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SUMMARY

The growth requirements of wall-defective microbial variants were
studied to devise improved culture media fqr these interesting
organisms. The isolates from the new media were classified as
vegetative bacteria or as microbial variants of the transitional or
classical L-phase variant types on the basis of their morphological and
cultural characteristics.

From a consideration of their nature and thebclinical circumstances
at the time of isolation, most of the variants were presumed to be
significant pathogens. Some of the more important features of these

variants and the infections they caused may be summarised as follows.

Wall-defective Enterobacteriaceae variants

Classical L-phase variants obtained from Escherichia coli by

lysozyme induction in the laboratory were grown in osmotically
stabilised agar-free broth without nutritional enrichment and maintained
by subculture in soft agar, but attempts to isolate naturally occurring
wall-defective microbial variants from blood cultures using the same
methods were singularly unsuccessful. However, wall-defective
microbial variants were recovered quite readily from blood cultures by
the use of an osmotically stabilised nutritionally enriched medium.b
Despite the apparent success of this medium, it behaved somewhat
erratically from batch to batch due to changes in its nutritional
qualitiés. These changes seemed to be related to a requirement for a

folate metabolite supplied by a folic acid/pABA/cytosine mixture.



From a consideration of the laboratory characteristics of the above
wall-defective Enterobacteriaceae variants and the antibiotic therapy of
their associated infections, a number of interesting conclusions may be
drawn. First, reverted wall-defective variants were not only more
often sulphonamide-resistant than vegetative bacteria, but there was a
positive correlation between prior therapy with folic acid or the folic
anologue sulphonamide and the development of infection. These findings
support the view that pABA or folic acid is a required metabolite.
Second, although the number of cases is small, the evidence suggests
that infections with wall-defective variants may be more refractory to
antibiotic therapy than vegetative infections. This conclusion is
based on the observation that such infections required treatment with
additional antibiotics rather than with aminoglycoside alone. Third,
there is no evidence from the present studies that wall-defective

microbial variants are induced in vivo by prior beta-lactam therapy.

Wall;defective streptococcal variants

Wall-defective forms of viridans streptococcal are known to be
auxotrophs with differing nutritional requirements but mqst are
dependent on vitamin B6 (pyridoxine) and a sulphydryl moiety which may
be supplied as thioglycollate or cysteine. Two of the more‘outstanding
features of the streptococcal variants are their diphtheroid morphology
and growth in satellitism. The latter is a symbiotic type of growth
around colonies of another organism which supplies the required growth
factor to the nutritionally defective streptococcus. This phenomenon
can make it possible to isolate variants of this type without the use of
media containing specific nutritional supplements. In this study the

satellitism method was used for subcultures made from a simple primary



culture medium and this was compared first, with the use of a freshly
prepared, nutritionally rich primary culture medium and then with a
biphasic medium. Subcultures from these two media did not involve the
use of the satellitism method. Finally, a primary culture medium
supplemented with vitamin B6 and cysteine was compared directly with an
osmotically stabilised primary culture medium supplemented with vitamin
B6 and cysteine. Subcultures from both of the latter were made to
medium supplemented with pyridoxine and cysteine.

Pyridoxine-dependent variants of viridans streptococci were
isolated from the blood of three patients who had bacterial
endocarditis. In each case, nutritional supplementation of the primary
culture medium appeared to be as important as supplementation of the
subculture medium. Once again, there was no evidence to suggest that
the wall-defective variants had been induced by prior beta-lactam

therapy.



INTRODUCTION

The wall-defective microbial variants that are the subject of this
thesis are organisms which have not only survived the normally lethal
effect of cell wall damage, but have also continued to grow and multiply
without the support of a structurally normal cell wall. In the past,
such variants were regarded és interesting curiosities or as unimportant
laboratofy artefacts. However, in more recent years there has been
renewed interest in these variants. This has led to a growing
appreciation of their scientific and clinical importance.

From a scientific point of view, wall-defective microbial variants
tell us much about normal cell wall synthesis and how it may be
interrupted by enzyme defects, metabolic deficiencies, antibiotics and
errors of biosynthesis. They also give much insight into the role of
the cell wall in determining bacterial morphology and in its
physiological function. In a more indirect way, variants which totally
lack a cell wall imply much about the nature and function of the
underlying plasma membrane. This structure presumably has complex
regulatory mechanisms that prevent osmotic lysis and cell death in the
wall-free organism.

Wall-defective microbial variants are also of considerable
importance from a clinical point of view. At the present moment, there
is scanty evidence that they are pathogens in the sense that Koch's
postulates have been satisfied, but there is an increasing awareness of
their significance as casual agents in many illnesses, of which subacute
bacterial endocarditis is a prime example. Moreover, though the role of
antibiotics in the laboratory induction of such variants is widely

recognised, the effect of therapeutically-used antibiotics on induction



is uncertain. Similarly, the choice of antibiotics, or combinations of
antibiotics in the therapy of infections due to wall deficient forms is

still a matter of debate.

For all of these reasons, the study of wall defective variants is a
subject of major importance, and one that is likely to be of increasing

relevance to clinical medicine in coming years.



SCOPE OF THE THESIS

This thesis is concerned with clinical and laboratory aspects of
infection due to wall-defective microbial variants that occurred in the
Victoria Infirmary, Glasgow in the years 1973 to 1983.

Although wall-defective variants can be isolated from many types of
infection, the present study was confined to septicaemic patients,
partly because pure cultures of the causative organisms can be procured
quite readily from the blood, and partly because the clinical
significance of such isolates is seldom in doubt. As septicaemia is a
complication of a wide variety of infections, this scheme was not so
restrictive as might be imagined. On the contrary, it gave a
comprehensive view of the subject that helped to disclose some of the
factors that predispose to infection with wall-defective variants.

Particular attention was paid to wall-defective Enterobacteriaceae
variants, because organisms of the Enterobacteriaceae were the commonest
cause of septicaemia in the Victoria Infirmary, and it seemed reasonable
to assume that wall-defective Enterobacteriaceae might also occur fairly
frequently.

The laboratory section describes methods for the culture of
laboratory induced wall-defective variants, and also the use of
undefined and partially defined blood culture media to determine the
cultural requirements of wall-defective variants from clinical material.

The clinical section is concerned with the aetiology, clinical

features and treatment of infection due to wall-defective variants.



WALL-DEFECTIVE VARIANTS: THEIR CLASSIFICATION AND TERMINOLOGY

The term L-~form was coined in honour of the Lister Institute where
Emmy Klieneberger-Nobel made her original observations on '"symbionts"

found in association with Streptobacillus moniliformis (Klieneberger,

1935; Klieneberger-Nobel, 1962). Later the term 'L-form' was applied to
bacteria which had sustained cell wall damage or loss, and the language
of the subject became somewhat confused. Each new expert invented an
elaborate nomenclature (McQuillen, 1960; Guze, 1968; McGee et al., 1971;
Maxted, 1972; Mattman, 1974(a)). Applied microbiologists adopted a more
sensible course and used botanical terms, calling a wall-free cell a
protoplast and a wall-damaged cell a spheroplast (Lamanna, Mallette &
Zimmerman, 1973 (b)).

There is a need for a general term to describe bacteria which are
devoid of a cell wall or in which the cell wall is impaired or damaged.
The name 'L-form' is sometimes used in this way (Williams, 1963). This
has the advantage of simplicity, and it has a claim to be used on N
grounds of priority (Dienes, 1973). The disadvantage is that it is
essentially vague, and takes no cognisance of the different guises under
which such bacteria may appear in the laboratory. The classification
proposed by McGee et al., (1971) is an attempt to overcome this problem.

In this classification organisms with damaged or deficient cell walls
are referred to as 'wall—deféctive microbial variants'. The term
'L-form' is reserved to describe the distinctive 'fried egg' colonial
morphology sometimes seen in cultures of such bacteria. The
classificafion of McGee et al., recognises several different types of
wall-defective microbial variant. It has been adopted in its entirety

in fhis thesis, partly because it seems the best available, but



principally because it gives a fairly clear-cut definition of the
different variants. It therefore has the advantage that typical forms
of the various types can be readily identified, but the disadvantage
that borderline variants have to be assigned to the transitional or
unclassified groups on the somewhat negative grounds that they are not
typical. The various wall-defective variants may be defined briefly as

follows.

Protoplasts and spheroplasts are wall-defective variants that are
Gram—negative,.spherical, osmotically fragile and penicillin
indifferent. They may replicate serially for a few divisions but are
unable to go on to colony formation. Both forms may revert to the
vegetative phase or undergo further transition to the classical L-form.
The major difference between these two variants is that the protoplast
is totally devoid of cell wall constituents as determined by electron
microscopy, whereas the spheroplast contains some cell wall material.

L-phase variants are wall-defective variants that can replicate

serially on solid media to give irregularly shaped or 'fried egg'
colonies. Some are osmoticélly fragile, but others are not. Some
L-forms are very unstable in that they readilybrevert to the végetative
form of existence. However, other forms do not revert easily and are
therefore described as being stable.

In this thesis the essential feature of an L-phase variant is
therefore its ability to reproduce serially to give an irregularly
shaped or 'fried egg' colony.

Another type of colony occasionally observed is described as the
'‘crystal' colony. Although there is some doubt about the status of
'crystal' colonies, these are presumed to be deep forms of the

superficial 'fried egg' colonies, and therefore true L-forms. Certainly



they do not possess the characteristics of either vegetative bacteria or

of transitional phase variants.

Transitional phase variants are wall-defective variants showing

great variation in cell pfoperties as regards shape, size, Gram-reaction
and cultural behaviour. They do not fit the typical features of any of
the foregoing types. As a group they probably form the majority of
wall-defective isolates made from clinical specimens and although most
revert rather readily to the vegetative phase, some may undergo further

transition to true L-phase variants.

Unclassified wall-defective variants. The main feature of unclassified

variants is that they grow as vegetative forms on first passage in
hypertonic media but yield no growth in the same media without osmotic
stabilisation.

Using tﬁe above classification (McGee, et al.,1971) the
wall-defective variants described in this Thesis could be classified

with a good deal of confidence.
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BIOGRAPHICAL NOTES

Emmy Klieneberger-Nobel

Emmy Klieneberger was originally a Public Health bacteriologist
with Neisser in Frankfurt, and came to London in 1933 as a refugee from
the anti-semitic persecution of Nazi Germany. She obtained a post at
the Lister Institute, and Was asked to do research on mycoplasmas, a
field in which thé bacterioclogists of the time were intensely
interested. ‘She had a long anddistinguished career in the area of
‘mycoplasma research. Her work won international acclaim, culminating in
the award of the Robert Koch medal in 1980. She was also a recipient of
the Paul Ehrlich medal and was the first Honorary President of the
International Organisation for Mycoplasmology. The study of
wall~defective microbial variants was merely a by-product of her work on
mycoplasmas (Klieneberger-Nobel, 1980; Lancet, 1985). She died in
London on 1lth September 1985, at the age of 93.

Louis Dienes (Figure 1)

Louis Dienes was responsible for most of the fundamental work on
wall-defective microbiél variants. He was an art student in Paris when
he decided on a career in Medicine, graduating at the University of
Budapest in 1908. Always ahead of his time, he was an immunologist
whose studies with Neufeld were interrupted by the Great War. He served
on the Eastern Front as Army Field Bacteriologist, and found time to
collaborate with Weil on the immune response to typhus.

After the war, he left Hungary in the wake of the Bela Kun 'White
Terror' regime, and emigrated to the United States. He continued his
interest in immunology, specialising in research on the delayed

hypersensitivity response, until research funding ceased during the



Depression. Then he turned to work on bacterial morphology, as this
could be'done cheaply.

In 1935 his attention was caught by L-phase variants and they
became his major research interest, interspersed with work on
mycoplasmas and bacterial morphology. He continued active research
until 1970, and published his last paper at tle age of 86, shortly before
his death in 1974 (MGH. News, 1970; Swartz & Dvorak, 1974; Madoff,

1974).
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REVIEW OF THE LITERATURE OF THE SUBJECT

1. Early Work on Wall-defective Microbial Variants.

The credit for the discovery of L-phase variants is generally given
to Klieneberger (Klieneberger, 1935) but tﬂey were probably known
earlier as the 'filterable forms' and pleomorphic bacteria described as
part of the bacterial life cycle hypothesis current more than fifty
years ago (Hadley, Delves & Klimek, 1931; Klieneberger-Nobel, 1951;
Klieneberger-Nobel, 1960).

L-phase variants were described in 1935 as a result of research on
mycoplasmas (pleuropneumonia-like organisms: 'PPLO'). Only two
mycoplasmas were known at that time, but Klieneberger realised that
other examples must exist. Her attention was drawn to the bacterium

Streptobacillus moniliformis because of its associated mycoplasma-like

elements. She called these 'L-organisms' in honour of the Lister
Institute where she worked. She believed that the L-organisms were a
new strain of mycoplasma (Klieneberger, 1935).

At first Klieneberger was unable to grow her organisms in pure
culture. They required the presence of another organism for growth.

Eventually Klieneberger used a filtrate of S. moniliformis as a growth

supplement to obtain the L-organisms in pure culture. She concluded

that the L-organisms were mycoplasma symbionts of S. moniliformis, and

substantiated her opinion by comparative studies (Klieneberger, 1936).
Her findings were immediately challenged by van Rooyen (1936). He

was unable to find either L-organisms or PPLO in his own S. moniliformis

cultures, or in strains sent to him by Klieneberger, though he observed
pleomorphic forms on microscopy of cultures grown on media containing

less than the optimal amount of serum for growth, and he was able to



obtain a scanty non-symbiont growth after Berkefeld V filtration. He
concluded that the L-organism found by Klieneberger was not a PPLO but a

pleomorphic form of S. moniliformis. At this stage the subject was

adopted by Dienes. He had already found a similar colony in a Bacillus
subtilis culture (Dienes, 1932; Dienes, 1934; Pierson & Dienes, 1934)
but credited Oerskov (Oerskov, 1931) with the original observation of
such colonies. Dienes showed that the L-organism described by

Klieneberger was a variant of S. moniliformis, not a mycoplasma (Dienes,

1938). This view found general support (Dawson & Hobby, 1939; Orskov,
1942; Warren, 1942; Freundt, 1950) and though Klieneberger made a
spirited defence of her symbiosis theory (Klieneberger, 1942) she
eventually recanted (Klieneberger-Nobel, 1949).

Dienes was a prolific worker, and he did an enormous amount of

basic research on L-phase variants. He showed that they were not

exclusive to S. moniliformis but occurred naturally in other bacterial
species (Dienes, 1940a; 1940b; 1941; 1942; 1944a; 1944b; Dienes & Smith,
1944) sometimes as satellites round normal colonies (Dienes, 1939a). He
devised laboratory methods for their induction, and, after Pierce (1942)
had shown that L-phase variants were resistant to penicillin, he used
penicillin as an inducing agent (Dienes & Smith, 1944; Dienes, 1947a;
1947b; 1948; 1949a; 1949b; Dienes, 1950; Dienes, 1953a). Thereafter he
devoted himself to work on the induction of L-phase variants (Dieneé,
Weinberger & Madoff, 1950; Weinberger, Madoff & Dienes, 1950; Dienes &
Weinberger, 1951) morphology (Dienes, 1968)'electron microscopy (Dienes,
1953c; Dienes & Bullivant, 1968) and growth requirements (Dienes,
Weinberger & Madoff, 1950; Dienes & Weinberger, 1951).

Much of Dienes work was repetitive, but he was responsible for

three important ideas. These concerned the pathogenicity of L-phase



variants, their mode of reproduction, and their relationship to the
mycoplasmas. Some of the early isolates described by Dienes came’from
clinical specimens (Dienes, 1940b; 1941; 1953a) and he was among the
first to emphasise their potential pathogenicity (Dienes & Weinberger,
1951).

Secondly, Dienes believed that L-phase variants did not reproduce
by the normal method of binary fission. Wall-damaged bacteria balloon
where the cell protoplasm expands a weakened area of cell wall. The
swollen areas are known as 'large bodies'. They occur spontaneously
(Dienes, 1939b; 1940a; 1940b; 1941; 1942; Dienes & Smith, 1942; Dienes &
Weinberger, 1951). They may also be produced by the effect of agents
which interfere with cell wall synthesis, such as inorganic salts, pH
changes, exposure to certain amino acids, or by deprivation of nutrients
required for cell wall synthesis (Duguid & Wilkinson, 1961).
Antibacterial agents also induce large bodies, and the beta-lactams are
imporfant in this respect (Dienes & Smith, 1944; Duguid, 1946; Dienes,
1948; Duguid & Wilkinson, 1961; Madoff, 1977; Glam & Waitkins, 1977).

At the time when Dienes made his observations on large bodies there
were two theories on the role of pleomorphism in bacterial reproduction.
The monomorphic theory, which eventually gained general acceptance,
proposed that eubacteria reproduce by fission of normal cells and that
pleomorphic cells are merely degenerate involution forms. The
pleomorphic’theory was that the pleomorphic cells were physiological
stages in a bacterial life cycle, and that each abnormal form had a
special function in the life cycle (Duguid & Wilkinson, 1961; Wilson &
Miles, 1975a).

Dienes found that large bodies were the essential precursors of
L-phase variants (Dienes, 1944b) producing normal bacteria by

segmentation, or variants by germination and release of internal
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gfanules (Dienes, 1942; Dienes & Smith, 1942; Dienes, 1943; Dienes,
1944a; Dienes & Smith,‘1944; Dienes & Weinberger, 1951). This idea was
verified by electron microscopy (Dienes, 1953c; Pease; 1965; Dienes &
Bullivant, 1968; Bibel & Lawson, 1971),. The alternative view is
that L-phase variants arise by large body fission (Wilson & Miles,
1975d).

Lastly, Dienes was intrigued by the resemblance between L-phase
variants and mycoplasmas (Dienes, 1945; Dienes, 1964) and suggested that
both were derived from bacteria, mycoplasmas being descended from
bacteria at an earlier evolutionary period (Dienes & Weinberger, 1951).

It is now recognised that the superficial colonial resemblance
between mycoplasmas and L-phase variants is not genetic, but an effect
of the physical milieu (Razin & Oliver, 1961; Klieneberger-Nobel, 1962).
There are radical differences between them, and there is no
justification for the idea that they are interrelated, of that the one
proceeds from the other (Edward, 1954; Klieneberger-Nobel, 1962).

Rather than regard mycoplasmas as the primitive ancestors of normal
bactgria, or as derivatives of bacteria or L-phase variants, modern
thought tends towards the view that mycoplasmas are the furthest evolved

of prokaryotes, with a high rate of mutation (Maniloff, 1983).

2. Wall-defective Bacteria as Research Tools

Cell wall damage in wall-defective microbial variants was
demonstrated by electron microscopy as early as 1948 (Smith, Hillier &
Mudd, 1948) but its significance was not appreciated until the
developmeht of enzyme methods for the preparation of wall damaged
bacteria in the laboratory. These were termed 'ﬁrotoplasts' and

'spheroplasts' (Welshimer & Robinow, 1949; Weibull, 1956; Zinder &



Arndt, 1956; Gooder & Maxted, 1958). Numerous induction methods were
developed (Salton, 1960; McQuillen, 1960; Gooder & Maxted, 1961; Duguid
& Wilkinson, 1961) and the cultural requirements and reversion processes
of protoplasts and spheroplasts were investigated.

The convenience afforded by protoplasts and spheroplasts for the
study of bacterial cell physiology meant that interest in naturally
occurring wall-defective variants waned. Wall-defective variants,
spheroplasts and protoplasts were soon regarded as identical (McQuillen,
1956; Lederberg & St Clair, 1958; Freimer, Krause & McCarty, 1959;
Rogers, Perkins & Ward, 1980). They were seen as bacteria which had
survived wall injury and needed osmotic stabilisation, but which were
otherwise hetabolically normal (McQuillen, 1956; Cohen, Wittler & Faber,
1968). Both Emmy Klieneberger and Louis Dienes disagreed. Emmy
Klieneberger thought that there were differences between L-phase
variants and protoplasts related to the method of production
(Klieneberger, 1960). Louis Dienes thought that L-~phase variants were
not the same as protoplasts and spheroplasts, and cited the reproductive
differences between them in support of his view (Dienes, 1968).
Furthermore, the new-found requirement for osmotic stabilisation in
spheroplasts and protoplasts meant that the original observations of
Klieneberger and Dienes were all but forgotten. Neither had used
osmotic stabilisation for the culture of naturally occurring
wall-defective variants (Montgomerie et al., 1972).

Reversion is a process of wall re-growth which was observed during
the early work on wall-defective variants Dienes, 1939b; Dawson & Hobby,
1939; Pierce, 1942). Reversion can be effected even by protoplasts
(Rosenthal & Shockman, 1975a; 1975b). It was found that the control of
wall growth in bacteria involved a feed-back system (Lugtenberg, de

Haas-Menger & Ruyters, 1972) and that the construction of a primer



fragment of wall was vital (Landman & Halle, 1963; Landman, 1968;
Miller, Szigray & Landman, 1967). Two theories developed to explain the

reversion process. In the physical theory reversion was attributed to

the physical solidity of the milieu (Necas, 1961; Mattman, Tunstall &
Rossmore, 1961; Gooder, 1964). The alternative was the nutritional
theory which attributed reversion to stimulation by a nutrient
(Crawford, Frank & Sullivan, 1958).

The gquestion was intensively investigated by Landman and his
colleagués. Adherents of the physical theory of reversion, they
believed that all bacterial cells were capable of induction to the
wall-defective state (Landman, Altenbern & Ginoza, 1958) and reversion
therefrom (Landman, 1968; Schonfeld, 1974). They saw induction and
reversion as wall damage and regeneration, not as mutation (Landman &
Ginoza, 1961). They showed that the induction-reversion process was
related to the action of autolysin (Landman & de Castro-Costa, 1976) a
bacterial enzyme already implicated in induction (Duguid & Wilkinson,
1961; Joseph & Shockman, 1974) which is responsible for cell separation
and wall remodelling during growth (Lamanna, Mallette & Zimmérman,
1973c). Landman and de Castro-Costa showed that wall damage was
perpetuated by free, active autolysin in soft media. They explained
that the cell built the vital 'primer fragment' of wall only when
gutolysin was inactive, bound to lipoteichoic acid (LTA). This occurred
in solid medium, where diffusion was minimal, and dissociation from the
autolysin-LTA complex was reduced‘(Landman & de Castro-Costa, 1976). An
additional factor was that 'conditioning' to promote protein synthesis
encouraged reversion (Landman & de Castro-Costa, 1976; Landman, de
Castro-Costa & Bond, 1977). The three ideas conceived by Landman and

his colleagues, that reversion required autolysin inhibition, the
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presence of a primer fragment, and 'conditioning' were quickly accepted
(Rogers, Ward & Elliot, 1976; Wyrick & Gooder, 1877) and interest in the
nutritional basis of wall deficiency was lost, though it was recognised
that nutritionally dependent pepidoglycan synthesis deficient mutants
existed (Landman & de Castro-Costa, 1976).

