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SUMMARY

Bacterial plasmids are accessory genetic elements,
many of which have the ability to promote their transfer
between different bacterial strains, species and genera by
conjugation. They also confer diverse additional properties
upon their host bacterium, many of which result in phenotypic
changes. Among the first to be recognised was resistance to
antimicrobial agents which has become a major area of research
because of its impact in clinical infection.

The aim of the study was to characterise
enterobacterial plasmids in vitro using methods that provided
information concerning their behaviour in vivo with particular
regard to epidemiology, antibiotic resistance and the
development of a clearer view of plasmid ecology. Initial
steps included selection of a patient population which provided
sites, accessable to repeated sampling without the use of
invasive techniques. Patients with vascular disease were
chosen, different types of wound defined and patterns of wound
colonisation with coliforms were determined; differences in
the isolation incidence of coliforms and other potential
pathogens from the different types of wounds studied were

demonstrated. The severity and duration of different wound
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types also varied; however, the administration of topical
and/or systemic antimicrobial therapy did not appear to greatly
influence the results found.

In addition to the study of resistance (R) plasmids,
the distribution and conjugative ability of plasmids not
associated with resistance was investigated. A method based
on the mobilisation of non-conjugative R-plasmids (Tra RY) was
established to determine the conjugative ability of plasmids
not associated with resistance (Tra’ R7). A restriction enzyme
fingerprinting strategy was developed and fingerprints of
plasmids from clinical dsolates and transconjugants were
compared within various sub-groups of organisms. These
included conjugative and non-conjugative plasmids, plasmids
with common resistance determinants and plasmids from isolates
within the same and between different bacterial genera.

The major difference between the distribution of

plasmids in Escherichia coli and other enteric genera (OEG) was

the large proportion of the latter group (64%) which was
plasmid-free compared to the former group (13%). Moreover, a
much higher proportion of plasmid-containing E.coli isolates
harboured conjugative R-plasmids (Trat RY) (45%) compared to
plasmid-containing OEG isolates (10%). Using the methods

described, only 6 per cent of resistant plasmid-containing
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E.coli were shown to harbour Tra® R” plasmids compared to 58
per cent of the sensitive sub-population. In contrast, 45 per
cent of resistant plasmid-containing OEG harboured Trat R”
plasmids compared to 41 per cent of the sensitive sub-
population.

Ampicillin resistance was the most common determinant
and was transferred from 81 per cent of isolates that harboured
Trat RY plasmids. It was detected both as a single
determinant (31%) and in combination with at Tleast one
additional resistance determinant (50%). Resistance to
tetracycline, streptomycin and sulphamethoxazole were each
transferred from more than 30 per cent of isolates harbouring
Trat RT plasmids, either individually or in combination with
other agents. Resistance to kanamycin, chloramphenicol and
trimethoprim were each transferred from less than 15 per cent
of these isolates. Transferable resistance determinants were
found in a much larger percentage of resistant E.coli (73%)
compared to resistant OEG (14%), whereas non-transferable
resistance was more common in OEG (92%) than in E.coli (55%).

Plasmid fingerprinting analysis was used to identify
pairs of coliforms isolated from wound and rectal swabs from a
number of patients. This confirmed that many of the coliforms

jsolated from wounds were from the patients' gastro-intestinal
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tract. The results also indicated that some coliform
genera, especially Proteus spp., were better able to
colonise/infect wounds compared to E.coli. Failure to
demonstrate parallel isolation of a given coliform from wound
and rectal swabs suggested an environmental source of organisms
colonising wounds rather than faecal contamination. In few
instances were identical organisms (defined by plasmid
profiles, resistance determinants and fingerprints) associated
with different patients which indicated that cross-infection
was uncommon.

Plasmid transfer in vivo was considered and the
indices "transfer potential" and "transfer rate" were defined.
Among the organisms studied the transfer potential was 280 and
transfer rate 1:70. This dincluded 151 possible events
involving 50 Trat RY plasmids and 129 possible events involving
46 Tra' R” plasmids. The actual transfer rate found was 1:50
involving Tra® R* plasmids and 1:129 involving Tra® R”
plasmids. None of these events were associated with a patient
receiving antimicrobial therapy to which the plasmids specified
resistance. Thus, the detection of 4 in vivo transfer events

from three patients indicates that in vivo transfer is a
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relatively common occurrence and that the cumulative effect of
these events may play an important role in the dissemination of
plasmids.

Eleven isolates of Proteus spp. possessed conjugative
plasmids; one was a conjugative R-plasmid and 10, although
conjugative, did not determine antimicrobial resistance.

However, all were unstable on transfer to E.coli K12. These

results, together with the results from plasmid fingerprinting
suggested that plasmids from Proteus spp. were closely related
with respect to both their narrow host range and molecular
structure.

E.coli K12 transconjugants from 10 of the 21

Klebsiella spp., Enterobacter spp. and Citrobacter spp. were

unstable. This suggested that plasmids from these genera
consist of two types, those with a broad host range, stable in

E.coli and others with a narrow host range which were stable

only in closely related genera.

Plasmid fingerprints from E.coli were difficult to
interpret due to the diversity of plasmids, the large numbers
present and the fingerprinting strategy used. However, it
appears that the plasmid pool in E.coli was large. The
majority of the conjugative plasmids from clinical E.coli

isolates were stable in E.coli K12 recipients.
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Thus, distribution and fingerprinting results
demonstrated that the plasmids of E.coli constitute a large and
diverse pool of extrachromosomal DNA. The plasmids of

Klebsiella spp., Enterobacter spp. and Citrobacter spp. were

less diverse than E.coli but more diverse than Proteus spp.

plasmids which formed a small, closely related group.
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Ap
BHI
CFA
CI
CLED
Cm
Col
DCA
DNA
EDTA
Inc
kb
Km
lac
lac
LT
Md
Na1®
OEG
pKM
pSm

ABBREVIATIONS

ampicillin

brain heart infusion

colonisation factor antigen

clinical isolate

cysteine lactose electrolyte deficient
chloramphenicol

colicin

deoxycholate citrate agar
deoxyribonucleic acid

disodium ethylenediaminetetra-acetic acid
incompatibility

kilobase

kanamycin

lactose-fermenting
non-lactose-fermenting

labile toxin

megadalton

naladixic acid-resistant

enteric genera other than E.coli
partial kanamycin

partial streptomycin
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PVD

Rif
SDS
Sm
ST
Su
Te
TCT
TE
TES
TGE
Tn
Tp
Tra®
Tra® R*
Tra® R
Tra
Tra” RY

Tra R

peripheral vascular disease
resistance

rifampicin resistant

sodium dodecyl sulphate
streptomycin

stable toxin

sulphamethoxazole

tetracycline

transconjugant

tris, EDTA buffer

tris, EDTA, salt buffer

tris, glucose, EDTA buffer
transposon

trimethoprim

conjugative

conjugative resistance plasmid
conjugative plasmid not associated with resistance
non-conjugative plasmid
non-conjugative resistance plasmid

non-conjugative plasmid not associated with resistance
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INTRODUCTION

Bacterial Plasmids:

Bacterial plasmids are dntracellular, autonomously
replicating, covalently closed circular deoxyribonucleic acid
(DNA) molecules. They have been described as sub-cellular
organisms although whether as endosymbionts or endoparasites
remains conjectural and probably reflects not only the host-
plasmid relationship but also the prevailing environmental
conditions. Plasmids are not essential for the survival of
the host cell but can confer properties which may be
advantageous in some environments and they increase the gene
pool. Most plasmids can be classified by incompatibility (the
inability of closely related plasmids to stably co-exist in the
same host cell) and phenotypic properties conferred by them
such as antibiotic or heavy metal resistance (R-plasmids) and
colicin production (Col plasmids). Some plasmids exhibit a
restricted host range and replicate stably within a single
species whereas others are found among diverse genera and are
not limited even to taxonomic families. The transferability
of easily detected markers such as antibiotic resistance and
colicin, haemolysin or toxin production, has been used to infer

the presence of plasmids but recent advances 1in physical
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methods has not only confirmed their presence but has also
shown that many naturally occurring organisms harbour plasmids
to which no phenotype can be readily attributed at present.
These are usually termed cryptic plasmids.

