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ABSTRACT

A total of 745 gram-positive, catalase-positive clustering cocci were obtained from various
clinical specimens which included wound, blood, urine, catheter tips, high vaginal and
endocervical swabs, urethral swabs, seminal fluids, bone secretions, eye and ear swabs,
These isolates were obtained over an 18-month period from the Lagos University Teaching
Hospital (LUTH), Idi-Araba, and General Hospital, Tkeja. Swab samples were also
obtained from skin, hands, axilla and nose of an apparently normal population and

compared with isolates from clinical specimens.

Isolation, and identification of coagulase-negative staphylococci (CoNS) were carried out
using conventional methods. Characterisation to species level was done using both
conventional method and the API rapid Commercial kit (ID 32 STAPH). The strains were
tested for slime and beta-lactamase production. Other extracellular products tested for
included DNase, lipase, protease, and gelatinase activities. Susceptibility to a range of
antibiotics was tested and minimum inhibitory concentrations of some of these antibiotics
were determined. Some of these coagulase-negative staphylococci were screened for the

presence of plasmids.

A total of 244 isolates of coagulase-negative staphylococei were obtained, of which 241
were characterised to species level while 3 were unclassified. Staphylococcus epidermidis
(109) was the most commonly isolated species from all the specimens. Comparing the
conventional methods with the rapid commercial API kit (ID 32 STAPH), there was 98.8%

viii



specificity for the former and 95.9% specificity for the latter. A total of 40.50% were slime
producers. Over one quarter(28.69%) of CoNS species showed lipase activity with greatest
activity being shown by S. haemolyticus(54.17%). About 11.81% and 11% showed DNase
and gelatinase activity respectively while 8.86% showed proteolytic activity. Beta-

lactamase was detected in 69.5% of coagulase-negative staphylococet isolates.

Majority of the isolates were multidrug-resistant to commonly used antibiotics. Some of the

isolates harboured plasmids with molecular weights ranging between 0.76 to 13.5 kilobase.

Various findings reported in this study suggest that, coagulase-negative staphylococcl can
no longer be regarded as contaminants, but play a significant role in some infections in

Lagos.
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GENERAL INTRODUCTION AND
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INTRODUCTION
Staphylococci are gram-positive, non-motile, non-sporeforming clustering cocei measuring
0.5pm in diameter which can occur singly, as short chains of 3-4 cells or as grape-like
clusters of cells. They are facultativély anaerobic and produce the enzyme catalase (Kloos
and Jorgensen, 1985). Most strains grow well on non-inhibitory media. They are members
of the family Micrococcaceae. The genus Staphylococcus is currently composed of 33
recognized species (Kloos and Bannerman, 1994; Kloos and Bannerman, 1995; Foster ef
al., 1997) (Table 1.1). These species include those that are indigenous to humans and
animals. Species indigenous to animals and birds may be found occasionally on humans,
especially when recent contact has been made (Kloos and Bannerman, 1994). Most of these
staphylococci species ;ue common inhabitants of skin and mucous membranes. The largest
populations of human staphylococci are usually found in regions of the skin and mucous
membranes surrounding openings of the body surfaces (Kloo‘s, 1986, Kloos and
Musselwhite, 1975).Some Staphylococcus species and subspecies demonstrate a marked

preference for certain habitats (Kloos, 1986; Kloos and Schleifer, 1983).

Originally, of all the staphylococci species, only Staphylococcus aureus was considered
pathogenic and was delincated from other species of staphylocoeci on the basis of
coagulase production, mannitol fermentation and the presence of protein A on the cell wall
surfaces. All other species were grouped under the species designation Staphylococcus
albus which was later changed to Staphylococcus epidermidis (Kloos and Jorgensen, 1985).
These criteria are used primarily by research and reference laboratories. But in many

laboratories the production of the coagulase enzyme is the only test used for the
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identification of Staphylococcus aureus. Staphylococei which do not produce coagulase are
collectively referred to as coagulase-negative staphylococci (CoNS) and are frequently not
identified further because they are considered non-pathogenic. Thus coagulase production
continues to be widely and generally accepted as the main criterion for determining the

pathogenicity of particular isolates from humans and animals.

Results of preliminary studies by Baird-Parker (1963; 1965); Mitchell, (1968); Holt, (1969)
and Pelzer er al., (1973) showed that coagulase-negative staphylococcl represent a
heterogenous group and were sub-divided into biotypes based on a few simple biochemical
characters. As a group, the coagulase-negative staphylococci species are among the most
frequently isolated bacteria in the clinical microbiology laboratory (Patrick, 1990; Pfaller
and Herwaldt, 1988). Although historically regarded as non-pathogenic, recent studies have
demonstrated that CoNS may under appropriate circumstances, produce serious human
disecase.  Coagulase-negative staphylococci are pathogenic when alterations in the
integumen allow those normal skin inhabitants to gain entry into the body. Their roles as
significant pathogens following ophthalmologic (Baum, 1978), neurologic (Schoenbaum ef
al., 1975) and cardiothoracic (Houang ef al., 1986) surgeries, in patients with prosthetic
devices (Baddour and Christensen, 1987; Hope et al., 1989) and in immunocompromised
patients (Winston ef al., 1983) have been well documented and established. The rising
incidence of bacteraemia due to coagulase-negative staphylococci in association with the
use of lqug-term in-dwelling central venous catheters has been of great concern. ‘One of the
major problems facing the laboratory is distinguishing clinically significant pathogenic

strains of coagulase-negative staphylococci from contaminant strains (Kleeman er al., 1993;
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Souvenir et al., 1998).

HISTORICAL BACKGROUND

Classification and Taxonomy of Staphylococcus

Classification is simply an orderly arrangement of bactenia into groups (Brenner, 1985) and
it provides a broad understanding of relationships among different organisms. Such
information has great practical value. In a clinical set up, the most immediate purpose of
bacterial classification is the identification of pathogens. An appropriate classification
system allows scientists to choose characteristics that will allow swift and accurate
categorization of newly encountered organisms. However, the classification and taxonomy
of the genus Staphylococcus have been under investigation for many years. In most cases,
it showed the need to provide simple and expedient criteria to separate staphylococci from
micrococci and important classes of staphylococci from one another.” This influenced the
course of taxonomic studies on staphylococci and helped in the | recognition of
Staphylococcus aureus but was not helpful in the classification of other species of

Staphylococcus (Kloos et al., 1975).

Early Classifications and Concepts.

Several workers had observed cocci in abscesses, inflammations and pus. These cocci were
called different names 'micrococci’ by Recklinghausen (1871), Microsporon septicum by
Klebb (1872) and Monads by Hueter (1872) as quoted by Baird-Parker, (1972). But
Billroth (1874) classified the cocci on the basis of their cell arrangements into

'monococcos’, 'diplococcos', 'streptococcos', and ‘gliacoccos'.. Billroth believed that all

4
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round and rod-shaped forms of bacteria in purulent material were stages in the life-cycle of
a single organism, Coccobacteria septicum, whereas others considered cocci to be harmless

organisms.

Ogston, a Scottish surgeon in 1880 showed for the first time that a cluster-forming coccus
was the cause of certain pyogenic abscesses in man, while at the same time, Louis Pasteur
reached similar conclusions in France (Pasteur, 1880). Ogston (1882) named this pyogenic
organism 'Staphylococcus' deriving the name from the Greek nouns of 'staphyle’ (a bunch of
grapes) and 'coccus' (a grain or berry). He used this name for the cluster-forming cocci in
order to distinguish them from Billroth's chain-forming streptococci which he found to
cause disease symptoms quite different from those due to staphylococci. Ogston's work
played a decisive role in settling the controversy over the role, that microorganisms played
in human diseases and that there were specific agents for specific diseases at a time when

the concept of bacterial pleomorphism was still actively promoted.

Rosenbach (1884) ‘isolated organisms identical to the ones described by Ogston and was
probably the ﬁrst“to isolate and grow staphylococci in pure culture and study their
characteristics in the laboratory. He observed two types of colonies - yellow and white.
Strains forming yellow colonies were called Staphylococcus pyogenes aureus while those
forming white colonies were called Staphylococcus pyogenes albus. These were later
changed to binomials - Staphylococcus aureus and Staphylococcus albus. ‘This caused
confusion among taxonomists. A third taxon, Staphylococcus pyogenes citreus which was

later changed to Staphylococcus citreus was added for strains with lemon coloured colonies

5
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(Passet, 1885).

Further confusion arose in the classification of Staphylococci. Workers like Flugge in 1890
placed Staphylococcus in the family Coccaceae, which was later divided by Winslow and
Rogers (1906) into two sub-families, the Metacoccaceae and the Paracoccaceae. Winslow
and Winslow (1908) as quoted by Baird-Parker (1972) placed the orange staphylococci in
the genus Aurococcus and the white in the genus Albococcus. Both genera with
streptococcl were placed in the sub-family Paracoccaceae while micrococet with Sarcina
and Rhodococcus were placed in the Metacoccaceae. These sub-familial names
Metacoccaceac and Paracoccaceae were later replaced with Micrococceae Trevisan and
Streptococceae Trevisan (Buchanan 1911). With the re-study of the genera Aurococcus and
Albococcus of Winslow er al, (1920), they concluded that the orange and white
staphylococci were not distinct and that albococci were indeed strains of S. aureus that had
lost some of the original characteristics of the species through growth under unfavourable

conditions outside the human body.

These early workers rf:garded staphylococci and streptococel to be parasitic organisms
growing well anaerobically while micrococci and sarcinas were aerobic saprophytes.

According to Baird-Parker (1972) the Committee of the Society of American
Bacteriologists on Characterization and Classification of bacterial types in 1920 accepted
these differences put forward by these early workers. They recommended that
Staphylococcus becomes a genus of Streptococcaceae with the following definition -
“Parasites, cells that occur in groups and short chains and very rarely in packets. Generally

are stained by Gram staining and give good growth of white or orange colonies on agar.
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Glucose, maltose, sucrose and often lactose are fermented with the formation of moderate

amounts of acid. Gelatin is often liquified very actively".

Workers like Hucker (1924) and Rahn (1929) from their studies concluded that micrococci
and staphylococcl were indistinct and therefore should be classified together in the same
genera. Hucker in 1948 in the sixth edition of Bergey's Manual of Determinative
Bacteriology relocated the staphylococci to the genus Micrococcus even though they had

put them in the genus Staphylococcus in all its first to the fifth editions.

In the mid 1950's there was renewed interest in the classification of staphylococci and
micrococel. A number of workers like Van Eseltine (1955), Thatcher and Simon (1957)
believed that staphylococei and micrococei should not be separated. But Evan ef al., (1955)
were of the opinion that staphylococei should be separated from micrococci on the basis of
their ability to grow anaerobically and to form acid from glucose. These findings were
accepted by Breed (1957) and included in the 7th edition of Bergey's Manual of
Determinative Bacteriology when he revised the classification of the members of
Micrococcaceae in 1957, These were confirmed by Baird-Parker (1963).

Thus in the eighth edition of Bergey's Manual (1974) the editorial board placed the genera
Staphylococcus, Micrococcus and Planococcus in the family Micrococcaceae (Table 1.2)
while the genus Aerococcus formally recognised as a member of Micrococcaceae by the
International Committee on Systematic Bacteriology (ICSB)-Subcommittee on the
taxonomy of staphylococci and micrococei (1976) was placed in the family of

Streptococcaceae.
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Generic affinities of Staplylococcus.

The family Micrococcaceae comprises of four groups of gram-positive, catalase positive
cocci namely the genera Micrococcus Staphylococcus, Planococcus and Stomatococeus.
Grouping these genera of Gram-positive cocci together has been traditional though

controversial for many years (Baird-Parker, 1972).

The genus Siomatococcus on the other hand, has a single species, Stomatococcus
mucilaginosus which was described by Bergan and Kocur (1982) for organisms previously
classified as Micrococcus mucilaginosus. A description of the genus shows that strains of
the species have the morphological characteristics of the family; cocci arranged in pairs,
tetrads and clusters (Ruoff, 1995). They exhibit a high guanine plus cytosine (G+C) content
of 56 to 60 moi%, near to that of the members of Micrococcus (64 to 75%) and unlike that
of staphylococci (30 to 39 mol%), (Bascomb and Manafi, 1998). Strains of the species
show a low catalase activity and a positive benzidine activity while their responses to the
production of acid from a number of carbohydrates are similar to staphylococci. The
organism Stomatococcus is resistant to lysostaphin while lack of growth on nutrient agar
containing 5% sodium chloride (NaCl) helps to differentiate it from Micrococcus and
Staphylococcus species (Bergan and Kocur, 1982). It is an oral commensal organism and
has been associated with occasional opportunistic infections such as bacteraemia,
endocarditis due to intravenous drug use and peritonitis (Courdron ef al., 1987, Prag ef al.,

1995).
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The members of the genus Planococcus are cocci arranged in pairs or tetrads and are
motile. They are able to grow on media containing as much as 12% NaCl, a characteristic
that also distinguishes them from the micrococci and staphylococei (Kocur, 1986). They
are positive in the catalase and benzidine tests and have a G+C content of 39 to 52 mol%
(Kocur, 1986). They have not been implicated in human infections but are associated with
marine environments. (Kocur, 1986). They resemble Micrococcus species in being strict
aerobes, lacking the ability to produce bacterial lytic agents such as lysostaphin, and
showing resistance to lysostaphin (Varaldo et al., 1982). The members of the genus
Mierococcus occur mostly in pairs, tetrads and irregular clusters and differ from those of
Staphylococcus by being obligate aerobes, with a G+C content Of, 63 to 73 mol%,
containing cytochromes a,b,c, and d, lacking teichoic acids in their cell walls, and glycine in
the interpeptide bridge of their cell walls. They are resistant to furazolidone and being
susceptible to bacitracin (Varaldo ef al.,,1982). Organisms that fit the current description of
micrococci are commonly encountered in routine laboratories either as environmental

contaminants or as commensals from normal skin and only occasionally from infections.

Previously, the genus Micrococcus contained nine species, but recent studies of fatty acid
and mycolic acid patterns, peptidoglycan type, and 165 rDNA analysis of the type strains of
species of Micrococcus, Stomatococcus, Arthrobacter etc have shown that the genus is
heterogenous. Thus the isolates previously identified as Micrococcus species have been
placed in five different genera: Dermacoccus, Kocuria, Kytococcus, Micrococcus and
Nesterenkonia (Stackebrandt et al., 1995). The genus Micrococcus now contains only two

species namely M. luteus and M. lylae.



SEPARATION OF STAPHYLOCOCCI FROM MICROCOCCI

The distinction between staphylococci and micrococci is important because some species of
coagulase-negative staphylococci are important opportunistic and nosocomial pathogens
whereas micrococci are considered harmless saprophytes. Thus, to identify coagulase-
negative staphylococci, micrococei have to be excluded first. Since micrococei are
coagulase-negative, several tests have been proposed including the ability of the genus

Staphylococcus to produce acid from glucose under anaerobic conditions (Evans ef al.,
1955). This was criticized (Baker, 1986) because this oxidation/fermentation test, proposed
by the International Association of Microbiological Societies-Subcommittee on Taxonomy

of staphylococci and micrococci (1965), does not always provide clear results.

Evans and Kloos (1972) then proposed a more reliable test based on the use of semi-solid
thioglycollate medium to study the anaerobic utilization of glucose in differentiating
staphylococci from micrococci, but, with this test strains of Micrococcus kristinae can still

be misclassified as staphylococci.

Several other possibilities were put forward for differentiating micrococei from
staphylococci. First is the difference in the base composition of their deoxyribonucleic
acid. Members of the genus Staphylococcus possess a low guanine plus cytosine (G + C)
content of about 30 to 38 mol% in their DNA, whereas members of the genus Micrococcus

have a high G+C content of about 66 to 73 mol%,(Kocur ef al,, 1971},
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The second difference is based on the chemical composition of the cell walls as shown by
their peptidoglycan composition (Schleifer and Kandler, 1972). It is distinguished by the
high amounts of glycine in staphylococci while typical micrococci do not contain glycine in
the interpeptide bridges of their peptidoglycans. Even when glycine is found at all as in the
case of Micrococcus luteus it is linked to the X-carboxyl group of glutamic acid and only
one mole of glycine per mole of glutamic acid is present (Schleifer and Kandler, 1972).

Also teichoic acids are present in the cell walls of staphylococci while micrococci lack

these polymers (Schleifer and Kloos, 1975).

Another characteristic difference between staphylococci and micrococci is their sensitivity
to lysostaphin.  While staphylococci are sensitive to lysostaphin because of the
peptidoglycan composit.ion, micrococci are resistant (Schleifer and Kloos, 1975). However,
some staphylococci are slightly resistant to lysostaphin due to considerable amounts of

serine in the interpeptide bridges.

The presence of aliphatic hydrocarbons in the neutral lipids of micrococci and not in
staphylococcl also distinguishes staphylococei from micrococei (Morrison ef al., 1971).
Many differences occur also in the menaquinone patterns of both staphylococci and

micrococci (Jeffries et al., 1969).

Studies by Kloos and collaborators (1974) on Staphylococci and Micrococei from human

skin showed that 939 strains of Staphylococci tested were able to produce acid aerobically

from glycerol while only 38 strains out of 650 strains of micrococci produced acid from
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glycerol. They also showed that growth of most micrococci were inhibited by erythromycin
at low levels (<0.2pg/ml), while all of the staphylococci were resistant to at least 0.4pug/ml.
They developed a medium containing both glycerol and erythromycin for rapid separation

of micrococei and staphylococci.

Subsequently, they came up with a simplified scheme for the separation of staphylococci
from micrococci by advocating that a test combining the lytic action of lysostaphin and the
fermentation of glycerol in the presence of erythromyecin should form the best practical
scheme in the routine laboratory. Thus these strains were also tested for lysozyme
sensitivity. Schleifer and Kloos (1975) also pointed out that the most reliable characters for
the separation of staphylococci from micrococci are the DNA base composition and the cell
wall composition but since these two characters cannot be used in routine laboratories, the

simple test is used.

Presently, the main characteristics used for differentiating staphylococci from micrococci
include glucose fermentation, acid production from glycerol, susceptibility to lysostaphin,
susceptibility to lysozyme, modified oxidase and benzidine tests, susceptibility to

furazolidone and susceptibility to bacitracin (Table 1.3) Pfaller and Herwaldt, 1988).
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DIFFERENT CLASSIFICATION STANDARD SCHEMES
From the minimum scheme comprising only Staphylococcus aureus and Staphylococcus
albus, Baird-Parker (1963, 1965) produced a scheme suggesting six biotypes of
Staphylococcus with some subdivisions. Further schemes were proposed by Kloos and
Schleifer, (1975), Subcommittee on Nomenclature of Staphylococci and Micrococei, (1976)

and extended to a 47 biotype scheme by Marples (1981).

Baird-Parker Scheme:-

What was to become the widely accepted classification for Staphylococcus and
Micrococcus was proposed by Baird-Parker. (1963; 1965)(Table 1.4a). He based his
classification on a few relatively simple biochemical tests. These included production of
acid aerobically from arabinose, lactose, maltose and mannito] and the production of

coagulase, phosphatase and acetoin.

The genus Staphylococcus was divided into six groups numbered SI-SVI with subgroup
SVI further subdivided into three types. The genus Micrococcus was divided inlo eight
subgroups MI-M8. In the scheme the primary division between Staphylococcus and
Micrococcus was made on the ability to ferment glucose under anaerobic conditions. Later
studies on guanine-cytosine percentage composition of the DNA showed that at least the
first four micrococcal subgroups were Staphylococel while M7 and M8 represented the
genus Micrococcus. Baird-Parker amended his scheme so that the original scheme became:

subgroup I - S. aqureus
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SII - SVI - 8. epidermidis biotype 1-4

Ml -M4 - S saprophyticus biotype 1-4.
Even though the Baird-Parker schemes were based on a few simple parameters to
characterize coagulase-negative staphylococci, this provided an important landmark in the
knowledge of coagulase-negative staphylococci and gave room for further taxonomic
research. Baird-Parker's scheme remained the method of choice until that of Kloos and

Schleifer (1975).

Kloos and Schleifer Scheme:-

Kloos and Schleifer and co-workers in their comprehensive systemic studies aimed at
determining natural relationships characterized nine different coagulase-negative
staphylococci species from human skin (Kloos and Schleifer, 1975; Schleifer and Kloos,
1975; Kloos et al., 1974). They described alternative classifications for both micr.ococci
and staphylococci based on similar but not identical biochemical tests (Table 1.5) leading
to 11 subdivisions. Most of these subdivisions were named, viz S. aureus; S. aureus sub
sp; S. simulans; S. cohnii; S. saprophyticus; S. haemolyticus, S. warneri; S. hominis; S.
epidermidis, S. xylosus and S. capitis\. They based their classification on colony diameter,
cell-aggregation, anaerobic growth in thioglycollate medium, haemolysis of bovine blood,
nitrate reduction, phosphatase activity, production of acetylmethylcarbinol (acetoin) and
acid from a variety of carbohydrates under aerobic conditions - monosaccharides including
fructose, galactose, mannose, xylose, arabinose, ribose; disaccharides including mattose,
lactose, sucrose, trehalose, turanose, while the trisaccharides included melezitose and sugar

alcohols such as mannitol and xylitol.
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Novobiocin and lysostaphin susceptibility were included. This scheme has also been

applied to the characterization of coagulase-negative staphylococci from human infections.

Scheme based on Subcommittee on Nomenclature of Staphylococci

and Micrococci:

For clinical work, a scheme (Table 1.6) was proposed by the subcommittee on the
Taxonomy of Staphylococci and Micrococci (1976) as a compromise for identifying S.
aureus, S. epidermidis and S. saprophyticus since they are the species most often associated
with human infections. This scheme is based on only six characters including novobiocin
resistance.

Expanded Scheme by Marples (1981):-

Marples and his co-workers in order to allow for strains of Staphylococci that produce acid
from mannitol, phosphatase and acetoin extended the classification of Baird-Parker to
include 2 additional groups(Table 1.7. They studied 300 strains by the methods of Baird-
Parker (19653) and that of Kloos and Schleifer (1975) because of difficulty in interpreting
results by one method. The results indicaied that some of the sub-divisions were
concordant while others could be accommodated by minor redefinitions of the groups

though some groupings could not be made compatible as shown:

Baird-Parker Subgroup I included:
Kloos & Schleifer's S. aureus and S. sp (S. intermedius)

SII  included S. epidermidis
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M3(1) included S. saprophyticus

MX included S. Cohnii

M8 included Micrococcus roseus

M5 & M6 included Subgroups of S. xylosus

SVI(3) and M3(3) were equivalent to S. capitis

SVIII equivalent to S. simulans with minor redefinition to allow for maltose + ve

from animal and acetoin - ve from humans not identifiable by Baird-Parker scheme.

Kloos and Jorgensen Schemes:-

A scheme based on colony morphology, coagulase production, oxygen requirements,
haemolysis on bovine blood agar, novobiocin resistance, acetylmethylcarbinol (acetoin)
production, aerobic acid production from certain carbohydrates and certain enzymes (Table
1.8a) was proposed by Kloos and Jorgensen (1985). With this scheme 20 species of
staphylococcus could be differentiated. They also proposed a scheme of minimum tests for
the 1dentification of the most clinically significant species (Table 1.8b). This method like

most reference methods requires large numbers of biochemical tests.

Kloos and Lambe Schemes:-

The method for identification of staphylococcus described by Kloos and Lambe (1991)
(Table 1.9a) was considered by many to be the standard for final identification of
Staphylococcus.  This method like most reference methods requires lar.ge numbers of
biochemical tests along with degree of experience in interpreting the reactions. With this

method 27 ‘species of staphylococci could be identified. There are at least 13 human strains
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of coagulase-negative staphylococci amongst them. This scheme was based on colony
morphology, coagulase production, oxygen requirements, haemolysins, resistance to certain
antibiotics, various enzyme activities and aerobic acid production from certain
carbohydrates (Table 1.9a). Most clinically significant species can be identified with this

scheme based on several key characteristics (Table 1.9b) Kloos and Lambe (1991).

Kloos and Bannerman Schemes:-

As new species of staphylococci were identified Kloos and Bannerman (1995) proposed a
scheme based on a variety of convéntional phenotypic characteristics (Table 1.10a). This
scheme also requires large numbers of biochemical tests. Some of the tests may not be
suitable for routine use in certain clinical laboratories due to a number of specialized media.
Thus most of these tests are incorporated in the commercial kit identification systems by
their manufacturers. For the most clinically significant species a schéme based on several
key characteristics was also proposed by Kloos and Bannerman (1995) (Table 1.10b). With

this scheme 32 species of staphylococci can be identified.

EPIDEMIOLOGICAL TYPING SYSTEMS
Staphylococci are ubiquitous in nature and it is sometimes desirable to separate strains of
staphylococci into types or groups for epidemiological purposes. When a species that
appears to be the cause of infection is a frequent or universal member of the normal flora,
simple species identification is not useful in distinguishing between infection and
colonization or in tracing the source of the infecting organism. The identification of strains

of coagulase-negative staphylococci (CoNS) has become important since the recognition of
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the clinical significance of CoNS (Kloos Iand Bannerman, 1994). This is also important in
distinguishing epidemiologically significant isolates from unrelated isolates of the same
species especially in nosocomial outbreaks. Thus the identification of strains is necessary
for monitoring the reservoir and distribution of CoNS involved in nosocomial infections

and in determining the aetiologic agent.

Several different epidemiological typing methods have been applied in the study of
coagulase-negative staphylococci.  These techniques include colony morphology,
biochemical reactions, (biotyping), antimicrobial susceptibility patterns (antibiograms),
bacteriophage typing (phage typing), serological typing and molecular typing (plasmid
profiles, restriction enzyme fragment patterns of plasmids and chromosomal DNA). Each
of these techniques has practical limitations. The identification of strains should include at
least two or more of the typing techniques for a reasonable and accurate determination
(Kloos and Lambe, 1991, Pfaller and Herwaldt, 1988). Thus the information gained from
the studies using useful typing methods will help in the increased understanding of the
pathogenesis of coagulase-negative staphylococci. This will result in improved methods of

prevention, diagnosis and therapy.

Colony Morphology:-

Colony morphology can be a very useful characteristic in the identification of species and
strains especially when time is available. In this method well-isolated colonies are allowed
to develop over a period of several days on a suitable agar medium at incubation

temperatures of 34 to 35°C, followed by 2 days incubation at room temperature (Kloos,
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1990; Kloos and Lambe, 1991). For most species more than 90% of strains can be
differentiated after 72 hours (Kloos and Bannerman, 1994), Colonies of the same strain
show similar features of size consistency, edge, profile, lustre and colour. This technigue
works best on those CoNS species that demonstrate a translucent colony type and pigments
variation, for example, S. chromogenes, and S. arlettae. Certain strains may exhibit variant
morphotypes and this if found would be misclassified as a different strain (Kloos and

Bannerman, 1995).

Antibiogram (Antimicrobial Susceptibility Profile):-

This has been used to differentiate between strains of various organisms including clinical
isolates of coagulase-negative staphy-lococci (Parisi, 1985; Birnabaum er al, 1991).
Antimicrobial susceptibility is frequently used by clinicians to identify clinically significant
strains of S. epidermidis and other coagulase-negative staphylococci. This is because it is
routinely performed in clinical microbiology laboratories using standardized procedures.
Thus antibiograms can be used epidemiologically because the presence of a strain with a
unique antibiogram can provide a marker for detecting similar strains (Pfaller and Herwaldt,

1988).

However, it has its limitations as a means of typing coagulase-negative staphylococci. The
major problems with the method are multiple antibiotic resistance of nosocomial isolates of
coagulase-negative staphylococci (Parisi, 1985; Christensen, et al., 1983). Variation in the
susceptibility testing method may result in day to day variation in the antibiogram (Parisi,
1985; Christensen, ef al., 1983). Instability in the expression of antibiotic resistance in
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some strains of coagulase-negative staphylococci (Mickelsen er al., 1985) and scope of
antibiotic use within a locality varies so that results may vary from community to
community (Kloos and Lambe, 1991). Christensen and co-workers (1983) analysed the
different typing system and indicated that antibiogram alone could not reliably categorize

two strains of coagulase-negative staphylococci as the same or different strain.

Biotyping:-

Biotyping or biochemical profile has frequently been used alone or in combination with the
antibiogram as a means of distinguishing strains of coagulase-negative- staphylococci
(Christensen ef al., 1983; Mickelsen er al., 1985). Several biotyping systems had been
proposed for both taxonomic work and epidemiologic purposes prior to the taxonomic work
of Kloos and Sch]eifer.(1975) and development of the rapid commercial kit (Marples,
1986; Parisi, 1985). These biotyping systems were based on numerous biochemical and
physiological tests of which only those of Baird-Parker (1963) and Bentley and co- workers
(1968) received much attention. However, the list of characteristics used for staphylococcal
strain and species identification has grown over the years (Kloos and Bannerman 1995). A
combination of these biochemical characteristics known to be variable within species can
aid in strain differentiation. But most tests require special media, techniques and at times
instrumentation and hence these tests would be better performed in a reference laboratory.
Groups have been working on a typing scheme that uses a combination of several
techniques (Hebert, 1989, Herwaldt er al., 1991, Geary et al., 1997). They were able to

show that no single method proved entirely satisfactory on all occasions.
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Several manufacturers have developed rapid species and subspecies identification Kkits,
automated systems requiring a few hours to 24 hours for completing tests (Pfaller and
Herwaldt, 1988; Bascomb and Manafi, 1998). With the widespread availability of
these rapid miniaturized commercial identification systems/kits many investigators have
tried to use the biochemical profiles generated in the identification process as
epidemiological markers (Mickelsen er al., 1985, Parisi et al., 1986). Investigators have
also reported some limitations to the use of these systems alone in epidemiologic studies
(Panisi, 1985, Parisi ef al., 1986). For instance, Mickelsen ef al., (1985) found that biotypes
obtained with Staph-Ident system were not reproducible because each of the § isolates of
Staphylococcus epidermidis gave a different biocode when tested on two different

occassions.

Serological Typing:-

Serotyping for the purpose of identifying strains of S. aureus began with the work of Cowan
in 1939 (Cohen, 1972) who identified strains by slide agglutination with absorbed antisera.

It has been shown to be a useful epidemiological tool in the investigation of a variety of
infectious diseases but has not been well developed for use with coagulase-negative
staphylococci {Aasen and Oeding, 1971; Tierno and Stotzky, 1978). This is because of
difficulties encountered in the preparation of specific antisera and the standardization of
typing methods. Studies have shown that although, S. aureus and S. epidermidis share
several group antigens but cross absorption studies have demonstrated that S. epidermidis
has its own set of type agglutinogens (Schleifer, 1986). This information has helped in the

development of typing sera and serotyping in conjunction with biotyping in a number of
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studies. It has only been applied successfully in a limited number of studies (Schleifer,
1986; Tierno and Stotzky, 1978) because of difficulties in preparing specific antisera and
standardization of methods. Serotyping does not appear to have much role in

epidemiological studies of these organisms.

Bacteriophage Typing (Phage Typing):-

This is the most established system for epidemiological typing of Staphylococci. Since
1952, this technique has had widespread use. This led to the establishment of an
international subcommittee on phage typing of staphylococci of the International
Committee on Nomenclature of Bacteria (Kloos and Jorgensen, 1985). The Committee's
functions were several, including standardizing the procedure for phage typing, maintaining
standardized stocks of typing phages and their propagating strains. With the emergence of
new strains of staphylococci that were nontypable, the bacteriophages used in the.standard
typing set have varied over an extended period of years. S. aureus is the Staphylococcus
species most commonly typed and thus has a set of typing phages. When these typing
phages isolated from S. aureus were applied to S. epidermidis this organism was rarely
lysed (Parisi, 1985; Ferreiros ef al., 1991). Presently there are four major phage-typing sets
for coagulase-negative staphylococci. These include those by Van Boven et af., (1969);
Pulverer et al., (1973) and Dean et al., (1973). These typing sets have been widely used for
strain identification either alone or in combination with other methods with different

degrees of success (Pereira and Melo-Cristino, 1991; Rosdahl ef ai., 1990).
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For a phage to be useful in epidemiological studies it must possess 3 characteristics (Parisi,

1985) namely:
i) It should type or lyse a large proportion of the strains.
i) It should be reproducible; different isolates derived from the same bacterial

clone should give 1dentical reactions.
i) It should discriminate between epidemiologically related strains from

unrelated strains.

Studies carried out showed that none of the typing systems could satisfy all the parameters.
Despite these problems, phage typing has been used successfully to type coagulase-negative
staphylococci especially in epidemic situation (Parisi et al., 1986). Christensen et al.,
(1983) suggested that‘phagc typing of coagulase-negative staphylococci is better reserved
for epidemic rather than endemic situations. They demonstrated that phage typing alone was
a poor strain discriminator in a non-epidemic situation but when combined with the

antibiogram and biotyping it provided a good discrimination between strains.

Molecular typing

The molecular typing which includes plasmid pattern analysis, restriction endonuclease
analysis of plasmid and chromosomal DNA, is being employed as means of identifying
strains or a clonal population of staphylococci (Hawkey, 1987; Wachsmuth, 1986; Geary,
1997). Plasmid composition and restriction endonuclease analysis of specific plasmids can
serve as a valuable molecular typing system especially for those strains of coagulase-

negative Staphylococci carrying multiple plasmids (Archer et al., 1985; Parisi and Hecht,
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1980; Kloos and Bannerman, 1985). A high percentage of CoNS especially S. epidermidis
carry several different plasmids with each strain having a characteristic profile made up of
its distinct plasmids (Archer er al., 1984; Mickelsen ef al., 1985). In most staphylococcal
species there is a relationship between antibiotic resistance pattern and the presence of
certain plasmids carrying resistance genes (Kloos and Lambe, 1995). Thus, restriction
endonuclease fragment analysis of plasmids is particularly useful in differentiating plasmids
of the same size. However, some common plasmids are highly conserved and often have
identical fragment patterns irrespective of the strain as in the small tetracycline plasmids
and the small macrolide-lincosamide-streptogramin B (MLS) resistance plasmids (Kloos
and Bannerman, 1994). Reviews have given the advantages and disadvantages of plasmid
profiling (Pfaller and Herwaldt, 1988; Pfaller and Hollis, 1989). One such major
disadvantage is that'plasmids are sometimes unstable and may lose antibiotic resistance
plasmids or cryptic plasmids. They suggested that although plasmid pattern analysis is a
very powerful epidemiological tool but a combination with other typing methods wiil

provide the most useful epidemiologic data.

Other Typing Methods:-

Other molecular typing methods which examine complex characteristics such as cellular
fatty acid (CFA) analysis, multilocus enzymes electrophoretic analysis, pyrolysis-mass
spectrometry, whole-cell polypeptide analysis of CoNS are being employed and reviewed
for CoNS strain identification. Cellular fatty acid analysis although is relatively
inexpensive, simple, quick and a large number of isolates can be tested at one time but has

received little attention. This is because of the need to standardize substrates and growth

24



conditions in order to obtain reproducible results (Weich, 1991; Kloos and Bannerman,
1994). Multilocus enzyme electrophoresis which is based on analysis of the electrophoretic
profiles of isoenzymes (Pfaller, 1992) and whole-cell polypeptide analysis of cellular
proteins (Clink and Pennington, 1987) are currently being examined for strains
identification of CoNS (Kloos and Bannerman, 1995). Pyrolysis-mass spectrometry in
which organisms are pyrolyzed and the pyrolysates examined by mass spectrometry has
given encouraging results in strain discrimination of CoNS (Freeman et al., 1991).

However, Kloos and Bannerman (1994) stated that it is necessary to include
epidemiologically unrelated control strains so that the significance of the different
spectrograms of the strains can be estimated. DNA-DNA hybridisation studies formed one
of the defining criteria for the current phylogeny of CoNS species (Schieifer and
Kroppenstedt, 1990). Molecular typing techniques aimed at examining the chromosomes of
staphylococci have shown considerable promise in identifying strains or specific lineages.

Chromosomal DNA analysis by restriction endonuclease finger printing has been used to
type various pathogens including coagulase-negative staphylococci (Bialkowska-
Hobrzanska et al., 1990; Wilton er al.,, 1992). Even though the technique was more
discriminatory than plasmid profiling with excellent reproducibility, this techniques lacks
standardization and the banding patterns are often difficult to analyze because of the large
number of fragments generated by the restriction enzymes. Recent approaches to
chromosomal analysis which include ribotyping and field inversion gel electrophoresis
(FIGE) or pulsed-field gel electrophoresis (PFGE) have been used in the identification of
the different CoNS strains (Thomas-Carter ef al., 1989; Izard ef al., 1992; Goering and

Duensing,‘ 1990; Bannerman et al., 1997). These recent approaches have shown promise in
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the identification of different strains of CoNS, Further studies of different CoNS species
with the use of different enzymes are needed to determine how well FIFE and PFGE will

discriminate among strains of CoNS.

EPIDEMIOLOGY OF COAGULASE-NEGATIVE STAPHYLOCOCCAL
INFECTIONS
Infections due to coagulase-negative staphylococci have several common features and are
usually nosocomial in origin (Hamory and Parisi, 1987, Jarvis and Martone, 1992,
Grosserode and Wenzel, 1991). Coagulase-negative staphylococci (CoNS) are prevalent on
the skin and with the frequent implantation of foreign devices into patients during
hospitalization, CoNS are ideally situated to cause infections in these patients (Pfaller and
Herwaldt, 1988). Colonization of foreign bodies by CoNS often leads to serious local and
systemic disease. Contact spread has assumed added importance in hospitals where a large
proportion of the staff and patients carry CoNS species and antibiotic resistant strains in the
nose or on the skin etc (Narayani ef al., 1990). In hospitals the areas at highest risk for
severe CoNS infections are the new-bom nursel;ies, intensive care units, operating rooms
and cancer chemotherapy wards (Valles ef al., 1997, Baumgart er al., 1983; Winston et al.,

1983).

CoNS also cause infection when there are massive insults to host defences as in the
outbreak of CoNS infection associated with extra-corporeal-circulation  machinery
described by Lathrop and co-workers (1978). Holt (1971) observed that patients with shunt

infections show no white-cell reaction in liguor and in blood and the body seems to be
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unaware of the massive CoNS invasion.

Several attempts have been made at the identification of the reservoirs and the site of origin
of the strains of CoNS causing nosocomial infections (Jarvis and Martone, 1992, Scaberg ef
al., 1991, Eisenberg et al., 1987, Cheesbrough et al., 1986). But inadequacies of
epidemiologic typing systems and presence of multiple strains or several biotypes on each
individual (Eisenberg et al., 1987, Parisi, 1985) have hampered some of these attempts. It
1s generally believed that colonization of the individual patient's skin by CoNS are the usual
cause of CoNS staphylococcal bacteraemia and prosthetic device infections (Eisenberg ef
al., 1987, Hamory and Parisi, 1987, Karchmer et al.; 1983). However, Wade and co-
workers (1982) showed evidence to support the gastrointestinal tract as an important source
for coagulase-negative.staphylococcal bacteraemia. Report:; have identified respiratory and
genitourinary tracts among other sources (Weinstein et al., 1997). Studies have also shown
documented evidence for the transmission of CoNS from hospital staff to patients (Parisi,
1986, Burnie et al., 1997). Epidemiological and microbiological studies have suggested
that coagulase-negative staphylococcal infections of cardiac, or orthopaedic prostheses and
surgeries may be initiated during surgery with the patient's flora or that of the surgeon or
through the environment (Bannerman et al.,, 1997, Clarke, 1979, Kluge ef al., 1974).

Maderazo and co-workers (1988) in review of haematogenously acquired infection reported

that 13% of the cases were caused by coagulase-negative staphylococci.

Although CoNS are generally considered to be of low virulence, the incidence of serious

infections caused by these organisms has seriously increased in recent years (Pfaller and
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Herwaldt, 1988, Kloos and Bannerman, 1994). The reported crude mortality rates
'associated with coagulase-negative staphylococcal bacteraemia are quite high ranging from
27 to 78% (Pfaller and Herwaldt, 1988). Freeman and collaborators (1987) in their study in
neonatal intensive care unit (1975-1982) emphasized the need for controlled studies in
which the incidence and risk factors for CoNS infections in hospitalized patients will be

evaluated.

One major problem in the prevention and diagnosis of coagulase-negative staphylococcal
infections in hospitalized patients is the difficulty in differentiating infection from
colonization. The clinical signs and symptoms associated with both local and systemic
infections are well known but are not specific and may be masked in critically ill patients.
Thus, it is important to distinguish between mortality attributable to the nosocomial

coagulase-negative staphylococcal bacteraemia from that due to underlying disease.

CLINICAL SIGNIFICANCE OF COAGULASE-NEGATIVE STAPHYLOCOCCI
Infections with coagulase-negative staphylococci have been reported since 1950 with
increasing frequency. In 1958, Smith and .co-workers noted for the first time the potential
pathogenicity of CoNS in a review where he described a total of 90 cases of coagulase-
negative staphylococcal septicaemia reported in the literature between 1900 and 1955,
Several years later Pulverer and Halswick (1967) noted also the potential pathogencity of
CoNS by reporting on 128 cases of endocarditis believed to be caused by CoNS in a paper
he wrote in 1965. Quin and co-workers (1965) proposed the re-assessment of CoNS as

non-pathogen since Staphylococcus epidermidis has been recognised in various clinical
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situation. Cluff and co-workers (1968) found out that 10% of all cases of staphylococcal
bacteraemia were due to S. epidermidis. Sapira, (1968) reported natural valve CoNS
endocarditis in intravenous drug abusers. Black and co-workers (1965) noted the
occurrence of nephrotic syndrome in patients with ventriculoatrial shunts that were infected
with CoNS. Since this report, this association has been recorded many times (Lam ef a/.,
1969, Fokes, 1970). Dobrin and co-workers (1976) reported the biologic consequences of
complement activation by complexes localised in the glomeruli of patients with chronic S.

epidermidis bacteraemia in relation to pathogenesis of renal injury.

