapted to overcoming the normal defence of the body and 
invading the tissues; their growth in the tissues, or their 
production of poisonous substances, or toxins, often causes 
damages to the tissues and thus the manifestation of disease."
Common sense tells us that we should avoid any contact with 
pathogens. When it is necessary to handle pathogens
precautions should be taken to prevent infection of workers 
involved in the handling and manipulations used in clinical 
laboratory procedures. In the 1940's it was not known for 
certain which laboratory procedures facilitated the 
transmission of infective agents from the sample to the 
laboratory worker, other than accidents such as injection from 
broken contaminated glassware. Laboratory procedures used for 
preparing infective material for laboratory investigations and 
tests were examined by various workers with particular 
attention to aerosol production. In 1946 Johansson and Ferris 
photographed the dispersal of droplets blown from volumetric 
and graduated pipettes into a Petri-dish or test tube, the 
opening of a shaken screw capped bottle, pouring liquid into 
a petri-dish and transferring liquid from one tube to another. 
Suspensions of pathogenic bacteria were not used but a red- 
pigmented bacteria Serratia marcescens was substituted in the 
operations. (At this time it was thought that this species was 
harmless but subsequent experience has shown this assumption 
to be incorrect) . Photography was coordinated with air 
sampling and the results of subsequent growth from the 
sampling operations. The conclusion from the examination were 
that :
"bacteriological operations,such as pipetting, pouring and 
vigorous agitation of dilution blanks, often produce bacterial 
contamination of the surrounding air and environment." 
(Johansson and Ferris 1946)

Also Andersen et al. (1952) state that many laboratory- 
acquired infections have resulted from accidents or poor 
techniques such as aspirating contaminated fluids into the 
mouth via a pipette, cuts from contaminated glassware and
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pricking the skin with a hypodermic needle. From their 
investigation of common bacteriological techniques as a 
potential source of infectious hazard they concluded that 
dilution operations of highly infectious material should be 
performed in a ventilated cabinet. Tomlinson (1957) put 
forward a theory to explain the liberation of infective 
airborne particles on opening commonly used screw capped 
bottles use for culture of Mycobacterium tuberculosis, 
Uninoculated, bottled agar slopes contain a liquid condensate 
from the slope material "syneresis fluid" which forms when the 
gel contracts on cooling. This fluid may collect around the 
screw thread of the bottle and create a source for the 
formation of an aerosol when the cap is released. Inoculation 
with pathogenic organisms means the fluid could become a 
potential source of infection:
"The way in which this comes about appears to be the 
accidental infection of fluid on the rim at the time of 
inoculation, and the multiplication of the organisms in the 
fluid. When the bottle is opened, the film of broth culture 
on the rim is broken and some of the resulting droplets are 
small enough to form aerosols." (Tomlinson 1957)

All of these observations point to the need to contain 
and minimize aerosol formation in clinical laboratory 
procedures and the protection of the workers performing the 
laboratory tasks. Williams et al, (1957) tested a design for 
a cabinet to protect workers handling infective material in 
the Public Health Service. Spores of Bacillus subtilis and 
a pigmented bacterium Chromobacterium prodigiosum were 
substituted as the infective organisms, and it was found that 
a ventilated cabinet with a throughput of air at lOOcuft/min 
provided substantial protection against the risk of inhaling 
any particles liberated in the cabinet. This was the 
forerunner of the modern microbiological safety cabinet which 
now protects the worker, the cabinet contents and the 
surrounding environment from infection or contamination.

4.2 Health and Safetv Legislation and the student.
When the "Health and Safety at Work, etc. Act" of 1974 

was introduced, the legislation provided for the establishment 
of a "Health and Safety Commission". This comprised 
representatives of employers, trade unions and local
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authorities dealing with issues of employees (Waldren 1989) . 
Educational establishments such as schools, colleges and 
universities have students who are not employees. On the 
surface, the Act does not seem to apply to students: but the 
Act addresses itself to the safety of people other than an 
employer's own employees, who might be affected by work 
activities. Students are such people and are therefore 
covered by the legislation (Bush 1976).

Medical students should be regarded as trainees and 
therefore need instruction and supervision when handling 
pathogenic material. Teaching students and inexperienced 
workers poses problems of Infection Control: students need to 
handle pathogens without the risk of contracting a laboratory- 
acquired infection. Infective material also needs to be 
contained to prevent infection outside the laboratory. To 
improve attention to safety in laboratories and to prevent 
laboratory-acquired infection the recommendations of the 
"Godber Report" led to a Code of Practice for the use of those 
handling pathogens (Howie 1978) . The "Code of Practice for 
the Prevention of Infection in Clinical Laboratories and Post- 
Mortem Rooms" (commonly called the "Howie" report) drew 
attention to such safety issues such as 'personal precaution',
'staff health', and 'Infectious hazards in individual 
specialities'. Students are not specifically referred to in 
the Code, but under Section 5 - "Training and technical
staff".
"ii Heads of Departments must there after satisfy themselves 
that all individuals who handle microorganisms, infectious 
agents and pathological material have received sufficient 
training for it to be safe for them to do so, and that junior 
staff are adequately supervised". (Howie 1978)

This responsibility of employers to unspecified individuals is 
still current under the Management of Health and Safety at 
Work Regulations of 1992. Following the 'Howie' Report the 
recommendations of the Advisory Committee on Dangerous 
Pathogens were published (ADCP 1990) . Microorganisms are 
classified in four groups based on the ability to cause human 
disease and the level of containment required to prevent 
widespread infection. These recommendations have been 
incorporated into the "Containment of Substances Hazardous to

25



Health Regulations", 1994, (Referred to by the acronym 
'COSHH') under the section of biological agents.

All of these documents referred to above provide 
information, definitions, and recommendations for handling, 
containing and assessing risk when handling biological 
material, pathogenic or otherwise.

Medical students will handle or have contact with 
infectious material during their training. When a clinical 
diagnosis is based on the examination of material sent to 
specialist laboratories, the requester needs to know how the 
laboratory functions, what happens to the specimen sent, how 
long the test takes and when a result will be ready will have 
a bearing on the treatment and subsequent management of the 
patient.

In the microbiology laboratory the patient's sample is 
cultured in a variety of ways on solid and in liquid media. 
The pathogens may only be present in small numbers and in this 
case have to be separated from the normal flora or 
distinguished from contamination associated with poor sample 
taking. A medical microbiologist has to distinguish between 
pathogens and the normal flora and this takes time and may 
present hazards.
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5.0 'Safe' models of pathogenic microorganisms for teaching 
purposes.

5.1 Surface treatment of cultured plates.
The most desirable way to reduce a hazard is to avoid the 

risk. When it is not possible to remove the risk completely 
then exposure to the hazard needs to be limited and where 
possible minimized. Prepared teaching materials for 
demonstrating the growth, biochemistry and diagnostic 
characteristics of pathogenic microorganisms on solid media 
(the hazard) provide a source of infection if handled 
incorrectly (the risk). A dropped and broken plate will 
infect the immediate area at the accident site with its 
contents. Quarantine of the area will be required to contain 
any infection followed by disinfection and cleaning to remove 
the risk. When a Petri-dish culture is examined using a hand 
lens the lid is usually removed and the culture plate held 
round the edge of the dish; under these circumstances it is 
easy to put a thumb (or the nose) into the culture, Fig. 5a 
For the inexperienced it safer to examine the culture with the 
lid on. Fig. 5b. A problem encountered with cultures either 
taken from an incubator at 37°C or a refrigerator at 4°C is 
that condensation occurs on the underside of the lid obscuring 
the growth on the plate and providing a potential source of 
infection. If the plate is sealed with Parafilm then a build 
up of condensation can not be removed and the plate is of 
little use visually.

The most obvious way to reduce a risk of infection is to 
substitute an organism which has similar properties to those 
required to be demonstrated, but presents a minimal infection 
risk or none at all. An example is given by the presumptive 
test for group A streptococci using a bacitracin disk (Maxted 
1953) . A sample containing this organism will show /3- 
haemolysis (clearing of red blood cells in the growth medium) 
and a defined zone of no growth around the disc. Instead of 
a group A streptococcus, a strain of group G (this will be 
haemolytic but is less virulent to Man) can be used as a 
substitute and the bacitracin disc placed on the plate after 
incubation. To obtain a zone of growth inhibition mimicking
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Figure 5a. Photograph showing a culture plate being handled 
without a lid with the potential to place the finger in the 
culture.

Figure 5b. Photograph showing a culture plate being handled 
with the lid on preventing potential contamination to the 
fingers from the culture.
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that which is produced by bacitracin and the group A 
streptococcus - group G streptococci are resistant to 
bacitracin - a disc impregnated with penicillin is used during 
incubation. The penicillin disc is then removed and 
substituted with the bacitracin disc.

Another way to reduce hazards is to treat the plate 
surface, after incubation with an organism, with chemical 
agents such as chloroform or formaldehyde to render it 
sterile. Tuxford and Kenwright (1981) produced guidelines for 
chemical sterilization of plate cultures used in their 
teaching demonstrations, in response to health and safety 
issues. The method reported gives a standard time and 
temperature of 2 hours exposure to formaldehyde vapour at 3 6° 
C in a humid atmosphere to kill most organisms, except 
Bacillus spp. Chloroform softens plastic Petri-dishes and so 
is only of use with glass dishes. Although colonial 
appearance is maintained following the chemical treatment, the 
colour of the media and organism can alter. Tuxford and 
Kenwright state (1981):
"The greatest disadvantage of this method was the effect that 
formaldehyde had upon blood agar. Substitution of heated 
blood agar was possible for some (but not all) demonstrations 
...Media should also be checked in advance for stability in 
the presence of formalin. If unstable, and if alternative 
media or bacterial agents are not suitable then the use of a 
more sensitive or non-pathogenic species should be 
considered".

The method requires specialized equipment to vent the 
chemicals safely and well trained staff to make the models. 
It should be noted that Sir Alexander Fleming

"... had the idea of growing bacteria on the 
surface of discs of paper or cellophane laid on a suitable 
culture medium. The nutrient material diffuses through the 
discs and supports the growth of the organism on the surface. 
After incubation the disc can be lifted off, carrying with it 
the culture , sterilized by formalin, mounted on a suitable 
card or other material, and preserved as a record ." (Fleming 
1943)
By removing the culture from the plate he circumvented any 
media discolouration problems later experienced by Tuxford and 
Kenwright when using formalin. Fleming's method was also used 
for fungi, and the discs were mounted on glass and covered by 
a protective glass covering. Fleming also states why the
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method has not been used for making bacterial culture models;
"Most bacteria ... form semitransparent colonies which do not 
show up well with this method." (Fleming 1943)

Other methods attempted to put a coating on the surface 
of the culture, containing it rather than killing it. These 
include a thin layer of gelatin, acrylamide (Kelemen 1996) or 
a clear varnish dissolved in xylene (Sharp 1996) used as local 
methods and reported anecdotally but not in the literature. 
None of these methods stop condensation and breakage problems. 
A photograph dispenses with all these problems but topography 
is lost and the single image taken is only in one plane.

5.2 Photography and Photographs.
The recording and subsequent processing of an image as a 

2D representation of a 3D field of view taken at a given 
moment in time, is known as photography. Light distribution 
and intensity (brightness) from an illuminated field of view 
are recorded on photosensitive materials which are then 
chemically processed to give the 2D representation, the 
photograph. Recent developments in computer technology have 
allowed photographs to be produced electronically rather than 
photochemically. A photograph is produced in two stages; a 
light-sensitive film is exposed to the field of view and then 
chemically processed to give a negative or positive. The 
developed film is projected by artificial light onto 
photosensitive paper which is treated chemically, to produce 
the photographic print.

Colour and monochrome (black and white) photographs both 
record information about light distribution and intensity, but 
colour immediately conveys additional information about areas 
within a photograph. The human brain is adapted to receiving 
and processing colour visual information. Black and white 
photographs still contain the same information but are not 
always instantly processed and translated as useful 
information by the brain. For example, it is known that a red 
light means stop and a green light means go and this system is 
used to regulate traffic flow. A colour photograph of the 
traffic light is instantly understood. In a monochrome image
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there is little to distinguish between the two colours, both 
of which appear as similar shades of grey. Additional 
information is used (the red light is on the top and the green 
light at the bottom of traffic lights) to distinguish between 
red and green traffic lights in a monochrome image.

Factors which affect the accurate recording of the image 
to produce the photograph are the type of camera used, 
sensitivity of the film used to the light source and 
subsequent darkroom processing. Accurate colour reproduction 
is best achieved using transparency film which records the 
image as a positive image, but these need to be viewed by 
transmitted light using specialised equipment such as a 
projector.

Photographic images are part of our everyday lives and 
are taken for granted. When observations from an experiment 
are recorded, the subsequently produced photograph is 
available for retrospective use. For instance, Koch 
photographed and published his microscopical observations of 
bacteria in 1881, and these records are still available for 
review today.

It is not necessary to use a viewing system such as a 
camera to make photographs; objects can be placed directly on 
to photosensitive paper and illuminated to expose the paper to 
give a "contact print". In 1968 Marengo used petri-dish 
contact prints to record "the effect of staphylococci and 
their filtrates on the growth of protozoan cultures". 
Brumfitt et al. (1976) used contact prints to record 
information from impression plates of bacterial growth on 
transparent media such as MacConkey and CLED agar. Cultures 
of blood agar could not be recorded in this manner, as the 
medium is opaque.