Wall-defective variants are also of interest in bacterial genetics.
Cell fusion has been observed after the induction of wall deficiency
(Schonfeld & de Bruijn, 1977; Datta & Nugent, 1983) and recombinants
have been formed bybthe conjugation of protoplasts and other
wall-defective variants with intact vegetative bacterial cells (Wyrick,
McConnell & Rogers, 1973). Finally, naturally occurring and induced
wall-defective variants have unusual DNA metabolism. The naturally
occurring variénts have a high DNA content and the induced forms secrete
such large guantities of DNA into the surrounding medium that the

organisms aggregate (Chattman, Mattman & Mattman, 1969).

3. Wall-defective Microbial Variants in Medical Microbiology

Wall-defective variants were originally regarded as harmless
curiosities (Klieneberger-Nobel, 1960). Apart from sporadic reports of
their isolation in urogenital infection (Voureka, 1951; Moustardier,
Brisou & Perrey, 1953; Barile, Yaguchi & Eveland, 1958) the subject was
ignored until the introduction of the beta-lactam antibiotics. Osmotic
lysis ensues when bacteria are exposed to these antibiotics, as beta-
lactams interfere with the growth of new cell wall. Wall-defective
variants can’'result from this process if the bacteria are protected from
osmotic stress. Such protection may be afforded by an intracellular
habitat (Mattman, 1974b; Roux, 1977), by the stabilising effect of

spermine and mucine in pus (Tabor, 1962; Gooder, 1964; Mortimer et al.,



1972), or in urine by acidity and high osmolality (Braude, Siemienski &
Lee, 1968; Gnarpe & Edebo, 1970).

The concept of wall defective variants as a cause of treatment
failure emphasised the need to use osmotic stabilisation for their
culture (Hamburger, 1968). Osmotically stabilised cultures were used
successfully to.isolate such variants from septicaemia (Nativelle &
Deparis, 1960; Klodnitskaia, 1962; Mattman, 1968; Louria et al., 1969;
Brem, 1969; louria et al., 1976), from infected urine (Gutman Schaller &
Wedgwood, 1967; Coleman & Little, 1967; Shulbt'sev et al., 1973), and
from chronic osteomyelitis and other chronic staphlococcal infections
(Godzeski, 1968; Kagan, 1968; Gordon, Greer & Craig, 1971).

The wall-defective variants isolated were not highly pathogenic
when inoculated into experimental animals (Freundt, 1956) and there were
few convincing accounts of human sepsis attributable to them
(Hamburger,1968; Feingold, 1969; Clasener, 1972). It was suggested that
wall-defective variants might have the capacity to lie dormant, only to
cause recrudescence of infection if reversion to the normal bacterial
form occurred (McDermott, 1958; Godzeski et al., 1¢65; Gutman et al.,
1968; Lapinski & Flakas, 1967; Madoff, 1977; Roux, 1977; Timakov, 1977).
This was reminiscent of the old concept of 'resting bacteria' (Kendall,
Friedemann & Ishikawa, 1930; de Takats, 1932). There was little
clinical evidence of a role in relapsing infection but the alleged
propensity for dormant infection, coupled with the unusual antigenic
composition of wall-defective variants (Kligneberger, 1942; Weibull,

1956; Freimer, 1964; Lynn & Haller, 1968; Weibull et al., 1967;
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Bertolani, Elberg & Ralston, 1975) suggested a link with auto-immune
disease. Claims that this occurred in rheumatic fever and acute
nephritis were made (Freimer & Zabriskié, 1968; Mashkov, 1974;
Iesmantaite et al., 1975; Kagan et al., 1977; De Vuono & Panos, 1978)
and there were similar findings in degenerative arthritis (Klodnitskaia,
Smeranov & Adamchook, 1977; Klodnitskaia, 1978; Stewart & Alexander,
1969; Cook, Fincham & Lack, 1969; Bartholomew & Nelson, 1972), but at
least some of the variants isolated may have been derived from
contaminating bacteria. More recently, the connection between
inflammatory bowel disease and colonisation by wall-defective variants
has been investigated. Though such variants were isolated from
mesenteric lymph nodes in ulcerative colitis (Klodnitskaia, 1973;
Burnham, Stanford & Lennard-Jones, 1977) and Crohns disease (Parent &
Mitchell, 1976; 1978; Burnham, Stanford & Lennard-Jones, 1977) and from
intestinal biopsy specimens in both ulcerative colitis and Crohns
disease (Belsheim et al., 1983) they could not be demonstrated
consistently (Bolton et al., 1973; Kagnoff, 1978; Whorwell et al., 1978;
Shafi et al., 1981; Lev, 1981).

Enthusiasm soon gave way to disillusion. It became clear that
wall-defective variants were of dubious pathogenicity (Fass & Barnisham,
1977, Animal inoculation showed that they were
a§irulept (Phair et al., 1974; Roux, 1977) and that they were easily
destroyed by the immune system (Haller & Lynn, 1968; McGee et al., 1972;
Montgomerie eﬁ al., 1976). Finally, the methods used for the isolation
of wall-defective variants were vehemently criticised, since they often
involved filtration and prolonged culture and were therefore prone to

contamination (McGee et al., 1971).



The subject became the resort of the unorthodox. Such were the
advocates of the 'intra-erythocyte parasite' theory. The believed that
the blood was not sterile in health, but parasitised by abnormal
bacterial forms, which could revert to cause disease if the
host-parasite relationship altered (Mattman, 1974b; Domingue et al.,
1977; Tedeschi & Santarelli, 1977; Domingue & Schegel, 1977; Bisset &
Bartlett, 1978; Bisset, Tallack & Bartlett, 1979). The fact that the
reverted variants invariably proved to be skin commensals did nothing to
rehabilitate the subject in the eyes of conventional bacteriologists.

For all of these reasons, medical microbiologists lost interest in
wall-defective variants. This was the result of well-founded criticism
of the methods used for their isolation, and a géneral acceptance of the
view that wall-defective variants were of doubtful pathogenicity.
Indeed, such variants came to be regarded as laboratory artefacts or
harmless contaminants not found in the natural habitat (Cruickshank et
al., 1973). Paradoxically the use of hypertonic culture media is
increasingly advised for the isolation of wall damaged pathogenic
bacteria (Jephcott, 1981; Eng & Maeland, 1982; Crist, Amsterdam & Neter,
1982; La Scolea et al., 1983). Another area of current interest
concerns the nutritionally egacting 'diphtheroid' streptococci. These
streptococci are wall-deficient (Bouvet, Ryter & Acar, 1977; Peipkorn &
Reichenbach, 1978; Bouvet et al., 1980). Like the variants originally
described by Klieneberger and by Dienes, they may occur as symbionts and
apparently do not require osmotic stabilisation. They are held to be a
separate variety of streptococci, characterised by the presence of a
uniqgue red chromophore and by specific genetic markers (Bouvet et al.,

1985).
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It seems that there is increasing appreciation of the potential
importance of wall-defective microbial variants, that isolation methods
are improving, and that the time has come for a reappraisal of the
subject. Appropriately, the completion of the work described in this
Thesis was in 1985, a year which marked the fiftieth anniversary of the

original descriptioﬁ by Emmy Klieneberger-Nobel.
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PROBLEMS IN THE STUDY OF WALL-DEFECTIVE MICROBIAL VARTANTS AND AN

OUTLINE OF THE PURPOSE. OF THE THESIS

Introduction

The chief obstacle to the study of wall-defective microbial
variants was that very little was known about the culture medium
required. To resolve this problem, I tested established culture media
with antibiotic-induced variants and subjected the best media to a trial
with blood cultures. A new medium, rich in sucrose and nutrients,was
evolved for blood culture work. This medium was called Victoria Medium
F. It was restricted in scope, because the variants isolated were

almost exclusively those of the Enterobacteriaceae (Brogan, 1976).

Purpose of the Thesis

1) Culture Medium Tests with Clinical Material: The Batch Phenomenon.

Some batches of culture medium did not grow variants. This
difficulty was also encountered by Gooder and Maxted (Gooder & Maxted,
1961). The possibilities were that an inhibitor was present in some
batches, or that batches varied in nutrient quality. The problem was
investigated along these lines, basing assessment on the performance of

different blood culture media in clinical work.

2) Culture Medium Tests in vitro: Laboratory Induction of

Wall-defective Microbial Variants.

The use of clinical material to assess culture media was time-
consuming, particularly since blood cultures were the area of
investigation chosen. 1In addition, the results achieved with blood

cultures were influenced by many variables. Laboratory tests on the



culture medium were needed, to improve the scope of the method arid to
elucidate the batch phenomenon. The problem was the lack of a stable
wall-defective variant to use as a test organism.

Neither variants from clinical material nor those prepared by the
antibiotic induction method were suitable because they were unstable,
and reverted very easily to the vegetative state. An alternative method

of induction was needed to produce a more stable test organism.

3) Identification of Wall-defective Microbial Variants.

In my preliminary work (Brogan, 1976), I complied with the
experimental design of McGee et al., (1971). This comprised:-

i) demonstration of variant growth on culture medium free from
known inducers.

I distinguished the growth of wall-defective variants from
vegetative growth on two grounds. These were the recovery of bacteria
in L-form medium only, without growth in conventional blood culture
media inoculated and incubated in parallel with this medium, and the
cultural appearance of the L-form colonies.

ii) proof of microbial nature given by reversion to the vegetative
state.

iii) significant isolate with clinical correlation.

These criteria were not wholly satisfactory. The cultural
appearance of the L-form colonies was not a reliable diagnostic feature,
because some straiﬁs reverted very easily and quickly to the vegetative
state. Failure to revert was also a difficulty, because the reversion

method which I used was not always successful.



Factors which perpetuated the variant state, and conditions
necessary for reversion were therefore investigated in an attempt to

solve these problems.

4) Clinical Features

As part of my preliminary work I described a small number of
patients with septicaemia. The source of the septicaemia in these
patients was chronic relapsing urinary tract infection (Brogan, 1977).
An extended survey of septicaemia was planned to see if this finding

could be confirmed.
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INDUCTION BY THE LYSOZYME/EDTA METHOD

INTRODUCTION

A laboratory culture of wall-defective bacteria was needed for
basic studies on reversion and cultural conditions. Unstable
'spheroplast' variants were chosen for this purpose, because they revert

easily and are also capable of multiplication (Collee, 1978).

OBJECTIVE

The object was to prepare an induced culture of wall-defective

variants of the spheroplast type.

MATERIALS & METHODS

Choice of Test Organism

The test organism was E. coli. The strain used was the National
Collection of Type Cultures (NCTC) No. 10418, an organism held in most
medical microbiology laboratories as a control for antibiotic |
sensitivity tests.

E. coli was chosen because it was a bacterium in which a partial
cell wall defect could be induced to give unstable 'spheroplasts’
(Murray, 1968; Birdsell & Cota-Robles, 1968) and for continuity, because
the Victoria Medium F previously described by me (Brogan, 1976) on which
much of the work of this Thesis is based, grew wall-defective

Enterobacteriaceae variants well.
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Method

Induction was performed by the method of Weiss (1976). This method
used lysozyme as the inducing agent, and employed ?Effiswff?d (EDTA) to
sensitise the bacteria to lysozyme by removing the surface metallic ions
which interfere with lysozyme activity (Repaske, 1958; Murray, 1968).
Additional refinements were the use of sucrose of low metal content as
osmotic stabiliser to improve the yield of wall-defective variants

(Tabor, 1962) and the use of Tris buffer as an adjunct for EDTA

chelating activity (Goldschmidt & Wyss, 1967).

INDUCTION PROCEDURE (Weiss, 1976)

1) A culture of E. coli NCTC 10418 in Oxoid Brain Heart Infusion broth
(BHI Oxo0id) was incubated overnight with shaking at 37°C. The cells
were harvested by centrifugation at 4°C (3000 rpm. for five minutes) and
then washed twice with sterile Tris buffer.They were resuspended in
42.75 ml sterile 0.1M Tris buffer containing 20% sucrose, prewarmed to
37°C.

2) The suspension was transferred aseptically to a sterile 50 ml flask
containing a stirring bar, prewarmed to 37°C. The flask was placed on a
magnetic stirrer at 37°C. The stirrer was set to a low speed, and 2.25
ml (4500 pg) lysozyme was added, giving a final concentration of 100 pg
lysozyme/ml. Incubation was continued with gentle stirring for 10
minutes.

3) Five ml of sterile EDTA, prewarmea to 37°C, was then added slowly,
over a period of two to three minutes. The suspension was incubated at
37°C for 10 minutes. It rapidly settled to the bottom of the flask, and

the deposit was removed without centrifugation and examined.
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EXAMINATION OF A SUSPENSION OF WALL-DEFECTIVE VARIANTS BY MICROSGOPY

1) Phase Contrast Microscopy

Immediate examination of the suspension showed that 90% of the

cells were spherical.

The cells were incubated for one hour at room temperature (22°C)
and again examined by phase contrast microscopy. Cell aggregates had
formed.

Both the spherical shape of the cells (Cruickshank et al., 1973)
and their tendency to form aggregates after réom temperature incubation
(Langenfeld &Smith, 1963; Marston, 1968)were characteristic of

suspensions of wall-defective microbial variants.

2) Electron Microscopy

A. Preparation of Cultures for Electron Microsbopy.
The test culture was a preparation of lysozyme/EDTA induced
wall-defective variants of E. coli NCTC 10418.

The control culture was a preparation of E. coli NCTC 10418 which
had not been treated with lysozyme/EDTA.

An overnight culture of E. coli NCTC 10418 in Oxoid Brain Heart
Infusion Broth was divided into two aliquots. The cells in both
aliquots were harvested by centrifugation, washed twice in sterile Tris
buffer, and resuspended in 42.75 ml sterile 0.1M Tris buffer containing
20% sucrose, which had been prewarmed to 37°C.

One cell aliquot was set aside as control material.

The other was treated with lysozyme/EDTA to induce wall defect.
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This was the test material.

B. Preparation of Pour Plate Cultures.

The medium was Victoria Medium F. (Appendix I). The. pour plates
were made with a concentration of 0.2% agar, giving a soft medium. This
was done in an attempt to prevent reversion to the vegetative state
(Chapter 5).

Two plates were made, one with an inoculum of 0.25 ml of the test
suspension, and one with an inoculum of 0.5 ml of the test suspension.
In addition, two control plates were made, one with an inoculum of 0.25
ml of a control vegetative E. coli suspension and one with an inoculum
of‘O.S ml of control vegetative E.coli suspension.

The test and control plates were incubated for 48 hours at 37°C in
an atmosphere of 5% carbon dioxide in air.

They were then examined by plate microscopy, and it was confirmed
that the control vegetative inoculum had yielded colonies of the
vegetative type and the test inoculum had yielded colonies of the L-form

" type characteristic of the growth of L-phase variants.
C. Fixation Method.

The plates were flooded with 1:40 glutaraldehyde as a fixative, and
then placed in the refrigerator at 4°C for 30 minutes. The excess
glutaraldehyde was then removed, and the fixed cultures were submitted

for electron microscopy forthwith.



Figure 2
Electron Microscopy. Control vegetative cells of E.coli NCTC 10418.
Medium: 0.2% agar plate of Victoria Medium F. Fixative 1:40

Ol

glutaraldehyde. Final magnification x 45,000.



D. Electron Microscopy Procedure.

The specimens were post-fixed in 1% aqueous osmium tetroxide.
Dehydration was achieved using several changes of absolute ethanol prior
to clearing in propylene oxide and embedding in EM1X resiﬁ (EM scope
Ltd). After overnight polymerisation at 70°C the blocks were sectioned
at a thickness of 50 nm, mounted on 200 mesh copper grids and stained
with saturated uranyl acetate in 50% ethanol for 10 minutes followed by
five minutes staining in Reynolds lead citrate (Reynolds, 1963). This
method avoids the disadvantage of precipitate formation inherent in the
use of other lead compound solutions. The grids were examined at an
acceleraﬁing voltage of 80 kV in a Philips EM 301 G transmission
electron microscope and the images recorded on Kodak EM film, type 4489

and printed on Ilfospeed resin coated paper.

Results of Electron Microscopy

i) Control Cells; A typical example is illustrated in Figure 2. The
cell contents are present, indicating potential viability. The cell
has the normal cylindrical shape typical of E. coli. The cell wall
outline is essentially smooth, ana the cell wall and cytoplasmic
membrane are closely approximated throughout most of the cell. The cell
wall is therefore basically healthy. However, some bleb formation is
evident, and there is a little sepafation of the cell wall and
cytoplasmic membrane. This minor degree of cell wall injury was

attributed to damage during the fixation process.



Figure 3

Electron Microscopy. Lysozyme/EDTA prepared spheroplasts of

E .coli NCTC 10418. Medium 0.2% agar plate of Victoria Medium F.

Fixative 1:40 glutaraldehyde. Final magnification x 15,000.
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ii) Wall-defective Cells. Typical examples are illustrated in Figures
3 and 4. Many cells lack cell contents and appear as 'cell ghosts'.
Other cells have retained their cell contents and are thus potentially
viable. |

The cells have lost the typical cylindrical shape of E. coli and
are spherical. The cell walls are no longer smooth in outline, but are
throwh into folds, and there is obvious separation of wall and
cytoplasmic membrane in the cells. These features show that the cells
have sustained wall damage.

Retention of the cell wall, albeit in a damaged condition, shows

that the cells are spheroplasts rather than protoplasts.

Conclusion

It was concluded that the lysozyme/EDTA method of induction had

produced wall-defective E. coli variants of the spheroplast type.
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Figure 4
Electron Microscopy.

E. coli NCTC 10418.

Lysozyme/EDTA prepared spheroplasts of

Medium 0.2% agar plate of Victoria Medium F.

Fixative 1:40 glutaraldehyde. Final magnification x 44,000.
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MAINTENANCE OF THE WALL~DEFECTIVE STATE AND ITS REVERSION.

CULTURE IN SOLID MEDIUM.

INTRODUCTION

Most wall defective bacteria revert readily to the parent form as
soon as they are removed from the inducing agent. Reversion can be
prevented by conditions which encourage cell autolysin activity (Landman
& de Castro-Costa, 1976). Autolysin is inhibited in stiff media and

activated in soft media.

OBJECTIVE
The object was to find the agar concentration which maintained
the wall-defective state and the agar concentration which promoted

reversion.

MATERIALS & METHODS

Culture Medium

The optimal agar concentration for wall—defective_growth was
determined by the use of pour plates of Victoria Medium F, solidified
with varying concentrations of agar (Oxoid No. 1). This agar had a
setting concentration of 1%. The agar concentrations tested were 0.1%.
0.15%, 0.2%, 0.3% and 1%. Since some of these gave a very soft medium,
an agar-gelatin mixture was tried (Gooder, 1968). The gelatin
concentration was 5% and this was tested with 0.15% agar and with 0.2%

agar.



Figure 5

Culture of lysozyme/EDTA prepared spheroplasts of E .coli NCTC 10418.

Medium 0.2% agar plate of Victoria Medium F. Magnification x 100.

L-form 'fried egg' colony seen at agar surface.



A d

Test Organism

A fresh suspension of wall-defective E. coli NCTC 10418 prepared

by the lysozyme/EDTA induction method.
Inoculum
[
One ml of the suspension was inoculated to each pour plate to

give a final volume of 10 ml.

Culture Conditions

The plates were incubated for three days at 37°C in an atmosphere
of 5% carbon dioxide in air. They were then examined by naked eye
inspection and by plate microscopy using a stereo microscope (Elvar) and

a final magnification of x 25.

RESULTS

The results are shown in Tables 1 and 2.

L-form Colonies

At the lowest agar concentrations, the medium was too soft for
convenient manipulation, but both the 0.2% agar and the 0.2% agar with
gelatin were of suitable consistency, and gave a good yield of L-form
colonies, more abundantly in the 0.2% agar medium. Naked eye
insbgction: There was a scarcely perceptible haze of tiny colonies.

Plate microscopy. Surface growth was minimal. Optimal conditions
lay in the dépths of the agar. The colonies were translucent and the
colonies near the surface were the 'fried egg' type with a denser centre
and a lacy periphery (Fig. 5). Knobbly 'mulberry'colonies (Brogan,

1976) and the 'crystal' colonies sometimes seen in cultures of wall-defective



Figure 6

Culture of wall-defective variants of E. coli derived from blood culture

in Victoria Medium F. Medium 0.2% agar plate of Victoria Medium F.

Magnification x 100. 'Crystal' colony. .
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variants derived from clinical material (Fig. 6) were not observed, but

deep colonies were irregularly shaped.

Vegetative Colonies

The inoculum used consisted of approximately 90% spheroplast
cells with 10% vegetative cells. The few vegetative colonies which were
present in soft medium were probably vegetative cells from the original
inoculum, which were resistant to the action of lysozyme. The
vegetative colonies grown as the predominant colony type in stiff medium
were presumably derived from the spheroplast cells which predominated in
the original inoculum together with a much smaller number of lysozyme
resistant cells. Accordingly it seemed probable that the heavy growth
of vegetative colonies obtained in stiff medium was mainly attributable
to reversion of the spheroplast cells from the original inoculum.
Sometimes reverting colonies could be seen(Fig. 7). The best yiéld of
vegetative colonies was at an agar concentration of 1%.

Naked eye inspection. The colonies grew well on the surface of
the medium, and were of normal size.

Plate Microscopy. Colonies in the depth of the medium were

opaque, smooth and symmetrical (Fig. 8).

Repetition of Experiment

The experiment was repeated twice, using 0.2% agar medium and 1%
agar medium only.. The results were the same as those obtained in the
initial experiment. L-form colonies predominated in 0.2% agar and

vegetative colonies predominated in 1% agar.