For many of these early studies concerning the aetiology of CoNS infections sound
methodologies were not available for repeated or pure cultures determination. Hence,
Kloos and Bannerman (1994) highlighted that conclusions with regards to the involvement
of CoNS in infections then should be made with some caution. Due to advances in
staphylococcal systematics and epidemiological typing methods the range of infections
believed to be caused by CoNS especially Staphylococcus epidermidis was quite wide by
the 1980's and 1990's. These included bacteraemia (Baumgart et a/., 1983, Ponce de leon ef
al., 1986, Martin ef al., 1989, Spanik er al., 1997); native valve endocarditis (NVE) and
prosthetic valve endocarditis (Archer et o/, 1980; Baddour ef al., 1986; Richardson et al,
1978); peritonitis during continuous ambulatory dialysis (Rubin e al., 1980; Kraus and
Spector, 1983). Other cardiac infections caused by S. epidermidis after cardiovascular
surgery include mediastinitis (Bor et al., 1983); infections of permanent pacemakers (Choo
et al., 1981); vascular grafts infections and intravenous catheters (Peters ef al., 1982, Peters

and Pulvérer, 1984). S. epidermidis has been associated with joint infections, in which
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there were no predisposing factors (Morris et al., 1986) and in infections of a variety of
orthopaedic devices (Clarke, 1979). It accounted for almost 40% of all prosthetic joint
infections (Brause, 1986) and have been implicated in pyoarthritis (Males ef al., 1985) and
osteomyelitis (Paley er al., 1986). S. epidermidis is a common isolate from urinary tract
infections such as cystitis, urethritis, prostatitis and pyelonephritis (Leighton and Litile,
1986; Wedren, 1987) and has been the primary pathogen in infections associated with
cerebrospinal fluid shunt recipients (George et al., 1979). Oyedeji and Babalola (1999)
reported on the prevalence of S. epidermidis amongst CoNS isolates from neonatal
conjunctivitis patients in Ile-Ife. S. epidermidis was also encountered in cervical adenitis

(Ray-Poir and Patrick, 1993; Deighton ef al., 1992).

Reports showed that in children the most important infection occurs in hydrocephalic
patients that have had Spitz-Holter valves implanted for the purpose of shunting spinal fluid
to superior vena cava of right atrium (Callaghan et al., 1961; Odio er al, 1984).

Staphylococcus epidermidis bacteraemia also occurs in neonates as a result of implanted
valve (Noel and Edelson, 1984) while Patrick ef al., (1989) reported on persistent
bacteraemia due to CoNS in low birth weight neonates without implants. Other reports on
neonates include epidemic conjunctivitis in newborns caused by CoNS (Hurley, 1966).

Feigin and co-workers (1973) assessed the role of S, epidermidis in otitis media. Several
other coagulase-negative staphylococci species have been implicated in a variety of
infections. These include Staphylococcus saprophyticus which was often regarded as a
more important opportunistic pathogen than S. epidermidis in urinary tract infections

especially in young and sexually active females causing acute cystitis or pyelonephritis in
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these patients (Anderson ef al., 1981, Marrie ef al., 1982, Lee et al., 1987). Hovelius and
co-workers (1979) reported on the implication of S. saprophyticus in the aetiology of
nongonococcal urethritis in men attending a venereal clinic. Other coagulase-ncgative
staphylococci implicated and encountered also in a variety of clinical infections such as
native valve endocarditis (NVE), wounds and bone infections, septicaemia, vertebral
osteomyelitis, endocarditis, include Staphylococcus haemolyticus (Caputo ef al., 1987,
Gruer et al., 1984); Staphylococcus warneri (Kamath ef al., 1992, Karthigasu et al., 1986);
Staphylococcus simulans (Males et al., 1985), Staphylococcus lugdunesis (Ludlam and
Phillips, 1989, Shuttleworth and Colby 1992), Staphylococcus capitis (Lina et al., 1992),
Staphylococcus schieiferi (Freney et al., 1988), Staphylococcus hominis (Bowman and

Buch, 1584).

PATHOGENESIS OF COAGULASE-NEGATIVE STAPHYLOCOCCAL
INFECTIONS

Coagulase-negative staphylococci are by now widely acknowledged to have the potential to
cause human diseases under certain conditions. Initially the pathogenicity of these
organisms was not well defined and their recovery from lesions with external drainage
might have had little clinical significance. But the emerging role of coagulase-negative
staphylococei as a major cause of foreign body infections and important nosocomial
pathogens has prompted increased interest in the pathogenesis of coagulase-negative
staphylococcal infections. In general, actual state of host resistance (host-factors) and
virulence of the infectious agent (Microbial factor) are the factors determining the outcome

of an infectious process.
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Host Factors:
The host factors which often lead to serious infections with coagulase-negative
staphylococci are well characterized. These factors include:
1. Breaches in natural mucocutaneous barriers due to trauma
or inflammation (Kaiser, 1986, Woods ef al., 1986).
1, Prior exposure to antibiotics. (Powell and Sanderson,

1987, Schwalbe et al., 1987).

1. Immunosuppression (Winston et al., 1983, Peterson ef a/.,1987).

Other high risk factors include combination of mucosal damage, granulocytopenia and
concurrent colonization of the alimentary tract by coagulase-negative staphylococci as seen
in patients with cancer and granulocytopenia (Hutton et al., 1985, Wade et al., 1982).
Studies indicate that either systemic or localized opsonic deficiency may be a risk factor for
coagulase-negative staphylococcal infection in neonates (Fleer er al., 1985) and in

continuous ambulatory peritoneal dialysis (CAPD) patients (Peterson ef al., 1987).

Implantation of foreign bodies:

Host defects are clearly important in the pathogenesis of coagulase-negative staphylococcal
infections but another factor contributing to the increase in the number of nosocomial
coagulase-negative staphylococcal infections is the presence of indwelling prosthetic
devices in both compromised and non-compromised hosts. The frequent imp]antatibn of
foreign materials in the form of prosthesis or devices as with indwelling intravenous

catheters, cardiac valve prosthesis, prosthetic orthopaedic devices, cerebrospinal fluid
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shunts, ventriculostomy drains, peritoneal dialysis catheters and transvenous cardiac
pacemakers into the human body has created a range of new infection problem. Patients
with such prostheses can reasonably be classified as compromised hosts. The prostheses
provide unusual ecological niches with formation of an adherent biofilm with no capillary
blood supply. As a result of this, the microorganisms can establish themselves virtually out

of the reach of the host's cellular and humoral defences (Gristina, 1987).

The mechanism by which coagulase-negative staphylococci gain access to the surfaces of
the various prosthetic devices currently is a matter of debate and intense investigation. The
source of contaminating organism may be either endogenous from skin or mucosal
(pulmonary or alimentary) surfaces or exogenous from the hospital environment or hospital
personnel. Some studies have postulated possible routes of entry for the introduction of
coagulase-negative staphylococci onto the surfaces of prosthetic devices and catheters with

subsequent entry into the blood stream or other normally sterile sites. These may be:-

1. via the catheter tunnel and the exterior of the catheter (Cheesbrough ef al., 1986).

ii. through the catheter lumen as a result of frequent disconnections as well as the
exposure of the hub tothe skin of the patient and healthcare personnel
performing the catheterization leading to colonisation of the hub

(Cheesbrough et al., 1986; Gahrn-Hansen, 1987).

ili. via surgical introduction of catheters, shunts, cardiac or orthopaedic prostheses

(Burke, 1986; Karchmer et al., 1983).
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v, from an endogenous source into the blood stream or normally sterile site (Burke,

1986).

Staphylococcus epidermidis is the species that most frequently colonizes such inserts. They
may therefore cause meningitis or septicaemia (Schoenbaum ef al., 1975) relatively
subacute in onset. Early-onset infections occur within several days or weeks after surgery

or catheterization.

Microbial Factors

Apart from the presence of a foreign body which may facilitate infection by coagulase-
negative staphylococci these organisms possess some microbial factors which help them to
survive on a variety' of biomaterials (mainly synthetic polymers). Studies on the
pathogenesis of coagulase-negative staphylococci suggest that once these organisms
overcome the normal cutaneous or mucocutaneous barriers, the process of adherence,
colonization and infection follow in a sequential manner (Gristina, 1987). Specific adhesion
of S. epidermidis RP-62A to silastic catheter surfaces can be mediated by a capsular
polysaccharide-adhesin (PS/A) (Tojo ef al., 1988). PS/A appears to enhance the very early
stages of colonization of biomaterials (Kloos and Bannerman, 1994). The ability to adhere
and colonize the smooth surfaces of these prosthetic devices appears to be related to
virulence. Studies have shown that once they attach to the surface of the implant a viscous
extracellular polysaccharide substance or slime is produced. This slime material gives
additional adhesin binding to the surface of the implant, further consolidating adhesion,

aggregation and microcolony formation (Gristina, 1987; Peters, 1986). Extensive
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production of slime (extracellular slime substance (ESS) by staphylococci especially S.
epidermidis by Scanning electron microscopic studies shows encased multiple layers of

bacteria forming a biofilm (Peters e al., 1982).

This biofilm produced by the slime on the prosthetic device creates a protective micro
environment (Peterson ef al., 1987). Slime may interfere biochemically with coagulation
(Bykowska et al., 1985). Recent studies have confirmed the importance of slime
production for human infections. It has been shown that eradication of infection is more
difficult when a slime-positive organism is involved (Kristenson et al., 1986). Thus, slime
production is an important factor in the colonization and infection of prosthetic devices.
There is growing evidence that ESS interferes with host defense mechanisms in addition to

its role in the formation of biofilm (Gray ef al., 1984, Gray et al., 1987, Stout ef al., 1992).

Apart from slime production, coagulase-negative staphylococci have been shown to
produce a variety of potential toxins including haemolysins, cytotoxins, deoxyribonuclease,
fibrinolysin, proteinase and lipase-esterase (Gemmell, 1986; Gemmell and Schumacher-
Perdreau, 1986). Strong similarities have been noted between the exoproteins produced by
S. aureus, S. epidermidis, S. haemolyticus and S. saprophyticus showing that they may be

important virulent factors in human infections.

Multiple antimicrobial resistance of coagulase-negative staphylococci plays a role in the
pathogenesis of coagulase-negative staphylococcal nosocomial infections. Majority of the

hospital strains are resistant to multiple antibiotics. Antimicrobial prescribing and usage
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practices may select for multi-resistant CoNS which colonize patients and staff who then
serve as a hospital reservoir for antibiotic-resistance CoNS (Archer, 1978, Christensen ef
al., 1982a; Hamilton-Miller and Iliffe, 1985). Reports have shown that they often prove to
be quite antibiotic resistant (Moller, 1988 and Aggarwal, 1991) and constitute a problem to
the clinicians. However, there are few reports on the role of coagulase-negative

staphylococci in infections in this environment.
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OBJECTIVES OF THE STUDY

This study was designed to determine the aetiological role of various coagulase-negative

staphylococci in the causation of disease in Lagos and their biological properties in order to

guide medical and laboratory professionals as to the role of coagulase-negative

staphylococci in clinical specimens and thus guide clinicians in the treatment of infections.

The specific objectives were:

1.

To 1solate, identify and characterise coagulase-negative staphylococci from various
clinical specimens in our environment - Lagos.
To detect the ppssession of some pathogenic markers -enzymes, extracellular
products.
To establish the sensitivity patterns of the species of coagulase-negative
staphylococ‘;i isolated to antimicrobial agents.
To determine the plasmid profiles of some of the coagulase-negative staphylococci
isolates.

To isolate, identify and characterise coagulase-negative staphylococci from normal

population and to compare the species patterns with those from clinical specimens.
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Table 1.1: Currently recognized Staphylococcus species and subspecies.

SPECIES SUBSPECIES NATURAL HOST(S)
S. aureus aureus Humans, mammals, birds
S. aureus anaerobius Sheep
S. epidermidis Human (domestic mammals)
S. capitis capitis Humans
S. capitis urealyticus Humans, Some primates
S. caprae Humans, goats
S. saccharolyticus Humans
S. warneri Humans, primates, domestic mammals
S. haemolyticus Humans, primates, (domestic mammals)
S. hominis Humans :
S. lugdunensis Humans,
S. auricularis Humans, primates
S. cohnii cohnii Humans
S. cohnii ureolyticus Humans, primates
S. saprophyticus Humans, mammals
S. xylosus Humans, mammals, birds
S. arlettae Mammals, birds
S. equorum Horses, cattle
S. kloosii Mammals
S. gallinarum Poultry, birds
S. muscae Domestic mammals (flies)
S. felis Cats
S. simulans Humans, mammals
S. carnosus Meat and fish products, unknown
S. piscifermentans Fermented fish
S. intermedius Mammals, birds
S. delphini Dolphins
S. schleiferi schieiferi Human infections, unknown
S. schleiferi coagulans Dogs

S. hyicus
S. chromogenes

S. caseolyticus
S. lentus

S. vitulus

S. sciuri

S. pasteuri

S. lustrae

Pigs, callle, goats

Cattle, horses, goat

Cattle, whales

Domestic mammals, dolphins

Meat products, domestic mammals, whales

Mammals, birds
Humans, primates
Otters.

Kloos and Bannerman, 1994; Kloos and Bannerman, 1995; Foster ef al., ]§97.
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Table 1.2: Classification of the Micrococcaeceae in Bergey’s Manual .

NUMBER OF DESIGNATED SPECIES BY YEAR

GENERA YEAR 1923 1925 1930 1934 1939 1948 1957 1974 1986
Micrococcus 23 23 32 37 44 17 16 3 9
Staphylococcus 6 5 5 6 6 - 2 3 24
Sarcina 10 10 11 11 11 6 10 - -
Rhodococcus 5 5 6 6 - - - - .
Gaffkya - - - 3 3 1 2 - -
Planococcus - - - - - - - 1 1
Stomatococcus - - - - - - - - 1

Cowan (1962); Baird-Parker (1974), Bergey’s Manual, Vol.2 (1986).
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Table 1.3: Differentiation tests for the separation of Staphylococcus from
Micrococcus.

TESTS ORGANISMS

STAPHYLOCOCCUS  MICROCOCCUS

1 Glucose fermentation + {for most) -(for most)
2 Acid production from glycerol + (for most) -(for most)
3 Susceptibility to lysostaphin + . -
4 Susceptibility to lysozyme - +
5 Modified oxidase and benzidine test  -(for most) +
6 Susceptibility to flurazolidine + -
7 Susceptibility to bacitracin - +

Pfaller and Herwaldt (1988).
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Table 1.4a: Baird — Parker, Standard Scheme: Baird-Parker, 1963, 1965.

TEST SI SII SfI2 SII SIV SV SVI Sy* MI M2 M3 MX* M4 M5 M6 M7 M8
Coagulase + - - - - - - - - - - - - - - - .
O/F F F F F F F F F 0] 0 0 0 O O 0] 0 0
Arabinose - - - - - - - . - - . - + v v - ]
Lactose + + - + - + v \Y - + v v \Y \Y \Y - -
Maltose + + + - v + v \% v + \% v v \' \Y% - -
Mannitol + - - - - - + + - - + + + + + - .
Phosphatase + + + + - - - + - .- - + . . " v v
Acetoin(vp) + + + - + + + + + + + + - . - .

*Subgroups additional to those of Biard-Parker.

SVI
SVI (2)
SV (3)
M3(1)
M3 (2)
M3 (3)

+ < O™

[

fLactose +ve

Lactose ~ve, maltose +ve
Lactose —ve, maltose -ve
Lactose +ve

Lactose -ve maltose +ve
Lactose —ve, maltose -ve
Fermentation
Oxidation

Variable

85-100% of strains positive
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Table 1.4b: Baird-Parker Standard Scheme: Baird—Parker, 1974

S. epidermidis S. saprophyticus

TESTS 1 2

3

2

3

Acetoin (vp)  +
Phosphatase d
Arabinose - -
+
+

+ ]

o

Lactose
Maltose
Mannpitol - -

+ o

+ +

r

4+ o4 o

+

+ o+ +

d= Inferred Reaction (16-84% positive)
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¢ - »
Table 1.5: Abbreviated scheme for the classification of human cutaneous staphylococci using key characters®.
Species — Acid (aerobically) from

n = S

-«A = ‘a‘

% E ‘g‘ 3 é .§ ¥ » " . b

Evy B8 =g 2 3 v 3 g % g 8 2 s

sw 58 S ., % 3 8 B &g E By g = £ I B g2

Ta &T g e B s =T « = E 232 2 8 o [ = & 8EZ

e B E = £ = = - =g 5 ] ] o et = - - 2=E

ST 5 32 B S & s = O 2 XgiZ 2 i 2 = = = 5 T Sz

s°gs ¢¢ ¥: E: g & £ gz IEz 3 S F § § & % :z i

U <5 Sk o = z = A a a EZ4 8 = 8 @wm & =& a a 4 A
Staphylococcus aureus + + + D + + + + +) - + + +) + + ) - + - v
Sraphylococcus sp. + *=Cy - + () + + + + + - + -} + + + +x) - (- - -v
Staphylococcus simulans +y + - - +, - ¥ @ o+ - {+ - v + + + - - +) - -y
Staphylococcus xylosus + v - ) +) +) =+ +, % + +,& v ) v + + [ T + (-} +
Staphylococcus cohnii +) v - - -% - -+ - v - - @&y O 0+ - - +,x) (=) O+
Staphylococcus saprophyticus  + (+,x) () - - - = + - - - - + “) + + + - * (+,1) +
Staphylococcus haemolyticus +y =C) + - (+) ) ) +,- v - - > + -t o+ + v - +, - - -v
Staphylococcus warneri - +) + R ) -y + ) - - +. o E -y + + () - +, - - -v
Staphylococcus hominis * - c + - (=) (+.£) ) + v - - - + v + + +) v - - -
Staphylecoccus epidermidis - + + - g3 +,x + (+) (+ - - + + + - v (8] - - v
Staphylococcus capitis - v + - (8] &) -y + - {+) - - - - + - - - + - -v

2A single listed symbol denotes a type character frequency of 90 to 100%,; parentheses around a symbol denote a type character frequency of 70 to 89%; two
+

symbols are listed for a character when either type is in frequency betow 70%, but together equal 80 to 100%. Symbols for characters (unless otherwise noted):

positive; £, weak; -, Regative; v, variable (+, %, and -).

bSymbols for anaerobic growth: +, dense uniform; +, gradient from dense to tight down tube; + C, gradient plus |
colonies to absence of visible growth; v, variable (+, £, and £ C).

arge individual colonies; ¢, small individual

*Symbol: -v, negative in our study, but could conceivably be variable with exposure to novebiocin in environment.

Kloos and Schleifer, 1975.
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TABLE 1.6: Scheme based on subcommittee on the Taxonomy and
Nomenclature of stapbylococci and micrococei 1976. Appendix L

CHARACTER S. aureus S. epidermidis S. saprophyticus
Coagulase + - -

Sucrose (acid aerobe) + + +
Trehalose (acid aerobe) + - +
Mannitol (acid aerobe) + - +
Phosphatase + + -
Novobiocin S S R

S = Susceptible
R = Resistant
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Table 1.7;: Expanded scheme by Marples, 1981

TEST

w
=

sil

SII

SVIC

Stv

SVlh

M3

MX

=2
N

Coagulase
Lactose
Maltose
Mannitol
Fructose
Sucrose
Trehalose
Xylose
Phosphatase
Acetoin (VP)
Nitrate
Arginine
Urea
Lysostaphin
Haemolysis
Methicillin
Novobiocin

o+ e 4+

M+ w4+ + <+

41+

RN I

+ 0+t e+

wwe v+ +

R R

v

e o+ <+ + !

+ 4+ <+

WL HE < << + °

+ + !

+ + <

nwhkh o< < + + !

2 e + = €t

N RS <+ + !

+ + o+ + e+

W+
a7

R

+ 4

Lt e <

he< + ' <+ + 4+ 4 + <

-

Large symbols indicate diagnostic characters; small symbols indicate incidental findings.
V = character used in defining biotypes within group.
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Table 1.8a: Differentiation of Staphylococcus species (Kloos and Jorgensen, 1985).

CHARACTERISTICS

Acid (aerobically) from

asopanag (-)-a-9
asplae] -0
IsoulgEy
asoq1y(-)a

. asouuely (-)q
asouean, (-
As0IING
umn"_ao__wu -la
104X

ok ()a
oy ()a
asoeqai L ()G

LT

BUEISIEU
UPROIGoAON

asepisojaried-g
asepruodnan|s-¢

aseprsoIn|n-g

uonEZIHR
anunday

AsHAN)

asepeydsoy

2 WAL
uwpRIY
wOBINPAT ABIIN
SISK|OWIEH
ISE(NTBOD)
moad aqosay

Yimoua3 21qod2EuyY
yawdid Avojo))
(38111) 2215 Luoje))

Species

§. aureus

—~
R o i ik e A i

T +OTWT

+
+
+
d

d - -
d - -

ND ND ND

+
d

+ o+ + 3+

+ o+t F
-~ — —
+Eri 8 4
[ T T~ B~ N = I |
[T T - B R}
g
P 8 =
3 £.%5
o -l M
m.BEﬂMMa
e.a.-anm.!..n
BTRER=S ES
SENEESS
ecc.n.n.mm
Vivititg Lita L]

[~

(d)
d

S. auricularis

d

8. saprophyticus

+tm+ OO+

(d)

+++oO+ 4

(£)

T I S e

I - e~ S T B~

S. cohnii (Human)

S. cohnii (Primate)

S. xylosus

S. simulans

S. carnosus

S. intermedius

S. hyicus subsp. hyicus
S. hyicus

+

subsp. Chromogenes

S. sciuri
S. lentus

+
+

+
+

{+)
)
(£)
(+)

+ d

ND ND

d
d
+ d

ND ND ND

+

S. caseolyticus
5. gallinarum

+
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+ = 90% or more strains; - = 90% or more strain negative; d = 11-80% of strains positive; ND = not determined. () = indicate a delayed reaction.
For colony size symbol; +C for a colony diameter 2 6mm after incubation on P agar at 34°C 1035°C for 3 days and at room temperature for additional 2days.

For anaerobic growth symbols _ += moderate or heavy growth down tube within 18 t024 hours; + = heavier growth in the upper portion and weaker growth in the
lower portion of tube; - = no visible growth within 48hours; () =delayed growth appearing within 24-72 hours.

For haemolysis on bovine agar symbol: + = wide zone of haemolysis with 24hour to36 hours () delayed moderate to wide zone of haemolysis within 48 to 72
hours; - = harrow zone (< lmm) or no detection of haemolysis within 72 hours.

For Novobiocin resistance:  += defined as aMIC of > 1.6pg/ml or a growth inhibition zone diameter of < 16mm with a 5ug novobiocin disk.
Cytochrome C is determined by the modified oxidase test of Faller and Schieifer, (1981).

Urease, arginine utilisation, B- glucosidase, B-glucuronidase, B- galatosidase are characteristics that have been determined primarily by commercial rapidly —
identification test system (e.g.API Staph-ldent etc.)
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Table 1.8b: Minimum tests for identification of the cliniﬁally significant Staphylococcus species. (Kloos andJorgensen, 1983).

Character

S. aureus

S.epidermidis

S. saprophyticus

S, intermedius

S. hyicus Subsp. hyicus.

Coagulase
Novobiocin resistance
D-Mannitol
Colony pigment
Acetoin

{3- galatosidase
Maltose
Phosphatase
D-Trehalose
D-xylose
Sucrose

+

+ o+ + o

oo+

|++|+n

L]

+

tataa+

4

+
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Characteristic®

Table 1.9a; Differentiation of Staphylococcus species {Kloos andLambe Jr., 1991).

asouypey

aonpesoInd|f)e-y

ND

ND

[+

2504308

2)

]

80T 0

{d

@

A0} BIY

{dh
i}
+
{t)
£)

IMBIY-]

BOIQO[RD-

#HAX-Q

asonean -

ND
ND
)
(d)
]

(d

asatuepy -q

)
“

lenuuely -qQ

{9)

ND

w0[rq2], -

ey g uisdmAog

| 3IUTISISA UIOEQOADN

sisjoaphy nynasy

uonanpa ABINN

(d

uopnapod moRIy

Aonezpn uneiday
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@14

{+
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5. delohint - 1@ [ N A + + NN [N+ N[N N+ + | N N I ND N + [+ [+ jND | ND
D |0 D 0 D D D D

5. hyreus + + + d + + d d + . + + - + + + - + + +

3. chromoganes +| + + + - + d [i . + - + - + + d + d d + . d .
S, caseolyices 4 | @ |+ N + |+ N . ¢ < | N d - « |+ [d [ ND | ND

D D 0

S, sciwi + | d + + - - . . |+ ]|+ . . . . + |- . . . + + 1+ |- * + {d} {t) @l JTd {W|@]+ 14d -
§. lertus d @) L 4- - {£} - + - e [+ |+ [- ]+ + (@) [+ [d [4 |d |+ |4d +

*Symbols (unless otherwise indicated): +, 90% or more strains positive; £, 90% or more strains weakly positive; -, 90% or more strains negative; d, 11 to 89% of strains positive;
ND, not determined. Parenthesis indicates a delayed reaction.

positive is defined as a colony diameter of >6mm after incubation on P agar at 34 to 35°C for 3 days and at room temperature (ca. 25°C) for an additional 2 days .

“positive is defined as the visual detection of carotenoid pigments (e.g.( yellow, yellow-orange, or orange) during colony development at normal incubation or room temperatures.
Pigments may be enhanced by the addition of milk, fat, glycerol monoacetate or soaps of P agar.

In a semisolid thioglycolate medium. Symbols: +, moderate or heavy growth down the tube within 18 t0 24 h: %, heavier growth in the upper portion of the tube .and weaker
growth in the lower, anacrobic portion of the tube; -, no visible growth within 48h, but very weak diffuse growth or a few scattered, small colonies may be observed in the lower
portion of tube by 72 to 96h. parentheses indicate delayed growth appearing within 24 to 72 h, sometimes noted as large discrete colonics in the lower portion of the tube.

*On P agar or boving, sheep, or human blood agar at 34 to 37°C. S. equorum grows slowly at 35 to 37°C; its optimum growth temperature is-30°C. anacrobic specics 5.
saccharolyticus and 5. aureus subsp. anaerobius grow very slowly in the presence of air. Aerobic growth may be increased slightly by subculture in the presence of air. 5. aureus

subsp. anaerobius requires the addition of blood, serum, or egg yolk for growth on primary isolation medium. §. auricularis, S lentus, and S, vitulus produce just detectable
colonies on P agar in 24 to 36h and these colonies remain very small {1 to 2mm in diameter).

"Detected in rabbit or human plasma (slide coagulase test). Human plasma is preferred for the detection of clumping factor with S. fugdunensis and schieiferi. Latex agglutination is
somewhat less reliable for detection of clumping factor or fibrinogen affinity factor in S. fugdunensis.

$Hemolysis on bovine blood agar (58). Symbols: +, wide zone of hemolysis within 24 1o 36h; (+) delayed moderate to wide zone of hemolysis within 48 to 72h: (d), no or delayed
hemolysis: -. no or only very narrow zone (< 1 mm} of hemolysis within 72h. Some of the strains designated negative may produce a slight greening or browning of blood agar.

MCatalase and cytochrome synthesis cannot be induced in S, aureus subsp. anaerobius by the addition of Hy0; or hemin to the culture medium. Catalase can be induced in 5.
saccharolyticus by hemin supplementation. [n this species, cytochromes a and b are present in small quantities.

50



‘Determined by the modified oxidase test of Faller and Schieifer (1981) to detect the presence of cytochrome C.

iPyrrolideny! arylamidase, urease, B-glucosidase, B-glucuronidase, B-galactosidase, and arginine utilization arc characteristics that have been determined primarily by commercial
rapid-identification test systems (e.g. APl Staph Trac, ATP 32 Staph. Baxter-MicroScan Pos Combo Type 5 panel and RAPID POS ID panel, Becton Dickson Minitek Gram-
Positive Set, and Vitek Systerns Gram Positive [dentification Card).

kPositive is defined as an MIC of > 1.6ug or a growth inhibition zone diameter of < 16mm with a Sug novobiocin disk.

'Positive is defined as a growth inhibition zone diameter of <10 mm with a 300-U polymyxin B disk.

"Alkaline phosphatase activity is negative for approximately 6 to 15% of strains of 5. epidermidis, depending on the population sampled. A low but significant number of clinical
isolates have been phosphatase negative.
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Table 1.9b: Key tests for identification of most clinically significant Staphylococcus species (Kloos andLambe Jr., 1991).
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indicate a delayed reaction,
®Descriptions are the same as in Table 1.9a.
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Table 1.10a: Differentiation of Staphylococcus species (Kloos and Bannerman, 1995).
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*Symbols (unless otherwise indicated): +, 950% or more strains positive; £, 30% or more strains weakly positive; -, 90% or more strains negative; d, 11 to 89% of strins positive; ND, not determined.
Parenthesis indicates a delayed reaction.

*Positive is defined as a colony diameter of =6mm after incubation on P agar at 34 to 35°C for 3 days and at room temperature (ca. 25°C) for an additional 2 days.

- “Positive is defined as the visual detection of carotenoid pigments {e.g.( yellow, yellow-orange, ot orange} during colony development at normal incubation or room temperatures. Pigments may be
enhanced by the addition of milk, fat, glycerol monoacetate or soaps of P agar.

“In a semisolid thioglycolate medium. Symbols: +, moderate or heavy growth down the tube within 18 to 24 h; &, heavier growth in the upper portion of the tube and weaker growth in the lower,
anaerobic portion of the tube; -, no visible growth within 48h, but very weak diffuse growth or a few scattered, small colonies may be observed in the lower portion of tube by 72 to 96h, Parentheses
indicate delayed growth appearing within 24 1o 72 h, sometimes noted as Jarge discrete colonies in the lower portion of the tube.

*On P agar or bovine, sheep, or human blood agar at 34 to 37°C. § equorum grows slowly at 35 to 37°C; its optimum growth temperature is 34°C. anaerobic species S. sacc_harabrticus'a_nd S. aureus
subsp. araerobius grow very slowly in the presence of air. Agrobic growth may be increased slightly by subculture in the presence of air. 5. aureus subsp. anaerobius requires the addition of blood,

serum, or egg yolk for growth on primary isolation medium. S, quricularis, S fents. and §, vitulus produce just detectable colonies on P agar in 24 to 36h and these cotonies remain very small {1 to 2mm
in diameter). :

‘Detected in rabbit or human plasma (slide coagutase test). Human plasma is preferred for the detection of clumping factor with S, Jugdunensis and §. schieiferi, Latex agplutination is somewhat less
reliable for detection of clumping factor or fibrinogen affinity factor in S, lugdunensis.

*Hemolysis on bovine blood agar. Symbols: +, wide zone of hemalysis within 24 to 36h; (+) delayed moderate to wide zone of hemolysis within 48 to 72h; (d), no or delayed hemolysis; -, no or only
very narrow zone (< I mm) of hemolysis within 72h. Some of the strains designated negative may produce a slight greening or browning of blond agar.
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bCatalase and cytochrome synthesis cannot be induced in 5. aureus subsp. unagrobius by the addition of H,O; or hemin to the culture medium. Catalase can be induced in S, saccharolyticus by hemin
supplementation, In this species. cytochromes a and b are present in smali quantities.

'Determined by the modified oxidase test to detect the presence of cytochrome C.

IDetermined primarily by commercial rapid-identification tests.

kpositive is defined as an MIC of = 1.6ug or a growth inhibition zone diameter of < 16mm with a Spg novobiocin disk.
'Positive is defined as a growth inhibition zone diameter of <10 mm with a 300-U polymyxin B disk.

=Alkaline phosphatase activity is negative for approximately 6 to 15% of strains of 5. epidermidis, dcpending on the population sampled. A low but significant number of clinical isolates have been
phosphatase negative.

"(RNA gene restriction site polymorphism using pBA2 as a probe can distinguish this species from other staphylococcal species, including 5. warneri.
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Table 1.10b: Key tests for identification of most clinically significant Staplylococcus species (Kloos and Bannerman, 1995).
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S epidermidis - - - - + - o+ - + . + - - @ - - + +
S. haemolyticus d - - - - + - - - 4+ . -+ d - @ - -+ o+
S. lugdunensis d N - + + 4 - + - d + + - - + +
. schleiferi subsp. schleiferi - - + + + + - -+ - . d . + . . . . .
S. saprophyticus d - - - - - -+ o+ o+ o+ - 4+ d - + - - + 4
S. intermedius - + d + 4+ 4 -+ o+ - - -+ @ o+ d - - ®f
S. hyicus . d - + 4+ . - d - - .+ o+ + . . . . +

*Symbols: £, 90% or more strains weakly positive; 4; 90% or more strains positive; - 90% or more strains negative; d, 11 to 89% of strains positive. Parentheses
indicate a delayed reaction.
®Descriptions are the same as in Table 1.10a.
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CHAPTER 2

ISOLATION AND CHARACTERIZATION OF
COAGULASE - NEGATIVE STAPHYLOCOCCI
FROM VARIOUS CLINICAL SPECIMENS IN

LAGOS.
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INTRODUCTION

Coagulase-negative staphylococci (CoNS) are frequently isolated in cultures from a varicty
of clinical specimens. In many cases these staphylococci are "picked up" from the skin
during specimen collection and are not involved in any disease process, while in others they
have been shown to cause infection (Kloos and Bannerman, 1994, Pulverer, 1985).

Recently, the CoNS have been studied extensively because of their pathogenicity and
involvement in human and animal diseases (Buttery et al., 1997, Weinstein et al., 1997,
Mzhoudeau et al., 1997, Kloos and Bannerman, 1994, Schumacher Perdreav, 1991; Doern,

1989; Pfaller and Herwaldt, 1988; Marrie ef al., 1982).

The emergence of coagulase-negative staphylococci as one of the major nosocomial
pathogens implicated in a variety of infections has been reported (Kloos and Bannerman,
1994: Jarvis and Martone, 1992; Scaberg et al., 1991}. Coagulase-negative staphylococcal
infections can be life-threatening in seriously ill and immuno-compromised patients, for
example, patients in intensive care units, premature newborns, cancer and transplant
patients. This is due to the increase in the use of transient or permanent medical devices
such as intravascular catheters and prosthetic devices (Kloos and Bannerman 1994). The
need to rapidly identify this group of bacteria is essential and proper characterization of the
organisms is important as culture results may be misinterpreted resulting in confusion. This
has been facilitated by the use of different classification schemes (Kloos and Schieifer,
1975; Kloos and Lambe, 1991; Kloos and Bannerman, 1995) and the use of rapid
commercial identification systems. This micromethod could either be with manual of

automated instrumentations (Kloos et al, 1992). Most of these systems have been
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able to identify the coagulase-negative staphylococci species to sub-species level.

Coagulase-negative staphylococcal infections are on the increase. In Nigeria, few reports
on this group of organisms are available. Kolawole (1987) reported on the occurrence and
possible involvement of CoNS in bacterial infections among hospital patients at Ile-1fe at a
Conference in Jos. Qyedeji and Babalola (1999) reported on the involvement of CoNS n
neonatal conjunctivitis at Ile-Ife while Udo and co-workers (1997) reported on the slime
production, beta-lactamase production and antimicrobial resistance of sixty-eight strains of
coagulase-negative staphylococci isolated from various clinical specimens at Calabar. The
purpose of this work therefore was to determine the occurrence and possible involvement of
CoNS in infections from various clinical specimens in Lagos. The species pattern of CoNS
isolated was determined. This study also compared the conventional methods of

identification of staphylococci to the commercial and rapid identification systems.
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MATERIALS AND METHODS

Study Population and Bacterial Strains:

Seven hundred and forty-five isolates of gram-positive, catalase - positive clustering cocci
were oblained from various clinical specimens from the Clinical Microbiology Laboratories
of Lagos University Teaching Hospital (LUTH) Idi-Araba and General Hospital Tkeja (GHI)
between December 1994 and May 1996. These were clinical specimens collected from in-
patients and out-patients comprising of neonates, children and adults of both sexes.
Specimens included high vaginal swabs (HVS), endocervical swabs, pus from drainages,
swabs from infections of the skin, ear, eye, surgical sites, burns, septic wounds, bones,
abscesses/boils, urethra, mid-stream urine from urinary tract infections, pyelonephritis etc.,
cerebrospinal fluid, seminal fluid detived from infections of the urinary tract and infertility,

blood cultures in cases of blood stream infections (BSI), peritonitis, and endocarditis.

Collection of specimens:

Daily visits were made to the LUTH and GH! microbiology laboratories. All gram-positive
clustering cocci were obtained from these laboratories by sub-culturing unto nutrient agar
slope. Detailed information collected on each specimen / isolate included name of the
patient, age, sex, source of specimen, clinical condition being queried and whether in- or
out-patient. Primary isolation of the microorganism associated with the diseases was
performed on the following media, Nutrient agar, MacConkey agar and Blood agar in those

Laboratories (LUTH and GHI).
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Clinical significance:

The clinical significance is based on the review of Kloos and Bannerman, (1994) and
(1995) which stipulates (i) the isolation of a strain in pure culture from the infected site or
body fluid (because most contaminated clinical specimens produce mixed cultures of
different strains and/or species, although, some infections may be the consequence of more
than one strain or species), (ii) the repeated isolation of the same strain or combination of
strains over the course of the infection. Thus, isolation in pure culture, presence of
leucocytes and significant counts in cases of urine specimens and one or two consecutive
blood cultures where possible was the pre-condition for judging a given isolate to represent

a probable infection.

Isolation procedure:

Processing of the isolates was carried out in the Microbiology and Biotechnology
Laboratories of the Nigerian Institute for Medical Research (NIMR) Yaba. All subcultured
isolates were incubated aerobically for 24 hours and at times for 48 hours at 37°C. Each of
the overnight gram-positive clustering cocci was inoculated on to Nutrient agar, P agar
(Naylor and Burgi, 1956), and Mannitol salt agar (Appendix 1). Each plate was
subsequently incubated aerobically at 37°C for 18-24 hours and at times for 48-72 hours in
the case of P agar plates. Colonial characteristics including size and pigmentation were
observed daily on P agar. On the selective mannitol salt agar strains capable of growth,
fermentation of mannitol were distinguished within 24 hours. Growth indicated salt
tolerance and change of the colour of the medium from red to yellow indicated fermentation
of mannitol. Gram's reaction, coagulase production and catalase activity were carried out.

Coagulase production:
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Bound (also called clumping factor) and free coagulase activities were determined using the
conventional slide test method of Cadness-Graves ef al., (1943) and tube test method of
Gillespie, (1943). Both tests were performed as described by Cowan and Steel (1993). See

appendix one for descriptions of the tests.

Catalase Activity:
Catalase activity was carried out on 18-24 hours old cultures on nutrient agar slant using

standard technique (Cheesbrough, 1985). (Appendix one for description of the test).

Gram's Reaction:

Gram staining of discrete colonies of pure culture of isolates was performed using standard
method as described by Cheesbrough (1985). (Appendix one). All gram-positive, catalase-
positive, coagulase-negative cocci were subcultured on to sterile nutrient agar slants and

stored for further biochemical tests.
DIFFERENTIATION OF ISOLATES (CoNS) FROM MICROCOCCI

This was carried out based on tests recommended by Schleifer and Kloos, (1975) using the
differentiation tests for the production of acid from glycerol (1%) in the presence of 0.4pg
of erythromycin per ml, susceptibility to lysostaphin (400pg/ml) and resistance 10

lysozyme (25ug/ml). Oxidase activity and aerobic requirement of each isolate were
determined as described by Kloos et al., (1974). See appendix one for descriptions of

various tests.
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DETERMINATION OF SPECIES BY CONVENTIONAL BIOCHEMICAL TESTS:

All gram-positive, catalase-positive, coagulase-negative  staphylococci were further
characterized using the method of Kloos and Schieifer (1975). This method uses 13 key
characteristics including coagulase activity, haemolysis, nitrate reduction, phosphatase
activity, lysostaphin susceptibility, novobiocin susceptibility, aerobic acid production from
lactose, xylose, sucrose, arabinose,maltose, ribose, fructose, trehalose, xylitol and mannitol
and anaerobic growth in thioglycolate medium. Other tests used to classify the isolates
included acetoin.production and oxidase production. The procedures for determining these
characteristics were slightly modified from the original descriptions. See appendix one for

descriptions of various procedures.

Haemolysis:
Differences in the haemolytic activity of species were demonstrated with bovine agar (5%

sheep blood in P agar) (Kloos and Schletfer, 1975).

Nitrate Reduction:
Nitrate reduction was detected using the conventional tube test with nitrate broth after 5

days of incubation. (Cowan and Steel, 1993, Difco Manual, 1984).

Phosphatase Activity:
Phosphatase activity was determined by the splitting of phenolphthalein phosphate, in

phenolphthalein phosphate agar releasing free phenolphthalein, (Collins and Lyne, 1970).

63



Acetoin production:
Acetoin production was detected using the rapid paper disk method of Davis and Hoyling

(1973).

Novobiocin Susceptibility:
Novobiocin susceptibility was determined using Spg novobiocin susceptibility disks

(Oxoid) on inoculated Mueller Hinton agar. (Kloos and Schleifer, 197 5).

Lysostaphin Susceptibility:
Lysostaphin (Sigma Chemicals) susceptibility of strains was determined on P agar plates

containing (200pg) per mi of P agar. (Schleifer and Kloos, 1975).

Anaerobic growth in Thioglycolate Medium:
2°C) thioglycollate semi solid medium (Brewer's fluid

Tubes containing gml of cooled (50-3

thioglycollate medium plus 0.3% agar) (Evan and Kloos, 1972) were inoculated with a

and incubated for 5 days at 35°C

0.1mi saline suspension of an overnight culture

Oxidase Activity:
ours old cultures by technique of Collins and

Oxidase activity was determined on 18-24 h

Lyne (1970)on a clean Whatman No. 1 filter paper previously dipped in oxidase reagent.

Aecrobic Acid Production from Carbohydrates:
Acid production from various carbohydrates was detected under aerobic conditions using an
agar plate method (Kloos and Schieifer, 1975) by inoculating a carbohydrate agar. Cultures
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‘were incubated for 24 to 72 hours.

DETERMINATION OF SPECIES BY API STAPH-IDENT SYSTEMS (1D 32
STAPH):

Each isolate was grown on P agar and severa] identical colonies were picked for the
preparation of an inoculum suspension having a turbidity equal to 0.5 Mcfarland standard,
About fifty-five microlitre (55u1) of inoculum suspension was used to inoculate each

cupule of ID 32 STAPH strip containing 32 cupules, 26 of which contained dehydrated test

galactosidase, arginine arylamidase, alkaline phosphatase, pyrrolidonyl arylamidase, b-
glucuronidase, novobiocin resistance, fermentation of glucose, fructose, mannose, maltose

2

lactose, trehalose, mannitol, raffinose ribose, cellobiose, SUCrose, turanose, arabinose. N-

3

acetyl-glucosamine,

Inoculation of the strips, incubation angd reading of the strips were done according to
manufacturer's instructions (see appendix Three). The results were coded into a numerica
profile and the species ascertained using Analytical Profije Index register - ATR 32

STAPH.

CONTROL STRAINS: Control strains; Staphylococcus aureys ATCC 25923, §

epidermidis ATCC 14990, Staphylococcus saprophyticus ATCC 15305,
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STATISTICAL ANALYSIS:

Data were analysed using an IBM-Compatible PC with Minitab and Fig-P Statistical

packages.
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RESULTS

A total of seven-hundred and forty-five (745) gram-positive clustering cocci were obtained
from various clinical specimens from LUTH and GHI microbiology laboratories. Tests for
Gram's reaction, production of the enzyme coagulase (free, bound or both) and catalase
activity yielded 488 gram-positive, catalase-positive, coagulase-positive clustering cocci

and 257 gram-positive catalase-positive, coagulase-negative clustering coccci.