For interpretation and communication the manner in which 
a photograph is made and processed is important, and it is not 
always suitable for producing a uniform record of results. 
Photography is a technique which is open to the introduction 
of bias and can therefore be subjective.

5.3 A photographic teaching aid.
Richard Andrew and W.David Tredinnick patented a
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photographie teaching aid in 1969. The purpose of the
invention was to provide "an improved teaching aid for
teaching bacteriology and related subjects" and was made by
"... growing a bacteriological colony in a suitable growth 
medium, making a true scale photographic colour transparency 
between an overlaying layer of transparent material and an 
underlying layer of translucent material... The discs are 
taped together to form a sandwich ... with the transparency 
. . . the sandwich ... is placed in the bottom of the Petri dish 
. . . The facsimile is intended to be viewed from above by 
transmitted light...".(Andrew and Tredinnick 1969)

The sandwich material was methyl methacrylate and was cut to 
a thickness of Va" to give the appearance of depth, simulating 
the visual effect of the agar gel.

Figs. 6a and 6b are photographs of a whole plate culture 
and colony close up detail of ^-haemolytic streptococci. Figs. 
7 and 8 show Andrew and Tredinnicks model of -haemolytic 
streptococci (Tredinnick 1996). Fig. 7a shows the model 
partially disassembled and Fig. 7b completely disassembled. 
Fig. 8a was photographed to display the model by transmitted 
light as intended by the inventors. Fig. 8b displays the 
model by reflected light on a cream background. In Fig. 8b, 
where the model is illuminated by reflected light, colony 
detail is lost, there is a colour change and additional marks 
can be seen when compared with Fig 8a. When the model was 
handled the top surface was completely flat and acted like a 
mirror. The effect was really just to put the photograph into 
a petri dish and lacks verisimilitude.

Inexperienced people learning Medical Microbiology need 
to be protected from pathogens. No adequate models are 
available for teaching microbiology and previous attempts to 
make teaching models have proved unsatisfactory. Due to this 
situation it was decided to make substitute models of 
laboratory tests for teaching demonstrations. The models and 
results are outlined in the next sections of this thesis.
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Figure 6a. Photograph of a whole plate culture of 6- 
haemolvtic streptococci.

Figure 6b. Photograph of #-haemolvtic streptococci colony 
close UP detail.
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Figure 7a. Andrew and Tredinnicks model of iS-haemolvtic
streptococci (Tredinnick 1996) partially disassembled.

Figure 7b. Andrew and Tredinnicks model of #-haemolvtic 
streptococci (Tredinnick 1996) completely disassembled.
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Figure 8a. Andrew and Tredinnicks model of -haemolytic
streptococci (Tredinnick 1996) displayed by transmitted light.

Figure 8b. Andrew and Tredinnicks model of jg-haemolytic 
streptococci (Tredinnick 1996)displayed bv reflected light.

35





6.0 Materials

6.1 List of materials and suppliers.
Alec Tiranti Limited, 70 High Street, Theale, Reading Berks, 
RG7 BAR.
SR71/1 Epovoss gloss coat. General purpose two component 
epoxy resin.
RTV 11, RTV 42 0 silicone rubbers. Beta 2 catalyst - Ethyl 
silicate and iron oxide in vinylpolydimethylsiloxane. Beta 6 
catalyst, organic silicate and tin salts in 
polydimethylsiloxane. DBT catalyst.
Ambersil, polyurethane/2 release agent.
Polyester pigments: Translucent amber (TA), yellow (TY), red 
(TR), blue (BT), green (GT) and opaque ivory (01). 
Talc/french chalk powder mixture. Hydrogum alginate Type II. 
Resinega, hand cleaner.

Bewhay (vacuum and technical) Ltd, High Canons, Well End, 
Borehamwood, WD6 5PL.
Air admittance valve and T-piece product AVIO cat no 
C35103000 .

Biotech Instruments Ltd., Biotech house, 7BA High Street, 
Kimpton Herts. SG8PU.
Acrylic polish product AC-200.

Cambridge Diagnostic Services Ltd, Horse Heath, Cambridge, CBl 
6RG.
AB Bio-disc E-Test antibiotic strips.

Camlab Ltd., Nuffield Road, Cambridge CB4 ITH.
Light box product CMV500 and magnifier product CMVIOO.

Difco Laboratories Ltd.
Proteose peptone No 2.

R.Hegner & Son, Artist materials, 13 Southend Green, Hampstead 
NWS 2PT.
Winsor & Newton dryground artists pigments:
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Alizarin crimson (AC)-1:2 dihydroxyanthraquinone. Burnt umber 
(BU) -Calcined natural iron oxide. China clay (CC)-Natural 
hydrated aluminium silicate. Cobalt green (CG) . French 
ultramarine (FU)- complex aluminosilicate. Indian yellow 
(lY) - Tartrazine lake. Permanent mauve (PM) - Manganese 
phosphate. Scarlet lake (SL)- Toluidine red. Venetian red 
(VR) - Iron oxide. Winsor green (WG) - Chlorinated copper 
phthalocyanine. Winsor red (WR) - Brominated anthanthrone. 
Deka transparent glass paints :
24 White, 29 crimson, 31 dark blue, 28 light red, 34 dark 
green, 33, light green, 27 orange, 2 6 lemon, 3 9 black, 3 0 
light blue, 25 colourless and 37 thinner.

Mast Diagnostics, Mast House, Derby Road Bootle, Mersyside 120 
lEA.
Listeria selective agar base (Oxford formulation). Listeria 
selectatab (oxford). Brilliant green agar (Original
formulation). XLD agar. Methicillin antibiotic strips 
(25jLil) .

Merck Ltd, Hunter Boulevard, Magna Park, Lutterworth, Leics 
LE17 4XN.
Benzyl alcohol, GPR product 2 73 54 4R. D-Glucose anhydrous 
product 2 8450 4S. Tripore polypropylene beakers, 100ml
209/0756/02, 50ml 209/0756/01. Nalgene thermide vacuum chamber 
product 210/0055/02. 4-side clear optical methyl acrylate 
cuvettes product v307/380l/01, 4-side clear optical 
polystyrene cuvettes product 307/38 02/01.

W.P. Notcutt Limited, 25 Church Road, Teddington, Middlesex 
TWll 8PF.
Two component unpolymerized silicone rubber - G1 -lOOOB 
Silicone rubber and G1 - lOOOA catalyst, organic tin salts and 
ethyl silicate in polymeric ethyl silicate.

Professional Tape Co. Inc Burr Ridge, 111 60521.
Time tape, adhesive tape which leaves no residue when removed 
from plastic surfaces.
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Sci-lab supplies, 33,Broton Trading Estate, Halstead, Essex 
CO9 IHB.
Three compartment 90mm petri-dishes product YXA-53 0 0 6ON

Scott Bader, Scott Bader Company Limited, Wollaston, 
Wellingborough, Northhamptonshire NN29 7RL.
Epoxy resin components- Crystic ® Kollernox 607, liquid epoxy 
resin based on Bisphenols A & F and Epichlorohydrin. Crystic 
® Kollercure D5130 and LG-2, modified aliphatic amines for use 
as curing agents containing isophorone diamine and trimethyl 
hexamethyl diamine, a gift.

Sigma ® Chemical company. Fancy Road, Poole, Dorset BH17 7BR.
Sucrose Grade 1. S9378. Sigmacote ® SL-2 silicone solution in 
heptane.

Technical Service Consultants Ltd.
Sterile egg yolk tellurite emulsion product R50-02. Whole 
horse blood.

Unipath Ltd, Wade Road, Basingstoke, Hampshire, England.
Oxoid ® Nutrient agar CM3, Bile salts No.3 L56, Baird-Parker 
Medium CM 275, Yeast extract L21, MacConkey agar No.3 CM115. 
CLED agar CM301. Antibiotic discs.

Western Laboratory Service Ltd.,Redan Hill Estate, Redon Rd., 
Aldershot, Hampshire GUI 24SJ.
90mm triple vent petri-dishes product 109132.
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7.0 Methods

7.1 General culture preparation.
i) Dehydrated culture media were made up according to the 
manufacturer's recommendations, and pure cultures (laboratory 
culture collection) of known microorganisms were plated out to 
give single colonies of typical morphology.
ii) Media were made from chemical constituents omitting 
indicator systems and pure cultures of known microorganisms 
were plated out to give single colonies.
iii) The cultures in i) and ii) were incubated between 30- 
37°C for 24-48 hrs depending on the organism under study.
iv). The grown cultures were then subcultured, photographed 
or moulded with silicone rubber.

7.2 Photography.
Material was photographed using the studio set-up in Fig. 

9a except Figs. 6a, 6b and 34a (photographed using sunlight). 
This consisted of a 35mm single reflex camera on a tripod with 
a 80-150mm macro zoom lens. Extension tubes were used for 
close-up detail. Diffused synchronised flash was used as the 
light source to ensure even illumination. The image was 
recorded on 100 or 200 ASA colour negative film. Fig. 9b 
shows two plate positions A and B. Plate A is on the surface 
of the supported clear polystyrene sheet (the plate reflects 
into the label) and has a 10cm gap between the base board and 
the bottom of the object. Plate B is on a black card on top 
of the base board (the supporting pole reflects down onto the 
plate on the right-hand side), the gap between the base board 
and the plate is 0.02 cm. Both positions allow light to pass 
through the plate and to be reflected back through it, this 
difference in distance affects the final image obtained. 
Figs. 10a, 10b, 11a and 11b illustrate this; 10a and 11a are 
taken in position A and 10b and 11b in position B in both 
photographs.

7 .3 Safety measures when handling unpolvmerized epoxv resin.
Gloves and /or a barrier cream were worn when handling 

resin. Most operations were performed in a fume cupboard.
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Figure 9a. Equipment used to photograph culture plates and 
models.

Figure 9b. Culture plate positions used for photography
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Figure 10a. Culture of Salmonella arizona on XLD agar showing 
colonial detail and colour changes in the medium (which is red 
before incubation and subsequent bacterial growth).

Figure 10b. Culture of Salmonella arizona on XLD agar. The 
colonial detail has a ghosting effect in the yellowing caused 
by reflections projected up through the plate from the base 
board.
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Figure lia. Culture of Salmonella enteritidis on XLD agar 
showing colonial detail and colour changes in the medium. 
The effect of bacterial growth on the medium is shown by 
colour changes around the colony.

Figure lib. Culture of Salmonella enteritidis on XLD agar 
showing colonial detail. The colonies appear as small black 
shiny dots with a clear thin outer ring on a red medium.
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7.4 Resin preparation.
The two component resin was mixed together with any- 

prepared colour and allowed to stand. Air was removed from 
the pigmented unpolymerized epoxy resin mixtures by gravity or 
under vacuum, using a Edwards high vacuum pump attached to a 
Nalgene polythermide vacuum chamber (Fig 12). Initially the 
resin mixture was not degassed but it was found during the 
course of experiments that degassing reduced the number of 
bubbles formed in the model. When the mixture had stopped 
bubbling an air admittance valve restored the atmosphere after 
gas- venting the resin mixture. The degassed resin mixture 
was put into a container or mould and left to polymerize. 
The above procedures were repeated for each resin application 
a model required. The surface of the finished resin model was 
buffed with "Acrli" polish to remove any fine surface

Polythermide 
chambe r

Catch pot

Safety aheild

.Mining veaeel

Air admittance
VaiVG

" X . 7

^
vacuum
pump

Rubber sealing 
gaaket

Vented base

Figure 12. Apparatus for degassing eooxv resin and silicon 
rubber.

scratches prior to use.
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7.5 Preparation of unpolvmerized silicone rubber.
Liquid silicone rubber was made up according to the 

manufacturer's instructions. The mixed rubber was then 
degassed by placing under vacuum until the formed bubbles 
collapsed. After releasing the vacuum the degassed rubber 
was retrieved and poured onto the object to be moulded. The 
cast was then left for 16-24 hrs to harden.

8.0 Culture moulding.
The resin mixture in the following experiments was not 

degassed under vacuum, as these were part of the initial 
experiments to determine if culture moulding was possible and 
the issue of small bubbles was not addressed at this stage.

8.1 "Hvdroqum" (sodium alginate) moulds.
The following experiments were carried out to determine 

optimal conditions for culture moulding.

Experiment 1.
9g of hydrogum was added to 2 0ml of tap water and mixed 
vigorously to ensure there were no lumps. The mixture was 
quickly poured onto a culture of non-pathogenic E.coli on 
MacConkey agar and allowed to set. After 3-4 mins the agar 
/hydrogum sandwich was released from the Petri-dish. The agar 
was peeled away from the hydrogum cast and residual culture 
washed away from the cast surface. The washed cast was dried 
of excess water and placed, impression side up, on a piece of 
blue cardboard and encircled with autoclave tape standing 
proud 0.5cm from the cast. Clear epoxy resin was poured onto 
the mould and left to polymerize for 16-24 hrs. The resin 
cast was separated from the hydrogum mould and left to harden 
for a further 12 hrs. The hydrogum mould was used for a 
further resin cast. Washing water and debris from mould 
separation were rendered sterile prior to disposal.

Results and conclusions.
It was found that although the cast obtained had fine detail, 
the resin surface was not clear and was rubbery when first 
removed from the mould. This was not a disadvantage as the
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cast hardened after exposure to air over several hours and 
became clearer. Cardboard was not a good choice of base as it 
absorbed moisture from the hydrogum mould. Further
experiments were done to determine a suitable base for the 
hydrogum mould.