Figure 7
Culture of lysozyme/EDTA prepared spheroplasts of E.coli NCTC 10418
Medium 0.2% agar plate of Victoria Medium F. Magnification x 100.
Reverting L-form colony showing area of normal vegetative growth at

edge of L-form colony.
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Figure 8

Culture of lysozyme/EDTA prepared spheroplasts of E.coli NCTC 10418.

Medium 1l.0%agar plate of Victoria Medium F. Magnification x 100

Reverted vegetative colonies seen in the depths of the medium.
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CONCLUSIONS

1. A medium containing 0.2% agar was suitable as a culture medium
for L-form colonies.

2. A medium containing 1% agar was suitable as‘a culture medium for

vegetative colonies.

VU e



Table 1

Optimal agar concentration for the growth

and reversion of lysozyme/EDTA

induced L-form colonies of E.coli

Agar Medium Consistency L-form Vegetative
Conc. colonies colonies
0.1% Sloppy Ftt++ (+)
0.15% Set: could not be inverted +++++ +
0.2% Set: could be inverted F4+++ +
0.3% Solid ++ I
1.0% Solid + ot
Key: +++++ = Growth confluent or semi-confluent
Colony forming units (cfu)/ml. uncountable
++++ = 1000 - 3000 cfu/ml.
+++ = 500 - 1000 cfu/ml.
++ = 100 - 500 cfu/ml.
+ = 10 = 100 cfu/ml.

(+)

less than 10 cfu/ml.



Table 2

Optimal agar-gelatin concentration for

the growth and reversion of lysozyme/

EDTA induced L-form colonies of E.coli

Agar Conc. Medium Consistency L-form Vegetative
with 5% colonies colonies

gelatin

0.15% Set: could be inverted +4++ ++
0.2% Set: could be inverted o+ ++

Key: ++++ = 1000 - 3000 colony forming units (cfu)ml.

++

100 - 500 cfu/ml.



Chapter 6

Culture in Liquid Medium
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(1) EFFECT OF AN AGAR-FREE MEDIUM ON THE GROWTH OF LYSOZYME/EDTA

INDUCED SPHEROPLASTS OF E. COLI.

INTRODUCTION

In theory an agar-free medium should provide ideal conditions for
the reversion inhibition of wall defect. Growth of wall-defective
microbial variants is permitted in low agar concentrations whereas
reversion to the walled state is encouraged as the agar concentration of

the medium is increased.

OBJECTIVE
The object was to assess the capacity of lysozyme/EDTA induced E.

coli spheroplasts to grow in agar-free medium.

MATERIALS & METHODS

The method chosen was a colony count in pour plates inoculated

from agar-free medium seeded with a spheroplast suspension.

Materials

Test suspension. A spheroplast suspension of E. coli NCTC 10418
was prepared by lysozyme/EDTA method.

Culture Medium. The culture medium was Victoria Medium F
(Brogan, 1976) used as an agar—free medium (Victoria Medium F broth) and
also as pour plates.

Pour plates contained 0.2% agar and were prepared to a final

volume of 10 ml.



Culture Conditions

Incubation was at 37°C for 24 hours in an atmosphere of 5% carbon

dioxide in air.

Microscopy

Cultures were examined by plate microscopy with a stereo

microscope (Elvar) using a final magnification of x 25.

Diluent for Preparation of Spheroplast Dilutions

TRIS buffered 20% sucrose pH 8.0 (Appendix I).

METHOD

Preparation of Dilutions

i) Preparation of Working Dilution. 0.1 ml of the spheroplast
suspension was diluted to a final volume of 10 ml with TRIS buffered
sucrose. This gave a final dilution of 1/100.

ii) Preparation of Positive Growth Control Dilutions. These were the
working dilution used neat and diluted 1/10 and 1/100 with TRIS buffered
sucrose. This gave final dilutions of 1/100, 1/1000 and 1/10,000.

(Figure 9).

Positive Growth Controls

The positive growth controls were needed to estimate the
approximate number of colony forming units/ml (cfu./ml) seeded to
agar-free Victoria Medium F (Victoria Medium F broth) as the test

culture.
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Opposite
Figure 9. Diagram. Effect of a nutritionally complex (complete)
liquid medium 6n the recovery of lysozyme/EDTA induced spheroplasts

of E.coli NCTC 10418. Layout of experimental procedure.
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Without prior incubation, 1 ml of each growth control dilution
was immediately inoculated into a pour plate of Victoria Medium F, to a
final volume of 10 ml. This gave final dilutions of i/lOOO, 1/10,000
and 1/100,000 (Figure 9).

The plates were incubated, examined by plate microscopy and

colony counts performed.

Test Cultures

One ml of working dilution (the spheroplast suspension diluted
1/100 in TRIS buffered sucrose) was inoculated into 9 ml of agar-free
Victoria Medium F, giving a final dilution of 1/1000 of the spheroplast
suspension. The medium was incubated for 24 hours and then dilutions of
the culture were prepared for inoculation into pour plates of Victoria
Medium F. The pour plate inocula were 1 ml neat culture, 1 ml culture
diluted 1/10 with TRIS buffered sucrose, and 1 ml culture diluted 1/100
with TRIS buffered sucrose.

The minimum final dilutions of the spheroplast suspension after
broth passage and inoculation to the pour plates were 1/10,000,

1/100,000 and 1/1,000,000 (Figure 9).

RESULTS

The results are shown in Table 3.

The test cultures made after passage through the agar-free medium
were sterile. The growth control plates showed that the neat
spheroplast suspension was viable, and contained about 300,000 - 600,000
cfu/ml. The plate inoculated with the lowest growth control dilution
was sterile. This was tentatively attributed to carry-over of a

possible inhibitor whose effect was sufficiently weakened to permit



/4.

Po3S9] 30U = 44y A0Y

- 000°000°T/T 9TTJ23S 000°000°T/T
£ , 000‘00T/T 8TTI03S 000°00T/T
69 000°0T/T oTTJI938 000°0T/T
oTTI23S 000T/T *Hx 000T/T

2Jan3TNoO 3s83

yjoaq J untpspy yzoaq J se sejerd anod J untpon
TJ030TA UBnoayy oFessed TOJI3UO0D unTpo) BIJIOAOTIA ydnodaysz BTJO30TA 03 UOTI]BTNOOUT
U3z Im pajeadlg uorsuadsns yamoasd aaT13Tsod Se aaniTno o8essed Jasejje uotsuadsns £gq pemoTTOJ Uzouaq J4 WNIpPsp
oasyds £q sanjno sqe1d Jotad gnoyztm sejetrd anod asetdoasyds £q sJan3iino BTJIO}OTA UT oJanjTnd Jajje
anod 4 wnipo BTIJOIOTA Jd unTpe) BTJIO}OTA O3 pejeTnoout a3e1d anod 4 wnipsy uoTsuadsns 3serdoasyds Jo

ut pepiotL njjn uoisuadsns 3serdoaayds JO uoIaNTI(Q BTJIOIOTA UT PSPISTA nid *TW/UOTANTTIP TEUTJ TEWTUTH

*y3zodq J unIpoj BTJIOZOTIA ysnodayjy odessed jnoyzim pejesdy [OJ3UO0D

yamoasd satjrsod £q 4 wnIpsl BTIJI0IOTIA JO sdsjeld anod ul pepieTA nJO UjlTm padedwod yjodq J umIps BIJOFOIA YoSnodyl aJInjno
1s93 Jo odessed asejJe popToIf 4 unNTpO) BTIJIOROTA JO sejerd anod url (nJo) s3zTun Sutwaoy AuoTo) *sasetdoasayds TITOO*H peonpur
1ad/owAzZosAT JO TeAIAJnS uo (UjzoJq J WNTpaj BTJIO0}OIA) unipsw saJj-Jede pojuswsyddns joeajxe j3sead ysnoayy odessed Jo 30933F

€ 2Tqe]



75.

!

growth at the two higher dilutions. This perhaps explained the growth
failure observed in agar-free medium and could be ascribed to inadequate
separation of the cell deposit from lysozyme/EDTA at the final step of
preparation. Such a difficulty had not previously been encountered, and
any excess of lysozyme/EDTA in the suspension presumably occurred by
chance. The alternative possibility was that lysozyme/EDTA induced E.

coli spheroplasts were unable to grow in agar-free medium.

CONCLUSIONS

Grthh failure of the lysozyme/EDTA induced E. coli spheroplast
suspension in égar—free Victoria Medium F was due to either the presence
of an inhibitor or to an intrinsic inability to grow in agar-free

medium.



(2) EFFECT OF A YEAST EXTRACT-FREE, AGAR-FREE MEDIUM ON THE RECOVERY

OF LYSOZYME/EDTA INDUCED SPHEROPLASTS OF E.COLI.

INTRODUCTION

The possibility that lysozyme/EDTA induced spheroplasts might be
unable to grow in agar-free medium was reminiscent of a similar
difficulty which may be encountered in physically stressed bacteria, and
which may be overcome by the use of a minimal medium for subculture
‘(Pierson, Gomez & Martin, 1978). It was thought that this principle
could be applied to spheroplast culture by the use of a nutritionally
simplified subculture medium for recovery from Victoria Medium F broth.

The alternative was that growth failure in Victoria Medium F
broth was due to chance carry-over of an inhibitor used in the

preparation of the spheroplast suspension.

OBJECTIVE

The object was to determine whether spheroplast recovery from
agar-free medium was feasible by nutritional modification of the
subculture medium, or whether the difficulty of recovery from agar-free
medium was merely due to the carry-over of an inhibitor from the final

stage of preparation.

MATERIALS & METHODS

Materials

Culture Media. Victoria Medium F was used as an agar-free
medium (Victoria Medium F broth) and as pour plates. This was
'nutritionally complete' medium (CM). The nutritionally modified

medium (MM) was yeast extract-free Victoria Medium F, prepared as pour
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plates. All pour plates contained 0.2% agar and were prepared to a
final volume of 10ml.

The rest of the materials used were as described in Chapter 6(1).
METHOD (Figure 10)

Preparation of Dilutions

Preparation of the working dilution and positive growth control

dilutions was carried out as described in Chapter 6(1).

Positive Growth Control Cultures

There were two positive growth control cultures (Figure 10).
(1) Control CM. One ml of each positive growth control dilution
inoculated to CM (Victoria Medium F) pour plates to give final dilutions
of 1/1000, 1/10,000 and 1/100,000.
(2) Control MM. 'One ml of each positive growth control dilution was
inoculated to MM (yeast extract-free Victoria Medium F) pour plates to

give final dilutions of 1/1000, 1/10;000 and 1/100,000.

Test Cultures

One ml of working dilution was inoculated to 9 ml of CM broth.
The broth was incubated, and then dilutions were prepared for
inoculation into CM and MM pour plates. The pour plate inocula were
Iml neat CM broth culture, 1 ml CM broth culture diluted 1/10 with TRIS
buffered sucrose and 1 ml of CM broth culture diluted 1/100 with TRIS
buffered sucrose. |

These inocula gave minimum final dilutions of 1/10,000, 1/100,000
and 1/1,000,000 of the spheroplast suspension in the pour plates (Figure
10).

The plates were incubated and then examined by plate microscopy

and colony counts performed.
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Opposite
Figure 10. Diagram. Effect df a nutritionally modified subculture
medium on the recovery of lysozyme/EDTA induced spheroplasts of E.coli
NCTC 10418 after passage through nutritionally complex (complete) liquid

medium, Layout of experimental procedure.
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RESULTS

The results are shown in Table 4.

Test Cultures

After passage through CM broth culture the organisms were
recovered by subculture to pour plates of nutritionally modified medium

(MM). Subcultures made to pour plates of CM were sterile.

Positive Growth Control Cultures

The positive growth control cultures yielded growth in all
dilutions tested, including the 1/10 dilution, in both CM and MM pour

plates.

CONCLUSIONS

The inability of lysozyme/EDTA induced spheroplasts to grow in
agar-free medium was not entirely due to carry-over of an inhibitor used
in the preparation of the spheroplast suspension. Growth failure
seemed to be more attributable to the nutritional composition of the
subculture pour plate medium used after passage through CM broth

N

culture.
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COMMENT

It is difficult to grow wall-defective microbial variants in liquid
medium (Dienes, 1949a; 1953b; Gooder, 1968). The results of the
experiments described indicate that it may be possible to recover
lysozyme/EDTA induced E.coli of the spheroplast type from liquid medium
by nutritional modification of the subculture medium effected by the
omission of yeast extract from the medium. This is analogous to the
'‘minimal medium recovery'phenomenon which occurs in bacteria physically
stressed by heat or ultraviolet irradiation. Mild stress causes DNA
strand breaks (Sedgwick & Bridges, 1972), which can be repaired in
suitable cultural conditions. Nutritionally complex media induce
irreversible DNA strand breaks whereas a minimally nutrient medium
protects against DNA strand breaks (Pierson, Gomez & Martin, 1978 ;
Mossel & Van Netten, 1984). Inhibition by nutritionally complex media
is more pronounced in liquid media than on agar media (Gomez & Sinskey,
1973; Gomez et al., 1973). The reason for the effect is not clear, but
the similarities between the results obtained with lysozyme/EDTA induced
spheroplasts and stressed bacteria suggest that perhaps similar
processes may permit recovery from agar-free culture media in both
groups of bacteria.

The possibility that yeast extract was in some way independently
toxic to lysozyme/EDTA induced spheroplasts did not seem attractive,
because yeast extract containing agar medium supported their growth
satisfactorily.

Inhibition appeared to occur only in liquid medium, and seemed to

be neutralised by the presence of agar.



Although the number of tests performed was not large, and although
the number‘of colonies in the control cultures were not linear, the
results may be interpreted as indicating that enriched culture in
'nutritionally complex' agar-free medium resulted in growth faiiure of
wall-defective E.coli variants of the spheroplast type. This growth
pattern seemed to be somewhat similar to that found in the 'minimal

medium recovery' phenomenon.



SECTION IV

STUDIES WITH CLINICAL MATERIAL



Chapter 7

Procedures for the isolation of wall-defective microbial variants from

blood cultures and for their reversion to the vegetative bacterial

state.



PROCEDURES FOR THE ISOLATION OF WALL-DEFECTIVE MICROBIAL VARIANTS FROM

BLOOD CULTURES AND FOR THEIR REVERSION TO THE VEGETATIVE STATE.

' INTRODUCTION

In preliminary studies for this thesis (Brogan, 1976), it was
sometimes difficult to distinguish true wall-defective microbial
variants from mycoplasmas or artefacts in the culture medium. The
problem concerned the reQersion procedure, since the reversion of such
variants to the vegetative state is considered an essential diagnostic
feature according to the criteria of McGee et. al. (1971). Originally
I used an agar block enrichment method to obtain reversion (Brogan,

1976 ). This was adapted from a method described by Dienes

(Dienes, 1941). The method was termed a reversion series. It is
illustrated in Figure 11. The reversion series consisted of five
media. The 100% reversion medium was of the same composition as the
primary blood culture medium. The other reversion media were media of
the same base composition as the primary blood culture medium diluted
with Brain Heart Infusion Broth (Oxoid) to give concentrations of 75%,
50%, 25% and 12.5% of the 100% reversion medium. Agar blocks were cut
from pour plate subcultures and one inoculated to 100% reversion medium,
another to Oxoid Cooked Meat Medium (CMM). The subcultures were then
incubated at 37°C in an atmosphere of 5% carbon dioxide in air for a
maximum of 3 days. The subcultures were inspected daily for evidence
of growth. If growth occurred in CMM, subculture was made to a surface
inoculated blood agar plate incubated in 5% carbon dioxide in air. if
growth occurred only in reversion series medium without growth in CMM,
subculture was made to 75% reversion medium. If necessary, the process
was repeated until a final subculture to 12.5% reversion medium had been

attempted.



REVERSION SERIES METHOD (Brogan 1976)

Primary Blood Culture ):k
in L-form medium.

Key:
LFM=L Form Medium
(Victoria Medium F) LFM
CMMz= Cooked Meat Medium
BA =Blood Agar
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Opposite

Fig. 11. Diagram. Reversion procedure by reversion series method

(Brogan, 1976).



The method was not satisfactory. It was theoretically prone to
contamination, and did not always .achieve reversion. When the method
failed, the agar block subculture in 100% reversion remained sterile, or
there was continued growth on the agar block, without growth in the
reversion series medium. Sometimes there was granular, floccular, br
even diffuse growth in the reversion series medium but this could not be
subcultured to CMM or to a blood agar plate. It was usually possible
to subculture such growth to 75% or 50% reversion medium but no further.
Dienes alsorencountered this type of problem when he used his agar block
subculture method (Dienes, 1941; 1949(a); 1953(b) ).

I now proposed to compare a modification of the reversion series
method with two other reversion methods. The modified reversion series
method employed agar block subcultures to 100% reversion medium only,
without subsequent use of subculture to 50%, 25% or 12.5% reversion
medium. This modified reversion method was termed the agar block
enrichment method. The other reversion methods compared with the agar
block enrichment method were the use of a 'stiff' agar subculture medium
to encourage autolysin inhibition (Chapter 5) and the use of
nutritionally enriched media for the reversion of wall-defective

streptococcal variants (Bouvet & Acar, 1977).
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OBJECTIVE
The objective was to find a more stringent method of identifying
wall-defective microbial variants and to find a better method for their

reversion to the vegetative state.

MATERIALS & METHODS

Collection of Specimens and Primary Culture (Figure 12).

Clinical specimens. Blood cultures.

Primary Culture. Primary culture media were inoculated at the

bedside. The blood culture set consisted of three bottles, two for
routine culture and one for the culture of wall-defective microbial
variants. The routine primary culture media were Oxoid Brain Heart
Infusion Broth (BHI) and a cooked meat medium (CMM) consisting of Difco
tryptic soy broth with Difco cooked meat (Appendix I). The media used
for the culture of wall-defective microbial variants will be described
in subsequent chapters. Their composition is shown in Appendix I. For
the sake of brevity and simplicity they are referred to as 'L-form'
media.

The inoculum requested was 5 ml of blood to each bottle.
Incubation was aerobic in an atmosphere of 5% carbon dioxide in air at a

temperature of 37°C.

Subculture
All three bottles were routinely subcultured to 5% horse blood agar

plates. Two blood agar plates were subcultured from each bottle.
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Opposite

Fig. 12. Diagram. Procedure for the isolation of wall-defective

microbial variants from blood cultures.



One was incubated aerobically in an atmosphere of 5% carbon dioxide in
t
air, the other anaerobically in an atmosphere of 65% hydrogen with 5%
carbon dioxide, achieved with the Baltimore Biological Laboratories
(BBL) 'Gaspak' system. In addition, a pour plate of L-form medium was
subcultured from the L-form primary culture medium. This was
inoculated at 37°C aerobically in an atmosphere of 5% carbon dioxide in
air.

The inoculum used for the blood agar plates was 10}41 from a
standard loop. An inoculum of 1 ml was used for the pour plate. The
final volume of the pour plate was 10 ml, i.e. the inoculum was one
hundred times greater than on the blood agar plate.

Subculture Times: Subcultures were made from the primary culture
bottles after 24 hours, 48 hours and 7 days incubation.

Examination of the Pour Plates. Pour plates were examined by plate
microscopy with a stereo microscope (Elvar) using a final magnification
of x 25.

If there was growth, the colonial morphology was recorded as
vegetative, L-form, or as mixed vegetative and L-form colonies if both
types were present. The colonies were counted. If more than one type
of colony was present, the number of colonies of each type observed were

recorded.

IDENTIFICATION OF WALL-DEFECTIVE MICROBIAL VARIANTS

The criteria used were:-

i) Isolation from L-form medium only

A culture was accepted as a possible wall-defective variant only if
there was no growth from the two conventional primary blood culture

media after 7 days incubation.
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Opposite

Fig. 13. Diagram. Reversion Procedure I. Primary blood culture
growth in L-form medium only. Subcultures from primary L-form medium
yield growth on blood agar (BA) plates and give macroscopically visible

surface growth on the L-form medium pour plate (LFM).
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Opposite

Fig. 14. Diagram. Reversion Procedure II. Primary blood culture
growth in L-form medium only. Subcultures from Primary L-form medium
sterile on blood agar (BA) plates and give macroscopically visible

surface growth on the L-form medium pour plate (LFM).
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Opposite

Fig. 15. Diagram. Reversion Procedure III. Primary blood culture
growth in reversion medium only. Subcultures from primary L-form
medium sterile on blood agar (BA) plates. Microscopically visible

growth in depths of L-form medium pour plate (LFM).



ii) Proof of Microbial Nature

Proof of microbial nature was given by reversion to the vegetative
stage. Reversion was deemed satisfactory if normal vegetative growth
was obtained on surface plated 5% horse blood agar plates.

Reversion Methods

The reversion methods used were dependent on the subculture media
on which growth was obtained from the primary L-form culture, and on the

type of colonial growth, vegetative or L-form.

There were three main possibilities.

i) Growth on blood agar subcultures, with macroscopically visible

vegetative surface growth on the L-form medium pour plate.

(Figure 13)
Identification of the bacterial species proceeded forthwith, using
the culture grown on blood agar.

ii) No growth on blood agar subcultures, but macroscopically visible

vegetative surface growth on the L-form medium pour plate.

(Figure 14)

In this situation, the vegetative surface growth was examined by
Gram stain and microscopy. A subculture to a blood agar plate was also
made.

In addition, agar blocks were cut from the pour plate and
subcultured to both BHI broth and to L-form blood culture medium. This
procedure was adapted from a method originally devised by Dienes (1941).
The cuitures were incubated at 37°C in an atmosphere of 5% carbon
dioxide, for a maximum of 48 hours. Any growth on the blood agar plate
was identified to species level. If growth in the enrichment media
occurred, subcultures to blood agar were made, incubated as before, and
any subsequent growth on the blood agar plates identified to species

level.



iii) No growth on blood agar subcultures but microscopically visible

growth in the depths of the L-form medium pour plate. (Figure 15)

In this situation, agar blocks were cut from the pour plate and
subcultured to BHI broth and to L-form blood culture medium enrichment
cultures as before.

In addition, the primary L-form blood culture medium was
subcultured directly to L-form Blood Agar Medium (LFBA) by surface
plating, and incubated at 37°C in 5% carbon dioxide in air for a maximum
of 48 hours.

L-form Blood Agar Medium was L-form pour plate medium supplemented
with 5% horse blood. The L-form medium was of the same base
composition as the L-form medium used for primary blood culture.