SEPARATION OF THE COAGULASE-NEGATIVE STAPHYLOCOCCI

FROM MICROCOCCI SPECIES.

Qut of the 257 gram-positive, catalase-positive, 'éoagulase-negative clustering cocci
obtained, 11 isolates were found to be Micrococcus species. These were excluded from the

study.

DETERMINATION OF COAGULASE-NEGATIVE SPECIES BY
CONVENTIONAL BIOCHEMICAL TESTS.

A total of 246 coagulase-negative staphylococeci were characterised by the conventional
biochemical methods of Kloos and Schleifer(1975). The sources of CoNS isolates are
shown in Table 2.1 while the results of the biochemical tests are shown in Table 2.2. The
236 isolates were characterised to species level, while 10 isolates were unclassified (Table
2.3). The species distribution is shown as follows: S. epidermidis (109); S. saprophyticus
(36); S. capitis(27); S. simulans(24); S. haemolyticus(19); S. warneri (9); .S'.- hominis(5); S.

cohnii(1); S. xylosus (6), Unclassified(10).
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Isolates of several species were able to produce acid aerobically (see Plate 2.1) from at least
five of the carbohydrates tested except for 3 isolates of S. capitis and 2 isolates of the
unclassified group which produced acid aerobically from only three carbohydrates. Isolates
of §. xylosus were the only isolates out of the 246 CoNS that produced acid from xylose and

arabinose. None of the isolates identified as S. epidermidis produced acid from mannitol.

DETERMINATION OF SPECIES BY API STAPH-IDENT SYSTEMS (ID 32
STAPH).

Out of the 246 presumed CoNS isolates being characterised by the rapid commercial kit,
(ID 32 STAPH) 241 isolates were characterised to species level while 2 isolates were
identified as Stomatococcus species. In all, 3 isolates were still unclassified while the 2
Stomatococcus species were excluded from the study. The species distribution using API
rapid kit (ID 32 STAPH) is shown as follows (Table 2.4). S. epidermidis 109 (44.3%); S.
saprophyticus 36(14.6%); S. capitis 27 (11.0%), S. cohnii 1(0.4%); S simulans 24 (9.8%);
S. haemolyticus 24 (9.8%); S. warneri 7(2.8%); S. xylosus 6(2.4%); S. hominis 5(2.0%); S.
lugdunensis 2(0.8%); Unclassified 3(1.2%); and Stomatococcus species 2(0.8%). Using the
API Kit (ID 32 STAPH) 2 of the isolates identified previously as S. warneri were identified
as S lugdunensis, while 5 out of the 10 unclassified CoNS by the conventional biochemical
tests were identified as S. haemolyticus . The two isolates found to be Stomatococcus

species were from the 10 CoNS unidentified by conventional biochemical tests.
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COMBINING CHARACTERISATION TO SPECIES LEVEL BY BOTH
CONVENTIONAL BIOCHEMICAL METHOD OF KLOOS AND SCHLEIFER,

(1975) AND RAPID API COMMERCIAL KIT-ID 32 STAPH.

A total of 244 isolates of CoNS out of 246 presumed isolates of CoNS obtained after
seperation of CoNS from Micrococci species were obtained. In all, 241 of these CoNS were
characterised to species level. The species distribution is shown in Table 2.5 and Figure 2.1.
S. epidermidis was the most commonly isolated CoNS from all clinical specimens. It
accounted for 109 (44.3%)of CoNS isolates. Thirty-six strains (14.6%) were S
saprophyticus, while 27(11.0%) strains were identified as S. capitis. Twenty-four (9.8%)
strains each were identified as S. simulans and S. haemolyticus respectively. Other CoNS
species, S. hominis 5(2.0%), S. lugdunensis 2(0.8%), S. cohnii 1(0.4%), S. warneri 7(2.8%)
and S. xylosus 6(2.4%) were isolated. Three (1.2%) CoNS isolates remained unclassified.
Comparision between the conventional biochemical method and the ID 32 STAPH is

shown in Table 2.6.

69



e

2t

-

DISCUSSION

In this study, a total of 244 isolates of CoNS were isolated and characterised. Significant
species-to-species differences have emerged. Staphylococcus epidermidis accounted for
44.3% of all clinical isolates and the most prevalent in almost all groups of clinical
speciemens. It accounted for 38.1% of wound isolates, 76.9% of blood culture isolates,
36.5% of urine isolates, 46.1% of urethra discharge isolates, 50.0% of bone secretions in
cases of osteomyelitis, 75% of eye swabs in cases of conjunctivitis and 100% in tissue
biopsies in cases of gastritis. In isolates from high vaginal swabs, endocervical swabs,
semen and seminal fluids, Staphylococcus epidermidis accounted for an appreciable
number of isolates while there were no isolates of Staphylococcus epidermidis from ear
swabs in cases of ofitis media and from sterile fluid in a case of congestive heart failure.
This prevalence of Staphylococcus epidermidis is consistent with other studies on species
characterization of CoNS that relate Staphylococcus epidermidis to be the most prevalent
and major species of clinical relevance (Archer, 1984, Deighton es al., 1988, Pfaller and

Herwaldt, 1988, Kleeman ef al., 1993, Kloos and Bannerman, 1994, Udo et al., 1997).

Several species of CoNS inhabit the skin (Kloos, 1986, Kloos, 1990). Studies on clinical
isolates of CoNS show that 57-85% are Staphylococcus epidermidis (Eng et al., 1982,
Sewell et al., 1982, Deighton et al, 1988). Also in-vitro studies using rat model of
endocarditis and in-vivo studies of phagocytic killing indicate the greater virulence of S.
epidermidis when compared with other CoNS (Baddour et al., 1984). It is not surprising
that Staphylococcus epidermidis accounted for 44.3% of all the isolaies and the most

prevalent in this study. Higher results might  also have been achieved if more specimens
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had been obtained from patients who had prosthetic and indwelling devices implanted in
them, and also in immunocompromised patients. The infection rate of S. epidermidis has
been correlated with the increase in the use of prosthetic and indwelling devices such as
intravascular catheters etc; the growing number of immunocompromised patients in the
hospitals (Kloos and Barnnerman 1994, 1995); and the special ability to infect these devices

by S. epidermidis (Gristina, 1987, Peters, 1986).

Staphylococcus epidermidis was not isolated from sterile fluid specimen from a congestive
heart failure patient. The sample size was small and due to this no definite conclusion as to
the incidence or prevalence of S. epidermidis in this group of patients could be made in this
environment. Although, Feigin and co-workers (1973) assessed the role of S. epidermidis
in otitis media in neonates, no S. epidermidis was isolated from otitis media specimens. It
shows that S, epidermidis might not be one of the bacteria or opportunistic CoNS species

involved in otitis media in this environment.

About 76.9% of all blood culture isolates yielded S. epidermidis species. These were
isolates from patients sufferring from neonatal sepsis, neonatal tetanus, broncho
pneumonia, endocarditis and pyrexia of unknown origin. The clinical relevance or
significance of CoNS isolates in blood cultures becomes necessary. Major problems facing
most laboratories are in differentiating true opportunistic pathogens from contaminants.
Weinstein and co-workers (1997) stated that about 85% of blood culture isolates are
contaminants even though some reports had lower figures. This was attributed usually to

skin contamination at the time blood is taken. Many reports suggested that before any
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inference as to the pathogenic significance of CoNS in cases of Blood Stream
Infections(BSI) eg bacteraemia, septicaemia, etc., is drawn consecutive or multiple blood
cultures from the same patients should be done (Weinstein ef al., 1997, Kloos and
Bannerman, 1995, Kloos and Bannerman, 1994, Archer, 1985).Suggested laboratory criteria
for true bacteraemia include growth within 48 hours and multiple blood cultures positive
for the same organism. In contrast, increased duration of time before positivity,
polymicrobial growth of skin organism, or growth during antibiotic treatment suggest

contamination (Souvenir e/ al., 1998).

In this study, 10 out of 38 isolates from blood culture specimens were from mu.ltipfe
specimens. The rest were single blood culture specimens. Determinig the clinical
significance of all the CoNS blood culture isolates will be difficult because only 10 isolates
were from multiple specimens. Based on the review of Kloos and Bannerman, 1994, and
1995, 26.3% of the blood culture isolates were true pathogens. About 60% of the S.
epidermidis isolated from blood was from neonates including 2 neonates with low
birthweights, who had various clinical infections. Since the initial descriptions in the mid
1960s of CoNS especially S. epidermidis as important neonatal pathogens (Buetow er al.,
1965, McCraken and Shinefield, 1966) many reports have shown the increase in incidence
of CoNS infections in neonates especially the presence of S. epidermidis in multiple blood
cultures in neonates with low birth weights and preterm infants who are known to be
immunologically immature (Patrick ez al., 1989, Gongora-Rubio ef al., 1997). Reports
attributed the most frequent source of infection with the presence of indwelling central
intravascular catheters used for administering total parenteral nutrition and contaminated

infusions (Goldman and Pier 1993; Valles ef al., 1997). In this study, most of the blood
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culture isolates were from critically ill patients thus some of these isolates especially in
multiple blood culture isolates are most likely to be pathogens. CoNS infections often can
be life-threathening in these patients (Kloos and Bannerman, 1994). Other reports
elsewhere in Nigeria have implicated S. epidermidis in septicaemia especially in neonatal
septicaemia (Udo et al., 1997 and Olusanya et al ., 1991). These reports are also in

agreement with the findings in this study.

The range of other infections believed to be caused by S. epidermidis are wide by the 1980s.
These include wound infections, urinary tract infections, osteomyelitis, amongst other
infections (Kloos and Bannerman, 1994). Coagulase-negative staphylococci especially S.
epidermidis has been implicated in wound infections and other pyogenic lesions (Wilson
and Stuart, 1965, Pulverer, 1985). In this study, S. epidermidis accounted for 39.0% of
wound isolates from burns, skin sepsis, multiple boils, chronic ulcer and post operation
wound infections from hospitalised patients. S. epidermidis is widely distributed over the
body surface. Since these isolates were isolated in pure cultures from some chronic and
purulent draining materials it is obvious that the infections are opportunistic. The isolates
from post operation wound infections might also be nosocomial in origin either introduced

during surgery or during management of the surgical incisions.

Osteomyelitis due to CoNS has been documented and is frequently a postsurgical
complication following insertion of orthopaedic appliances for reduction of fractures
(Waldovogel et al ., 1970). It could result from open fractures in which the bone was in

communication with the outside environment. Since proper laboratory procedures were
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adopted and surgical extraction of the pus was used in some cases the S. epidermidis

obtained thus accounted for true pathogens.

About 75% of CoNS species isolated from urinary catheter tips in this study were S.
epidermidis. This might be as a result of the exposure of the catheter to the skin of the
patients and the special ability of S. epidermidis to adhere to foreign body surfaces
(Christensen et al., 1986). CoNS infections are believed to arise by direct extension of skin
flora into wounds and catheter entry sites. Depending on the ability of CoNS 1o adhere,
colonise and avoid the immune system of the host, they may develop the lifestyle of a

pathogen and produce products that will affect the host (Kloos and Bannerman, 1994).

The involvement of CoNS in neonatal conjunctivitis has been studied. Oyedeji and
Babalola (1999)reported the involvement of CoNS in neonatal conjunctivitis with S.
epidermidis accounting for 47.6% of CoNS species and 13.6% of all bacterial isolates
obtained. Seventy-five percent of the isolates from conjunctivitis specimens were S.
epidermidis. The high percentages obtained in this study is likely due to the small number
of conjunctivitis specimens sampled. The small number of specimens processed might also
account for the 100% recorded for S. epidermidis in tissue biopsy isolates from patients
with gastric ulcer (gastritis). In this case, two consecutive specimen of each patients all
yielded S.epidermidis except in one set of isolates in which different strains of S
epidermidis were obtained as shown by the profile index numbers of API Kit (ID 32

STAPH).
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The prevalence of 36.5% recorded for S epidermidis in urine isolates and 46.1% for
urethra isolate is likely due to the fact that most of the urine samples were from patients
with urinary tract infection, pyelonephritis, prostatis and benign prostrate hypertrophy. In
urine specimens that grew CoNS, significant co.lony counts and leucocytes in the urine
sediments were obtained. Thirty-two out of forty-one urine sampleé isolates were from
urinary tract infections (UTI). It is well known that S. saprophyticus is the leading agent
among CoNS causative agents in UTI especially among women. In this study, 29.3% of the
CoNS strains from urine were S. saprophyticus, while 36.5% were S. epidermidis. In
contrast, some other workers found more of S. saprophyticus than S. epidermidis (Marrie et
al, 1982, Wallmark et ¢/, 1978) in urine specimens. The present findings obtained in this
study is in agreement with the findings of Narayani ef al,, (1990); Loo ef al., (1984) and
emphasize the prevalence of S. epidermidis in most clinical infections. Most of the urethra
discharge specimens are from patients suffering from urethritis and UTls. S. epidermidis
has been implicated in UTI and prostatitis. The result obtained in this study is not surprising
since the isolates were obtained in pure culture and were isolated too from high vaginal
swabs (HVS) and endocervical swabs. In male secretions (seminal fluids) from patients
suffering from urethritis, prostatitis and infertility, S. epidermidis accounted for 21.7% of
CoNS isolated thus showing the prevalence and presence of S. epidermidis among the

various clinical specimens.

Staphylococcus saprophyticus accounted for 14.8% of the overall isolates. S. saprophyticus
has been reported as an important-opportunistic pathogen in human urinary tract infections
(UTIs) especially in young sexually active females (Marrie et al,1982, Wallmark et al,

1978). It has also been proposed as an agent of nongonococcal urethritis in males or a
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cause of other sexually transmitted disease (Hovelius e al, 1979} and has also been
implicated in prostatitis (Bergman et al., 1989, Nickel and Costerton, 1992). In this study,
the S. saprophyticus isolates were from urinary tract infections, pyleonephritis and
urethritis; pelvic inflammatory disease (PID), infertility and others. Since CoNS are normal
flora, one can not make any conclusion as to the clinical significance in cases of infertility.
It accounted for 38.9% of all HVS and endocervical swabs. They were isolated in good
numbers from urethra discharges, semen and prostatic fluids etc in cases of urethritis and
prostatis in males. These are consistent with other studies implicating S. saprophyticus as
an important opportunistic pathogen in human UTIs (Wallmark er al, 1978 Marrie ef
al, 1982, Bhalla and Agarwal, 1986). The isolation rate of S, saprophyticus has to do with
the type of patient population. Most of the female patients in this study werc from adult
population. All the isolates were obtained in pure cultures. Staphylococeus saprophyticus
adheres better to urothelial cells than to other epithelial cells like buccal mucosal cells
(Colleen er al., 1979). 1t is rarely found in normal urethra, periurethral area (Sellin et al.,
1975); vagina and rectum (Paed ef al, 1977) in contrast to S. epidermidis which is present
in anatomic site that contains indigenous flora. This might explain its' finding in such areas
as opportunistic pathogen. Isolation of S. saprophyticus in wound infection is not common,
even though Golledge, (1988) reported the isolation of S saprophyticus from wound
infection and septicaemia. In this study, S. saprophyticus was also isolated from wound
swabs. This species is usually found in small transient population on a variety of body sites

and might have been picked up from the skin.

Other species of CoNS found in the study included S capitis(11.1%), S

haemolyticus(9.8%), S. simulans(9.8%), S warneri(2.9%), S. xplosus(2.4%), S
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hominis(2.1%), S. cohnii(0.4%) and 1.3% which was unclassified. In this study, S. capitis
which initially was not a common occurrence in many studies (Pfaller and Herwaldt, 1988),
was isolated from various clinical specimens though in rather low figures except in wound
infections. It accounted for 19.0% of all wound isolates after S. epidermidis (39.0%). This
is in contrast to other reports (Varaldo et al., 1984, Kleeman ef al., 1993, Kloos and Lambe,
1991). S. capitis has been reported to be found in large populations on the adult human
head, especially on the scalp and forehead where sebaceous glands are numerous and well
developed (Kloos, 1986, Kloos and Bannerman, 1995). The findings in this study might be
due to the habitat of S. capitis since one isolate of this species from wound swab was from
an accident victim with head injury. About 57.1% of S. capitis isolates were from otitis
media discharge. This can be attributed to a study which reported that moderate-sized to
large populations of this organism are found on the face, eyebrow and external auditory
meatus (Kloos and Bannerman, 1994). The presence of S. capitis in blood culture isolates
and UTlIs is similar to that other reports found in Varaldo ef al., (1984), Pal and Ayyagan,

(1989) and Bandres and Darouiche, (1992).

S. haemolyticus and S. simulans had a prevalence of 9.8% each. S. haemolyticus was more
widely distributed than S. simulans in this study. S. haemolyticus accounted for 28.6% of
otitis media isolates, 25.0% of conjunctivitis isolates, 17.4% of male secretions (seminal
fluids) isolates, 16.7% of HVS and endocervical swab isolates and 14.3% of wound
infections isolates. Low incidence was recorded from urine and blood isolates. This
distribution of S. haemolyticus is not surprising since it is the second most frequently
encountered species of CoNS in human infections and has been associated with various

clinic! infections (Kloos and Bannerman, 1995, Low et al.,, 1992). Although it did not
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maintain that status in this study, it was probably due to the types of specimen sampled and
that were available. S. simulans like other CoNS has been associated with some infections.
This species is occasionally found on human skin (Kloos and Musselwhite, 1975) and in
the urethra of healthy women (Marrie ef a/., 1982). In this study its' isolation rate in
infections is not surprising since on infrequent occasions it has been isolated from clinical
specimens such as blood, urine, fluid, exudates from wounds, abscesses, lesions (Gill ef al,
1983, Marsik and Brake, 1982), chronic osteomyelitis and pyoarthritis (Males ef al., 1985),
intravascular catheters (Freeman and Hjersing, 1980) and native valve endocarditis (NVE)

(Jansen ef al., 1992).

The isolation rates being reported for S. warneri, S. xylosus, S. hominis and S. cohnii are
expected since S. epidermidis is the most commonly isolated species of clinical importance,
while data on their clinical significance are limited. The few isolates of S. warneri from this
study were from wound infection sites, urine and bone secretions from osteomyelitis. This
is in contrast to the few available data from which they were isolated mainly from blood
cultures of patients suffering from endocarditis, S. warneri bacteraemia; vertebral
osteomyelitis (Dan er al, 1984, Wood er al., 1989, Kamath et al,, 1992). Leighton and
Little, (1986) isolated the organism from Urinary Tract Infections. Occurrence of S. xylosus
in a variety of human infections has been reported with low frequencies (Kloos and Lambe,
1991). Isolation of 6(2.4%) strains of S. xylosus is high when compared to a lot of studies in
which it was not isolated at all and at times below 0.5% of total samples(Kleeman et
al.,1993, Narayani ef al., 1990). The findings here might be attributed to this species being

prevalent in our environment.
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S. hominis is another species of CoNS which has been reported to occur in low incidence in
a variety of human infections (Bowman and Buck,1984, Kloos and Lambe,1991). This is
true in this study. In the reports of studies conducted in two hospitals in USA and India
respectively, S. hominis was among the three most common CoNS clinical isolates
(Kleeman ef al., 1993, Narayani et al,, 1990). In the India study, S. hominis was the second
isolated species both in healthy carrier and hospital patients. This showed the prevalence of
S hominis in those environments. The low prevalence of S. cohrii in this study is not
surprising since it is one of the CoNS that have been reported to have had low incidence
occurrence in a variety of human infections. The isolation rate of S. cohmnii here is consistent
with the study of Kleeman et al,,(1993). Two isolates of S. lugdunensis were obtained. This
species is one of the relatively new species of CoNS and was originally isolated from
human clinical specimens (Freney ef al., 1988). It was reported that this species accounted
for 10% of all Staphylococcus species in human clinical specimens if S aureus and S.
epidermidis were excluded (Herchline and Ayers, 1991). In this study, 0.8% was obtained
for S. lugdunensis. The reason for this percentage might be that the population of &
lugdunensis in human clinical specimens seems 1o be not very significant in Lagos. The

isolation of this species was made possible by the use of rapid commercial kit API kit.

The API Kit (ID 32 STAPH) used in this study has an overall accuracy of 98.7%. When the
API Kit method of characterization was compared to the conventional methods of
characterization of Kloos and Schleifer (1975), there was no significant difference. But the
API Kit was able to characterise 7 out of the 10 isolates that were unclassified by the
conventional methods of Kloos and Schleifer (1975). Some of the isolates were also

reclassified by the API Kit eg. the two isolates which were formally classified as S. warneri
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were classified by the APl Kit as S Jlugdunensis. Also some clinical strains of
Stomatococcus species which were misidentified as Staphylococci were re-classified. The
reason for the misidentification might be because these strains showed a catalase positive
reaction almost identical to those of ordinary Staphylococci strain. The API Kit was able to
identify these Stomatococcus species which the conventional method could not do.
Although, 3 isolates were still not characterised by the API Kit out of the 244 CoNS
isolates, this system still provided a rapid and accurate method for identifying the various
CoNS examined in this study. The 3 unclassified isolates had profile numbers that were not
contained in the API profile register (ATB 32 STAPH BOOK). The main limitation to the
use of this rapid commercial Kit is the availability of the kits and its cost in our
environment. The accuracy in the use of some other commercial automated kits has been
questioned (Bascomb and Manafi, 1998, Kloos and George, 1991, Kloos and Wolfshel,
1982). Using the conventional methods of Kloos and Schleifer (1975), most of the
important prevalent human species of CoNS were identified in this study. However, with
the newly described human species of CoNS for example, S. lugdunensis (Freney et al,
1988) and borderline species, additional biochemical tests like the ones obtained in the
Kloos and Bannerman (1995) scheme should be adopted. The only limitation is that some
of these tests require special media and special equipments. With this scheme the newer
species and subspecies of CoNS will accurately be identified where API Kit is not

available,

Thus CoNS once regarded as contaminants and nonpathogens are now the subject of
growing interest owing to their ability to cause infection under certain conditions, and their

emergence as important nosocomial blood stream infections.
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CONCLUSION

It is clear from this study that one should expect to isolate different species and strains of
CoNS in our laboratories here in Lagos. Staphylococcus epidermidis has been shown to be
the most prevalent species in various clinical specimens while  Staphylococcus
saprophyticus was shown to be an important opportunistié pathogen in urinary tract
infections. Staphylococcus capitis, S. haemolyticus and S. simulans were isolated from

many clinical specimens but with lower isolation rates when compared to S. epidermidis.

The clinical relevance and significance of CoNS continue to increase in our environment.
When considering the relevance or significance of a CoNS isolate, several factors have to
be considered including the source of the specimen or isolate, the relative numbers of
organisms isolated, whether it is in pure or mixed culture and the clinical findings in the

patient.

Organisms isolated from a closed source such as blood, subarachnoid space, joint or pleural
space were considered more likely to be pathogens than organisms isolated from an open
source such as wound, because of the surrounding microflora except for wounds which
were fluctant or draining purulent material. Since CoNS are widely spread on the human
body and can produce very large populations distinguishing the aetiologic agent(s) from
contaminating flora is a serious challenge to the clinical laboratory. The solution to this
problem will be facilitated by the quality of the specimen obtained from the patients and

how accurately the specimens represent the infection.
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Table 2.1: Sources of isolates of coagulase-negative Staphylococci in various specimens from patients with different diseases. (No. of isolates).
Clinical diagnosis Wound Blood Urine Urethra Catheter Ear Vagina/ Male Tissue Bone Eye Fluids Total
tips Cervix secretions  biopsy  secretions :

Burns/skin sepsis 7 - - - - - - . - - - 1
Moultiple boils 5 - - - - - - - - - - 5
Post op. Wound inf, 23 - - - - - - - - - - 23
Ulcer (Leg. Penile) etc. 29 - - - - - - - - - - 29
Urinaty tract inf. - - 32 8 - - 11 - - - - 51
Otitis media - - - - - 7 - . - - - 7
Osteomylitis - - - - - - - - . 6 - - 6
Urethritis - - - 18 - - - 5 - - - - o 23
Prostatis/BPH - - 2 - - - 3 - - - 5
Peurperal sepsis - - - - - - 4 - - - - 4
Endecarditis - 2 - - - - - - - - - 2
Infertity - - - - - - - 16 - - - 16
Pyleonephritis - - 7 - - - - - - - - - 7
Neonatal sepsis - 23 - 2 - - - - - - - 25
Neonatal tetanus - 2 - - - - - - - - - - 2
Broncho Pneumonia - 4 - - - - - - - - - - 4
PUO _ - 8 - - 4 - - - - - - - 12
Thyroid septicaemia - - - - 2 - - - - - - - 2
Conjunctivitis - - - - - - . - - - 8 - 8
Pelvic infl. Dis. - - - - - 3 - - - - - 3
Congestive heart Failure - - - - - - - - - - 1 ]
Gastritis - - - - - - - - 4 - - - 4
Total 64 39 41 26 8 7 18 24 4 6 8 1 246

Key:

PUQ - Pyrexia of unknown origin.
Post op. Wound inf. — post operative wound infection.
Pelvic infl. Dis. - Pelvic inflammatory disease.
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Table 2.2: Biochemical characteristics of coagulase-negative Staphylococci (CoNS).
TEST S. capitis 8. cohnii 8. epidermidis S. haemolyticus S. frontnis S, saprophyticus S. simulans S. warneri 5. xylosus Unctassified
{n=27) {n=1) (n=109) (n=19) {n=5) {n=36) (n=24) (n=9) (n=6) {(n=10)

sy + - oo - + £ - + + - + & -+ £ - + & . o2 -+ x - T F -
Sucrase 2 I 4 o ¢ 1 109 0 ¢ 19 0 0 5 0 D 36 0 0 24 0 0 3 1 0o ¢ 0o 6 3 ! 4
Arabinose 0 0 27 0 0O i 0 0 109 0 0 19 ¢ 0 5 0 Q 36 1] 0 4 0 0 9 4 2 6 0 0 10
Ribose 4 0 23 0 0 1 8 2 99 4 3 i2 0 0 3 7 2 27 4 0 20 7 1 1 5 1 0 60 5 5
Trehalose I i 25 i ¢ 0 0 0 109 17 0 2 3 0 0 25 3 8 21 0 3 e o 0 2 0 4 0 4 6
Mannitot 21 ] 6 t 0 ¢ 0 0 109 4 0 3 0 0 5 3 0 0 19 1 4 6 0 3 i 0 3 1 o 9
Fructose 26 0 1 1 0 0 109 0 0 19 0 0 s 0 0 33 1 2 24 0 0 g o 0 O i 5 0 2 b
Maltose 9 2 16 1 ¢ 0 108 t 0 13 1 0 5 0 0 32 2 2 4 1 12 9 0 0 2 0 4 0 6 4
Xylitol 0 0 27 0 0 1 0 0 109 0 0 19 0 0 5 28 3 0 0 0 2 0 0 9 0 O 6 0 0 1‘0
Lactose V] 3 24 1 0 @ 97 4 8 13 3 3 4 0 i 23 2 11 22 2 0 2 0 7 o o0 6 3 2 3
Xylose 0 0 27 0 0 t 1] 0 109 0 0 19 o o 5 0 0 36 0 0 4 0o 0 9 6 0 ¢ 0o 0 10
Nitrate reduction 21 0 6 1 o 0 102 0 7 13 0 | 5§ 0 0 5 0 31 22 0 2 4 0 5 S 0 1 6 0
Phosphatase activiy 10 0 47 0 0 1 100 0 9 4 o 15 2 0o 1 3 0 33 4 0 20 4 05 1 0 5 4 0 &
Accloin production 4 15 8 o 1 0 95 13 1 g 8 3 1 I 3 23 11 0 2 2 0 6 3 0 1 2 4 2 3 5
®Anacrobic growth 19 ! 0 o 1 ¢ 1o 9 0 5 i3 ¢ 1 4 20 16 0 22 2 0 § 1 0 4 2 0 4 0 6
Novobiocin 0 0 17 1 0 0 0 9 100 0 0 19 G 5 0 36 0 0 0 0 24 g0 0 5 5 0 1 o O 10
resistance -
“Haemolysis on 0 8 9 0 i 15 30 64 17 2 0 H i 4 3 0 33 0 0 15 9 o 4 5 ¢ 0 6 5 0 2
sheep blood

KEY  n=number of isolates tested
*= + positive: + weak: -negative.
b — For anaerobic growth in thioglycollate medium
+ =Uniformly dense growth down the tube
+ =Gradient of growth from dense to light down the tube
- Nogrowth
¢ = For haemolysis + strong with wide zore
+ =Trace
- =Negative,
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Table 2.3: Frequency and distribution of coagula

se-negative staphylocoeci isolated from clinical specimens by conventional method. No. (%) of isolates.

Species Wound Blood Urine  Urethra Catheter  Ear  Vagina/ Male Bone Eye Tissue Sterile Total
tips Cervix secretions sccretions biopsy fluids

S. capitis 12(18.8)  4(102)  2(4.9) 27.7) 1{12.5)  4(57.1) - 2(8.3) - - - . 27(11.0)
S cohnii - - 1(2.4) - - - - - - - - - 1(0.4)
S. epidermidis 24(37.5)  30(76.9) 15(36.5) 12(46.2)  6(75.0) - 4(22.2)  5(20.8) 3(50.0)  6(75.0)  4(100) - 109(44.3)
S. haemolyticus 7(10.9) 102.6) 249 - - 2(28.6) 3(16.7) 2(8.3) - 2(25.0) - - 19(7.7)
S. hominis 1(1.6) 12.6) 2(4.9) - i(12.5) - - - - - - - 5(2.0)
S. saprophyticus 3(4.7) - 12(29.3)  9(34.6) - - 7(38.9)  5(20.8) - - - - 36(14.6)
S. simulans 7(10.9) 12.6)  3(1.3) 271D . - 4(222)  6(25.0) - . - 1(100) 24(5.8)
S. warneri 5(7.8) - 2(4.9) - - - - . 2(33.3) - - - 9(3.7)
S. xylosus 2(3.1) - 2(4.9) 1(3.8) - 1(14.3) - - - - - - 6(2.4)
Unidentified 3(4.7) 2(5.1) - - - . - 4(16.7) 1(16.7) . - - - 10(4.1)
Total 64(100)  39(100) 41(100) 26(100)  8(100)  7(100) 18(100) . 24(100) 6(100)  8(100)  4(100) 1(100)  246(100)
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Table 2.4: Frequency and distribution of coagulase-negative staphylococci isolated from clinical specimens by (API kit (1D 32 Staph) No. (Vo) of isolates.
Species Wound Blood Urine  Urethra Catheter Ear  Vagina/ Male Bone Eye Tissue Sterile Total
tips Cervix secretions secretions biopsy fluids

S. capitis 12(18.8)  4(102)  2(4.9) 2(7.7) 1(12.5)  4(57.1) - 2(8.3) - - - - 27(11.0)
S. cohnii - - 1(2.4) - - - - - - - - - 1(0.4)
S. epidermidis 24(37.5) 30(76.9) 15(36.5) 12(46.2) 6(75.0) - 4(22.2) 5(20.8) 3(50.0)  6(75.0) 4(100) - 109(44.3)
5. haemolyticus 9(14.0) 2(5.1) 2(4.9) - - 2(28.6) 3(i6.7) 4(16.7) . 2(25.0) - - 24(9.8)
S. hominis 1(1.6) 12.6)  2(4.9) - 1(12.5) - - - - . - - 5(2.0)
S. lugdunesis 2(3.2) - - - - - . - - - - - 2(0.8)
S. saprophyticus 3(4.6) - 12(29.3)  9(34.6) - - 7(38.9) 5(20.8) - - - - 36(14.6)
S. simulans © (109 1(2.6) 3(7.3) 200N - - 4(22.2) 6(25.0) - - - 1(100) 24(9.3)
S. warneri 3(4.6) - 2(4.9) - - - - - 2(33.3) - - - 7(2.8)
S. xylosus 2(3.2) - 2(4.9) 1(3.8) - 1(14.3) - - - - - - 6(2.4)
Unidentified - 1(2.6) - - - - - 1(4.16) 1{16.7) - - - 3.(1.2)
Stomatococcus 1(1.6) - - - - - - 1(4.16) - - - - 2(0.8)
Total 64(100)  39(100) 41(100) 26(100)  §(100)  7(100) _18(100) 24(100) 6(100)  8(100) _ 4(100)  1(100) 246(100)

85



Table 2.5: Frequency and distribution of coagulase-

negative staphylococci isolated from clinical specimens No. (

%) of isolates.

Species Wound Blood Urine  Urethra  Catheter Ear  Vagina/ Male Bone Eye Tissue Sterile  Total
tips Cervix secretions secretions biopsy fluids

S. capitis 12(19.0)  4(102) 2149  200.7) 1(12.5)  4(57.1) - 2(8.7) - - - - 27(11.0)

S. cohnii - - 1(2.4) - - - - - ) - - - 1{0.4)

S. epidermidis 24(38.1)  30(76.9) 15(36.5) 12(46.2)  6(75.0) - 4(22.2) 521D 3(50.0)  6(75.0)  4(100) - 109(44.3)

S. haemolyticus 9(14.0)  2(5.1)  2(4.9) . - 2(286) 3(167)  4(17.4) - 2(25.0) . - 24(9.8)

S. hominis 1(1.6) 1(2.6) 249 - 1(12.5) - . - . - " - 5(2.0)

S. lugdunesis 2(3.2) - - - - - - - - - - - 2(0.8)

S. saprophyticus 3(4.8) - 12(29.3)  9(346) . - - 7(389)  5(21.7) - . . - 36(14.6)

S. simulans 7(11.1) 12.6)  3(1.3) 201.7 . - 4222)  6(26.1) - - - 1(100)  24(9.8)

S. warneri 3(4.8) - 2(4.9) - - - - - 2(33.3) - - - T 728)

S. xylosus 2(3.2) - 2(4.9) 1(3.8) - 1(14.3) - - - - - - 6(2.4)

Unidentified - 1(2.6) - - - - - 1(4.36) 1(16.7) - - - 3.(1.2)

Total 63(100)  39(100) 41(i00)  26(100)  8(100) 7(100)  18(100)  23(100) 6(100)  8(100)  4(100) 1(100)  244(100)
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Table 2.6 Comparison and distribution of coagulase-negative staphylococci from clinical specimens using conventional method
and ID23 STAPH kit.

SPECIES CONVENTIONAL METHOD ID 32STAPH KIT
S. capitis 27 27

S. cohnii 1 1

S. epidermidis 109 109

S. haemolyticus 19 24

S. hominis 5 5

S. lugdunesis ' - 2

S. saprophyticus . 36 . | 36 .

S. simulans 24 24

S. warneri 9 7 ~
S. xylosus 6 6

S. stomatococcus spp - 2
Unidentified 10 3

Total 246 246
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3. epidermidis 457
109

S. cohnit 0%
1

S. capitis 11%
27

Undentified 1%

S. xylos&s 27
6

S. warneri 3%

7

3. haemolyticus 10%

5. simulans 10%
24

24

2 5. saprophyticus 15%
' 36

e

Fig. 2.1: Species distribution of coagulase—negative staphylococci isolates from clinical specimens.

.




B

Plates 2.1 Aerobic acid production from carbohydrates
A - Trehalose Carbohydrate Agar Plate.
B - Fructose Carbohydrate Agar Plate,
a = +ve (Strong acid production)
b = +ve (Moderate acid production)
¢ =-ve (No acid production)
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CHAPTER 3

SLIME PRODUCTION AND EXTRACELLULAR
PRODUCTS ACTIVITIES OF COAGULASE-

NEGATIVE STAPHYLOCOCCAL ISOLATES IN

LAGOS.
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INTRODUCTION

Coagulase production has been accepted in the past as the best -in-vitro proof of
Staphylococcus pathogenicity. Coagulase-positive staphylococci are considered pathogenic
while coagulase-negative staphylococci (CoNS) are regarded as non-pathogens or
secondary contaminants when cultivated from infections (Oeding and Digranes, 1977,
Parker, 1981). Today, this is not always correct because coagulase-negative staphylococci
have been implicated in a variety of infections (Kloos and Bannerman, 1994; Hamory and
Parisi, 1987; Sattler et al., 1984; Pfaller and Herwaldt 1988; Kloos and Bannerman, 1995,
Weinstein ef al., 1998). The balance between host resistance and the virulence of the
infecting agent are the main factors determining the outcome of an infectious process. Host
factors which may lead to serious infections are now well characterised. These include
breaches in the natural mucocutaneous barriers (Kaiser, 1986), changes in therapeutic
practice, for example prior exposure to antibiotics (Powell and Sanderson, 1987),
immunosuppression (Peterson ef al., 1987), increased use of intravenous catheters and
presence of indwelling prosthetic devices (Gristina, 1987, Burke, 1986). Apart from the
presence of a foreign body which may facilitate infection by CoNS, these organisms possess
microbial factors which help them o survive on a variety of biomaterials (Christensen et
al, 1982b). Studies have shown that once they atiach to the surfaces of the implant a
viscous extracellular polysaccharide substance called slime is produced (Christensen e/ al.,
1982b; Wilcox ef al., 1991). The biofilm produced by the slime on the devices creates a

protective micro-environment (Peterson e al., 1987). These staphylococci lack the enzyme
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coagulase but appear to produce other virulence-factors which enable them to invade

human tissues (Gemmell et al., 1976; Parker, 1981)

The International Committee on the Nomenclature of bacteria in 1965 recommended that
the production of both free and bound coagulase and the oxidation of mannitol both
aerobically and anaerobically should be used to differentiate accurately strains of S.aqureus
from S. epidermidis. Other workers suggested the use of DNase or alpha haemolysin,
production or the presence of protein A (Lachia and Deibel, 1969, Elek and Levy, 1950;
Bernheimer, 1968; Oeding, 1967). Available evidence have shown that coagulase-negative
staphylococci produce a wide variety of potential toxins and enzymes including
haemolysins, cytotoxins, deoxyribonuclease (DNase), fibrinolysin, proteinase and lipase-
esterase (Gemmell, 1986, Gemmell and Roberts, 1973, Gemmell and Schumacher-
Perdreau, 1986). The authors noted strong similarities between the exoproteins produced by
Staphylococcus  aureus and coagulase-negative staphylococci (S, epidermidis,
S.haemolyticus and S.saprophyticus) and suggested that these exoproteins may be important
virulent factors in the infections of humans. Males et al., (1975) showed differences in the
frequency and toxigenicity amongst a group of Staphylococcus epidermidis isolates from
various clinical sources. Epidemiological studies in man indicate that the ability to produce
disease, as opposed to the ability to spread it, may be due to scparate characteristics of the
microorganism (Abramson, 1972). He cited the work of Ekstedt and Yotis (1960) which
showed that intracerebral injection of coagulase or CoNS strains into mice was innocuous
but that CoNS suspended in partially purified coe;gulase produced death in mice. This

suggests that absorbed coagulase may protect the microorganism from normal bactericidal
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serum factor or from phagocytosis.

The presence of DNase is often used in clinical laboratories for the presumptive
characterization of S.aureus, either as well as or instead of coagulase for presumptive
pathogenicity (Cowan and Steel, 1993). But production of DNase by strains of coagulase-

negative Staphylococci has been reported by many authors (Males ef al., 1975; Gemmell,

1987, Vijayalakshmi ef al., 1980).

There is good evidence that coagulase-negative staphylococci owe at least part of their
virulence for man to their ability to elaborate some of the exoproteins produced by S.aureus
(Gemmell, 1986). Some of these exoprotein are recognised virulence factors and may play a
similar role in the pathogenicity of the various coagulase-negative staphylococcal species.
No study has been reported in the literature on the slime production, and some exoproteins
(enzymes) production among clinical isolates of CoNS species in Lagos. The aim of this
work therefore was: To provide information on slime producing ability of local sirains in

Lagos; To determine proteolytic, lipolytic and DNase activities among clinical isolates of

these CoNS.
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MATERIALS AND METHODS

Bacterial Strains:

Two hundred and thirty-seven (237) clinical isolates of coagulase-negative staphylococci
(CoNS) were used for this study. The disturibution of the various (CoNS) isolates was as
follows: Staphylococcus epidermidis (105), Staphylococcus capitis (25), S. cohnii (1), S.
haemolyticus (24), S. hominis (5) S. lugdunesis (2), S. suprophyticus (36), S. simulans (24),
S. warneri (6), S. xylosus (6), Unclassified (3). These were isolated from clinical specimens
obtained from the clinical microbiology laboratories of Lagos University Teaching Hospital
and General Hospital, Ikeja between December 1994 and May 1996. These strains were
isolated from in and out-patients suffering from infections of the urinary tract, bloodstream,
eye, car, bones, prostate, surgical site, skin etc. The specimens were processed
bacteriologically using the conventional method of Kloos and Schleifer (1975) and APl
(ID32 STAPH) kit from Bio Merieux SA 69280 Marcy-I'Etoile France. The following
reference strains Staphylococcus aureus ATCC 25923 obtained from Biotechnology
laboratory, Nigerian Institute for Medical Research Yaba, Staphylococcus epidermidis
ATCC 14990 and Staphylococcus saprophyticus ATCC 15305 obtained from Prof. W.E.

Kloos, Department of Genetics, North Carolina State University USA were used as

controls.
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Slime Production:

Slime production was determined according to the method of Christensen et al., (1982b).
Briefly, a loopful of organism from a Purple agar (P-agar) or blood agar plate was
inoculated into Sml of tryptone soya broth in a test tube and incubated at 37°C for 24 hours.
The content of the tube was aspirated and the tube was stained with safranin solution for 30
minutes. Slime production is‘indicated if a visible safranin stained film lined the wall of the
tube. Slime production was recorded as weak or strong according to the density of the

adherent film. Staphylococcus epidermidis ATCC 14990 was included as positive control.

DNase Activity:

DNase activity was detected on DNase agar (Oxoid) by the method described by Zeirdt and
Golde (1970). DNase agar plates were spot inoculated wih the CoNS isolates so that growth
was in plaques of about 2¢m in diameter. Contro! organisms were also included on each
plate. After overnight incubation at 35°C for 18-24 hours the plate was flooded with IN
hydrochloric acid solution. Excess acid was tipped off. Clearing around the innoculum
within 5 minutes of adding the acid was considered positive for DNase activity while an
absence of a clearing was indicative of DNase negative strains. S. qureus ATTC 25923 was

used as positive control and S. epidermidis ATCC 14990 as negative control.

Lipolytic (Lipase) and Proteolytic (Protease) Activities:
To assess lipolytic and proteolytic activities, CoNS isolates were streaked onto Baird-Parker
medium (Oxoid). This medium consists of Baird-Parker agar base and 50ml egg yolk-

tellurite emulsion (Oxoid SR54), which was added aseptically to the Baird-Parker agar base
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after sterilization by autoclaving at 121°C for 15 minutes.