A property of many plasmids 1is their ability to
promote self-transfer to related organisms by conjugation
(Tra’) but non self-transmissible plasmids (Tra ) have also
been found. Tra~ plasmids can be further subdivided on the
basis of whether they are mobilised by none, few or many Tra*
plasmids when co-resident in the same cell. Conjugative R-
plasmids (Tra® R*) have been the most intensively studied
group of plasmids because of their easy detection and
significance in the hospital environment.

Bacterial plasmids vary 1in size from about 1.5
megadaltons (Md) to over 400 Md. A1l plasmids are capable of
independent replication and contain an origin of replication.
The regulation of copy number is determined by the plasmid and
is related to incompatibility group. Multiple copies (10-40)
of small plasmids are normally found in the host cell where
regulation of copy number is under relaxed control, whereas
only one to 4 copies of large plasmids are maintained under
stringent control. Small plasmids are largely dependent on

gene products encoded by the host chromosome for replication
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although they may carry a small number of genes in addition to
those which are involved in the control of their own
maintenance and replication. Large plasmids are 1less
dependent on host functions as they encode a larger proportion
(or all) of the genes required for their stable maintenance and
replication.

In addition to genes for maintenance and replication a
proportion of large plasmids also specify genes that promote
conjugal transfer and dinclude the genes involved in the
production of sex pili which are essential for conjugation.
The structure of sex pili dis vrelated to the plasmid

incompatibility group.

The discovery of R-plasmids:

R-plasmids were first discovered in 1959 in Japan when
Akiba and independently Ochiai (cited by Watanabe, 1963)

demonstrated that multi-resistant strains of Shigella flexneri

transferred their resistance determinants to Escherichia coli

in mixed cultures.

Sh.flexneri isolates resistant to streptomycin,
chloramphenicol, tetracycline and sulphonamides, antmicrobial
drugs widely used in the treatment of dysentry, had been

isolated with increasing frequency after the introduction of
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these agents. Akiba and Ochiai demonstrated that resistance
determinants could not be transferred from cell-free filtrates

of Sh.flexneri to E.coli. Successful transfer was however

apparent when both organisms were present in mixed cultures.
These results suggested that cell-to-cell contact (conjugation)
was essential for the transfer of resistance determinants.
Thus, the discovery of R-plasmids, because of their
medical importance, has led to many investigations into the
characteristics of dinfectious drug resistance in bacteria.
Genetic and molecular studies of these, and many other plasmids
which have subsequently been isolated, has also led to a large

area of both fundamental and applied research.

R-plasmids isolated from different bacterial genera:

Although conjugative R-plasmids were first discovered
in shigellae in Japan their presence has since been
demonstrated world-wide in almost all bacteria in which they
have been sought. Many of these are pathogenic for man and
animals therefore their capacity to harbour R-plasmids can
directly affect their ability to survive and cause infection.

Many members of the family Enterobacteriaceae are

human pathogens and R-plasmids have been found within all the

main medically-important species. Following their initial
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recognition, R-plasmids have been demonstrated in Shigella spp.
isolated in many countries. In Britain they have been
isolated both from infections with indigenous Sh.sonnei
(Davies, Farrant and Tomlinson, 1968a) but more commonly from
other Shigella spp. wusually associated with foreign travel
(Frost and Rowe, 1983; Gross et al, 1981). Outbreaks of
infection with resistant Shigella spp. 1in foreign countries
(Frost et al, 1981) continue to cause major therapeutic
problems.

Salmonella spp. have also been shown to harbour R-
plasmids, the dincidence of multiple drug resistance in

Sal.typhimurium isolated in Britain having increased from about

one per cent in 1971 to about 9 per cent in recent years (Rowe
and Threlfall, 1984): this topic has been recently reviewed
(Stuart-Harris and Harris, 1982). Other salmonella serotypes
have also been shown to harbour R-plasmids (Threlfall et al,
1983). O0f particular importance was the demonstration of
transferable antibiotic resistance in Sal.typhi, especially
resistance to chloramphenicol, which since 1972, has become a
major cause for concern in many countries (Anderson and Smith,
1972;  Paniker and Vimala, 1972). In the UK the isolation of
resistant strains from people returning from countries where

the organism is endemic, is not uncommon (Anderson, 1975a).
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In addition to being a commensal of the gastro-
intestinal tract of man and many animals, some strains of
E.coli are human pathogens. Strains that cause diarrhoea in

man can be divided into three groups according to the disease

symptoms:-

(1) Enteropathogenic E.coli cause gastroenteritis, mainly
in infants, and enterotoxin production is involved in
the pathogenicity of these strains.

(2) Enterotoxigenic E.coli produce enterotoxins similar to
those produced by Vibrio cholerae.

(3) Enteroinvasive E.coli, which cause symptoms similar to

shigella dysentery and which have the ability to

invade the intestinal epithelium.

On a worldwide basis, the former two groups are the most
important and contain many resistant strains. For example,
more than half of the enteropathogenic E.coli isolated in
Britain in 1980 and 1981 possessed at least one resistance
determinant (Gross et al, 1982) and 63 per cent of these

resistant strains harboured conjugative R-plasmids. The
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proportion of resistant strains among enterotoxigenic E.coli
varies greatly. In a study of isolates from 14 different
countries 26 per cent were shown to be resistant (Scotland et
al, 1979) whereas 72 per cent of isolates from the Far East
were resistant (Echeverria et al, 1978). R-plasmid transfer
was demonstrated from up to 80 per cent of resistant isolates
in the latter study.

0f dincreasing importance 1in the hospital environment
are  nosocomial infections caused by multi-resistant
coliforms ! (Casewell, 1982). The most commonly encountered
genera include Escherichia (Hughes, Bauer and Roberts, 1981;
Sadowski et al, 1979), Klebsiella (Casewell, Talsania and
Knight, 1981; Markowitz et al, 1980), Serratia (Thomas et al,

1977; Bullock et al, 1982), Enterobacter (Markowitz, Smith and

Williams, 1983; Tantulavich et al, 1981), Citrobacter
(Tompkins, Plorde and Falkow, 1980) and Proteus (Coetzee, Datta
and Hedges, 1972) and transferable R-plasmids have been shown

to be responsible for resistance within all of these genera.

Coliforms used as a trivial collective term to describe any

member of the Enterobacteriaceae.
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During recent years outbreaks of infection caused by
multi-resistant Serratia spp. and Klebsiella spp. are among the
best documented. For example, an epidemic of colonisation and
infection involving more than 400 patients over a two year

period which was initially caused by multi-resistant Ser.

marcescens was closely followed by the involvement of Kleb.

aerogenes (Thomas et al, 1977). Isolates from both genera
were shown to harbour a plasmid of approximately 90 Md which
transferred resistance to cephalothin, ampicillin,
chloramphenicol, tetracycline, kanamycin, streptomycin and
sulphonamides.

An unrelated outbreak in which gentamicin-resistant

Kleb.aerogenes was shown to colonise and cause infection, was

described by Casewell et al, (1977). A plasmid-carrying the
gentamicin resistance determinant as well as resistance to a
number of other antimicrobial agents was demonstrated in a

number of Kleb.aerogenes strains isolated from urine samples

from 17 patients. Subsequent plasmid analysis showed that the

Kleb.aerogenes isolates each harboured a cryptic 90 Md plasmid

and a multi-resistance plasmid of 65 Md (Datta et al, 1979).

In an outbreak of Kleb.pneumoniae infection reported

by Sadowski et al (1979), 10 additional coliforms, including

different Kleb.pneumoniae serotypes together with E.coli, Ent.
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cloacae and Prot.morganii, disolated from 7 patients were shown

to harbour similar R-plasmids. These coliforms each
transferred a number of common resistance determinants on a
single 58 Md plasmid. Restriction endonuclease analysis
demonstrated no detectable differences between the plasmids
from the different isolates.