Growth in the agar block enrichment cultures was subcultured to
blood agar, and any growth on blood agar identified to species level.

Growth on LFBA was examined by Gram stain and microscopy, and
subcultured to blood agar, and to a fresh LFBA. The procedure was

repeated until growth wés obtained on blood agar.

APPLICATION OF THE METHODS DESCRIBED

The methods for the recognition and reversion of wall-defective
microbial variants described above were applied to the cultures grown
from the L-form media described in the Chapters which follow (Chapter 8:

Chapter 9).



Chapter 8

Effect of a nutritionally modified (Yeast Extract-Free) medium on the

isolation of the wall-defective variants of Enterobacteriaceae from

blood cultures.




EFFECT OF A NUTRITIONALLY MODIFIED (YEAST EXTRACT-FREE) MEDIUM ON THE

ISOLATION OF THE WALL-DEFECTIVE VARIANTS OF ENTEROBACTERIACEAE FROM

BLOOD CULTURES

INTRODUCTION

A nutritionally modified (yeast extract-free) medium (MM) permitted
the growth of lysozyme/EDTA induced L-forms of E.coli by primary

enrichment culture in MM broth with subculture to MM agar plates.

OBJECTIVES
The object was to use the nutritionally modified culture medium for

blood culture specimens to assess its practical value in clinical work.

MATERIALS & METHODS

The materials and methods used were as described in Chapter 7. The
L-form medium used for primary blood culture was Victoria Medium F
without yeast extract. This was also used as the pour plate subculture

medium, solidified with 0.2% agar.

RESULTS
739 culture sets were examined during a period of six months. No
Enterobacteriaceae species were isolated in the L-form culture medium

alone.

CONCLUSIONS
The nutritionally modified culture medium did not recover naturally
occurring wall-defective Enterobacteriaceae variants from blood culture

specimens, though it supported the growth of lysozyme induced



spheroplasts of E.coli. This suggested that naturally occurring
wall-defective variants of the Enterobacteriaceae may differ from their

lysozyme induced counterparts in their nutritional requirements.



Chapter 9

The Batch Phenomenon




THE BATCH PHENOMENON

INTRODUCTION

. The usefulness of Victoria Medium F (Brogan, 1976) was limited by
its erratic performance. Variants grown from blood cultures occurred
as clusters of isolates during relatively short periods of time,
separated by many weeks or even by months. Since the recovery of these
variants was associated with particular batches of medium, this
observation was termed the 'batch phenomenon'. It may be due to any of
several factors such as the presence of an inhibitor (Medill & O'Kane,
1954), variation in nutritional quality, or mis-identification of
wall-defective microbial variants as artefacts because of reversion

failure.

OBJECTIVE

The object was to find the cause of the batch phenomenon.

MATERIALS & METHODS

The problem was investigated by comparing the isolation rates of
wall-defective variants from blood culture in different batches of
Victoria Medium F, by employing an improved quality control method, and
by neutralising any fatty acid inhibition present in the medium with

starch.



L-form Culture Medium

The medium used was based on Victoria Medium F. Its composition
was essentially the same as in the original description (Brogan, 1976)
but the following changes were made;-

i) Addition of calcium chloride

Oxoid No. 3 agar was no longer available and Oxoid No. 1 agar was
substituted. This agar had a lower calcium content, so calcium
chloride was added to substitute for the deficiency.

ii) Neutralisation of Fatty Acid Inhibitors

Inhibitory fatty acids may be present in many basic materials and
may be removed with charcoal, starch, cholesterol sulphate, anion
exchange resins or 10% v/v serum (Meynell & Meynell, 1965). The medium
already contained cholesterol (though not cholesterol sulphate) and some
serum derived from the blood specimen inoculated to the medium for
culture.

As an additional measure, starch was added to the medium. The use
of charcoal was considered, but rejected, because the resulting medium
was too dark for plate microscopy.

iii) Nutritional Quality

An attempt to improve the nutritional quality of the medium was
made by a change in sterilisation procedure. The method was changed
from autoclaving at a pressure of 15lbs./sq.inch (121°C) for 20 minutes
to autoclaving at a pressure of 10 lbs./sq.inch (115°C) for 20 minutes.
The object was to minimise any deterioratiop in the vitamin content of
the medium caused by overheating during the sterilisation process.

The medium was termed 'Modified Victoria Medium F'. 1Its

composition is shown in Appendix I.



Additional Procedure Used to Identify the Cause of the Batch Phenomenon
K4

These procedures entailed improved quality control. The batch
number of all inoculated blood culture bottles was noted on receipt so
that the number of bottles and isolates in each batch of medium could be
determined. As an extra measure, the batch numbers of the ingredients
used for the preparation of each batch of L-form medium were recorded.
This was done so that any ingredient responsible for batch variation

could be identified.

RESULTS
Studies were made of 1863 culture sets.

i) Nutritional Quality

The altered sterilisation procedure did not improve the recovery of
wall-defective variants.

ii) Quality Control Procedures

The record of the batch numbers of the ingredients used for the
preparation of each batch of L-form medium indicated that there was a
possible association between the batch phenomenon and variation in
batches of yeast extract and brain heart infusion broth.

iii) Inhibitors
The addition of starch to the medium did not improve the recovery

of wall-defective variants.

CONCLUSIONS
1. The batch phenomenon is probably due to variation in the
nutritional quality of some batches of yeast extract and brain heart

infusion broth.



2. The batch phenomenon does not seem to be due to fatty acid
inhibition in the culture medium as judged by the limited criterion of
starch absorption.

3. The batch phenomenon does not appear to be due to

heat-deterioration of nutrients during sterilisation.
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Chapter 10

Identification of the growth factors required by the Wall-defective

Variants of Enterobacteriaceae




IDENTIFICATION OF THE GROWTH FACTORS REQUIRED BY THE WALL-DEFECTIVE VARIANTS OF

ENTEROBACTERIACEAE

INTRODUCTION

Although yeast extract is known to contain thiamine, pyridoxine,
pantothenic acid, folic acid, para—aminobenzoig acid (pABA), biotin,
protein and nucleic acids (Martindale, 1958) neither yeast extract nor
brain heart infusion broth is nutritionally defined. In order to
investigate the growth requirements of wall-defective Enterobacteriaceae
variants, a basic medium was therefore supplemented with different B
group vitamins and tested for its ability to support the growth of these

variants.

OBJECTIVE
The objective was to identify the growth factor required by

wall-defective variants of Enterobacteriaceae.

MATERTALS & METHODS

L-form culture medium

The basic medium chosen for these tests was 'Isosensitest' (Oxoid)
stabilised with sucrose and magnesium sulphate. It was chosen because
it contains no thymidine, folic acid, pABA, riboflavine or cysteine
(Oxoid Manual, 1982) and is therefore a semi-defined medium when these
Group B vitamins are added in known amounts. The following three media

based on 'Isosensitest' were used in succession. Their composition is



shown in full in Appendix I, but may be summarised as follows.
Medium 1. Sucrose/magnesium sulphate stabilised 'Isosensitest' plus
thymidine and riboflavin.

Medium 2. Medium 1 plus nicotinamide.

Medium 3. Medium 2 plus folic acid, pABA and cytosine.

The other materials and methods used were as described in Chapter 7
and in Chapter 9.

The three 'Isosensitest! basea media were used consecutively, not
in parallel. The study was therefore in three stages, a different
'Isosensitest' based medium being used for each stage. The
'Isosensitest' culture medium tested in each stage was inoculated from
the same specimen of blood as the two routine blood culture media. No
attempt was made to inoculate the three 'Isosensitest' based media with
the same specimen of blood so as to give a direct comparison between
them.

To ensure that the primary and pour plate subculture media used for
each specimen contained the same nutrient supplements, overlap between
the three stages of the investigation was not permitted, and inoculation
of inappropriate subculture media was avoided.

The improved records described in Chapter 9 enabled identification
of the type of nutrient supplement used in the primary culture medium
for each inoculated blood culture received. Specimens inoculated into
primary culture medium used at an earlier stage of the investigation
were discarded without examination. The three stages of the

investigation were therefore independent of each other.
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RESULTS
Results are shown in Table 5. The strains studied seemed to require

folic acid with pABA and cytosine.

CONCLUSION

Although these experiments have not been carried out using rigorously
defined or completely synthetic media they do suggest that the variants
under study may be auxotrophs which require a folic acid/pABA/cytosine

mixture for growth and reversion.



Table 5

Semi-defined media. Effect of vitamin additives used in three separate

stages on the recovery of wall defective Enterobacteriaceae variants

from blood cultures in osmotically stabilised 'Isosensitest' blood

culture medium.

Vitamins added to Number of supplemented - Number of blood
supplement blood cultures examined cultures which
osmotically yielded variants

stabilised 'Iso-
sensitest' at each
separate stage

Stage 1
Thymidine

+ 418 0
Riboflavin

Stage 2
Thymidine
+ 519 0
Riboflavin
+
Nicotinamide

Stage 3
Thymidine

+
Riboflavin

+
Nicotinamide

+ 822 6 (0.72%)
PABA

+
Folic Acid

+
Cytosine

Stage 1 Blood cultures between 1st October 1982 - 31lst January 1983.
Total: 4 months.

Stage 2 Blood cultures between 1lst February 1983 - 31st May 1983.
Total 4 months.

Stage 3 Blood cultures between 1lst June 1983 - 31st July 1983 )Total
1st October 1983 - 1st December 1983 ) 6
lst February 1984 - 31st March 1984 )months



Chapter 11

Evaluation of the reversion methods used and

interpretation of the results of reversion.




EVALUATION OF THE REVERSION METHODS USED AND INTERPRETATION OF THE

RESULTS OF REVERSION.

INTRODUCTION

The criteria described for the identification of wall-defective
microbial variants in Chapter 7 were isolation from L-form medium only,
and proof of microbial nature given by reversion to the vegetative
state. The methods used to establish reversion, and the interpretation
of the results of reversion procedures were therefore of crucial

importance.

OBJECTIVE
The object was to evaluate the results given by the use of the
reversion methods described in Chapter 7 and to decide how the results

should be interpreted.

MATERIALS & METHODS

Records were available for 50 Enterobacteriaceae strains which grew
in the primary L-form blood culture medium, but not in either of the two
conventional primary blood culture media. The records were examined in
order to establish the frequency with which isélates from the L-form
medium grew as vegetative colonies or as L-form colonies on subcﬁlture.
The interpretation of these results was also considered, in order to
decide whether the isolates could properly be termed wall defective
microbial variants, and to decide if they were induced or naturally

occurring in type.



RESULTS

There were three types of growth. These were designated Vegetative
Growth, Intermediate érowth and L-form Growth. The type of growth
yielded on culture from each patient is shown in Table 6. Procedures
required for the reversion of each strain are shown in Table 7, and the
reversion procedures successful if obtaining growth are shown in Table
8.

Type 1 Vegetative Growth

Growth on the blood agar plate as well as in the L-form pour plate
was obtained on direct subculture from the primary L-form blood culture
medium in 30 blood cultures. All gave good macroscopically visible
surface growth on the L-form pour plate and only vegetative colonies
were observed by plate microscopy. The vegetative colonies were opaque,
smooth and symmetrical (Chapter 4, Figure 8). No reversion procedure
was required, and it was possible to proceed to examination by Gram
stain and microscopy and species identification forthwith. Microscopy
showed that all the strains were Gram negative bacilli.

All the colonies obtained were vegetative, and no L-form colonies
were yielded even in the L-form medium. Following the classification of
McGee et al., (1971) the members of this group were therefore presumed
to be vegetative forms or transitional phase variants which had reverted
so rapidly that their class could not be determined.

Type 2 Intermediate type of Growth

In 11 blood cultures there was no growth on the blood agar plate
but growth in the L-form pour plate medium as macroscopically visible
surface colonies. The colonies were seen to be wholly or predominantly

of the vegetative type when examined by plate microscopy.
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Figure 16

Culture of E .coli L-form colonies derived from blood culture in

Victoria Medium F. Medium: 0.2% agar plate of Victoria Medium F.

Magnification x 40.
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There was heavy growth in the pour plate medium so as to give an
uncountable growth of colonies. Though different inocula were used for
surface inoculation of blood agar plates and for the inoculation of pour
plate media, the growth density in the pour plate medium was such that
inoculum differences alone could not account for growth failure on the
blood agar plate. Gram stain and microscopy of the pour plate surface
growth showed normal vegetative bacilli in every case, and vegetative
growth was obtained by direct subculture to blood agar plates and by
enrichment culture of agar blocks with subsequent inoculation to blood
agar.

As all members of this group produced neither L-form colonies nor
vegetative colonies on primary subculture to blood agar, they were
presumed to be transitional phase variants according to the
classification of McGee et al., (1971).

Type 3 L-form Growth

Blood cultures from 9 patients yielded growth of this type.

There were two groups.

Blood cultures from 7 patients grew colonies of the L-form type
only. There was no growth on the blood agar plate, and no growth
visible to the naked eye on the surface of the L-form pour plate medium,
but growth in the pour plate medium was evident on plate microscopy.
The colonies grew profusely in the depths of the pour plate, and were
irregular or rhizoid in shape, with a crenated or rhizoid edge. In two
instances growth occurred as 'crystal' colénies (Chapter 4, Fig. 6).
The appearance of classical fried-egg colonies (Fig. 16) was observed
where surface growth occurred, but not, of course, in the depths of the

medium.



Reversion was obtained either by the reversion series method on by
direct subculture of the primary blood culture to the surface of an LFBA
plate with further subculture from the LFBA plate to blood agar to give
final proof of reversion.

Blood cultures from a further 2 patients yielded L-forms as
described above, except that there was also a scanty growth of
vegetative colonies on the pour plate medium. Plate microscopy
confirmed that both L-form and vegetative colonies were present.

Gram stain and microscopy of the pour plate surface growth showed normal
Gram negative bacilli. Despite the fact that there was surface growth,
it was impossible to obtain reversion of the vegetative colonies either
by subculture to blood agar, or by the agar block enrichment method.
However, vegetative growth was obtained byvsubculture of a loopful of
material from the primary blood culture to the surface of an LFBA plate
with further subculture from the LFBA to blood agar to give final proof
of reversion.

These findings provide good evidence that the 9 isolates were true
L-phase variants as defined by McGee et al., (1971). The members of the
first group of 7 organisms appeared to be stable whereas the two
isolates of the second group were unstable as judged by the presence of

vegetative forms in the pour plate medium.

Evaluation of Reversion Methods.

If no growth could be obtained by subculture to blood agar,
reversion was attempted either by the reversion series method or by the
agar block enrichment method together with subculture to LFBA. The agar
block enrichment method failed in 4 of the 46 blood cultures in which it

was attempted. LFBA subculture successfully produced reversion in all 4
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of these cultures and seemed to be a better method of reversion that the

agar block enrichment method.

Interpretation of Reversion Procedure Results

1. Vegetative Growth. The presence of vegetative growth on both blood

agar and L-form pour plate subcultures from the primary L-form medium
may be explained in the following ways.
i) Nutritionally exacting wall-defective microbial variants were able
to grow in the enriched primary blood culture medium because their nutrient
growth requirement was supplied. Some members of this population then
acquired nutritional independence and went on to overgrow their
nutritionally fastidious fellows. In these circumstances, subculture
would be expected to yield a pure, or almost pure, growth of the
nutritionally independent vegetative growth.
ii) Induced wall-defective microbial variants were able to re-grow wall
in the absence of a wall-damaging inducer or in the presence of a low
concentration of the inducer. The Enterobacteriaceae variants isolated
were not like lysozyme induced L-phase variants so it was possible that
they had been induced by beta-lactam antibiotics.
iii) Growth only in the primary L-form medium occurred by chance, the
vegetative isolates were ordinary vegetative bacteria frpm the outset,
and no reversion process was involved.

The existence of the batch phenomenon seemed to negate this theory,
as the exclusive inoculation of the L-form blood culture medium with
bacteria would be expected to occur at random, not in association with

particular batches of medium.



Unfortunately, statistical analysis was not feasible, because the
anticipated event (the isolation of Enterobacteriaceae from the three
primary blood culture media) occurred too infreguently. Accordingly,
this possibility could not be absolutely rejected.

iv) Wall-defective microbial variants of the transitional phase variant
type were present in the original inoculum of blood. These required
osmotic stabilisation, and therefore grew only in the osmotically
stabilised L-form medium. However, they reverted very rapidly to yield

only vegetative growth on subculture.

2. Intermediate type of Growth

Vegetative growth which appeared only in the L-form pour plate
medium and which could in turn be subcultured to ordinary blood agar
might have originated from reversion of naturally occurring or beta-
laptam induced wall-defective microbial variants. The feature peculiar
to this group was the occurrence of pure culture of vegetative growth in
the pour plate medium, while the blood agar plate was sterile. This
inferred that autolysin inhibition might be required before bacteria in

this group could initiate walled growth, whatever their origin.

3. L-form Growth

The strains which refused to grow on ordinary blood agar or in
enrichment media needed a substance present in the original specimen of
blood in addition to the nutrients present in the L-form medium, in
order to give normal vegetative growth. The nutrient requirement of
these strains suggested that they might be auxotrophs. Once normal
vigorous growth on the surface of a nutritionally supplemented blood

agar plate (LFBA) had been obtained, it was possible to subculture the
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bacteria to ordinary media. A proportion were therefore evehtually
capable of nutritional independence.

It was unlikely that the bacteria were beta-lactam induced
wall-defective microbial variants because the LFBA inoculum was taken
from the primary blood culture medium, and any inducer present should
have perpetuated the wall-defective state. However, it was conceivable
that deterioration of a beta-lactam inducer in the primary blood culture
had reached a point.where reversion was possible. Final consideration
of this theory depended on evidence of beta-lactam administration before

the blood cultures were taken, and this is considered in Chapter 13.

CONCLUSIONS

1. Reversion methods

Subculture to LFBA, using an inoculum taken from the primary blood
culture medium, was a better method of reversion that the agar-block

enrichment method.

2. Interpretation of Reversion Procedure Results

a) Vegetative Growth. Vegetative growth may have originated from
the reversion of a proportion of naturally occurring wall-defective
microbial variants to normal growth, or alternatively there may have
been mass reversion of induced wall-defective microbial variants to the
walled state. Some vegetative growth perhaps required autolysin
inhibition for culture.

Some vegetative growth may have appeared exclusively in the medium
by chance.

b) L-form Growth. The L—phase variants isolated were presumed to
be naturally occurring rather than Beta—lactam induced, but the latter

possibility could nbt be entirely excluded.
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SECTION V

CLINICAL ASPECTS OF INFECTION DUE TO WALL-DEFECTIVE

VARIANTS OF ENTEROBACTERIACEAE




Chapter 12

Clinical Features




CLINICAL ASPECTS OF INFECTION DUE TO WALL-DEFECTIVE VARIANTS OF

ENTEROBACTERIACEAE

INTRODUCTION

There is little clinical information about infection due to
wall-defectve microbial variants, though there may be an association
with urinary tract infection of the chronic relapsing type (Guze &
Kalmanson,’1964; Gutman et al., 1965; Gutman, Schaller & Wedgwood, 1967;
Domingue & Schlegel, 1970; Brogan, 1977; Garrod, Lambert & O'Grady,

1981).

TERMS USED

L-form Group

In blood cultures from 50 patients, the isolation of
Enterobacteriaceae strains was in L-form medium only. This group is
referred to as the 'L-form group' to denote that primary isolation was
from L-form blood culture medium only. It contains all 53 isolates made
from the 50 blood cultures and therefore all the presumed wall-defective
variants now characterised below.

Vegetative Group

In 50 patients, isolation of Enterobacteriaceae in the primary
blood culture medium was in ordinary culture medium alone or in the
L-form medium and also in one or both ordinary culture media. This was
the vegetative group.

Acute Urinary Tract Infection

This term was applied to the first recorded episode of urinary

tract infection.



Chronic Urinary Tract Infection

This term was applied when there was a history of more than one
previous episode of urinary tract infection. Two types of chronic
urinary tract infection could be distinguished, namely;- chronic

recurrent urinary tract infection, in which repeated infections were

caused by different strains of bacteria and chronic relapsing urinary

tract infection in which repeated infections were caused by the same

bacterial strain.

CHARACTERISATION OF WALL-DEFECTIVE VARIANTS ISOLATED

FROM 50 BLOOD CULTURES.

The 53 isolates of presumed wall-defective variants isolated from
50 blood cultures using L-form media were classified by morphological
and cultural studies as described in Chapters 7 and 10. As the general
bacteriological characteristics of the 53 variants have already been
described in these Chapters, no further description of the methods used
is required here. As in Chapter 11, the 53 isolates. could be grouped
into 3 classes as follows:
The vegetative group contained 30 members presumed to be either
unaltered vegetative forms or transitional phase variants (McGee et al.,
1971) that had reverted so rapidly to the vegetative state that they
could not be studied further. The intermediate group contained 13
members which never showed the true characteristics of wall-defective
variants. They'did not produce vegetative forms on primary subculture
to blood agar plates incubated in an atmosphere of 5% carbon dioxide in
air, but yielded a heavy growth of vegetative colonies in pour plates of
L-form medium incubated in an atmosphere of 5% carbon dioxide in air.

The true L-form group contained 10 members. These were all classical



L-phase variants according to the classification of McGee et al.,

!
(1971). They gave serial replication in a distinctive colonial form,
either as typical "fried egg'" colonies at the surface of the agar, or in
deep agar as crystal colonies or typical deformed colonies. Of these 8
were stable, but two seemed to be unstable, as judged by the appearance
of vegetative forms on primary subculture of the blood culture specimens

to pour plates of L-form medium incubated in an atmosphere of 5% carbon

dioxide in air.

OBJECTIVE

The object was to analyse patient data in terms of:

1. General Features

Age and sex, principal diagnosis, source of septicaemia and species
of infecting bacterium.

2. Features of Urinary Tract Infection

If a urinary tract infection was the source of septicaemia, the
points noted were whether the infection was acute or chronic, and if

chronic, whether it was of the recurrent or relapsing type.

MATERIALS & METHODS

The clinical features of 50 patients from whom Enterobacteriaceae
variants were isolated by blood culture were compared with those of 50
patients from whom ordinary vegetative Enterobacteriaceae were isolated

by blood culture.