The inoculated plates were examined afier incubation at 35°C for 3 days. On this medium, a
pearly sheen was indicative of lipase activity, a zone of opacity was interprcted as
phospholipase activity and clearing around single colonies was evidence of proteolysis
’ (Deighton ef al., 1992). Staphylococcus aureus ATCC 25923 was used as positive control

while, Bacillus subtilis was the negative control.

Gelatinase Activity:

Gelatinase Activity was determined by spot inoculating a medium containing 15g gelatin
(Difco), 2g of Peptone (Difco), 0.5g of yeast extract (Difco), 15g of agar and 50ml of
distilled water (Shuttleworth and Colby 1992) and incubated for 48 hours at 30°C. Cultures
were flooded with saturated ammonium sulphate solution (Collins and lyne, 1970). Zones
of clearing are formed around colonies of organisms producing gelatinase while no zones of
clearing was indicative of negative resuit. S. awreus ATCC 25923 was used as positive

control while Eschericha coli ATCC 25922 was used as negative control.

Statistical Analysis:

Data was analysed using an IBM-Compatible PC with Minitab and Fig-P Statistical
Packages. Where appropriate the Chi-square (X% tests, analysis of variance and correlation

coefficient values were used as test of significance or correlation of attributes. All statistical

computations were performed to 95% confidence limits.
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RESULTS

A total of 96 (40.5%)of CoNS were slime producers comprising of 40 (16.9%) strong
producers and 56(23.6%) were weak producers (Table 3.1) Staphylococcus epidermidis
accounted for 54(56.2%) of all slime producers. Out of a total of 96 CoNS slime producers,
S. epidermidis accounted for 28 (70.0%) and 26(46.4%) of strong slime producers and weak
slime producers respectively. Staphylococcus haemolyticus and S.saprophyticus accounted

for 14(14.6%) and 12(12.5%) respectively of all slime producers.

Results of DNase activity, lipase activity, gelatinase activity and proteolytic activity of the
various species of coagulase-negative staphylococet are contained in Table 3.2. Over one
quarter of the CoNS species showed lipase activity, with greatest activities being shown by
S. haemolyticus (54.2%), S. lugdunensis (50%), S. capitis (48.0%) and S. simuluns (45.8%)
respectively. DNase activity was detected in 11.8% of isolates while gelatinase and

proteolytic activities occurred in 11.0% and 8.9% of isolates respectively.

Comparison between DNase activity with those of lipase, protease and gelatinase showed
that there was no significant correlation between DNase activity with either protease or

lipase activity (p > 0.05). A significant correlation was demonstrated between DNase

activity and gelatinase activity (r = 0.63, p < 0.05) Fig. 3.1

97



DISCUSSION

About one-third of the coagulase-negative staphylococei isolates were slime producers.
Slime production has been detected in most species of CoNS (Christensen e/ al., 1983,
Needham and Stempsey, 1984; Christensen er al., /985, Deighton et af., 1988; Pal and
Ayvyagari, 1989). In this study, over half of the strains of S. epidermidis, S. cohnii, §.
haemolyricus and unclassified group produced slime or adhered to the sides of the glass test
tubes compared with 33.3% of S. saprophyticus, 24% of 8. capitis, 20% of S. hominis and
16.7% cach of S simulans, S. warneri and S. xylosus. The results obtained for S -
epidermidis and S. haemolyticus is in agreement with the findings of Deighton ef al., (1988)
while it is in contrast with their findings for other species. Deighton e/ al., (1988) observed
no slime production for S. warneri, S. capitis, S. xylosus and S. cohnii while these same
species had adherence of 16.7%, 24.0%, 16.7% and 100% respectively in this study. In their
study the only isolate of S. cohnii had no adherence while in this study the only isolate of S.
cohnii obtained had 100% detection for slime although the adherence was weak. Since only
one isolate of S cohnii was obtained from either of the studies the source of the isolates
becomes important. Secondly no deduction could be made because of the few strains of

S.cohnii obtained.

The findings in this study are similar to the findings of Pal and Ayyagari (1989), who
detected slime in all their isolates. Although Deighton ef al., (1988) and Pal and Ayyagari

(1989), studies obtained their isolates from various clinical specimens, 29% of Deighton ef
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al., (1988) specimens were {rom catheter lips and prosthetic devices. In this study only
3.3% (Table 2.1) of the specimens were from catheter tips, whereas Pal and Ayyagari
(1989) had none among the specimens. Thus, the difference in the sampling specimens or
sources of the specimens might have contributed to the number, type and characteristics of
the different isolates obtained in any of the studies. Christensen ef afl., (1985} using a
microtitre plate adherence method, also noted that the most strongly adherent strains were
S.epidermidis, S.haemolyticus and S.saprophyticus, and only 42% of 33 S hominis strains

were non-adherent.

The hypothesis that slime preduction by some CoNS may play a part in enabling
staphylococcal microcolonies to adhere to Holter shunts was first postulaied by Bayston and
Penny (1972). Christensen et al, (1982b), investigating an outbreak of catheter-related
sepsis subsequently recovered significant proportion of slime-producing strains from
patients with sepsis than from contaminated blood cultures. Studies by Davenport ef al.,
(1986); Ishak ef al., (1985) supported the view that extracellular slime production is an
important colonizing and virulence factor in CoNS infections associated with prosthetic
device but Needham and Stempsey, (1984), West e/ al., (1986) were unable to confirm
these findings in their studies. Deighton et al., (1 988) from their observations supgested that
although most CoNS, given a suitable conditions, are capable of producing slime, they only
do so under environmental conditions in which extracellular polysaccharide enhances their
virulence or their abiiity to colonize surfaces. Slime production assessed by qualitative or
quantitative adherence assays has been associated with the characteristics of the strains
associated with infection given a suitable growth medium. In this study, this association can
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only be shown fully when other phenotyping systems for example antibiogram, plasmid
analysis etc. are employed in the identification of CoNS. Thus, this will help in
distinguishing between infective and non-infective isolates due to contamination or to

transient skin flora bacteraemia in a patient.

Available evidence also suggests that at least part of the human virulence of CoNS can be
attributed to their ability to elaborate some of the exoproteins for example proteases, urease,
lipolytic enzymes, various haemolysins, DNase, gelatinase (Gemmell and Roberts, 1973,
Gemmell, 1986, Gemmell, 1987). In this study all the CoNS species showed at least one of
the activities except for Staphylococcus cohnii species which showed no activity while
68(28.7%) of CoNS showed lipase activity. Much of the lipase activity was shown by S.
capitis, S. haemolyticus, S. simulans and S. lugduensis. Staphylococci produce several lipid-
hydrolyzing enzymes, which collectively have been called lipases. The lipolytic activities of
these enzymes have been reported as properties possessed by pyogenic staphylococci and
some Clostridia (Davis, 1954). The biochemical mechanism of lipases which eniail the
release of free fatty acids (free oleic acid from lipoprotein a susbstrate in human plasma and
the subsequent uncoupling of oxidative phosphorylation in mammalian cells is suggested as
a basic concept in pathologic processes associated with staphylococcal infections. Gemmell
and Roberts (1973) recognised the marked differences in the ability of various CoNS to
hydrolyse various lipids and esters. They noted that in terms of lipolytic and esterolytic
activity of CoNS that there was a much higher evidence of these enzymes and with a wider
spectrum of activity 1n the group of CoNS strains from blood, abscesses and wounds than in
the strains from the urinary tract. These bear closer resemblance to a similiar enzyme
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elaborated by coagulase-positive S. aureus strains (Brunner er al; 1981).

DNase activity was shown in 28(11.8%) of the isolates. This is in agreement with the report
of Gemmell, (1987) who noted that the relative incidence of this enzyme among coagulase-
negative staphylococei has varied in various reports from 8-63%, but in contrast to the
corresponding enzyme from S. aureus. Menzies (1977) reported the difference between
DNase produced by coagulase-positive staphylococci (CoPS) and CoNS. He noted that
CoPS strains produced heat stable DNase while the DNase produced by CoNS were  heat
liable. Gemmell ef al.,(1981) by isoelectric focussing showed that DNase of CoNS were
made up of three separate proteins with similar biological activity but distinct isoelectric
points. The DNase cleaves the 5'-phosphodiester bond to give a nucleoside 3'-phosphate

which then digests extracellular nucleic acid.

Coagulase-negative staphylococei have also been examined for their ability to elaborate
proteolytic enzymes (Gemmell and Roberts, 1973, Gemmeli, 1986, ShuttieWorth and
Colby, 1992). These proteolytic enzymes represent a heterogenous group of enzyme
systems using the following substrates gelatin, casein, milk agar, coagulated egg whites etc,
(Abramson, 1972). Depending on the substrate, the enzymes hydrolyzing some of these
substrates have been called caseinase, gelatinase, protease etc. In this study, protease (8.9%)
and gelatinase (11.0%) activities were detected in most of the species except for strains of
S. cohnii, S. lugdunensis and unclassified group. There was no gelatinase activity among the
strains of S warneri while none of the S. hominis strains showed any protease aclivity. In

comparing DNase activity with those of lipase and protease no apparently significant
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correlation was demonstrablé with any of these enzymes (p>0.05). However, comparison
between DNase activity and that of gelatinase showed significant correlation (r=0.63,
p<0.05)(Figure 3.1). This might be attributed to the fact that DNase being produced 18
apparently not affecting the gene coding for gelatinase rather is apparently enhancing the

enzyme activity by probably digesting certain genes whose gene products may impede

gelatinase production.

Although the production of coagulase is characteristic of vast majority of staphylococci
causing disease, epidemiological studies makes it clear that there are differences in
virulence among coagulase-positive as well as coagulase-negative strains of staphylococci.
Studies in mice indicate that the ability to produce disease as opposed to the ability to
spread it may be due to separate characteristics of the microorganism (Eksedt and Yotis,
1960, Karas and Kapral, 1962). Thus the involvement of coagulase-nepative staphylococci
in various infections in many parts of the world is now well documented (Kloos and
Bannerman, 1994, 1995; Pulverer, 1985, Udo er al, 1997, Olusanya et al, 1991;

Kawamura ef al., 1998; Weinstein e/ al.,; 1998).
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CONCLUSION

There is evidence from this study that some of the coagulase-negative staphylococei in our
own environment elaborate some of the exoproteins produced by S. aureus. Since some of
these are recognised virulence factors, they may play similar role in the pathogenicity of
various coagulase-negative species in our environment. Slime production was also detected
from strains of CoNS in our environment and this slime has been shown (o be an important
factor in colonization and infection of implanted foreign bodies and might play a role too n

the establishment of infection on the surfaces of implanted foreign bodies In our

environment.
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Table 3.1: Slime production of clinical isolates of coagulase-negative Staphylococci strains.

" No. (%) of isolates

Species No. of strains tested  Strong slime positive Weak slime positive "Total slime positive
Staphylococcus capitis 25 0 6(24.0) 6(24.0)
Staphylococcus cohnii 1 0 1(100.0) 1(100)
Staphylococcus epidermidis 105 28(26.7) 26(24.8) 54(51.4)
Staphylococcus haemolyticus 24 4(16.7) 10(41.7) 14(58.3)
Staphylococcus h ominis 5 0 1(20.0) 1(20.0)
Staphylococcu lugdunensis 2 0 0 0)
Staphylococcus saproph yticus 36 5(13.9) 7(19.4) 12(33.3)
Staphylococcus simulans 24 1(4.2) 3(12.5) 4(16.7)
Staphylococcus warneri 6 0 1(16.7) 1(16.7)
Staphylococcus xylosus 6 0 1(16.7) 1(16.7)
Unclassified. 3 2(66.7) 0 2(66.7)

- Total 237 40(16.9%) © 56(23.6%) 96(40.5)
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Table 3.2: Some extracellular products and enzymes of coagulase-negative stapbylococci.

No. (%) of isolates.

Species No. of strains Dnase activity  Lipase Activity Proteolytic Gelatinase
tested activity activity
Staphylococcus capitis 25 2(8.0) 12(48.0) 2(8.0) 3(12.0)
Staphylococcus cohnii 1 0(0) 0(0) 0(0) 0(0)
Staphylococcus epidermidis 105 14(13.3) 18(17.2) 9(8.6) 8(7.6)
Staphylococcus haemolyticus 24 5(20.8) 13(54.3) 3(12.5) 2(8.3)
Staphylococcus hominis 5 1(20.0) 0(0) 0(0) 1(20.0)
Staphylococcu lugdunensis 2 0(0) 1(50.0) 0(0) 0(0) .
Staphylococcus saprophyticus 36 2(5.6) 9(25.0) 2(5.6) 7(19.4)
Staphylococcus simulans 24 2(8.3) . 11(45.8) 2(8.3) 4(16.7)
Staphylococcus warneri 6 0 2(33.3) 2(33.3) 0(0)
Staphylococcus xylosus 6 2(33.3) 2(33.3) 1(16.7) 1(16.7)
Unclassified. 3 0(0) 0(0) 0(0) 0(0)
Total 237 28(11.8%) 68(28.7) 21(8.9) 26(11.0)
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Figure 3.1. Regression line between DNAse activity and gelatinase
activity of coagulase—negative staphylococci.

106~



CHAPTER 4

ANTIMICROBIAL SUSCEPTIBILITY OF COAGULASE-
NEGATIVE STAPHYLOCOCCAL ISOLATES TO SOME

COMMONLY USED ANTIMICROBIAL AGENTS IN LAGOS.

107




INTRODUCTION

Antimicrobial resistance is increasing worldwide and common pathogenic bacteria have
become increasingly resistant to widely used antimicrobials including those specified in the
World Health Organisations' Model list of Essential Drugs (Farrar, 1985, WHO, 1992).
Pathogenic microorganisms are part of the natural ecosystem. Microorganisms especially
bacteria have always proliferated in human and animal tissues in which they have invariably
caused discase, disability, deformity and even death. In some instances, they have

established carrier states without apparent harm to the host (Fiennes, 1964).

Current antibiotic-prescribing practices including pre-operative antibiotic prophylaxis, have
led to the selection of antibiotic-resistant organisms (Scaberg et al, 1991). Changes n
therapeutic practice, especially those that led to the longer survival of patients with
defective immunity and increased use of intravenous catheters, have given a new
importance to coagulase-negative staphylococci (CoNS) as pathogen (Lowy and Hammer,
1983). Recent reports on surveillance data taken from the National Nosocomial Infections
Surveillance System in the United States of America during the late 1980s and early 1990s
indicated that coagulase-negative staphylococci are among the five most commonly
reported pathogen (in the fifth place at 9 to 9.7%) compared with 10 to 11.2% for
Staphylococcus aureus in hospitals conducting hospital-wide surveillance (Jarvis and
Martone, 1992; Scaberg ef al., 1991). Most noticeable shifts in the aetiology of nosocomial

infections have been towards the more antibiotic resistant pathogens, of which the
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coagulase-negative staphylococci are a major proup (Bailey ef af ., 1990).

In developing countries and in Nigeria, inappropriaic use and inadequate monitoring of
antibiotic therapy particularly in high-risk patients, might have further accelerated the rate
of resistance development (WolfT, 1993; Odugbemi, 1981).‘Wrong administration of drugs
has been known to increase the risk of super-infection with certain drugs or multiple drug
regimens (Louria, 1971). Antimicrobial susceptibility varies among genera and species and

to an extent within species therefore, there is the need to monitor antibiotic resistance in

bacteria by susceptibility testing.

The aim of this study was to obtain reliable information about the susceptibility patterns of

these pathogens.
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MATERIALS AND METHODS

Bacterial Isolates Tested:

A total of 233 clinical isolates of coagulase-negative staphylococci collected from the
Microbiology laboratories of the Lagos University Teaching Hospital Idi-Araba and
General Hospital Ikeja, between December 1994 and May 1996, were characterised by
method of Kloos and Schleifer (1975). These isolates were also confirmed to be coagulase-
negative staphylococci by using API-Kit (ID 32 STAPH). These isolates were obtained
from various clinical specimens which included high vaginal swabs, pus, blood, wound
swabs, seminal fluids, eye and ear swabs, surgical sites, wound swabs. Quality control

organism used was S. aureus ATCC 29213.

Antimcrobial Discs:

Gram-positive AB Biodisk containing the following antibiotics: ampicillin (10mg),
chioramphenicol (10mg), cloxacillin (10mg), erythromycin (Smg), gentamicin (10mg),
penicillin G (1 unit), streptomycin (10mg) and single discs of ceftriaxone (30mg),
norfloxacin(10mg), ofloxacin(10mg), amoxycillin/clavulanic acid (30mg), methicillin

(5mg), imipenem(10mg) and pefloxacin (3mg) were used.

Antimicrobial Susceptibility Testing:
Antimicrobial susceptibility testing of the clinical isolates of coagulase-negative

staphylococci isolates was carried out by the disc-agar diffusion method of Bauer ef al.,
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(1966), madified and standardized by the National Commitiee for Clinical Laboratory

Standard. A culture of each test organism in Muellar-Hinton broth (Oxoid) containing 107
CFU/ml equivalent to 0.5 Mcfarland turbidity standard was streaked onto Muellar-}:limon
agar (Oxoid) using a sterile non-toxic swab (Sterillin Middlesex). The antibiotic discs were
then placed on the surface of the innoculated agar plates for about 15 minutes. The plates
were incubated at 37°C for 24 hours. The diameter of the growth of inhibition zone around
each antibiotic disc was measured in millilitres using a ruler. Interpretation of results was
according to the National Committee for Clinical Laboratory Standards(NCCLS) (1993a)

interpretive guidelines. Reference strains of Staphylococcus aureus ATCC 29213 was

included as control.

Determination of methicillin susceptibility to Coagulase-negative Staphylococci:

Disc diffusion method was carried out according to NCCLS disc diffusion standard
described above and as modified by Woods ef al., (1984). Muellar-Hinton agar containing
4% NaCl was used. A direct innoculation was used. The direct innoculation was prepared
from growth on an 18 to 24 hours blood agar plate (P-sheep blood agar) by suspending
colonies in 0.85% sterile saline to yield a turbidity equal to 0.5 Mcfarland standard
(approximately 107-10% CFU/m]). Methicillin (Smg) discs were used. Plates were incubated
at 35°C for 24 hours. Isolates with intermediate or susceptible zones at 24 hours were

reincubated for an additional 24 hours. Results were read and interpreted as described

above.
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Determination of Minimum Inhibitory Concentration (M1C):

The MICs of some of the antimicrobial agents to the different species of CoNS were
determined by the microdilution method as described by Woods and Washington (1995)
based on guidelines by the National Committee for Clinical Laboratory Standard (NCCLS)

{1993b). The preparation of materials, reagents, inoculum, antibiotic dilution procedure and

inoculation of test plates is shown in Appendix 2.
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RESULTS

Tables 4.1 - 4.11 summarized the percentages of the different species of coagulase-negative
staphylococci strains to the drugs tested with their MIC values. Penicillin G (100%) was
inactive against all the different strains of CoNS while Imipenem (88.9-100%) was the most
effective. Other highly effective drugs with their different susceptibility ranges for different
species profiles include cefiriaxone (66.7 - 100%); ofloxacin (66.7 - 100%), pefloxacin
(80.6 - 100%) and norfloxacin (50 - 100%) with MIC values ranging between 2.9 -
46.9mg/ml 0.06 - 0.50mg/ml; 0.06 - 0.50mg/ml respectively. Chloramphenicol was very
effective against S. capitis strains (91.0%); S. hominis (80%) and S. cohnii (100%); S.
epidermidis (60.6%); S. saprophyticus (61.1%); S. haemolyticus (66.7%) with MIC range
of 1000 - 4000mg/ml. Over 50% of S. epidermidis, S. warneri, S, hominis, S. cohnii were
susceptible to Erythromycin. Gentamicin was moderately effective against S. epidermidis,
S simulans, S. capitis, S. warneri and S. xylosus with an MIC range of 46.87-3000mg/ml.
Tetracycline was active against all strains of S. hominis and 54.5% of S. capitis with MIC
range of 2-64mg/ml. About 53.6% of all the coagulase-negative staphylococci strains were
resistant to tetracycline while 61.4% and 56.7% of CoNS were resistant to streptomycin and
cloxacillin respectively. The foliowing antibiotics; ampicillin, and amoxycillin/clavulanic
acid had MIC ranges of 750 - 3000mg/m! and 23 .4 - 1500 mg/mi, respectively, while 75%
of CoNS were resistant to methicillin. The resistance patterns of all the species to the
different drugs tested, are shown in Table 4.12 while plates 4.1 and 4.2 show the

susceptibility patterns of CoNS to the gram-positive multi-discs and single disc used.

113



DISCUSSION

In this study all the species of coagulase-negative staphylococei (CoNS) were resistant 10
penicillin while a large proportion of the species were resistant to ampicillin, streptomycin,
tetracycline and cloxacillin. In comparison with some reports in the literature, CoNS strains
isolated in this study proved lo be above the average resistance to antimicrobial agents
recorded ( Gill et al,, 1983, Marsik and Brake, 1982). This study agrees with several other
studies, which have shown a high incidence of antibiotic resistance amongst CoNS isolated
from both colonized and infected patients in hospitals (Deighton ef al., 1988, McAllister et
al, 1987; Younger et al, 1987). Deighton et al, (1988) in their study found most S.
haemolyticus and half of S. epidermidis strains resistant to 5 or more antibiotics with 87%
of the total isolates resistant to penicillin G. Antibiotic-resistance profiles reported from
different parts of the world and from different hospitals vary (Richardson and Marples,
1982; Varaldo ef of., 1984; Jarlov and Hoibi, 1998}, possibly reflecting different patterns of
antibiotic use. Over 50% of the total CoNS strains in this study were susceptible to
gentamicin, erythromycin and chloramphenicol, while some species showed over 50%
resistance to these antibiotics. Varying antibiotic resistance patterns have been reported by

other authors (Varaldo et al., 1984; Jariov and Hoibi, 1998).

With the increased isolation of clinically significant CoNS, interest in their susceptibility to
various antimicrobial agents and the establishment of resistance to various agents has also

increased (Kloos and Bannerman, 1994). Staphylococcus  epidermidis had a wider

114



antimicrobial susceptibility patterns exhibited here than the other species. It has been stated
that S. epidermidis strains tend to be resisiant to a wider spectrum of antibiotics than the
other CoNS strains (Marsik and Brake, 1982; Pfaller and Herwaldt, 1988; Udo ef al, 1997).
The results in this study are in full agreement with this statement. But several other
investigators have reported that strains of S. haemolyticus are significantly more resistant to
antimicrobial agents than other staphylococcal species (Gill ef al, 1983, Davies et al,
1986; Del Bene et al, 1986). The findings in this study did not agree with this report
because S. haemolyticus were more resistant only to ampicillin, cloxacillin, erythromycin,

gentamicin, augmentin than were strains of S. epidermidis.

Vancomycin a glycopeptide has been considered the drug of choice when CoNS isolates are
multiply resistant to commonly used antibiotics, (Kirby, 1984, Kloos and Bannerman,
1994). Although, vancomycin susceptibility was not done in this study because of the
unavailability of the disc, imipenem, one of the other beta-lactams was used. In an earlier
study, imipenem disc had been used to study vancomycin resistance (Schwalbe ef al,

1990). This antibiotic showed 93.1% efficacy o all CoNS strains in this study.

The quinolones, pefloxacin (80.6%-100%), ofloxacin (66.7%-100%) and norfloxacin (50-
100%) used in this study were highly effective to CoNS. This is in agreement with the
report of Kloos and Bannerman (1994). They concluded that the quinolones were a
promising group of antibiotics that have a broad spectrum of activity. However, with the
increased use of this group of antibiotics especially ciprofloxacin, there have been reports of
resistant CoNS (Barry et al., 1992; Dryden ef al., 1992). Studies have also indicated that

115



resistance to one quinolone may predispose the isolate to become resistant to other
quinolones (Thomson ef al., 1991; Wilton ef al., 1992). Another antibiotic which was also
highly effective was the third generation cephalosporins-ceftriaxone (66.7% - 100%).

Similar results were obtained by other workers (Jones ef a/, 1991).

All strains obtained in this study were resistant to penicillin. This result is al variance with
other studies that obtained varying frequencies (Barcs ef «l., 1989; Marples and Richardson
1981). This may be due to geographical location. Multiple drug resistance (resistance to
over eight antibiotics) were encountered in this study especially with isolates from pus and
other skin sites. This pattern of resistance might be probably as a result of endogenous
origin of the isolates which might have acquired their pathogenicity and drug resistance
from co-existing bacteria of other gencra. Several authors in Nigeria have attributed the
widespread resistance observed among pathogenic bacteria to commonly prescribed

antibiotics to the indiscriminate use of these drugs (Olukoya ef ¢f.. 1988; Odugbemi, 1981).
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CONCLUSION

It has been shown that strains of coagulase-negative staphylococci were highly resistant Lo

commonly prescribed antibiotics in Lagos. Although, some of the drugs tested in this study

had good in-vitro activity, but cost, availability and pharmacokinetics should be considered

during chemotherapy especially in seriously-ill and immunocompromised patients.
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Table 4.1. Antimicrobial Susceptibility profile of Staphylococcus epidermidis strains.

Antimicrobial agent No. of No. (%) No. (%) No. (%) MIC range
(ng) Strains  Susceptible Moderately Resistant (pg/mb)
Tested Susceptible.
Ampicillin (10) 104 22(21.2) 2(1.9) 80(76.9) 1500-3000
Chloramphenicol (10) 104 63(60.6) 871 33(31.7) 1000-2000
Cloxacillin (10) 104 40(38.5) 3(2.9) 61(58.7) 375-750
Erythromycin (5) 104 58(55.8) 4(3.83) 42(40.4) NT
Gentamicin (10) 104 61(58.7) 32.9) 40(38.5) 1.25-2.5
Penicillin G (1unit) 104 (1) 0(0) 104(100) NT
Streptomycin (10) 104 38(36.5) 1(0.9) 65(62.5) 1500-3000
Tetracycline (10) 104 " 45(43.3) 5(4.8) 54(51.9) 32-64
Ceftriaxone (30) 104 85(81.7) 3(2.9) 16(15.4) 2.9-59
Ofloxacin (10) 104 94(90.4) 2(1.9) 8(7.7) 0.20-0.35
Amoxyecillin- 104 54(51.9) 0(0) 50(48.1) 46.9-93.75
Clavulanic acid (30) .
Methicillin (5} 104 21(20.2) 0(0) 83(79.8) NT
Pefloxacin (5) 104 88(84.6) 4(3.8) 12(11.5) 0.25-0.50
Imipenem (10) 104 95(91.3) 1(0.9) 8(7.7) NT
Norfloxacin (10) 104 89(85.6) 4(3.8) 11(10.6) NT

NT = Not Tested
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Table 4.2. Antimicrobial Susceptibility profil

strains.

¢ of Staphylococcus saprophyticus

Antimicrobial agent No. of No. (%) No. (%) No. (%) MIC range
(1e) Strains  Susceptible Moderately  Resistant (pg/ml)
.Tested Susceptible.

Ampicillin (10) 36 23(63.9) 3(8.3) 10(27.8) - 750-1500
Chioramphenicol (10) 36 22(61.1) 3(8.3) 11¢30.6) 1000-2000
Cloxacillin (10) 36 18(50.0) 2(5.6) 16(44.4) 375-750
Erythromycin (5) 36 23(63.9) 6(16.7) 7(19.4)
Gentamicin (10) 36 17(47.2) 1(2.8) 18(50.0) 0.31-0.65
Penicillin G (1unit) 36 0(0) 0(0) 36(100) NT
Streptomycin (10) 36 12(33.3) 1(2.8) 23(63.9) 1500-3000
Tetracycline (10) 36 13(36.1) 1(2.8) 22(61.1) 16-32
Ceftriaxone (30} 36 27(75.0) 3(8.3) 6(16.7) 23.4-46.9
Ofloxacin (10) 36 30(83.3) 2(5.6) 4(11.1) 0.06-0.13
Amoxycillin/Clavulanic 36 14(38.9) 1(2.8) 21(58.3) 375-750
acid (30)
Methicillin (3) 36 9(25.0) 2(5.6) 25(69.4) NT
Pefloxacin (5} 36 29(80.6) 3(8.3) 4(11.1) 0.13-0.25
Imipenem (10) 36 32(88.9) 1(2.8) 3(8.3) NT
Norfloxacin (10) 36 25(69.4) 4(11.1) 7(19.4) NT

NT = Not Tested
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Table 4.3. Antimicrobial Susceptibility

profile of Staphylococcus haemolyticus strains.

Antimicrobial agent No. of No. (%) No. (%) No. (%) MIC range
(ug) ' Strains Susceptible Moderately Resistant (pg/ml)
Tested Susceptible.
Ampicillin (10} - 24 3(12.5) 0(0) 21(87.5) 1500-3000
Chloramphenicol (10} 24 16(66.7) 2(8.3) 6(25.0) 1000-2000
Cloxacillin (10} 24 6(25.0) 1{(4.2) 17(70.8) 375-750
Erythromycin (5) 24 10(41.7) 1(4.2) 13(54.2)
Gentamicin (10) 24 6(25.0) 1(4.2) 17(70.8) 40-80
Penicillin G (1unit) 24 0(0) 0(0) 24(100) NT
Streptomycin (10) 24 9(37.5) 1(4.2) 14(58.3) 1500-3000
Tetracycline (10) 24 12(50.0) 1(4.2) 11(45.8) 2-4
Ceftriaxone (30) 24 17(70.8) 1(4.2) 6(25.0) 23.4-46.9
Ofloxacin (10) 24 18(75.0) 1(4.2) 5(20.8) 0.13-0.25
Amoxycillin/Clavulanic 24 6(25.0) 0(0) 18(75.0) 750-1500
acid (30) :
Methicillin (5) 24 7(29.2) 0(0) 17(70.8) NT
Pefloxacin (5) . 24 22(91.7) 2(8.3) 0(0) 0.06-0.13
Imipenem (10) % 24 23(95.8) 1(4.2) 0(0) NT
24(100) 0(0) 0(0) NT

Norfloxacin (10) ~ 24

NT = Not Tested
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Table 4.4. Antimicrobial Susceptibility profile of Staphylococcus s

imulans strains.

Antimicrobial agent No. of No. (%) No. (%) No. (%) MIC range
(1) Strains  Susceptible Moderately  Resistant (pg/ml)
Tested Susceptible.

Ampicillin (10) 24 4(16.7) 1(4.2) 19(79.2) 750-1500
Chloramphenicol (10) 24 9(37.5) 1(4.2) 14(58.3) 2000-4000
Cloxacillin (10) 24 6(25.0) 0(0) 18(75.0) 375-750
Erythromycin (5) 24 7(29.2) 1(4.2) 16(66.7) NT
Gentamicin (10) 24 13(54.2) 3(12.5) 8(33.3) 10-20
Penicillin G (Junit) 24 0(0) 0.(0) 24(100) NT
Streptomycin (10) 24 4(16.7) 0(0) 20(83.3) 1500-3000
Tetracycline (10) 24 6(25.0) 0(0) 18(75.0) 16-32
Ceftriaxone (30) 24 19(79.2) 2(8.3) 3(12.5) 29-59
Ofloxacin (10} 24 17(70.8) 2(8.3) 5(20.8) 0.08-0.15
Amoxycillin/Clavulanic 24 7(29.2) 0(0) 17(70.8) 46.9-93.75
acid (30)
Methicillin (5) 24 8(33.3) 0(0) 16(66.7) NT
Pefloxacin (5) 24 22(91.7) 0(0) 2(8.3) 0.5-1.0
Imipenem (10) 24 22(91.7) 1(4.2) 1(4.2) NT
Norfloxacin (10) 24 21(87.5) 0(0) - 3(12.5) NT

NT = Not Tested
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Table 4.5. Antimicrobial Susceptibility

profile of Staphylococcus capitis strains.

~ Antimicrobial agent  No. of No. (%) No. (%) No. (%) MIC range
(rg) Strains Susceptible Moderately Resistant (pg/ml)
Tested Susceptible.
Ampicillin (10) 122 8(36.4) 1(4.5) 13(59.1) 750-1500
Chloramphenicol (10) 22 20(91.0) 2(9.1) 0(0) 1000-2000
Cloxacillin (10) 22 8(36.4) 2(9.1) 12(54.5) 750-1500
Erythromycin (5) 22 9(40.9) 2(9.1) 11(50.0) NT
Gentamicin (10) 22 17(71.3) 0(0) 5(22.7) 0.63-1.25
Penicillin G (1unit) 22 0(0) 0(0) 22(100) NT
Streptomycin (10) 22 16(72.7) 2(9.1) 4(18.2) 46.87-93.75
Tetracycline (10) 22 12(54.5) 1(4.5) 9(40.9) 2-4
Cefiriaxone (30) 22 17(71.3) 5(22.7) 0(0) 2.9-5.9
Oftoxacin (10) 22 20(91.0) 2(9.1) 0(0) 0.25-0.50
Amoxycillin/Clavulanic 22 5(22.7) 0(0) 17(77.3) 23.4-46.9
acid (30)
Methicillin (5} 22 4(18.2) 1(4.5) 17(77.3) NT
Pefloxacin (5) 22 18(81.8) 2(9.1) 2(9.1) 0.5-1.0
Imipenem (10) 22 22(100) 0(0) 0(0) NT
Norfloxacin (10) 22 17(77.3) 2(9.1) 3(13.6) NT

NT = Not Tested
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Table 4.6. Antimicrobial Suseceptibility profile of Staphylocaccus warneri strains.

Antimnicrobial agent No. of Na. (%) No. (%) No. (%) MIC range

(L2 Strains  Susceptible Moderately Resistant (pg/ml)
Tested Susceptible.

Ampicillin (10} 6 3(50.0) 0(0) 3(50.0) 750-1500
Chioramphenicol (10} 6 4(66.7) 0(0) 2(33.3) 1000-2000
Cloxacillin (10) 6 6(100) 0(0) 0(0) 187.5-375
Erythromyecin (5) 6 4(66.7) 0(0) 2(33.3) NT
Gentamicin (10) 6 6(100) 0(0) 0(0) 0.04-0.08
Penicillin G (1unit) 6 0(0) 0(0) 6(100) NT
Streptomycin (10) 6 1(16.7) 0(0) 5(83.3) 1500-3000
Tetracycline (10) 6 2(33.3) 0(0) 4(66.7) 8-16
Ceftriaxone (30) 6 6(100) 0(0) 0(0) 2.9-59
Ofloxacin (10) 6 6(100) 0(0) 0(0) 0.13-0.25
Amoxyecillin/Clavulanic 6 0(0) 2(33.3) 4(66.7) 46.9-93.75
acid (30)
Methicillin (5) 6 2(33.3) 0(0) 4(66.7) NT
Pefloxacin (5) 6 6(100) 0(0) 0(0} 0.06-0.13
Imipenem (10} 6 6(100) 0(0) 0(0) NT
Norfloxacin (10) 6 6(100) 0(0) - 0(0) NT

NT = Not Tested
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Table 4.7. Antimicrobial Susceptibility profile of Staphylococcus xylosus strains.

Antimicrobial agent No. of No. (%) No. (%) No. (%) MIC range
(1g) " Strains  Susceptible  Moderately  Resistant (pg/ml)
Tested Susceptible.

Ampicillin (10) 6 1(16.7) 2(33.3) 3(50.0) 750-1500
Chioramphenicol (10) 6 2(33.3) 0(0) 4(66.7) 1000-2000
Cloxacillin (10) 6 2(33.3) 0(0) 4(66.7) 375-750
Erythromycin (5) 6 2(33.3) 0(0) 4(66.7) NT
Gentamicin (10) 6 4(66.7) 0(0) 2(33.3) 0.15-0.31
Penicillin G (1unit) 6 0(0) 0(0) 6(100) NT
Streptomycin (10) 6 0(0) 2(33.3) _ 4(66.7) 1500-3000
Tetracycline (10) 6 2(33.3) 0(0) 4(66.7) 16-32
Ceftriaxone (30} 6 4(66.7) 0(0) 2(33.3) 11.7-23.4
Ofloxacin (10) 6 6(100) 0(0) 0(0) 0.09-0.19
Amoxycillin/Clavulanic 6 2(33.3) 0(0) 4(66.7) 23.4-46.9
acid (30)
Methicillin (5) 6 2(33.3) 0(0) 4(66.7) NT
Pefloxacin (5) 6 6(100) 0(0) 0(0) 0.25-0.50
Imipenem (10) 6 6(100) 0(0) 0(0) NT
Norfloxacin (10) 6 3(50.0) 3(50.0) 0(0) NT

NT = Not Tested
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Table 4.8. Antimicrobial Susceptibility profile of Staphylococc

us hominis strains.

Antimicrobial agent (ug) No. of Naoa. (%) No. (%) No. (%) MIC range
Strains Susceptible ~ Moderately Resistant (pg/ml)
Tested Susceptible.
Ampiciltlin (10) 5 1(20.0) 0(0) 4(80.0) 1500-3000
Chloramphenicol (10} 5 4(80.0) 1(20.0) 0(0) 1000-2000
Cloxacillin (10) 5 4(80.0) 1(20.0) 0(0) 375-750
Erythromycin (3) 5 5(100) 0(0) 0(0) NT
Gentamicin {(10) 5 1(20.0) 0(0) 4(80.0) 40-80
Penicillin G (1unit) 5 0(0) 0(0) 5(100) NT
Streptomycin (10) 5 2(40.0) 0(0) 3(60.0) 1500-3000
Tetracycline (10) 5 5(100) 0(0) 0(0) 2-4
Ceftriaxone (30) 5 4(80.0) " 1(20.0) o(0) 29-59
Ofloxacin (10) 5 5(100) 0(0) 0(0) 0.06-0.13
Amoxycillin/Clavulanic 5 2(40.0) 0(0) 3(60.0) 375-750
acid (30)
Methicillin (5) 5 1(20.0) 0(0) 4(80.0y NT
Pefloxacin (5) 5 5(100) 0(0) 0(0) 0.06-0.13
Imipenem (10) 5 5(100) 0(0) 0(0) NT
Norfloxacin (10) 5 5(100) 0(0) 0(0) NT

NT = Not Tested
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"Table 4.9. Antimicrobial Susceptibility profile of Staphylococcus lugdunensis strains.

Antimicrobial agent  No. of No. (%) No. (%) No. (%) MIC range

(rg) Strains Susceptible Moderately Resistant (pg/ml)
Tested Susceptible.

Ampicillin (10) 2 1(50.0) 0(0) 1(50.0) 750-1500
Chloramphenicol (10) 2 1(50.0) 0(0) 1(50.0) 2000-4000
Cloxacillin (10) 2 2(100) 0(0) 0(0) 375-750
Erythromycin (5) 2 1(50.0) 0(0) 1(50.0) NT
Gentamicin (10) 2 0(0) 0(0) 2(100) 40-80
Penicillin G (1unit) 2 0(0) 0(0) 2(100) NT
Streptomycin (10) -2 1(50.0) 0(0) 1(50.0) 1500-3000
Tetracycline {10) 2 2(100) 0(0) 0(0) 2-4
Ceftriaxone (30) 2 2(100) 0(0) 0(0) 29-59
Ofloxacin (10) 2 2(100) 0(0) 0(0) 0.08-0.15
Amoxycillin/Clavulanic 2 0(0) 0(0) 2(100) 375-750
acid (30)
Methicillin (5) 2 1(50.0) 0(0) 1(50.0) NT
Pefloxacin (5) 2 2(100) 0(0) - 0(0) 0.13-0.25
Imipenem (10) 2 2(100) 0(0) 0(0) NT
Norfloxacin (10) 2 2(100) 0(0) 0(0) NT

NT = Not Tested
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Table 4.10. Antimicrobial Susceptibility profile of Staphylococcus cohnii strains.

Antimicrobial agent  No. of No. (%) No. (%) No. (%) MIC range

(ng) ' Strains  Susceptible Moderately Resistant (hg/ml)
Tested Susceptible.

Ampicillin (10) 1 0(0) 0(0) 1(100) 1500-3000
Chloramphenicol (10) 1 1(100) 0(0) 0(0) 1000-2000
Cloxacillin (10) 1 0(0) 0(0) 1{100) 750-1500
Erythromycin (5) 1 1(100) 0(0) - 0(0) NT
Gentamicin (10) 1 o 0(0) 1(100) 20-40
Penicillin G (1unit) 1 0(0) 0(0) 1(100) NT
Streptomycin (10) ] 0(0) 00 1{100} 1500-3000
Tetracycline (10) I 1(100) 0(0) 0(0) 16-32
Ceftriaxone (30) I 1(100) 0(0} 0(0) 29-59
Ofloxacin (10) 1 1(100) 0(0) 0(0) 013.-0.25
Amoxycillin/Clavulanic 1 00 0(0) ~1(100) 46.9-93.75
acid (30)
Methicillin (5) 1 0(0) 0(0) 1(100) NT
Pefloxacin (5) | 1{100) 00 0{0) 0.13-0.25
Imipenem (10) 1 1{100) L) o(0) NT
Norfloxacin (10) 1 1(100) 0(0) 00 NT

NT = Not Tested
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Table 4.11. Antimicrobial Susceptibility profile of unclassificd coagulase-negative
Staphylococci strains.

Antimicrobial agént No. of No. (%) No. (%) No. (%) MIC range

(rg) Strains Susceptible Moderately  Resistant (pg/ml)
Tested Susceptible.