Experiment 2.
The hydrogum mould from experiment 1 was supported on an 
inverted Petri-dish lined with autoclave tape around its 
vertical wall. Unpolymerized opaque resin was applied by 
paint brush to the hollows in the mould to allow any detail 
captured in the moulding process to show clearly against a 
backing resin of a different colour. After 23̂  hrs clear 
unpolymerized resin was poured onto the hydrogum mould 
containing the pigmented resin and left to polymerize for 16- 
20 hrs. The resin cast was removed by peeling the hydrogum 
mould away.

Results and conclusions.
Expt. 2 confirmed that colonies could be distinguished from 
the rest of the resin cast by using two colours and that the 
Petri-dish base was a much more suitable base than cardboard.

Experiment 3.
A five day old culture of E.coli on MacConkey agar was covered 
with hydrogum level with the Petri-dish wall and the lid was 
replaced to give an even surface to the hydrogum when hardened 
and inverted. (This age of culture was slightly dried out and 
easier to handle than a fresh 24 hr culture) . The experiment 
was done in a safety cabinet. The sandwich was removed from 
the Petri-dish and placed in a container of warm water to 
facilitate the separation of the sandwich and to prevent 
moisture being lost from the hydrogum. Using gloved hands the 
agar was carefully peeled away from the hydrogum under the 
water surface. The mould was cleaned further with a paint 
brush and two washes of clean water and left under water prior 
to use. Clear silicone rubber sealant, Dow Corning 785, was 
applied to the surface and left to cure for 2 hrs. A further
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silicone impression was made and the hydrogum cast washed and 
kept damp for further use - with care 2 - 3  impressions could 
be made before the mould disintegrated or dried out and 
shrank. Clear resin was applied to the rubber and the 
hydrogum moulds and left to polymerize overnight. The resin 
was released from the moulds and the hydrogum mould autoclave 
prior to disposal. Washing water and debris from mould 
separation were rendered sterile prior to disposal.

Results and conclusions.
Expt. 3 confirmed that it was possible to take a fine detailed 
impression from a surface with high moisture content.

8.2 Silicone rubber moulding.
All culture moulding procedures were carried out in a 
microbiological safety cabinet.

8.3 Surface impression moulding of live cultures.
The following experiment was done to establish if rubber 

casts could be rendered free of microbial contamination.
Live cultures of E.coli on MacConkey agar and Klebsiella 

sp. on CLED (cystine lactose electrolyte-deficient) agar were 
each covered with 50g of RTVll silicone rubber. After 
polymerization the rubber/agar sandwich was removed by 
carefully cutting the side of the Petri-dish and peeling the 
dish away. The rubber was removed from the agar and swabs 
taken from both surfaces. The agar was discarded. The rubber 
was cleaned with 70% isopropanol until no surface residue was 
visible and a further swab was taken. The rubber was washed 
in normal washing detergent water and dried. Clear resin was 
placed onto the mould and left to polymerize for 24 hrs. The 
resin cast was released from the rubber mould and swabs were 
taken from the resin cast and rubber mould. The swabs were 
plated as half plates on blood agar and incubated at 37°C with 
an uninoculated plate as a control. The results of the swabs 
taken are expressed as growth, G ++, and no growth , NG -, in 
Fig. 13 and indicate that the silicone rubber mould can be 
surfaced sterilized.
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SWAB TAKEN RESULT

Swab of agar culture retrieved from silicone rubber G + +
Swab from silicone rubber G + +
Swab from silicone rubber treated with isopropanol NG -
Swab from silicone rubber in contact with resin NG -
Swab from resin cast NG -
Uninoculated blood agar plate NG -

Figure 13. Table of results : Surface swabbing.

Conclusions
Silicone rubber gives a clear cast and is much harder than 
that from the hygrogum. The material surface in contact with 
the live culture can be rendered sterile once hardened.

8.4 Agar and live culture moulding.
The following experiment was done to establish a method 

of making sterile rubber casts of culture plates.
A live culture prepared for moulding was carefully 

removed from the Petri-dish support and placed on a clean 
plastic warp-free surface. (Taking a rubber cast of a culture 
and inverting it into a fresh Petri-dish and covering it with 
resin was of no use as the resin adhered to the dish and the 
model could not be removed) . The Petri-dish was cut by 
scissors and the dish wall peeled away round the base. Fig. 
14a shows the extracted culture and cut plate. A 10cm 
diameter plastic ring was then circled in autoclave tape 
leaving 1cm standing proud of the ring. The tape was then 
snipped to the level of the ring at regular intervals and 
folded outwards to give a toothed effect. Fig. 14b. The ring 
was then attached to the plastic base and additional autoclave 
tape was used to cover up the gaps in the first layer of tape 
to give a good seal to the plastic base. Fig. 14b. 50g of
prepared rubber was then added to the prepared culture and 
left to polymerize for 16-24 hrs.
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Figure 14a. Agar culture removed from the Petri-dish prior to 
moulding preparation.

Figure 14b. Preparing the mould to form a seal to contain 
silicone rubber solution with the agar culture in situ.
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Figure 15a. Prepared silicone rubber moulds made by casting in 
the Petri-dish or by casting the agar culture after removal 
from the Petri-dish.

Figure 15b. Culture detail highlighted in red resin in a 
silicone rubber mould.
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The mould was release from the agar culture and 
chemically sterilized by placing in 1% Hycolin solution for 
20mins and in 'Sanichlor' for a further ISmins. The mould 
was then washed in warm water with a mild detergent, rinsed in 
warm water and dried and stored in a clean plastic bag ready 
for use.

8.5 Final moulding method.
As the procedure of cutting the Petri-dish and extracting 

the culture was hazardous a method was found to reduce this 
risk: a releasing agent was found that stopped the epoxy resin 
adhering to Petri-dishes and the following moulding method was 
adopted.

The culture was grown and covered in silicone rubber. 
After polymerization the rubber mould was released from the 
culture and sterilized. A Petri-dish was then treated with a 
releasing agent 'Ambersil' polyurethane/2. The rubber mould 
was placed in the prepared Petri-dish and laminated with 
pigmented resin. After polymerization the resin cast came 
away from the resin after a few short taps. The resin cast 
was removed from the rubber and trimmed at the base before 
placing in a fresh Petri-dish for use.

Fig. 15a shows both types of rubber moulds made. Fig. 
15b shows a unfilled mould and one which has had the culture 
detail in-filled in red: this is a back view of the surface 
which would be in contact with agar in a live culture.

9.0 Pigment preparation.
i) Dry powder pigments were mixed with benzyl alcohol as a 
paste and then added to part B of epoxy resin or mixed 
directly into part B if they dispersed readily without 
clumping (Tilling 1993).
ii) Polyester colours were added directly to the mixed resin.

9.1 Resin colour mixes
Some recipes state grams of resin and others millilitres 

this was for convenience of preparation: large volumes were 
used by measure rather than weight as they were easier to 
handle.
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Aesculin reaction colour
0.2g BU/1.5 g resin
Bacterial growth - General recipe.
For colourless colonies. 0.2g CC/1.5g resin.
Creamy white colonies. 0.5g CC, O.OOlg Ol/l.5g resin.
Blood agar colour
Ig WR, 0.75g AC and 4ml benzyl alcohol. 0.2g was used/l5ml 
resin.
^-Haemolysis colour
Ig CC and 0.02g TA/9ml resin.
Brilliant green agar (BGA) colour 
0.2g TR/15ml agar 
CLED agar colour
0. 5g WG, O.Olg Charcoal, 0.02g AC and 4ml Benzyl alcohol. 
0.25g was used /45ml resin.
Chocolate agar colour
9g BU, Ig Vr and 5g CC were blended together. 0.1-0.15g was 
used /15ml resin.
Lactose fermentor colour change on CLED agar-vellow 
O.lg IY/15ml resin 
Oxford agar colour
Ig IY and O.lg BU. 0.2g was used /5 0ml resin.
Listeria culture colour
7.7g CC, O.Olg BU, 0.02g CG. 0.75g added to 1.5ml resin to 
make a stiff paste.
Lowenstein-Jensen medium
O.lg 01, 0.05g TG/15ml resin. Culture : ground cream cracker 1:1 
with 0.2g CC/1.5g resin.
Nutrient agar colour
0.2g CC was used /I5ml resin.
MacConkey and Sorbitol MacConkey agar colour
0.51g TB, Ig TY, O.lg SL, O.lg AC and 5ml benzyl alcohol. 
0.15g was used /I5ml resin. Culture colours :Positiye reaction 
- Lactose fermenters (giying pink to red colonies) O.lg AC,
0.1g CC 2mg 01. 0.4g mixed with 7.5ml of resin. Medium 
surrounding colonies to giye pink 0.003g TR/l.5g resin. 
Negatiye reaction - non-lactose fermenters 0.2g CC added to
1. 5g of MacConkey coloured resin to make the colonies slightly 
milkier than the medium. Salmonella colours : Pigment mixture
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MC8 - TB 0.1g,TY l.lg, WR O.lg use 0.1g/l5ml resin. Culture 
colour 0.002g TA, 0.0.2g CC/1.5g résin.
Sputum agar colour
0.2g French chalk/Talc mixture /I5ml resin
Xylose Lysine Desoxvcholate (XLD) agar colour
O.lg TR /15ml agar. Culture colour black centre 0.2g charcoal
/l.5g resin, edge 0.5g CC/1.5g resin.
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10.0 Model composition, design and assembly.
Facsimile agar plates and cultures on agar were made by 

first growing and observing the microorganism of interest, 
photographing or noting the resultant growth and then making 
representations of the culture in resin.

The resin model was assembled in a variety of ways:
A. Polymerizing pigmented epoxy resin in microbiological 
containers to give an even surface.
B. Attaching resin, antibiotic-impregnated paper or plastic 
, cellulose acetate and spray paint to give surface detail to 
a flat resin surface as in A.
C. Layering material in epoxy resin and attachment of
material as in B.
D. Embedding preformed shapes in epoxy resin and attachment 
as in B.
E. Casting epoxy resin as layered pigmented mixtures in a 
preformed mould.

Facsimile diagnostic test strips were made by:
F . Removing commercially prepared chemicals from the strip 
and then filling the wells with coloured epoxy resin, for 
example APi 20 E (Tilling 1993). (Assembled as A above).
G. Taking apart the diagnostic kit and removing the
commercially prepared chemicals. The clear viewing area was 
painted with translucent glass paints, for example Crystal ID.

Model design is divided into four categories;
i) The model is composed of pigmented epoxy resin set into a
container during manufacture and cannot be removed easily once 
made, as in A and F .
ii) The model is made of coloured epoxy resin made in a mould 
and is put into a display container after manufacture, as in 
E.
iii) The model is composed of epoxy resin and has material 
embedded in it or as a surface coating as in B, C, and D.
iv) The model has not had epoxy resin added during 
manufacture but has material included in it as surface 
coating, as in G.
Details of how each design type of model was made showing
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various assembly combinations will be given and are listed as : 
Design i) assembly A.
Design ii) Assembly E 
Design iii) assembly B 
Design iii) Assembly C 
Design iii) assembly D 
Design iv) assembly G

10.1 Specific models.
Design i) assembly A.

a) Model : Basic media used in a medical microbiology 
laboratory.

A three compartment 90mm petri-dish was filled to a depth 
of 6-7mm with resin coloured to represent MacConkey, chocolate 
and blood agar and allowed to polymerize on a flat surface. 
Model 1 'Basic media used in Medical Microbiology' is 
supplied in the appendix.

b) Model: A method for screening of urine samples.
The model plate imitates results obtained from urine 

sample screening: incubated real Microtiter plates are
processed (scanned, read and screened automatically by 
computer technology) in a machine called a 'Mastascan'.

Wells in a microtiter plate were filled with resin to 
represent uninoculated CLED agar and in a second plate some 
wells were filled with resin to represent lactose fermentation 
activity and resin to represent uninoculated agar (no growth).

CLED is green blue medium used in the screening of urine 
samples for lactose fermenters, which turn the medium yellow. 
A Microtiter plate can hold 96 samples and can be scanned 
automatically. The production of the pigment to represent the 
colour of CLED agar was difficult. Staff involved in media 
preparation, storage and use of CLED medium were consulted on 
its true colour: each had a different opinion. Due to this
inability to agree an investigation of CLED agar and
bromothymol blue (indicator in CLED agar) was conducted.

CLED agar was made according to the manufacturer's 
instructions and placed in sterile polystyrene Icm^ cuvettes.
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Figure 16. Graph 1. Absorbance spectra of CLED agar. Trace 1 
is uninoculated agar. Trace 2 is agar inoculated with a 
lactose fermenting E.coli.

