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ABSTRACT

i

Coagulase-negative staphylococci are a major compornent of the skin and
mucous membrane flora. As a result of this, when these organisms were
isolated from clinical specimens they were often discounted as being a
contaminant or immocuous. Recently the coagulase-—negative staphylococeci
have emerged as a significant cause of infection. These include major
infections such as prosthetic valve endocarditis, urinary tract infections,
and shunt, catheter and prosthesis infections.

Despite the fact that these organisms had been found to be a major
cause of infection, little was understood about the epidemiology and
pathogenesis of coagulase-negative staphylococci infections.

A typing technique such as plasmid profiling would be.very useful imn
epidemiology studies of these organisms. Most published methods proved to
be inadequate for our purposes. However, the CDC method, following a few
alterations, proved to be a good, consistent plasmid profiling method.

Although little is known about the virulence factors of the
coagulase-negative staphylococci, slime production had been associated with
increased virulence. Curing, transformation, and plasmid analysis results
indicated that the production of slime was mediated by chromosomal genes.

Experiments were also carried out on the slime, and slime producing
organisms to develop a quick screen to differentiate between slime and
nonslime producers. Biological staining with alcian blue and congo red was
unable to differentiate these organisms. Attempts to raise antibodies
against the slime also failed. It appeared that the slime, isolated from

the slime producing organisms was a poor immunogen in a rabbit model.



INTRODUCTION

The human body is a major reservoir of the coagulase-negative
staphylococci. These organisms prefer the skin and mucous membranes of the
nasopharynx and other areas adjoining various body orifices (Kloos, 1982).

Historically these organisms were considered to be mere contaminants
when isolated from clinical specimens due to their ubiquitos nature on the
human body (Sewell, 1984). It is now known that the coagulase-negative
staphylococci are responsible for numerous infections. A list of these
infections, compiled by Sewell (1984), included major infections such as
prosthetic valve endocarditis, urinary tract infections, shunt, and
catheter infections.

Because these organisms were believed to be innoéuous, little work was
done on their taxonomy and virulence. Baird-Parker (1963) was the first
researcher to develop a significant classification scheme for the
Staphylococci. Since this time Baird-Parker (1974), Kloos and Schleifer
(1975) and other researchers have come to recognize many more
staphylococcus species. Today there are 11 recognized human species, 10 of
which are coagulase-negative staphylococci (Doern, 1984). With the recent
ﬁpsurge in molecular genetic techniques new methods became availabie to
study and type organisms. One of these methods was plasmid profiling.
This method has been used to analyze both gram negative and gram positive
bacteria. Researchers such as Parisi and Hecht (1980), Archer et al
(1982), Maki et al (1982), and Archer et al (1984) all have used this
technique to investigate the coagulase-negative staphylococci and their

plasmid content. We undertook to develop a plasmid profiling technique



which could consistently give reproduceable and.accurate plasmid profiles
for any coagulase-negative staphylococel organism studied.

Due to the fact that these organisms were always considered innocuous
little was known about their virulence factors. In recent years the work
on these virulence factors has increased. Solymossy (1982) Aldridge
(1982), and Males (1975) have all looked at the virulence factors of these
organisms. However most of the work on virulence factors was centered
around slime production. The production of slime had been directly
correlated with increased virulence by Toshida and Ichiman (1981) and
Christensen (1983). Other researchers such as Sheth et al (1983), Peters
et al (1982) and Gray et al (1984) looked at the adhesion and effects of
slime production. We decided to study the slime of the coagulase—negative
staphylococci by determining if the genes encoding for slime production
were plasmid or chromosomal mediated. We proposed to do this with curing
and transformation experiments. We also hoped to establish a quick screen
to differentiate between slime positive and slime negative organisms. We
proposed to do this using biological staining and antibodies, produced in

rabbits, incorporated into agarose.



LITERATURE REVIEW

A. COAGULASE NEGATIVE STAPHYLOCOCCI

1. Taxonomy

The family Micrococcaceae consists of three genera, the Micrococci, the
Staphylococci, and the Planococci. This family contains gram—positive
cocci that are facultatively anaerobic and grow in irregular clusters. The
staphylococci appear to be the only genus of medical importance in the
family Micrococcaceae. The name staphylococcus originates from the Greek
nouns, staphyle (a bunch of grapes) and coccus (a grain or berry). This
name was introduced to describe the organisms as seen by early
investigators in pus from surgical wounds (Zinsser et al, 1980).

In 1884 Rosenbach was the first to attempt to differentiate the genus
staphylococcus into species. He did this on the basis of an obvious and
simple characteristic: colony pigmentation. Rosenbach's results indicated

the presence of two species in this genus, Staphylococcus aureus which

produced a golden pigmentation, and Staphylococcus albus which produced a

white pigmentation. In 1885, Passet added a third species, the

lemon—colored Staphylococcus citreus, to this genus. However, this

phenotypic characteristic was found to be geneticaly unstable in many
strains, making it an unsatisfactory criterion to speciate organisms
(Kloos, 1980).

Von Daranyi (1925) realized that the blood plasma clotting ability of
the staphylococci could be of value in typing these organisms. Von Daranyi

found that S. aureus could coagulate blood plasma, whereas the S. albus



could not coagulate blood plasma. Hence S. aureus was coagulase positive
and S. albus was coagulase negative. However, this test did not gain
acceptance until the 1930's when the correlation between the coagulase
reaction and pathogenicity became apparent.