Ampicillin (10) 3 1(33.3) 0(0) 2(66.7) 1500-3000
Chloramphenicol (10) 3 () 0(0) 3(100) 2000-4000
Cloxacillin (10) 3 0(0) 0(0) 3(100) 750-1500
Erythromycin (5} 3 0(0) 0(0) 3(100) NT
Gentamicin (10) 3 0(0) 0(0) 3(100) 40-80
Peniciflin G (lunit) 3 0(0) 0(0) 3(100) NT
Streptomycin (10) 3 00y 0(0) 3(100) 1500-3000
Tetracycline (10) 3 0(0) 0(0) 3(100) 32-64
Ceftriaxone (30) 3 3(100) 0(0) 0(0) 2.9-59
Ofloxacin (10) 3 2(66.7) 1(33.3) 0(0) 0.20-0.35
Amoxycillin/Clavulanic 3 0(0) 0(0) 3(100) 46.9-93,75
acid (30)
Methicillin (5) 3 0(0) 0(0) 3(100) NT
Pefloxacin (5) 3 3(100) 0(0) 0(0) 0.25-0.50
Imipenem (10) 3 3(100) 0(0) 0(0) NT
Norfloxacin (10) 3 2(66.7) 0(0) 1(33.3) NT

NT = Not Tested

128



4 < | ¢ -8 N A
Table 4.12:  Antibiotic resistance patterns of coagulase-negative Staphylococcal species.
NUMBER (% RESISTANCE)
]
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S. capitis 22 13(59.1) - 12(54.5)  11(50.0)  S(227)  22(100)  4(182) 9(40.9) - . 2(9.1) 3(13.6) - 17773y 11713
5. cohnil | 1(100) - 1(100) - 1{100) L(100) 10100} - . - - . - 1(100) 1(100)
§. épidermidis 104 84(76.9) 1BELT) 61(58.6)  42(404) 40(385) 104(100)  65(62.5)  S4(458)  16(154)  B(17)  120i15) 11(106) 87T SO(4ED) 83(79.8)
S, haemolyticus 24 21(87.5) 6(25.00 17(70.8)  13{54.2) 17(70.8)  24(100)  14(583)  11(458)  6(25.0)  5(20.8) - - - 18(75.0) 17{70.8)
S.. hominis 5 4(80.0) - - - 4(80.0)  5(100) 3(60.0) - - - - - . 3(60.0) 4(30.0)
S. lugdunensis - 2 1(50.0) 1{50.0) - 1{50.0) 2(100) 2(100) 1{50.0) - - - - - . 2(100) 1{30.0)
S saprophyticus 36 10(27.8) 1(30.5)  i6@44)  T094)  1850.0)  36(100)  23(639)  22(6L1) 6167 4(LLD) 41D (194 . 383 21583) 25(69.4)
S. simulans 24 19(79.2) 14(583)  18(75.0)  16(66.7)  8(333)  24(100)  20{833)  I8(750) 3(12.5)  S(208) 283 3125 142 17(0.8) 16(66.7)
S, warneri 6 3(50.0) 2(33.3) - 2(33.3) - 6(100) 5(83.3) 466. 7 . . . - . 4(66.7) 4(66.7)
5. xylosus 6 3(50.0) 4(66.7) 4(66.7) 466.7) 2333 6(100) 4(66.7) 4(66.7) 2(33.3) - - - - 4(66.7) 4(66.7)
Unidentified 3 2(66.7) 3(100) 3(100) 3(100)  3(100) 3100) 3(100) 3(100) - . - - - 3(100) 3(100)
Total 233 161(69.1)  TA(3LTY  132(56T)  99(42.5) 100 233100)  143(614)  125(53.6) 33(182) 22094)  20(85)  24(103) 12(52) 140(60.1) 17575, 1
42.9)

129



Plate 4.1a:  Antibiogram of a strain of Staphylococcus epidermidis.

Plate 4.1b:  Multiresistance of a strain of Staphylococcus simulans.
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Plate 4.2: Antibiogram of Staphylococcus haemolyticus and susceptibility to
Imipenem antibiotic.

A =Imipenem disc.
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CHAPTER S

BETA-LACTAMASE DETECTION AND RESISTANCE OF
COAGULASE-NEGATIVE STAPHYLOCOCCI STRAINS TO

SOME BETA-LACTAM ANTIBIOTICS.
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INTRODUCTION

The incidence of infections caused by multi-drug resistant Gram-positive organisms is
increasing despite advances in antibacterial therapy over the last 20 years. The pathogens
causing these infections are frequently resistant to most currently available antibacterial
agents and are therefore difficult to treat. Among these problematic Gram-positive
organisms are coagulase-negative staphylococci (CoNS) which are resistant to beta-lactams,
amino glycoceptides (Baquero, 1997). Bacterial strains producing beta-lactamase enzymes
are growing and increasingly spreading (Fraimow and Abrutyn, 1995). The production of
beta-lactamase is the predominant resistance mechanism of Gram-positive ancni VGra.m-
negative bacteria to beta-lactam antibiotics (Livermore, 1991). This has led to therapeutic
failure of specific beta-lactams particularly penicillin in patients associated with pathogenic
bacteria producing beta-lactamase (Garau 1994, Pfaller and Herwaldt, 1988). Also the
current increase of penicillin and cephalosporin resistance of nosocomial bacteria is largely
caused by beta-lactamases (Swartz, 1994, French er al, 1996). Production of beta-
lactamases by most pathogenic bacteria poses a major problem in the usage of beta-lactam
antibiotics for the treatment of diseases. Detection of beta-lactamase from pathogenic

bacteria is important for optimal beta-lactam therapy.

In the gram-positivé bacteria, beta-lactamases are mainly secreted into the growth medium

whereas in gram-negative bacteria, they are secreted into the periplasmic space (Quintiliani

and Courvelin, 1995). Thus, the extracellular nature and higher levels of beta-lactamases
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produced by gram-positive_ bacteria make their detection relatively easier than that of gram-
negative bacteria which are constitutive and often produced in smailer concentrations
(Sykes, 1981). Although, the degree of extra cellularity of beta-lactamase is under genetic
control, environmental conditions determine whether the extracellular enzyme will be
liberated from the cell (Coles and Gross 1967). Unless the required environmental
conditions are met, the beta-lactamase may remain ionically bound to the cell. Hence,
several techniques have been employed for the detection of beta-lactamase production by
bacteria. The most common and rapid methods include iodomeiric method (Rosenblatt and
Neuman, 1978), acidiometric method (Tu ef al, 1981) and chromogenic substrates method

(O' Callaghan ef al,, 1972). These methods are known to vary in their sensitivity.

Beta-lactamase destroys penicillin by hydrolyzing the amide bond in the beta-lactam ring of
6-aminopenicillinic acid or 7- aminocephalosporanic acid and/or their N-acyl derivatives.

These group of beta-lactam antimicrobial agents include the penicillin, cephalosporin,
monobactams and carbapenems (figure 4.1) The major antibacterial action of all these
beta-lactams is based primarily on the binding to penicillin-binding proteins (PBPs) of
susceptible organisms thereby interfering with bacterial cell wall synthesis. The search for
beta-lactamase stable beta-lactams began. This was rewarded in 1950's with the discovery
of a penicillinase-stable compound (antistaphylococcal penicillin) methicillin (Knudsen
and Rolinson, 1960). Soon after this discovery, staphylococci with intrinsic resistance 10
methicillip emerged in the late 1960's. Brenner and Kayser (1968) for example, repoﬁed
numerous cases of nosocomial infections due to methicillin resistant staphylococci.

Nosocomial infections caused by methicillin resistant coagulase-negative staphylococei still
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pose a serious problem for health care institutions (Kloos and Bannerman, 1994).

Resistance to methicillin and other related beta-lactams in staphylococci especially S.
aureus is based on the utilization of an altered penicillin binding protein (PBP) that has low
affinity for the antibiotic. This altered enzyme called penicillin binding protein 2a (PBP 2a)
is able to maintain cell wall integrity during growth and cell division when the native
penicillin binding proteins are inactivated by beta-lactam antibiotics. Staphylococcus
aureus contains four PBPs of which PBPs 1,2,3 are essential (Reynolds, 1988). The PBP
2a is encoded by the chromosomal gene mecA (Georgopapadakou, 1993) and is thought to
fiunction as a beta-lactam-resistant transpeptidase. The mecA gene is widely distributed
among different species of staphylococci and is highly conserved (Ryffel et al, 1990;
Ubukata et al., 1990). Tﬁe'mecA gene is found on chromosone of both coagulase-positive
and coagulase-negative staphylococci. In some methicillin-resistant Staphylococcus aureus
(MRSA) that lack the meCA gene resistance occurs by the modification of other PBPs in a
beta-lactam reactivity process. Also some strains of MRSA produce plasmid-mediated
penicillinase that appear to act in concert with altered PBPs in producing resistance (Jacoby

and Archer, 1996).

Presently MRSA strains have spread worldwide carrying with them the mecA gene
(Marples et al, 1989). Penicillin-binding protein 2a or low-affinity penicillin-binding
proteins presumably similar to PBP2a have been shown in a variety of coagulase-negative
staphylococci (CoNS) including strains of S. epidermidis S. haemolyticus, S. hominis, S.
simulans, S. saprophyticus, S. sciuri, S. capitis, S. warneri and S. caprae (Archer and
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Pennell, 1990, Pierre ef al., 1990; Stratton ef al., 1990; Suzuki ef al, 1992). The authors
reported that such a widespread distribution of methicillin resistance within CoNS may be

due to or at least initiated by the transfer of the mecA gene among the CoNS and S. aureus.

Apart from methicillin, other agents synthesized to resist inactivation by beta-lactamases
included second and third generation cephalosporin and meropenem (imipenem)
(Moellering, 1993). Like the introduction of methicillin, newer challenges also emerged
with the use of these other agents leading to hyper-production of the enzymes (Livermore
1991).  Thus, newer plasmid -coded extended-broad-spectrum beta-lactamase were
observed. This led to the design of beta lactamase inhibitors in order to overcome the
action of beta-lactamase (Garau, 1994). Specific inhibitors of beta-lactamase include
clavulanic acid, sulbactam, tazobactam, halogenated penicillinic acids and aztreonam.

These inhibitors in combination with beta-lactams have shown efficacy against a wide
variety of bacterial infections (Acar e al, 1988). Combination of clavulanic

acid/amoxycillin (augmentin), sulbactam/ampicillin (unasyn) are in use in this environment.

Beta lactamase production occurs in a large number of bacterial pathogens in this
" environment. Many beta-lactams are also used in the treatment of infections in this
environment. The present study was therefore undertaken to determine the incidence of
beta-lactamase producers among coagulase-negative staphylococci isolated in Lagos. The
study was to assess the resistance pattern of these CoNS strains to some beta-lactam drugs
for optimum beta-lactam therapy. In Nigeria methicillin resistance has only been reported

in clinical isolates of S aureus (Rotimi et al, 1987, Odugbemi ef «l., 1995; Kesah ef al,
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1997). The frequency of methicillin resistance in CoNS is not known in Nigeria. Part of the

aim of this study was to determine the incidence of methicillin resistance in CoNS

infections in Lagos.
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MATERIALS AND METHODS

Bacterial Strains:

Two hundred and thirty-seven (237) clinical isolates of coagulase-negative staphylococci
(CoNS) were used for this study. The distribution of the various (CoNS) isolates was as
follows: Staphylococcus epidermidis (105 isolates), Staphylococcus capitis (25), S. -cohnii
(1), S. haemolyticus (24), S. hominis (5), S. lugdunesis (2), S. saprophyticus (36), S.
simulans (24), S. warneri (6), S. xylosus (6), Unclassified (3). These were isolated from
clinical specimens obtained from the clinical microbiology laboratories of Lagos University
Teaching Hospital and General Hospital, lkeja between December 1994 and May 1996.
These strains were isolated from specimens from in and out-patients suffering from

infections of the urinary tract, bloodstream, eye, ear, bones, prostate, surgical site, skin etc.

Beta-Lactamase Detection:

The Beta-lactamase activity of each CoNS isolaic was determined using a modified
iodometric (starch paper) technique described by Odugbemi et al., (1977). In this technique
colonies of each CoNS isolates including positive and negative controls were collected
from the surface of the culture plates and transferred to the surface of a strip of starch paper
(Basildon bond) (7cm by d4cm) which was previously soaked for 10 minutes in a solution of
benzyl penicillin G. (100,000 units/ml). The inoculum was spread over an area of 2-3mm
and was placed at least 1.5cm apart from each other. The inocula on the starch paper

contained in a Petri dish were incubated at 37°% for 30minutes, and then flooded with
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Gram's iodine solution Which was drained off immediately. The starch paper turned
uniformly blue-black within 30 seconds with the addition of iodine. Development of a
white halo which widened within 5 minutes around inoculated organism was indicative of
beta-lactmase production. Beta-lactamase negative CoNS did not produce any decoloration
of the surrounding area. The following organisms were included as control: S. aureus

ATCC 29213 as positive control and Enterococcus faecalis ATCC 29212 as negative

control.

Determination of Resistance to Beta-lactam Antibiotics.

Antimicrobial Discs:

The following antibiotics discs from Oxoid, Basingstoke Hampshire, England and AB
Biodisk, Pyramidvagen, Solna Sweden were used: penicillin G(1 unit), cloxacillin (10mg),
ampicillin (10mg), amoxycillin/clavulanic acid (30mg), imipenem (10mg), ceftriaxone

(30mg) and methicillin (Smg).

Method:

The disc-agar diffusion method of Bauer, ef al., (1966) modified and standardized by the
National Committee for Clinical Laboratory Standard was used as described previously in
chapter 4.

Determination of methicillin resistance to Coagulase-negative Staphylococci:

Disc difquion method_ was done as described previously in chapter 4 according to NCCLS

disc diffusion standard method as modified by Woods ez al., (1984).
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RESULTS

Of the 233 isolates of coagulase-negative staphylococeei (CoNS) tested for beta-lactamase
production, 162(69.5%) produced the enzyme. Resuits of beta-lactamase production are
shown in Table 5.1. The only S. cohnii strain did not produce any beta-lactamase while all
the strain of both S. hominis and S. lugdunensis were beta-lactamase producers. Table 5.1
shows beta-lactamase production by different species of CoNS while plates 5.1 illustrates

positive and negative reactions obtained by the starch paper technique.

Majority of the CoNS isolates tested were resistant to most of the beta-lactam antibiotics
used (Table 5.2). Penicillin showed a 100% resistance by all the species. A reasonable
proportion of CoNS species were susceptible to ceftriaxone(85.8%) and imipenem(94.8%).
Percentages of resistance obtained with cloxacillin (56.7%)and ampicillin(69.1%) were
high for some CoNS species. The beta-lactamase inhibitor, augmentin
(amoxycillin/clavulanic acid)(60.1%) demonstrated low in-vitro activity against CoNS

species.

A high resistance rat€ of more than 50% was recorded for all CoNS species for methicillin

resistance(Table 5.2).
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DISCUSSION

In this study, beta-lactamase was detected in 162(69.5%) out of 233 coagulase-negative
staphylococci strains. This is in agreement with the study of Udo et a/,, (1997) who detecied
beta-lactamase in most of their CoNS species. In all, beta-lactamase production was

detected in different species except for the only strain of S. cohnii.

Beta-lactam antibiotics are still useful in this environment and in developing countries for
the treatment of bacterial infections. These compounds like many other antibiotics are
subject to enzymatic modifications and degradations, thus resulting in a reduction or.loss of
the antibiotic activity. In this study, most of these CoNS strains are resistant to most of
these beta-lactam antibiotics; Penicillin (100%), methicillin (75%), ampicillin (69.1%),
amoxycillin/clavulanic acid (60.1%) and cloxacillin (56.7%). Penicillin, in this study, has
been shown to be very inactive against CoNS. Cloxacillin(56.7%) and ampicillin (69.1%)
showed low efficacy against CoNS in this study. The beta-lactamase inhibitor
amoxycillin/clavulanic acid(75.1%) had a limited spectrum of activity. A reasonable
proportion of the CoNS strains was resistant to this antibiotic. This finding is not in
agreement with other studies (Phillipon et al., 1989 and Wiedemann ef al,, 1989). In their
studies, some species of CoNS and some other bacteria were inhibited by
amoxycillin/clavulanic acid. The fact that all non-beta-lactamase were not inhibited by the
various beta-lactam antibiotics is an indication that beta-lactamase production is just one of

the resistance mechanism possessed by these organisms.
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The broadest spectrum commercially available parenteral antimicrobial imipenem (5.2%)is
very active against CoNS strains in this study, while the third-generation cephalosporin,
ceftriaxone(14.2%) is very effective too. Coagulase-negative staphylococei isolates are said
to exhibit multiple resistant to commonly used antibiotics including beta-lactams (Kloos
and Bannerman, 1994; Pfaller and Herwaldt, 1988). There is hope in the use of imipenem

and ceftriaxone for serious infections caused by CoNS species in this environment.

Penicillinase-resistant penicillins of which methicillin is the prototype are primarily
effective against penicillinase-producing staphylococci (Gravenkemper ef al., 1965). In this
study most of the penicillinase (beta-lactamase) producers were resistant to methicillin.
About 75% of the total CoNS strains were resistant to methicillin. This is in agreement
with the report of Kariuki and Hart (1997). Kernodle et al.,, (1988) reported that methicillin-
resistant coagulase-negative staphylococci may be present in low numbers on the skin of
patients and emerge in hospital as predominant flora and potential pathogens, especially
after surgical prophylaxis. This is very similar to the epidemiology of Enterobacter

infection (Flynn et al., 1988). Widespread distribution of methicillin resistance within CoNS
may be initiated by the transfer of mec A gene among the CoNS and S. aureus. Archer and
Scott (1991) found a conjugative (fra gene) in the CoNS species, S. epidermidis, S.
haemolyticus, S. hominis, S. simulans, S. warneri, S. saprophyticus and S. capitis. They
reported that transfer genes (tra gene) are usually found on plasmids that encode gentamicin

resistance in multiresistant isolates of CoNS.

142



The present findings and previous reports (Varaldo ef al, 1984; Marsik and Brake, 1982;

Richardson and Marples, 1982) suggest a progressively increasing spread of staphylococcal

resistance to methicillin. Significant incidences of methicillin resistance among clinical
isolates of coagulase-negative staphylococci have also emerged in this study. Nosocomial
infections caused by methicillin-resistant staphylococci pose a serious problem for health
care institutions (Kloos and Bannerman, 1994). The detection of resistance in these isolates
has been reported to be hampered by the variability in standard techniques used in

determinig methicillin resistance (Kloos and Bannerman, 1995). The resistant strains are
said to be often heteroresistant to beta-lactam antibiotics in that two subpopulations (one
susceptible and the other resistant) coexist within a culture (Chambers, 1988). The findings
in this study suggest that the problem of methicillin resistance in coagulase-negative
staphylococei, about which little information is available in our environment deserves more

extensive investigation.
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CONCLUSION

Most of the coagulase-negative staphylococcti isolates produce beta-lactamase. Coagulase-
negative staphylococci are a major component of the normal flora of the cutaneous
ecosystem. Therefore great caution must be excercised in the use of beta-lactam antibiotics
for infections caused by CoNS in view of the high rate of beta-lactamase production and

very high resistance to methicillin recorded for CoNS in this environment.
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Table 5.1. Beta-Lactamase Detection in Coagulase -

Strains.

Negative Staphylococci (CoNS)

Species

No. of Strains Tested Beta-Lactamase

Production.
No. (%) Positive

Staphylococcus capitis
Staphylococcus cohnii
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus lugdunensis
Staphylococcus saprophyticus
Staphylococcus simulans
Staphylococcus warneri

Staphylococcus xylosus

Unclassified

TOTAL

22

104

24

36

24

233

19(86.4)
0(0)
69(66.3)
21(87.50)
5(100)
2(100)
20(55.55)
14(58.33)
5(83.33)
4(66.67)
3(100)

162(69.5)
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Table 5.2: Resistance Patterns of Coagulase-negative Staphylococci strains to some Beta-lactam Antibiotics

Coagulase-negative

No. of Strains

Beta lactamase

- Non-Beta-lactamase

146

Penicillin  Cloxacillin  Ampicillin  Amoxycillin/ Imipenem  Ceftriaxone Methicillin
Staphylococci species tested Activity (1 unit) (10pg) (10 Clavulanic (10ug) (30ug) (g
Acid (30ug)
Staphylococcus capitis 22 19* 100 52.6 579 84.2 0 0 89.5
3 100 66.7 66.7 333 0 0 0
Staphylococcus cohnii 1 1" 100 100 100 100 0 0 100
Staphylococcus epidermidis 104 69" 100 68.1 913 35.1 8.7 20.3 884
35 100 40.0 60.0 343 5.7 5.7 62.9
Staphylococcus haemolyticus 24 21" 100 76.2 90.5 85.7 0 19.0 7.4
¥ 100 333 66.7 0 0 66.7 66.7
Staphylococcus hominis 5 5 100 0 80.0 60.0 0 0 80.0
Staphylococcus lugdunensis 2 2" 100 0 50.0 100 0 0 50.0
Staphylococcus saprophyticus 36 20" 100 55.0 45.0 95.0 10.0 15.0 85.0
16 100 313 6.3 12.5 6.3 18.8 50.0
Staphylococcus simulans 24 14° 100 85.7 78.6 92.9 0 14.3 64.3
10 100 60.0 80.0 40.0 10.0 10.0 70.0
_ Staphylococcus warneri 6 5 100 0 60.0 60.0 0 0 80.0
. I 100 0 0 100 0 0 0
Staphylococcus xylosus 6 4" 100 75.0 50.0 75.0 0 50.0 75.0
. z 100 50.0 50.0 50.0 0 0 50.0
unclassified 3. 3" 100 100 . 66.7 100 33.3 0 00
Key:
+ Beta-lactamase



Plate 5.1 Beta - Lactamase detection on starch paper.

A - Staphylococcus aureus ATCC 29213 (positive control)
B - Enterococcus faecalis ATCC 29212 (negative control)
C - Test organism (positive)

Spots with white halo positive result.

147



CHAPTER 6

DETERMINATION OF PLASMID PROFILES OF SOME

COAGULASE-NEGATIVE STAPHYLOCOCCI ISOLATES

IN LAGOS.
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INTRODUCTION

Plasmids are autonomous self-replicating extrachromosomal DNA elements (Lederberg,
1952; Lewin, 1987). They are organised like that of bacterial chromosomes with the genes
which ensure replication, maintenance and distribution to daughter cells during division of
the host cells (Tompkins 1985). They are not essential for normal bacteria growth but are
infectious and can be transferred between bacteria of the same or different genera. The
infectious nature of plasmids was a key feature in their discovery (Falkow, 1975). Usually
all functions required for plasmid transfer including pili synthesis are encoded by genes on
the plasmids. The presence of plasmids in bacteria is non-essential for their survival except
in the face of hostile environment such as antibiotics. This factor contributes to the stability
of plasmid -mediated resistance in bacteria. Plasmids can carry genes conferring virulence
or pathogenicity as well as antimicrobial resistance (Falkow, 1975; Hardy, 1981). The
presence of different types of antimicrobial resistance genes on plasmids and their potential
for transmission suggest that plasmids are major vectors in the dissemination of resistance
genes through bacterial populations. Genetic elements such as plasmids and transposons are
mainly responsible in the spread of resistance in the hospitals as well as community

ecosystems (O'Brien, 1997).

Plasmids are being observed with increasing frequency in a number of bacterial species.

Study on staphylococcal plasmids started with the study of plasmids of Staphvlococcus
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qureus 1n relation to penicillin resistance. Staphyiococcus aureus was one of the earliest
bacteria species in which extrachromosomal inheritance was recognised (Barber, 1949).
However, little attention was paid to plasmids occurring in coagulase-negative
staphylococci. This was as a result of: the confusion over the classification and
identification of CoNS (Feltham, 1974; GoodFellow et al, 1981), the absence of readily
identifiable plasmid phenotypes other than resistance to antibiotics and heavy metal ions
(Novick ef al, 1977); and the absence of a rapid, convenient but reproducible method for
screening for staphylococcus plasmids. Plasmid profiles in CoNS were first used to
distinguish different strains of coagulase-negative staphylococci by Parisi and Hec’tllt (1980).
They were able to demonstrate the existence of a common strain of S. epiderniidis causing
infection among infants in a neonatal unit which was being passed from infant to infant.
Studies on coagulase-negative staphylococci, S aureus and  Enterococcus faecalis
demonstrated the transfer of antibiotic resistance plasmids among these organisms (Archer
et al., 1985; Forbes and Scaberg, 1983, Forse et al, 1979; Jaffe et al, 1980; Scaberg and
Zervos, 1986). These studies suggest that apart from being a significant pathogen, multiple
resistant coagulase-negative staphylococci may be a reservoir of resistance for other
organisms (Pfaller and Herwaldt, 1988).

In Nigeria, Olukoya et al.,(1994) reported only on the diverse nature of plasmids extracted
from some strains of S. aureus isolated from various hospitals in Lagos. They also showed
the high resistance-pattern of these strains to commonly prescribed antibiotics. There is no
information on plasmid profiles of CoNS in Lagos. The genetic basis of antibiotic
resistance in Staphylococcus has been a subject of interest and speculation amongst

microbtologists. This work therefore investigated the plasmid DNA profiles of some strains
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of coagulase-negative staphylococei isolated in Lagos and their relationship to antibiotic

resistance.

151



MATERIALS AND METHODS

Bacterial Isolates Tested:

A total of 233 clinical isolates of coagulase-negative staphylococci collected from the
Microbiology laboratories of Lagos University Teaching Hospital, Idi-Araba and General
Hospital Ikeja were characterised using established methods of Kloos and Schleifer (1975)

and 1D 32 STAPH commerical kit. These isolates were obtained over 18 months period.

Antimicrobial Susceptibility Testing:
Antibiotic susceptibility patterns of 233 coagulase-negative staphylococci isolates were
determined by the disc diffusion method of Bauer ef al., (1966) as described previously in

chapter 4.

Antibiotics Discs:

The following antibiotic discs were used (AB Biodisk) ampicillin(10mcg);
chloramphenicol (10mcg); cloxacillin(10mcg); erythromycin (Smeg); gentamicin (10mceg);
penicillin (1unit); streptomycin (10mcg); tetracycline (10meg); ceftriaxone (30meg-Oxoid);

ofloxacin (10mcg-Oxoid).

Plasmid Isolation:
Initial attempts made to screen for plasmid from coagulase-negative staphylococci (CoNS)

isolates identified using various methods, did not give satisfactory results. A modification
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of the method of Takahashi and Nagano (1984) was used.

Chemicals, Reagents:

The lysostaphin solution consisted of 12ml of lysostaphin (Sigma Chemical Co., St. Louis,
Mo) per ml, 100mM NaCl 40mM Tris-NaOH and 50mM disodium EDTA (pH 6.9). This
solution was stored in the freezer. Lysing solution for the CoNS and standard £. coli strain
V517 consisted of 4% sodium dodecyl sulfate (SDS) in 100 mM Tris stock. For use, an

equal volume of freshly prepared 0.4M NaOH was added to the stock solution.

Buffer A consisted of stock buffer solution containing 400 mM Tris-acetic acid and 20 mM
disodium EDTA (pH 8.0). For use this solution was diluted 10 times with distilled water.
Buffer B consisted of 3M sodium acetate acid (pH 5.5). Buffer C consisted of 10mM Tris-
acetic and 2 mM disodium EDTA (pH 8.0). All buffers were autoclaved at 115°C for 10
minutes and stored at 4°C. Absolute ethanol used was stored in the frezeer. Eppendorf tL;bes
and polypropylene micropipette tips were washed, autoclaved at 115°C for 10 minutes and

dried before use.

Bacterial Strains and Plasmids:
Plasmids of known molecular weights were used as control, E. coli V517 and phage
Lambda DNA digest. Forty-four clinical isolates of CoNS isolates from various sources and

resistant to more than two antibiotics were screened for plasmid.
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Growth Media:

Mueller-Hinton agar was employed for culturing all strains.

Plasmid DNA Isolation Procedure:

Colonies were scraped from Mueller-Hinton agar (Oxoid), into eppendorf tubes containing
200ml of lysostaphin solution or buffer A depending on the organism (CoNS or E. coli
V517). The cell pellet was thoroughly suspended and subsequently incubated at 37°C for 10
minutes after addition of lysing solution (400mli). A volume of 300m! of cold buffer B was
added and gently mixed. This was maintained at 0°C for 5 minutes. The tubes were
subsequently centrifuged at room temperature and mamtained at 0°C for 10 minutes. The
resultant salt-precipitated material was again centrifuged at 0°C. the supernatant was
decanted to another tube. An equal volume of chloroform was added to the supernatant.
This was emulsified and centrifuged at 0°C to break the emulsion. The upper aqueous phase
about 500ml was carefully transferred to another tube. Ethanol precipitation was done by
the addition of 1ml cold ethanol (-20°C) and maintained at 0°C for 5 minutes. The
precipitate was collected by centrifugation at 0°C while the supernatant was removed by
decantation. The resultant pellet was dissolved in 100ml of buffer C. The resultant plasmid

DNA solution was subjected to electrophorests.

Agarose gel electrophoresis:
This was carried out using 0.7% agarose in Tris borate on a horizontal apparatus. Twenty-
five microlitre (25 ml) of sample was mixed with Sm! of tracking dye glycerol in water and

applied to the wells. Electrophoresis was performed at 10V/cm(voltage/cm) for 2 hours.
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Gels were stained with ethidium bromide (0.5mg/ml) for 45 minutes, observed and

photographed under UV-light.

Molecular weight estimation:

The correlation of molecular weights to relative mobilities obtained is shown in Fig. 6.1.
Using known molecular weight plasmids harboured in E. cofi V517, the equation for the
regression line was obtained. Relative mobilities were correlated to known molecular

weights.
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RESULTS

The resistance patterns of the CoNS isolates tested to some commonly prescribed
antibiotics are shown in Table 6.1. About 82% of CoNS strains were resistant to two or
more antibiotics while 2.1% were resistant to all the antibiotics used in this study. Thirty-

seven different antibiotics resistance patterns were observed among the CoNS. (Table 6.2).

Plasmid analysis showed that 20 out of the 44 CoNS strains harboured one or more
plasmids of different molecular weights  (Table 6.3). The plasmid sizes ranged between
0.76 and 13.5 kilobases (Plates 6.1 - 6.3 ). Table 6.4 shows the drug resistance pattern and
plasmids detected in some of the CoNS. Species that harbour plasmids include S.
epidermidis, S. saprophyticus, S. haemolyticus, S. capitis and S. simulans. Most of these
strains are mainly from blood, wound swabs and urethral swabs. Multiple plasmids

occurred mostly in S. saprophyticus group.
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DISCUSSION

Plasmid DNA profile analysis of some of these CoNS isolates revealed that, most of the
plasmids are low molecular weight plasmids. This is also similar to the study of Kloos ef
al,, (1980) in which most of the plasmids obtained in their study consisted more of small
sized plasmids. Several studies have indicated the presence of plasmids in variety of

Staphylococcus species (Kloos et al., 1979, Kloos, 1990).

This study has shown that the plasmid contents of CoNS in our environment were diverse
in nature and the antimicrobial resistance patterns were also diverse. Kloos, (1990) reported
that except for S. auricularis and S.lugdunensis most other human CoNS species carry
multiple plasmids. Although multiple plasmids were observed in this study but the
percentage was lower than 50%. Archer et al, (1985) showed the diverse nature of S.
epidermidis plasmids among isolates from different patients, from the same site on a given
patient at different sampling times and from different sites on a given patient at the same

sampling time.

In this study about 7(35%) had 8.5 kilobase plasmid and two of the strains that harbour this
plasmid had the same antibiotic resistance pattern (Pen Amp Tet). In the absence of curing
experiments, the possibility that this plasmid could be coding for the same antibiotics
resistance could be concluded. Most of the strains that harbour multiple plasmids were also
resistant to many of the antibiotics tested. Although, multiple plasmids can have multiple

functions, muitiple antibiotic resistance obtained in this study could be one of the functions.
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CONCLUSION

Plasmid profile analysis of the isolates revealed that some of the strains that were resistant
to more than two antibiotics harboured plas@ids. These plasmids are low molecular weight
plasmid and these might act as replicons. Thus the presence of plasmids might be one of the
causes of the high level of antibiotic resistance encountered amongst coagulase-negative

staphylococci in this environment.

158



Table 6.1: Antibiotic resistance patterns of coagulase- negative Staphylococcal species to some commonly used

antibiotics.
NUMBER (% RESISTANCE)
- - o0
= 8 =
2 ?::- E g B = .

Species < T Eg g E. i T &3 Yo fa  Eiw
s 5 =2 3 =% gz 285 £3 £a g2 CiEs
= £ =< =2 o Y > LS =] ™ & = &
z - 0= ¥} g [ - »n T =2 L= o=

S. capitis 22 13(59.1) . 12(54.5) H{50.0) 50221 22(1000  3(18.2) 9(40.9) - - -

S. cohnii l 1(100) . 1(100) - 1{ 100} 1{100) 1(E0D) - - -

5. epidermidis 104 84(76.9) 3331.7)  61{58.6) 42(40.4)  40(38.5)  104(100y 65(62.5) 54(45.8) 16(15.4)  8(7.71)

S. haemolyticus 24 21(87.5) 6(25.0) 17(70.8) 13(54.2)  170.8)  24{100)  14(58.3) 11(45.8) 6(23.0) 5(20.8)

5. hominis 5 4(80.0) . - . 4(30.0) 5(100) 3(60.0) - - -

$. lugdunensis 2 1(50.0) 13000 - 1(50.0) 2(100) 2(100} 1(50.0) - - -

S. saprophyticus 36 10(27.8) 11(30.5)  16(44.4) 119.4) 18(50.0)  36(100)  23(63.9} 22(61.1) 6(16.7) H11.1)

S. simulans 24 19(79.2) 14(583)  1%(75.0) 16(66.7)  8(33.3) 24(100)  20(83.3) 18(75.0) 3(12.5) 5(20.8)

S. warneri 6 3(50.0) (333 - 2(333) - 6(100) 5(83.3) H66.7) - -

5. xplosus 6 3(30.0) 4(66.7)  4(66.7) 4(66.7) 2(33.3) 6(100) 466.7) 4(66.7) 2(33.3) -

Unidentified 3 2(66.7) 3(100) 3(100) 3(100) 3(100) 3100 3(100) 3(100} - -

Total 233 161(69.1)  74(317) 132(56.7)  9942.5) 100 233(100)  143(61.4)  125(536)  33(142) 22(94)

(42.9)

159



Wy e | R
Table 6.2: ANTIMICROBIAL RESISTANCE PATTERNS OF COAGULASE- NEGATIVE STAPHYLQCOCCAL SPECIES
NUMBER OF ISOLATES SHOWING PATTERNS.
b
- B 3 . g £ 4 - S
ANTIMICROBIAL RESISTANT PATTERN @ = = 5 3 S 5 B y 9 =
§ E £ § § £ t§ 3 g F 7
v ¥ v 5 % i i t i ] =
PEN 7 - 4 i - - 2 - 9
"PEN  AMP . - 1 - | 1 1 1 - - 5
PEN GEN - . 6 . 1 . . - - - 8
PEN STR - - 6 i - - - 1 - - 3
PEN TET | - - - - 6 - - - - 7
PEN STR  TET . . 6 . _ . . . 2 - - 8
PEN STR GEN | - 2 - - . 3 . - - - 8
PEN AMP  TET I - i 5 - - - - . . - 7
PEN AMP  CHL - - . R . 3 . - - - 3
PEN AMP CXC  GEN . . 4 a . . . - . " - 8
PEN AMP CXC TET A . 8 . _ - . . - - 9
PEN AMP CHL  TET . . 4 _ - . . . . - - 4
PEN AMP CXC  ERY | . 6 . . . . . . - - 7
PEN AMP GEN  STR . - - . 3 - . . - - 3
PEN CHL CXC STR . . . . - . 2 . . - - 2
PEN CXC GEN STR  TET - - - . . . 6 - . - - 6
PEN CHL ERY GEN STR - - . . . 1 . . . . - 1
PEN AMP CXC ERY STR . . 7 . . . . - . 7
PEN AMP CXC GEN STR . 1 . . . . . - - - - 1
PEN AMP CXC ERY  TET 6 - . 5 - . - . . . - 6
PEN AMP CXC STR  TET - - 4 - 1 3 - . - 10
PEN AMP CHL ERY OFX STR . - . . . . 2 - - B 2
PEN AMP CXC ERY GEN STR 4 - - 1 - . - | . - - 12
PEN AMP CHL GEN STR  TET - . 5 . . . . . - 5
PEN AMP CHL ERY STR  TET - - 6 . . . . - 2 . - 8
PEN AMP (CXC GEN STR  TET - 7 - - . 1 - . - - 3
PEN CHL CXC ERY STR  TET - . - - - - t . 1 ] 3
PEN AMP CRO ERY GEN STR  TET - - - . . . 2 . . . - 2
PEN AMP CXC CRO OFX STR  TET - 4 - - - - 1 - - - 5
PEN AMP CRO CXC ERY GEN STR - - 5 - - . . - - - - 5
PEN AMP CHL CXC ERY STR  TET - - 5 - . - 3 - 1 . 9
PEN AMP CHL CXC ERY GEN STR  TET - - 4 - . - . 6 - - 2 12
PEN AMP CHL C€XC ERY OFX STR  TET - 2 - - - 2 - - - - 4
PEN CHL <CRQ ERY GEN STR  TET CXC . - 1 - 2 - - - - 3
PEN CHL <CRO CXC OFX STR TET GEN - - - - . . 2 . . - 4
PEN AMP CHL CRO CXC ERY GEN STR  TET - - 7 - - - . - 2 - 9
PEN AMP CHL. CRO CXC ERY GEN STR OFX TET - - . 5 - - - - - - 5
TOTAL 22 i 104 21 5 2 36 24 6 6 3 233
KEYS:

AMP=AMPICILLIN: CHL=CHLORAMPHENICOL: CXC=CLOXACILLIN: ERY= ERYTHROMYCIN: GEN=GENTAMICIN:

TET=TETRACYCLINE: CRO=CEFTRIAXONE: OFX=0FLOXACIN.
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Table 6.3: Plasmid-Containing Coagualse-negative Staphylococcal Isolates
and their Molecular Weights (N=20).

Isolates Number Number of Plasmide,  Plasmid size (Kilobase)

2293 1 12.9

1913 3 2.6,2.9,8.95
2577 1 9.1

391 1 8.6

2088 1 0.76

2941 3 1.17,4.5, 8.07
673 1 8.8

2975 2 1.04,1.48
2268 1 1.47

4545 2 1.0,1.48
4649 2 8.5,13.5
2729 3 2.62, 7.88,8.5
2921 3 1.26, 1.58,8.8
P0O03 1 7.6

2898 1 8.5

2021 1 8.5

PA 550 1 8.5

2100 1 8.5

2203 2 7.6,13.5
2201 1 13.5
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Table 6.4: Drug Resistance pattern and plasmids detected in some coagulase-negative staphylococci isolates.

Species (Number of isolates})

Drug Resistance Pattern

Source Number of Plasmids  Molecular weight
(Kilobase)
S. epidermidis Pen Amp Cxc Gen Blood 1 129
S epidermidis Pen Amp Tet Urnine 2 8.5 135
S. epidermidis Pen Amp Cxc Tet . Wound swabs 1 85
S. epidermidis Pen Amp Tet HVS 1 8.5
S. epidermidis Pen Amp Chl Tet : Urethral swabs 1 13.5
S. epidermidis Pen Amp Cxc CH Gen Tet St Cro Blood 3 26,29,895
S. epidermidis Pen Amp Cxc Ery Gen Str Blood 1 0.76
S. saprohyticus Pen Chl Cxc Gen St Tet Cro Ofx HVS 1 1.47
S. saprohyticus Pen Amp Tet Unne 2 1.0, 1.64
S. saprohyticus Pen Tet Urethral swabs 3 262, 788,85
S. saprohyticus Pen Amp Ery Gem St Tet Cro Wound swabs 3 1.26, 1.58, 8.8
S. saprohyticus Pen Chi Cxc Gern St Tet Cro Ofx Seminal fluid 2 7.6, 13.5
S. haemolyticus Pen Amp Gen Str ‘ Bloed 1 86
S. haemolyticus Pen Amp Gen St Wound swabs 3 1.7, 45,807
S. haemolyticus Pen Str Wound swabs 2 1.04, 1.48
S. capitis Pen Str  Gen Urine 1 9.1
S. capitis Pen Amp Cx¢ Ery Gen St Urethral swab 1 7.6
S. similans Pen Amp Cxc Ery Gen Str Tet Wound swabs 1 3.5
S. similans Pen Amp Cxc Ery Gen Str Tet Wound swabs 1 8.5
Unidentified Pen Chi Cx¢c Ery St Tet Seminal fluid 1 12.9
KEYS:  Amp=AMPICILLDY

Chl=CHLOR AMPHENICOL; Cxc=CLOXACILLIN; Ery= ERYTHROMYCIN; Gen=GENTAMICIN; Pen=
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Figure 6.1. A typical standard curve for molecular weight determination
using E. coli V517,
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INTRODUCTION

Coagulase-negative staphylococci (CoNS) were considered in the past as laboratory
contaminants or members of the normal bacterial flora in man(Pfaller and Herwaldt, 1988).
They are now well established as the causative organisms of many diseases especially
diseases relating to prosthetic heart valves, ventricular peritonial shunts, arthritis associated
with artificial joints, endocarditis, and urinary tract infections (Pfaller and Herwaldt, 1988;
Kloos and Bannerman 1994). Together with the coryneforms, CoNS form the major part of

the skin flora of man (Noble and Somervilie, 1974) including the mucous membranes.

In the cutaneous ecosystem, coagulase-negative staphylococct have a benign relationship
with their host and function as commensal or saprophytic organisms. These orgaisms can
gain entry into the host through damage io the cutaneous organ systcm by trauma,
inoculation by needles, or by direct implantation of foreign bodies (Kloos and Bannerman,
1994). Some reports suggested that the mechanism by which CoNS gain entry int‘o the host
might be endogenous from the skin or mucosal (pulmonary or alimentary tract) surfaces of
the patients or exogenous from the hospital environment or the hands of hospital personnel
(Dandalides ef al, 1986; Dunne et al, 1987, Gahrn-Hansen, 1987). Thus the CoNS may
develop the style of a pathogen depending upon their ability to adhere to host or foreign
body surfaces thereby causing colonization, and breach or avoid the host habitats such as
the anterior nares, axillae, inguinal and perineal areas may reach densities of 10 10 10°

cfu/em? of surface and in dry habitats or the extremities may reach 10 to 10° cfufem? (Kloos
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and Bannerman, 1994). Contact spread has added importance in hospital where a large
proportion of the staff and patients carry CoNS species and anttbiotic resistant strains in the
nose or on the skin etc. (Narayan: e/ al., 1990). The major reserviors of common hospital

pathogens are health care personnel, patients and visitors (Mulhausen et al,, 1996).

The aim of this study was to determine the prevalence of CoNS from some body sites of
apparently healthy individuals and to compare the isolates obtained from the sites with

those obtained from clinical specimens.
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MATERIALS AND METHODS

Bacterial Strains and sampling population:

A total of one hundred and ninety-four specimens were obtained {rom apparently normal
population from lagos University Teaching Hospital (LUTH), General Hospital, lkeja and
some staff of the Nigerian Institute of Medical Research (NIMR), between September and
November, 1996). The sampling population consisted of medical personnel; doctors (3) and
nurses (8); mothers (10) and babies (10); and NIMR staff 25. The specimens collected
included axillary swabs from babies; while hand, nasal, axillae and skin (forehead) swabs

were from others,

Isolation and Characterisation Procedure:

Sterile swab sticks moistened in sterile normal saline were used to obtain specimens from
axillae, hand, nasal and skin. All specimens were inoculated unio blood agar, nutrient agar,
and MacConkey agar and incubated acrobically at 37°C fof 18 - 24 hours. All gram-
positive, catalase-positive clustering cocci were identified using the standard methods as
described in Appendix one. Coagulase production (both slide and tube tests) were
determined as described in appendix one. Differentiation of the isolates from micrococci

was performed based on tests recommended by Schleifer and Kloos (1975)(Appendix one }.