Figure 16. Graph 2. Absorbance spectra of bromothymol blue in 
the presence of alkali of increasing concentration, traces 1-4 
indicate a pH range of 6.4 (1) - 8.2 (4).
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Some of the cuvettes were inoculated with a lactose fermenter, 
E. coli and left to incubate overnight. The cuvettes were 
then scanned in a Beckman Du 70 spectrophotometer. Fig. 16 
Graph 1 show uninoculated medium, trace 1, and medium
inoculated with E. coli, trace 2. The increased slope on the
graph towards 320nm (the ultra violet end of the spectrum) was 
though to be due to the cuvettes contents being solid and 
causing inaccurate absorbtion readings. Further experiments 
using bromothymol blue in solution were conducted. Solutions 
of 1mg/ml bromothymol blue sodium salt (in water) were 
adjusted to the following pH's 6.38, 6.81, 7.14, and 8.18
(corresponding to a colour shift from pale green to deep 
blue), scanned and recorded in Fig. 16 Graph 2. The 
absorbence maximum for the blue peak, 613nm, appears constant 
in each sample - traces 1 ,2, 3, and 4, but slightly variable 
for the yellow peak. It is probable that this observed 
'fluctuating' peak contributes to a colour change detectable 
by eye: when a plate is made fresh it will be at a given pH 
and colour, as it loses moisture due to cold storage or 
incubation at 37°C the pH at the surface will alter give a 
subtle colour difference. But evaporation of water during 
storage and subsequent incubation may also lead to the 
concentration of the media changing the indicator's intensitv 
at the surface to give subtle colour differences. The 
observed colour changes noted, while being subjective, are 
probably due to physical phenomena rather than chemical. 
Other models of this type include:
c) Charcoal agar
d) DCA
e) TCBS agar
f) Lowensen-Jensen agar
g) Nutrient agar
and they have been used in teaching demonstrations and poster 
demonstrations at scientific meetings.

Design ii) Assemblv E
a) Model: Characteristic growth of Salmonella s d d . on XLD
medium.
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Cultures of Salmonella spp. were grown on XLD medium for 
24 hrs. After incubation the culture was removed as in 
Methods 3.2 and a silicone rubber mould made. On releasing 
the agar from the rubber it was found that the rubber did not 
set around the colonial growth. The moulding and plate were 
autoclaved and discarded. A culture similar in morphology
to Salmonella spp. on XLD medium was prepared by growing 
cultures of E. coli, Salmonella spp., and Proteus sp. on a 
medium with the following composition in g/1:

Peptone lOg
Glucose 5g
Bile salts No 3 0.75g
Sodium chloride 2.5g
Agar lOg

Rubber moulds were successfully made of cultures grown on this 
medium. Figs. 17-20 illustrate the growth of E.coli, 
Salmonella spp. and Proteus spp. on different media. 
Irrespective of colour the organisms grow as small circular 
entire colonies varying in diameter.

Black resin coloured with charcoal was applied to the 
mould in the culture areas leaving a slight recess of l-2mm at 
the culture indent edge. The resin was left for an hour and 
it was found that the coloured resin had formed globules on 
the rubber surface. A swab stick was broken to give a fine 
shard of wood and this was used to tease out the globules into 
a uniform layer. Due to the hydrophobic nature displayed by 
the polymerizing resin mixture a second black layer was 
applied to the mould. After 3 hrs CC coloured resin was 
applied on top of the black resin and the empty recess, in 
order to give the model colonies black centres with semi
transparent edges. A resin mixture to resemble XLD agar was 
applied to the mould and left to polymerize. The resin cast 
made was buffed and then glued into a Petri-dish. Model 2 
'Colonial characteristics of Salmonella on XLD' is supplied in 
the appendix.

b) Model : Colony characteristics of Salmonella tvphimurium and 
E.coli on MacConkev agar.
Version 1.
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Figure 17a. Salmonella enteritidis on XLD agar, whole plate...

Figure 17b. Close-up colonial morphology of Salmonella 
enteritidis on XLD agar.
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Figure 18a, Whole plate culture o£ Salmonella enteritidis on 
RGA aaar.

Figure 18b. Whole plate culture of E.coli on EGA agax.
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Figure 19a. Close-up colonial morphology of E.coli on EGA 
agar.

Figure 19b. Close-up colonial morphology of E.coli and 
Proteus SP on Nutrient agar.
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Figure 20a. Whole plate culture of Salmonella enteritidis on 
Sorbitol MacConkev agar.

Figure 20b. Close-up colonial morphology of Salmonella 
enteritidis on Sorbitol MacConkev agar.
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This model was made at the request of Professor N Datta, 
FRS, to illustrate her work on the 'Genetics of antibiotic 
resistance' as part of an exhibition at the Royal Society and 
was made in more than one way. [For version 2 see Design iii) 
assembly B model c) ] .

Colonies of S.typhimurium, a non-lactose fermenter and
E.coli^ a lactose fermenter, were grown as half plates on 
MacConkey agar. The Petri-dish culture surface was then 
moulded with silicone rubber. The formed rubber impression 
was removed, sterilized and placed, culture indent face 
upwards, in a Petri-dish treated with a releasing agent 
'Ambersil'.

Growth of the non-lactose fermenter was represented by 
filling in the rubber indentations left by the culture with 
resin coloured with TA and CC. Growth of the lactose 
fermenter was represented by resin coloured with CC and AC. 
On the live culture plate the area surrounding the lactose 
fermenter growth was pink. This was copied by circling the 
resin filled culture indent with a rubber strip leaving a 5mm 
gap between the resin and the rubber strip. The enclosed area 
formed was filled with resin tinted with TR. After 
polymerization the rubber strip was removed and the plate 
covered in resin tinted with pigment mixture MC8. After 
polymerization it was observed that small bubbles appeared 
between the interface of the pink resin and the resin tinted 
with MC8 giving the appearance of microcolonies.

The model was made as a prototype. The final version. 
Design iii) assembly B model c) , was used for exhibition 
purposes (see Fig. 28b).

Other models made in this section include:
c) Candida albicans on Sabouraud Agar.
d) Proteus mirabilis - Dienes phenomenon on BA.
e) Staphylococcus aureus on BA.
f) Listeria monocytogenes on Oxford agar.
g) Proteus spp. on CLED agar.
h) Salmonella on BGA agar.
i) E.coli on BA.
j) E.coli on MacConkey agar/Sorbitol MacConkey agar - Fig.
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Figure 21a. Whole plate culture of E.coli spy on Sorbitol 
MacConkev Agar.

Figure 21b. Close-up colonial morphology of E.coli s p p  on 
Sorbitol MacConkev Aaar. The sparse pink colonies in the 
middle of the red colonies are pathogenic non-lactose 
fermenting E.coli serotvpe 0157:H7.
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Figure 22a. Whole plate model of a culture of E.coli spp on 
Sorbitol MacConkev aaar.

Figure 22b. Close-up of model colonial morphology of E.coli 
SPP on Sorbitol MacConkev agar. The colourless colonies in 
the middle of the red colonies represent pathogenic non
lactose fermenting E.coli serotype 0157:H7.

64



%

i

ril^Bi “■’* ̂  “ * *



21a is a whole plate culture and Fig. 21b colony close up of 
a mixed culture of E.coli spp on Sorbitol MacConkey agar. 
Figs. 22a and b are a whole plate and close up of colony 
detail of a model made from the culture photographed in Figs. 
21a and b. In the model close up of the colourless colonies 
represent the pathogenic haemorrhagic E.coli serotype 0157:H7.

Design iii) assemblv B
a)Model: Sensitivity testing bv disc - Stokes' method.

The model represents a Stokes plate of S. aureus 
sensitive to vancomycin, netilmicin, fusidic acid and 
gentamicin and resistant to penicillin and erythromycin.

A "blood agar" resin base was made and allowed to harden. 
A time tape mask was built up to represent clearing on the 
original bacterial plate. A 3mm ring of tape with an internal 
diameter of 6.5cm was anchored to the resin base and six
points of equal distance were marked on the ring. Circles of 
tape, equal in diameter to the inhibition zone to be 
represented, were cut and attached to the marked point. Where 
the sizes of the inner and outer circles differed, they were
cut in two and abutted to the ring so that no resin was
exposed, as in Fig 23, A. The side of the Petri-dish was
masked off and the dish was sprayed with aerosol paint, 
primula yellow, the masks removed and any seepage cleaned away

cigar resin

Antibiotic diac
Paint

A = Tape mask B = Finished plate

Figure 23 Tape mask and finished sensitivitv 
plate.
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Figure 24. Live culture and model of a Stokes' sensitivitv 
plate.
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with amyl acetate. Antibiotic discs were glued to the centre 
of the exposed resin.

The model has been used in demonstrations, examinations 
and vivas. Fig. 24 is a photograph of a live culture plate 
next to a model plate. Model 3 'Stokes' Sensitivity testing' 
is supplied in the appendix.

b) Model: Multi-point testing - "Breakpoint" Sensitivitv.
The plate was made as part of a student demonstration 

illustrating methods of antibiotic chemotherapy.
A resin base pigmented with CC to represent nutrient agar 

was made and allowed to harden. A plate of S. aureus 
inoculated with a multi-point inoculator was photocopied to 
supply a template for colony growth and the resin base was 
placed on this a template. Rubber plugs made in 1000/il Gilson 
tips were used as stamps to apply a pigmented resin paste (Ig

•  0 0

Centroi
= Grown culture

1̂ 2̂  = Inoculated, no groifth

Test

Figure 25 Aerial view of 21 multi-point agar plate showing 
test and control.
resin, 0. 5g CC and 3mg 01) to the base giving circles 2mm 
diameter imitating bacterial growth. The plate was allowed to 
harden for 48hrs
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Figure 26a. Multi-testing : Plate a is a live culture showing 
strain 12 is sensitive to the agent in the plate. Plate B is 
a model showing strains 6, 9. 14, 18, 19. and 21 to be
'sensitive'.

Figure 26b. Plate A. Laboratory prepared methicillin 
sensitivitv plate. Plate B. Model plate prepared for student 
demonstration showing negative control, test and positive 
control.
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before use.
Photocopying the original culture was not satisfactory as 

the spots could not be aligned properly and a fresh template 
was made by drawing lines through a circle 8.3cm diameter to 
make a grid 1.5cm mesh size. At the crosspoints on the grid 
small coloured circles were placed to be easily visible 
through the Petri-dish base and these were used to position 
the resin paste as markers for area of growth. The plate in 
Fig. 25 shows 21 strains of S.aureus of which nos 3, 9, 11, 
13, 17, 20, 21 are "sensitive" by the breakpoint method. Fig. 
26a shows live culture plate A and resin model B.

c) Model: Colonial characteristics of Salmonella tvphimurium 
and E.coli on MacConkev agar.
Version 2. - see Design ii) Assembly E model b) above.

A resin base tinted with MC8 was prepared and allowed to 
harden. Coloured resin to represent non-lactose fermenter 
growth was prepared, left for an hour and then painted onto 
half the base. The process was repeated with coloured resin 
to represent lactose fermenter growth on the other side of the 
plate. After polymerization the plate was labelled with 
photocopied acetate strips to explain the colonial growth. 
The plate was then used with a model of a ditch plate (model
d) in this section as part of an exhibition for Professor N 
Datta, FRS, Fig. 28b.

d) Model : Ditch plate to demonstrate sensitivity/resistance to 
antibiotic. The plate was made at the request of Professor N 
Datta.

A ditch plate was provided by Professor Datta, and 
photographed. Fig. 28a, for reference purposes. A Petri-dish 
was divided into two using a plasticine strip as 
The area labelled 2 in Fig. 27a was filled with resin tinted 
with MC8 and the area labelled 3 with resin tinted with TR
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1.Plasticine division on Petri-dish.
2.Coloured resin to represent the effect 
of non-lactose fermentors on agatr.
3.Coloured resin to represent the effect 
of lactose feraientors on agar.

Figure 27a Resin base layout of model ditch plate

1.Aerial view of two coloured 
base with lines to represent 
ditches.

2. Binglg coloured base with 
ditcheg r fake colonial growth 
and laballing.

RESISTANT S-.toiiWWHrfU»

SENSITIVE f  <?nJI

E.ccjywPi reabtance 
lacquhed (Horn S. tMMftJMvAd

^  Streak, to represent 
lactose fermentor.

I I Streak to represent 
'— ' non-lactose ferttientor.

Figure 27b The layout of a ditch plate model
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Figure 2 8a. Live culture model of a ditch plate

Figure 2 8b. Exhibit of Naomi Datta, FRS, displayed at the 
Royal Society, 6, Carlton Terrace, London. April-September 
1995.
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to represent the changes occurring to the agar due to the 
growth of lactose and non-lactose fermenters. Two lines were 
then scored onto the polymerized base to represent the 'ditch' 
as in Fig. 27a, 1. It was decided that the two colour base 
was unnecessary and a base was made of resin tinted with MC8 
and scored as above. The base then had resin to represent 
culture growth and acetate labels attached to the surface as 
in Fig. 27b, 2. The plate was then exhibited with model c) 
above, in Fig. 28b.

Other models in this section include:
e) Antibiotic sensitivity testing by strip - Methicillin 
sensitivity testing of S.aureus, Fig. 26a shows a photograph 
of live culture A and a resin model B.
f) MIC determination by E-test.
* The following models were made at the request of Dr P 
Huovinen, National Public Health Institute, Turku, Finland.
g) * Enterobacter cloacae inducible resistance to III 
generation cephalosporins. Fig. 29a shows a live culture 
that has been prepared to give the required visual effect for 
modelling purposes. Fig. 29b shows the finished model with 
the correct antibiotic regime.
h) * Non-inducible type erythromycin resistance of Group A 
Streptococcus. E-test result with erythromycin and 
clindamycin. (Seppala 1993). Fig. 30a shows the finished 
model which is not to scale (Petri-dishes 14cm in diameter) .
i) * Inducible type erythromycin resistance of Group A 
Streptococcus E-test result with erythromycin and 
clindamycin. (Seppala 1993). Fig. 30b shows the finished 
model which is not to scale (Petri-dishes 14cm in diameter) . 
j) Colonial form of Klebsiella sp on MacConkey agar - Model 4 
'Klebsiella sp on MacConkey agar' is supplied in appendix . 
i) Growth requirements of Haemophilus spp. on nutrient agar.