During the period of the 1940's and 50's little progress was made in
clarifying the taxonomic position of these orgnisms. Hucker (1948) lumped
the staphylococci and micrococci into a single genus; micrococcus, while
Shaw (1951) placed the two into the single genus staphylococcus. Evans
(1955) became dissatisfied with the lumping of staphylococci and micrococci
into a single group and proposed separating the two on their ability to
grow in the presence of oxygen. Species which could grow with or without
oxygen (facultative species) became staphylococcus, while obligate aerobes
became part of the genus micrococcus.

Silvestri and Hill (1965), and Auletta and Kennedy (1966) looked at the
deoxyribonucleic acid base composition of the staphylococel and the |
micrococci. They found that the staphylococci had a guanine plus cytosine
content of from 30-39%, whereas the micrococci had a guanine and cytosine
content of between 63-73%. This was seen as convincing evidence that the
staphylococci and micrococci were not as closely related as was believed.
Other evidence supporting this belief arrived when the International
Association of Microbiological Societies (1965) introduced a standard test
for separating staphylococci from micrococci. It was based on the ability‘
of staphylococci to grow and produce acid anaerobically from glucose in a
peptone-yeast extract medium containing the pH indicator bromo—-cresol
purple. Thomas and Schulhardt (1964) supported this separation, based on
the susceptibility of these organisms to lysostaphin. The anaerobic

glucose fermenting staphylococci were attacked by the lysostaphin whereas



the micrococci were not attacked. It became established that there were
two separate genera in the family Micrococcaceae, the Staphylococci and the
Micrococci.

Baird-Parker (1963) was the first taxonomist to come up with a
significant typing and classification system for the staphylococci.
Baird-Parker looked at 1,250 gram positive, catalase-positive cocel
isolated from bacon, pig and human skin, and dust. He compared their
morphology, physiology and biochemical characteristics. His results were
in agreement with previous work by Evans (1955) who found that the
staphylococci and micrococci could be differentiated by the ability of
staphylococci to grow and produce acid from glucose anaerobically. The
classification that evolved from this study classified the staphylococci
into six subgroups. Subgroup I was the species S. aureus as defined by
Shaw et al (1951). The other five staphylococci species were found to be
coagulase negative and did not produce acid from mannitol. The S. aureus
species did produce acid from mannitol.

Baird-Parker (1965) made another survey of the Micrococcaceae using 607
cultures of gram—-positive, and catalase positive cocci received from
workers and collections in different parts of the world. His results
indicated no change in the number of subgroups into which the
staphylococci could be differentiated.

Baird-Parker (1974) published one more major classification scheme for
the staphylococci. In this study he expanded the number of recognized
staphylococcus species to nine. These species were S. aureus, S.

epidermidis (4 biotypes) and S. saprophyticus (4 biotypes). Biotypes

represent subspecies which differ in only a few biochemical tests.



Kloos and Schleifer (1975) published a simplified scheme for the
identification of staphylococci species. This scheme recognized ten
staphylococci species including S. aureus, plus nine separate coagulase
negative species.

Since 1975 there have been more coagulase negative staphylococci
species recognized. This has resulted from DNA hybridization studies
amongst the species as well as further work on phenotypic characteristics
(Kloos, 1980; Kloos and Schliefer, 1983). As a result of this and other
work, a list of currently recognized species of staphylococel would include
eleven human species of which ten are coagulase negative, and six non—human
coagulase negative species. A list of these species, as published by Doern

(1984), was as follows:

TABLE I: Currently Recognized Species of Staphylococci

Human Species Nonhuman Species

S. aureus S. intermedius

S. epidermidis S. hyicus ssp hyicus

S. saprophyticus S. hyicus ssp chromogens
S. haemolyticus S. sciuri ssp'sciuri

S. hominis » S. sciuri ssp lentes

S. warneri S. caseolyticus

S. captitis S. carrious

S. cohnii S. simians

S. xylosus

S. simulans

S. auricularis




2. Natural Habitat

The human body is a major reservoir for the coagulase-negative
staphylococci. Kloos (1982) described their preferred natural habitat as
the skin and mucous membranes of the nasopharynx and other areas adjoining
varius body orifices.

Kloos and Schleifer (1980) found that the major resident species living

on humans include S. epidermidis, S. hominis, S. capitis, S. haemolyticus

and S. auricularis. Species such as S. warneri, S. saprophyticus, S.

cohnii, S. xylosus, and S. simulans are usually found in small numbers or

as transient populations on humans.

Kloos (1982) also reported that some species of staphylococci
demonstrate a strong preference for certain niches within the human
ecosystem. S. capitis is found only on the head, particularly the scalp
and forehead where sebaceous glands are numerous and well-developed. S.
auricularis is the major species of the outer ear. S. hominis and S.

haemolyticus prefer areas of the skin where apocrine glands are numerous.

S. epidermidis is found in the anterior nares, axillae, groin and perineal

areas, the feet and forehead, as well as the face. S. aureus the coagulase
positive species prefers the anterior nares.
Kloos and Musselwhite (1975) investigated the quantity of all bacterial

species on human skin. Their results indicated that S. epidermidis is the

most prevalent species of coagulase negative staphylococci residing on

human skin.

3. Physical Characteristics
Baird-Parker (1972) described the genus staphylococcus as non motile,

gram—positive, and catalase positive cocci 0.5-1.5 um in diameter. These



organisms have the ability to divide in more than one plane to form
irregular clusters of cells. This is highly characteristic of the
Staphylococci.

The cell wall of the staphylococci, like other gram positive bacteria,
consists mainly of peptidoglycan and teichoic acids. The thickness of the
cell wall will vary according to the particular strain, and the age of the
culture. Suganuma (1966) showed that the walls of young cells are about
15om thick, while ﬁhe cell wall of older staphylococei cells will be
approximately 80nm thick.