All gram-positive, catalase-positive, coagulase-negative Staphylococci were  further

characterised using the method of Kloos and Schleifer (1975) and 1D 32 STAPH kit as
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described previously in Chapter 2 (Appendix one). Beta-lactamase and slime production

were determined as described in Chapters 5 and 3 respectively.

Resistance to various antimicrobial agents were determined on Muellar-Hinton agar

(oxord ) by the disc diffusion method of Bauer er «¢l., (1966) as described previously in
Chapter 4. Diameters of zone of inhibition were measured in mitlimetres using a ruler, and
results tnterpreted according to standard techniques ( NCCLS, 1993a ). Antimicrobial discs
used were Gram-positive AB Biodisk containing the following antibiotics: ampicillin
(10mg), chloramphenicol (10mg), cloxacillin (10mg), erythromycin (Smg), gentamicin
(5mg), penicillin (1 unit), streptomycin (10mg) and single discs of ceftriaxone (30mg),
norfloxacin (10mg), ofloxacin(lOmg), amoxycillin/clavulanic acids (30mg), imipenem
(10mg) and pefloxacin (5mg). Control organisms used were; Staphylococcus aureus ATCC

29213, S. epidermidis ATCC 14990, S. saprophyticus ATCC 15305‘
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RESULTS

Pure and mixed growth of bacteria were obtained from the 194 swabs specimens from
apparently normal populations. These consisted of mixed growths of both gram-positive
organisms, gram-negative bacteria and pure growths of gram-positive cocci. A total of 85
coagulase-negative staphylococci were obtained. This included 55 pure culiures of CoNS

and 30 mixed cultures of CoNS with other bacteria.

Characterisation of the 55 pure cultures of coagulase-negative staphylococci to species level
gave the following species distribution: S. epidermidis (18), S. saprophyticus (5); S. xylosus

(8); S. hominis (10); S haemolyticus (7); S. capitis (4); S. simulans (3)- Table 7.2,

A total of 26(47.3%) were slime producers while 40(72.7%) produced beta-lactamase
enzyme (penicillinase)-Table 7.3. Of the 55 isolates of CoNS 100% were resistant to
penicillin  ;  Ampicillin = (98.2%), Cloxacitlin  (81.8%), erythromycin (83.6%),
chloramphenicol (61.8%), amoxycillin\ctavulanic acid (78.2%) and mcthicillin (89.1%)
were also highly resistant to these isolates. Pefloxacin (5.5%), gentamicin (7.3%),
Imipenem (7.3%), and norfloxacin (9.1%) were the most effective drugs against these
isolates \ﬂriﬂile cefiriaxone (18.2%); ofloxacin (27.3%), and streptomycin (36.14%) had good

in-vitro efficacy against these isolates -Table 7.4
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DISCUSSION

In this study, seven types of coagulase-negative staphylococci (CoNS) were obtained from
different sites among normé] population with S. epidermidis (32.7%) being the most
prevalent. The prevalence rates of the other six species were S. hominis (18.2%), S. xylosus
(14.5%), S. haemolyticus (12.7%), S. saprophyticus (9.19%), S capitis (7.3%) and S.
simdans (5.5%). In the characterisation of CoNS from various clinical specimens in this
study, 10 different species were obtained with S. epidermidis (44.3%) being the most
prevalent. The prevalence rates of the other species were S. saprophyticus (14.6%), S.
capitis (11.0%), S. haemolyticus (9.8%), S. simuluns (9.8%), S. warneri (2.8%), S. xylosus

(2.4%), S hominis (2.0%), S. lugdunensis (0.8%) and S. cohnii (0.4%).

In the two studies, S. epidermidis was the most prevalent. This is in agreement with the
studies of several authors which had attributed S. epidermidis as the most CoNS species
encountered species in clinical specimens (Kloos and Bannerman, 1994, Pfaller and
Herwaldt, 1988) and most widely distributed over the body surfaces (Kloos, 1986; Kloos
and Musselwhite, 1975). The distribution of the other species of CoNS m this study was al
variance with the study on the characterisation of CoNS in clinical specimens. S. hominis
10 (18.2%) was the second most prevalent species in this study whereas, it accounted for
only 5(2%) strains out of 244 strains obtained from clinical specimens. In fact, it was
among the group of least isolated species. This might be attributed to the sources of

specimens because S. hominis are reported to be numerous on skin sites where apocrine
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glands (example, axillae, inguinal) are found. There were differences in the isolation rates
from clinical specimens and the normal population. In the study of CoNS from clinical
specimens, isolates were obtained front a wider spectrum of sites which included wounds

from diflcrent sites, blood, urine. urcthral swabs, ear, eve, bone etc.

Beta-lactamase was detected in 40(72.7%) out of 55 CoNS. This was comparable to beta-
lactamase detected in 162(69.5%) out of 233 CoNS from clinical specimens. This might
also account for the high resistance patterns obtained in this study for the beta-lactam
antibiotics, penicilin (100%); ampicillin (98.2%); methicillin (89.1%). cloxacillin (81.8%)
amoxycillin/clavulanic acid (78.2%). The finding shows that most strains of CoNS were

beta-lactamase producers and consequently resistant to beta-lactam antibiotics.

Slime production was detected in most of the species and slime producers accounted for
26(47.3) of CoNS in this study while among the clinical specimens 96(40.5%) were slime
producers. In both studies S. epidermidis accounted for the greatest slime producers. Slime
production has been attributed as part of the microbial factors associated with virulence
among CoNS species especially S. epidermidis (Kloos and Bannerman, 1994; Farber ef o/,
1990; Christensen ¢f al., 1985). The first step in the process of foreign body (intravascular
catheter, prosthetic devices etc.) infection involves the adhesion of bacteria to biomaterials
(mainly synthetic polymers. Polysaccharide-adhesin (PS/A) appears to enhance the very
early stages of colonization of biomaterials (Kloos ef al., 1992). They suggested that long-
term colonizing strains on the skin of healthy individuals also produce significant amounts

of PS/A and biofilm.
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In tlus study most of the CoNS were resistant to commonly used antibiotics, cspectally the
beta-lactams. But gentamicin one of the commonly used ammoglycosides showed a good
in-vitro efficacy of 92.7%, unlike the CoNS strains from clinical specimens which showed
57.1% sensitivity, The effectiveness of the newer drugs were comparable to those obtained
from strains from clinical specimens. Thus the multiresistance reported in this study was

associated with the excessive use or abuse of drugs in this environment (Odugben, 1981).
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CONCLUSION

Staphylococcus epidermidis has been shown to be the most prevalent both on the skin and
from clinical specimens. The isolation of multidrug-resistant CoNS from apparently healthy
popuiation demonstrate the extent of antibiotic usage in this environment. Since CoNS are
common inhabitant of the skin, they might be a source of antibiotic resistant for other

bacteria of other genera.
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Table 7.1: Distribution of sampling Population and Specimens Colleceted.

Sampling Population Number Hand Swabs Skin Nasal Axillary
Doctors ' 3; 3 3 3 3
Nurses 8 8 8 8 8
Mothers 10 10 10 1) 10
Babies 1.0 - - - 10
NIMR Staff 25 25 25 25 25
Total 56 46 46 46 56
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Table 7.2: Distribution of Coagulase-negative Staphylococci (CoNS) Isolated from Different Sampling Specimens.

No. of Coagulase-negative Staphylococci Species

2 g 9 g 2 2 2

o S 2 S S S @ S S

9 e 9o 2 9 9 X S Q

$§ S 8 3 28 8 3
£E S5 = S e S35 S S g
' > = > 28 == =3 2.0 =5
Total No.(%) = = g ‘é_ g B E ‘5 % E‘E ‘g 3
R = — = ~
CoNSlsolates 5§ &5 J% &8 &§§ &§F 373
Hand Culture (46) 13(28.3) 5 1 2 2 2 - 1
Skin Culture (46) 18(39.1) 7 2 4 2 - 3 -
Nasal Culture (46) 10(21.7) 2 1 1 2 3 - 1
Axillary (56) 14(25.0) 4 1 1 4 2 1 1

TOTAL (194) 55(100) 18(32.7) 5(9.1) 8(14.5)y 10(182) 7(12.7)y 4(7.3)  3(5.5)
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Table 7.3. Beta-Lactamase Detection and slime production among coagulase-

negative strains.

- Species

. Staphylococcus haemolyticus

No. of Strains Beta-Lactamase Slime
Tested Production. production
Staphylococcus capitis 3 (75.00) 1 (20.0)
Staphylococcus epider.'midis X 15 (83.3) 11 (61.1)
N 5(71.4) 4 (57.1)
Staphylococcus hominis ! 6 (60.0) 4 (40.0)
Staphylococcus saprophyticus 0 3 (60.0) 2 (40.0)
Staphylococcus simulans ’ '2(66.7) 1(33.3)
Staphylococcus xylosus ’ 6(75.0) 3(37.5)
TOTAL 585 40 (72.7) 26 (47.3)
\

178



Table 7.4: Antibiotic resistance patterns of coagulase- negative Staphylococcal species from normal population.

NUMBER (% RESISTANCE)

=
= -

] 2 £ e - .

2 £ e = £ % = 2 = £ = £

5 & 5 g £ 2 z ES z £ 3 E € g -

3 E = 2 o z ] 4 = S = LS 5 g g 3 3

z « 5] o %] o - 7] = o o & =z - <0 =z

Number (% Resistance)

S. capitis 4 4(100) 4(100) 350y 4(100) - 40100 1(25.0)  4(100) - 1(25.0) - - - 3(75.00 4 (l0oDY
S, epidermidis 18 18(I100) 13(72.2) 15(83.3) 16(889) 2(11.1)  I8(100) B(a44) 15(833) 5{(278) 6(333) 1(5.6) 201 1{5.6) 15(83.3)  17(94.9)
S. haemolyticus 7 7 (100) 5(7t4) 6857  6(857) - 7(100) 1(143)  7¢100)  §(143) - - 1(14.3) 1143 4(57.1)  6(85T)
.. hominis 10 9(%00)  T(70.00 830G 7(70.0)  1(10.0) 10(100) 3 (30.0) 8(80.0) - 2(200)  L{10.0) - 2(200)  9(30.0) B(30.0)
5. saprophyticus 5 5¢100) 3(60.0) 4(800  4(80.0) - 5(100)  3(60.0) 3 (60.0) 1(2000 1(20.0) - 2 (40.0) . 3600y 3(60.0)
. simulans 3 3 (100) 1(33.3)  2(66.7) 3 (100) - 3 (100) 1{33.3) 30100 1(33.3)  2(66.7) . - - 3 (100) 3(100)
S.xylosus 8 £ (100) L(125) 7873  6(35.0)  1(125) 8 (100) 3(37.5)  5(62.5) 2(25.0) 3(375) 1{12.%) - - 6(75.0)  8(100)
Total 55  54(982) 34(61.8) 45(81.8) 46(83.6) 4(7.3) 55(100) 20(364) 45(81.8) 10(182) 15(27.%) I (55) 5(9.1) 4(1.3)  43(782) 49(%9.D)
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Fig. 7.1. Species distribution of coagulase—negative staphylococci isolates from normal population.
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CHAPTER 8

GENERAL DISCUSSION

The present work was undertaken to look at the possible involvement of coagulase-negative
staphylococci (CoNS) in clinical infections in our environment. This therefore necessitated
an in-depth study into characterization, detection of extracellular products and plasmids and
antibacterial susceptibility profiles of these group of organisms isolated from different
clinical specimens. Based on the results obtained using both conventional methods and the
rapid commercial APl Kit (ID 32 STAPH), 10 different species of coagulase-negative

staphylococci were obtained.

Between the Conventional methods of characterization of Kloos and Schleifer, 1975 and
the rapid API Kit, there was no statistical significant difference in the number of isolates
characterised. Howéver, there was a major significant difference in the types of CoNS
species identified. The Kloos and Schleifer conventional method was unable to identify
some new species for example, the newly described human species of CoNS
Staphylococcus lugdunensis. This was characterised only by the API Kit. Although, most of
the important prevalent human species of CoNS were identified in this study using
conventional methods, it is necessary to use the Kloos and Bannerman scheme of 1995

because it contains additional biochemical tests. This will take care of newly described

human species of CoNS.
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Staphylococcus epidermidis was the most prevalent in all groups of infections. The
predominance of this group of CoNS in most clinical specimens is consistent with other
studies on species characterization of CoNS that relate Staphylococcus epidermidis to be a

major species of clinical relevance (Kloos and Bannerman, 1994; Udo et al., 1997).

Al the other species of CoNS obtained were implicated at low incidence in a variety of
infections, with Staphylococcus saprophyticus being the most prevalent and it was found
mostly in cases of urinary tract infections. These findings are not surprising in view of the
widespread distribution of staphylococci over the body surface. Thus, their isolation in pure
cultures from clinical specimens makes them opportunistic pathogens in our environment.
Some of the newly described species S. lugdunensis identified in this study was isolated

only from wound specimen. About 50% of this CoNS species possess lipase enzyme.

The possession of some extracellular products for example, enzymes have been linked to
virulence in a number of microrganisms. A total of 40.50% of CoNS showed lipase activity
with greatest activity being shown by S. haemolyticus (54.17%). Other enzymes detected
among CoNS were as follows: Dnase 11.8%; gelatinase 11.00%, protease 8.9%. These
enzymes are recognised virulence factors and similar to those produced by Staphylococcus
aureus(Gemmell, 1986; 1987). Available evidence also suggests that at least part of the
human virulence of CoNS can be attributed to their ability to elaborate some.of these
exoproteins (Gemmell and Robers, 1973, Gemmell, 1987). Some of these CoNS have been
shown to produce extracellular slime which creates a protective microenvironment for

182



CoNS strain and a barrier to antibiotic action. Approximately 69.5% of the coagulase-
negative staphylococci tested in this study were also beta-lactamase producers. Beta-
lactamase production is the predominant resistance mechanism of microorganisms to beta-
lactam antibiotics (Livermore, 1991). This has led to consequent therapeutic failure of some
beta-lactam antibiotics particularly penicillin (Garau, 1994). It is not surprising that the
results showed 100% resistance to penicillin by all the CoNS species, with 75% resistance
10 methicﬂlin. Coagulase-negative staphylococci tested showed over 50% resistance to
ampicillin, cloxacillin and amoxyeillin/clavulanic acid while very low resistance was
recorded for imipenem (52%) and ceftriaxone (14.2%). Imipenem is, however, not
rountinely used in this environment. It is also not recommended for use in small infants due
to its greater propensity for eliciting seizures compared to other beta-lactam agents (Wong
et al., 1988). It has been found that CoNS can show wide variability in their antibiotic
resistance patterns and be resistant to many antibiotics (Ang e/ al., 1985, Deighton ef al,
1988; Pal and Ayyagari 1989, Kloos and Bannerman, 1994), Apart from a large proportion
of CoNS being resistant to many beta-lactam antibiotics, many were resistant to commoniy
prescribed antibiotics (Tetracycline, Streptomycin, Gentamicin, Erythromycin in our
environment. The quinolones, pefloxacin, ofloxacin and norfloxacin used in this study were

highly effective against CoNS.

Multiple drug resistance were encountered especially with isolates from pus and other skin
sites. These results are not surprising in view of the high level of antibiotic abuse/poor
hygiene in certain areas in Nigeria. Although resistance to the expensive broad spectrum
antibiotics notably the cephalosporins and quinolone is still low, their heavy use may
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precipitate the development of resistant strains with time. However, because of the lower
virulence of CoNS, therapy of CoNS infections should await the result of drug

susceptibility testing.

As the antimicrobial resistance patterns of CoNS in our environment were diverse in nature
so were their plasmid contents, Most of these plasmids were of low molecular weight. Most
of the strains that harboured multiple plasmids were also resistant to many of the antibiotics
tested. Thus the multiple plastids might have accounted for the multiple antibiotic

resistance obtained.
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CHAPTER 9

GENERAL CONCLUSION

It 1s clear from this study that one would expect to isolate a variety of species and many
different strains of coagulase-negative staphylococci (CoNS) in our laboratories. Coagulase
negative staphylococci are widely spread on the human body, distinguishing the actiologic

agent/agents from contaminating flora is a serious challenge to the clinical laboratory. The
solution to this problem will be facilitated by the quality of the specimen obtained from the

patient and determining accurately the infecting agent. -

/

This study has also identified the possession of some enzymes like DNase, lipase,
gelatinase by CoNS. Some of these exoproteins are recognised virulence factors and
similar to those produced by S. awreus., Slime production has been shown to be an
important factor in the colonization and infection of prosthetic devices and some of the

CoNS in this study produced slime.

This study has also identified the production of Beta-lactamase enzyme by CoNS. Detailed
information on the antibiotic susceptibility patterns, and minimum inhibitory concentrations
of antibiotics apainst different species have been provided. Therapeutic usage of these
antibiotic especially the commonly prescribed ones in our environment should. be based on
good in vitro efficacy, since most of the CoNS were resistant to them. The presence of

Beta-lactamase enzyme calls for great caution in the use of Beta-lactam antibiotics.
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The antibiotic multidrug-resistant nature of CoNS and their plasmid profiles were
established. The isolation and characterization of the CoNS from skin , axillae, hands, and
nose showed also that some Staphylococcus demonstrate habitat or niche preferences on
their particular hosts. Since CoNS are common inhabitants of the skin and mucous
membranes, multiple drug resistant CONS may be a reservoir of resistance for other

organisms. Caution should also be exercised in the indiscriminate use of antibiotics.

Finally the results of this study should be usefu! to the laboratory personnel and clinicians
who still have been querying the isolation of CoNS as contaminants. This will guide the
clinicians in their treatment schedule especially in neonates, seriously 1l and immuno-
compromised patients. This is the first detailed report on coagulase-negative staphylococci

(CoNS) in Lagos.

186



REFERENCES

Aasen, J. and P. Oeding (1971). Antigenic studies on Staphylococcus epidermidis.

Acta Pathol. Microbiol. Scand. Sect, B. 79: 827-834.

Abramson, C. (1972). Staphylococcal enzymes. In: The Staphylococci. Cohen, J.O.

(ed). Wiley-Interscience Publ. p 187-248.

Acar, J.F., L. Gutmann and M.D. Kitzis (1988). $-lactamase in clinical isolates -

Spectrum implications of sulbactam Ampicillin. Drugs. 35(suppl.7): 12-16.

Aggarwal, P. (1991). Pathogenic infections caused by coagulase-negative multiple

drug resistant Staphylococcus. ). Indian Med. Assoc. 89(1): 15-16.

Anderson, J.D, AM. Clarke, M.E Anderson, J.L. Isaac-Renton, and G.M.
McLoughlin (1981). Urinary tract infections due to Staphylococcus saprophyticus

biotype 3. Can. Med. Assoc. J. 124: 415-418.

Archer, G. (1978). Antimicrobial susceptibility and selection of resistance among
Staphylococcus epidermidis isolates recovered from patients with infections of

indwelling foreign devices. Antimicrob. Agents Chemother. 14: 353-359.

187



Archer, G.L. (1984). Staphylococcus epidermidis: the organism, its diseases and
treatment,. In J.S. Reminngton and M.N. Swartz (ed), Current Clinical topics in

infectious diseases. McGraw-Hill Book Co., New York. p. 25-48.

Archer, G.L. (1985). Coagulase-negative staphylococci in blood cultures: a clinician's

dilemma. Infect. Control 6: 477-478.

Archer, G.L., D.R. Dietrick and J.L. Johnson (1985). Molecular epidemiology of
transmissible gentamicin resistance among coagulase-negative staphylococci in a

cardiac surgery unit. J. Infect. Dis. 151: 243-251.

Archer, G. L., A. W. Karchmer, N. Vishniavsky and J. L. Johnson (1984).
Plasmid-pattern analysis for the diffcrentiation of infecting from noninfecting

Staphylococcus epidermidis. J. Infect. Dis. 149: 913-920.

Archer, G.L. and E. Pennell (1990). Detection of methicillin resistance in

staphylococci by using a DNA probe. Antimicrob. Agents chemother. 34: 1720-1724.

Archer, G.L. and J. Scott (1991). Conjugative transfer of genes in staphylococcal

isolates from the United States. Antimicrob. Agents Chemother. 35: 2500-2504.

Archer, G.L., G.J. Vazguez, and J.L. Johnson (1980). Antibiotic prophylaxis of

188



S

experimental endocarditis due to methicillin-resistant Staphylococcus epidermidis. J.

Infect. Dis. 142: 725-731.

Baddour, L.M. and G.D. Christensen, (1987). Prosthetic valve endocarditis due to

small-colony staphylococcal variants. Rev. Infect. Dis. 9:1168-1174.

Baddour, L.M., G.D. Christensen, M.G. Hester and A L. Bisno (1984), Production
of experimental endocarditis by coagulase-negative staphylococci: variability in

species virulence. J. of Infect. Dis.

150 : 721-727.

Baddour, L.M,, T.N. Phillips and A.L. Bisno (1986). Coagulase- negative
staphylococcal endocarditis: occurrence in patients with mitral valve prolapse: Arch.

Intern. Med. 146: 119-121.

Bailey, E.M., T.D. Constance, L.M. Albrecht and M.J. Rybak (1991). Coagulase-
negative staphylococct incidence, pathogenicity and treatment in the1990's. DICP Ann.

Pharmacother. 24: 714;720.

Baird-Parker, A.C. (1963). A classification of Micrococci and staphylococci based

on physiological and biochemical tests. J. Gen. Microbioi. 30: 409-427.

189



Baird-Parker, A.C. (1965). The classification of staphylococci and micrococei from

world-wide sources. J. Gen. Microbiol. 38: 363-387.

Baird-Parker, A. C. (1972). Classification and identification of staphylococci and

their resistance to physical agents. In: The Staphvlococci. Cohen, J.O. (ed.). Wiley-

Interscience Publ. pp. 1-20.

Baird-Parker, A.C. (1974). Genus 1 Micrococcus Cohn 1871, 151 and Genus
Staphylococcus. In: Bergey's manual of Determinative Bacteriology. 8th ed. Buchanan,

R.E. and Gibbons (ed.). Williams and Wilkins, Baltimore, p. 478-489.

Baker, J.S.(1986). Differentiation of micrococei from coagulase-negative
staphylococci. In: P.A. Mardh and K.H. Schleifer (ed.). Coagulase-negative

staphylococci. Almquist and Wiksell International, Stockholm. p. 27-33.

Bandres, J.C. and R.O. Darouiche (1992). Staphylococcus capitis endocarditis: a

new cause of an old disease. Clin. Infect. Dis. 14: 366-367.

Bannerman, T.L., D.L. Rhoden, S.K. McAllister, J.M. Miller, and L.A. Wilson

(1997). The source of coagulase-negative staphylococci in the endophthalmitis

190



vitrectomy study. A comparison of eyelid and intraocular isolates using pulsed-field

gel electrophoresis. Arch. Ophthamol, 115: 357-361.

Baquero, F. (1997). Gram-positive resistance; challenge for the development of new

antibiotics. J. Antimicrob. Chemother. 39 (suppl. A): 1-6.

Barber, M (1949). The incidence of penicillin-sensitive variant colonies in

penicillinase-producing strains of Staphylococcus pyogenes. J. Clin. Microbiol. 3: 274-

281.

Barcs, L., T. Valyi-Nagy and J. Panovics (1989). Clinical ocurrence and virulence

testing of coagulase-negative staphylococci. Acta Microiologica Hungarica. 36(4):

415-424.

Barry, A.L., M.A. Pfaller and P.C. Fuchs (1992). Spontaneously occurring
staphylococcal mutants resistant to clinically achievable concentrations of

ciprofloxacin and temafloxacin. Eur. J. Clin, Microbiol. Infect, Dis. 11: 243-246.

Bascomb, S and M. Manafi (1998). Use of enzyme tests in characterization and
identification of aerobic and facultatively anaerobic Gram-positive cocci. Clin.

Microbiol. Rev. 11: 318-340.

191



Bauer, A.W., W.M. Kirby, J.C. Sherris and M. Jurck (1966). Antimicrobial

susceptibility testing by a standard single disc method. Am. J. Clin. Path, 45: 493-496.

Baum, J.L. (1978): Ocular infections. N. Engl. J. Med. 299: 28-31.

Baumgart, S., S.E. Hall, J.M. Capos and R.A. Polin (1983). Sepsis with

coagulase-negative staphylococci in critically ill newborns. Am. J. Dis. child.

137: 461 463

Bayston, R. and S.R. Penny (1972). Excessive production of mucoid substance n
Staphylococcus S11A: a possible factor in colonisation of Holter shunts.

Developmental Medicine and Child Neurology. 14(suppl. 27): 25-28.

Bentley, D.W., R. Haque, R.A. Murphy and M.H. Lepper (1968). Biotyping an

epidemiological tool for coagulase-negative staphylococci. Antimicrob. Agents

Chemother. 1: 54-59.

Bergan, T. and M. Kocur (1982). Stomatococcus mucilaginosus gen. nov., sp. hov.,

ep. rev. a member of the family Micrococcaceae. Int. 1, Syst. Bacteriol. 32: 374-377.

Bergey's Manual of Determinative Bacteriology (1923-1974). Eight edns: 1, 1923,

192



-

2, 1925; 3, 1930; 4, 1934; 5, 1939; 6, 1948; 7, 1957; 8, 1974. The Williams and

Wilkins Co. Baltimore.

Bergey's Manual of Systematic Bacteriology vol.2 (1986). The Gram-positives other
than actinomycetes. In: P.H.A. Sneath, N.S. Mair, M.E. Sharpe and J.G. Holt ed.

Williams and Wilkins, Baitimore.

Bergman, B., H. Wedren and S.E. Holm (1989). Staphylococcus saprophyticus in

males with symptoms of chronic prostatitis. Urology. 34: 241-245.,

Bernheimer, A.W. (1968). Cytolytic toxins of bacterial origin. The nature and

properties of cytolytic proteins. Science. 159: 847-851.

Bhalla, P. and D.S. Agarwal (1986). Incidence of urinary tract infections to

Staphylococcus saprophyticus. Ind. J. Med. Microbiol, 4: 169-175.

Bialkowaska-Hobrzanska, H., V. Harry, D. Jaskot and Q. Hammerberg (1990).
Typing of coagulase-negative staphylococci by southern hybridization of chromosomal

RNA probe. Eur. J. Clin. Microbiol. Infect. Dis. 9: 588-594.

Billroth, T. (1874). Untersuchungen itber die Vegetations formen von Coccobacteria

septica, Reimer, Berlin.

193



Birnabaum, D., M. Kelly and A.W. Chow (1991). Epidemiologic typing systems for

coagulase-negative staphylococci. Infect. Control Hosp. Epidemiol. 12: 319-326.

Black, J.A., D.N. Challacombe and B.G. Ockenden, (1965). Nephrotic syndrome
associated with bacteraemia after shunt operations for hydrocephalus. Lancet. 2: 921-

924.

Bor, D.H., R.M. Rose, J.F. Modlin, R. Weintraub and G.H. Friedland (1983).

Mediastinitis after cardiovascular surgery. Rev. Infect. Dis. 5: 885-897.

Bowman, R.A., and M. Buck. (1984). Staphylococcus hominis septicaemia in

patients with cancer. Med. J. Aust. 140: 26-27.

Brause, B.D. (1986). Infections associated with prosthetic joints. Clin. Rheum. Dis.

12: 525-535.

Breed R. S. (1957). Bergey's Manual of Determinative Bacteriology (1957). R. S.

Breed, E.G.D. Murray and N. R. Smith (eds) 7th edition p.454. E and S. Livingstone

London.

Brenner, D. J. (1985). Taxonomy, classification and nomenclature. In Jawetz,

194



Melnick & Adelberg's Medical Microbiology. 19th Ed. Ed. Brooks G. F., Butch J. S.

and Ornston pgs 1-7.

Brenner, E.J. and F.H. Kayser (1968). Growing clinical significance of methicillin-

resistant Staphylococcus aureus. Lancet. 2: 741-744.

Brunner, I.I,, C.G. Gemmell, L.I. Huser and F.J. Fehrenbach (1981). Chemical and
biollogical properties of Staphylococcus aureeus lipase. In: Jeljaszewic J. (ed)
Staphylococei  and staﬁhylococcal infections (Zentralblatt fiir Bakteriologie,
Parasitenkunde, Infektionskrankheiten und Hygiene I Abteilung Originale Suppl. 10).

Gustav Fischer Verlag, Stuttgart. P 329-333.

Buchanan, R.E. (1911). Veterinary Bacteriology, W.B. Saunders, Philadelphia.

Buetow, R.A., S,W. Klein and S.B. Lane (1965). Septicaemia in premature infants:
the characteristics, treatment and prevention of septicaemia in premature infants. Am.

1. Dis. Child. 110: 29-41.

Burke, J.P. (1986). Infections of cardiac and vascular prostheses. In: Hospital
Infections. Bennet, J.S. and Brackman, P.S. (ed.). Little Brown and Co., Boston M.A.

pp. 437-451.

195



Burnie, J.P., M, Naderi-Nasab, K.W. Loudon and R.C. Matthews (1997). An
epidemiological study of blood culture isolates of coagulase-negative staphylococci

demonstrating hospital-acquired infection. J. Clin, Microbiol. 35: 1746-50.

Buttery, J.P., M. Easton, S.R. Pearson and G.C. Hogg (1997). Paediatric
bacteraemia due to Staphylococcus warneri: microbiological, epidemiologicaland

clinical features. J. Clin. Microbiol. 35: 2174-2177.

Bykowska, K., A. Ludwicka, Z. Wegrznowicz, S. Lopaciak and K. Kopec (1985).
Anticoagulant properties of extracellular slime substance produced by Staphylococcus

epidermidis. Thromb. Haemostasis. 54.: 853-856.

Cadness-graves, B., R. Williams, G.T. Harper and A.A.Miles (1943). Slide-test for

coagulase-positive staphylococci. Lancet. j: 736.

Callaghan, R.P. , S.J. Cohen, and G.T. Stewart, (1961). Septicaemia due to
colonization of Spitz-Holter valvaes by Staphylococcus. Five cases treated with

methicillin, Brit. Med. J. 1: 860-862.

Caputo, G.M., G.L. Archer, S.B. Caulderwood, M.J. DiNubile and A.W.

196



Karchmer (1987). Native valve endocarditis due 0 coagulase-negative staphylococe.

Am. ). Med. 83: 619-625.

Chambers, H.F. (1988). Mcthicillin-resistant staphylococeci. Clin. Microbiol,_Rev. 1:

173-186.

Cheesbrough, M. (1985). Medical laboratory manual for tropical countries. Vol. ]I.
Microbilogy ELBS/Tropical Health/Butterworths.

P. 63.

Chcesbrough, J.S., R.G. Finch and R.P. Burden (1986). Prospective study of the
mechanisms of infection associated with hacmodialysis catheters. J,_Infect. Dis. 154:

569-589.

Choo, M.H., D.R. Holmes, B.IL. Gersch, J.D. Maloney, J. Meredith, J.R. Pluth and
J. Trusty. (1981). Permanent pacemaker infections: Characterization  and

management. Am. J. Cardiol. 48: 559-564.

Christensen, G.D., J.T. Parisi, A.L. Bisno, W.A. Simpson and E.H. Beachey
(1983). Characterization of clinically significant strains  of  coagulase-negative

staphiylococei. J,_Clin. Microbiol. 81:258-269.

197



i

Christensen, G.D., A.L. Bisno, J.T. Parisi, B. Meclaughlin, M.G. Hester and R.W,
Luther (1982a). Nosocomial septicacmia duc 10 muliple antibiotic resistant

Staphviococcus epidermidis. Annals ol Internal Medicine, 96:1-140.

Christensen, G.D., W.A. Simpsen, A.L. Bisno and E.H. Beachey (1982b).
Adherence of slime-producing strains of Staphylococeus epidermidis 10 smooth

surfaces. Infect. Immun. 37: 318-326.

Christensen, G.D., W.A. Simpson and E.H. Beachey (1985). The adherence of

Staphylococei to smooth surfaces. Zentralplatt fiir Bakteriologie and Hygiene. 1.

Abceilung supp!l. 14: 471-475.

Christensen, G.D., W.A. Simpson, J.l. Younger, I.M. Baddour, F.F. Barrett,
D.M. Melton and E.H. Beachey (1986). Adherence of coagulasc-negative
staphylococci to plastic culture plates: a quantitative model for adherence of

staphylococci to medical devices. J. Clin. Microbiol. 22: 996-1006.

Clarke, A.M. (1979). Prophylactic antibiotics for total hip arthroplasty - the

significance of Staphylococcus epidermidis. . Antimicrob. Chemother. 5: 493-502.

Clink, J. and T.H. Pecnnington (1987). Staphylococcal whole-cell polypeptide

158



analysis: evaluation as a taxonomic and typing tool. 1. Med. Microbiol. 23: 41-44.

Ciuff, L.E., R.C. Reynolds, D.L. Page and J.L. Breckenridge (1968).

Staphylococcal bacteracmia and altered host resistance. Ann, Intern. Med. 69: 859-

873.

Cohen J. O. (1972). Scrotyping of Staphylococci. in: Staphylococet I. 0. Cohen

(ed.). Wiley Interscience. P.419-430.

Coles, N.W. and R. Gross (1967). liberation of surface-located penicillinase from

Staphylococcus awreus. Biochem. 1. 102: 742-747.

Colleen, S., B. Hovelius, A. Wleslander and P.A, Mardh (1979). Surlace properties
of Staphylococcus saprophyticus and Staphylococens epidermidis as studicd by

adherence tests and two-polymer. aqueous phase systems. Acta_Pathol. Microbiol.

Immuncl. Scand. Sect. B. 87: 321-328.

Collins, C.H. and P.M. Lync (1970). Microbiological methods. Butierworths l.ondon

and University Park Press Baltimore.

Coudron, P.E., S.M. Markowitz and L.B. Mohanty (1987). (solation of S.

199



mucilaginosus {rom drug user with endocarditis. J. Clin. Microbiol. 25: 1359-1363.

Cowan, S.T. (1939). Classification of Staphylococci by slide agglutination. J. Pathol.

Racicriol. 48: 169-173.

Cowan, S.T. (1962). An introduction to chaos, or the classification of micrococci and

staphylococei. 1. Appl. Bacteriol. 25: 324-340.

Cowan and Steel's manual for the identitication of medical bacteria (1993). G.i.

Barrow and R.K.A. Feltham (ed.). Cambridge University Press. P 32-52

Dan, M., G.J.R. Marien and G. Goldsand (1984). I'ndocarditis  caused by
Staphylococeus warneri on a normal aortic valve following vascctomy. Can, Med.

Assoe. J, 131: 211-213.

Dandalides, P.C., W.A. Rutala, C.A. Thomann and F.A. Sarubbi (1986). Scrious
postoperative  infections  caused by coagulase-negative  staphylococer:  an

epidemiological and clinical study. 1. Hosp. Infect. 8: 233-241.

Davenport, D.S., R.M. Massanari, M.A, Pfaller, M..J, Bale, S.A. Streed, and W.l.

Heirholzer Jr. (1986). Uscfulness of a test for slime production as a marker for

200



clinicslly significant infections with coagulase-negative staphylococci. J. Infect. Dis.

153: 332-339.

Davies, MLE. (1954). A study of the diffusible lipase produced by staphylococei and

of its immunological activity. J. Gen. Microbiol. 11:37-44.

Davies, A.J., J. Clewett, A, Jones and R. Marshall (1986). Scnsitivity pallerns of

coagulase-negative staphylococci from neonates. J. Antimicrob. Chemother, 17:155-

160.

Davis, G.H.G. and B. Hoyling (1973). Use of a rapid acetoin test in identification of

staphylococct and micrococci. Int. I. Syst. Bacierio). 23: 281-282.

Dcan, B. A., R.E.Q. Williams, F. Hall and J. Corse (1973). Phage typing of

coagulase-negative staphylococei and micrococei. J. Hyg. 71: 261-270.

Deighton, M.A., J.C. Franklin, W.J. Spicer and B. Balkau (1988). Species

identification, antibiotic  sensitvity and slime  production of coagulase-negative

staphylococci isolated from clinical specimens. Lpide. Infect. 101: 99-113.

Deighton, M., 8. Pearson, J. Capstick, D. Spelman and R. Borland (1992).

Phenotypic variation of Staphylococcus epidermidis isolated from a patient with native

201



valve endocarditis. J.Clin. Microbiol. 30: 2385-2390.

Del Bene, V.E., J.F. John, J.A. Twitty and J.W. Lewis (1986). Anti-staphylococcal
activity of teicoplanin, vancomycin and other antimicrobial agents: the significance of

Dis, 154:349-352,

methicillin resistance. I _lnfect

Difco Manual (1984). Bacto nitrate agar, Bacto nitrate broth. Difco laboratories 10th

ed. Detroit Michigan pp. 616-617.

Dobrin, R.S., N. Day, A. Michael, R.L. Vernier, A.J. Fish and P.G. Quie (1976).
Studies of the immune response and renal injury associated with chronic coagulase-
negative staphylococcal bacteraemia. In: Staphylococci and Staphylococcal Diseases.

Jeljaszewics, J (ed.), Gustav Fischer Verlag Gmbh and Co., KG, Stuttgart, Ww.

Germany. Suppl. 5. pp.137-140.

Docrn, G.V. (1989). Coagulase-ncgative staphylococci: clinical significance and

laboratory identification. Lab. Med. 15: 25-35.

Dryden, M.S., H. Talsania, M. McCann, B.D. Cookson and 1. Philips (1992). The

epidemilogy of ciprofloxacin resistance in coagulase-negative staphylococci in CAPD

putients. Epidemiol. Infect. 109: 97-1 12.

202




"5

Dunne, W.M.,Jr., D.B. Nelson and M.J. Chusid (1987). Lpidemiologic markers of

pediatric infections caused by coagulas-negative staphylococci. Pediatric Infect. Dis. I.

6: 1031-1035.

Eisenberg, E.S., M. Ami:alu, G. Szylagi, V. Aning and R. Soeiro (1987).
Colonization of the skin and development of peritonitis due to coagulase-negative
staphylococci in patients undergoing peritoneal dialysis. J. Infect. Dis. 156: 478-482.

Eksedt, R.D. and W.W. Yotis (1960). Studies on Staphylococci. II. Effect of

coagulase on the virulence of coagulase-negative strains. L. Bacteriol. 80: 496-500.

Elek, S.D. and F. Levy (1950). Distribution of haemolysins in pathogenic and non-

pathogenic staphylococci. J. Pathol. Bacteriol. 62: 541-554.

Eng, R.H.K., C. Wang, A. Pearson, T.E. Kichn and D. Armstrong (1982). Species

identification of copguluse-negative staphylococal isolates from bload cultures. LClin,

Microbiol. 15: 439-442.

Evans, J. B., W. L. Bradford and C. F. Niven (1955). Comments concerning the

taxonomy of the genera Micrococcus and Staphviococcus. Int. Bull. Bacteriol.

Nomencl 5: 61-66.

203



Evans, J.B. and W.E. Kloos (1972). Use of shake culture in a semi solid

thioglycolate medium for differentiating staphylococci from micrococei. Appl.

Microbiol. 23: 326-331.

Falkow, S. (1975). Infectious multiple drug resistance, Pion Lid. London. P, 101,

Faller, A, and K.H. Schleifer (1981). Modified oxidase and benzidine tests for

separation of staphylococci from micrococci. J. Clin. Microbiol. 13: 1031-1035.

Farber, B.F., M.H. Kaplan and A.G. Clogston (1990). Stuphylococeus epidermidis

extracted slime inhibits the antimicrobial action of glucopeptide antibiotics. J. Infect.

Dis. 161: 37-40.

Farrar, W.E. (1985). Antibiotic resistance in developing countries. J. Infect. Dis. 152:

1103-1106.

Feigin, R.D., P.G. Shackleford, J. Campbell, T.O. Lyles, M. Schechter,and R.D.

Lins (1973). Assessment of the role of S epidermidis as a cause of otitis media.

Paediatrics. 32: 569-576.

Feltham, R.K.A, (1974). A taxonomic study of the Micrococecaceae. J. Appl.

Bbacteriol. 47: 234-254.

204



Ferreiros, C.M., M.J. Souto, M.T. Criado, and P. Suaarez (1991). Phage typing

and phage induction in carrier and invasive Staphylococcus epidermidis isolates. 1.

Hosp. Infect. 18: 293-299.

Fiennes, R. (1964). What is disease? In: Man, Nature and Disease, Readers union Ltd.

London Chapt. ]: 19-29.

Fieer, A., L.J. Gerards, P. Aerts, N.A.C. Westerdal, B.C. Senders, H. Van Kijk

and J. Verhoef (1985). Opsonic defence to . epidermidis in the premature neonate. .

Infect. Dis. 152: 930-937.

Flugge, C. (1890). Microorganisms with special reference to the aetiology of the

infectious diseases. New Sydenham Society London.

Flynn, D.M., R.A. Weinstein and S.A. Kabins (1988). Infections with gram-negative

bacilli in a cardiac surgery intensive care unit: The relative role of Enterobacter. J.

Hosp. Infect. 11: 367-369.

Fokes, E.C. (1970). Occult infections of ventriculoatrial shunts. J. Neutrol. 33: 517-

523,

205



Forbes, B.A. and D.R. Schaberg (1983). Transfer of resistance plasmids from

Staphylococcus pyogenes. 1. Clin. Microbiol. 3:274-281.

Forse, R.A., C. Dixon, K. Bernard, L. Martinez, A.P.H. Mclean and J.L. Meakins

(1979). Staphylococcus epidermidis: an important pathogen. Surgery. §6: 507-514.

Foster, G., H.M. Ross, R.A. Hutson and M.D. Collins (1997). S. lustrae sp. nov. a

new coagulase-positive species isolated from otters. Int, J. Syst. Bact. 47: 724-726.

Fraimow, H.S. and E, Abrutyn (1995). Pathogens resistant to antimicrobial agents.

Epidemiology, Molecular mechanisms and clinical management. Infect. Dis. Clin.

North. Am. 9; 497-530.

Freeman, R., M. Goodfellow, A.C. Ward, S.J. Hudson, F.K. Gould and N.F.
Lightfoot (1991). Epidemiological typing of congulase-negative staphylococci by

pyrolysis mass spectrometry. 1. Med. Microbiol. 34: 245-248.

Freeman, R. and Hjersing (1980). Species of coagulase-negative staphylococci

isolated from catheter tips from open heart surgery patients. Thorax. 35: 359-362.

f

Freeman J.R., D.G. Platt, J.M. Sidebottom, M.F. LeClair, X. Epstein and D.A.

206



Goldman (1987). Coagulase-negative staphylococcal bacteraemia in changing

neonatal intensive care unit population. JAMA. 258: 2548-2552.

French, G.L., K.P. Sharmoen and N. Simmons (1996). Hospital outbreak of
Klebsiella Pneumoniae tesistant to the broad spectrum cephalosporins and b-

lactamases inhibitor combination by hyperproduction of SHV-5-b-lactamase. J. Clin.