Design iii) Assemblv C
a) Model :To show the principle of phage tvping.

The model illustrates phage typing of epidemic 
methicillin resistant S.aureus type 16 -EMRSA 16, with a 
identified 83A/ 75 pattern and was developed for teaching
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Figure 29a. Live culture prepared to give the visual effect 
of inducible resistance to third generation cephalosporins.

Figure 29b. Model plate with the culture morohologv copied 
from the live plate in figure 2 8a above. The antibiotic 
regime is CTX-cefotaxime, CAZ-ceftazidime, PlP-piperacillin, 
ATM-aztreonam discs on the outside and FOX- cefoxitin in the 
centre.
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Figure 30a. Non-inducible type erythromycin resistance of 
Group A Streptococcus: E-test result with erythromycin-EM and 
clindamycin-CM (Seppala et al 1993).

Figure 30b. Inducible type erythromycin resistance of Group 
A Streptococcus: E-test result with erythromycin-EM and
clindamycin-CM (Seppala et al 1993).
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demonstration and examination purposes.
A resin base pigmented with china clay was made to 

represent nutrient agar and allowed to harden. A grid was 
made and the resin base placed on it, as in Fig.31, A. Two 
circles of 11mm diameter were cut from time tape and placed on 
the resin surface. The resin base was then masked round the 
Petri-dish rim with tape so that only the resin surface was 
exposed, and then sprayed, square on, at a distance of 3 0cm 
with car paint, primula yellow, from a pressurized aerosol 
can, to give the appearance of a near confluent bacterial lawn 
Fig. 31, B.

I3A

S2A

Sprayed on 
culture.Grid viewed 

through resin H 77

3C

Finished plate
Figure 31 Aerial view of steps in
making a "Phage" plate of EMRSA 16.

After 2 mins all the masking was removed and the edges of the 
clear circles cleared of any paint seepage using a swab dipped 
in amyl acetate. This procedure also served to make the edge 
slightly irregular and look more natural. The grid was cut 
out and glued to the underside of the Petri-dish Fig. 31, C. 
The model was later modified by photocopying the grid onto 
clear acetate sheet, cutting it out and placing in the petri- 
dish before making the resin base. Model 5 'Phage typing of 
EMRSA 16' is supplied in the appendix.
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b) Model: TB medium and culture growth.
Resin coloured to resemble Lowenstein-Jensen medium was 

mixed and degassed under vacuum. The mixture was divided 
between three glass universal bottles and left to form set 
slopes at room temperature.

1. RESIN MIXTURE
2. LAYER ONE OF FAKE 

CULTURE
China clay mixture

3. LAYER TWO OF FAKE 
CULTURE
Crumb mixture

Figure 32 Exploded view of resin
slope.

A cotton wool swab was soaked in a paste made of 0.2g CC/1.5g 
of resin and applied to area 2 in Fig. 32 to leave a very thin 
resin layer. The slope was left for 30min. The discharged 
swab was coated with china clay and dabbed on the resin area 
to give a dull dry surface. The slope was left to harden for 
a further hour.

A Jacobs cream cracker was broken into small pieces, 
discarding any burnt bits. The remaining bits were broken 
into small crumbs and bound with the leftover china clay 
mixture. The crumb mixture was applied to the slope, area 3 
in the diagram above, using the wooden end of a swab. The 
slope was left to harden before use.

Fig. 33a shows an early problem with glass universal 
bottles, they cracked :the resin contracted over a period of 
several days causing tensions to build up in the glass which 
then broke, bottles 1 and 2, the problem was solved by making 
a smaller slope, bottle 3. Fig. 33b shows the finished 
models.
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Figure 33a. Simulated TB culture slopes showing cracked 
universal containers, 1 and 2. Container 3 is intact and has 
a smaller resin slope.

Figure 33b. Simulated TB slopes showing prototypes 1 and 
final model 2.
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Figure 34a. Whole plate culture o£ B-haemolvtic streptococci 
showing clearing of blood agar around the colonies.

Figure 34b. Model to show B-haemolvsis
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c) Model; To demonstrate ^-haemolysis of Streptococci.
A resin mix was coloured with CC and left to polymerize

for 1 hr. until it was stiff and could be used without it
spreading from where it was applied. The resin mix was 
applied to the base of a Petri-dish corresponding to areas of 
-haemolysis on a live culture plate and left to polymerize 

completely. Resin coloured to represent BA was then applied 
to the Petri-dish to give a level surface and left to 
polymerize. Dots of resin coloured with GC were applied to 
the 'clear' areas to represent colonial growth and left to 
polymerize. Fig. 34a is a culture of /?-haemolytic 
Streptococci and Fig. 34b the model.

d) Model : To show the CAMP test for Listeria monocvtOQenes.
The two plate set was made as a prototype standard for 

detecting L. monocytogenes in food testing laboratories.
Cultures of Listeria spp. were isolated on Oxford agar 

Fig. 35a and b and then grown on blood agar in proximity to 
streaked cultures of S.aureus Fig. 36a and Rhodococcus equi 
Fig 36b.

To imitate ^-haemolysis, resin shapes corresponding to 
zones of lysis in BA were made by forming the shape in
plasticine and then moulding it in silicone rubber. The
silicone rubber mould was then used to make resin inserts Fig. 
37 left and right. A suitable moulded resin bar was glued to 
the insert to give a 'T-piece' Fig. 37 bottom left. The 
required inserts were then glued to the bottom of a Petri-dish 
Fig. 37 bottom right. The Petri-dish with the fixed inserts 
was then filled with resin coloured to represent BA to the 
level of the inserts. An even surface was achieved by adding 
a thin layer 2-3 mm thick of clear resin to the Petri-dish 
after the coloured layer had polymerized. Coloured resin was 
then applied to the centre of each insert to represent a 
streaked colony. Each colony was then labelled using a label 
cut from a photocopied acetate sheet. Model 6 'Listeria 
monocytogenes in the presence of S.aureus' and Model 7 'L.
ivanovii in the presence of R.equi' are supplied in the 
Appendix.
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Figure 3 5a. Close up of Listeria monocvtocrenes grown (18-
24hr) on Oxford agar. The colonies are small. round
translucent surrounded by a slight browning in the medium.

Figure 3 5b. Whole plate culture of Listeria monocvtocrenes 
grown (36-48hr) on Oxford agar. Colonies appear opaque with 
a black centre. The colonies auto-lvse forming a pit showing 
the browning underneath which covers the whole plate.
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Figure 3 6a. Blood agar plate showing a culture of 
L .monocvtocrenes streaked horizontally (M.J.) with an area of 
enhanced haemolysis in the area of 6-haemolvsis produced by 
the S.aureus culture streaked vertically, this characteristic 
is used to distinguish L.monocvtocrenes from other Listeria so.

Figure 3 6b. Blood agar plate showing enhanced 6-haemolysis of 
L. ivanovii in thee presence of R.ecrui (R.E) L.seelicreri (L.S.) 
and L.monocvtocrenes (L.M) are also 6-haemolvtic but do not 
show this characteristic.
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Figure 37. Moulded component parts of Model 5 "Listeria 
monocytogenes in the presence of S.aureus".
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Design iii) assemblv D
a) Model : To show the effect of tobacco and nicotine on growth 
of Haemophilus influenzae in vitro.

The model was produced for Lilly Industries & Co Ltd so 
that medical sales representatives could demonstrate to 
General Practitioners the fact that growth of H. influenzae is 
stimulated by the presence of tobacco or pure nicotine 
(Roberts and Cole 1979) . A 1000/il Gilson disposable pipette 
tip was plugged with hygrogum. The solid plug was removed from 
the tip and trimmed flat and placed to one side of a 
Petri-dish base, forming a wet seal with the plastic. 
Silicone rubber plugs were subsequently substituted for 
alginate plugs as they were reusable and did not discolour the 
agar. A lip forms readily between the interface of the rubber 
and epoxy resin which was pared with a scalpel to give a level 
surface. 15ml resin pigmented with 0.2gm French chalk/talc 
(FT/C) mixture was added to the plate taking care not to

I T a b a jG c o l;

A = Fakg bacterial 
gcowth.

Holfi left by plug.
Figure 3 8 Diagram to show aerial and cross section of 
finished plate (Roberts and Cole 1979).

dislodge the plug. When the resin gelled (approximately 30 
mins) strands of fine pipe tobacco were immersed in the resin 
so that no air bubbles were included. After 2 hrs the plug 
was removed and the plate allowed to harden for 24 hrs.

83



Figure 3 9a. Screening of Staphylococci usina DNA-ase agar.
Plate A is a laboratory patient sample screen with eight 
samples and plate B is a live culture model prepared for 
teaching the plate principles.

Figure 3 9b. Screening of Staphylococci using DNA-ase agar 
Plate A is a live culture and plate B is a resin model.
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Bacterial growth around the hole left by the plug and over the 
embedded tobacco was imitated by stippling with a stiff paint 
brush a paste of 0.5g FC/T and 0. Ig resin. A fine syringe 
needle was used to dot paste 1mm away from the rim of the hole 
left by the plug. Acetate labels were then glued to the 
surface with clear resin and the plate left for a further 48 
hrs before use.

Model 8 'The effect of tobacco and nicotine on growth 
of Haemophilus Influenzae in vitro' is supplied in the 
appendix.

Other models include :
b) Staphylococci screening using DNA-ase agar. Fig. 39a 
shows a patient sample screening, A, and a live culture plate 
, B, prepared for student teaching. Fig. 39b a live culture 
, A, with the resin model, B. Model 9 'Staphylococci
screening on DNA-ase agar' is supplied in the appendix.

Design iv) assemblv G 
a) Model: Tvoing of Bacteria.

A BBL® Crystal™ Enteric/Nonfermentor identification kit 
was taken apart and cleaned. The unit consists of three 
plastic parts which snap together to form a box 12.5 (length) 
X  3.5 (width) X  1.8 (depth) cm and allow the contents to be 
transported without leakage. The kit is supplied as two 
pieces: a male imprégnât or with 30 prongs and a female
receptor. The female receptor is composed of a black plastic 
insert of 30 wells, with a channel running over them, housed 
in a clear base with 30 windows. The wells are arranged in

Itt IB IC ID I e  I F IG IH II I J I0000000000»
o o o o o o o o o o
0000000000

Figure 40 Lavout of Crvstal viewing area
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three rows of 10 labelled A-J and 4, 2, 1 (Fig. 40) and each 
well has the potential for positive and negative results when 
inoculated and incubated with a test organism. The kit is 
similar in principle to API using a computer data base and a 
digit profile to give organism identification. The oxidase 
and indole tests are supplementary to the box.

Cultures of E.coli, Acinetobacter baumanni, and 
Enterobacter cloacae were grown in the kits for colour 
reaction recognition purposes and identified by consulting the 
colour recognition chart and database supplied with the kit 
(MMD 1994). Colour combinations of DEKA -Transparent glass 
paints were applied to the clear windows of the female part of 
the box described above to represent a positive or negative 
reaction. Fig. 41 gives details of the colours required for 
positive and negative reactions for each of the wells.

Test reference Positive reaction Negative reaction
ROW 4 A-J 26/27+26 (1:9) 28/27

ROW 2 A-J 26+25 (1:9) 25
lA 26+25 (1:9) 25
IB 35+25 (1:1) 35+25 (1:20)

1C 26+35+25 (1:1:10) 26

Row 1 D-G 34/30 33+26 (1:20)/(1:1)
IH 28 and 28+25 (1:9)* 25

ROW 1 I,J 35+32 (l:2)/32 26/27+26
(l:9)/35+25 (1:20)

central bar in the middle of the well.

Figure 41: Table of Glass paint mixtures used to represent 
biochemical colour coded reactions of bacteria in the crvstal 
kit model. 25 = colourless, 26 = lemon, 27 = orange, 28 = 
light red, 30 = light blue, 32 = violet, 33 = light green, 34 
= dark green, 35 = brown.
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Figure 42 E.coli identification profile.

E.coli gave the following colour reactions expressed as 
positive or negative with a profile of 4426626071 oxidase - 
and indole +. From Fig.41 a positive reaction for well 4A in 
Fig. 42 would be the application of glass paint 26 or mixture/ 
27 + 26 in the ratio of 1:9. Using the table in Fig. 41 and the 
identification layout in Fig. 40 a model could be made for any 
organism desired with the defined use of the kit eg you would 
not use a enteric kit to identify S .aureus. Model 10 'E.Coli 
identification by Crystal ID' is supplied in the appendix.
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11.0 Technical problems associated with epoxv resin and 
silicone rubber in model making.

11.1 Dissolved erases in epoxv resin.
Air inclusion was concomitant when mixing resin 

components. Most bubbles dispersed under gravity but some fine 
bubbles were captured and spoilt the final appearance of a 
model. When the epoxy resin gels (about 30 mins after mixing 
at room temperature) any small air bubbles which have not 
dispersed under gravity are captured in the final model.
In Fig. 2 5a model plate b has a speckled appearance due to 
trapped gas, the bubbles reflecting the light from the flash 
during photography. It was noted as a tin of epoxy resin was 
used the amount of bubbles in the prepared mixture increased. 
Each time a component container was opened a fresh supply of 
air replenished the container allowing the resin components to 
absorb moisture and atmospheric gases.