From these and similar examples of the spread of
multi-resistant coliforms which harboured similar plasmids, and
the dissemination of R-plasmids among a variety of coliform
genera (Casewell, 1981; Knight and Casewell, 1981; Tompkins
et al, 1980; 0'Brien et al, 1980), it is clear that the
dissemination of plasmid-mediated resistance determinants poses
significant problems in the treatment and control of nosocomial
coliform infections.

In addition to coliforms many other organisms
including other Gram-negative bacteria and Gram-positive
genera, both aerobic and anaerobic, have been shown to harbour
R-plasmids although they are not all Tra®. Medically
important bacteria which harbour R-plasmids include members of
the genera Pseudomonas (Ingram, Richmond and Sykes, 1973;

Bridges et al, 1979), Acinetobacter (Goldstein et al, 1983;

Devaud, Kayser and Bachi, 1982), Vibrio (Dupont et al, 1985,

Threlfall, Rowe and Huq, 1980), Haemophilus (Laufs et al, 1981;
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Stuy, 1979), Neisseria (Goh et al, 1985; Dillon, Pauze and
Yeung, 1983), Bacteroides (Tally et al, 1982; Welch and

Macrina, 1981), Staphylococcus (Lacey, 1975; McDonnell,

Sweeney and Cohen, 1983), Streptococcus (Buu-Hoi and

Horodniceau, 1980; Clewell, 1981), Clostridium (Abraham, Wales

and Rood, 1985; Brefort, et al, 1977) and Corynebacterium

(Schiller, Groman and Coyle, 1980).

The mechanisms of resistance to antimicrobial agents
encoded by R-plasmids can be divided into a number of distinct
groups. Thus, according to Davies and Smith (1978), the

following groups can be defined.

(1) Alteration of drug target site, e.g. erythromycin.

(2) Interference with drug transport, e.g. tetracycline

and aminoglycosides.

(3) Enzymatic detoxification of antibiotics, e.g.

chloramphenicol and beta-lactam antibiotics.

(4) By-pass mechanisms, e.g. sulphonamides and

trimethoprim.
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(5) Unknown resistance mechanisms, e.g. fusidic acid and

novobiocin.

Thus, the number and variety of plasmid-mediated
antibiotic resistance mechanisms now recognised is large and
constantly increasing. Furthermore, as new antimicrobial
agents have been developed and used in medicine over the past
twenty to thirty years, plasmids conferring resistance to many
of the new agents have often appeared within a short time.
For example, cefoxitin resistance was shown to be plasmid-
mediated soon after it became widely available (Knight and
Casewell, 1981). These findings strengthen the argument
against the indiscriminate use of antimicrobial agents and for
the constant monitoring of numbers of resistant organisms in
any population. By the above means it 1is hoped that
resistance will be maintained at an acceptable level and that
antimicrobial agents presently effective against a number of
bacterial pathogens are preserved.

Individual plasmids may specify only a single
resistance determinant but resistance to multiple drugs is also
common. Genes that encode resistance properties are often
clustered on plasmids such as chloramphenicol, streptomycin,

sulphonamide, ampicillin and kanamycin resistance on plasmid
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R1 (Sharp, Cohen and Davidson, 1973). There are however,
exceptions to this where resistance genes are not closely
linked as on RP4 (Thomas, 1981). The organisation of
resistance genes within plasmids has become clearer sinée the

recognition of transposable elements.

Transposons:

A transposon (Tn) is a genetic element which consists
of one or more genes that confer a demonstrable phenotype such
as drug resistance, flanked by a DNA sequence which enables the
whole element to wundergo illegitimate recombination or
"transposition". The flanking regions contain either inverted
or direct repeat terminal sequences and neither the rec A gene
product nor extensive DNA homology 1is required for
transposition (Datta and Nugent, 1983; Jacoby, 1985).

The first transposon, Tnl, encoding ampicillin
resistance was discovered by Hedges and Jacob in 1974. Since
then many other transposons carrying various resistance genes
and other characteristics, for example toxin production, have
been didentified. A number of transposons are composite and
encode multiple resistance determinants; Tn4, ampicillin,
streptomycin and sulphonamide resistance (Kopecko and Cohen,

1975). Transposons that specify drug-resistance range in size

36



from approximately 2.7 kilobase (kb) pairs (Tn9) (Gottesman and
Rosner, 1975) to 20.5 kb pairs (Tn4) (Kopecko and Cohen, 1975).
The DNA sequences at each end of a transposon are similar but
usually inverted with respect to each other. The size of this
inverted repeat varies in length from 38 base pairs (Tnl)
(Hedges and Jacob, 1974) to about 1,500 base pairs (Tn5) (Berg
et al, 1975). Transposons can insert at many different sites
within a DNA molecule although preferential dinsertion at
particular sites or regions is common. This preferential
insertion may have resulted in part from the selection of sites
which are not essential to plasmid survival. Transposition
occurs between the bacterial chromosome, plasmids and phage
DNA. Most transposition events result in the duplication of a
short DNA sequence at the site of insertion and they can also
induce deletions or inversions of DNA sequences adjacent to the
insertion site. A copy of the transposon is maintained at the
original site during transposition which occurs at frequencies
of 1073 to 10_6/ce11/generation.

Transposons have been divided dinto three groups
accordihg to their structure and the mechanisms of

transposition (Jacoby, 1985):-

37



(1) The first group, composite transposons, consists of
one or more resistance genes flanked by insertion
sequences usually in reverse orientation, e.g. Tn5.
Transposition is effected by two genes which are
encoded by these insertion sequences: the first is a

transposase and the second is a transposase regulator.

(2) The second type of transposon encodes a transposase
and a transposase regulator which is also involved in
resolving cointergrate intermediates. Essential
sites dinclude two terminal inverted repeats and an
internal sequence which 1is required for cointegrate

resolution, e.g. Tn3.

(3) The third group of transposons is  typified by
Tn916, a tetracycline resistance transposon from

Strep.faecalis. It transfers by a conjugation-like

process in the absence of plasmid DNA (Franke and
Clewell, 1981). This group is termed conjugative

transposons.

Factors other than antibiotic resistance properties encoded by

plasmids:

During recent years a large number of phenotypic
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characters, in addition to resistance to antibiotics, have been
attributed to plasmid genes. These factors include resistance
to other agents including heavy metals, antibiotic and colicin
synthesis, metabolic characters, phage restriction and
virulence factors.

Resistance to metal ions and compounds <including
mercury, cadmium, lead, tin, iron, manganese, antimony (Summers
and Silver, 1978), tellurium (Summers and Jacoby, 1977), silver
(McHugh et al, 1975), cobalt and nickel (Smith, 1967b), and
arsenate, arsenite and antimony (Silvers et al, 1981), can be
plasmid-mediated in  staphylococci  and/or  Gram-negative
bacteria. The degradation of toxic organic compounds such as
salicylate, camphor, octane and napthalene in Pseudomonas spp.
(Stanisich and Richmond, 1975) and pesticides by Alcaligenes
spp. (Don and Pemberton, 1981) can also be specified by
plasmids. Changes in the sensitivity of bacteria to
ultraviolet light and other mutagens (Mortelmans and Stocker,
1976) and to bacteriocins (Sidikaro and Nomura, 1975) may also
be plasmid-mediated traits.

Bacteriocins are large molecules consisting mainly of
protein which are lethal to bacterial strains closely related

to those which produced the bacteriocin but to which the
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producer strain is immune. A1l bacteriocins produced by
E.coli (colicins ) are encoded by plasmids (Col plasmids) and
are not encoded by the bacterial chromosome (Pugsley, 1984).
It is thought that bacteriocins produced by other bacterial
species, for example staphylococcins and streptococcins, are
also plasmid-determined characters.

Antibiotics are small molecules which are secondary
metabolites and act against diverse bacterial genera.
Plasmid-mediated antibiotic production is mainly found within

the genera Streptomyces and Bacillus: antibiotics produced by

these genera include oxytetracycline, chloramphenicol,
kanamycin, neomycin and streptomycin (Hopwood, 1978).