The structure of the staphylococci peptidoglycan was determined by
Strominger and Ghuysen (1967) by studying the simple degradation products
obtained by the action of hydrolytic enzymes. Teichoic acids, as shown by
Archibald and Bradley (1966), are charged polymers in which repeating units
containing ribitol or glycerol are held together by phosphodiester groups.
Teichoic acids are responsible for much of the serological specificity of a
cell and form part of the phage receptor sites as suggested by Archibald
(1972). Davie and Brock (1966) found that in certain bacteria teichoic
acids influence the action of lytic and autolytic enzymes on the cell.
James and Brewer (1968) demonstrated that they also»contribute to the
surface charge of the cell.

Initial studies by Archibald (1972) demonstrated that the presence of
ribitol teichoic acid was specific for coagulase positive staphylococci and
that glycerol teichoic acid was specific for coagulase negative
staphylococci. However work by Endl et al (1983) proved that this was not
true. In their work they showed that some 5. aureus strains did contain a
glycerol teichoic acid, and that some coagulase negative staphylococeci

strains did contain a ribitol teichoic acid.



Other characteristics of the staphylococeci, as reported by Baird-Parker
(1972) were as follows. They are facultative anaerobes growing best in the
presence of air. Aerobic growth requires a medium containing amino acids,
and growth factors, while anaerobic growth requires all of these plus
uracil and a fermentable carbon source. The staphylococci are mesophiles,
growing between 6.5—460C, the optimum temperature is 35-40°C. They will
grow at pH values between 4.5 and 9.3, the optimum pH being between 7-7.5.
Most strains can grow in 1.5% sodium chloride or 40% bile. They are
sensitive to lysis by lysostaphin, which breaks the pentaglycine bridges in
their peptidoglycan, but they are resistant to lysis by lysozyme. Their
metabolism is both respiratory and fermentative. Finally their GC content

ranges from 30-40%.

4, Clinical Significance

Historically the coagulase positive S. aureus were considered to
possess pathogenic potential, whereas the coagulase negative staphylococci
were considered to be avirulent organisms (Sewell, 1984). When a coagulase
negative staphylococcus was igsolated from a clinical specimen, it was
almost always considered to be a contaminant due to its ubiquitous nature.

As stated by Christensen (1983), it was believed that the staphylococci
act as saprophytes as part of the skin's normal flora. As saprophytes they
1imit the influx of virulent and other bacteria onto the various body
surfaces. At the same time, the coagulase negative staphylococéi were
themselves. held in check from further invasion by the host's dermal barrier
and immunological system. When these defences were impaired, these usually
saprophytic coagulase negative staphylococei could cause serious human

disease (Gemmel, 1981; Sewell, 1982).



-10-

The infections caused by coagulase negative staphylococci include the
following: Intravenous cannulae associated infections, subacute bacterial
endocarditis, prosthetic valve endocarditis, urinary tract infections,
peritonitis in patients on peritoneal dialysis, surgical wound infections,
vascular graft infections, prosthetic joint infections, ocular infections,
minor skin abscesses, and infections of the central nervous system in
patients with ventricular drainage devices such as shunts (Sewell, 1984).

The role of Staphylococcus saprophyticus as an etiologic agent of

urinary tract infections (UT1's) was not fully appreciated until quite

recently. One reason is that coagulase negative staphylococci were

generally considered apathogenic in the urinary tract. Another reason

was that unless appropriate diagnostic and screening methods were used, the

diagnosis of such infections was missed (Hovelius and Mardh, 1984).
Hovelius et al (1984) studied 95 Swedish women, 15-45 years old,

presenting symptoms of distal UTI. They found S. saprophyticus to be the

causative agent in 27% of the cases. Only E. coli, at 417, caused more
UTI'S. Hovelius et al (1984) also looked at UTI in males and found that S.

saprophyticus was the most common pathogen in elderly patients. Other

investigators Jordan et al (1980), and Wallmark et al (1978), have also

shown S. saprophyticus to be an important pathogen in UTI.

Hovelius and Mardh (1984) looked for possible reservoirs of S.

saprophyticus and determined that S. saprophyticus is not part of the

normal flora of skin, but rather it appeared transiently and in low

numbers. It has been isolated from the skin, the periurethra and urethra.
The coagulase negative staphylococci can also, under the right

conditions, cause endocarditis in humansef Non—-prosthetic valve or subacute

endocarditis is rarely caused by coagulase negative staphylococcie.
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Estimates of non-prosthetic valve endocarditis, caused by coagulase
negative staphylococci, range from 1-3% (Tuazon and Miller, 1983) to 2-6%
(Lancet, 1981).

Although the coagulase negative staphylococci are rare pathogens in
subacute endocarditis, they have become very common pathogens in acute or
prosthetic valve endocarditis (PVE). Many researchers have looked at PVE,
and have found coagulase negative staphylococci to be the most frequent
causative organism. For instance, the Lancet (1981) reported that
coagulase negative staphylococci were responsible for 37% of all PVE cases.
Masur and Johnson (1980) in a PVE outbreak found the coagulase negative
staphylococei to be responsible for 48% of their cases, while Dismukes et
al (1973) found the coagulase negative staphylococci responsible for over
one third of PVE cases.

‘Another example of an important infection caused by the coagulase-
negative staphylococci is peritonitis in patients undergoing continuous
ambulatory peritoneal dialysis (CAPD). Doern (1984) reported that over one
third of such infections were caused by coagulase negative staphylococci,
while a study done by Rubin et al (1980) found the coagulase negative
staphylococci to be responsible 317 of the time. Grefberg et al (1984)
found the coagulase negative staphylococci to be the causative organism 577%
of the time in 129 episodes.