The bubble problem was tackled initially by raising the 
polymerization temperature to 4 0°C (4 0°C was within the
manufacturer's guidelines for polymerization supplied with the 
resin) for a model made in a Petri-dish. A higher temperature 
could not be used as the resin polymerization was exothermic: 
additional heat generated caused the Petri-dish to warp. The 
raised temperature seemed to cure the bubble problem but 
altered the rate of polymerization, the resin gelled and 
hardened quicker than at room temperature.

When resin mixtures were put into a silicone rubber 
mould, raising the polymerization temperature increased bubble 
formation in the solid model. Small bubbles formed at the 
rubber/epoxy resin interface. If the polymerization took 
place at ambient temperatures then the bubble problem was 
minimal but did not disappear suggesting that there was a 
problem with polymerizing epoxy resin on silicone rubber 
surfaces. As silicone rubber mixtures had to be degassed 
prior to use the resin mixture was degassed using the same 
principle and the method was adapted as part of the routine 
preparation for epoxy resin in methods 1.5 above (the resin 
foams and must be put in a container which allows the resin to 
expand and collapse, around 60ml in a 400ml polypropylene
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beaker). If degassed resin mixtures were polymerized at 
raised temperatures the bubble problem reappeared suggesting 
not all the dissolved gases were removed or a reaction was 
taking place resulting in the production of gases when the 
resin gelled.

Scott-Bader, resin manufacturer, explained the problem: 
component B absorbs atmospheric gases and moisture readily so 
repeatedly opening the resin containers was assisting the 
process of absorption. Atmospheric moisture contain carbon 
dioxide (CO2 ) and component B of the epoxy resin forms a weak 
association with CO2 which is not affected by evacuating the 
resin mixture. However, as the resin cross-links to gel 
absorbed CO2 is released and trapped as bubbles as the mixture 
is too viscous. Silicone rubber surfaces facilitate the 
release of adsorbed CO2 hence the formation of bubbles on the 
surface in a final resin impression. For most industrial and 
artistic applications fine bubble formation is not a problem 
as they do not affect the final resin product - they can be 
removed or ignored. A bubble the size of a colony cannot be 
removed or ignored.

To attempt to eliminate gas bubbles formed during 
polymerization different resins and surface coatings for the 
silicone rubber mould were tried. 'PTFE' coatings reduced the 
wetting problem experienced with charcoal resin mixtures (the 
resin adhered to the mould surface rather than form small 
globules). The final model had a finish which was speckled 
with a surface that could not be scratched or polished to 
remove slight surface imperfections. Replecote-Vs 2% solution 
in cyclic silicones increased resin globule formation. No 
further coatings were tried. The mould was left uncoated but 
washing the surface with neat non-ionic detergent and placing 
the mould to dry at 100° C for 4hr helped considerably with 
the even application of epoxy resin mixtures on the mould.

The use of one component methyl methacrylate based resin 
Polymerised by U.V. light (TECHNOVIT 7230VLC) was
unsuccessful as a substitute resin as any pigment placed in 
the resin was not held in suspension - the resin was not 
viscous like Epovoss SR71/1. The pigment sediment in the 
mixture absorbed the light source and prevented
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polymerization. Kollernox 607 (equivalent to component A of 
Epovoss SR71/1) with either Kollercure D5130 or LG-2 
(equivalent to component B of Epovoss SR71/1) produced few 
bubbles and was slightly easier to handle than Epovoss SR71/1. 
It did not become the resin of choice as it could only be 
supplied in 25 1 canisters posing storage and safety problems.

11.2 Silicone rubber: polymerization and degradation
problems.

When making the model of Salmonella on XLD medium, XLD 
had to be substituted with a medium that prevented bacteria 
from producing black colonies - the blacking is caused by the 
production of hydrogen sulphide (H^S). The presence of HzS 
prevented the DBT catalyst from working. Experiments to 
ascertain whether additional catalyst would allow complete 
polymerization of the silicone rubber were not conducted: 
Enterobacteriace colonial morphology is indistinct, most are 
entire small round colonies (Figs 16-19). E.coli was grown on 
the substitute medium listed section 9.0 and moulded to 
represent Salmonella sp. . Colony colouring was taken from 
live models and photographs of Salmonella sp..

Amines in unpolymerized epoxy resin degrade silicone 
rubber surfaces over a period of time giving the mould a 
finite life of 3-10 mouldings. Reducing the amount of contact 
the mould has with the epoxy resin helps the shelf life of the 
mould. If a large number of culture impression are required 
a moulding material needs to be found that is not chemical 
aggressive to epoxy resin or affected by moisture (agar gels 
are 98% water by volume). Ideally once a mould has been made 
the first impression should be kept as a master copy and used 
as a 'die' to make moulds from. One would not need to keep 
moulding live cultures unless a new form was needed.
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12.0 Results
An example of each model design is given in appendix , 

these are listed below. Assembly F is not given as this has 
been described previously (Tilling 1993).

Models in appendix
Model 1. Basic media used in medical microbiology.

Design i) assembly A 
Model 2. Colonial characteristics of Salmonella on XLD.

Design ii) assembly E 
Model 3. Stokes' sensitivity testing.

Design iii) assembly B 
Model 4. Klebsiella sp. on MacConkey agar.

Design iii) assembly B 
Model 5. Phage typing of EMRSA 16.

Design iii) assembly C 
Model 6. Listeria monocytogenes in the presence of S.aureus.

design iii) assembly C 
Model 7. Listeria monocytogenes in the presence of R.equi.

design iii) assembly C 
Model 8. The effect of tobacco and nicotine on the growth of 

Haemophilus influenzae.
Design iii) assembly D 

Model 9. Staphylococci screening using DNase agar.
Design iii) assembly D 

Model 10. E.coli identification by crystal ID.
Design iv) assembly G

12.1 Discussion: Realitv and appearance.
The introduction to this thesis noted that there was 

little published information about microbiological teaching 
models with no explanation to why this is so. Consider that 
medical microbiology is concerned with identification of 
microorganisms to help cure and limit the spread of microbial 
disease. Pathogenic material is placed in laboratory 
environments such as agar plates: totally artificial
environments which allow the numbers of pathogens to increase. 
Handling pathogenic material requires calculated conservative 
procedures to prevent infection from laboratory prepared
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material. Anybody concerned with giving a positive
identification based on fact routinely needs a good sense of 
what is right or wrong. Morally, altering a specimen or 
substituting a 'like' organism in a specimen is 'cheating' 
therefore the activity of 'faking' specimens is a disreputable 
activity. Only the real thing was acceptable no matter how 
dangerous. Under this philosophy it does not matter that the 
result of substitution/faking is not visible and serves a 
honourable purpose; the alteration/substitution is viewed as 
a deception. It was not until Health and Safety became an 
issue that microorganism-free teaching material was explored 
in the late sixties when photographic colour processes were 
not prohibitively expensive. The front piece poem elegantly 
puts into perspective that light affects an image, light makes 
colour visible and the quality of light affects the perception 
of a scene or object viewed 'all things by their contraries 
are made known'. A blazing sunset awash with reds, yellows 
and purples back-lights any clouds in the sky but throws any 
fore ground into shadow where detail and colour are lost. As 
a viewer we may fill-in the foreground from memory and our 
perception of a sunset becomes a composite image built-up from 
several experiences.

Figs. 9a and b record the growth of Salmonella arizona on 
XLD medium, 9a emphasises colony features and 9b media 
discolouration. Both pictures are valid as stand-alone images 
and a composite of both would be remembered as the perceived 
image: a viewer would not look at a culture plate in a static 
position but scan it under varying light conditions. The 
content of a photograph is subject to selection by the 
photographer and is influenced by the lighting conditions.

Colour is one device used for microbiological culture 
screening: dominant coloured features can be glanced at
without great scrutiny and at speed with acceptable accuracy. 
(The colour indicator in any media is usually a water soluble 
dye which is held in solution in the pores of the agar gel) 
Powder pigments in the resin model are not dissolved in the 
resin but held in suspension, in the model and live culture 
plate the coloured phase is distributed evenly and held in a 
matrix. Figs. 16a and b show typical blackening of Salmonella
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colonies on XLD medium. The surrounding edge of the colonies 
are clear allowing the colour of the growth medium to be 
reflected through the colony. The Oxoid R manual gives the 
description 'red colonies with black centres' for Salmonella 
on XLD. The photographs do not tell you that the colony edges 
are clear, merely that they reflect, refract and absorb light 
in a different manner to the surrounding agar. S.arizona in 
Fig 9a and b shows atypical colony growth appearance of 
Salmonella on XLD - the colonies are pale yellow with a 
black centre. Black centred colonies is the screening 
characteristic for presumptively identifying Salmonella on 
XLD medium but one can also select Proteus that produce black 
colonies giving false positive results as the two species of 
organism are indistinguishable on this medium. Therefore 
model 2. shows the morphology of Salmonella spp, or H2 S 
producing Proteus spp. .

Models 3 (Fig. 23), 5 and the methicillin plate in Fig 
2 5b all represent laboratory methods where the colonial 
morphology is secondary to the distinguishing features of the 
test. On model 3 the important features are the zones of 
inhibition and the antibiotic regime in use. On model 5 the 
zones of clearing are important (a plate could be prepared 
without the grid for EMRSA 16 recognition embedded in it and 
the plate could be used with a grid external to the plate 
which can be altered to suit demonstration needs) and on the 
methicillin plate absence or growth at the antibiotic strip 
are the important feature. The models are effective because 
they provide information that is visually similar to a live 
model:you expect to see zones of clearing or a particular 
antibiotic disc or strip. In models 3 and 5 culture 
morphology is not under close scrutiny and 'impression' is 
used to create simulated bacterial growth: aerosol paint is 
used to mimic near confluent growth, a yellow colour mimics 
Staphylococci spp. and a white with a brown tint coliforms. 
On close visual examination of the zones of inhibition in Fig. 
23 of the model on the right and the live culture on the left 
it can be seen that the zones of inhibition on the model are 
too geometric and there are no single resistant organism 
represented in the inhibition zones in the model. Accurate
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reproduction of growth irregularities can only be made in 3D 
by culture moulding. Individual colonies could be spotted in 
after the initial culture has been sprayed on to the resin 
base giving a simulation, it really depends on whether a 
likeness or a facsimile is needed.
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Biotechnology in Practice
Hazard-free synthetic teaching aids for 
microbiology: methods to produce lifelike resin 
models to illustrate bacterial identification, 
growth and diagnostic procedures
L. A. Tilling
Pigmented polyester and epoxy resins have been used to mimic the appearance of bacteria growing 
on culture media and the results of bacterial metabolism. These resin substitutes have been used 
to reproduce diagnostic test results to give sterile non-toxic models. This gives increased reliability, 
and the end product is microbiologically safe. A series of identical models can be produced, 
eliminating the possibility of misinterpretation in material provided for examinations and large 
practical classes. Once made the models are stable, present no microbiological or chemical hazard 
and are instantly reusable.

The need for a synthetic culture 
model
When a live culture is prepared on a 
plate before its immediate use, it 
is common practice to slow down 
chemical and metabolic activity by 
storing it in a refrigerator. The acts 
of preparation and storage initiate a 
series of practical considerations: (1) 
the possibility of plate contamination,
(2) the need for culture containment,
(3) dehydration, (4) suitability of 
media/culture for storage, (5) storage 
temperature, and (6) duration.

When a culture plate is sealed to 
prevent water loss it may dehydrate, 
producing condensation on the lid. 
This will, on prolonged storage, detri
mentally affect the physical appear
ance and chemical nature of the plate. 
Solutes will become concentrated and 
the agar matrix will thicken. Selective 
media may become non-selective and 
allow previously suppressed organisms
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to grow. The surface features and 
properties of a stored plate may be 
altered by the contained condensation, 
and the seal may leak, producing a 
poor display and a safety hazard. 
If  these problems are addressed by 
replacing the lid and resealing it 
immediately before use, dispersal of 
micro-organisms via aerosols must be 
prevented, and the contaminated lid 
and condensed water have to be dis
posed of safely.

Media containing whole blood 
change in appearance and will eventu
ally lyse, releasing intracellular 
material which may affect both the 
appearance and the type of growth 
the plate will support. Micro-organ
isms also lyse blood but the colour 
changes induced are dependent on 
how long the media have been stored. 
Inoculated plates in which a colour 
change is used to demonstrate meta
bolic activity (e.g. MacConkey agar) 
have only a hmited life, as unwanted 
colour changes may occur if bacteria 
continue to grow. It  is therefore neces
sary in this type of dynamic system, 
to state the conditions under which 
the culture and media are prepared and 
define the specific conditions under

which the end point should be read. 
Problems are not exclusively associ
ated with the storage of prepared 
microbiological material. Material 
preparation may present technical dif
ficulties with associated consumable 
and capital costs. The preparation of 
an E LE K  plate, a gel precipitation 
test plate (Elek, 1948), must be made 
in a controlled manner with specific 
ingredients. The basic prepared 
medium must be melted and cooled 
to allow the aseptic addition of an 
aliquot of foetal calf serum. This must 
be mixed thoroughly into the agar 
without adding air bubbles or allowing 
the medium to set, and then poured 
into a Petri dish. Just before the 
agar sets a sterile filter paper strip 
containing a known strength of anti
toxin to Corynebacterium diphtheriae 
is placed centrally just below the 
surface of the agar. I f  the medium is 
too warm the strip will sink to the 
bottom of the plate. The agar must 
be dried before use and the plate 
must be used within 24 h. Inoculation 
requires extra care as the agar is softer 
than standard peparations and the 
plate surface is easily broken by press
ure from a loop. The inoculated plate



is then observed daily for up to 72 h 
for a diagnosis. It  is also recommended 
that the worker preparing the plate 
be immunized against the diphtheria 
toxin (A C D P , 1990). It  is essential to 
have skilled staff, time and funds to 
make this plate, implying the capital 
costs of maintaining a suitable labora
tory with a skilled workforce which 
may be beyond the budget of many. 
Live culture models are labour-inten
sive, difficult to reproduce precisely 
in large numbers and are not 100% 
reliable; their preparation, storage and 
disposal give rise to microbiological 
hazards. Such models have a limited 
life and always have to be made to 
order. The methods described below 
produce sterile models that are very 
life-like but are inert and can substitute 
for live culture demonstrations. They 
can be used in any teaching setting free 
from the usual safety considerations.