A third type of antimicrobial product, microcins, are
often plasmid-determined traits. They are 1low molecular
weight molecules which are insensitive to proteases, have a
broad spectrum of antibacterial activity and are produced by
Gram-negative bacteria, especially E.coli, but also by

Ps.aeruginosa (Hopwood, 1978; Bacquero et al, 1978).

Plasmid-determined metabolic characters include a
number which are not normally detected in the laboratory, such
as the ability of Klebsiella spp. to ferment lactose (Reeve and
Braithwaite, 1973), because the bacterial species concerned

already possesses chromosomal genes encoding the same function.
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However, Tlactose-fermenting Salmonella spp. (Easterling et al,
1969;  Synenki et al, 1973: Johnson et al, 1976), Proteus spp.
(Falkow et al, 1964) and other normally non-lactose fermenting
bacteria have also been identified where the fermentation
ability 1is encoded by plasmid genes. Genes for the
fermentation of other sugars, for example, sucrose in E.coli

(Smith and Parsell, 1975) and Sal.tennessee (Johnson et al,

1976) and raffinose in E.coli (Shipley, Gyles and Falkow, 1978)
may also be plasmid-mediated. Similarly, plasmids which
determine citrate utilisation (Smith, Parsell and Green, 1978),
HZS production (Orskov and Orskov, 1973) and urease production
(Grant et al, 1981) have also been found.

The presence of certain plasmids in bacterial strains
can alter their susceptibility to a number of phages. For
example, plasmids of dincompatibility group H inhibit the

development of bacteriophage lambda, T1 and T7 in E.coli

(Taylor and Grant, 1970). 81 and other female-specific phages
are unable to lyse E.coli strains which harbour the F plasmid.
Plasmids unrelated to F can also inhibit phage infection by
repression of F pilus production (Gasson and Willets, 1975).

The mechanisms of phage inhibition are often unknown. However,
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some plasmids encode restriction endonucleases and DNA
modification enzymes which may play a role in resistance to
phage infection (Falkow, 1975).

Where  bacteriophage typing is used as an
epidemiological tool to confirm the presence of an endemic
organism during an outbreak of infection, the acquisition of
plasmids has been shown to alter the phage type in many

bacterial species, for example Sal.typhimurium (Threlfall, Ward

and Rowe, 1978). This can cause considerable problems in the
interpretation of epidemiologic information when attempting to
monitor the spread of specific strains.

Many bacteria harbour plasmids which contribute to the
virulence of the bacterial strain which harbour them. The
best studied of these "virulence" plasmids are those harboured
by pathogenic E.coli.

Many strains of E.coli have been identified as the
cause of diarrhoeal disease in both man and animals.
Enterotoxigenic E.coli are capable of producing either a heat
stable toxin (ST), a heat labile toxin (LT) or both toxins.
The genes coding for both ST and LT can be present on the same
or different plasmids. In addition, the presence of a
colonization factor or adherence antigen (CFA), e.g. CFAI and

CFAII is also implicated in the enteropathogenicity of these
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E.coli strains. Colonization factors are antigenically
distinct depending on the different animal species in which
the organisms are found but they share a number of chemical and
biological properties. Colonization factors are also
plasmid-coded. Plasmids for the production of toxins and
colonization factor are normally required for virulence in

E.coli strains (Smith and Linggood, 1971). Since the

discovery of the association of enteropathogenicity and
plasmid-determined characters many different toxins and
colonization factors have been identified (Elwell and Shipley,
1980) which have similar properties to those described above.
E.coli 1isolated from extraintestinal infections of
humans have a higher probability of possessing features such as
haemolytic activity, colicin (Col V) production and the ability
to haemagglutinate human red blood cells in the presence of D-

mannose than E.coli isolates from healthy individuals (Minshew

et al, 1978). Each of these phenotypic characters have been

shown to be plasmid-mediated characteristics in E.coli and
other bacterial species. Although an increase in virulence
often cannot be directly attributed to the presence of these
characters, recent studies suggest that they may be closely
related. For example, the presence of plasmid Col V appears

to increase the resistance of the harbouring E.coli
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strain to host defence mechanisms (Binns, Davies & Hardy,
1979). Other E.coli plasmids confer similar properties such
as resistance to serum bactericidal activity (Mo11, Manning and
Timmis, 1980), complement resistance (Ogata and Levine, 1980)
and resistance to phagocytosis (Aguero et al, 1984) on the
harbouring strain.

Plasmids from other bacterial species have also been
implicated in bacterial virulence. The change from smooth to
rough colony type and Tloss of virulence in Sh.sonnei has
recently been attributed to the loss of a plasmid associated
with virulence (Kopecko, Washington and Formal, 1980). The
ability to penetrate tissue culture cells by a number of
Shigella spp. has also been associated with the presence of a
large molecular weight plasmid (Watanabe and Nakamura, 1985).

Ninety per cent or more of antibiotic-sensitive

Sal.typhimurium, Sal.enteriditus and Sal.dublin carry serotype

specific plasmids (Helmuth et al, 1985). In virulence studies
a much smaller oral dose of the above plasmid containing
salmonella serotypes was required to obtain a 50 per cent
lethal dose for mice than plasmid-free isolates. These
results suggest that the plasmids in these salmonella serotypes

are involved in virulence.
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The pathogenesis of Yersinia spp. 1is dependent on the
presence of one of a related group of plasmids (Portnoy,
Moseley and Falkow, 1981; Wolf-Watz et al, 1985). Virulence
associated with the presence of these plasmids is thought to
involve the adhesion of the bacterial cell to mammalian tissue
via plasmid encoded pili although further dinvestigations are
required to confirm this.

The virulence of B.anthracis is dependent on plasmid-
mediated toxin production (Mikesell et al, 1983) and the
production of a capsule which is also plasmid encoded (Green et
al, 1985).

Exfoliative toxin produced by some strains of

Staph.aureus is plasmid encoded (Wiley and Rogolsky, 1977).

In a number of strains the genes for toxin production are
chromosomal, whereas some produce plasmid-coded toxin and still
others produce both plasmid and chromosomally encoded toxin.
The presence of resistance determinants and virulence
factors on the same plasmid could, under appropriate
conditions, result in the dissemination and maintenance of both
resistance determinants or virulence factors as a result of the
selection for dissemination of the other character. For
example, the presence of resistance determinants and heat-

stable toxin on the same transferable plasmid was
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demonstrated from 5 of 11 strains of enterotoxigenic E.coli
(Echeverria et al, 1985) and is thought to have resulted from
widespread use of antimicrobial agents leading to the co-

selection of genes for resistance and toxin production.

Molecular analysis of plasmid relatedness:

During the last few years a number of methods used in
molecular studies of plasmids have been simplified and widely
used in investigating the structure and epidemiology of
plasmids. The methods developed fall into two categories -
direct and indirect techniques.

Direct techniques for plasmid analysis are based on
DNA hybridization. These techniques involve the separation of
DNA into single strands, mixing of strands from two different
sources, one of which had previously been Tlabelled, and
allowing the DNA to reanneal. Single stranded DNA can then
be digested and the amount of double-stranded DNA gives an
estimate of the degree of homology between different DNA
molecules (Barth and Grinter, 1975). Electron microscopy of
hybridized DNA, hetroduplex analysis, shows loops of single-
stranded DNA (Davis, Simon and Davidson, 1971) the amount of
which again reflects the relatedness of two DNA molecules.

Small sequences of DNA can be studied by the
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Southern blot-hybridization technique (Southern, 1975) where
radiolabelled DNA is hybridized with DNA fragments on
nitrocellulose.