Selection of Patients

When é patient was found to have septicaemia due to wall-defective
coliform variants, whether of the vegetative, intermediate or true
L-form type, he was assigned to the L-form group. The next patient to
have a vegetative coliform septicaemia was then assigned to the
vegetativevgroup. This was continued until there were 50 patients in

each group.

RESULTS

1. General Features

Age and Sex. The hospital group from which the patients were drawn
did not have a paediatric unit. Most blood cultures were fecéived from
patients over the age of>12 years. The age and sex distribution were
similar in both the L-form and the vegetative group (Table 9).

Principal Diagnosis. In most patients the episode of septicaemia

was incidental to another illness. Tablesld and 11 show the principal
diagnosis in each patient. In Table 12 the principal diagnoses are
grouped into five broad categories. The pattern of disease was similar
in both groups.

Source of Septicaemia. The urinary tract was the most common

source of. infection in both éroups. The urinary tract was the focus of
infection in 28 (56%) patients in the L-form group, but in only 19 (38%)
of the vegetative group (Table 13). This difference was not significant
(Chi-square test results; test statistic, 3.24; degrees of freedon, 1;
significance level, 0.10).

Species of Infecting Bacterium. Most isolates were E. coli. The

distribution of species between the two groups was broadly similar

(Table 14).



2. Features of Urinary Tract Infection. Type of Infection:

Acute or Chronic.

Most patients in both the L-form and the vegetative groups had an
acute urinary tract infection, and df these a large proportion in both
groups was associated with catheterisation. The number of patients who
had chronic infection was small in both groups (Tables 15 and 16).
Chronic relapsing infection was a feature of the L-form group rather
than of the vegetative group (Tables 17 and 18). The sample numbers
were too small for statistical analysis.

3. Outcome of Infection.

Three months after the septicaemic episode the proportion of
patients who had recovered or died was similar in both groups (Table
19). (Chi-square test results: Test statistic, 1.09; degrees of
freedom, 1; significance level, less than 0.10). Death was directly
attributable to the sepficaemia in only two patients, both of whom were

in the L-form group.

COMMENT

Clinical features in both groups were essentially similar. There
was a slight preponderance of urinary tract source septicaemias in the
L-form group. Of the small number who had chronic relapsing infection
of the urinary tract as a source of septicaemia, most were in the L-form
group.

The results suggest that infection due to wall-defective
Enterobacteriaceae variants occurs most often in the urinary tract, and
that such wall-defective variants may occur in chronic relapsing urinary

tract infection more often than vegetative bacteria.



Table 9

Age and sex of the patients studied

L-form group Vegetative group

Age

Average 63.95 years* 64.20 years**

Median 67 years 68 years

Upper quartile 74 years 74 years

Lower quartile 57 years 54 years

Range 21-94 years 20-90 years
Sex

Male 23 (46%) 23 (46%)

Female 27 (54%) 27 (54%)

* L-form group : age identified in 49/50 patients.

**  Vegetative group : age identifiedin 50/50 patients.
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Principal diagnosis

Table 12

: main categories

Diagnosis L-form group Vegetative group
Malignancy 13 (26%) 16 (32%)
Pyelonephritis 8 (16%) 7 (14%)
Cholecystitis

or 6 (12%) 5 (10%)
Cholangitis
Benign Prostatic 6 (12%) 2 (4%)
Hypertrophy
Miscellaneous 17 (34%) 20 (40%)
TOTAL 50 (100%) 50 (100%)




Source of Septicaemia

Table 13

Source Code L-form group Vegetative group
Urinary tract uT 28 (56%) 19 (38%)
Bowel/Alimentary
tract B 10 (20%) 16 (32%)
Biliary tract BT 6 (12%) 5 (10%)
Soft Tissue ST 3 (6%) 4 (8%)
Respiratory tract RT 1 (2%) 3 (6%)
Infected prosthesis P 0 (0%) 2 (4%)
Unknown ? 2 (4%) 1 (2%)
TOTAL 50 (100%) 50 (100%)




Species of infecting bacterium

Table 14

Species

L-form group

152.

Vegetative group

Escherichia coli 33 (66%) 29 (58%)
Escherichia coli +

Citrobacter freundii 1 (2%) 0 (0%)
Aeromonas sp. 0 (0%) 1 (2%)
Serratia marcescens 0 (0%) 1 (2%)
Klebsiella/

Enterobacter species 4 (8%) 8 (16%)
Salmonella sp. 3 (6%) 3 (6%)
Acinetobacter sp. 0 (0%) 1 (2%)
Proteus/

Providence sp. 9 (18%) 7 (14%)
TOTAL 50 (100%) 50 (100%)




Table 15

Type of urinary tract infection :

acute or chronic

a) L-form group of 50 patients.

in 28 (56%).

ACUTE INFECTION

Urinary tract source of infection

CHRONIC INFECTION

Catheter-associated

Catheter-associated Other Other
Number of
Patients 11 (22%) 10 (20%) 1 (2%) 6 (12%)
TOTAL : 28 21 (42%) 7 (14%)




Table 16

Type of urinary tract infection : acute or chronic

b) Vegetative group of 50 patients. Urinary tract source

of infection in 19 (38%).

ACUTE INFECTION CHRONIC INFECTION
Catheter-associated Other Catheter-associated Other
Number of
Patients 10 (20%) 6 (12%) 1 (2%) 2 (4%)

TOTAL : 19 16 (32%) 3 (6%)




Table 17

Type of chronic infection : recurrent or relapsing

a) L-form group of 50 patients. Chronic urinary'tract

infection ipn 7 (14%).

Recurrent infection Relapsing infection

Number of ’
Patients 2 (4%) 5 (10%)

Total : 7 (14%)




Table 18

Type of chronic infection : recurrent or relapsing

b) Vegetative group of 50 patients. Chronic urinary

infection in 3 (6%).

Recurrent infection Relapsing infection

Number of
Patients 2 (4%) 1 (2%)

Total : 3 (6%)



Table 19

Outcome of infection

Group Recovered Died No record Total
available

L-form 26 (52%) 20 (40%) 4% (8%) 50 (100%)

Vegetative 31 (62%) 19 (38%) 0 50 (100%)

* patients transferred to another hospital



Chapter 13

The influence of therapeutic drugs on the selection of

wall-defective microbial variants

A atdigd



THE INFLUENCE OF THERAPEUTIC DRUGS ON THE SELECTION OF WALL-DEFECTIVE
MICROBIAL VARIANTS

INTRODUCTION

The importance of the folic acid/pABA/cytosine content of the
culture medium for the growth of wall-defective Enterobacteriaceae
variants suggested firstly, that the variants which had been isolated
were nutritionally exacting, and secondly, that infection caused by such
organisms might be encouraged by the therapeutic administration of folic
acid or its analogue cotrimoxazole. There is evidence that
nutritionally exacting bacteria may be selected in vivo by structural
analogues of essential bacterial nutrients. Some common therapeutic
drugs are vitamin analogues and may have this effect. Examples are the
menadione analogue Warfarin and the effect of cotrimoxazole and the
barbiturates as thiamine analogues. Furthermore, gentamicin may have
the potential to select nutritionally exacting strains, because they are
sometimes more resistant to gentamicin than normal bacteria (Acar,
Coldstein & Lagrange, 1978).

This implies that the traditional stress on the importance of
beta-lactam selection of wall-defective variants may be over-emphasised,
and that the possibility of selection by vitamins, vitamin analogues and

gentamicin is worth consideration.

OBJECTIVE

The object was to decide whether the administration of vitamins and
their analogues predisposed to infection due to wall-defective
Enterobacteriaceae variants, and to determine whether either beta-lactam
antibiotics or gentamicin exerted a selective pressure towards variant

growth.



MATERIALS & METHODS

1. Treatment Records

The treatment records of the 50 L-form group patients and the 50
vegetative group patients were examined retrospectively. The drugs
administered in the 48 hours before the withdrawal of blood cultures
were recorded. In the case of nicotine and alcohol a history of
excessive intake immediately before hospital admission was noted. Drugs
were divided into three groups:

i) Selective Agents. Gentamicin, beta-lactams.

ii) Vitamins and Vitamin Analogues. Vitamins: folic acid, vitamin BiZ2,

vitamin B complex preparations. Vitamin analogues: barbiturates
(thiamine), trimethoprim (thiamine), sulphonamide (pABA), warfarin
(menadione), nicotine (nicotinamide).

iii) Miscellaneous Drugs (including alcohol).

2. Antibiotic Sensitivity Tests.

The results of antibiotic sensitivity tests on the coliforms were
noted. Antibiotic sensitivity tests were performed by the disc
diffusion method of the Association of Clinical Pathologists, using the
Oxford Staphylococcus (NCTC 6571) as the control organism (Stokes &
Waterworth, 1972). Variant strains were tested after reversion to the

vegetative state.

RESULTS

1. Treatment Records.

i) Selective Agents. The results are shown in Tables 20 and 21. The

number of patients who received either an aminoglycoside or a beta-
- lactam before blood cultures were taken was small. Aminoglycoside

administration was more common in the L-form group and beta-lactam



LOL

administration in the vegetative group. The sample numbers were too
small for statistical analysis.

ii) Vitamins and Vitamin Analogues. The incidence of folic acid and

cotrimoxazole administration was higher in the L-form group (Table 22 ).
The difference was statistically significant. (Chi-square test results:
test statistic, 11.4; degrees of freedom. 1: significance level,
0.0001).

iii) Miscellaneous Drugs. The commonest drugs were diuretics and

digoxin. Their use was more frequent in the vegetative group. The
other common drugs were hormone preparations and alcohol, and their
incidence of use was similar in both groups. The number of patients who
received barbiturates was the same in both groups.

Antibiotic Sensitivity Tests. (Table 23)

The L-form group isolates were more often resistant to sulphonamide
than the vegetative isolates. This was statistically significant
(Chapter 15).

There was no significant difference in the other antibiotic
sensitivity test results. The sole point of note was that the only two

gentamicin resistant strains were in the L-form group.

COMMENT

1. The proportion of the patients treated with the folic acid/
cotrimoxazole in the 48 hours preceding septicaemia was greater in the
L-form group than in the vegetative group. This supported the
conclusion made from culture medium tests (Chapﬁer 10, Table 5) that
folic acid was required.

2. A larger proportion of the reverted variant strains were resistant

to sulphbnamide than the bacteria cultured directly which formed the



vegetative group. This supported the idea that sulphonamide was the

important element in cotrimoxazole.
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Chapter 14

Treatment of infection due to wall-defective microbial variants.




TREATMENT OF INFECTION DUE TO WALL-DEFECTIVE MICROBIAL VARIANTS

INTRODUCTION

There are a few accounts of the treatment of infectioﬁ due to
wall-defective variants. It has been suggested that protein synthesis
inhibitors might be effective, and erythromycin has been used with
apparent success, usually in conjunction with ampicillin (Gutman,

Schaller & Wedgwood, 1967; Garrod, Lambert & O'Grady, 1981; May, 1975).

OBJECTIVE
The object was to analyse patient data for the L-form group and the
vegetative group to see if there was any difference in the antibiotic

treatment given.

MATEhIALS & METHODS

The treatment records of the 50 L-form group patients and the 50
vegetative patients were examined retrospectively. The antibiotics

used to treat each episode of septicaemia were recorded.

RESULTS

Compared with the patients in the vegetative group, fewer patients
in the L-form group received an aminoglycoside alone (Table 26) whereas
more were given a combination of antibiotics (Tables 24 and 25).
Excluding the patients who did not receive any antibiotic treatment,
this difference in the two groups was statistically significant (Chapter

15).



COMMENT !
Infections in the L-form group were apparently less responsive to

antibiotic treatment than in the vegetative group.



(%00T)0S  :Te30L
N&WMMIM& quaulBad] Ou POATadad oym sjusTied T30l
(%c2) TT "pszpmugp OT3O0TQIjUE J9Ul0 pPoOATod9J oym sjusaijzed Teizol
(%v€) LT :DT30TQI3UB JOU3OUB U3 IM UOIZBUIQWOD UT 9pIsSodATBoutuwe peATeOaa oym sjustied Te30[
(%02) o1 :9UOTE 9PISOOATBOUTWE POATLEOSaJ oym sjusijzed Tejzol
cI T T T 8 T T T c c € T 9 0T sjuatied Tej3ol
- S — - - + + - - - = - = - SPTTOJIOE
- + - - - - - + + + - - - - 9TOZEBXOoWTI307)
- - - + - - - - - - - - - - utaodsoteyds)
- - + + + - - - - + + + - - wejoeT—-e3og
- - + - = + - + - - - % + - 9TOZEpTUOI}
- - - - - + + + o+ + + + + + ap1sooLT3outuy

jusu}esJy} OTFOTQTRUB JBY3zQ ~  UOTJBUTqWOD SpTsodATdoutuwy/spisodATdoutuy

Jjusujesaal ON pesn UOT3BUTQWOD OT30T(T3UB/OT30TQTIUY OT30TqTiUyY

dnoa8 waoj-~] ‘erweeoTqdes JO jUsW3IESJ] JOJ PoOsSn SOT10T]qIIUY

vc °1qelL



(%00T)0S  :Te30L
(%02) o1 rquowlead) OU POATddaJ oym sjustied TelO]
(%0T) . L :qusujesd) OI30TQIjUE JBU30 POATLddJd oym sjustied Tejol
A&vmv ¢t :OTQ0TQTIjUR JoYyjoue U3 IM UOT3BuUIquWOoD UT SpPISOOATBoUuTWE PSATSO8J Ooym sjustied TelO]
((%2v) 12 :ouoTe opIsooATBoutwe psATadsd oum sjustied Tel0%
0t € v v T c T v 1¢ sjustjed Tej3of
- - - + - - - - - SpTIOJIOE|
- + - - + - - - - 9TOZBXOWTJI}0)
- - - - - - - - - utaodsoTeyds)
- - + - - + + - - wejoeT-e39g
- - - - - - + + - 9TOZBPTUOI] Y
- - - + + + + + + op1sooLBoutuy

juswiesdy OT30TqTAUBR JI8UlQ uUoT1BUTqWOD SpTISooATdouTuy/spISooATIoutuy

juswjesdal ON pPasn UOT3BUTQUOD OT30TQTIUB/OT30TQTRUY OT30TqTI3uyY

dnoad saT3jej039) ‘erwsedoTjdes JO juswiesd} JOJ poasn SOT3O0TQTRUY

G¢ 9TqEl



Table 26

Antibiotics used for the treatment of septicaemia.

Use of aminoglycosides.

L-form and vegetative

groups of patients compared.

Antibiotic regime

Total Patients

L-form group

Vegetative group

Aminoglycoside alone 10 (20%) 21 (42%)
Aminoglycoside + another 17 (34%) 12 (24%)
antibiotic

Other antibiotic treatment 11 (22%) 7 (14%)
(no aminoglycoside)

No antibiotic treatment 12 (24%) 10 (20%)
Total patients 50(100%)

50(100%)




Chapter 15

Statistical calculations
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STATISTICAL CALCULATIONS

INTRODUCTION

Statistical analysis was used to examine the following hypotheses:
a) That the predisposing factor for infection due to wall-defective
microbial variants rather than vegetative infection was prior
administration of folic acfd or its analogues. The assumption here was
that if the wall-defective Enterobacteriaceae variants were auxotrophs
dependent on a folic acid metabolite, there should be a higher incidence
of prior administration of folic acid and its analogues in the L-form
group.
b) That the wall-defective Enterobacteriaceae variants were more
often resistance to sulphonamide than vegetative Enterobacteriaceae.
The assumption here was that if the wall-defective variants of
Enterobacteriaceae were nutritionally dependent on the folic acid
analogue sulphonamide, there should be a higher incidence of
sulphonamide‘resistance in the L-form group. Such a finding would
support the idea that the wall-defective Enterobacteriaceae variants
isolated were auxotrophs.
c) That infections due to wall-defective Enterobacteriaceae variants
were more resistant to treatment with aminoglycoside alone than
vegetative infections. The assumption here was that if infections due
to wall-defective Enterobacteriaceae variants were more difficult to

treat with aminoglycoside, it was because the wall-defective variants



displayed a special type of resistance found in nutritionally eﬁacting
bacteria. This type of resistance cannot be detected by the disc
diffusion test using strains reverted to the vegetative state as test

organisms (Acar, Goldstein & Lagrange, 1978).

OBJECTIVE
The object was to apply statistical analysis to help to decide
whether the wall-defective Enterobacteriaceae variants isolated were

auxotrophs or not.

METHOD

A two by two contingency table was used to examine the data on the
hypothesis. This was to ascertain whether the breakdown of frequencies
between the L-form and vegetative groups could have occurred under the
null hypothesis, that is, that there was no significant difference
between the two groups. The formulae used were based on the chi-square
test. The chi-square test is a method of comparing observed
experimental results with theoretically expected results. The larger
the chi-square, the greater the probability of a real divergence of

experimentally observed from expected results. The null hypothesis is

the hypothesis of equal probability (P). The null hypothesis may be
discarded whenever P is 0.05 or less. Additional formulae were used as
well as the simple chi-square formula, because of the limitations of the

chi-square test.

Limitations of the Chi-Square Test

When table entries are fairly large, chi-square (X°) gives an

estimate of divergence from the hypothesis close to that obtained by



other measures of probability. The limitations are that:-

i) X* is not stable when computed from a table in which any

experimental frequency is less than five (e.g. the tables applied to

hypotheses (a) and (b) ).
ii) When the table is 2 x 2 fold (degrees of freedom = 1) X° is

subject to a considerable error unless a correction for continuity

1/60.

(Yates correction) is made. The error arises because the test curve is

not continuous in 2 x 2 tables, especially when the entries are small.

The correction consists in subtracting 0.5 from each (observed -

expected) difference. Failure to use the correction causes the

probability of a given result to be underestimated. Thus the chances

of its being called significant are increased.

Formulae used

i) Simple Chi-Square Formula (Garrett, 1964 ; Gilmour, 1984).

X? = the sum of (observed - expected)?

expected
ii) Chi-Square Formula incorporating a Correction for Continuity
(Garrett, 1958).

An additional formula which incorporates a correction for
continuity, but which is used without computing the four expected
frequencies.

The corrected formula was:-

X* = N( (AD - BC) - N/2)?

(A+B) (C+D) (A+C) (B+D)
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HYPOTHESIS (a)

The predisposing factor for infection due to wall-defective
variants of Enterobacteriaceae rather than vegetative infection is prior

administration of folic acid or its analogues (e.g. cotrimoxazole).

INDEX

The frequency of prior treatment with folic acid and/or

cotrimoxazole was compared for the L-form group and the vegetative

group.
NUMBERS: Total patients in the L-form group = 50
Total patients in the vegetative group = 50
i) Chi-square calculation
Observed 'o! L-form  Vegetative Total
group group
Folic acid or analogues given 18 4 22
Folic acid or analogues not given 32 46 78
50 50 100

Expected 'e!
Total patients given folic acid or analogues (L+V)
= 22/100 = 22%

Therefore: expected folic acid/analogues in L group



expected folic acid/analogues in V group

= 22 x 50 =11

100
expected no folic acid/analogues in L group
= 50 - 11 = 39
expected no folic acid/analogues in V group
=50 - 11 = 39
Calculations: sum of (o - e)?

e

(18 - 11)? + (4 - 11)? + (32 - 39) + (46 - 39)?

11 11 39 ' 39
=49 + 49 + 49 + 49
11 11 39 39
= 4,45 + 4.45 + 1.25 + 1.25
=11.5
Test statistic = 11.5 Degrees of freedom'= 1.

P = <0.0001.

Accordingly the groups examined are significantly different.

ii) The Chi-square formula incorporating a correction for continuity

used without computing the four expected frequencies.

Observed L-form Vegetative Total
group group
Folic acid or its analogues given A = 18 B=4 A+B =

Folic acid or its analogues

not given C 32 D = 46 C+D =

22

78

A+C

50 B+D = 50 N

100
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X2 = N( (AD - BC) - N/2)?
(A +B) (C+D) (A+¢C) (B +D)

X2 = 100( (828 - 128) - 50)2
22 x 78 x 50 x 50

X* = 100 (700 - 50)
4290000

= 69950°
4290000

= 9.84
Test statistic: 9.84 Degrees of freedom =1
P = <0.01.
Accordingly the groups examined are significantly different.
Conclusion: The prior administration of folic acid and/or its analogues
is a predisposing factorrfor infections due to wall-defective variants

of Enterobacteriaeceae.

HYPOTHESIS (b)
Wall-defective variants of Enterobacteriaceae are more often

resistant to sulphonamide than vegetative Enterobacteriaceae.

INDEX

The number of sulphonamide resistant strains in the L-form group
was compared with the number of sulphonamide resistant strains in the

vegetative group.

NUMBERS: Total strains in the L-form group.
50 less 20 strains for which there were

inadequate records = 30.



i)

Total strains in the vegetative group.

50 less 29 strains for which there were

inadequate records = 21.

Chi-Square Calculation

Observed ‘o!

Sulphonamide sensitive

Sulphonamide resistant

Expected te!

Total strains sulphonamide resistant (L+V)

= 33.33%

L-form  Vegetative Total
group group
16 18 34
14 3 17
30 21 51
= 17/51
resistant

Therefore: expected number of sulphonamide

strains in L group = 30 x 33.33 = 9.99

100

expected number of sulphonamide sensitive

strains in L group = 30 - 9.99 = 20.01

expected number of sulphonamide resistant

strains in V group = 21 x 33.33 = 6.99

100

expected number of sulphonamide sensitive

strains in V group = 21 - 6.99 = 14.01

Calculation: sum of (o - e)?
e

(14 - 9.99 + (3 - 6.99)?

9.99 6.99

= 16.08 + 15.92 + 16.08
9.99 6.99 20.01

+

(16 — 20.01)2 + (18 - 14.01)%

o+

20.01

15.92
14.01

14.01



1.60 + 2.27 + 0.80 + 1.13

= 5.80
Test statistic = 5.80 Degrees of freedom = 1
P =<0.05

Accordingly the groups examined are significantly different.

ii) Chi-square formula incorporating a correction for continuity used

without computing the four expected frequencies.