Methods
It  should be noted that all operations 
need to be performed in a fume 
cupboard and the wearing of dispos
able gloves is necessary. The working 
temperature is 20°C and any variation 
will result in a change of viscosity of 
the resins and affect hardening times 
accordingly. Benzyl alcohol is used to 
disperse the powder pigments into the 
epoxy resin,

A P I resin models
A P I strips are used to identify a wide 
variety of micro-organisms but safety 
considerations preclude use outside 
the laboratory. Principally, a series of 
biochemical tests is designed to give 
a positive or negative answer to gener
ate a profile number which can be 
used to give an identification from a 
reference data source. In  order to 
copy the colour changes produced on 
a strip, laboratory organisms were 
grown in A P I lOS strips for colour 
reference purposes. From this a colour 
reference table was constructed to 
enable a resin strip to be reproduced 
from a profile number.

Strip preparation
In  order to prepare the pigmented 
resins the following reference tables 
should be consulted: translucent pig
ment blends (Table 1), available stock 
colours (Table 2), final pigment

Table 1, Translucent pigment blends

Blend Translucent pigment

1 0.8 g red + 0.2 g blue
2 1,0 g yellow + 0,1 g amber
3 1,0 g blue + 0 g amber

Table 2, Available stock colours

Letter Stock colour

A Translucent yellow
B Translucent red
C Translucent amber
D Translucent blue
E Translucent green
F Blend 1
G Blend 2
H Blend 3
J Charcoal powder
K Cobalt blue pigment
L Charcol powder as J
M China clay pigment

dilutions in 5 ml of polyester resin 
(Table 3) and stock colour dilutions 
(Table 4),

(1) Collect all the pigments together 
and make the three translucent pig
ment blends listed in Table 1, Tliis 
completes the available stock colours 
listed and designates a letter in Table
2, The information will be used to 
provide the dilutions in Table 3,

(2) Wash out the chemicals from 
the A P I strip and dry it thoroughly,

(3) List the positive and negative 
reactions recorded from the profile 
number,

(4) Consult Table 3 to find out 
which colours are required for the 
listed reactions,

(5) Make any required dilutions in 
polyester resin listed in Table 4 and 
then the final dilutions listed in Table
3, Add hardener to the resin,

(6) Transfer each colour to the strip 
using a fresh fine-tipped pipette. Fill 
the tubes of the O N PG , G L U , A R A , 
L D C , O D C , H 2S, U R E , T D A  and

Table 3, Final pigment dilutions in 5 ml of polyester resin

Microtubule Positive colour Negative colour

ONPG Five drops dilution 1 Clear resin
GLU Dilution 7 Dilution 9
ARA Dilution 7 Dilution 9
ODC 20 drops each of dilution 6, 7 Dilution 7
LDC 15 mg A + 5 mg B Dilution 7
CIT 30 mg H + 40 mg G or 200 mg K Dilution 2 + 5 drops dilution 9 or 

dilution 9
H2S Dilution 10 Five drops dilution 1
URE Dilution 11 Dilution 7
TDA 55 mg F + 15 mg C + L Dilution 7
IND Five drops dilution 8 + 100 mg M Clear resin
NO2 (GLU) 20 drops each of dilution 1, 6 + L Dilution 7 + L

Table 4, Stock colour dilutions

Dilution Colour Amount to add/5 mg 
resin

1 A 60
2 A 10
3 A 70
4 A 5
5 G 4
6 B 140
7 G 6
8 F 20
9 H 55

10 J 100
11 F 50
12 L 2-3

IN D  wells. Fill the tube and the cupule 
of the C IT  well so that the surface is 
concave. Allow to set,

(7) When the resin has set fill the 
cupules of L D C , O D C , H 2S and U R E  
with clear resin to give a convex 
surface. Leave the model to harden 
for 24 h.

Example: Salmonella typhi profile 
number 2104 {Fig. 1), The O X  and 
N O 2  are supplementary tests, required 
to give a complete profile number. 
The O X  test is not performed on the 
strip and need not concern us further. 
The N O 2  test is performed in the 
G L U  well.
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Fig. 1. R e fe ren ce  p ro file  n u m b e r o f S a lm o n e lla  typhi.

Positive
reactions

GLU, LDC, 
NO2

Negative
reactions

ONPG, A R A , 
ODC, C IT , H 2S, 
IN D , U R E, TD A

Referring to Table 3, a positive 
GLU reaction requires dilution 7, but 
the NO 2 reaction is also positive so 
the colour needed in the well will be 
made from 20 drops of dilution 1 plus 
20 drops of dilution 6 plus L. Referring 
to Table 4, dilution 1 is 60 mg stock 
colour A  per 5 ml of resin. Referring 
to Table 2, colour A  is translucent 
yellow pigment. Dilution 6 is 140 mg 
stock colour B per 5 ml of resin and 
B is translucent red pigment. L is 
charcoal powder. To make the final 
colour take 5 ml of resin and add 
60 mg of yellow pigment and mix in 
with a wooden swab stick to give an 
even pale yellow colour allowing any 
air bubbles to disperse. Then add six 
drops of the hardener and mix in 
thoroughly. Repeat the procedure with 
dilution 6. Take 20 drops of each 
dilution and mix thoroughly. Using a 
fine-tipped Pasteur pipette transfer 
some of the mixture to the GLU well 
on the prepared API strip to fill the 
tube and part of the cupule. Splay the 
end of a wooden swab stick and dip 
it into charcoal powder (L). Insert the 
loaded stick into the resin-filled GLU  
well and gently move the stick from 
side to side to dislodge the charcoal. 
Remove the stick and add a drop of 
the prepared resin mix. Repeat the 
whole procedure for the remaining 
wells on the strip.

Plate preparation {Fig. 2)
Polyester resins are not suitable for 
use in polystyrene Petri dishes as the 
resin reacts with the dish crazing it 
and making it opaque. A  two-part 
epoxy resin SR7/1 is used which does 
not seem to affect the optical proper
ties of the Petri dish when viewed by 
the eye. The basic resin mixture can be 
used to produce a variety of coloured 
bases using any powder pigments used 
in the production of oil paints. These 
must first be dispersed in a small

B

Add prepared 
pigment mixture + 
10ml parts  resin

amount of benzyl alcohol and then 
mixed into part B of the epoxy resin. 
The solution should be filtered to 
remove any clumps and mixed to 
ensure even colour dispersal before 
adding to part A  (two parts A  to one 
part B by volume). Polyester pigments 
can be used with the resin but these 
give very bright reflective colours and 
can look quite garish. Various surface 
features can be applied to the resin 
plate such as antibiotic paper strips 
and discs, and fake culture. Cellulose 
car paint can be used to mimic conflu
ent culture growth. Any area required 
to be paint-free must be masked by a 
tape whose adhesive back does not 
attack the resin surface or leave residue 
behind. Resin mixtures or paint can 
be applied using a swab with the base 
on a rotary plater to give spiral surface 
patterns. The creative potential is vast.

Example: Mock Nagler plate. A  
Nagler plate is used to detect the 
presence of the alpha toxin of Clostrid
ium perfringens (Hayward, 1943).

Weigh out 0.5 g of Indian Yellow 
(lY ) pigment in a small glass vial and

15ml A resin

Allow air bubbles to dispel 

Add B to A mixing well 

Allow to rest for 5min

25ml air free 
resin mix

Rest to disperse bubbles
When tacky 

embed features

Transfer to oven at 45“ C 2hr

Repeat above as necessaryI
Apply any surface features.eg: colonies/discs

I
Leave to harden 48hr before use

Fig. 2. F lo w  d ia g ra m  o f basic p la te  p rep a ra tio n .
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add 2 ml of benzyl alcohol. Leave for
2-3 days with intermittent shaking 
(the supernatant takes on a pale yellow 
colour).

(1) Measure 15 ml of part A  epoxy 
resin SR7/1 into a 50 ml graduated 
disposable polypropylene centrifuge 
tube and allow any air bubbles to rise. 
Add 10 ml of part B epoxy resin to 
the tube. Any air bubbles in this part 
will quickly disperse as it is much less 
viscous than part A . Due to the 
differences in viscosity initially both 
parts will not mix and this has to be 
achieved by mechanical action.

(2) Take a wooden swab stick and 
with a combination of slow stabbing 
and stirring movements below the 
surface of the solution blend both 
parts without trapping any air. Leave 
to stand for 5 min prior to use.

(3) Add 0.5 ml of the prepared 
IY  supernatant to the resin mixture. 
Touch the flat end of a clean orange 
stick onto the surface of the Opaque 
Ivory pigment (OP) and transfer 3 mg 
to the resin mixture. Blend in thor
oughly with the orange stick, seal the 
tube and slowly invert end-over-end 
for 10 min. Allow any air bubbles 
to rise and then divide the mixture 
between three standard 9 cm Petri 
dishes.

(4) Use a spirit level to check that 
the surface on which the dishes are to 
stand for polymerization is level and 
then polymerize the plates at 45°C for 
1 h.

(5) Prepare a paper template as in 
Fig. 3.

(6) Take 5 ml of part A  and add

Fig. 3. Nagler plate template: the black 
ovoid represents opacity in the medium and 
the dotted areas fake culture on the surface.

30 mg of OP pigment and mix it in 
well and then add 3.5 ml of part B. 
Blend the mixture so that the resin is 
completely opaque.

(7) Place each resin base onto the 
template and apply the coloured resin 
to the black area outlined in Fig. 
3 with a stiff bristle paint brush. 
Polymerize the plate for 1 h.

(8) Make a clear resin mixture (two 
parts A  to one part B by volume) and 
apply enough to each plate to embed 
the paint marks. Polymerize at 45°C 
for 2 h and then leave the plates to 
harden for 24 h.

(9) Prepare 5 ml of clear resin mix.
(10) Grind the chalk to a powder. 

Take 0.5 g of ground chalk and 2-3 mg 
OP pigment and add enough resin to 
make a stiff paste. Peaks made on the 
surface should stand up and take at 
least 5 min to level. Leave to stand 
for 10 min; any large lumps will sink 
to the bottom of the resin.

(11) Place each plate in turn onto 
the template (Fig. 3) and apply the 
chalk paste to give fake culture. The 
prepared paste should be tacky. Place 
the end of a wooden swab stick on its 
surface and then transfer it to the dot- 
filled, lined area on the prepared base 
(Fig. 3). Build up the lines as a series 
of dots, some will join. When the 
required fake colony density is reached 
polymerize the plate. Leave for 48 h 
and the plate is ready for use.

Applications

Demonstrating colony number 
Various methods are used to estimate 
the number of viable organisms gener
ating a surface culture or growth within 
a medium. The growth is confined to 
the support medium volume or surface 
and is distributed in a random fashion. 
A  surface random distribution can be 
copied but a pour plate would be 
impossible to make and in both cases 
the maker may introduce bias. A  
statistical method was employed to 
give total viable count (Wardlaw, 1990, 
personal communication), and modi
fied to produce a dipslide with a cell 
count of 1-24 and a pour plate.

Example 1: dipslide. For the pur
poses of replication we will assume 
that one surface of a dipslide absorbs 
0.01 ml of liquid of a known cell count 
expressed as bacteria per ml. This is

a semi-quantitative method for esti
mating viable number and will not be 
totally accurate.

(1) Prepare the resin base and then 
make a grid the area of the dipslide 
surface with 24 divisions of equal size.

(2) Assign each rectangle in the 
grid a number from 1 to 24.

(3) Consult a two-digit random 
numbers table and look up the first 
10 two-digit numbers below 25.

(4) Prepare 5 ml of coloured resin 
and when tacky take a fine needle 
and apply a small resin dot to the 
numbered squares generated from the 
tables. Leave the fake colonies to 
harden.

(5) I f  a duplicate copy is needed 
generate a new set of numbers and 
repeat steps 3 and 4. If  a replica is 
needed repeat the same sequence on 
a fresh base.

Example 2: viable plate count.
(1) Make a 100-square template as 

in Fig. 4 and assign each square a 
two-digit number 00-99.

(2) Collect the data you wish to 
duplicate.

(3) Generate the required amount 
of random numbers and place the fake 
colony in the assigned square. Some 
squares will be empty and others will 
have more than one fake colony.

Example 3: pour plate.
(1) Prepare a colour resin mix using 

ground chalk and opaque ivory pig
ment. Lay out a plastic bag and then 
make a series of pigment dots 1-3 mm 
in diameter on it and allow to harden 
overnight.