Indirect techniques include agarose gel
electrophoresis of plasmids and DNA fragments generated by
restriction endonuclease digestion of plasmid DNA. Agarose
gel electrophoresis of cell Tlysates shows the number of
plasmids harboured by an individual isolate and also provides
an estimate of their molecular weight (Platt and Sommerville,
1981). Digestion of plasmid DNA with restriction
endonucleases generates a number of DNA fragments which have
been cleaved at specific sites. As different restriction
endonucleases recognise different sites the size and number of
fragments, a plasmid "fingerprint", 1is characteristic for
different plasmids (Thompson, Hughes and Broda, 1974). Using
these methods, especially with the use of two or more
restriction endonucleases (Richmond and Petricheilou, 1978) we
can demonstrate that two plasmids of the same size are
indistinguishable with regard to fingerprints, alternatively
if their base sequence is different then this will be apparent
from the fingerprints. Similarly, fingerprint analysis of two
plasmids of different molecular weight will show if they share

common fragments or if they are entirely different. Small
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changes in base sequence can produce significant changes in
fingerprints and vice versa. However, in general there is
good cérre]ation between fingerprints and molecular relatedness
of plasmids.

Gel electrophoresis of plasmid DNA is the simplest of
these techniques and the most commonly used. However, the
similarity of two plasmids of the same molecular weight can
only be implied; confirmation of the degree of relatedness
requires further analysis. Restriction endonuclease analysis
is often employed for this purpose. Nevertheless changes in
small segments of plasmid DNA, for example when a transposon is
present in plasmid DNA, may not always be apparent from
fingerprint analysis. Hybridization techniques and the use of
DNA probes to detect the presence of specific sequences may
therefore be required to resolve small changes in DNA

structure.

Presence of plasmids in "Pre-antibiotic” populations:

The treatment of some dinfections has been made
difficult by the emergence of bacterial resistance to
antimicrobial agents. The ever-increasing usage of these
drugs maintains the selective pressure that favours the

persistence of resistant strains and also the continuing
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evolution of resistance mechanisms. Clinically the most
important mechanisms of resistance are plasmid-mediated
although  primary (intrinsic) and mutationally-acquired
resistance account for a small proportion of total infections
that prove refractory to treatment (Jacoby, 1985). R-plasmids
are ubiquitous in nature; not only are they found in organisms
from societies where antimicrobial agents are routinely used
but also in bacteria isolated in the "pre-antibiotic" era
(Smith, 1967a). Smith showed that of 30 coliform strains
tested for resistance to 8 antimicrobial agents, three were
resistant to one drug and one strain was resistant to two
drugs. Streptomycin and  tetracylcine resistance was
transferable from the latter isolate.

Conjugative R-plasmids have also been isolated from a
small proportion of coliforms from human faecal specimens from
a community in Borneo where no antimicrobial agents had been
used (Davis and Anandan, 1970) and from E.coli isolated from
human faeces from inhabitants of the Solomon Islands (Gardiner
et al, 1969). Although 10 per cent of coliforms from faeces
from bushmen and animals in South Africa were resistant to one

or more antimicrobial agent, none of the resistance
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determinants were transferable (Mare, 1968). The absence of
physical data to confirm the presence of plasmids prevents any
further assessment of the representativeness of these isolates.
Hughes and Datta (1983) found that, although no
antimicrobial resistance determinants were transferrable, 19
per cent of coliforms collected in the pre-antibiotic era (The
Murray collection) possessed conjugative plasmids. These
results may not however, be representative of coliforms
generally present during the time period the collection was
made (1917 to 1954) as 48 per cent were Salmonella spp. and 32
per cent Shigella spp., with no other single genus being
represented by 10 per cent or more of the isolates studied.
Thus  although the investigations suggest that
transferrable R-plasmids were present in bacterial populations
before the introduction of antimicrobial agents, the results
may not bear quantitative comparison with the situation today.
Nevertheless the results of subsequent studies suggest that R-
plasmids prevalent today have evolved over many years. In
some instances selective pressure has led to the dissemination
of individual plasmids throughout a large and diverse bacterial
population while in others it is the resistance determinants
themselves, as transposable elements, which have become

disseminated and contributed to plasmid evolution.
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Transfer of R-plasmids between bacteria in the gastro-

intestinal tract of man and animals:

Although conjugative R-plasmids were recognised almost
30 years ago, our knowledge of their behaviour in vivo remains
Timited. Many R-plasmids are readily transferred dinter-
specifically and intragenerically in vitro but transfer
frequencies in natural environments are much more difficult to
assess and are influenced by many factors dincluding the
availability of nutrients and the presence of inhibitors.
Evidence indicative of R-plasmid transfer in vivo has been
derived from experiments both with human volunteers and
laboratory animals.

The gastro-intestinal tract of both man and animal is
the natural habitat of many coliforms and has been the focus of
a number of studies in an attempt to discover whether or not
R-plasmid transfer occurs in this habitat.

In investigations where human volunteers ingested
large numbers of viable bacteria, no transfer (Anderson, 1978;
Smith, 1978) or a very low rate (Anderson, 1975b; Smith, 1969;
Williams, 1977) was detected either to ingested E.coli K12 or
to the indigenous flora. In another study, faecal samples

10_,,411

from human volunteers who had ingested 10 ~-10 viable E.coli

originally isolated from their own faecal flora were studied to
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determine in vivo transfer (Anderson, Gillespie and Richmond,
1973). In these experiments chromosomal resistance to either
naladixic acid or rifampicin was induced in the E.coli strain
from the volunteers and an R-plasmid was transferred into one
strain in vitro. After ingestion, by 4 volunteers, of both
potential donor and recipient strains, faecal specimens were
examined for evidence of in vivo transfer. None was found
despite the dsolation of donor and recipient organisms in
numbers consistent with conjugative transfer had the
experiments been carried out in vitro. Further experiments
with three of these 4 volunteers revealed that after a 5 day
course of treatment with an antibiotic (ampicillin or
tetracycline) to which the ingested E.coli donor possessed
plasmid-mediated resistance, R-plasmid transfer in vivo was
detected at high frequency. In two volunteers in vivo
transfer had occurred, not to the chromosomally-resistant
potential recipient ingested but to indigenous E.coli strains.
Transfer to the chromosomally-resistant potential recipient was
however detected in the third volunteer.

It is now generally accepted that in vivo transfer of
R-plasmids occurs readily in the gastro-intestinal tract of
gnotobjotic animals 1in the absence of antibiotic selection

pressure. Experimental evidence to support this comes from
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studies of germ-free mice (Jones and Curtiss, 1970; Reed,
Sieckmann and Georgi, 1969; Salzman and Klemm, 1968) and
chickens (Sansonetti et al, 1980) which were fed with potential
donor and recipient strains. R-plasmids transfer in newborn
or very young animals where the indigenous flora is absent or
poorly developed also occurred at a significant rate in a
number of different animal species (Smith, 1970; Walton,
1966) . In contrast, plasmid transfer in animals with a fully
developed indigenous gastro-intestinal flora or artificially
developed flora was much less frequent (Kasuya, 1964; Smith,
1970) but antibiotic therapy to which the plasmid specified
resistance, greatly increased the numbers of transconjugants
isolated (Duval-Iflah et al, 1980; Guinee, 1965; Guinee,
1970;  Smith, 1970). This occurs by two mechanisms:- direct
selection and reduction in overall flora resulting in less
competition and in inhibition, for example by free fatty acids
and Bacteroides spp. (Anderson, 1975). Alteration of the
normal gut flora by starvation also increased the numbers of
transconjugants isolated from the rumen of shéep (Smith, 1977).

These studies also showed that the ability of
potential donor and recipient strains to multiply in the gut
influenced the frequency of R-plasmid transfer. In most

instances transfer was either not detected or occurred at a

53



very low rate if either the donor or recipient strain could not
multiply in the gastro-intestinal tract of the animal being
studied. The frequency of transfer was greater where both the
donor and recipient strains had successfully colonised the
gastro-intestinal tract. It would also appear that the
frequency of R-plasmid transfer in vivo varies in different
animal species. R-plasmid transfer has been demonstrated in
vivo in mice, rats, chickens, calves and sheep but two authors
(Jarolmen and Kemp, 1969; Smith 1970) concluded that R-plasmid
transfer in the gastro-intestinal tract of pigs was a rare
occurrence.