Coagulase—negative staphylococci have also been implicated in various

ocular infections. Mahajan et al (1980) state that S. epidermidis has been

recognized as a pathogen in corneal ulcers, endophthalmitis, and
blepharoconjunctivitis.
The coagulase negative staphylococci have also been found to be the

causative organism in infections arising when a foreign body, such as a
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shunt, a catheter or other prosthetic devices have been placed into the
body.

Schoenbaum et al (1975) studied individuals over a ten year period, who
had cerebrospinal fluid shunts and developed infections. The results of
this study found the coagulase negative staphylococci to be responsible for
one half of the infections.

More recently Togeu (1985) reported that the coagulase negative
staphylococci are responsible for 60-75% of shunt infections. Togeu (1985)
also speculated that these bacteria have special properties which allows
them to bind to the shunts and become protected from the victim's immune
system.

Examination of infected joint prosthesis demonstrates the importance of
coagulase negative staphylococci in these infections. Lowy and Hammer
(1983) looked at infection following total hip replacement, and found the
coagulase negative staphylococci to be the causative organism in 20-507% of
cases. Wilson (1977) also looked at total hip replacement infectidns and
found the coagulase negative staphylococel to be responsible for 507 of
their cases. Wilson et al (1973) looked at femoral replacements and
resulting infections and found the coagulase negative staphylococci to be
the pathogenic organism in 35% of cases.

Thus it can be said that the coagulase negative staphylococci, which at
one time were considered to be saprophytic organisms, are, in fact, a major
cause of bacterial infections. Perhaps Christensen (1983) said it best
when he stated that coagulase negative staphylococci infections were a
disease of medical progress, and as more and more medical devices are
inserted into the human body, we are encountering more and more infections

related to the use of these devices.
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5. Virulence Factors of the Coagulase Negative Staphylococci

The fact that the coagulase negative staphylococci were never
considered as pathogens, until recently, has meant that little is known
about their virulence factors.

S. aureus has many virulence factors, some of which may also be
virulence factors of the coagulase negative staphylococci. However this
has not been demonstrated. These factors as described by Davis (1980)
include three hemolysins (alpha, beta, and gamma), staphylokinase,
Panton-Valentine leukocidin, and enterotoxins A-E.

Sewell (1984) and Lowy et al (1983) agree that a prerequisite for
infection by coagulase negative staphylococcl was a break in host defences.
After this break in defence the coagulase negative staphylococci are able
to cause an infection in the host. How infection occurs is not known,
however some research has been done on the possible mechanisms, which has
resulted in some published theories.

Kloos (1982) mentioned that Ryden et al are working on fibronectin
binding in wound tissue colonization, and its possible role in coagulase
negative staphylococci pathogenicity.

Solymossy et al (1982) discovered a cytotoxic material released from S.
epidermidis which they labelled FZ' This substance had a molecular weight
of 4 x 103, contained 9.5% protein, and 737% carbohydrate, and was released

from S. epidermidis in phosphate buffered saline. This material was

soluble in ethanol and was heat resistant. The biological characteristics
of this material were that it blocked amino acid uptake and E-rosette

formation of human tonsillar and blood lymphocytes. In mouse hepatocytes,
this material inhibited protein synthesis in the presence of calcium ions.

These results indicated that this material, released from S. epidermidis,
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could damage eukaryotic cell membranes. The mechanism of action is not
known, however it probably binds to membrane proteins responsible for
rosette formation and amino acid uptake. Complete membrane disorganization
could be excluded because glucose and thymidine transport across the
membrane were not inhibited by Fz.

Aldridge (1982) reported that the coagulase negative staphylocoéci
produced neither the coagulase nor the wide variety of extracellular
enzymes formed by S. aureus. However, Gemmell and Roberts (1973) developed
a colony overlay technique that utilized a semisolid agar overlaying a
monolayer of skin fibroblasts to assay the toxigenicity of the coagulase

negative staphylococci. They found the cytopathogenic strains were

primarily S. epidermidis, S. saprophyticus, and S. haemolyticus. This
study also &emonstrated a good correlation between strains ability to
produce exotoxins and their ability to cause infection. Some of the toxins
and enzymes that coagulase negative staphylococci were found to produce
were alpha and beta haemolysins; succinic oxidase factor, DNAase,
phosphatase, gelatinase and lipase. Males (1975) looked at 228 clinical
isolates of coagulase negative staphylococci and found that 81.87% of these
produced :haemolysin. Males also found that many of his isolates produced
DNAase, urease, gelatinase, caseinase, and lysozyme. Gemmel and Thelestam
(1981) did a study on 50 clinical isolates of coagulase negative
staphylococci. They looked at lysis of human erythrocytes, leakage of a
radioactive marker from human embryonic lung fibroblasts by culture
filtrates, and direct cytotoxicity of growing bacteria towards mouse skin
fibfoblasts in an agar overlay assay. Their results indicated that
coagulase negative staphylococéi isolated from a variety of clinical
conditions could produce a potential haemolysin, capable of enhancing their

pathogenicity for man.
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Hovelius and Mardh (1984) looked at pathogenic factors of S.

saprophyticus and concluded that these factors were poorly defined. the S.

saprophyticus does not produce a DNAase, phosphatase or any endonucleases;

factors which have been associated with pathogenicity of S. aureus.

However, they did find that S. saprophyticus showed a tropism for the

epithelial lining of the urinary tract, the only organ system in which this
organism is known to cause disease. In vitro tests have shown that the
bacterium has a selective ability to adhere to urothelium, so specific

adherence was important to pathogenicity in S. saprophyticus.