(2) Prepare 5 ml of resin and cover 
the base of a Petri dish with it. Place 
the dish on the plate template (Fig. 
4). Generate 20 random numbers and 
with a fine needle place a small resin 
dot into the resin where the generated 
number is assigned; repeat for the 
further 19 numbers. Allow to harden. 
Make a further three layers containing 
20 resin dots using a different base 
orientation and fresh random numbers 
each time. Ths will give a 20 ml resin 
plate containing 80 fake resin colonies.

(3) Prepare a fresh batch of pigment 
resin and apply the last 20 generated 
random numbers. Allow to harden.

Materials and equipment 
Liquid two-component resins: poly
ester resin in styrene and Epoxy resin
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Fig. 4. Template for fake colony application.

SR7/1. Translucent polyester pig
ments: red, blue, green, amber and 
yellow. Opaque polyester pigments: 
ivory (supplied by Alec Tiranti Ltd, 
70 High Street, Theale, Reading RG7 
5AR, UK; mail order: 0734 302775). 
Powder pigments: China clay, cobalt 
green, Indian Yellow, Winsor Red, 
Alizarin Crimson (supplied by Winsor 
and Newton Ltd, obtainable from most 
artist suppliers). Charcoal powder 
(supplied by Merck Ltd). White black
board chalk. Benzyl alcohol (supplied 
by Merck Ltd). Pestle and mortar and

a spirit level. 50 ml Tri-pore beakers 
or graduated polypropylene centrifuge 
tubes. Standard 9 cm sterilin Petri 
dishes. 5 ml glass vials. Stiff bristle 
paint brush Proarte A ,1,round. 1 ml 
disposable Pasteur pipettes, wooden 
swab sticks and tissues. Temperature- 
regulated dry heat source such as an 
incubator.

The illustrated applications are not 
limited to microbiological demon
strations and can be applied much 
more widely in a biomedical field. 
Pigmented resins can be used to illus

trate a graded colour change in a 
biochemical assay or demonstrate 
haemaglutination.

Additional pigment recipes for 25 ml 
of resin

(1) Mock blood agar: 0.1 g Alizarin 
Crimson , 0.1 g Winsor Red pigment,
3-4 ml benzyl alcohol.

(2) Mock nutrient agar: 0.1 g China 
clay, 2 ml benzyl alcohol.
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182 Evaluation of Culturette Brand Toxin CD for Diagnosing 
Clostridium difficile Infections on 300 Faecal Specimens

M. Delmée. V. Avesani. Catholic University of Louvain, Microbiology Unit, 
Brussels, Belgium

fhirpose: to evaluate the performance of Culturette* Brand Toxin CD which 
is a rapid 70-min enzyme immunoassay for the direct detection of C. difficile 
toxin A in human stools.

Methods: 300 consecutive diarrhoeal stools received in the routine labo
ratory, from patients suspected of suffering from C. difficile-assocmted diar
rhoea were studied. Results of culture on selective media, faecal cytotoxin de
tection on HeLa cells. Premier* C. difficile toxin A EIA, and results of in-vitro cy
totoxin production by isolates, were compared with the results of Culturette* 
Brand Toxin CD.

Results: 81/300 (27%) cultures were positive, of which 68 isolates (84%) 
were shown to produce cytotoxin in-vitro: these 68 positive stools were con
sidered as the reference for comparing the performance of each method as 
reported in the following fable.

In-vitro cytotoxin Culturette*
■r

Premier*
-r

faecal cytotoxin 
■r

Pos IN -  68) 
Neg (N = 232) 
Sensitivity 
Specificity 
Pred. value + 
Pred. value -

48 20
3 229 

71% 
99%
94%
94%

55 13
15 217
81%
90%
79%
94%

50 18
0 232
74% 

100% 
100% 
93%

Discussion: Culturette* Brand Toxin CD assay requires a one hour incuba
tion time, which allows a very short delay to obtain tfie result. From this study, 
the sensitivity looks comparable with faecal cytotoxin test. The specificity and 
the predictive positive and negative values reach excellent scores. This EIA 
test appears suitable for routine diagnosis of C. difficile infection.

183 Germ-Free Microbiology: Resin-Based Replicas of 
Bacterial Cultures as Teaching Aids

Linda Tilling, J.M.T. Hamilton-Miller. Pathology Laboratory, Royal Free 
Hospifa! School o f Medicine, London, UK

Using polyester and epoxy resins, coloured with appropriate pigments, mod
els have been made that reproduce the appearance of bacteria growing on 
various microbiological media, and that mimic diagnostic tests. The resulting 
specimens are easy to store, long-lasting and fulfil all safety requirements. 
They also guarantee reproducibility where this is essential —  for example, 
for examinations and in quality control. They are thus very useful as teach
ing aids. Examples that will be demonstrated Include: blood agar, nutrient 
agar, MacConkey agar, lactose-fermenting mucoid colonies, Mycobacterium 
tuberculosis on LowenstalnOensen medium, antibiotic sensitivity testing by 
disk diffusion and the E-test, detection of inducible beta-lactamases, growth 
requirements of Haemophilus spp., pour plates for viable counting, dipslide 
cultures, identification by API and Crystal kits, Elek plate (for diphtheria toxin), 
Nagler reaction, swarming of Clostridium tetani, ElilSA plate. Many other ap
plications of this technique are possible.

184 Evaluation of CHROMagar Candida in a Private Ciinicai 
Microbiology Latmratory Uaing Commerciaiiy Prepared 
Piatea

M L. Wimmer, B. Beckers, R. Hammann ' .  Gemeinschaftspraxis fùr 
Laboratoriumsmedain, Mônchengfadbach, Germany;  ̂Becton Dickinson, 
R6D Microbiology. Heidelberg, Germany

CHROMagar Candida is a selective medium for the isolation of yeasts that 
contains chromogenic substrates that allow the identification of Candida (C.) 
albicans (green), and the pre-identification of C. krusei (rose) and C. torpi- 
calis (gray to metallic blue) directly on the isolation plate. A second advantage 
of the medium versus Satiouraud agar of similar isolation media is the easy 
perception of yeast mixed cultures due to the different colors together with 
colony morphology.

So far, we tested approx. 400 clinical specimens (feces, sputum and 
other respiratory tract specimens, genitourinary specimens, wound and skin 
swabs) 173 of w^ich contained yeasts. The correct identification by CHROMa
gar was verified using the VITEK identification system (BIOMERIEUX). Addi
tionally, the specimen^ were streaked on ALBICANS ID (BIOMERIEUX) which 
is also a selective identification medium, but contains only one chromogen 
for the identification of C. albicans, also colored in green. The yeast isolates 
belonging to either C. albicans, C. krusei, or C. tropicalis, were detected by 
CHROMagar as follows:

Species CHROMagar
positive

VITEK ID 
confirmed

CHROMagar

false-f fa lse-

C albicans 108 116 0 8
C krusei 2 2 0 0
C tropicalis 30 28 6 4

ALBICANS ID is only able to identify C. albicans by color reaction. The re
sults are as follows:

Species ALBICANS ID VITEK ID CHROMagar
positive confirmed false-r fa lse-

C. albicans 101 110 6 15

26 of the specimens were mixed cultures of yeasts. They consisted of: 20 
C. albicans plus C. tropicalis, 5 C. albicans plus Geotrichum candidum and 
1 C. albicans plus C. krusei. All of these mixed cultures were detected as 
such on both CHROMAGAR Candida and ALBICANS ID; all C. albicans, C. 
tropicalis and C. krusei were identified correctly on CHROMagar Candida; only 
C. albicans was identified on ALBICANS ID.

SESSION 20

AUTOMATED BLOOD CULTURE SYSTEMS

185 Controlled Comparison of the BacT/Alert and Bactec NR 
860 Nonradlometric Blood Culture System

G. Riest, H.-J. Linde, R. Schaumann, RM. Shah. Medizinische Klinik 
lll/lnfektiologie, Klinikum der Johann Wolfgang, Goethe-Universitàt, Frankfurt 
am Main, Germany

This system versus system comparison between BacT/Alert (Organon Teknika 
Corp., Durham, N.C.) and Bactec 860 (Becton Dickinson Diagnostic Instru
ments, Sparks, Md ), both automated non-radiometric blood culture systems, 
was carried out under routine working conditions in a laboratory not staffed 
permanently. Of 1824 pairs of blood culture vials (BacT/Alert aerobic and 
anaerobic, and Bactec NR 26 A and 27 A), 110 clinically significant microorgan
isms were recovered by both Bactec and BacT/Alert, 43 by Bactec only, and 33 
by BacT/Alert only. Bactec alone detected more S. aureus (9 versus 5), S. epi- 
dermidis (7 versus 1), and E.coli (13 versus 7) than BacT/Alert alone. Members 
of the family Enterobacteriaceae (without E. coli) were recovered more often 
from BacT/Alert bottles alone (8 versus 2). Detection times of both systems 
were comparable. In a comparison of the total time from collection of blood 
until information of ward in case of positive culture BacT/Alert would have 
proved faster under 24-hours per day blood culture processing conditions. 
The BacT/Alert system showed more false-positive results than the Bactec 
system (80 =  4.39% versus 23 =  1.26%, p <  0.001). Our study finds a very 
high false-positive rate of the BacT/Alert system, it stresses the superiority of 
blood culture bottles containing antibiotic adsorbing resin over conventional 
ones, and postulates a need for 24-hours per day blood culture processing

186 Detection of Delayed Blood Cultures In Clinical
Specimens Using the BACTEC 9000 Fluorescent Blood 
Culture System

P Roots, S. Peacock, A. Dillon, A, King, D.W.M. Crook. fhjbHc Health 
Laboratory Sendee, Oxford, England

The time between taking a blood culture from a patient and entering it on a 
blood culture machine varies. In many European hospitals, this delay is long 
and significantly reduced the machine detection of positive blood cultures on 
an evaluation of an early version of the Bactec 9000 series software, In this 
preliminary evaluation a 7% false negative rate occurred at the Oxford study 
site. New software was designed to overcome this problem.

A study evaluating the performance of the software was designed. One set 
consisting of 2 vials, one aerobic and one anaerobic, were evenly inoculated 
with blood by clinicians from potentially bacteraemic patients. The set of vials 
was entered on the machine routinely on receipt in the laboratory. The volume 
of blood inoculated and the delay to entering the vials was recorded.

A total of 713 compliant blood cultures were accepted and 48 grew organ
isms. There were 3 (machine) false negatives. The 95% confidence limits of 
sensitivity was 84% (lower limit) and 99% (upper limit). Also, with an average 
delay of 36 hours, the false negative rate was only 1.6%. The (machine) false 
positive rate was 4.8% (37 vials) for aerobic cultures and 2.7% (10 vials) for 
anaerobic cultures and de, inds on the threshold set on the machine; which, 
for the evaluation was set low. This is consistent with optimal detection and 
performance of automated systems.
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Mangan M N. PI 0.9 Philpott C. P4.4 Verastegui M. P9.2
Matthews I, P4.6 Pitt T  L. P2.2 von Wendt L, P14.4
Matutes E, 08 Rantakallio P. P. PI4.4 Wagget J, PI2.10
McGuire W. 03 Read S J. 05 Wale C J. PIO.I
McHugh T  D, 014 Read R C. 04 Waller P. PI3.2
Mcllvenny G, PI 3.4 Rees A D M . 016 Want S V. PI 0.8
McLardy-Smith P. O il Riley S J. P II.2 Warner M. PI 0.6
McNamara E B. PI 0.9 Robertson J, PI 4.7 WeberJ N. 08. 016
Mercier C, 010. P I3.3 Rogers T. P I0.8. P7.I Webster C. P4.5
Minton E J. 0 6 Rossor M, 08 Weild A R. 01
Mirza S H. P8.2 Ruwende C. 03 Weller T. PI4.2
Mitchell K, P I4 .I Saiama A. P7.I White R R. PI 1.6
Moore C B, PI 0.7 Sands R L. 07 Whittle H, 03
Morgan A G, PIO.I Schmid M L. P7.3 Wilkins E G  L. P12.3. PI2.4
Morgan M N, PI 0.9 Sharpe M. 0 9 Winearls C G. P9.I
Moring J. PI4.4 Shaw 1 M. 07 Wise R. 018
Mulla R. P7.I Simpson H. O il Wright D. PI4.3
Murphy 0 . P I2.1. PI 2.9. Smyth E G. PI 0.9 Xue 1,

Yakubu D E.
PI 1.8. P II.9  
PI0.4. P I2.5
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P 1 3 . 1  DEVELOPMENT AND USE OF SYNTHETIC MODELS IN
MICROBIOLOGY.
L. TILLING, J.M.T. HAMILTON-MILLER,
Central Pathology, Royal Free Hospital School 
of Medicine, London. NW3 2PF

For teaching, examination and quality control purposes it is 
desirable to have consistent examples of different types of 
microbiological phenomena - media, colonial appearance, 
antibiotic sensitivity tests etc. It is labour-intensive and 
expensive to prepare these every time they are required. The 
unexpected death of a stock culture or media contamination can 
cause serious logistic problems. We have addressed this 
requirement by creating a range of models from epoxy resins 
coloured with commercially-available pigments. In this way, a 
library of three dimensional items has been built up. The models 
are long-lasting, easy to transport (in pocket or briefcase), 
completely safe realistic representations.
Examples that will be demonstrated include : Phage typing,
methicillin sensitivity, plate counts and the CAMP test for 
Listeria monocytogenes. These models, and others under 
development, will be useful in all branches of microbiology, 
academia and industry.