Observed L-form Vegetative Total
group group
Sulphonamide sensitive A =16 B = 18 A+B = 34
Sulphonamide resistant» C =14 D= 3 C+D = 17
A+C = 30 B+D = 21 N = 51

X* = N( (AD- BC) - N/2)?
(A+B) (C+D) (A+C)(B+D)
X = 51 ( (252 - 48) - 51/2)%
17 x 34 x 30 x 21
xX* = 51 x (178.5)%
364140
X2 = 4.4625

Test statistic: 4.4625 Degrees of freedom =1
P =<0.05

Accordingly the groups examined are significantly different.

Conclusion: Wall-defective variants of Enterobacteriaceae are more

often resistant to sulphonamide than vegetative Enterobacteriaceae.



HYPOTHESIS {c)

Infections due to wall-defective variants of Enterobacteriaceae
are more resistant to treatment with aminoglycosides alone than

vegetative infections.

INDEX

The frequency with which patients were treated with
aminoglycosides alone, or with another antibiotic regime was compared.
NUMBERS: Total patients in the L-form group.

50 less 12 patients who received no treatment
= 38.

Total patients in the vegetative group.

50 less 10 patients who received no treatment

= 40.

Chi-square calculation

Observed 'o! L-form  Vegetative Total
group group
Aminoglycoside only 10 21 31
Other Antibiotic treatment 28 '19 47
38 40 78

Expected 'e!

Total patients treated with aminoglycoside only (L+V)
= 31/78 = 39.7%

Therefore: expected aminoglycoside only in L group

=38 x 39.7 = 15
100



expected other treatment in L group

= 38 - 15 =

3

expected aminoglycoside only in V group

= 40 x 39.7
100

expected other treatment in V group

= 40 - 15.88

Calculation: sum of (o - e)

(10 - 15)* + (21 - 15.88)2 + (28 - 23)2

15 15.88 23

l1.66 + 1.65 + 1.08 + 1.08

5.47

Test statistics = 5.47 Degrees of freedom = 1.

P = <0.05

+

15.88

24

.12

a4

(19 - 24.12)?

24.12

Accordingly the groups examined are significantly different.

Or, by the additional formula which incorporates a correction for

continuity:-

XZ

N( (AD - BC) - N/2)?

(A+B) (C+D) (A+C) (B+D)

Observed . L-form Vegetative Total
group group
Aminoglycoside only A =10 B=21 A+B = 31
Other antibiotic treatment C =28 D =19 C+D = 47
A+C = 38 B+D = 40 N = 78

78( (588 - 190) - 39)°

31 x 47 x 38 x 40



T e

X = 78 (398 - 39)°
31 x 47 x 38 x 40

X* = 78 (359)2
31 x 47 x 38 x 40

X¥ = 4.5
Test statistic: 4.5 Degrees of freedom = 1.
P = <0.05

Accordingly the groups examined are significantly different.

Conclusion: Infections due to wall-defective variants of
Enterobacteriaceae are more resistant to treatment with aminoglycoside

alone than vegetative Enterobacteriaceae infections.

CONCLUSIONS

1. The prior administration of folic acid or its analogues is a
predisposing factor for infection due to wall-defective variants of
Enterobacteriaceae.

2. Wall-defective variants of Enterobacteriaceae are more often
resistant to sulphonamide than vegetative Enterobacteriaceae.

3. The wall-defective variants of Enterobacteriaceae are more
resistant to treatment with aminoglycosides alone than vegetative
Enterobacteriaceae infections.

4. The wall-defective variants of Enterobacteriaceae may be

auxotrophs which are selected by folic acid or its analogues.



SECTION VI

WALL-DEFECTIVE STREPTOCOCCAL VARIANTS
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Introduction
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INTRODUCTION

There is now a considerable body of evidence to show that wall-defective
streptococcal variants are biologically and clinically a most impgrtant
group of brganisms. The majority of these variants are auxotrophs,
pyridoxine-dependent, nutritionally-variant satelliting organisms, often
of diphtheroid morphology. Although they are wall-defective, they are
not analogous to the L-phase variants of McGee et al., (1971) in that
they do not replicate on agar as the distinctive L-form 'fried egg'
colony. The clinical importance of these wall-defective streptococci
fully justifies their inclusion in this Thesis.

They occur as oral commensals (Tomley & Russell, 1978) and may be
pathogenic in bacterial endocarditis (Cayeux, Acar & Chabbert, 1971;
Lancet, 1977; Roberts & Sidlak, 1979; Narasimhan & Weinstein, 1980;.
Feder et al., 1980) in otitis media (Frenkel & Hirsch, 1961) and
puerperal sepsis (McCarthy & Bottone, 1974). Some are of veterinary
interest (Higgins, Biberstein & Jang, 1984).

The nutritional requirements of such viridans streptococci are
extremely variable (Bouvet & Acar, 1977). In some instances the
required nutrients may be supplied simply by growth in symbiosis with
other bacteria (McCarthy & Bottone, 1974; Bouvet & Acar, 1977; George &
Healing, 1978). In other insténces specific growth factors must be
supplied. The growth factor required is usually Vitamin B6, as
pyridoxine, pyridoxal or pyridoxamine (George, 1974; Carey, Brause &
Roberts, 1977; Carey, 1978; Cooksey, Thompson & Facklam, 1979; Peterson,

Cook & Burke, 1981; Tillotson, 1981).



The pyridoxine requirement may be dispensed with under certain
conditions. Bouvet, Van de Rijn and McCarty (198l1) found that
pyridoxine was required in a nutritionally complex medium but not in a
semi-synthetic medium. Sometimes sulphydryl compounds such as cysteine
or thioglycollate are needed (Frenkel g Hirsch, 1961; Cayeux, Acar &
Chabbert, 1971; McCarthy & Bottone,71974; Bouvet & Acar, 1977; George &
Healing, 1978) though cysteine alone may be insufficient for isolation
(Washington, Hall & Warren, 1975). The connection between Vitamin B6
and sulphydryl compounds is'that pyridoxal acts as a co-enzyme in the
synthesis of both the amino acid cysteine and the cell wall component
D-alanine (Bouvet & Acar, 1977).

The nutritional requirement of streptococcal auxotrophs is not
confined to sulphydryl/pyridoxal. Some of the strains described need
yeast extract or a substance supplied by fresh blood (Bouvet & Acar,
1977; Tillotson, 1981).

Opinion on the use of nutritionally supplemented primary blood
culture medium is divided. Though George (1974) found that pyridoxine
had no adverse effect on growth, others emphasise that pyridoxine
(Sherman & Washington, 1978) or an excess concentration of pyridoxal or
cysteine (Carey, 1978) may be inhibitory, and do not recommend the use
of supplemented primary media for this reason. It is held that the
problem is not one of primary isolation from blood cultures, since the
pyridoxal content of human blood is sufficient to support growth on
solid media (Tillotson, 1981).

The problem of isolating wall-defective streptococcal variants in
septicaemia is therefore threefold. Firstly, it concerns their
recognition in the primary blood culture medium, and here the important

procedure is the examination of a Gram stained film from the primary
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blood culture. The second difficulty is to obtain growth on
subculture. The third and crucial point is to decide whether the

primary blood culture medium should be nutritionally supplemented.



Chapter 17

Isolation of Wall-defective Streptococcal Variants from blood

cultures by the Satellitism Method




ISOLATION OF WALL-DEFECTIVE STREPTOCOCCAL VARIANTS FROM BLOOD CULTURES

BY THE SATELLITISM METHOD

INTRODUCTION

Bouvet and Acar (1977) isolated wall-defective streptococcal
variants from blood cultures in bacteriél endocarditis patients, using
streptococcal satellitism round a staphylococcus to obtain growth on
plate culture. Primary culture media were either plain broth or a

broth supplemented with growth factors or with saccharose.

OBJECTIVE
The object was to evaluate the satellitism method for the isolation of

wall-defective streptococcal variants.

MATERIALS & METHODS

Selection of Material. Blood cultures from patients with

suspected bacterial endocarditis were chosen for examination. They
were selected on the basis of the clinical history supplied on the
laboratory request form. A clinical diagnosis of bacterial
endocarditis or history of rheumatic or congenital heart disease was
;ufficient for inclusion.

Blood Culture Media and Incubation Conditions. The primary blood

culture medium was a single bottle of brain heart infusion broth (0Oxoid)
inoculated at the bedside as part of a three bottle culture set.
Incubation was continued for 7 days at 37°C in an atmosphere of 5%
carbon dioxide in air. A loopful was then subcultured to each of two
5% horse blood agar plates. A streak of the 'Oxford' staphylococcus

(NCTC 6571) was plated over the well of the inoculum. One plate was



incubated in 5% carbon dioxide in air, the other anaerobically using the

LY.

BBL 'Gaspak' system (65% hydrogen with 5% Carbon dioxide). The plates were

examined after 24 hours incubation.

RESULTS

122 blood cultures from 91 patients were examined over a six month

period. No wall-defective streptococcal variants were found.
COMMENT
i) Culture Media. It is possible to grow wall-defective

streptococcal variants from blood cultures using simple primary media.
Sometimes nutritionally supplemented media are only needed for
subculture growth (McCarthy & Bottone, 1974; Bouvet & Acar, 1977; Carey,
Brause & Roberts, 1977). However, it is not always clear whether the
media employed for primary isolation were of the dehydrated commercial
type I used, or media prepared from fresh ingredients. Freshly
prepared media are held to be of a superior nutritional quality for the
isolation of wall-defective streptococcal variants (Roberts et al.,
1979) and this might have been a factor in the successful results
obtained by others.

ii) Incubation Time. An extended primary incubation time may
required for the bacteriological diagnosis of bacterial endocarditis.

The time recommended is 21 days (Stokes, 1974). The incubation time I

used was only seven days, and this may have been the reason. for failure.
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CONCLUSION !

Failure to isolate wall-defective streptococcal variants was
tentatively ascribed to poor nutritional quality of the primary culture

medium and to an inadequate incubation time.
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Chapter 18

Isolation of Wall-defective streptococcal variants from blood cultures

by the use of freshly prepared Culture Medium
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ISOLATION OF WALL-DEFECTIVE STREPTOCOCCAL VARIANTS FROM BLOOD CULTURES

BY THE USE OF FRESHLY PREPARED CULTURE MEDIUM.

OBJECTIVE

The object was to evalute the use of a medium made with freshly
prepared ingredients for the isolation of wall-defective streptococcal
variants, and to compare its perfofmance with media made with dehydrated
reconstituted ingredients. The intention was also to evaluate an

increased primary incubation time.

MATERIALS & METHODS

Selection of Material: All blood cultures examined over a six

month period.

Inoculation of Primary Culture Media:

Media were inoculated at the bedside.

Blood Culture Media:

i) Primary Culture Media. A three bottle blood culture set was used

for primary culture.

Bottle 1: Oxoid Brain Heart Infusion Broth (BHI)

Bottle 2: Cooked Meat Medium (Oxoid) reconstituted with Oxoid Brain
Heart Infusion Broth. This was Cooked Meat Medium (CMM).

The media used for Bottle 1 and Bottle 2 were dehydrated reconstituted

media. They were compared with the medium used for Bottle 3.

Bottle 3: Cooked Meat Medium prepared from fresh meat and Oxoid BHI
(Collee, Duerden & Brown, 1977). This was Heart Fresh
Medium (HFM).

ii) Subculture media. Routine subculture medium: 5% horse blood

agar.
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Subculture medium for wall-defective streptococcal variants: 5%
horse blood agar supplemented with. pyridoxine hydrochloride (BDH)
Img/litre and 1 gram/litre.

Conditions of Incubation: Primary cultures were incubated at a
temperature of 37°C in an atmosphefe of 5% carbon dioxide in air. One
subculture plate was incubated in an atmosphere of 5% carbon dioxide in
air, and a second plate anaerobically using the BBL 'Gaspak' system.
The incubation temperature was again 37°C.

Subculture Intervals. Subcultures were made after 24 hours, 48 hours,
7, 14 and 21 days incubation, from all three bottles.

Microscopy of Primary Cultures. Gram stained films were prepared at
each subculture from each bottle.

Procedure for Subcultures. Subcultures were made routinely to 5% blood
agar plates. If the Gram stained film from a primary culture showed
chaining gram positive cocci which failed to grow on subculture, or
slender diphtheroid-like streptococci, subculture to pyridoxine

supplemented blood agar media was made.

RESULTS
383 culture sets were examined. A wall-defective streptococcal variant
was isolated from three culture sets from one patient (S.McG), an

isolation rate of 0.78%. Growth was obtained after 48 hours

incubation, in HFM only. Characteristics:

i) Gram stained films made from the primary culture showed
pleomorphic Gram positive bacteria. These had a diphtheroid
appearance.

ii) Blood agar subcultures from the primary culture were sterile.



iii) Growth on blood agar was obtained in satellitism with the Oxford
staphylococcus.

iv) Pure growth was obtained on pyridoxine supplemented blood agar.
The organism required pyridoxine 1 g/litre for growth.

Clinical Features: The patient was a 42 year old woman (S.McG) with
aortic valve disease following rheumatic fever aﬁ the age of 6 years.
She gave a history of dental treatment about eight months before

admission. The clinical diagnosis was bacterial endocarditis.

CONCLUSION
The nutritional quality of the primary culture medium was
important for the isolation of the wall-defective streptococcal variant

strain described.
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Chapter 19

Isolation of wall—defective streptococcal variants from blood cultures

by the use of a biphasic medium.




ISOLATION OF WALL-DEFECTIVE STREPTOCOCCAL VARIANTS FROM BLOOD CULTURES

BY THE USE OF A BIPHASIC MEDIUM

INTRODUCTION

Biphasic medium is recommended for the isolation of wall-defective
variants (Gutman et. al., 1965; Hryniewicz, 1977). It also permits
prolonged culture with less risk of laboratory contamination than a

medium which requires repeated subculture for growth detection.

OBJECTIVE

The object was to evaluate a biphasic medium for the isolation of

wall-defective streptococcal variants.

MATERIALS & METHODS

Selection of Material: All blood cultures received over a six
month period. Inoculation of Primary Culture Media:
Media were inoculated at the bedside. Blood Culture Media:
i) Primary Culture Media. Bottle 1. BHI. Bottle 2. CMM
Bottle 3. Biphasic BHI broth with agar (Gibco Biocult). Subculture
media, conditions of incubation, subculture intervals and procedure were
as described in Chapter 18 with the exception of the biphasic medium,
which was examined by inspection only. Subcultures from the biphasic

medium were not made unless growth was evident on inspection.

RESULTS
374 blood culture sets were examined during a period of six

~months. A wall-defective streptococcal variant was isolated from two
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sets from one patient (M.H.) an isolation rate of 0.53%. Growth was
obtained after 24 hours incubation in CMM only, but in each case the

organism grew in symbiosis with a contaminant, Acinetobacter lwoffi in

one, and Staphylococcus albus in the other. In each case the

contaminant was derived from the primary CMM blood culture. The
characteristics of the organism were the same as those of the
wall-defective streptococcal variant described in Chapter 18 except that
this strain required pyridoxine 1 mg/litre for growth.

Clinical features: The patient was a 42 year old man (M.H.) who had had
a patent ductus arteriosus ligated at the age of 25. He had had two
previous attacks of bacterial endocarditis, and the clinical diagnosis

for his current illness was bacterial endocarditis.

CONCLUSION

The result obtained again emphasised the importance of the
nutritional quality of the primary subculture medium. The biphasic
medium afforded no advantage for the isolation of the wall-defective

streptococcal variants.
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Chapter 20

Isolation of wall-defective streptococcal variants from blood cultures

by the use of nutritionally supplemented osmotically stabilised media.
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ISOLATION OF WALL-DEFECTIVE STREPTOCOCCAL VARIANTS FROM BLOOD CULTURES

BY THE USE OF NUTRITIONALLY SUPPLEMENTED OSMOTICALLY STABILISED MEDIA.

INTRODUCTION

Wall-defective streptococcal variants required a highly nutritious
medium for primary isolation, as well as nutritionally supplemented
subculture medium. Nutritional conditions required in primary culture
were satisfied by a medium prepared with fresh ingredients, or by the
fortuitous presence of a contaminant with which such variants could live
in symbiosis. Neither of the media in which primary isolation was
obtained were supplemented by osmotic or ionic stabilisation to enhance
the isolation of wall damaged bacteria. Magnesium is required for the
biosynthesis of cell wall peptide subunits (Lamanna, Mallette &
Zimmerman, 1973a) and has a stabilising effect on the cytoplasmic
membrane (McQuillen, 1960; Eisenberg & Corner, 1978) which helps to
prevent osmotic stress (Marquis & Corner, 1976). In addition, the
wall-defective variants of gram positive bacteria may be more
susceptible to osmotic stress than those of gram negative bacteria
(Maxted 1972). This suggested that ionic and osmotic stabilisation of
the primary culture medium might improve the recovery of wall-defective

streptococcal variants.

OBJECTIVE

The object was to compare the use of a nutritionally supplemented
primary blood culture medium with a nutritionally supplemented
stabilised primary blood culture medium for the isolation of

wall-defective streptococcal variants.



MATERIALS & METHODS

Principles

i) Nutritional supplements. The nutritional supplements used were
pyridoxine and cysteine. Wall-defective streptococcal variants are
characteristically dependent on pyridoxine, though some strains require
pyridoxal or pyridoxamine. Cysteine permits the growth of these
strains. The use of a combination of pyridoxal and cysteine can be
inhibitory and is not recommended (Carey, 1978).

ii) Osmotic stabilisation. The optimal osmolality for wall-defective
streptococcal variants is 1200 milliosmoles/litre (Mortimer et al.,
1972). The stabiliser chosen to achieve this osmolality was a mixture
of sucrose and sodium chloride (Mortimer et al., 1972., Hryniewicz,
1977). The required osmolality can be reached by the use of 30 per

cent sucrose, but preliminary tests with S. pneumoniae (NCTC 7465) and

three naturally occurring strains of viridans streptococci showed that
this concentration was inhibitory.-

iii) The use of Agar. The yield of wall-defective streptococcal
variants is improved by the use of agar. Growth is difficult to
establish in liquid media (Ffeimer, Krause & McCarty, 1959; Gooder,
1964; Hryniewicz, 1977).

iv) Stabilisation with metallic ions. Magnesium or calcium ions
stabilise wall-defective variants on primary isolation (Nimmo &
Blazevic, 1969). Stabilisation with magnesium sulphate was used for
the nutritionally supplemented stabilised test medium.

Culture Media. Primary Culture Media. Bottle 1. Brain Heart

Infusion broth (BHI, Oxoid) supplemented with pyridoxine lmg/litre and
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cysteine 1G/litre. This was Brain Heart Infusion with pyridoxine and
cysteine (BHI/PC).

Bottle 2. Cooked Meat Medium. (CMM, Oxoid).

Bottle 3. BHI/PC supplemented with sucrose 200 g/litre and sodium
chloride 18 g/litre as osmotic stabiliser, and also with magnesium
sulphate and agar. This was stabilised BHI/PC medium. The
composition of this medium is shown in Appendix 1.

Subculture Media. Bottle 1. Subcultures were made to aerobic and
anaerobic blood agar supplemented with pyridoxine lmg/litre and cysteine
1 g/litre (BACP medium).

Bottle 2. Subcultures were made to aerobic and anaerobic blood agar.
Bottle 3. Subcultures were made to aerobic and anaerobic BACP medium,‘

and to a pour plate of the same base composition as the primary Bottle 3

medium. The pour plate had an agar content of 0.2% 0Oxoid agar No. 1.
Conditions of Incubation. These were as described previously.
Subculture Intervals. Bottle 1 and 2. Subcultures were made after 24

hours, 48 hours, 7, 14 and 21 days.
Bottle 3. Subcultures were made after 7, 14 and 21 days incubation

only.

Microscopy of Primary Cultures. Gram stained films were made from

Bottles 1 and 2 only, after 24 hours and 48 hours incubation.

RESULTS

186 blood culture sets were examined. A wall-defective
streptococcal variant was isolated from one blood culture set, an
isolation rate of 0.53%. The initial isolate grew only in Bottle 1 and

Bottle 3, the nutritionally supplemented media. It required pyridoxine
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lmg/litre for growth and appeared after 48 hours incubation. The

cultural characteristics of the organism were the same as those of the
wall-defective streptococcal variants described in Chapters 17 and 18.
Microscopy of a Gram stained film from both the primary pyridoxine
supplemented Bottle 1 blood culture medium (BHI/PC) and from the
pyridoxine supplemented culture media showed normal chaining
streptococci.

Clinical Features. The patient was a woman aged 78 years (G.S.) in

whom a clinical diagnosis of bacterial endocarditis had been made.

CONCLUSIONS

1. Wall-defective streptococcal variants require nutritionally
enriched media for primary’isolation and further subculture.

2. Such variants do not necessarily require ionic or osmotic

stabilisation for primary isolation and further subculture.
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Chapter 21

Antibiotic treatment of bacterial endocarditis caused by wall-defective

streptococcal variants.




ANTIBIOTIC TREATMENT OF BACTERIAL ENDOCARDITIS CAUSED BY WALL-DEFECTIVE

STREPTOCOCCAL VARIANTS.

INTRODUCTION

Wall-defective streptococcal variants are said to be more resistant
to peniéillin than ordinary vegetative streptococci (Cooksey & Swenson,
1979; Parks, Shockman & Higgins, 1980). Penicillin resistance is
detectable oﬁly in nutritionally supplemented media in vitro or
clinically manifested by treatment failure (Bouvet & Acar, 1977; Cafey,
Brause & Roberts, 1977). However, penicillin resistance is not always
a feature in vitro even on supplemented media (George, 1974; McCarthy &
Bottone, 1974).

The question of penicillin resistance is an important point,
because penicillin is so often the initial treatment in bacterial
endocarditis. The status of penicillin in the induction or selection
of wall-defective streptococcal variants in bacterial endocarditis is
also uncertain. Endocarditis due to wall-defective streptococcal
variants appears to occur as a primary infection, but it is possible
that penicillin treatment might either induce wall-defective
streptococcal variants, or select penicillin resistant wall-defective

variants within a mixed bacterial population.

OBJECTIVE
The objectives were:-
i) to determine whether the administration of penicillin might have
initiated or selected infection due to wall-defective variants.
ii) to record the results of penicillin sensitivity tests on the

wall-defective streptococcal strains isolated from bacterial

C\J 7/ o
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endocarditis and to decide whether penicillin resistance was an

important feature.

iii) to assess the results of antibiotic treatment of the infection.