Another posulated pathogenic factor of the coagulase negative
staphylococci was slime production. Although little research has been done
on slime production, enough has been done to indicate that there is a
direct correlation between slime production and pathogenicity. Christensen
(1983) examined strains of coagulase negative staphylococci from patients
with intravascular catheter-associated sepsis, and found that the coagulase
negative staphylococci strains that produced slime were more pathogenic
than the strains that did not produce slime.

In nature, bacteria may have a mass of tangled polysaccharide fibers
extending from the bacterial surface. This mass of fibers is known as the
glycocalyx or slime, and it may mediate adhesion of bacteria in
microcolonies to various surfaces, both artificial and natural.

Bayston and Penny (1972) made the first corrélation between slime
production and pathogenicity. They looked at slime prdduction on
cerebrospinal shunts, and found that the slime protects bacterial cells
from the action of lysozyme. They also speculate that slime may play a
part in inhibiting the action of antibiotics against the infecting

organism. Lowy et al (1983) also found that slime enhances bacterial
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adhesion to catheters in vitro and these attached colonies were extremely
resistant to antiseptic agents and biocides. Christensen et al (1982)
- looked at coagulase-negative staphylococci adherence to smooth surfaces and
found that 63% of clinical isolates produced slime, whereas only 37% of
randomly collected blood culture contaminats and skin isolates produced
slime. This was statistiéally significant, and suggested that slime
mediated adherence may be a critical factor in the pathogenesis of
/coagulase negative staphylococci infections of medical devices.

Toshida and Ichiman (1981) studied the relationship of a capsular-type,

or slime producing S. epidermidis to virulence in the mouse. They

discovered that virulent strains of S. epidermidis were slime producers.

So perhaps encapsulation of the organism, by slime, was a requisite of
virulence for coagulase negative staphylococci, although this has yet to be
shown in humans.

Marrie and Costerton (1983) studied the mode of growth of the bacteria
adherent to the surfacés of various components of cardiac pacemakers
infected with coagulase negative staphylococci. They found that these
infecting coagulase negative strains apeared to produce more
exopolysaccharide material than did the strains infecting various
intravascular catheters. They attribute the differences in slime
production to the degree in which fibrin and other host materials became
incorporated into the developing slime.

Some researchers have looked at the ability of the coagulase negative
staphylococei to adhere to different types of smooth surfaces and the
éffect of this adherence and growtﬁ.

Sheth et al (1983a,b) looked at bacterial adherence on two types of

catheter material: teflon and polyvinylchloride (PVC). 1In the first study
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they used an in vitro system where the catheters were briefly immersed in a
bacterial suspension and then incubated overnight. They found adherence to
be greater on PVC catheters than on the teflon ones. They also found that
the coagulase—negative staphylococci were more adept at adhering to PVC
than‘E. coli was. In their second study they examined intravenous (Iv)
catheters, over an 8 month period, for bacterial growth. They found that
6.9% of the teflon catheters were positive whereas 24.6% of the PVC
catheters were positive. Also, colonization of coagulase negative
staphylococci on PVC was greater than on teflon. Coagulase negative
staphylococci appeared to have a greater affinity for PVC than teflon
catheters.

Peters et al (1982) looked at the adherence and growth of coagulase
negative staphylococci on the surfaces of IV catheters. They found that
there was a progressive adherence of the organisms to catheter surfaces.
These organisms were able to grow and proliferate on the inner and outer
surfaces in the absence of any other externally supplied nutrients. This
fact suggested that the coagulase negative staphylococcl were able to use
some catheter components as nutritional sources. Using scanning electron
microscopy, they verified this by observing surface erosion of the catheter
surrounding the growing bacterial colonies.

Hogt et al (1983) looked at the adhesion of S. epidermidis to

polytetrafluorethylene—co—hexafluorpropylene (FEP), a hydrophobic material
used in vascular grafts, IV catheters and trachea prosthesis. They found
that the adhesion between the two was probably caused by hydrophobic
bonding which was not affected by the age and metabolic state of the
bacteria. Franson et al (1984) also looked at this adhesion and possible

ways to inhibit it. They used both PVC and teflon catheters and found that
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D-mannosamine inhibits adherence to PVC catheters. This suggested that
some interaction between either the PVC catheter surface or the bacterial
cell wall occurs with D-mannosamine. Alpha D-methylmannoside and
N-acetyl-o-glucosamine did not inhibit the adherence.

Although it was thought that the slime merely shielded the bacteria
from the affects of antibiotics and lysozyme, it now appears that slime
does have some effect upon human cellular immune response. This was
studied by Gray et al (1984) by measuring slimes effect upon the
lymphoproliferative response of mononuclear cells to polyclonal
stimulators. They found that the lymphoproliferative response to two
distinct polyclonal T-cell stimulators was strongly inhibited by slime,
which eventually destroyed affected cells. Since slime produced this
effect only after it has been incubated with cells for some time, its
action was unlikely to be mediated by rapid cytolysis. It was believed
that slime may act by activating a subpopulation of cytotoxic cells which
are responsible for the lysis of affected éells. Slime seemed to suppress

normal host response which may prolong the course of S. epidermidis

infections and increase the risk of other opportunistic infections. Borges
(1982) did a study to determine the ability of human neutrophils and
monocytes to adhere to two types of shunt catheters and to phagocytose
bacteria. They observed that white blood cells failed to adhere in normal
numbers to the catheters and failed to ingest fully a bacterial innoculum
on the catheters' surfaces. While in contact with the shunt apparatus, the
neutrophils also exocytosed myeloperoxidase, a major component of the
intracellular microbicidal system. These observations suggested that the
shunt apparatus may diminish the effectiveness of the hosts' defences at

the site of implantation.
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It is also possible that the surface components of these organisms may
be liberated to elicit diverse biological effects. Solymossy et al (1982)
reported that peptidoglycan released from cell walls inhibited the
migration of leukocytes, and that lipoteichoic acid was mitogenic in
lymphocyte cultures, and induced lysosomal enzyme release of macrophages.
These surface components could play a role in coagulase negative
staphylococci.