Microbiol. 34(2): 358-363.

Freney, J., Y. Brun, M. Bes, H. Meugneir, F. Grimont, P.A.D. Grimont, C. Nervi

and J. Fleurette. (1988). Staphylococcus lugdunensis sp. nov. and Staphylococcus

schieiferi sp. nov. two species from human clinical specimens. Int. J. Syst. Bacteriol.

38: 168-172.

Gahrn-Hansen, B. (1987). Coagulase-negative staphylococci and micrococcei in

clinical microbiology. Dan. Med. Bull. 34: 96-114.

Garau, J. (1994). Beta-lactamase: Current situation and clinical importance. Intensive

Care med. 20: 55-59.

L

Geary, C., J.Z. Jordens, J.F. Richardson, D.M. Hawcroft and C.T. Mitchell

207



(1997). Epidemiological typing of coagulase-negative staphylococci from nosoconal

infections. J. Med. Microbiol. 46: 195-203.

Gemmell, C.G. (1986). Virulence characteristics of Staphylococcus epidermidis. 1.

Med. Microbiol. 22: 287-289.

Gemmell, C.G. (1987). Exoproteins of coagulase-negative staphylococci of possible

virulence factors, Zbl. Bakt Suppl. 16 Gustav Fischer Verlag. Stutigart. New York. P.

93-101.

Gemmell, C.G., M.S. Muhssin and A.F. Mcintosh (1981). Development of a
sensitve assay for the detection of nuclease (DNase) produced by Staphylococcus
aureus and Staphylococcus epidermidis. In Jeljaszewicz J. (ed) Staphylococci and
staphylococcal  infections  (Zentral Blatt fur Bakteriologie, Parasitenkunde,

Infektionskranheiten und Hygiene 1 Abteilung Originale Suppl 10). Gustav Fischer

Verlag, Stuttgart. P.363-368.

Gemmell, C.G. and C.E. Roberts (1973). Toxins and enzymes of coagulase-negative

staphylococci isolated from human infections. J. Hyp. Epidemiol. Microbiol. Immun.

18: 261-266.

208



Gemmell, C.G. and F. Schumacher-Perdreau (1986). Extracellular toxins and
enzymes elaborated by coagulase-negative staphylococci. In: Coagulase-negative
staphylococci. Mardh, P.A. and K.H. Schleifer (ed.). Almgvist and Wiksell

International, Stockhotm. pp. 109-121.

Gemmell, C.G., M. Thelestam and T. Wadstrom (1976). Toxinogenicity of
coagulase-negative staphylococci. In: Staphylococei and Staphylocoecal infections.

(Ed.) J. Jeljaszewics Gustav Fischer Stuttgart. P. 133-1 36.

George, R., L. Leibrock and M. Epstein (1979). Long term analysis of cerebrospinal

fluid shunt infections: a 25 years experience. J. Neurosurg, 51: 804-811.

Georgopapadakou, N.H. (1993). peniciliin-binding proteins and antibacterial

resistance to b-lactamase. Antimicrob. Agents Chemother. 37: 245-2053.

Gill, V.J., S.T. Selepak and E.C. Williams (1983). Species identification and
antibiotic susceptibilities of coagulase-negative staphylococci isolated from clinical

specimens. J. Clin. Microbiol. 18: 1314-13 19.

Gillespie, E.H. (1943). The routine of use of the coagulase test for staphylococei.

Mon. Bull. Emerg. Publ. Health. Lab. Serv. 2: 19.

209



Gocering, R.V. and T.D. Duensing (1990). Rapid field inversion gel electrophoresis
in combination with an rRNA gene probe in the epidemiological evaluation of

staphylococci. J. Clin. Microbiol. 28: 426-429.

Goldmann, D.A. and G.B. Pier (1993). Pathogenesis of infections related to

intravascular catheterization. Clin. Microbiol. Rev. 6: 176-192.

Golledge, C.L. (1988). Staphylococci saprophyticus bacteraemia. J. Infect. Dis.

157:215.

Goodfellow, G.C. Alderson, G. Peters, F. Schumacher-Perdreau, P.B Heeczko, M.

Mordarski and G. Pulverer (1981). Numerical classification of the genus

Staphylococcus. Zentralbl. Bakteriol. Hyp. Abt. 1. Suppl. 10: 15-21.

Gongora-Rubio, F., A.C. Pignatari, L.M. Costa, Vv.1. Bortolloto, A.M. Machado
and D.V. De-Gongora (1997). Clinical significance, epidemiology and microbiology
of coagulase-negative staphylococcal bacteraemia at a teaching hospital. Rev. Assoc.

Med. Bras. 43(1): 9-14.

Gravenkemper, C.F., J.V. Bennett, J.L. Brodie and W.M.M. Kirby (1963).

210



Dicloxacillin: in-vitro and pharmacologic comparisons with oxacillin. Arch. Intern.

116: 340-345.

Gray, E.D., G. Peters, M. Verstegen and W.E. Regelmann (1984).Effects of
extracellular slime substance from Stapiylococcus epidermidis on the cellular immune

response. Lancet. 1: 365-367.

Gray, E.D., W.E. Regelmann and G. Peters (1987). Staphylococcal slime and host
defences: effects on lymphocytes and immune function. In: G. Pulverer, P.G. Quie and
G. Peters (ed.), Pathogenicity and clinical significance of coagulase-negative

staphylococci. Gustav Fischer Verlag, Stutigart, Germany. p. 45-54.

Gristina, A.G. (1987). Biomaterial centred infection, microbial adhesion versus tissue

integration. Science. 237: 1588-1595.
Grosserode, M.H. and R.P. Wenzel (1991). The continuing importance of

staphylococei as major hospital pathogens. J. Hosp. Infect. 19 (suppl. B): 3-17.

Gruer, L.D., R. Bartlett and G.A.J. Anyliffe. (1984). Species identification and
antimicrobic sensitivity of coagulase-negative staphylococci from CAPD peritionitis.

J. Antimicrob. Chemother. 13: 577-583.

211



Hamilton-Miller, J.M.T. (1992). /n-vitro activities of 14-1 5-16-membered

macrolides against Gram-positive cocci. J. Antimicrob. Chemother. 29: 141-147.

Hamilton-Miller, J.M.T. and A.lliffe (1985). Antimicrobial resistance in coagulase-

negative staphylococei. J. Med. Microbiol. 19: 217-226.

Hamory, B.H. and J.T. Parisi (1987). Staphylococcus epidermidis: A significant

noscomial pathogen. Am. J. Infect. Control. 15: 59-74.

Hardy, K. (1981). Bacterial plasmids. American Society for Microbiology,

Washington D.C. 3 ed. P.68.

Hawkey, P. M. (1987). Molecular methods for the investigation of bacterial cross-

infeciton. J. Hosp. Infect. 9: 211-218.

Herbert, G.A. (1989). Antimicrobic susceptibility and phenotypic tests that help

identify and biotype coagulase-negative staphylococci. Antimicrob, Newsl. 6: 9-17.

Herchline, T.E. and L.W., Ayers (1991). Occurence of Staphylococcus lugdunensis

in consecutive clinical cultures and relationship of isolation to infection. J. Clin.

Microbiol, 29: 419-421.

212



Herwaldt, L A., L.Boyken and M. Pfaller (1991). /n vitro selection of rersistance to

vancomycin in bloodsiream isolates of Staphylococcus haemolyticus and

Staphylococcus epidermidis. Eur. J. Clin. Microbiol. Infect, Dis. 10: 1007-1012

Holt, R. (1969). The classification of staphylococci from colonized ventriculo atrial

shunts. J. Clin. Pathol. 22: 475-482.

Holt. R. (1971). Coaguase-negative staphylococci as opportunistic pathogens.

Arzneim Forsch (Drug Res.) 21: 325-328.

Hope, P.G., K.G. Kristensson, P. Norman and R.A. Elson (1989). Deep infection in

cemented total hip arthroplasties caused by coagulase-negative staphylococci. J. Bone

Joint Surg. (Br.) 71(B): 851-855.

Houang, E.T., R.R. Marples, I Weir, A.J. Mourant, M.J. De Saxe and B.
Singleton (1986). Problems in the investigation of an apparent outbreak of coagulase-
negative staphylococcal septicacmia following cardiac surgery. J. Hosp. Infect. §: 224-

232.

Hovelius, B., I. Thelin and P.A. Mardh 11(1979). Staphylococcus suprophyticus in

the aetiology of non-gonococcal urethritis. Br. J. Vener. Dis. 55: 369-374.

213



Hucker G. J. (1924). Studies on Coccaceac. The classification of the genus

Micrococeus. In: Cohn N. Y. State Agr. Expt. Sta. Tech. Bul]. No.102.

Hucker G. J. (1948). In Bergey's Manual of Determinative Bacteriology. R. S. Breed,

E.G.D. Murray and A P. Hitchens (eds) 6th Ed. Williams and Wilkins, Baltimore Md.

Hueter, C. (1872). Zur Actiologie und Therapie der metastasirenden Pyami¢. Deut. Z.

Clir. 1: 91-125.

Hurley, R. (1966). Epidemic conjuctivitis in the newborn associated with coagulase-

negative staphylococci. J. Obstet. Gynaecol. Brit. Commonwealth. 73: 990-992.

Ishak, M.A., D.H.M. Groschel, G.L. Mandell and R.P. Wenzel (1985). Association
of slime with pathogenicity of coagulase-negative staphylococci causing nosocomial

septicaemia. J. Clin. Microbiol. 15: 59-74.

Izard, N.C., H. Hachler, M. Grehn and F.H. Kayser (1992). Ribo-typing of
coagulase-negative staphylococci with special emphasis on intraspecific typing of

Staphylococcus epidermidis. J. Clin. Microbiol. 30: 817-823.

Jacoby, G.A. and G.L. Archer (1996). New mechanisms of bacterial resistance to

214



antimicrobial agents. New Engl. J. Med. 324: 601-602.

Jaffe, H.W., H.M. Sweetney, C. Nathan, R.A. Weinstein, S.A. Kabins and 8.
Cohen (1980). Identity and Intel Specific transfer of gentamicin-resistance plasmids in

Staphylococcus aureus and Staphylococcus epidermidis. ). Infect. Dis. 141: 738-747.

Jansen, B., F. Schumacher-Perdreau, G.Peters, G. Reinhold and J. SchOnemann
(1992). Native valve endocarditis caused by Staphylococcus simulans Eur. J. Clin.

Microbiol. 11: 268-269.

Jarlov J.O. and N. Hoiby (1998). Coagulase-negative staphylococel in a major
danish university hospital: diversity in antibiotic susceptibility between wards. APMIS

106: 411-416.

Jarvis, W.R. and W.J. Martone (1992). Predominant pathogens in hospital

infections. J. Antimicrob. Chemother, 29(suppl.A): 19-24.

Jeffries, L., M.A. Cawthorne, M. Harris, B. Cook and A.T. Diplock (1969).

Menaquinone determination in the taxonomy of Micrococcaeceae. J. Gen. Microbiol.

54: 365-380.
Jones, R.N.n M.E. Erwin, M.S. Barrett, D.M. Johnson and B.M. Griggs (1991).

Antimicrobial activity of E-1040, a novel thiadiazody! cephalosporin compared with

215



other parenteral cephems. Diagn. Microbiol. Infect. Dis. 14: 301-309.

Kaiser, A.B. (1986). Antinlicrobial prophylaxis in surgery. N. Engl. J. Med. 315

1129-1138.

Kamath, U., C. Singer and H.D. Isenberg (1992). Clinical significance of

Staphylococcus warneri bacteraemia. J. Clin, Microbiol. 30: 261-264.

Karas, E.M. and F.A. Kapral (1962). Virulence and coagulases of Staphylococcus
aureus 1. Sururvival of certain coagulase-negative mutants in the organs of

intravenously infected mice. J. Infect. Dis. 111: 209-214.

Karchmer, A.W., G.L. Archer and W.E. Dismukes (1983). S epidermidis causing

prosthetic valve endocarditis microbiologic and clinical observations as guides to

therapy. Ann. Intern. Med. 98: 447-455.

Kariuki, S.M. and C.A. Hart (1997). Epidemiological aspects of antimicrobial drug

resistance. E. Afr. Med. J. 74: 124-128.

Karthigasu. L.T., R.A. Bowman and D.1. Grove (1986). Vertebral osteomyelitis due

to Staphylococcus warneri. Ann. Rheum. Dis. 45: 1029-1030.

216



Kawamura, Y., X. Hou, F. Sultana, K. Hirose, M. Miyake, S.Shu and T. Ezaki

(1998). Distribution of Staphylococcus among human clinical specimens and amended

description of Staphylococcus caprae. J. clin, Microbiol. 36: 2038-2042.

Kernodle, D.S., N.L. Barg and A.B. Kaiser (1988). Low-level colonization of
hospitalized patients with methicillin-resistant coagulase-negative staphylococci and

emergence of the organism during surgical antimicrobial prophylaxis. Antimicrob.

Agents Chemother. 32: 202-206.

Kesah, C.N., F.T. Ogunsola, M.T. Nicmogha and T. Odugbemi (1997). An in-vitro

study on methicillin and other antimicrobial agents against Staphylococcus aureus.

1994-1996 Nig. Qt. J. Hosp. Med. 7(3): 286-288.

Kirby, W.M.M. (1984). Vancomycin therapy of severe staphylococcal infections. J.

Antimicrob. Chemother. 14(Suppi.): 73-79.

Kolawole, D.0O. (1987). Occurence and possible involvement of coagulase-negative
staphylococci inbacterial infections of hospital patients in Ile-ife, Nigeria. (Paper

presented at the annual conference of the Nigerian Society For Microbiology held at

Jos, 1987).

217



Klebs, E. (1872). Beitrage zur pathologischen Anatomie der Schusswunde, Vogel,

Leipzig, pp 104-122.

Kleeman, K.T., T.L. Bannerman and W.E. Kloos (1993). Species distribution of
coagulase-negative staphylococcal isolates at a community hospital and implications

for selection of staphylococcal identification procedures. J. Clin. Microbiol. 31: 1318-

1321.

Kloos, W.E. (1986). Ecology of human skin, In P.A. Mardh and K.H. Schleifer ed.
Coagulase-negative staphylococci. Almguist and Wiksell International, Stockholm pp.

37-50.

Kloos, W.E. (1990). systematic's and the natural history of staphycolocei 1. J. Appl.

Bacteriol Symp. Suppl. 69: 295-375.

Kloos, W.E. and T.L. Bannerman (1994). Update on clinical significance of

coagulase-negative staphylococci. Clin. Microbiol Rev. 7: 117-140.

Kloos, W.E. and T.L. Bannerman (1995). Staphylococcus and Micrococcus. In P.R.

Murray, E.J. Baron, M.A. Pfaller, F.C. Tenover and R.H. Yolken (ed). Manual of

218



Clinical Microbiology, 6th ed. American Society for Microbiology, Washington, D.C.

p. 282-298.

Kloos, W.E., H.A. Berrkhoff, E. Muller, T.L. Bannerman and D.N. Ballard
(1992). Relationship between cutaneous persistence in natural populations of
coagulase-negative staphylococci and their ability to produce catheter infections,

biofilm and lipo-polysaccharide adhesin. 92nd Gen. Meeting. American Society for

Microbiology, Washington D.C. Abstr. B. 240: 66.

Kloos, W.E. and J.H. Jorgensen (1985). Staphylococci. In: Manual of Clinical
Microbiology, 4th ed. E.H. Lennette, A. Balows, W.J. Hansler, Jr. and H. J. Shadomy

(ed) American Society for Microbiology, Washington D.C. P. 143-153.

Kloos, W.E,, U. Kopp, B.S. Orban and H. Blobel (1979). Apgarose gel

electrophoresis and restriction endonuclease analysis of large Staphylococcus

plasmids. Curr. Microbiol. 2: 333-338.

Kloos, W.E. and D.W. lambe. Jr. (1991). Staphylococcus In: Manual of Clinical
Microbiology. 5th ed A. Balows, W.J. Hansler Jr., K.L.S Herrmann, H.D. Isenberg and

H.J. Shadomy (eds). American Society for Microbiology Washington, D.C. P. 222-

237.

219



Kloos, W.E. and M.S. Musselwhite (1975). Distribution and persistence of
Staphylococeus and Micrococcus species and other aerobic bacteria on human skin.

Appl. Microbiol. 30: 381-395.

Kloos, W.E.,, B.S. Orban and D.D. Walker (1980). Plasmid composition of

Staphylococcus species. Can. J. Microbiol. 27: 271-278.

Kloos, W.E. and K.H. Schelifer (1975). Simplified scheme for routine identification

of human Staphylococcus species. 1. Clin, Microbiol. 1: 82-88.

Kloos, W.E. and K.H. Schleifer (1983): Staphylococcus auricularis sp. nov.: an

inhabitant of the human external ear. Int. J. Syst. Bacteriol. 33: 9-14.

Kloss, W. E., Schleifer, K. H. and W. C. Noble (1975). Estimation of character

parameters in coagulase-negative staphylococcus species p.23-41. Staphylococei and

Staphylococcal Diseases ed. Jeljaszewicz. Proceedings of I1I International Symposium

on Staphylococci and Staphylococcal Infections.

Kloos, W. E. and P. B. Smith (1980). Siaphylococci. In Manual_of Clinical

Microbiology 3rd ed. E. H. Lennette, A. Balows, W. ). Hansler Jr. and J. P. Truant

220



H‘

(ed). American Society For Micro-biology, Washington D.C. p.83-87.

Kloss, W. E., T. G. Tornabene and K. H. Schleifer (1974). Isolation and
characterization of micrococei from human skin including two new species. M. {ylae

and M. kristinae. Intern. J. System Bacteriol. 24: 79-101.

Kluge, R.M., F.M. Calia, J.S. Mclaughlin and R.B. Hornick (1974). Sources of

contamination in open heart surgery. JAMA. 230: 1415-1418.

Knudsen, E.T. and G.N. Rolinson (1960). Absorption and excretion of a new

antibiotic (BRL. 1241). Bri. Med. J. 2: 700-704.
Kocur, M. (1986). Genus | Micrococcus: Genus Il Planococcus: In P.H.A. Sneath,
N.S. NAir, J.G. Holt (eds). Bergey's Manual of Systemic Bacteriology. Baltimore,

Williams and Wilkins. Vol.2. pp. 1004-1008 and 1011-1013.

Kocur, M., T. Bergan and N. Mortensen (1971). DNA base composition of Gram-

positive cocci. J. Gen. Microbiol, 69: 167-183.

Kraus, E.S. and D.A. Spector (1983). Characteristics and sequelae of per tonitis in

221



diabetics and non-diabetics receiving chronic intermittent peritoneal  dialysis.

Medicine. 62: 52-57.

Kristensson, K.G., R.C. Spencer and C.B. Brown (1986). Clinical importance of
production of slime by coagulase-negative staphylococci in chronic ambulatory

peritoneal dialysis. J. Clin. Pathol. 39: 117-1 18.

Lachica, R.V.F. and R.H. Deibel (1969). Detection of nuclease activity in semi-soitd

and broth cultures. Appl. Microbiol. 18: 174-176.

Lam, C.N.,, A.S. McNeish and AAM. Gibson (1969). Nephrotic syndrome
associated with complement deficiency and S. albus bacteraemia. Scot. Med. J. 11: 86-

38.

Lathrop, G.D., R-M. Brockett and L.E. Blouse {1978). Epidemiologic surveillance
for S. epidermidis infections related to cardiopulmonary bypass. Zenttralblatt fur

Bakteriologies, Parasitenkude. Infecktionskrankheiten _and Hygiene 1 Abteilung

Originale A, 241: 108-118.

Lederberg, J. (1952). Cell genetics and hereditary symbiosis. Physiol. Rev. 32: 403-

430.

222



Lee, W., R.J. Carpenter, L.E. Phillips and S. Faro (1987). Pyelonephritis and sepsis

due to Staphylococcus saprophyticus. 1. Infect. Dis. 155: 1079-1080.

Leighton, P.M., and J.A. Little (1986). Identification of coagulase-negative

staphylococci isolated from urinary tract infections. Am. J. Clin. Pathol. 85: 92-95.

Lewin, B. (1987). Genes 3 ed. John Wiley and sons. Inc. New York. P. 11-12.

Lina, B., M. Celard, F. Vandenesch, A. Ribier, J. Delahaye and J. Eticnne (1992).

infective endocarditis due o Staphylococcus capitis. Clin Infect. Dis. 15: 173-174.

Livermore, D.M. (1991). Mechanisms of resistance to Beta-lactam antibiotics. Scand.

J. Infect. Dis. Suppl. 78: 7-16.

Loo, S.Y.T., A.L. Adam and A.G. Scottolini (1984). Presumptive identification of
Staphylococcus  saprophyticus from urine specimens by colony appearance and

coagulase testing and evaluation. Amer. 1. Clin. Path. 81: 647-650.

Louria, B. (1971). The overall problem of superinfection. P. 105-114. In H.C. Neu

(ed). Symposium on changing patterns of Bacterial infections and Antibiotic Therapy.

223



Excerpta Medica. Amsterdam.

Low, D.E., B.K. Schmidt, H.M. Kirpalani, R. Moodie, B. Kreiswirth, A, Matlow
and E.L. Ford-Jones (1992). An endemic strain of Staphylococcus haemolyticus

colonizing and causing bacteraemia in nconatal intensive care unit patients. Pagdiatrics

89: 696-700.

Lowy, F.D. and S.M. Hammer (1983). Staphylococcus epidermidis infection. Ann.

Intern. Med. 99: 834-839.

Ludlam, H. and 1. Phillips (1989). Staphylococcus lugdunensis peritonitis. Lancet.

ii: 1394 (letter).

Maderazo, E.G., S. Judson and H. Pasternack (1988). Late infections of total hip

joint prostheses: a review and recommendations for prevention. Clin. Orthop. 229:

131-142.

Mahhoudeau, L., X. Delabranche, G.Prevost, H. Monteil and Y. Piemont (1997).

Frequency of isolation of Staphylococcus  intermedius  from  humans. J. Clin.

Microbiol. 35: 2153-2154.

2214



Males, B.M., W.R. Bartholomew and D. Amsterdam (1985). Staphylococcus

simulans septicaemia in a patients with chronic osteomyelitis and pyoarthrosis. 1. Clin.
Microbiol. 21: 255-257.
Males, B.M., W.A. Rogers and J.T. Parisi (1975). Virulence factors of biotypes of

Staphylococcus epidermidis from clinical sources. J. Clin. Microbiol. 1: 256-201.

Marple, P.A.C., J.M.T. Hamilton-Miller and W. Brumfit (1989). World-wide
antibiotic resistance in methicillin-resistant Stuphylococens aurens. Laneet, 1o 537-

540.

Marples R. R. (1981). Taxomomic studies of staphylococci and micrococci. In:
Staphylococci and staphylococcal infections. J. Jelijaszewicz. (ed). Zb1-Bakt. Suppl.

10 Gustav Fischer Verlag. Gmbh and Co. Stuttgart. W. Germany. P. 9-13.

Marples, R.R. (1986). Laboratory assessment in the epidemiology of infections

caused by coagulase-negative staphylococei. J. Med. Micrgbiol. 22: 285-287.

Marples, R.R. and J.F. Richardson (1981). In jeliasewics J. (ed): Staphylococci and
Staphylococcal infections. Zentrabl Bakieriol. Suppl. 10. Gustav Fischer, Stuttgart.

New York. P. 175-177.

225



Marrie, T.J.,, C. Kwan, M.A. Noble, A. West and L. Dufficld (1982).

Staphylococcus saprophyticus as a cause of urinary tract infections. J. Clin. Microbiol.

16: 427-431.

Marsik, F.J. and S. Brake (1982). Species identification and susceptibility to 17
antibiotics of coagulase-negative staphylococci isolated from clinical specimens. J.

Clin. Microbiol. 15: 640-645.

Martin, M.A., M.A. Pfaller and R.P. Wenzel (1989). Coagulase-negative

staphylococcal bacteraemia. Ann. Intern. Med. ] 10: 9-16.

McAllister, T.A., H. Mocan, A.Y. Murph and T.J. Beattie (1987). Antiobiotic

susceptibility of Staphylococei from CAPD peritonitis in children. ). Antimicrob.

Chemother. 19: 95-100.

MecCracken, G.H. Jr. and H.R. Shinefield 1 (1966). Changes in the patterns of

neonatal septicaemia and meningitis. Am. I. Dis. Child. 112:33-39.

Menzies, R.E. (1977). Comparison of coagulase, deoxyribonuclease (DNAse) and

heat-stable nuclease tests for identification of Staphylococcus aureus. . Clin. Path. 30:

226



606-608.

Mickelsen, P. A., J. J. Plorde, K. P. Gordon, C. Hargis, J. Meclure, F. D,
Schoenknecht, F. Condie, F. C. Tenover and L. S. Tompkins (1985). Instability of
antibiotic resistance strain of S. epidermidis isolated from an outbreak of prosthetic

valve endocarditis. J. Infect. Dis. 152 50-58.

Mitchell, R.G. (1968). Classification of Staphylococcus albus strains isolated from

urinary tract. J. Clin. Path. 21: 93-96.

Moellering, K.C. (1993). Mceling the challenges of Beta-lactamases. J. Antimicrob.

Chemother. 31(Suppl. A): 1-8.

Moller, J.K. (1988). Observations on multiple drug resistance in coagulase-negative

staphylococci isolated in hospitals from 1975-1985. ). Hosp. Infect, 11(1): 26-35.

Morris, 1. M., P.C. Mattingly, and B.E. Gostelow (1986). Coagulasc-negative

staphylococcus as a cause of joint infection. Br. J, Rheum. 25: 414-415.

Morrison, S. J., T. G. Tornabene and W. E. Kloss (1971). Neutral lipids in the

study of relaitonships of members of the family Micrococcaceae. 1. Bacteriol, 108:

227



353-338.

Mulhausen, P.L., L.J. Harrell, M. Weinberger, G.G. Kochersherger and J.R.
Feussner (1996). Contrasting methicillin-resistant Staphylococcus aureus colonization

in Veterans affairs and community nursing homes. Am. J. Med. 100: 24-27.

Narayani, T., V. Naseema, R.N. Bhattacharya, R.G. Shyam Krishnan and J.

Shanmugan (1990). Prevalence of coagulase-ncgative staphylococcus species among

hospital personnel and surgical patients. Ind. J. Pathol. Microbiel. 33(3): 258-262.

National Committee fof Clinical Laboratory Standards (NCCLS) (1993a).

Antimicrobial Susceptibility Testing Performance Standards for antimicrobial disc

susceptibility tests. NCCLS Document M2-AS, Villanova, Pa.

National Committee for Clinical Laboratory Standards (NCCLS) (1993b).
Antimicrobial susceptibility testing. methods for diluting antimicrobia! susceptibility

tests for bacteria that grow aerobically. NCCLS Document M7- A3, Villanova, Pa.

Naylor, H.B. and E. Burgi (1956). Observations on abortive infection of

Micrococcus lysodeikiicus with bacteriophage. Virology. 2:577-593.

228



T St

Needham, C.A. and W. Stempsey (1984). Incidence, adherence and antibiotic

resistance of coagulase-negative staphylococcus species causing human disease.

Diagnostic Microbiol. Infect. Dis. 2: 293-299.

Nickel, J.C. and J.W. Costerton (1992). Coagulase-negative staphylococci in chronic

prostatitis. J. Urol. 147: 398-401.

Noel, G.L. and P.J. Edelson (1984). Staphylococcus epidermidis bacteraemia in

neonates. Further observations and occurence of focal infections. Paediatrics. 74: 832-

837.

Noble, W.C. and D.A. Somerville (1974). Microbial inhabitants of the skin. In:

Microbiology of Human Skin. Vol.2 W.B. Saunders Company Ltd London. P. 79-121.

Novick, R.P., S. Cohen, L. Yamamote and J.A. Shapiro (1977). Bacterial plasmids
of Staphylococcus aurcus. In: DNA Insertion Elements, Plasmids and Episomes.
Bukhar, AL, J.A. Shapiro and S. Adhya eds. Appendix B. Cold spring Harbor, New

York. P. 657-663.

O'Brien, T.F. (1997). The global epidemic nature of antimicrobial resistance and the

need to monitor and manage it locally. Clin. Infect. Dis. 24(Suppl. 1): 52-58.

229



O'Callaghan, C.H., A. Morris, S.M. Kirby and A.H. Shingler (1972). Novel
method for detection of Beta-lactamases using a chromogenic cephalosporin sustrate.

Antimicrob. Agents Chemother. 1: 283-288.

Odio, C., G.H. McCracken (Jr.) and J.D. Nelson (1984). Cerebrospinal fluid shunt

infections in paediatrics: a seven year experience. Am. J. Dis. Child. 138: 1103-1108.

Odugbemi, T. (1981). The use and abuse of antibiotics. Nig. Med. Pract. 1(1): 5-8.

Odugbemi, T., S. Hafiz and M.G. McEnteggart (1977). Penicillinase-producing

Neisseria gonorrhoea. Detection by Starch paper technique. Br. Med. 1. 2: 500.

Odugbemi, T., T. Animshaun, K. Kesah and 0. Oduyebo (1995). Une ctude de la
sensibilite antimicrobienne in vitro d'isolats bacteriens cliniques a Lagos un Nigeria.

Medicine digest. Beta-lactamase survey. African Team. Vol. xxi (Suppl. 4): 39-54.

Oeding, P. (1967). Antigenic studies on Micrococcus strains. Acta pathol. Microbiol.

Scand. 70: 120-128.

Oeding, P. and A. Diagranes (1977). Classification of coagulase-negative

230



staphylococci in diagnostic laboratory. Acta Path. Microbiol. Scand.b Sect-B. §3: 138-

142.

Ogston, A. (1880). Uber Abscesse. Arch. Klin. Chir. 25: 588-600.

Ogston, A. (1882). Micrococcus poisoning. J. Anat. (London). 17: 24-58.

Olukoya, D.K., J.O. Asielue, N.A. Olasupo and J.K. lkea (1994). Plasmid profiles
and antibiotic susceptibility patterns of Staphylococcus aureus isolates from Nigeria.

Afr. J. Med. Sci. 24:135-139.

Olukoya. D.K., O. Daini, S.A. Alabi, A.O. Coker, T. Odugbemi and E.O.
Akinrimsi (1988). Antimicrobial resistance patterns and plasmids of enteropathogenic

Escherichia coli isolated in Nigeria. Eur. J. Epidemiol. 4:306-309.

Olusanya, 0., D.M. Olanrewaju, O.B. Ogunforowa and M. Laditan (1991).

Neonatal septicaemia at the Ogun State University Teaching hospital, Shagamu. Nig,

Med. Pract, 22: 39-42,

Oyedeji K.S., and G.O. Babalola (1999). An epidemiological survey of

conjunctivitis caused by bacteria in neonates in He-Ife. Nig. Ot. J. Hosp. Med. (In

231



press).

Pal, N. and Ayyagari, A (1989). Specics identification and methicillin resistance of

coagulase-negative staphylococci from clinical specimens. Ind. J. Med. Res. 89: 300-

305.

Paley, D., C.F. Moscley, P. Armstrong and C.G. Prober (1986). Primary

osteomyelitis caused by coagulase-negative staphylococei. J. Pediatr. Orthop. 6: 622-

626.

Parisi, J.T. (1985). Coagulase-negative staphylococci and the epidemiological typing

of Staphylococcus epidermidis. Microbiol. Rev. 49: 126-127.

Parisi, J.T. (1986). Epidemiological markers in Staphylococcus epidermidis infections
In: Microbiology. Leive, L. (ed.). American Society for Microbiology, Washington,

D.C. P. 139-144.

Parisi, J.T., B.C. Lampson, D.L. Hoover and J.A. Khan (1986). Comparison of

epidemiologic markers for Staphylococcus epidermidis. J. Clin. Microbiol. 24: 56-60.

Parisi, J.T. and D.W. Hecht (1980). Plasmid profiles in epidemiologic studies of

232



infections by Staphylococcus epidermidis. 1. Intect. Dis. 141: 637-643.

Parker, M.T. (1981). Infections and Colonization by the other staphylococct. In:
Alexander McDonald and George Smith, Ed. The Staphylococci: Proccedings of the
Alexander Ogston Centennial Conference. Uber Aberdeen, Aberdeen Univ. Press. P.

156-174.

Passet (1885). Untersuchungen uber die Aetiologie der peiterigen hlegmone des

Menschen. In: System der Bakterien (Migula 1900). Academy of Science, Paris. P.

147.

Pasteur, L. (1880). De I'extension de la theorie des germes a' I'etiologie de queques

maladies. Communes Compt. rend. 90: 1033-1044.

Patrick, C.C. (1990). Coagulase-negative staphylococci: pathogens with increasing

clinical significance. J. pediatr. 116: 497-507.

Patrick, C.C., L. S. L. Kaplan, C.J). Baker, J.T. Parisi and E.O. Mason (1989).
Persistent bacteraemia due to coagulase-negative staphylococci in low birth weight

neonates. Pediaty. 84: 977-985.

Pead, L., J. Crump and R. Maskell (1977). Staphylococci as urinary pathogens. J.

233



Clin. Pathol. 30: 427-431.

Pelzer, K., G. Pulverer, J. Jeliaszewics and J. Pillich (1973). Modifications of

Baird-Parker classification system of Staphylococcus albus Med. Microbiol. Immunol.

158: 249-257.

Pereira, A.t. and J.A.G. MecloCristino (1991). Phage typing of Staphyviococcus

saprophyticus. Epidemiol. Infect. 107: 557-563.

Peters, G (1986). Adherence of Staphylococcus epidermidis to plastic devices. J. Med.

Microbiol. 22: 289-291.

Peters, G., R. Locci and G. Pulverer (1982). Adherence and growth of coagulase-
negative staphylococci on surfaces of intraveous catheters. J. Infect. Dis. 146: 479-

482.

Peters, G. and G. Pulverer (1984). Pathogenesis and management of Staphylococcus

epidermidis, 'plastic' foreign body infections. J. Antimicrob. Chemother. 14: suppl. D.

67-71.

Peterson, P.K., G. Matzke and W. F. Keane (1987). Current concepts in the

234



management of peritonitis in patients undergoing continuous ambulatory peritoneal

dialysis. Rev. Infect. Dis. 9: 604-612.
Pfaller, M.A. (1992). Molecular epidemiologic typing of nosocomial pathogens.

Hoechst Clin. Microbiol. Updates 4:1-7.

Paller, M.A. and L.A. Herwaldt (1988). Laboratory, clinical and epidemiological

aspects of coagulase-negative staphylococci. Clin. Microbiol. Rev. 1: 281-299.

Pfaller, M.A. and R.T. Hollis (1989). Use of plasmid profiles and restriction
endonuclease analysis of plasmid DNA as epidemiologic and diagnostic tools in the

clinical microbiology laboratory. Clin. Microbiol. Newsl. 11: 137-142.

Phillipon, A., A. Labia and G.A. Jacoby (1989). Extended-spectrum beta-

lactamases. Antimicrob. Agents Chemother. 33: 1131-1135.

Pierre, J., R. Williamson, M. Bornet and L. Gutmann (1990). Presence of an
additional  penicillin-binding  protein  in  methicillin-resistant Staphylococcus
epidermidis,  Staphylococcus  huemolyticus,  Staphylococcus Hominis  and
Staphylococcus simulans with a low affinity for methicillin, cephalothin and

cefamandole. Antimicrob. Agents Chemother. 34: 1691-1694.

235



Ponce de leon, S., S.H. Guenther and R.P. Wenzel (1986). Microbiologic studies of

coagulase-negative staphylococci isolated from patient with nosocomial bacteraemias.

J. Hosp. Infect. 7: 121-129.

Powell, M. and P. J. Sanderson (1987). Resistant coagulase-negative staphylococei

in hospital patients. J. {losp. lnlect. 90 48-53.

Prag, J., E. Kjoller and F. Esperen (1995). S. mucilaginosus endocarditis. Eur. J,

Clin. Microbiol. 4: 422-424.

Pulverer, G. (1985). On the pathogenicity of coagulase staphylococei. In J.
jeljaszewics (ed). The Staphylococci: Proceedings of 'V International Symposium on

staphylococci and staphylococcal infections. Gustav Fischer Verlag Stuttgard

Germany. P. 1-9.

Pulverer, G. and R. Halswick (1967). Coagulase-negative staphylococci

(Staphylococcus albus) als krankheitserreger. Disch. Med. Wochenschr. 92: 1141-

1145.

Pulverer, G., J. Pillich and M. Krivankova (1973). Differentiation of coapulase-

negative staphylococei by bacteriophage typing. In Jeljaszewics (ed) Staphylococci

236



and Staphylococcal infections. S. Karger Basel. p. 503-508.

Quin, E.L., F. Cox and M. Fischer {1965). The problem of associating coagulase-

negative staphylococci with disease. Ann. N.Y. Acad, Sci. 128: 428-442.

Quintiliani, R. Jr. and P. Courvalin (1995). Mechanisms of resistance. In: P.R.
Murray, E.J. Baron, M.A. Pfaller, F.C. Tenover and R.H. Yolken (ed). Manual of

Clinical Microbiology, 6" ed. American Society for Microbiology, Washington D.C.

P. 1308-1326.

Rahn, O. (1929). Contributions to the classification of bacteria. IV Intermediate

forms Zentr. Bakteriol. Parasitenk Abt 11 78: 8-11.

Ray-Poirier, K. and C.C. Patrick (1993). Cervical adenitis caused by Staphylococcus

epidermidis J. Clin Microbiol. 31: 426-427.

Recklinghausen, N.D. von 1871. Quoted by W.von Lingelsheim 1900. Aetiologie

und Therapie der Staphylokokei infectionen, Urban and Schwarzenberg, Berlin.

Reynolds, P.E. (1988). The essential nature of staphylococcal penicillin-binding

proteins. In: P. Actor, L. Daneo-Moore, M.L. Higgins, M.R. Salton and G.D.

237



Shockman (ed). Antibiotic Inhibition of Bacterial Cell Surface Assembly and

Function. American Society For Microbiology. Washington D.C.

Richardson, J.V., R.B. Karp, J.W, Kirkin and W.E Dismukes (1978). Treatment of

infective endocarditis: a 10-year comparative analysis. Circulation. 58: 589-597.

Richardson, J.F. and R.R. Marples (1982). Changing resistance to antimicrobial
drugs and resistance typing in clinically-significant strains of Staphylococcus

epidermidis. J. Med. Microbiol. 15: 454-484.

Rosdahl, V.T., B. Gahrn-Hanscn, J.K. Moller and P. Kjaeldgaard (1990). Phage

typing of coagulase-negative staphylococci. Acta Pathol. Microbiol. Immunol. Scand.

98: 299-304.

Rosenbach (1884). Mikroorganismem bei den Wundinfection skia Kheiten des

Menschen. J. F. Bergmann, Wiesbaden.

Rosenblatt, J.E. and A.M. Neuman (1978). A rapid slide test for penicillinase. Am.

J. Clin. Pathol. 69: 351-354.

Rotimi, V.0., O.A. Orebamjo, T.O. Banjo, P.I. Oyenefa and R.N. Nwobu (1987).

238



Occurrence and  antibiotic  susceptibility profiles of methicillin-resistant

Staphylococcus aureus in Lagos University Teaching Hospital. Cent. Afr. J. Med. 33:

95-99.

Rubin, J., W.A. Rogers, H.M. Taylor, E.D. Everctt, B.F. Prowant, L.V. Fruto and
K.D. Nolph (1980). Peritonitis during continous ambulatory peritoneal dialysis. Ann.

Intern. Med. 92: 7-13.

Ruoff, K.L. (1995). Leuconostoc, Pediococcus, Stomatococcus and miscellaneous
gram-positive cocei that grow aerobically. In: P.R. Murray, E.J. Baron, M.A. Pfaller,
F.C. Tenover and R.H. Yolken (ed.) Manual of clinical microbiology. 6th ed.

American Sociely of Microbiology, Washington D.C. P. 315-323.

Ryffel,C., W. Tesch, L. Birch-Machin, P.E. Reynolds, L. Barberis-Maino, F.H.
Kayser and B. Berger-bachi (1990). Sequence comparison of mec A genes isolated
from methicillin-resistant Staphylococcus aureus and Staphylococcus epidermidis.

Gene. 94: 137-138.

Sapira, J.D. (1968). The narcotic addict as a medicat patient. Am. J. med. 45: 555-

588.

239



Sattler, F.R., J.B. Foderaro and R.C. Aber (1984). Staphylococcus epidermidis
bacteraemia associatd with vascular catheter: an important cause of febrile morbidity

in hospitalized patients. Infect. Control. é-: 279-284.

Schaberg, D.R., D. H. Culver and R.P. Gaynes (1991). Major trends in the

microbial etiology of nosocomial infection. Am. I. Med. 91 (suppl 3B): 72-75.

Scaberg, D.R. and M.J. Zervos (1986). intergenic and interspecies gene exchange in

gram-positive cocci. Antimicrob. Agents Chemother. 30: 8§17-822.

Schieifer, K.H. (1986). Taxonomy of coagulase-negative staphylococci. in P.A.
Mardh and K.M. Schleifer (ed). Coagulase-negative staphylococci. Almqgvist and

International, Stockholm. p. 11-26.

Schiecifer, K. H. and O. Kandler (1972). Peptidoglycan types of bacterial cellwalls

and their taxonomic implications. Bacteriol. Rev. 36: 407-477.

Schleifer, K.H. and W.E. Kloos (1975). A simple test system for the separation of

staphylococci from micrococei. J. Clin. Migrobiol. 1: 337-338.

Schleifer, K. H. and W, E. Kloss (1975). Isolation and characterization of

staphylococci from human skin.  Amended descriptions of S. epidermidis and S

240



saprophyticus and description of 3 new species: S. cohnii, S. haemolyticus and S.

xylosus. Int. J. Syst. Bacteriol. 25: 50-61.

Schleifer, K.H, and R.M. Kroppenstedt (1990). Chemical and molecular

classification of staphylococci. J. Appl. Bacteriol. Symp. Suppl. 19: 9S-24S.

Schoenbaum, S.C., P. Gardner and J. Shillito (1975). Infection of cerebrospinal
fluid shunts: epidemiology, clinical manifestation and therapy. J. Infect. Dis. 151: 543-

552.

Schumacher-Perdreau, F. (1991). Clinical significance and laboratory diagnosis of

coagulase-negative staphylococci. clin. Microbiol. Newsi. 13: 97-101.

Schwalbe, R.S., W.1. Ritz, P.R. Verms, E.A. Barranco and P.H. Gilligan (1990).
Selection of vancomycin resistance in clinical isolates of Staphylococcus

haemaolyticus. ). Infect. Dis. 161: 45-51.