MATERIALS & METHODS

i) The records of the three bacterial endocarditis patients were
examined retrospectively for evidence of penicillin administration
before blood cultures were taken. The treatment records were
scrutinised and the antibiotics used for treatment were noted. The
result of the treatment was also noted, and in addition the three
patients were followed up after six months and after two years.

ii) Antibiotic sensitivity tests were performed by the disc diffusion
method of the Association of Clinical Pathologists, using the Oxford
Staphylococcus (NCTC 6571) as the control organism (Stokes & Waterworth,
1972). The medium used was five per cent horse blood agar,
supplemented with pyridoxine lmg/litre. The broth medium used for the
minimum bactericidal penicillin concentration test was BHI (Oxoid)
supplemented with pyridoxine lmg/litre. Pyridoxine supplemented media

are acceptable for antibacterial sensitivity testing (George, 1974).

RESULTS

The results of antibiotic sensitivity tests are shown in Table 27.
None of the patients received penicillin or any other antibacterial
before blood cultures were taken.

All three patients made a good clinical recovery initially, and

were well six months later.
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After two years, patient 2 (M.H.) was in good health. Patient 1
(S.McG.) had died after cardiac surgery. Patient 3 (G.S.) could not be

traced.
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CONCLUSIONS TO SECTION VI

1. The

wall-defective streptococcal variants studied needed a

nutritionally supplemented medium for both primary blood culture

isolation and for subculture. The pyridoxine content of the blood

culture samples alone was insufficient to support primary growth of the

wall-defective variants, presumably because of its dilution in the

primary culture medium.

2. The
enhanced
3. The
variants
4. The

in their

isolation of wall-defective streptococcal variants was not

by ionic or osmotic stabilisation.

clinical association between wall-defective streptococcal

and bacterial endocarditis was confirmed.

reverted wall—defective variants of viridans streptococci vary

susceptibility to penicillin. Some strains are demonstrably

sensitive to penicillin when tested on pyridoxine supplemented media.

Infections due to these strains can be successfully treated with

peniciliin. This indicates that the organisms are walled in vivo.



SECTION VII

ISOLATION OF CONTAMINANTS



Chapter 22

Nature and Significance of Contaminant

Wall-Defective Microbial Variants




NATURE AND SIGNIFICANCE OF CONTAMINANT WALL-DEFECTIVE MICROBIAL VARIANTS

INTRODUCTION

The reason for the disrepute which surrounds the subject of
wall-defective bacteria in medical microbiology does not arise entirely
from the difficulties experienced in their culture and identification.
It also comes from the emphasis so often placed on the importance of
commensal bacteria isolated in L-form culture medium, particularly as it
is seldom clear whether these normally harmless bacteria were really

significant in the disease process.

OBJECTIVE
The object was to assess the incidence of wall-defective commensal
bacteria isolated as blood culture contaminants in the L-form culture

media described in Section IV.

MATERIALS & METHODS

Detailed records were available for a series of 569 culture sets
using Victoria Medium F as the L-form culture medium, and for a series
of 310 culture sets using the partially defined culture medium
supplemented with folic acid, pABA and cytosine described in Chapter
10.

Selection of Material: All isolates were deemed to be contaminants on
clinical grounds. They fulfilled the following criteria:

i) Primary isolation in L-form culture medium only.



ii) Subculture growth only in the L-form pour plate, without growth on
the blood agar plates subcultured in parallel. (i.e. the investigation
was confined to wall-defective bacteria of the transitional phase
variant and L-phase variant types).

iii) A dense and uncountable or confluent growth of colonies in the pour
plate.

Analysis of Material: Tﬁe following points were noted:-

i) presence or absence of surface growth on the pour plate.

ii) type of colonies - vegetative, L-form or a mixture of both.

iii) whether a reversion procedure was required or not

iv) Species identification of the isolate.

RESULTS

The isolation rate for contaminant variants was comparable in both
Victoria Medium F and in the semi-defined supplemented medium (Table
28).

Most of the strains isolated proved to be coagulase negative
staphylococci. They grew as vegetative colonies on primary isolation
and were subcultured from the pour plate medium to blood agar without
difficulty.

The remaining organisms proved to be either diphtheroids or
anaerobic streptococci. They grew as L-form colonies on primary
isolation, and did not grow on the surface of the pour plate, or

required a reversion procedure, or both (Tables 29 and 30).



COMMENT
AIt is easy to disparage the work described by some authors, and to think
that they deceived themselves by calling a contaminant colony an
'L-form'. I believe that these accounts may have correctly described
isolates as wall-defective variants but that it was mistaken to assume
that the organisms were necessarily pathogenic. The diphtheroid
variants found in arthritis and cancer patients (Bisset, Tallack &
Bartlett, 1979) and in autoimmune disease (Tedeschi & Santarelli, 1977)
were also found in healthy subjects (Bisset & Bartlett, 1978; Domingue
et al., 1977; Domingue & Schlegel, 1977). Commensal skin bacteria can
be nutritionally exacting (Cove, Holland & Cunliffe, 1980) and commensal
oral streptococci are sometimes wall-defective (Tomley & Russell, 1978).
This supports the idea that some normal commensals may occur as
wall-defective variants under conditions of relative nutrient

deprivation.

CONCLUSION
Nutritionally exacting wall-defective variants can be isolated from

commensal bacteria.
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SECTION VIII

DISCUSSION



Chapter 23

Reappraisal of Klieneberger's Symbiosis Theory.

Nutritional Factors in the Culture of Wall-Defective Microbial Variants




REAPPRAISAL OF KLIENEBERGER'S SYMBIOSIS THEORY

Some bacteria have a nutritional requirement for a particular
substance in addition to the minimal nutrient requirement of normal
bacteria of the same species. They may grow in symbiosis as satellite
colonies round other bacteria which diffuse the required nutrient.
Alternatively, they may be cultured on appropriately suppleﬁented media,
andvsome can be stabilised as protoplasts in an osmotically balanced
medium (Lugtenberg, de Haas-Menger & Ruyters, 1972; Lamanna, Mallette &
Zimmerman, 1937e). They cannot grow on ordinary media, or grow with
difficulty and produce bizarre or dwarf colonies (Acar, Goldstein &
Lagrange, 1978; Sparham, Lobban & Speller, 1978).

It is of historical interest that Klieneberger (1935) regarded her
L-organisms as symbionts growing in mixed culture. Dienes decided that
they were colonial variants within a pure culture (Dienes, 1938; 1939a;
1939b). It did not occur to him that the two theories were
reconcilable and that they might be nutritionally exacting variants
growing in symbiosis within a pure culture.

Klieneberger was criticised because the nutritional implications of
symbiosis were not understood at the time. Vitamin disorders were a
new idea in the thirties, even in clinical medicine (Low, 1930) and this
aspect of bacterial nutrition was not really explored until much later
(Pontecorvo, 1949; Gunsalus, 1984). Bacteriologists did not realise
that a symbiont and a variant might be the same, and so L-organisms were
classified as variants which were part of a bacterial life-cycle. This
was the logical alternative to Klieneberger's 'symbiont' theory at the

time (Klieneberger, 1936).



The bacterial life cycle hypothesis‘postulated genetic transfer by
bacillus—coccus transformation, protoplasmic coalescence, and larée
bodies. Many of its manifestations were due to pleomorphism, and
wall-defective microbial variants share many of the features of
pleomorphic bacteria (Dienes & Weinberger, 1951). Pleomorphism is due
to defective wall synthesis (Hughes, 1956; Collee, 1978). It is
initiated by a number of precipitating factofs which affect the
integrity of the cell wall. Among these is bacterial malnutrition
(Duguid & Wilkinson, 1961). This type of pleomorphism is found not

only in S. moniliformis but also in Haemophilus species (Wilson & Miles,

1975g) and in nutritionally exacting viridans streptococci. In the
latter cell wall damage gives a 'diphtheroid' appearance (Cayeux, Acar &
Chabbert, 1971; George, 1974; Tillotson, 1981) of the bacilius—coccus
type once described as a life-cycle manifestation (Mellon, 1927;

Lamanna, 1944).

The Effect of Nutritional Deficiency on Cell Wall Biosynthesis

The wall-defective variants under study appeared to require
specific vitamins for survival. In particular the Enterobacteriaceae
variants seemed to require folate metabolites and the streptococcal
variants pyridoxine and cysteine.

Nutritionally exacting viridans streptococci typically require
pyridoxal, pyridoxamine or pyridoxine (George, 1974; Washington, Hall &
Warren, 1975; Carey, Brause & Roberts, 1977; Carey, 1978; Cooksey,
Thompson & Facklam, 1979; Peterson, Cook & Burke, 1981; Tillotson,
1981; Bouvet,Van de Rijn & McCarty, 1981) cysteine or thioglycollate
(Frenkel & Hirsch, 1961; Cayeux, Acar & Chabbert, 1971; McCarthy &

Bottone, 1974; Bouvet & Acar, 1977; George & Healing, 1978). In some
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instances the required nutrients may be supplied by fresh blood or yeast
extract, or by growth in symbiosis with other bacteria (McCarthy &
Bottone, 1974; Bouvet & Acar, 1977; George & Healing, 1978).

The characteristic 'diphtheriod! morphology found on microscopy
(Babes & Manolescu, 1909; Lamanna, 1944; Emmerson & Eykyn, 1977; Ahmad
& Darrell, 1980) is due to aberrant growth of new wall. Cell wall
growth is initiated equatorially in streptococci. The 'old' ends of
the cocci are preserved intact, and are gradually pushed apart by new
wall (Reynolds, 1973). If new wall growth is not possible, an
elongated 'diphtheroid' cell is the result.

Electron microscopy shows that such cells are wall—defective’
(Bouvet, Ryter & Acar, 1977; Piepkorn & Reichenbach, 1978; Bouvet et
al., 1980). This cell wall defect is possibly connected with the
nutrient requirement of 'diphtheroid' streptococci for pyridoxine and
related compounds, and for cysteine.

The bacterial cell wall is composed of peptidoglycan. Glycan
strands of alternating N-acetylglucosamine and N-acetylmuramic acid are
cross—linked by peptide bridges. Each bridge is incorporated into the
cell wall from precursor Park-nucleotide which always terminates in the
sequence D-alanyl-D-alanine. The terminal D-alanine residue of this
dipeptide sequence is eliminated when the peptide chain is attached to
the adjacent glycan strand (in Gram-negative bacilli) or to the
pentaglycine bridge (in Gram-positive organisms). The peptide bridges
are therefore very similar in all bacteria but may differ slightly in
amino-acid composition from genus to genus or species to species (see
review by Lamanna, Mallette & Zimmerman, 1973a).

The B group vitamins are important in cell wall biosynthesis

because their co-enzyme forms participate in bacterial metabolism
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(Mandelstam & McQuillen, 1973b). The pyridoxine co-enzyme pyridoxal
phosphate acts as a transaminase in the synthesis of amino acids,
including alanine (Lamanna, Mallette & Zimmerman, 1973f) and acts as an
isomerase in the conversion of L-alanine to D-alanine (Mandelstam &
McQuillen, 1973c).

The amino acid cysteine, like the folic acid co-enzyme
tetrahydrofolate (THF), is used in methionine synthesis (Lamanna,
Mallette & Zimmerman, 1973f; Mandelstam & McQuillen, 1973b).
Methionine as a formyl-methionine complex (fMet) is of crucial
importance in the synthesis of cell wall precursors and therefore,
indirectly in the synthesis of the cell wall itself (Lamanna, Mallette &
Zimmerman, 1973h). The role of THF in methionine synthesis is of
particular interest since the work described in this thesis suggests
that lack of folic acid and related compounds may precipitate cell wall
deficiency in some Enterobacteriaceae strains. Auxotrophs of E.coli
which require such substances as pABA, methionine, thymine or éysteine
have been described (Bauman & Davis, 1957). This raises the
possibility that some wall-defective variants of Enterobacteriaceae may
be auxotrophs.

The substance required to ameliorate cell wall deficiency is not
always a member of the B group of vitamins. Thus Bacteroi des

melaninogenicus (Fusiformis nigrescens) may require Vitamin K to prevent

cell wall deficiency (Lev, 1968; Lamanna, Mallette & Zimmerman, 1973d).
Sometimes a substance directly concerned in cell wall synthesis is

required. For example, spheroplasts of Haemophilus influenzae may be

isolated from sputum in bronchial sepsis by the use of a medium
supplemented with the cell wall glycan chain component

N-acetyl-glucosamine (Roberts et al., 1984). Wall deficient bacteria
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thus seem to be heterogeneous in their requirements. This adds to the

problem of devising a consistently successful culture medium.

The Effect of Magnesium on Cell Wall Biosynthesis

| The idea that wall-defective microbial variants need nutrients
ultimately concerned in wall synthesis makes it easier to understand the
role of magnesium. Magnesium salts are a traditional ingredient of
media used for the culture of wall-defective microbial variants, and are
employéd for their 'stabilising' effect (Nimmo & Blazevic, 1969;

Brogan, 1976). Magnesium is an enzyme co-factor. It is utilised
extensively in the biosynthesis of cell wall peptide (Lamanna, Mallette
& Zimmerman, 19733) and in the biosynthesis of the peptide bridge

cross-linkages of the cell wall (Lamanna, Mallette & Zimmerman, 1973h).
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Chapter 24

Physical Factors in the Culture of Wall-defective Microbial Variants




PHYSICAL FACTORS IN THE CULTURE OF WALL-DEFECTIVE MICROBIAL VARIANTS

The Osmotic Requirements of Wall-defective Microbial Variants

The degree of oémotic stabilisation required by beta-lactam induced
wall-defective bacteria appears to be extremely variable. Greenwood
and O'Grady (1972) found that an osmolality of 400 - 500 m.osm./kg. gave
substantial protection from beta-lactam induced lysis in 'spheroplasts'

of E.coli and Proteus mirabilis under laboratory conditions, whereas the

'unstable protoplasts' of Streptococcus faecalis studied by Montgomerie,

Kalmanson & Guze (1967) required an osmolality of 1200 m.osm./kg for
survival in the presence of penicillin. The osmolality of human blood
is about 300 m.osm./kg., a level possibly insufficient for the osmotic
stabilisation of at least some bacteria in which wall damage is
beta-lactam induced. Lysis consequent to such injury probably occurs
at the height of the exponential phase of growth when the internal
osmolality of the bacterial cell may reach values as high as 1333
m.osm. /kg. (Marquis & Corner 1976). This may explain the infrequent
isolation of beta-lactam induced variants from the blood cultures
examined.

Naturally occurring wall-defective variants of the nutritionally
exacting type presumably exist in the walled state in obtimal nutrient
conditions, but cannot synthesise peptidoglycan adequately under
conditions of relative nutrient deprivation. In such circumstances,
cell components such as nucleic acids and proteins continue to be made
for some time (Mandelstam & McQuillen, 1973a) and osmotic stabilisation
may be needed because of the weakened condition of the cell envelope.
Such variants may therefore require osmotic stabilisation on transfer to

a nutritionally sub-optimal milieu. However, it is possible that the
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importance of osmotic stabilisation of the primary culture medium
stressed by Brogan (1976) may have been over;emphasised. Certainly,
Weinstein et al. (1982) found appreciable evidence that the effect of
osmotic stabilisation on blood cultures was medium-dependent. This
conclusion was inferred from the results of their own survey and from a
review of similar studies. Though there is some evidence that the
recovery of Haemophilus species from the blood is enhanced in hypertonic
media (Crist, Amsterdam & Neter, 1982; La Scolea et al., 1983) this
finding may merely reflect nutritionally inadequate culture conditions.

Certainly, wall-defective H. influenzae display considerable osmotic

stability on appropriately enriched media (Roberts et al., 1974).

An alternative view might be that wall-defective bacteria vary in
their need for osmotic stabilisation, depending on bacterial species and
particularly on cell shape and the Gram staining reaction. Cell shape
is important from a purely physical aspect, since small spherical
objects, like cocci, withstand pressure better than cylindrical objects,
like bacilli, This suggests that cocci may be less vulnerable to
osmotic stress than bacilli (Mitchell & Moyle, 1956). In additién, the
Gram positive cell may be less prone to osmotic stress because it is
thicker and differs structurally from the Gram negative cell (Wilson &
Miles, 1975b; Rogers, Ward & Burdett, 1978). The Gram positive cell
wall is particularly resistant to osmotic stress because the cytoplasmic
membrane is closely adherent to it (Mitchell & Moyle, 1956). The
cytoplasmic membrane is the principal osmotic barrier of the bacterial
cell (Mitchell & Moyle, 1956; Wilson & Miles, 1975c) so the wall~damaged
Gram positive cell is better reinforced against osmotic stress than the

Gram negative cell despite its higher internal osmotic pressure. This
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perhaps explains why neither the pyridoxine requiring streptococci of
the type described by Bouvet & Acar (1977) nor the streptococcal
strains described in Section VI required osmotic stabilisation in the

primary blood culture medium.

The Role of Agar

Induced wall-defective microbial variants depend on the physical
solidity of the milieu for induction and reversion (Landman & Halle,
1963; Landman & de Castro-Costa, 1976; Rogers, Ward & Elliott, 1976).
Induction and reversion in naturally occurring wall-defective microbial
variants appear to be nutrient dependent. The role of agar is
indeterminate. The naturally occurring L-phase variants studied d4id
not revert easily in broth. They grew on the surface of agar block
subcultures in broth, but not always in the brothlitself, and sometimes
gave granular or flocculent growth in broth after agar block subculture.
Similar observations were made both by Dienes and by Klieneberger
(Dienes, 1941; 1949a; Dienes & Weinberger, 1951; Klieneberger-Nobel,
1960; Klieneberger-Nobel, 1962). The explanation may be that there is
gross dissociation of an autolysin/LTA complex from agar blocks in
broth, so that reversion does not occur. Alternatively, reversion
dependent on optimal nutrient conditions méy be prevented by the diluent

effect of the broth. This explanation is equally plausible.



Chapter 25

Clinical Features of Infection with Wall-Defective Organisms
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CLINICAL FEATURES OF INFECTION WITH WALL-DEFECTIVE ORGANISMS

1. Infection due to Wall-defective Enterobacteriaceae.

Clinical features of the patients who formed the L-form group
closely resembled those of the patients of the vegetative group. The
two groups were similar in age and sex distribution, in the spectrum of
major disease as evinced by the principal diagnosis, in the source and
outcome of the infection, and in the range of bacterial species isolated
from the blood. As far as these aspects were concerned there appeared
to be no characteristic features of infection due to wall-defective
Enterobacteriaceae.

Source of Infection

The source of infection in 56% of the septicaemias caused by
wall-defective variants was the urinary tract. This was a higher
proportion than in the vegetative group, but the difference was not
statistically significant.

The urinary tract is a suitable milieu for wall-defective bacteria
of both the natural and induced types. It is suitable for naturally
occurring variants because it is rich in nutrients. In particular,
folic acid and pABA, the nutrients required by the naturally occurring
Enterobacteriaceae variants described here, are excreted in the urine.

Induced variants need osmotic stabilisation because they are
wall-defective. The osmolality of the renal medulla is sufficient for
stabilisation since it reaches 1200 - 1400 m.osm./kg. (Barker, 1963) and

wall-defective bacteria have actually been observed in renal biopsy



specimens (Fernandes_& Panos, 1977). 1In addition, the acid uring
characteristic of infection gels bacterial cytoplasm (Brown & Corner,
1977) so that the need for osmotic stabilisation in wall damaged cells
is less critical (Gnarpe & Edebo, 1970).

Incidence of Chronic Infection

Wall-defective variants may be responsible for chronic relapsing
urinary tract infection (Gutman et al., 1965; Domingue & Schlegel, 1970;
Brogan, 1977).

Septicaemia associated with an exacerbation of chronic urinary
infection was more likely to be caused by such variant bacteria,
particularly if the infection was of the relapsing type, but the numbers
involved were too small for statistical analysis.

Accordingly the significance of this observation was inconclusive.

2. Influence of Antibacterials on the Induction and Growth of

Wall-defective Enterobacteriaceae

Such agents might act in one of four ways:
i) Induction by-beta-lactams.
ii) Selection by aminoglycosides
iii) A requirement fér sulphonamide as a neutraliser of excess pABA.

iv) Growth promotion by antibacterials acting as nutrient analogues.

i) Induction by beta-lactams

The occurrence of wall-defective variants could not be attributed
to antecedent treatment with beta-lactams (Table 20). This was not
surprising, since the osmolality of the blood is probably too low for the
stabilisation of induced variants.

The suggestion that induction by beta-lactams might occur in vivo

(McDermott, 1958; Feingold, 1969), has never been satisfactorily



substantiated. It rests on the neutralisation of the effect of
beta-lactams by osmotic stabilisation. It is true that osmotically
stabilised media are sometimes more successful than simple conventional
media in the detection of septicaemia (Louria et al., 1969; Rosner,
1972; Louria et al., 1976; Washington, 1978), but the effect may be due
to nutrient stimulation (Washington, 1978; Weinstein et al., 1982)
rather than to beta-lactam neutralisation.

If there is a connection between antecedent beta-lactam therapy and
induction of wall-defect in vivo it may be related to the bacterial
species involved. Eng and Maeland (1982) were able to show a relation
between growth in hypertonic media only and antibiotic treatment in
staphylococcal septicaemia, but not in Enterobacteriaceae septicaemia.
Perhaps this means that wall-damaged staphylococci are better fitted to
withstand an unfavourable osmotic climate than coliforms which are
similarly handicapped. This may reflect an enhanced resistance to
osmotic stress conferred by the shape and structure of the cell envelope

in Gram positive cocci.

ii) Selection by Aminoglycosides

Nutritionally exacting bacteria are relatively resistant to the
aminoglycosides and may be selected by them (Acar, Goldstein & Lagrange,
1978). More patients in the L-form group received aminoglycosides in
the 48 hours before blood cultures were taken than in the vegetative
group (Tables 20 and 21).

‘As the numbers involved were too small for statistical analysis,

the significance of this observation was inconclusive.



iii) A Requirement for sulphonamide as a neutraliser of excess pABA

Some bacteria produce surplus pABA in toxic amounts and need
sulphonamide to neutralise the excess (Lamanna, Mallette & Zimmerman,
19734d).

This seemed unlikely, as the Enterobacteriaceae variants were
successfully subcultured from the primary blood culture medium without

the addition of sulphonamide.

iv) L-form growth promotion by nutrients or nutrient analogues

More patients in the L-form group received folic acid or its
analogue cotrimoxazole in the forty-eight hours before blood cultures
were taken. This was statistically significant.