Thus, most workers have concluded that individual R-
plasmid transfer events in vivo are a relatively rare
occurrence under normal circumstances, both in humans and
animals. However, the cumulative effect of these events,
which although rare in the individual are nevertheless
constantly occurring on a global basis, when considered
together with the widespread use of antimicrobial agents
explains the high dincidence of conjugative R-plasmids in
coliforms. The worldwide use of antibiotics both in the

treatment of disease and their use 1in animal husbandry as
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growth enhancers may have contributed signficantly to the
spread of R-plasmids in coliform populations (Stuart-Harris and

Harris, 1982).

R-plasmid transfer in vivo in sites other than the gastro-

intestinal tract:

The transmissibility of R-plasmids in sites other than
the gut may also be of importance in the spread of resistant
strains. As coliforms form an integral component of the
bacterial flora of the gut, it is generally assumed that this
is the main site for in vivo plasmid transfer between
coliforms. However, we have no firm evidence that the gut is
the main transfer reservoir and alternative sites which do not
contain inhibitors, for example inhibition by large numbers of
Bacteroides spp., may play an important role in providing a
suitable environment for 1in vivo transfer. Experimental
evidence suggests that R-plasmids can transfer in urine and on
skin.

A high frequency of R-plasmid transfer in vitro was
found between a multi-resistant clinical isolate of

Ser.marcescens, isolated from an outbreak of urinary-tract

infections, and an E.coli K12 recipient (Schaberg, Highsmith

and Wachsmuth, 1977). In these experiments both the donor and
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recipient organisms were grown in sterile urine obtained from a
catheter collection bag. After mixing cultures in fresh urine
R-plasmid transfer was detected after incubation for 4 hours at
room temperature.

In a separate study (Nagano and Takahashi, 1985) a
number of R-plasmids were found in several different coliforms
isolated from urine samples which had been stored for 24 hours.
Although these authors did not perform in vitro experiments
with known donor and recipient strains, they suggested that R-
plasmid transfer had occurred in some urine specimens.
However, as no bacterial or plasmid analysis was performed
until after the urine samples had been stored for 24 hours, the
presence of a common R-plasmid in two or more coliforms from
the same specimen was probably the result of R-plasmid transfer
in vitro in the stored urine, rather than 1in vivo transfer.

Thus although the ability of R-plasmids to transfer in
urine is recognised the question of whether in vivo transfer
occurs in urine in the bladder requires further investigation.

The isolation of strains of Ps.aeruginosa,

Prot.mirabilis and Kleb.aerogenes resistant to ampicillin,

carbenicillin, cephaloridine, tetracycline and kanamycin from

patients in the same burns unit prompted an investigation into
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R-plasmid transfer in patients' burns (Roe, Jones and Lowbury,
1971). A burned mouse model was developed and used to
demonstrate R-plasmid tranfer in burns.

In each of 10 experiments using 10 pairs of donor and
recipient strains designed to parallel the clinical situation,
R-plasmid transfer occurred at a high frequency. The clinical

isolates of Ps.aeruginosa, Prot.mirabilis and Kleb.aerogenes

all acted as donors for R-plasmid transfer to E.coli and

Ps.aeruginosa. Transconjugants also acted as donors to
Ps.aeruginosa and E.coli recipients respectively. It was

therefore 1likely that the isolation in this burns unit of
different bacteria which harboured the same transferrable R-
plasmid was a result of in vivo transfer.

Transfer of resistance determinants between strains of

Staph.aureus on the skin of healthy volunteers has been

reported on a number of occasions. Plasmid analysis was not

performed on any of the strains of Staph.aureus studied by

Lacey (1971) and Naidoo and Noble (1978) although they
suggested that R-plasmids might have been responsible for the
transfer of resistance. Transfer of R-plasmids between

strains of Staph.aureus both in vitro and in vivo on the skin

of healthy volunteers was confirmed by plasmid analysis of
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strains carrying resistance determinants to penicillin,
erythromycin, neomycin and tetracycline (Lacey and Richmond,

1974).

Evidence of R-plasmid transfer in clinical studies:

Many reports support the hypothesis that R-plasmid
transfer in vivo is a constant phenomenon. The evidence
indicates that in addition to resistant strain cross-infection
between patients, R-plasmid transfer between different
coliforms has also occurred in a number of individual patients.
However, many of these reports are based entirely on
epidemiological evidence: for example, given a single patient
from whom two organisms were isolated that harboured the same
plasmid(s), it is not possible to determine the direction or
site of R-plasmid transfer.

In one hospital in the USA, there was an epidemic of

multi-resistant Ser.marcescens involving 33 patients in 1976

(Tompkins et al, 1980). Twenty-three further Ser.marcescens

infections were reported during 1977 and 15 during 1978.

Concurrently with the 1isolation of Ser.marcescens was the

isolation of multi-resistant Kleb.pneumoniae followed by

Kleb.oxytoca, Cit.freundii, Ent.aerogenes, Prot.morganii,

Prot.rettgeri and Providencia stuartii. A1l multi-resistant
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coliforms isolated in this study had a constant pattern of
resistance determinants which  included resistance to
sulphonamides and several aminoglycoside and beta-lactam
antibiotics, but variable resistance to tetracycline and
chloramphenicol. A 45 Md plasmid present in all isolates
specified the constant pattern of resistance. Results from
conjugation experiments showed that each coliform could
transfer resistance to the same 8 antibiotics (streptomycin,
kanamycin, gentamicin, tobramycin, ampicillin, carbenicillin,
cephalothin and sulphonamide) and restriction endonuclease
analysis showed that the 45 Md transferrable plasmid from each
of the isolates was identical. Ninety per cent of the
multi-resistant strains were isolated from infections of the
urinary tract, initially from patients in the same Urology
ward. Later, multi-resistant strains were isolated from a
number of different in-patient units and from other sites of
infection. However, Tompkins et al, (1980) did not state
whether two or more multi-resistant strains were isolated from
the same specimen. Thus, although cross-infection initially

with Ser.marcescens together with R-plasmid transfer in vivo

probably took place, no conclusions can be drawn about the
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site of transfer, whether more than one strain acted as a
donor, or  whether the transfer event took place in an
environmental reservoir rather than in vivo.

In another hospital in the USA gentamicin-resistant

Kleb.pneumoniae of a single biotype was disolated from 43

patients during February to May 1976 (0'Brien et al, 1980).
After May, the number of isolations of this biotype was
markedly reduced to be replaced by frequent disolation of

gentamicin-resistant Ser.marcescens and Tless often, of

Kleb.pneumoniae of different biotypes and E.coli, Cit.freundii

and Prot.morganii. The combined results from 1976 and 1977

showed that gentamicin-resistant coliforms were isolated from
372 patients. Two thousand and twenty isolates of 49
different species or biotypes were collected, 42 per cent from
urine and 23 per cent from sputum, in these patients. Over 90
per cent of the gentamicin-resistant coliforms were also
resistant to chloramphenicol, sulphonamide, ampicillin and
carbenicillin with tetracycline, streptomycin and kanamycin
resistance also being common. Resistance determinants were
transferred from a number of different species and biotypes and
restriction endonuclease digestion was carried out on the
plasmid DNA from the E.coli K12 transconjugants. Six of the

transconjugants had 1identical fingerprints but two had one
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additional large fragment. One of these two transconjugants
also transferred tetracycline resistance but did not possess
three of the smaller fingerprint fragments. The authors did
not give details of the number and size of all plasmids
harboured by either the gentamicin-resistant clinical isolates
or transconjugants although they stated that 19 transconjugants
harboured a 56.6 Md plasmid of 1incompatability group M.
Differences in restriction endonuclease digestion results might
therefore have reflected the presence of an additional plasmid
and/or the Tloss of a segment of plasmid DNA when it was
transferred to a different host in vivo. 0f 188 gentamicin-
resistant E.coli, 7149 were isolated from patients who also
harboured gentamicin-resistant idsolates of other coliform
species. However, the demonstration of 1in vivo transfer
requires isolation from the same specimen of two coliforms -
one which harboured a conjugative plasmid and one which did not
possess the plasmid. A subsequent specimen should demonstrate
the plasmid in both coliforms in order to suggest in vivo
transfer. Although 0'Brien et al, (1980) did not show this,
it appears that in vivo transfer has occurred although
interpretation of results 1is limited. More detailed
descriptions confirm these observations in a few dindividual