Schwalbe, R.S., J.T. Staphleton and P.H. Gilligan (1987). Emergence of
vancomycin resistance in coagulase-negative staphylococci. N. Engl. J. Med. 316:

927-931.

241



Sellin, M.A., D.I. Cooke, W.a. Gillespie, D.G.H. Sylvester and J.D. Anderson

(1975). Micrococcal urinary tract infection in young women. Lancet. 2: 570,

Sewell, C.M., J.E. Clarridge, E.J. Young, R.K. Guthric (1982). Clinical

significance of coagulase-negative staphylococci. J. Clin. Microbigl. 16: 236-239.

Shuttieworth, R., and W.D1. Colby (1992). Staphylococcus lugdunensis endocarditis.

J. Clin. Microbiol. 30: 1948-1952.

Smith, LM., P.D. Becals, K.R. Kingsbury and N.F. Hasenclever (1958).

Observations on Staphyiococcus albus septicaemia in mice and men. Arch. Intern.

Med. 102: 375-388.

Souvenir, D., D.E. Anderson (Jr.), S. Palpant, H. Mirock, S. Askin, J. Anderson,
J. Claridge, J. Eiland, C. Malone, M.W. Garrison, P. Watson and D.M. Campbell

(1998). Blood cultures positive for coagulase-negative staphylococct: Antisepsis

Pseudobacteraemia and therapy for paticnts. J. Clin. Microbiol. 36: 1923-1926.

Spanik, S., J. Trupl, A. Kunova, M, Studena, P. Pichna, E. Oravcova, E. Grey, P.
Koren, J. Svec, J. Lacka, J. Sufliarsky and V. Kremery (1997). Risk factors,
aetiology therapy and outcome in 123 episodes of breakthrough bacteraemia and

fungaemia during antimicrobial prophylaxis and therapy in cancer patients. J. Med.

242



Microbiol. 46: 517-523.

Stackebrandt, E., C. Koch, O. Gvozdiak and P. Schumann (1995). Taxonomic
dissection of the genus Micrococcus: kocuria gen. nov., Nesterenkonia gen. nov.,
Dermacoccus gen. nov., and Micrococcus Cohn 1872, gen. emend. Int._J. Syst.

Bacteriol. 45: 682-692.

Stout, R.D., K.P. Ferguson, Y. Li and D.W. Lambe, Jr. (1992). Siaphylococcal
exopolysaccharides inhibit lymphocyte proliferative responses by activation of

monocyte prostaglandin production. Infect. iImmun. 60: 922-927.

Stratton, C.W,, M.S. Gelfand, J.L. Gerberding and H.F. Chambers (1990).
Characterization of mechanisms of resistance 1o b-lactam antibiotics in methicillin-

resistant strains of Staphylococcus saprophyticus. Antimicrob. Agents Chemother. 34:

1780-1782.

Subcommitteec on Taxonomy of Staphylococci and Micrococei (1965).

Recommendations. Int. Bull Bacteriol. Nomencl. Taxon, 15: 109-110.

Subcommittee on the Taxonomy of Staphylococei and Micrococei (1976).

Appendix 1. Identification of Stphylococci. Int. J. Syst. Bacteriol 26: 332-334.

243



Suzuki, E., K. Hiramatsu and T. Yokota (1992). Survey of methicillin-resistant

clinical strains of coagulase-negative staphylococci for mec A gene distribution.

Antimicrob. Agents Chemother. 36: 429-434.

Swartz, M.N. (1994). Hospital-acquired infections: disease with increasing limited

therapies. Pract. Natl. Acad. Sci. USA. 91(7): 2420-2427.

Sykes, R.B. (1981). Methods for detecting beta-lactamases. In: D.S. Reeves, 1. Philips,

J.D. Williams, R. Wise. (ed). Churchhill Livingstone. P. 64-69.

Takahashi, S. and Y. Nagano (1984). Rapid procedure for isolation of plasmid DNA

and application to Epidemiological analysis. J. Clin. Microbiol. 20: 608-613.

Tierno, P.M. Jr., and G. Stotzky (1978). Serologic typing of Staphylococcus

epidermidis biotype 4. 1. Infect. Dis. 137: 514-523.

Thatcher, F. S. and W. Simon (1957). Some physiological and toxigenic properties

of members of the Micrococcus in relation to taxonomy. Intern. Bull. Bacteriol.

Nomen. Tax, 7: 21-36.

244



Thomson-Carter, F.M.,, P.E. Carter and T.H. Pennington (1989). Differentiation of
staphylococcal species and strains by ribosomal RNA gene restriction patterns. J. Gen.,

Microbiol. 135: 2093-2097.

Thomson, K.S., C.C. Sanders and M.E. Hayden (1991). /n-vitro studies with five
quinolones: evidence for changes in relative potency as quinolones resistance rises.

Antimicrob. Apents Chemother. 33: 2329-2334.

Tojo, M. N. Yamashita, D.A. Goldmannr and G.B. Pier (1988). Isolation and
characterisation of polysaccharide adhesion from Staphvlococcus epidermidis. J.

Infect. Dis. 157: 713-730.

Tompkins, L.S. (1985). DNA methods in clinical microbiology. In: Manual of
Clinical Microbiology 4th ed. E.H. Lennette, A. Balows, W.J. Hausler, Jr. and H.J.
Shadomy (ed.) American Socicty for Microbiology. Washington D.C. p. 1023-1028.

Tu, K.K., J.K. Jorgensen and C.W. Stratton (1981). A rapid paper disc test for

penicitlinase. Am. J. Clin. Pathol. 75: 557-559.

Udo, S.M,, F.I. Ita and R. Doma Egba (1997). Slime production, antimicrobial
resistance and Beta-lactamase activities of clinically significant coagulase-negative

staphylococci. Nig. Ot. J. Hosp. Med. Vol 7(4): 342-344.

245



Ubukata, K., R. Nonoguchi, M.D. Song, M. Matsuhashi and M. Konno (1990).
Homology of mec A gene in methicillin-resistant Staphylococcus haemolyticus and

Staphylococcus simulans 1o that of Staphyiococcus aurews. Antimicrob. Agents

Chemothr, 34: 170-172.

Valles, J., C. Leon, and F. Alvarcz-Lerma (1997). Nosoconnal bacteraemia in
critically ill patients: a multicenter study evaluation, epidemiology and prognosis. Clin.

Infect. Dis. 24(3): 387-395.

Van Boven, C.P.A,, J. Verhoef and K. C. Winkler (1969). Bacteriophage typing of

coagulase-negative staphylococci Antomie van Leeuwenhoek. J. Microbiol Serol. 35:

232.

Van Eseltine, W. P. (1955). On the nadvisability of separating the genera

Micrococcus and Staphylococcus. Intern. Bull Bacteriol. Nomen. Tax. 5: 53-60.

Varaldo, P.E., F. Biavasco and S. Valisena (1982). Production of inhibitors of Iytic

activity in the Micrococcaceue. 1. Gen. Microbiol. 128: 327-334.

Varaldo, P.E., P. Cipriani, A. Foca, C. Geraci, A. Giordano, M.A. Madecddu, A.

246



Orsi, R. Pompei et al. (1984). Identification, clinical distribution and susceptibility to
methicillin and 18 additional antibiotics of clinical Sraphylococcus 1solates:

nationwide investigation in Italy. J. Clin. Microbio]. 19: 838-843.

Vijayalaskshmi, N., L.N. Mohapatra and R.A. Bhujwala (1980). Biological
characters and antimicrobial sensitivity of Staphyiococcus epidermidis isolated from

human source. Indian J. Med. Res. 72: 16-22.

Wachsmuth, K.(1986). Molecular epidemiology of bacterial infections: examples of

methodology and investigations of outbreaks. Rev. Infect. Dis. 8: 682-692.

Wade, J.C. S.C. Schimpft, K.A. Newman and P.H. Wiernik (1982).
Staphylococcus epidermidis: an increasing cause of infection in patients with

granulocytopenia. Ann. intern. Med. 97: 503-508.

Waldvoggel, F.A., G. Medoff and M.N. Swartz (1970). Osteomyelitis: a review of

clinical features, therapeutic considerations and unusual aspects. N. Engl. J. Med. 282:

260-266.

Wallmark, G.1., 1. Anemark and B. Telander (1978). Staphylococcus saprophyticus

a frequent cause of urinary tract infections among female out-patients. 1. Infect. Dis.

247



13

o0

: 791-797.

Wedren, H. (1987). On chronic prostatitis with special studies of Staphylococcus

epidermidis. Scand. J. Urol. Nephrol. Suppl. 123: 1-36.

Weinstein, M.P., M.L. Towns, S.M. Quartey, S. Mirret, L.G. Reimer, G.
Parmigiani and L.B. Reller (1997). The clinical importance of positive blood

cultures in the 1990's: a prospective comprehensive evaluation of the microbiology,

epidemiology and outcome of bacteracmia and fungaemia in adults. Clin, Infect. Dis,

24: 582-602.

Weinstein, M.P., S. Mirrett, L.V. Pelt, M. Mckinnon, B.l. Zimmer, N.E. Kloos
and L.B. Reller (1998). Clinical importance of identifying coagulase-negative
staphylococci isolated from blood cultures; Evaluation of MicroScan rapid and dried
overnight gram-positive pancls versus a conventional reference method. J. Chin,

Microbiol. 36: 2089-2092.

Welch, D. (1991). Application of cellular fatty acid analysis. Clin. Microbiol. Rev. 4:

422-438.

West, T.C., J.J. Ealshe, C.P. Krol and D. Amsterdam (1986). Staphylococcal

248



peritonitis in patients on continuous peritoneal dialysis. 1. Clin. Microbiol. 23: 809-

812
WHO (1992). The use of essential drugs. Fifth report of the WHO Expert Committee.

Geneva., World Health Organmisation. (WHO Technical Rport Series. no. 832).

Wicdemann, N., C. Kliche and M. Kresben (1989). The epidemiology of beta-

lactamases. J. Antimicrob, Chemother. 24(Suppl. B): 1-22.

Wilcox, M.H., M. Hussain, Faulkner, P.J. White and R.C. Spencer (1991). Siime

production and adherence by coagulase-negative staphylococci. J. Hosp. Infect. 18:

327-331.

Wilson, T.S. and R.D. Stuart (1965). Siaphylococcus albus in wound infection and

in septicaemia. Can. Med. Assoc. J. 93:8-16.

Wilton, J., K. Jung, 1. Vedin, B. Aronsson and J.1. Fleck (1992). Comparative
evaluation of a new molecular method for typing Sraphylococcus epidermidis. Eur, J.

Clin. Microbiol. Infect. Dis. 11: 515-521.,

Winslow, C.E.A. and A. F. Rogers (1906). A statistical study of generic characters

in the Coccaceae. J. Infect. Dis. 3: 485-546.

249



Winslow, C.E.A. and W. Rothberg and E. L. Parsons (1920). Notes on the

classification of the white and orange staphylococci. J. Bacteriol. 5: 145-168.

Winslow, C.E.A. and A.R. Winslow (1908). The systemic relationships of the

Coccaceae. John Wiley, New York.

Winston, D.J., D.V. Dudnick, M. Chapin, W.G. Ho, R.P. Gale and W.J.
Martin (1983). Coagulase-negative staphylococcal bacteraemia in patients receiving

immunosuppressive therapy. Arch. Intern. Med. 143: 32-36.

Wolff, M.J. (1993). Use and misuse of antibiotics in Latin America. Clin, Infect. Dis.

17(Suppl. 2): 5346-5351.
Wood, C.A., D.L. Sewell and L.J. Strausbaugh (1989). Veriebral osteomyelitis and

native valve endocarditis caused by Staphylococcus warneri. Diagn. Microbiol. Infect.

Dis. 12: 261-263.

Woods, G.L., G.S. Hall, 1. Rutherford, K.J. Pratt, and C.C. Knapp (1986).

Detection of methicillin-resistant Staphylococcus epidermidis. ). Clin, Microbiol. 24:

349-352.

250



Woods, G.L. and J.A. Washington (1995). Antibacterial Susceptibility Tests:
Dilution and disk diffusion methods. In: P.R. Murray, E.J. Baron, M.A. Pfaller, F.C.

Tenover and R.H. Yolken (ed). manual of Clinical Microbiology, 6™ (ed). American

Society for Microbiology, Washington D.C. P. 1327-1341.

Younger, J.J., G.D. Christensen, D.L. Bartley, J.C.H. Simmons and F.F. Barrett
(1987). Coagulase-negative staphylococei isolated from cerebrospinal  shunts:
importance of slime production, species identification and shunt removal to clinical

outcome. J. Infect. Dis. 156: 548-554.

Zeirdt, C.H. and D.W. Golde (1970). Deoxyribonuclease-positive Staphylococcus

epidermidis strains. Applied Microbiol. 20: 54-57.

251



APPENDICES

APPENDIX ONE

PROCEDURES USED FOR SOME BIOCHEMICAL TESTS CARRIED OUT

DURING THE STUDY

MEDIA USED

The following media used for the study were prepared according to the manufacturer's or
author's instructions. All media were sterilised by autoclaving at 121°C for 15 minutes,

cooled to 50°C and poured aseptically into sterile petri dishes or final containers and stored

at 4°C except where otherwise stated.

1) P agar (Naylor and Burgi, 1956)

Peptone - 10.0g
Yeast extract - 5.0g
Sodium chloride - 5.0g
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Glucose - 1.0g

Agar - 15.0g
Distilled walter - 1 litre
pH 7.4

2) PSHEEP BLOOD AGAR

Same as in No. 1 P - agar was cooled to 45-50°C, 5% sheep blood added to it, mixed
with gentle rotation and poured into sterile petri dishes. One plate was incubated at

37°C to ascertain purity.

3) NUTRIENT BROTH (OXOID)

Lab-Lemco Powder (Oxoid L37) - 1.0g
Yeast Extract Powder (Oxoid L37) - 2.0g
Peptone (Oxoid L37) . 5.0g
Sodium chloride - 5.0g
Distilled water - 1 litre. i
pH 74 '
4) NUTRIENT AGAR (0XO0ID)
I;ab-Lemco Powder (Ox0id L37) - 1.0g
Yeast Extract Powder (Oxoid L37) - 2.0g
Peptone (Oxoid L37) - 5.0g

Sodium chloride - 5.0g
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3)

6)

Agar
Distilled water

pH 7.4

15.0g

1 litre.

PHOSPHATE-BUFFERED SALINE (OXOID)

Sodium chloride

Potassium chloride

Disodium hydrogen phosphate
Potassium dihydrogen phosphate
Distilled water

pH 7.3 approx

MacCONKEY AGAR (BIOTEC)
Selected Peptone mixture

Sodium chloride

Neutral red

Lactose

Bile salts

~ AgarNo. 2

bistil]ed water

pH 7.4
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8.0g
0.2g
1.15g
0.2g

1 litre,

15.0g

0.05g

10.0g

12.0g

1 litre.



7N

8)

9

BLOOD AGAR BASE (0OXOID)

Proteose peptone -
Liver digest .
Yeast extract -
Sodium chloride -
Agar -

Distilled water -

BLOOD AGAR

The blood base was cooled to 45-500C, 10% human blood added to it, mixed with

gentle rotation and poured into sterile petri dishes. One plate was incubated at 370C

to ascertain purity.

MANNITOL SALT AGAR (0XOID)
Lab-Lemco powder -
Peptone -
Mannitol -
Sodium chloride -
Phenol red -
Agar -
Distilled water -

pH 7.5 approx.
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15.0

5.0g
5.0g
12.0g

1 litre

1.0g

110.0g

10.0g
74.0g
0.025g
15.0g

1 litre



10) TROPTONE SOYA AGAR (TSA) OXOID

Tryptone - 15.0g
Soya peptone - 5.0g
Sodium chloride - 5.0g
Agar - 15.0g
Distilled water - 1 litre
pH 7.4

11) MUELLER-HINTON BROTH (OXOID)

Beef dehydrated infusion - 6.0g
Casein hydrolysate - 17.5g
Starch - 1.5g
Distilled water - 1 litre
i)H 7.4

i

12) MUELLER—HINTON AGAR (OXOID)

_l}ecf dehydrated infusion - 6.0g
;Casein hydrolysate - 17.5g
Starch K
:Agar - 10.0g
Distilled water - 1 litre
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13) PHYSIOLOGICAL SALINE

14)

15)

16)

Sodium chloride - 8.5g

Distilled water - 1 litre.

PHENOLPHTHALEiN PHOSPHATE AGAR.

Phenoiphthalein diphosphate, sodium salt 1% aqueous solution Sterilze by filtration
and store at 40C

Phenolphtalein phosphate solution - 10ml

Nutrient agar - 1000ml

The nutrient agar was melted and cooled to 45-50°C.

Phenolphthalein phosphate solution was added aseptically, mixed and distributed

into petri dishes.

NITRATE BROTH (DIFCOQ).

Beef Extract . 3.0g
Peptone - 5.0g
Potassium nitrate - 1.0g
Distilied water - 1 litre,

THIOGLYCOLLATE MEDIUM BROTH (OXOID).
Lab-Lemco (L29) - 1.0g

Yeast extract - 2.0g
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Peptone - 5.0g

Dextrose - 5.0g
Sodium chloride - 5.0g
Sodium thioglycollate - l.lg
Methylene blue - 0.002g
Agar No. 1 - 1.0g
Distilled water - 1 litre
pH 7.3

17) DNase TEST AGAR (DIFCO)

Tryptose - 20.0g
Deoxyribonucleic acid - 2.0¢g
Sodium chloride . 5.0g
Agar - 15.0g
-Distilled water - 1 litre
pH 7.3

18) TRYPTONE YEAST EXTRACT GLUCOSE AGAR OXOID

Tryptone - 20.0g
\.L’east gxtract - 2.0g

Glucose - 10.0g
Agar - 10.0g
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Distilled water - I litre
pH7.2

19) PURPLE AGAR BASE

Peptone . 10.0g
Beef extract - 1.0g
Sodium chioride - 5.0g
Bromoctesol purple - 0.02g
Agar - 15.0g
Distilled water - 1 litre
pH 6.8+0.2.

20) CARBOHYDRATE AGAR
¢mbohydrate agar was prepared by adding an appropriate sample of a filter-
s"terilized carbohydrate stock solution to an autoclave-sterilized purple agar base

(Pifco) medium cooled to 45-50°C. The final carbohydrate concentration in the agar

medium was 1%.

21) MEDIA FOR ACID PRODUCTION FROM GLYCEROL.

Ammonium hydrogen phosphate - 1.0g
Potassium chloride - 0.2g
Magnesium sulphate - 0.2g
Yeast extract - 2.0g
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Glycerol (Sigma) - 10.0mi

Bromocresol purple - 0.04¢g
Agar - 9.0g
Distilled water - 1 litre

After the thedium was autoclaved and allowed ta cool, 0.4ml of a 1000mg/mli
solution of erythromycin (sigma) was added and allowed to mix. The medium was

dispensed into petr: dishes.

GRAM-STAIN
Gram-staining of pure culture, of isolates was performed as follows; A thin film or smear of
an 18-24 hours old pure culture was prepared on a clean grease-free slide. The film was air
dried and heat-fixed. It was subsequently flooded with crystal violet stain and allowed to
remain for 30 seconds. The stain was then poured off and the remainder rinsed with water.
The slide was subsequently flooded with Lugol’s iodine (mordant) for another 30 seconds,
and rinsed off with running tap water. Alcohol-acetone was then applied for precisely 10

seconds.

The slide was immediately rinsed with tap water, counterstained with safranin for 30
seconds"land washed off with tap water. the slide was blotted dry in between filter paper and

observed under oil immersion objective.

Organisms that are purple in colour are recorded as gram-positive while those organisms
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that took up the counterstain {Safranin} and were red in colour were recorded as gram-

negative.

COAGULASE TEST

SLIDE TEST: A drop of physiological saliric was placed on ¢ach end of a glass slide. A
colony of the iest organism (from nutrient or blood agar plate) Was emulsified int gach of the
drops to make two thick suspensions. A drop of plasma was added to one of the
suspensions and mixed gently. A positive result was shown Yy clumpiiig of the orgaiiism
within 10 seconds. No plasma was added to the second suspension in order to differentiale

any granular appearance of the test organism from true coagulase clumping.

TUBE TEST: The plasma was diluted 1 in 10 in physiological saline. About 0.5 ml of
diluted plasma was separately pipetted into 3 test tubes labelled test organism(s), positive
control _?md negative control respectively. Five drops (about 0.1 ml) of each test organism
culture (18-24 hours) was added to the tubes lab;alled for test organisms. Five drops of a
culture of Staphylococcus aureus control strain ATCC 29213 (18-24 hours) was added to
the tube labelled for the positive control. Five drops of sterile broth (nutrient broth) was
added to the tube labelled for negative control. After mixing gently, the tubes were
incubated at 37 degrees centigrade. The tubes were examined after 1 héur for clotting. If no
clotting"fhad occurred, the tubes were examined at 30 minutes intervals for up to 6 hours.
Coagulum was observed from positive tubes by tilting the tubes at an angle. Negative

coagulase control organism was Staphylococcus epidermidis ATCC 14950.
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CATALASE TEST

Using a sterile glass rod a good growth of the test organism wes removed from a 24 hour
old culture on hutrient agar slarit. This was emulsified in 0.5 m! of 3% hydrogen peroxids
solution, A positive reaction was indicated by the rapid production 0! gus bubbles.
Staphylococcus strain ATCC 29213 was used as positive control bdiganism While

Streptococcus strain was used as negative control.

PROD{{CTION OF ACID FROM GLYCEROL (Schleifer and Kloos, 1975)

Three t‘o‘ four colonies of the test organism were used to make a streak on the surface of the
medium (appendix 1.21). A positive result was indicated by the appearance of a yellow
halo surrounding the streak after 18 to 24 hours of incubation, Organism that did not
produce acid were incubated for a total of 72 hours before being rpco;ded as negative for

acid production from glycerol.

LYSOZYME AND LYSOSTAPHIN SUSCEPTIBILITIES,

An agar overlay was prepared by adding 0.1 ml of saline cell suspension (containing
approxirpately 107 colony-forming units (cfu/m!) to a tube containing 3 mi of fluid, soft P
agar (0.?_5% agar). The contents were gently mixed and poured on tﬁc surface of a dry P
agar pla;e. Using a 2 ml syringe a drop of sterile lysozyme solution (406 mg/ml) was plaéed

on the inoculated agar overlay plate. On the same inoculated agar overlay a sterile

lysostaphin solution 200 mg/ml was placed too but several centimeters apart. After the
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application of lysozyme and lysostaphin the plates were incubated for 48 hours and
examined. Growth inhibition around the spots were recorded accordingly: susceptible -
complete growth inhibition; slightly resistant - partial growth inhibition, and resistant - no

visible growth inhibition.

OXIDASE TEST

A smear of an 18-24 hours old culture of test isolate was made on a clean Whitman No.1
filter paper previously dipped in oxidase reagent (1%aqueous solution of tetramethyl-p-
phenylamine dihydrochloride) with the aid of a sterile platinum loop. The appearance of a
dark-purple colour at the region of the smear within 5-10 seconds cionﬁrmed a positive

result.

ANAEROBIC GROWTH IN A THIOGLYCOLLATE MEDIUM (AEROBIC
REQUI!(EMENT)

The aergi)ic requirement of each strain was estimated by using the s¢ mi-solid thioglycollate
medium described by Evans and Kloos (1972). A loopful of a culture of test organism was
suspended in 2 ml of physiological saline. About 0.1 ml sample (approximately 107 cfu/ml)
of the cell suspension was then used to inoculate a tube containing 8'ml of fluid (52 °C)
thioglycollate medium, (Brewers fluid thioglycollate medium plus 0.':.3% agar) inoculated
tubes ere allowed to solidify at room temperature and then were incubated for 5 days at 35
°C. Growth characteristics were observed within this periods. Strains demonstrating

¥
uniform anaerobic growth show this properly within 24-48 hours and require no further
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incubation. Strains producing a gradient of dense to light growth down the medium or those
which failed to show evidence of anaerobic growth withitt 48 hours were incubated for the

entire 5 days. This was to allow for the possibility of discrete colony development.

HAEMOLYSIS ON BLOOD AGAR

P-sheep blood agar plates were prepared (Appendix 1.2), streaked with the appropriate test

organism and incubated at 37 °C for 24 hours,

Haemolytic reactions were recorded as follows, a clear colourless wide zone surrounding
the colony of the organism was indicating strong haemolysis, a faint colourless zone around
the colony of the organism indicate trace hacmolysis and negative by the absence of any

apparent haemolysis.

NITRATE REDUCTION

Sterile njtrate broth (0.5 ml) was inoculated with a heavy growth of a 24 hour old culture of

a test organism and incubated at 37 °C for 5 days as described by Cowan and Steel (1985).

Positive result was recorded if red colouration was produced on the addition of ] drop of

sulphaniic acid reagent (sulphanilic acid - 8g in 1 litre of 5 N Acetic acid) and 1 drop of

r
[

alpha naphthylamine reagent (alpha- naphthylamine - 5 g in 1 liter of 5 N Acetic acid).
This showed that nitrate was reduced. Powdered zinc dust was added at 5 mg/ml (knife

point) of cultures to tubes not showing a red colour and allowed to stand for a few minutes.
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Production of red colour was indicative of the presence of unreduced nitrate confirming the
inability of the organism to utilize nitrate while absence of red colour means the nitrate

have been utilized.

PHOSPHATASE TEST

Phenolphthalein phosphate agar was lightly inoculated with the test ofganism to obtdis
discrete colonies and incubated for 48 hours at 37 °C. About 0.1 ml ammonia solut!dn (.
gr. 0.880) was placed on a lid of the petri dish while the inoculated mediumd was inverted
above it. Free phenolphthalein liberated by phosphatase reacts with the ammonia and
phosphatase-positive colonies become bright pink. Staphylococcus aureus ATCC 29213
was uségl as positive control while Staphylococcus saprophyticus ATCC 15305 was used as

¥

negative control.

ACETOIN PRODUCTION (Davis and Hoyling, 1973)

The test organism was patch inoculated onto tryptone, yeast extract, glucose agar. After 48
hours of incubation at 30 °C, a 1 cm disk of Whatman 3 M paper freshly soaked in 10%
sodium pyruvate solution was placed on each growth patch. The plates were reincubated for

3 hours, Acetoin production was detected by spotting one drop of 40% potassium

hydroxide, one drop of 1% creatine, and one drop of 1% alpha naphthol (alcoholic) onto

.3

_each disk and observed for a pink-red colour change for 1 hour at room temperature for

positive result.
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NOVOBIOCIN SUSCEPTIBILITY

Novobiocin susceptibility was determined by the disc diffusion method of Bauer et al
(1966) with an inoculum suspension of 107 cfu/ml in normal saline equivalent to a 0.5
Mcfarland turbidity standard on Mueller-Hinton agar plates using a sterile non-toxic swab
stick. Five microgramme disc of Novobiocin was used. Incubation and interpretation of

result is as described in Chapter 4.

AEROBIC ACID PRODUCTION FROM CARBOHYDRATES

Culture streaks of test organisms were made by lightly inoculating a 1-cm line on the
surface of a carbohydrate agar (appendix 1.20) plate with a loopful of cells. Four to eight
streaks could be made on a plate. Different carbohydrates were tested. Cultures were
incubated and then at 24 and 72 hour. Reactions were interpreted as follows. Moderate to
acid strong acid production was shown by yellow indicator colour ext.ending out from the
culture streak into the surrounding medium within 72 hours; weak a‘icid production was
shown by distinct yellow indicator colour under culture streak but not extending into the
sunounQing medium within 72 hours; no acid production was shown by very faint to no
yellow i_pdicator colour under the culture streak within 72 hours. Strong acid production

was detected within 24 hours and moderate acid production of most strains was detected

within 43-72 hours.

b4
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APPENDIX TWO

DETERMINATION OF MINIMUM INHIBITORY CONCENTRATION (MIC)
Preparation of materials and reagents
The microdilution trays used in the microdilution broth test were usually sterilized under

ultra-violet (U-V) light for 24 hours (usually overnight) before use.

The pipettes and glass wares were usually sterilized in the hot air oven at 160 degrees
Celstus for 2 hours, while the micro pipette tips and McCartney bottles were sterilized in

the autoclave at 121 degrees Celsius for 15 minutes or as found appropriate.

Mueller-Hinton broth medium was used as the growth medium for the antibiotic sensitivity
testing of the isolates, as suggested by the National Committee for Clinical Laboratory

Standards (NCCLS) disc diffusion standard (1993b).

The Mueller-Hinton broth (Appendix 1.11) was prepared according to specification of the
manufacturer and dispensed in 25 ml equal volume into McCartney bottles before
sterilizagion. This is done to limit the risk of contamination of the meélium. The broth was
stored ir) the refrigerator at 4 °C until needed. |

-
"

Preparation of inoculum

Pure cultures of clinical isolates on TSA slant were usually subcultured in sterile nutrient
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broth. This was incubated at 37 °C overnight and used for preparing the inoculum for the

sensitivity testing as follows:

The overnight culture of the organisms with detectable growth was evident from the
turbidity of the medium was centrifuged at 250 rpm for 5 minutes. The supernatafit wis
discarded while the pellet of cells was resuspended in physiological saline (0.85% NaCl)
and centrifuged again. This was repeated twice to remove any excess broth medium riixed

with cell mass.

The pure cell mass was finally suspended about § ml physiological saline and adjusted to

0.5 Mecfarland standard.
The resulting standardized suspension of cells was then diluted ten-fold to give 1077 cfu/ml

(1:10 ditution). This was used as the inoculum for performing the test. ‘
i

3. Antibiotic dilution procedure

The solvent used for the various antibiotic powder and tablets/solutions was sterile normal

saline, the same solution was as the diluent.

Various concentrations of the antibiotic as required were prepared in double strength, since
the Mueller-Hinton broth medium (basal medium) was also prepared in double strength.

Both the antibiotic and the basal medium were mixed in equal volume to bring their

concentrations back to single strength.
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4. Inoculation of test plates

With an adjustable micro-pipette, 50 ml of the sterile double strength Mueller-Hinton broth
was pipetted into the microtitre plate wells (U-shape). Then 50 ml of the already prepared
antibiotics of various concentrations were added into all the wells except contro! well. Also
25 ml of the standardized 107 cfw/m! inoculum was added to the mixture of the antibiotics

and growth medium (Mueller Hinton broth) in the wells.

Two control wells were maintained for each tests. These included wells containing the
antibiotic and the growth medium without any inoculum (antibiotic control)and well
containing only the growth medium and physiological saline, but inoculated with the test

organism {organism control).
The plates were incubated overnight at 37 °C for 18-24 hours after which the results were
read. The MIC was taken as the lowest concentration of the antibiotic that completely

inhibited the growth of the organisms as detected by the unaided eye.

Comparjson of growth (by visible turbidity) was made with the organism and antibiotic

control wells as reference standards for positive and negative results respectively.

Refererfce organism Staphylococcus aureus ATCC 25923 was used.
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32 500

APPENDIX THREE

MIFD - 0T

ID 32 STAPH

Identdication system lor staphylococcd

Fer in vitro diagnosiic use

1D 32 STAPH is an identification system for ths genera Staphylococcus, Micrococcus, Stomatococcus and Aerococcus,
using standardized and mintaturized biochemical tests with & specially adapted databass.
The complate Gat of thoss bacteria that ik poasble to identity with this system can be found in the identilication table

{p. 22 of this instruction manual).

Reading and interpretation can be carried out automatically or manually.

PRINCIPLE

The ID 32 STAPH strip consists of 32 cupules, 28 o
which are used as test cupules mnd contaln dehydrsled
1as1 subatrates.

Aftar 24 hours of incubation, reading can be performed
sither using the ATB instruments, of visually.
|dentification is obtsined by refarming to the Anatytical
Prodlie index o with the comesponding untificaion
sohtware.

REAGENTS
K} contents (26 tests) :

. 261D 32 STAPH strips
- 25 incubation fids
« 25 rosull sheels

1 instruction manual

Additlonal products {nat lncluded In the i) :

. Suspansion Madium, 2 mi (ret. 70 600) or
3 i {re!. 70 630} if the ATE Inoculator is used

- Reagents: VP A (rel. 70 570)

VP B (ref. 70 680)
NIT 1 (rel. 70 440}
NIT 2 (rat. 70 450)
FB  {rel. 70 560}

« Minera) ok (ref. 70 100)

. ATB Electronic Pipatis (rel, 99 040} of
Inoculator (ret. 15 740) and Tipa {ref. 16 710}

. ATE Densitometsr (ref. 15 500) or
McFartand Standard (rel. 70 900)

. ATH instruments + [dentification software {consuk
bioMérieux) or ID 32 STAPH Anaiytical Profile Index
(rof. 32 580}

- Amgoule z1and (ref. 70 200}

. Air-tight box or anasrabic jr

Required labomtory squipment :
- 37*C Incubator

< Refrigeraior

- Bunsan burner

- Marker pon

STORAGE .

The iD 32 STAPH atrips, FB, VP B and NiT 2 reagents
should ba stored at 2-8°C until the xpiration  date
Indicated on the packaging.

The NIT 1 and YP A reagents should be siored i room
temparature.

Thanagonumbokaminruptoi manth et tha
ampouies have been apenad.

The FB n.gonihmunﬂhﬂolml:wthuboﬁl
jn aluminium foll, The resgem should be desitoyed &8
soon as it tums ambet.

COMPOSITION OF MEDIA AND REAGENTS

BSuspsnslon Deminerallzed water

Madlum

2ordam

Vi* A rsagem | KOH 20g
Water 100 ml

VP B reagem | @ naphthol 129
Organic sctvent 100 m

NIT 1 reagent | Sulaniic acld 089
Acetic acid 5N 100 mi

NiT 2 temgent | N-N-dimethyl-1 -naphthylamine 069
Acetk ackd 5N 100 m

FB reagent Fast Blus BB 0359
Crganic soivents 100 ml

INSTRUCTIONS FOR USE

Specimens and bacterial cukures shouid be considered
infectious mnd handied sppropsiately by trained and
compatent lechnicians,

Asaptic technique ard usus handiing precautions for the
bacterial group swdied should be cbasrved throughoul
this procedure (Reler 1o Biosatety In Microblological and
Biomedical Satety, US Department of Health and Human
Sarvices, 1588 of to the Regulation of sach country).

Seleciion of the colonies

Harvest ihe cofonies obtained on blood agaf, P Aget,
Mannitol Sstt agar, Baird Parker or MacConkey madium.

Preparstion of the strip

+ Femove the sicip trom ks packaging.

+ Discard the dasiccan!.

+ Place the lid on ihe strip.

N mmmmmnmmmmma the
stip.

Preparation of the Inoculum

« Open an ampoule ol Su-pombnModiumZni(orzrd
of steriie datiled water whhoul sdditives). H the
lnoculaior s used, Suspension Medum, 3 m s
nquhd(ot&nﬂdmmmmﬂhm
ndditives). .

+ Ramove several identicsl colonies and make »
suspenslon having a turbidity equal to 0.5 McFartand
mensured with the ald of the ATB 1650 Densttomater
or compared with a turbidiy standsrd {(McFariand
Stiandand).

Nﬁl:l‘lﬂnmlpblebonndAUTMﬂCALL‘l. ki

ESSENTIAL to uss the OENSITOMETER to adjust the

turhidity of the bacteral suspension.

1
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inoeulation of the sirip ident¥ication
55 yd / cupule Identification can be made :

« AUTOMATIC Inocutation
- On a tray of the ATB Inoculator, place & strip, the
lnocmaud ampouls of Suspension Medium and an

radium and distribute 55 p imo the cupules.

» MANUAL lnocutation
« Homogentze the Inocutated smpoule ol Suspension
Medium using the AT Electronkc Pipetie.
- inoculsie the strip by distriduting 55 ju of suspension
Mo each cupuie with the ATS Electronic Pipatie,
Overiay tests URE, ADH and ODC with 2 drope of
minarsl ol {cupules [1.0, 1.1, 1.2),
Piace the lid on the strip.
m-nammzanunhmwm
NOTE : Some ventinted incubalors mmy completaly
dohrdruomamﬁunhmowdu.lnmhm,pb-
the «trip In an air-tight bax with a recsplacis contalning e
amall volume of water, The humid stmoaphers crested
will avoid dehydration of the tests,

Reading the strip
Devekcp the reactions in row 0 by adding 1 drop of the
following reagents :
« NIT test {cupule 0.0) ; NIT 1 and NIT 2 reagents.
« VP test {cupuie 0.1) : VP A and VP B reagents,
- Tests BGAL 10 PyrA (cupuies 0.2 1o 0.5) : FB reagent.

Read sfter S minuies {do not sxcesd 10 minutss) :

» AUTOMATIC reading :
using the ATB instruments. Tha reader records the
cdouudamhupuhmdmmhhumm
the compiser,

» VISUAL reading :
reles to the Reading Table. Record the maults on the
resull shasl

QUALITY CONTROL

« AFTER AUTOMATIC READING :

the resuks wie (snsmited to the computer and
interprated by  the comesponding  identilication
soltware.

« AFTER VISUAL READING :

- usa the Analylical Profile Index after having coded
the resvits into & mamasical profile.
The tests on the result sheet are separsted Into
groups of thres. Each resiit it assigned a value of
1, 2 or 4 when posiiive and the values are sdded
together within sach group.
Thae {irst 24 tests {laft part of the stip) enabls the
conmtruction of an S-digh profile, by combining the
4 digits of the upper row {1) and the 4 digits of the
lower row (0).
The other tests (right pan of the sifp) are additionsl
teats to be used whan Indicated in the Analytical
Proflia index in casss of low diecrimination.

2541 261 0 & heamolylue
use the identification software by entering the f-digit
numerical profile via the keyboard : preceding profile
plus 3 Bth digit for additional tests RIB and CEL
{cupules 1.C and 1.0},

The strips are systsmatically controlied &1 various stages of thelr manutaciure. For those who wish 1o parform thelr own
quality control teats, R is recornmended to use the following stock cultures |

N

Am:mwpmmanlmmmmwmm

|
ure]aonjooclesc JacufFaufunelua Juaciae lwan sl f v pAL|Pyrs mgm mm.!n Aralsaunma]ceL
- - - - > I3 - vi-]« [ - § =] - « | | ¥ - v - - - - -1 -
- + - +* - - + - + hd =} 4] 4 - - + + * - + -
+ 1 -] - IR EIAENESK]ES K KR +] +1-1- - o] .
+ el - f el s fel +) el o] - ) -1els] - i + L oy -] [ K I
- - * - L L - +* hd * - + - * - * + + Ld + - L4 +
+ | - s+l el sl el ¢« fe]l ] s]e)]e]- V] - \J +] ¢+ 1 V]V = -] +
1, Slaphylococs avriculerie ATCC 33753 4. Suphytococous gdunanale  ATCC 40570
N Smphylocoocus hasmalyious  ATCC 29070 5. Sphyloccocus sokut ATCC 40575
4, Staphwiooocous infemedie ATCC 20083 &, Saphplomonus lenkis ATCC 49074

27¢
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DISPNSAL OF USED MATERIAL

After use, all ampoules, pipettes, 1ips and sirips should
be incinersted, autoclavad of immarsed In 2 disindectant

for decontamination prior 10

WARNINGS AND PRECAUTIONS

« For in vitro diagnostic use only.
+ Cualified taboratory should use asephic
technique and satablished precsutions fof infactious

agents.

» Do nct pipatie op«:lmm reagants by mouth.

. mndulomwﬁlptﬂw.wmuo.

« Upon ramoval from retrigarator, alow resgents 10
coma 10 roaim tamparstul® {20-30°C).

- Al inoculsted products should be considersd infectious
and handied lpp'apriﬂaw.

. Ahar completing Lest, rending and interpretation, ]
specimens, spiis and inocutsied products must be
autoctaved, incinarmted of jmmersed N & germmicide
prier to disposal.

« Interpretation of the test results should be made by &
cormpetant microbiologist who should siso ks into
considaration the patient history, the Sourcs of the
spacimen, cowonial and MICTOACOPK momphology and, ¥
necessary, e rosults of any olher issis puﬂomnd.

-

LIMITATIONS

The 1D 32 STAPH system is designed yniqualy for ihe
e ntificution of the specios included in the database

RECOIIAENDA‘HONS
To obisin the bast resulls wih the 1D 32 STAPH strip, K
iz important 10 scrupulously respect tha tollowing poin's

+ precisely adjust the inoculum 10 0.5 McFartand {the
DonliotMOfmultbcuodlﬂn uﬁphtob‘nd
ond Intarpreted by the ATB inatruments)

. datriate exaclly 66 Wl P cupuia with the ATB
Electronk: Pipatie of the Incculstor (imperative i the
:uﬁ:bwbcundmdmlorpm.dbymokm
inatruments) © '

o respect the incubstion Eme (24 hours} and the reading

« the magenis ¥ b-oolgoodqunl'uy check the
ration date and sorage jons and use wilhin
mrmﬁhdoponlngm.m

p.2t

p.22

p.23
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READING TABLE
CUPULE TEST REACTIONBUDSTRATE RESULT
NEGATIVE POSITIVE
1.0 URE |UREase yoliow orange
red-violel
1.1 ADH | Arginine DiHydrolase
12 opc | Omithine DeCarboryians yekow orange-red
1.3 ESC | ESCulin {Hydrolysis) colourleas-pale grey brown-black
14 GLU |GlUcoss -
1.6 FRU | FRUclose
16 MNE | MaNnoeE
1.7 MAL |MALtoss
1.8 LAC [LACtoss (Farmantation) rad yekow
1.8 TRE | TREhalcss red-orangse yallow-orange
1.A MAN | MANRItol
18 AAF | RAFfinoss
1¢ RIB |RiBaes
10 CEL | CELicbioss
1E Empty cupules
1F
NIT § + NIT 2 {5 min < 10 min)
0.0 NIT | NiTrates (Reduction) colouress | pink-purple
VPA+VPB{Smin < 10 min)
0.1 VP | Acstoin Production couress | pinkred
FB (5 tmin < 10 min) B GAL = PytA
0.2 fOAL |P GALactoskisse colouriess
pale purple purpie
o balmomnge L eooed
0.3 ArgA | Arginine Arylamidsee colouriess onange
_ L pueonnge .. eeeeaend
0.4 PAL | ALkeiine Phosphatase colouriess
Pl purpie purpie
_ pueomnge i ...
0.6 PyrA | Pymolldory! Aylamidass colouriees orenge
pale omnge
0.6 NOVO | NOVObiooin (Fesleiance)
0.7 SaAC | Sucross (Fermentation)
0.8 NAG | N-Acety-Glucossmine (Fermentation) red yaliow
0.9 TUA | TURsnoss (Fermentation) red-crangs yollow-orange
0.A ARA | ARADINGRs (Fenmemation}
o8 BGUR | B GluclRonidese colouriess yolow
0.c
oD Emgpty cupuies
0.E
o.F
e
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