Cotrimoxazole is a combination of two antibacterials, sulphonamide
and trimethoprim. They inhibit different steps in the biosynthesis of
the folic acid coenzyme tetrahydrofolate in bacteria. Sulphonamide and
trimethoprim inhibit bacterial growth by blocking folate mediated

synthesis of the DNA precursor thymidine.

SULPHONAMIDE TRIMETHOPRIM
PABA
+
pteridine di-hydrofolate tetra-hydrofolate
' \

(after Wilson & Miles, 1975c)
Sulphonamide acts by competitive inhibition against pABA and is its
structural analogue. Trimethoprim acts by inactivation of the enzyme
dihydrofolate reductase (Wilson & Miles, 1975e).
An obligate requirement for thymidine results in mutants which are

selected by exposure to trimethoprim in the presence of exogenous



236.

thymidine (King, Shlaes & Dul, 1983). The addition of thymidine alone
to the semi-defined medium was not sufficient for the growth of the
Enterobacteriaceae variants I encountered. This suggested that the
cotrimoxazole moiety required for selection was sulphonamide rather than
trimethoprim, and also that at least some wall-defective variants were

selected by sulphonamide.

Wall-Defective Variants as Metabolically Deficient Bacteria

The association with cotrimoxazole treatment suggested that the
wall-defective variants might be metabolically deficient bacteria.

Metabolically deficient bacteria are nutritionally exacting
bacteria selected by exposure to drugs which are structural analogues of
essential nutrients. For example, trimethoprim and the barbiturates
share the same pyrimidine nucleus as thiamine, and thiamine requiring
bacteria have been isolated from patients receiving trimethoprim or
barbiturates (Acar, Goldstein & Lagrange, 1978). Blood culture
results with the partially defined medium did not show any requirement
for thiamine. It was therefore unlikely that trimethoprim was a
required nutrient analogue. This again suggested that the sulphonamide
component selected the wall-defective variants and that the
Enterobacteriaceae variants isolated were metabolically deficient

bacteria dependent on a sulphonamide/pABA mediated folate pathway.

3. Influence of Antibacterials on the Induction and Growth

of Wall-defective Streptococcal variants.
The three patients infected by wall-defective streptococci showed
typical features of subacute bacterial endocarditis. None received

antecedent treatment with antibacterials or with vitamins or vitamin
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analogues. No predisposing therapeutic factor was found, but the

number of patients was too small for valid comment.

Treatment of Infection due to Wall-defective Microbial Variants

The few accounts of treatment available describe the use of
erythromycin combined with ampicillin (Gutman, Schaller & Wedgwood,
1967; Gnarpe, 1974) or following ampicillin as 'sequéntial therapy'
(May, 1975; Garrod, Lambert & O'Grady, 198l1) so as to destroy both
variants and vegetative bacteria. However, if the nutritional
requirements of naturally occurring variants are satisfied in vivo they
must exist in vivo in the walled state. Infection due to such
organisms should be amenable to conventional antibiotic therapy.

If some wall-defective variants are metabolically deficient another
problem concerns the effect of aminoglycoside or cotrimoxazole on these
bacteria. Mechanisms of bacterial resistance to aminoglycosides
include bacterial dependence on aminoglycoside as a required nutrient
(Wilson & Miles, 1975e). It is particularly attractive to postulate
nutrient dependence as a resistance mechanism in infection caused by
naturally occurring wall-defective variants. This 1s the disadvantage
of cotrimoxazole treatment, and it is perhaps an illustration of the
type of phenotypic resistance discussed by Greenwood (1985), in which
bacterial environment affects the expression of phenotypic characters.

There is therefore no simple antibiotic treatment. Beta-~lactam
antibiotics are inappropriate as they induce wall-deficiency, yet they
should be effective under optimal nutrient condifions, when
nutritionally exacting variants revert to the walled state. Moredver,
beta-lactam treatment was used successfully in the treatment of the

streptococcal infections described in Section VI.



The important point may be the preferred habitat of the organism.
Beta-lactams may be less reliably active against bacteria which colonise
osmotically stabilised sites where wall deficient bacteria may survive,
such as the renal medulla or the respiratory tract.

As wall-defective Enterobacteriaceae may become nutritionally
dependent on aminoglycosides or cotrimoxazole, a combination of

antibiotics is probably best.
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SECTION IX

CONCLUSIONS



CONCLUSIONS

The original objectives of this study were the investigation of the
cultural requirements, identification and pathogenicity of
wall-defective microbial variants and especially those variants
categorised as L-phase variants. In the course of the study, the very
nature of wall-defective variants became a matter of some interest.

The results of these studies and experiments may be summarised as

follows:~

I. The Nature of Wall-Defective Microbial Variants.
1. Wall-defective microbial variants may occur naturally or be
induced.
2. Induced variants may be produced by substances that damage the
cell wall such as lysozyme or beta-lactam antibiotics. Some of
these lysozyme-induced Enterobacteriaceae variants behave like
stressed bacteria and may have repairable DNA strand breaks.
3. Naturally occurring wall-defective variants bear some
resemblance to auxotrophs. This may mean that they too have

atypical DNA.

II. Cultural Requirements of Wall-Defective Microbial Variants.
1. Natural wall-defective variants need a nutritionally-
enriched medium for growth. The supplement required varies from
genus to genus. Wall-defective Enterobacteriaceae require a
folate metabolite and streptococcal variants pyridoxine and

cysteine.
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2. Induction and reversion in naturally occurring wall-defective
variants are nutrient dependent, but the physical solidity

of the medium is not important for reversion. Inlcontrast,

a 'stiff' medium is important for the reversion of wall-defective
variants of the induced type.

Tdentification of Wall-Defective Variants

The identification of these variants and their differentiation

from vegetative forms depends on the demonstration of a requirement
for a specific nutrient, lack of which is likely to cause cell

wall defects.

The Pathogenicity of Wall-Defective Microbial Variants

1. Wall-defective variants may be pathogens or harmless
commensals just like their parent vegetative forms.

2. Naturally occurring wall-defective variants seem to be a
commoner cause of septicaemia than variants which have an
induced wall defect. This may be related to the fact that
induced variants require a degree of osmotic stabilisation
not found in exudates and tissues, except perhaps in the
renal medulla.

3. Growth promotion by folate metabolites selects the natural
wall-defective variants of Enterobacteriaceae. The
administration of folic acid or its analogue, sulphonamide,
predisposes to infection with such variants.

4. Naturally occurring wall-defective variants of viridans
streptococci may cause subacute bacterial endocarditis in the

same way as normal vegetative streptococci. As in



endocarditis caused by vegetative bacteria, repeated
isolation of wall-defective streptococci from patients
who have clinical evidence of endocarditis is of

the utmost significance and importance.

Treatment of Infection due to Wall-Defective Microbial -Variants

1. Wall-defective Enterobacteriaceae variants may be less
susceptible to aminoglycosides than vegetative Enterobacteriaceae.
In the treatment of infection due to such variants consideration
should be given #o the use of an aminoglycoside in combination
with another antibiotic, or to the use of antibiotics other

than aminoglycosides.

2. The apparent success of beta-lactam therapy in wall-defective
streptococcal infection may be due to reversion of the organisms
to the walled state in a nutritionally adequate tissue

environment.
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APPENDIX I

CULTURE MEDIA AND REAGENTS




LIST OF CULTURE MEDIA AND REAGENTS USED

1. Reagents used for spheroplast induction by the

lysozyme/EDTA method.

2. Media for the Isolation of wall-defective

Enterobacteriaceae variants

i)
ii)

iii)

Victoria Medium F
Modified Victoria Medium F

Partially defined supplemented media.

‘Medium 1. Sucrose/magnesium sulphate stabilised

'Isosensitest' plus thymidine and riboflavin

Medium 2. Sucrose/magnesium Sulphate stabilised
‘Isosensitest' plus thymidine and riboflavin plus
nicotinamide

Medium 3. Sucrose/magnesium sulphate stabilised
'Isosensitest' plus thymidine and riboflavin

plus nicotinamide, plus folic acid, pABA and cytosine
Stock solutions of Vitamins

Formula of 'Isosensitest' Agar (Oxoid)

Formula of 'Isosensitest' Broth (Oxoid)

3. Media for the Isolation of wall-defective-

Streptococcal variants.

i)

ii)

iii)

Biphasic Medium {(Gibco Biocult)
Cysteine/pyridoxine supplemented with Brain Heart
Infusion Broth (BHI/PC).

Stabilised Cysteine/Pyridoxine supplemented

Brain Heart Infusion Broth (stabilised BHI/PC).

Page



iv) Subculture Media
Other Culture Media
Brain Heart Infusion Broth (Oxoid)
Cooked Meat Medium (Oxoid)
Cooked Meat Medium (Difco)
Blood Agar Plates
Water

Glassware Washing Methods

245,
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Reagents used for Spheroplast induction by the lysozyme/EDTA

method

i) 10 millimolar (10mM) tris (hydroxymethyl)

aminomethane (Tris) Buffer

1.211 g of Tris was dissolved in 950ml distilled water, and
sufficient N HCl added to give a pH of 8.0. The solution was
made up to 1 litre in a volumetric flask, distributed in 50ml
amounts and sterilised by autoclaving at 15 1lbs/sq.inch (121°C) for
15 minutes.

ii) 0.1M Tris Buffer pH 8.0 containing 20% sucrose

12.114 g Tris was dissolved in 950 ml distilled water, and
sufficient N HCl added to give a pH of 8.0. The solution was
made up to 1 litre in a volumetric flask. 20.0 g metal free
sucrose (Aristar BDH) was added for each 100 ml. The solution
was distributed in 43.0 ml amounts and sterilised by autoclaving at .
15 1lbs/sq.inch (121°C) for 15 minutes.

iii) Lysozyme solution 2.0 mg/ml

The lysozyme (Worthington Blochemicals) had a strength
of 11,770 units/mg. 0.2g was dissolved in fresh glass
distilled water and made up to 100ml in a volumetric flask.
It was sterilised by filtration through a Millipore
'Millex' filter pore size 0.2u.

iv) 0.1M dipotassium EDTA. pH 7.0

4.044 g EDTA (Analar) was dissolved in 80 ml distilled

water. N. NaOH was added to bring the pH to 7.0. The
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solution was made up to 100 ml in a volumetric flask. After
checking the pH, the solution was distributed in 7 ml amounts,
and sterilised by autoclaving at 15 lbs/sq.inch (121°C) for

15 minutes.
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2. Media for the Isolation of Wall-defective Enterobacteriaceae

Variants.

i) VICTORIA MEDIUM F

Constituent Amount (grams/litre)
Yeast extract (Oxoid) 25
Sucrose 300
MgS0, . 2H 0 2.5*
Agar (Oxoid No. 3) 1.5
Haemin** 0.01
Cholesterol*#* 0.02
Sod. thioglycollate ‘ 1.0
Heparin (1000 units/ml solution) 0.5 ml

Brain Heart Infusion Broth (Oxoid) 1000 mls

Dissolve all ingredients except haemin and cholesterol. |

pH to 7.5

When dissolved there will be a precipitate. Filter through a coarse
filter paper (e.g. Greens '904').

When filtered, add haemin and cholesterol.

Bottle in 20 ml quantities.

Sterilise by autoclaving at 15 1lbs/sq.inch (121°C) for 20 minutes. Cap,
label with date and batch number. The osmolality of the culture medium

should be 1100 - 1200 m.osm./kg.



NOTES

* MgS0,.2H ;0. If MgSO,7H,0 is used, the amount should be 3.2g.
*¥*  Haemin. Dissolve 0.1 g in 10 ml sodium carbonate

Then 1 ml = 0.01 g.

Add 1 ml to each litre to arrive at a final concentration of 0.01
g/litre.

*#%¥ Cholesterol. Dissolve 0.2 g in 10 ml methylated spirit.

Then 1 ml = 0.02 g.

Add 1 ml to each litre to arrive at a final concentration of 0.02

g/litre.

Pour Plate Medium for Subcultures

As Victoria Medium F, with 1% agar.



ii) MODIFIED VICTORIA MEDIUM F

250.

Constituent
Sucrose
MgSO4.7%EO (or MgS0,.2H 0 = 2.5gm)
Yeast Extract (Oxoid)
Cholesterol
Sod. thioglycollate
Agar (Oxoid No. 1)
Soluble starch 0.15% w/v solution in water
Brain Heart Infusion Broth (0Oxoid)
Heparin (0.5 ml of a 1000 u./ml solution)
pH

Bottle in 20 ml quantities

Amount (grams/litre)
300.00

3.2

100 mls
900 mls
500 units

7.5

Sterilise by autoclaving at 10 lbs/sq.inch (115°C) for 20 minutes.

Cap, label with date and batch number. The osmolality of the medium

should be 1100 - 1200 m.osm./kg.

Preparation of Starch Solution

1. Weigh out soluble starch 1.5 g.

2. Dissolve in 10 ml warm water.

3. Add 90 ml water to make a final volume of 100 ml.

4, Mix.

Pour Plate Medium for Subcultures

A Modified Victoria Medium F, but with 1% Oxoid Agar No. 1.
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iii) PARTIALLY DEFINED SUPPLEMENTED MEDIA [
Medium 1.

Constituents Amount (grams/litre)
Sucrose 300.00
Mg804 .7H2 0 (2: MgSO4 .2H20 = 2.5 gm) 3.2
Cholesterol 0.02
Sod. thioglycollate 1.00
CaCl2 0.123
Riboflavin 0.001
Thymidine 0.01
Agar (Oxoid No. 1) 1.00
Isosensitest broth 1000 mls
Heparin (0.5 ml of a 1000 u/ml solution) 500 units
pH 7.4 approx.

Bottle in 20 ml quantities

Sterilise by autoclaving at 10 lbs/sq.inch (115°C) for 20 minutes.

Pour Plate Medium for Subcultures

As above, but substituting Isosensitest Agar for Isosensitest Broth, and

omitting Oxoid Agar No. 1.
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Constituents
Sucrose
Nicotinamide
MgSO,.7H O (or: MgSO .2H O = 2.5 gm)
4 2 —_ 4 2
Cholesterol
Sod. thioglycollate
CaCl
2
Riboflavin
Thymidine
Agar (Oxoid No. 1)

Isosensitest broth

Heparin (0.5 ml of a 1000 u/ml solution)

pH

Bottle in 20 ml quantities

252.

Amount (grams/litre)

300.00
0.005
3.20
0.02
1.00
0.123
0.001
0.01
1.00

1000 mls-

500 units

7.4 approx.

Sterilise by autoclaving at 10 lbs/sq.inch (115°C) for 20 minutes.

Pour Plate Medium for Subcultures

As above, but substituting Isosensitest Agar for Isosensitest Broth, and

omitting Oxoid Agar No. 1.
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Medium 3.

Constituents Amount (grams/litre)
Sucrose 300.00
Nicotinamide 0.005
Mgsq1.7H20 (or: Mgsqi.ZHZO = 2.5 g) 3.2
Cholesterol 0.02
Sod. thioglycollate 1.00
Riboflavin 0.001
Thymidine 0.01
PABA (para amino benzoic acid) 0.001
Folic acid 0.601
Cytosine 0.01
CaCl, 0.123
Agar (Oxoid No. 1) 1.00
Isosensitest broth (Oxoid) 1000 mls
Heparin (1000 units/ml solution) 0.5 ml
pH 7.4

Bottle in 20 ml quantities.

Sterilise by autoclaving at 10 lbs/sqg.inch (115°C) for 20 minutes.

Pour Plate Medium

As above, but substituting Isosensitest agar (Oxoid) for Isosensitest
broth, and omitting Oxoid Agar No. 1

Stock Solutions Vitamins

Riboflavin Dissolve in 0.2N Acetic Acid. Prepare a 1 mg/ml solution.
Mask with foil to protect from light. Solution stable for one month at

4°C.
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Thymidine Dissolve in sterile distilled water. Prepare a 10 mg/ml
solution. Solution stable for one month at 4°C.

Nicotinamide Dissolve in sterile distilled water. Prepare a 5 mg/ml

solution. Stable for one month at 4°C.
Cytosine Dissolve in O.1N HC1. Stable for one month at 4°C.
pPABA Dissolve in distilled water. Stable for one month at 4°C.

Folic acid Dissolve in 0.00lN NaOH. Stable for one month at 4°C.



'ISO~-SENSITEST' AGAR (0OXOID)

FORMULA

Hydrolysed Casein

Peptones

Dextrose

Sodium chloride (NaCl)

Soluble starch

Disodium hydrogen phosphate

Sodium acetate

Magnesium glycerophosphate

Calcium gluconate

Cobaltous sulphate (CoSO4)

Cupric sulphate (CuSO )

Zinc sulphate (Zn804)4

Ferrous sulphate (FeSOA)

Manganous chloride (MnCl )
2

Menadione

Cyanocobalamin

L-Cysteine hydrochloride

L-Tryptophan

Pyridoxine

" Panthothenate

Nicotinamide

Biotin

Thiamine

CIJe

grams per litre
11.0
3.0
2.0
3.0

1.0

‘ 0.001
0.001
0.001
0.001
0.002
0.001
0.001
0.02
0.02
0.003
0.003
0.003
0.0003

0.00004
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Adenine 0.01
Guanine 0.01
Xanthine 0.01
Uracil 0.01
Agar No. 1 8.0
Distilled water : 1000 mls

pH 7.4 + 0.2

'ISO-SENSITEST' BROTH (0OXOID)

FORMULA

As 'Iso-sensitest' Agar, but without agar.
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3. Media for the Isolation of Wall-defective Streptococcal ;

Variants.

i) Biphasic Blood Culture Brain Heart Infusion Agar/Broth.
Gibco Bio-Cult Diagnostics Ltd., Sandyford Industrial
Estate, Paisley PA3 4EP, Scotland.

ii) Cysteine/pyridoxine supplemented Brain Heart Infusion

Broth (BHI/PC)

Constituents Quantity (grams/litre)
Cysteine hydrochloride 1.00
Pyridoxine hydrochloride (BDH) 0.001
Brain Heart Infusion Broth (Oxoid) 1000 ml
Heparin (1000 units/ml solution) 0.5 ml
Final pH 7.5

Mix well. Bottle in 20 ml amounts and sterilise by autoclaving at

15 1lbs/sqg.inch (121°C) for 20 minutes.

iii) Stabilised Cysteine/pyridoxine supplemented Brain Heart

Infusion Broth (stabilised BHI/PC)

Constituents Quantity (grams/litre)
Sucrose . 200.00
NaCl 18.00
Yeast autolysate 25.00
MgSO .7H,0 3.2
Cholesterol | 0.02
Cysteine hydrochloride 1.00
Pyridoxine hydrochloride (BDH) 0.001
Agar 1.5

Brain Heart Infusion Broth (Oxoid) 1000 mls
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Heparin (1000 units/ml solution) 0.5 ml

Final pH : 7.5

Mix well, distribute into final containers and sterilise by autoclaving
at 15 1lbs/sq.inch (121°C) for 20 minutes. The final osmolality of the
medium should be about 1500 m.osm/kg.

iv) Subculture Media

BACP Media

a) Blood agar plates supplemented with cysteine hydrochloride
1 gram/litfe plus pyridoxine hydrochloride 1 mg/litre.

b) Blood agar plates supplemented with cysteine hydrochloride
1 gram/litre plus pyridoxine hydrochloride 1 gram/litre.

Pour plates made with the same base composition as

stabilised BHI/PC.

4. Other Culture Media

Brain Heart Infusion Broth (Oxoid Ltd., Wade Road, Basingstoke,

Hampshire).

Cooked Meat Medium (Oxoid)

Cooked Meat Medium Granules (Oxoid)

Brain Heart Infusion Broth (Oxoid)

Heparin 500 units/litre of Brain Heart Infusion Broth
pH 7.2

Distribute granules in 1.0 gram amounts into bottles.



Add 10 ml of Brain Heart Infusion Broth to each bottle.
Sterilise by autoclaving at 15 lbs/sqg.inch (121°C) for 15 minutes.

Cooked Meat Medium (Difco)

Cooked Meat Medium Granules (Difco)

Tryptic Soy Broth (Difco)

Heparin 500 units/litre Tryptic Soy Broth

pH 7.2

Distribute granules in 1.0 gram amounts into bottles.

Add 15 ml of Tryptic Soy Broth to each bottle.

Sterilise by autoclaving at 15 lbs/sq.inch. (121°C) for 15 minutes.

Blood Agar Plates

These were composed of Columbia Agar Base (0Oxoid) with 5 - 6.5% horse
blood.

Suspend 39 grams Columbia Agar Base in 1 litre of distilled water.
Boil to dissolve the medium completely.

Sterilise by autoclaving at 15 lbs/sqg.inch (121°C) for 15 minutes.

Cool to 50°C and add 5 - 6 5% sterile defibrinated horse blood.

5. Water

Glass-distilled water was used throughout, and was distilled once.

6. Washing procedure for Glassware
New Glassware. If clean, washed and capped when received,
proceed as follows. Rinse twice in glass distilled water.
Dry upside down in oven set at 'high' for 1 hour. Treat

bungs and caps similarly, only dry on top of oven in basket.
If new glassware is 'dirty' when received, proceed as follows.

i) Rinse with tap water.



ii)

iii)

Steep overnight in 1% Decon (DRI Decon, Hove) solution in tap
water. Next morning, brush well and rinse 5 times in tap
water, then 5 times in glass-distilled water.

Dry upside down for 1 hour in drying oven set at 'high'.
Treat bungs and caps similarly, only dry on top of oven in
basket.

Glassware for Medium Preparation

After use, rinse with tap water. Steep in 1% Decon solution
for 10-15 minutes. Brush well. Rinse thoroughly in tap

water. Invert and drain dry.
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Note:

Translation of Foreign Languages

Most of the references cited are in English, but material written
in French, German and Russian is also included. Papers written in
French were read in the original language. Papers written in German
were translated into English by me. The Russian papers were not read
in full, as my ability to translate Russian is extremely limited.
Russian language papers were either read from the English abstract, or
partly translated into English. I am most grateful to Miss Jean Nisbet
of the Modern Languages Department, Cfaigbank Secondary School, Glasgow,
who translated selected paragraphs into English for me.

In the List of References I have shown the language of origin for
each foreign language paper, and I have indicated whether the material
was read from the English Abstract, translated, or read in the original

languagé.
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