Baddour et al (1984) looked at the ability of 7 S. epidermidis and 4 S.

hominis strains to cause prosthetic valve endocarditis (PVE) in mice. They

found that S. epidermidis was able to cause endocarditis in 100% of mice,

while S. hominis was able to cause PVE in 12,57 of test cases. They also

observed that S. epidermidis strains were significantly more resistant to

phagocytic killing in vitro then were S. hominis strains. This data
suggested that there are major differences in the virulence between species
of coagulase negative staphylococci, both in vivo and in vitro.

These results, from work done on the coagulase negative staphylococci,
indicated that slime, adherence, and extracellular enzymes were probably
the major virulence factors. However, many more studies are needed to

truly understand coagulase negative staphylococci pathogenicity.

6. Typing Techniques

Sensitive typing téchniques are required to subdivide groups of
bacteria in order to trace source and spread of organisms during outbreaks
of infection and to serve as markers for identification of virulence. Up
until now the coagulase negative staphylococci had been epidemiologically
studied via biotyping, phage typing and occasionally by serotyping and

antibiograms. However, these typing methods attempted to identify isolates
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based upon phenotypic criteria alone, and this often resulted in misleading
epidemiological information.

Phage typing is a method of typing in which a phage or phages attach to
a bacterial cell, enter the cell, repfoduce in it, and then lyse the
cell. A set of phages is usually employed to offer maximal sensitivity for
differentiating the bacterial strains to be tested. The sensitivity of
this method is related to the number of phage types which can be
distinguished as well as to the distribution of clinical isolates within
the type categories (Aber and Mackel 1981).

When phage typing was employed to type coagulase negative
staphylococci, it was found that less than 607 of isolated strains were
gsensitive to these phages. Dean et al (1973) studied 1517 strains, and
found 855 or 56% to be typeable and 44% to be untypeable. Blouse et al

(1975) studied 118 epidemiologically related S. epidermidis strains, with

18 typing phages, and found 59% of these strains typable while 417 were
nontypeable. Verhoff et al (1970) were able to type 75.57% of 240 coagulase
negative strains, however this still meant that 24.5% were nontypable which
was insufficient for epidemiological studies.

Difficulties with phage typing as listed by Aber and Mackel (1981)
include the following. Susceptibility of bacteria to lysis by phage may
change with environmental conditions, phenotype of the bacteria, or with
changes in genetic material including plasmids. Basically a number of
factors must be controlled or standardized to have a reproducible
phage-typing system. Often these factors are very difficult to control,
thus putting a major limitation on this method.

Biological typing or biotyping of microorganisms is based upon

properties such as morphology, growth and differentiation, replication and
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environmental tolerance. These tests permit the classification of
organisms at the genus and species level.

The biotyping schemes developed by Baird-Parker (1974) and Kloos and
Schleifer (1975) proved to be quite adequate in speciating staphylococci.
However, problems did arise when these schemes were employed in
epidemiological studies of the coagulase negative staphylococci.

Doern et al (1983) were able to speciate 86% of 114 coagulase negative
strains using the API STAPH-IDENT system. However the biotyping of these
strains was not as efficient as the speciating. Most (93.6%) of the
coagulase negative staphylococci tested yielded the same biochemical
profile. Gemmel and Dawson (1982) and Sewell et al (1982) both used the
biotyping scheme of Kloos and Schleifer to speciate a large number of
coagulase negative staphylococeci strains. However both groups were unable
to biotype these strains in order to do epidemiological studies. Marsik
and Brake (1982) also studied biotyping of the coagulase negative
staphylococei, and found Kloos and Schleifer's biotyping scheme Qery
workable for speciation of these organisms. However they found that exact
jdentification of these species was not always possible. Males et al
(1975) studied the biotypes of clinical coagulase negative staphylococci
specimens using Baird-Parker's scheme. They found that 63.9% of 228
cultures belonged to a single biotype. This data showed that biotyping has
a major limitation in epidemiologic studies.

Other difficulties with biotyping as described by Aber and Mackel
(1981), include the lack of reproducibility due to the lack of
standardization with methods, biological variation, and media or reagent
composition variation. Also the biotype is not a stable genetic property,

it could be influenced by environmental conditions, and by plasmids. This
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biotype instability due to plasmid exchange had been proven by Reeve and
Braithwaite (1973) using klebsiella species. Reproducibility of results
with biochemical tests on bacterial cultures was also looked at by Smith
(1983). He reported on previous work which found discrepancies among
replicate tests in the same laboratory to be 4%, and in different
laboratories to be 15%. He also found large discrepancies when the same
technologist read duplicate tests.

Serological typing or serotying is another method which types organisms
according to phenotypic characteristics. Serotyping, according to Aber and
Mackel (1981), employs many different methods. These include macro and
microagglutination, the Quelling reaction, complement-fixation,
counterimmunoelectrophoresis and radioimmunoassay. These techniques are
basically all applications of the antigen—antibody reaction.

Serotyping has not been used in epidemiological studies of coagulase
negative staphylococci, mainly because of the limitations. The conditions
under which the interaction between antigen and antibody takes place are
almost always unique and thus a major problem to standardize.