patients.
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In one patient with enteric fever, Sal.typhi isolated
from blood and faeces, was initially sensitive to
chlormaphenicol, sulphonamides, trimethoprim and streptomycin
(Datta, Richards and Datta, 1981). The patient had at first
responded to oral treatment with chloramphenicol but 7 days
after the end of treatment, she deteriorated and Sal.typhi was
again isolated from blood cultures. At this time Sal.typhi
isolates were still sensitive to the original antibiotics.
Oral chloramphenicol was resumed together with 4intravenous
cotrimoxazole. After a further 72 hours, blood cultures were
negative  but Sal.typhi resistant to chloramphenicol,
sulphonamides, trimethoprim and streptomycin was isolated from
urine and faeces. Plasmid analysis of the sensitive strain
showed that it was plasmid-free whereas the resistant strain
harboured two plasmids. One plasmid which belonged to
incompatibility group I, carried high level resistance to
trimethoprim and low level streptomycin which was confirmed as
Tn7 by restriction enzyme analysis. The second plasmid
carried chloramphenicol, sulphonamide and low Tlevel
streptomycin  resistance determinants and belonged to
incompatability group H. Thus it appears that treatment of

this patient with chloramphenicol and cotrimoxazole had
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resulted in the in vivo transfer of two plasmids to the
Sal.typhi, one of which, the Inc H group plasmid, was detected

in a Kleb.aerogenes also present in the patient's faeces.

In a separate study involving a single patient, a

Sal.typhimurium was shown to sequentially acquire two different

R-plasmids  (Platt, Sommerville and  Gribben, 1984).

Sal.typhimurium isolated from blood and faeces of this patient

was initially resistant to trimethoprim and sulphamethoxazole
and harboured an 18 Md non-conjugative plasmid. After 4 days

of ampicillin therapy Sal.typhimurium isolated from peritoneal

dialysis fluid and faeces, was additionally resistant to
ampicillin and harboured a 55 Md plasmid in addition to the 18
Md plasmid. Therapy was changed to chloramphenicol and two

weeks later about 4 per cent of faecal Sal.typhimurium were

also resistant to chloramphenicol and harboured a third plasmid
of 62 Md. Plasmid analysis of other coliform species from the
patient suggested that the transferrable R-plasmids were
initially harboured by different indigenous faecal coliforms.
Experimental evidence  suggested that the ampicillin
resistance-plasmid  was transferred directly to  the

sal.typhimurium from E.coli and the chloramphenicol-resistant

plasmid although detected in a Kleb.pneumoniae and a further

distinct E.coli was transferred from the E.coli strain. In
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this  patient  treatment with ampicillin  followed by
chloramphenicol therapy resulted in the sequential acquisition
of plasmids encoding resistance to these drugs from coliforms
in the gastro-intestinal tract of the patient concerned.

A number of further examples of in vivo transfer of
R-plasmids was found in individual patients, for example, a

Klebsiella K10 and a Cit.freundii were 1isolated from one

patient, the same resistance determinants were transferred from
both strains each of which carried two R-plasmids of
incompatability groups FII and G (Datta et al, 1980). A
Klebsiella K21 and an E.coli were isolated from a second
patient: both isolates transferred the same resistance
determinants and harboured an Inc FII plasmid. Datta et al,
(1980) also demonstrated that the acquisition of resistance by
transposition was an important feature of the development of
resistant coliforms in addition to the transfer of R-plasmids
between bacterial species. Transposition of ampicillin-
resistance was demonstrated on a number of occasions, for
example from 6 Inc FII plasmids which also determined
resistance to gentamicin, tetracycline, sulphonamide,
chloramphenicol and mercuric chloride. Both ampicillin-
resistant and  ampicillin-sensitive variants of this

transferrable R-plasmid were detected. Acquisition of
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ampicillin-resistance coincided with an increase in the
molecular weight of the plasmid from 57 Md to 59 Md. A second
example of the involvement of a transposon was found; in this
instance the plasmid transferred resistance to trimethoprim and
streptomycin which is indicative of Tn7, in that restriction
endonuclease digestion with HindIII yielded two fragments
characteristic of Tn7.

Thus our current knowledge of the behaviour of R-
plasmids in vivo dis based 1largely on inference from
retrospective studies but that the large body of circumstantial
evidence firmly supports in vivo transfer. This evidence is
based on R-plasmids present in specific genera (Davies, Farrant
and Tomlinson, 1968b;  Courtney, Miller and Streips, 1980;
Markowitz et al, 1980), the transfer of specific R-plasmids
between different coliform species (Thomas et al, 1977
Tantulavich et al, 1981; Rubens et al, 1981), the transfer of
common resistance determinants (Dubois, Pechere and Letarte,
1981;  Knight and Casewell, 1981; Takahashi and Nagano, 1985;
Elwell, Inamine and Minshew, 1978) and the influence of
transposons on hospital infection (Datta et al, 1979). In
contrast there are very few studies dinvolving dindividual
patients where sufficient information 1is available to

distinguish between donor and recipient strains in any outbreak
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of infection (Farrar et al, 1972). A study in which the
apparent index case was recognised retrospectively to have

caused an outbreak of multi-resistant Kleb.pneumoniae

infections has been recently discussed. However, the "index"
organism was not actually studied because it was isolated
before the epidemic was recognised and therefore was not stored
(Gerding et al, 1979).

Thus, any attempt to investigate the distribution,
mobility and epidemiology of plasmids from coliforms isolated
from faecal material will be dependent on a large number of
factors. These include that coliforms isolated from faecal
material represent only a small proportion of those present in
a limited area of the gastro-intestinal tract and a smaller
proportion of a much larger and undefinable flora. In
addition, the complexity of other factors which may influence
coliform growth rate, distribution, physiological state and
plasmid content may be expected to influence the results
obtained. Analysis of results would therefore be complex and
difficult to interpret. In contrast, open wounds are often
colonised/infected with coliforms accessible for sampling
without the complexity associated with studies of isolates from

the gut.
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Peripheral vascular disease and associated infections:

Disorders of the vascular and lymphatic systems
involve every organ in the body. Peripheral vascular disease
(PVD) affect the limbs and generally results in reduced
perfusion of blood to the affected tissue which becomes
clinically apparent by the development of ischaemia (Nolan et
al, 1974) Most arterial disease is due to atheromatous
degeneration of the arterial wall followed by the
superimposition of acute thrombosis on the artheromatous plaque
or the lodging of an embolus in a major artery to the Timb.

Patients with PVD may present with symptoms additional
to the development of ischaemia. These include rest pain,
muscle atrophy, and paralysis may occur after a sudden complete
arterial blockage. A number of superficial arteries may
exhibit abnormal pulsations which is presumptive evidence of a
block in the main artery, distal to the superficial artery.
Colour changes of the skin and increased temperature
sensitivity may also occur. Vascular insufficiency results in
deterioration of the nutrient supply to the skin and consequent
inability to repair minor day-to-day trauma which leads to the
development of ulcers which are slow to heal and may

deteriorate progressively to gangrene.
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The development of ulceration of the skin and gangrene
in severe cases of ischaemia is a result of tissue death which
can result in two clinical forms of necrosis. Dry gangrene
and mumification, especially of the toes, 1is common where no
underlying infection is present. The development of ulcers
and/or wet gangrene results in swelling and sloughs forming
with a Tine of granulating tissue separating the infected area.
Wet ulceration and gangrene are often found in patients with
diabetes mellitus. Ulcers 1in patients with PVD are
characteristically found on the lower part of the leg and
around the ankle.

In a study of 40 patients with untreated ulcers
secondary to PVD the predominant bacteria disolated were

Staph.aureus and coliforms (Friedman and Gladstone, 1969).