Antibiograms refer to the typing of microorganisms according to their
antimicrobial susceptibility pattern. There are two methods available
here, the disc diffusion, and antimicrobial dilution method (Aber and
Mackel, 1981). These methods are standardized, reproduceable, readily
available and relatively inexpensive. However they are limited by changes
in antibiotic susceptibility related to environmental factors or plasmids.
Another limitation would be their reduced sensitivity due to the
discontinuous measuring inherent in the dilution method.

Little work has been done using antibiograms in epidemiologic studies

of the coagulase negative staphylococci. Researchers such as Marsik et al
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(1982) and Males et al (1975) have looked at coagulase negative
staphylococci antibiograms. They concluded that these organisms are
resistant to a wider spectrum of antibiotics than S. aureus, and that S.
epidermidis was the most resistant species‘of the staphylococci.
Christensen et al (1983) used the disc diffusion, antibiogram typing method
to characterize clinically significant strains of coagulase negative
staphylococci. Christensen found that antibiograms had very good
discriminatory power, but as a typing system there were very few
phenotypes. On this basis the probability of isolating any two phenotypes
by chance alone Wouid be p>0.05. A good typing system should have a p<0.05
(Aber and Mackel, 1981).

As mentioned previously sensitive typing techniques are required to
biotype organisms for epidemiological studies. The methods mentioned here
have proved inadequate to do epidemiological studies on the coagulase
negative staphylococci. A better or more sensitive method is required to
do these studies. Perhaps plasmid profiling will prove to be a suitable
method.

Plasmids are cyclic, extrachromosomal double-stranded DNA molecules
distinet from the cellular chromosome. They are autonomously replicating
and carry genes that are not essential for host cell growth. A plasmid may
provide useful genetic information to the cell in which it is located, but
plasmids are usually dispensable. Plasmids can be transferred between
bacterial cells by conjugation, transduction or transformation. Plasmids
are similar to viruses and it has been suggested that there is an
evolutionary link between the two (Norvick et al 1976). A good overview of

plasmids was given by Falkow and Portnoy (1983).
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By studying the plasmid profile of a given bacterial strain, omne is
able to fingerprint this strain. This analysis of bacteria involves taking
a crude lysate of the organism and exposing it to agarose gel
electrophoresis. This allows the bands of plasmid DNA to become separated
according to their molecular weights. One is able to look at the resulting
profiles and differentiate the organisms which are being studied.

Plasmid-pattern analysis has been successfully used as an
epidemiological tool for the investigation of outbreaks of infection caused
by a variety of gram negative and gram positive bacteria.

Gram negative bacteria were the first organisms to be analyzed.by this
method. Tompkins et al.(l980) were able to prove that multiple resistance
in Serratia and other enteric species were caused by the dissemination of a
single R-factor plasmid. This 45-megadalton plasmid coded for ampicillim,
carbenicillin, cephalothin, streptomycin, sulfonamide and aminoglycoside
resistance. Markowitz et al (1983) using plasmid profiling, demoustrated

that two outbreaks of Enterobacter cloacae infections in burn patieuts were

the result of two different strains of the same organism. These infections
occurred in the same burn unit, six years apart. This is but a small
sample of the many cases in which plasmid profiling has been used to
successfully study gram—negative iunfection outbreaks.

Plasmid analysis has also been used in epidemiologic studies of S.
aureus infections. McGowan et al (1983) used plasmid analysis to study the
spread of infections caused by strains of S. aureus resistant to gentamicin
between infants in a high-risk nursery, and 20 adults in the burn unit.
Lyon et al (1984) studied the molecular epidemiology of multiresistant S,
aureus in geographically-separated Australian hospitals. They fouud that

plasmid profiles from these isolates exhibited a common pattern of large
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plasmids associated with resistance to gentamicin, kanamycin, tobramycin
and chloramphenicol. This data showed dissemination of a multiresistant,
plasmid-bearing strain of S. aureus among Australian hospitals. Lyon et al
(1983) looked at nosocomial infections caused by S. aureus strains
resistant to methicillin and multiple antibiotics, in Melbourne. Piasmid
analysis of clinical isolates demonstrated the presence of three classes of
plasmid DNA in most strains.

The coagulase negative staphylococci have also been studied using
plasmid analysis with good results. Parisi and Hecht (1980) used plasmid
profiling, in conjunction with phage typing, biotyping and antibiograms, in
epidemiologic studies of coagulase negative staphylococci infections. In
this study Parisi and Hecht looked at clinical isolates of coagulase
negative staphylococci and typed each organism using these four typing
mechanisms. They found that some strains had the same phage type, biotype,
and antibiogram, but had distinctly different plasmid profiles. So strains
which appeared identical by conventional typing mechanisms, were proved, by
plasmid profiling to be nonidentical. In other cases they found strains
which had almost identical plasmid profiles, the same biotype and the same
phage type, but had vastly different antibiograms. Plasmid profiling
enabled these investigators to show that two strains which appeared
nonidentical, due to vastly different antiblograms, were in fact almost
identical; The only difference was a single plasmid which altered the
antibiogram results.

Archer et al (1982) looked at plasmid profiles of S. epidermidis

isolates from patients with prosthetic valve endocarditis (PVE). They

studied 45 plasmid containing isolates of S. epidermidis from cases of

sporadic PVE from three institutions in the USA. They found that none of
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these 45 isolates had similar plasmid profiles. This group also looked at
9 isolates from a cluster of PVE cases in Canada. In these 9 isolates they
found two groups of three isolates which had identical plasmid patterns.
This along with other clinical data suggested that these organisms were
epidemiologically related. These results led Archer to conclude that in a
cluster or outbreak of PVE the same strain was responsible for many of the
cases. However in 45 sporadic cases of PVE, different strains were
responsible for each case.

Maki et al (1982) studied methicillin resistant S. epidermidis surgical

wound infections. Using plasmid profiling they were able to link these
infections to a single chronic carrier The actual study consisted of a
cluster of 3 sternotomy infections, following coronary artery bypass graft

operations, which were caused by methicillin resistant S. epidermidis.

Plasmid analysis confirmed that a single unique strain of S. epidermidis

was responsible for all three cases. Archer was then able to isolate this
same strain from an intern who was present during all three bypass
operations. Positive identity was accomplished via plasmid analysis.
Wilson et al (1978) used plasmid profiling to study the plasmid ecology
of coagulase negative staphylococcl and to correlate the presence or
absence of plasmids with tetracycline, chloramphenicol, neomycin,
penicillin, and cadmium resistances. This study enabled them to see which
gstrains contained zero plasmids, making these strains potential recipients
in transduction, transformation, and conjugation experiments. They were
also able to correlate plasmids to antibiotic resistance genes. For
example they found that the tetracycline resistance gene was usually found

on a 3-megadalton plasmid in the coagulase negative staphylococci.



-27-

Archer et al (1984) investigated plasmid pattern analysis for the

differentiation of infecting from non-infecting S. epidermidis. Archer

reasoned that repeated isolation of an organism, from the same site in a
patient would suggest a probable infection. Whereas culture bacteremia due
to normal skin flora would not yield the same organism uéon repeated
isolation, indicating no infection. Archer's results showed that out of 36

patients with documented S. epidermidis infectiomns, 32 were found to have

plasmid pattern identity among sequential S. epidermidis isolates. Archer

also looked at 15 patients without documented Staphylococéus infections.

He looked at two consecutive S. epidermidis contaminated blood cultures

from each patient, and the plasmid profile of the contaminant. Archer
found that none of these isolates had identical plasmid profiles. Archer
had used plasmid profiling to differentiate infecting from non—infecting S.

epidermidis successfully.
B. PLASMID CURING BY ETHIDIUM BROMIDE

Plasmid curing is the process by which a plasmid is permanently
eliminated from a microorganism. This process was first documented by
Hirota (1960) when he studied the effect of acridine dyes on mating type
factors in E. coli. It was determined that acridine orange could eliminate
F factor from an F+ culture, giving an F— culture. This F- was found to be
genetically stable, showing irreversible loss of the plasmid.

Ethidium bromide (3,8-diamino-5-ethyl-6-phenylphenanthridinium bromide)
a trypanocidal phenanthridinium has also been found to be quite effective
in the curing of plasmids from microorganisms (Tomchik and Mandel 1964).

Lepecq and Paoletti (1967) have described the mechanism of ethidium
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bromide's effect upon nucleic acids. Ethidium bromide became bound to DNA
and RNA, and inhibited DNA-polymerase and RNA-polymerase. It had no effect
on protein synthesis. Ethidium bromide was intercalated between base-pairs
of DNA to form a highly fluorescent complex.

Bouanchaud et al (1969) studied the elimination of antibiotic
resistance in staphylococci by ethidium bromide. In this study they used
S. aureus strains and compared their results with previous studies using
acridine dyes as the curing agent. Hashimoto et al (1964) found
penicillin and erythromycin resistance to be eliminated by acridine dyes at
low frequencies: 0.1 to 3.5%. They also found penicillin resistance alone
to be eliminated at a frequency of 2-8%. Bouanchaud et al (1969) looked at
penicillin resistance elimination by ethidium bromide and found the
frequency to be 8-100%. They also observed that much less ethidium
bromide, than acridine dyes, was required to eliminate these factors.
Bouanchaud et al (1969) also observed that in four-strains of S. aureus
penicillin resistance was never eliminated. This, he concluded, was
because the resistance genes were on the chromosomal DNA, not the plasmid
DNA. A final observation by Bouanchaud et al (1969) was that different
strains of bacteria will exhibit different sensitivities to ethidium
bromide. Differences in DNA polymerase and RNA polymerase sensitivities
were probably responsible for this.

Other investigators have also used plasmid elimination by ethidium
bromide to aid their studies. Bouanchaud et al (1969) looked at plasmid

elimination in Enterobacteria. They found plasmid elimination in gram

negatives to be less efficient than it is in gram positive bacteria. Vogel
et al (1969) studied infections due to a gentamicin resistant S. aureus

strain in a nursery. Using plasmid elimination by ethidium bromide
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treatment they were able to correlate gentamicin resistance genes to a 11
megadalton plasmid, i.e. when this plasmid was eliminated from the
bacteria, the organism became gentamicin sensitive.

So it appears that ethidium bromide is a powerful drug in eliminating
plasmids at a high frequency, and would appear to be a useful tool for

further study in elimination of plasmid genes from microorganisms.
C. TRANSFORMATION OF PLASMID DNA

DNA can be transferred within and between genera by three different
mechanisms, transformation, transduction, and conjugation.

Transformation is defined as the ability of bacteria to acquire a
heritable altered éhenotype by the acquisition of DNA from an external
medium (Deich and Smith, 1980). Chromosomal fragments or plasmid DNA may
be transformed.

Transformation was first discovered by Griffith in 1928 using

Streptococcus pneumoniae. Griffith was able to transform rough avirulent

cells into smooth virulent cells (Stanier et al 1976).

Avery et al (1944) succeeded in purifying pneumococcal transforming
principle and identified it as DNA. Until this time it was believed that a
protein moiety was responsible for the specificity of a gene This was the
first evidence that DNA was the carrier of genetic information. Since 1944
transformation has been effected in other genera of bacteria. Haemophilus,
Neisseria, and Bacillus all proved to be naturally transformable, while
other genera had to be made competent before transformation could succe