Specimens were obtained by mixing 1 ml of sterile water over a
20 mm diameter area of the ulcer and culturing the resulting

rinse water. Staph.aureus was isolated from 17 and coliforms

from 9 of these 40 ulcers. More than one organism was
isolated from 20 ulcers. Good correlation was found between
the presence of inflammation in the ulcer and the isolation of

Staph.aureus and coliforms. Although the presence of invasive

infection could not be determined as collection of biopsy

specimens was contra-indicated in these patients since adequate
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circulation was not present, it appears that the presence of

Staph.aureus amd coliforms in these ulcers was contributing to

the deterioration and inflammation of the ulcers.

Treatment of PVD is diverse and is dependent upon its
severity. The treatment of associated infection with
dressings soaked with hypertonic solutions is recommended
as is both topical and systemic antimicrobial therapy in some
instances, to prevemt cellulitis. Surgical debridement is
often undertaken although amputation to remove an infected area
is not advised unless absolutely necessary.

Surgical treatment to imcrease the flow of blood to an
affected limb is often peformed. Arterial reconstruction is
carried out only in patients with localised arterial disease.
Bypass operations involving insertion of either an autologous
saphenous vein or a prosthesis such as terylene (dacron) are
often performed. Specific patients may be selected for
sympathectomy where divisicn of the sympathetic nerve supply
results in increased blood supply to the limb especially to the
skin. Sympathectomy may not benefit the muscles directly but
can relieve coldness and assist healing of skin lesions.

Infection of surgical wounds is a well recognised
problem in a number of patients who have undergone these

procedures. The incidence of infection in clean wounds, those
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performed through uninfected tissue where no hollow organ is
opened and where there is no break in aseptic technique, is
generally Tlow, at about two per cent (Galland, 1982).
However, 1in vascular surgery the rate of infection is much
higher when prosthetic material is implanted, 1in operations
involving the groin and in lower Timb amputations.

In a study of surgical wound infection from 1971 to
1978, a gradual decrease was seen, from 7.1 per cent in 1972 to
3.6 per cent in 1978 with a mean of 5.4 per cent (Leigh, 1981).
This study included results for all types of surgical wounds in
two UK hospitals. Thirty-nine per cent of wounds were

infected with Staph.aureus and 55 per cent with coliforms.

Anaerobes were isolated from 14 per cent of all dinfected
wounds. Sixty-two per cent of infections were caused by a

single organism of which Staph.aureus was the most common. In

contrast, the majority of the 38 per cent of wounds infected
with more than one organism were associated with infections

with bacterial species other than Staph.aureus which included

infections mainly with coliforms but also with anaerobes.
Decubitus ulcers are caused by venous stasis and

pressure resulting in the development of ulcers typically on

the buttocks, sacral area and heels. A number of patients

with PVD develop decubitus ulcers as a result of the disease
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but they are also common 1in both geriatric and orthopaedic
patients. The bacterial genera and species isolated from
decubitus ulcers 1is similar to those isolated from other skin

ulcers and surgical wounds. Staph.aureus is the most

commonly isolated organism with coliforms and anaerobes also
isolated frequently (Dagher, Alongi and Smith, 1978; Daltrey,
Rhodes and Chattwood, 1981; Lookingbill, Miller and Knowles,
1978). The isolation of a mixed bacterial flora appears to be
more common than the isolation of a single pathogenic species.
Thus, the patterns of colonisation and infection in
post-surgical lesions and peripheral ulcers indicate that these
sites provide a suitable system in which to study coliforms,
plasmids and the in vivo transfer of plasmids. Such a system
has advantages over the gastro-intestinal tract in that it is
simpler to study and may parallel the burned mouse model used
by Roe et al, (1971) to study the in vivo transfer of R
plasmids. The following reasons also contributed to the

decision to study these patients:-

(1) Patients selected were normally available for

follow-up over a reasonable time period.
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(2)

(3)

(4)

The site(s) to be sampled was expected to contain
coliforms (ideally more than one) as a predominant
colonist without large numbers of other organisms and
ideally in a site where they represent potential

pathogens.

In general, sites were expected to be more evenly
colonised and show Tless species diversity than the

gastro-intestinal tract.

Specimen collection did not require the use of
invasive techniques, disturb the routine of the
clinical unit, nor disturb the patient in such a way

that compliance affected future sampling.
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(1)

(2)

(3)

AIMS OF THE PRESENT STUDY

To assess the bacterial colonisation of vascular
ulcers and surgical wounds in patients with PVD and
decubitus ulcers in geriatric patients and to

correlate the findings with the clinical situation.

To determine the presence and distribution of plasmids
present in the coliforms disolated. To assess the
mobility of R-plasmids and plasmids not associated
with resistance. Compare in a limited number of
patients, the plasmids present in coliforms isolated

from rectal swabs.

Apply plasmid profile and fingerprinting techniques to
the resolution of both epidemiological problems
including identification of instances of cross-
infection and distinguishing between endogenous and
exogenous sources of wound infection. Instances of
plasmid transfer in vivo involving conjugative
R-plasmids or conjugative plasmids not associated with

resistance, will also be identified.
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MATERIALS AND METHODS

Patients:

Patients studied were either in-patients of the PVD
unit, Glasgow Royal Infirmary, or of geriatric units 1in
hospitals in the Eastern District of Glasgow during the period
February 1981 to June 1983 as detailed in Table 1.

Relevant patient details were recorded on a
questionnaire (Appendix 1) on each occasion a wound was
sampled. Information recorded included a clinical summary and
details of antimicrobial therapy together with a detailed
description of the type of wound, site and clinical appearance.

Wounds were classified on the basis of appearance:

Grade I - Clean, no evidence of infection.

Grade II - Inflammation present with or without
oedema; no purulent exudate.

Grade III - Inflammation, oedema and purulent
exudate present.

Dry wounds were excluded on the basis of the results from a

pilot study which established that no coliform isolation was

associated with this type of wound.
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TABLE 1:

Patient populations studied
specimens collected.

and types of

SPECIMENS COLLECTED

Number of Hospital Period of Wound Rectal

Patients Unit Collection Swab Swab
25 PVD Feb.81-Mar.81 Yes No
53 PVD ‘ Nov.81-Apr.82 Yes No
26 PVD Oct.82-May 83 Yes Yes
13 Geriatric Mar.83-Jun.83 Yes Yes

PVD = peripheral vascular disease

* Mean age 69 years (range 37 - 91)

75



Specimens:

Wound swabs were obtained at weekly intervals from
patients in the PVD unit. Rectal swabs were also collected in
parallel each week from those patients studied during the
period October 1982 to March 1983. Wound swabs from patients
in geriatric units were also obtained at weekly intervals.
Parallel rectal swabs were collected when the wound was first
sampled and thereafter, at two to three-week intervals.

Wounds were divided on clinical grounds into -

(a) Vascular ulcers; wounds arising as an indirect
result of PVD where no surgical procedure was

involved.

(b) Amputation sites; wounds in PVD patients

resulting from surgical amputation.

(c) Surgical vascular repair sites; surgical wounds
which appeared clinically to be infected and/or
slow to heal after surgery to repair or by-pass

blood vessels.
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(d) Decubitus ulcers; ulcers in geriatric patients
arising as a result of vascular insufficiency and

pressure.

A1l wound swabs from patients in the PVD unit were
obtained wusing either a dry swab, or in the case of
particularly dry wounds, a saline moistened swab. The swab
tip was broken into a bijou containing 0.5 ml brain heart
infusion (BHI) broth (Oxoid, CM225). A1l rectal swabs and
wound swabs obtained from geriatric patients were taken using a
dry swab and transported in Amies transport media (Exogen Vi-
Pak). A1l specimens were processed within two hours of

collection.

Isolation of Organisms:

Wound swabs 1in BHI broth were vortexed thoroughly

and 0.1 ml broth inoculated onto each of:-

(1) cysteine-lactose-electrolyte-deficient  (CLED) agar
(Mast, DM110)

(2) Columbia agar base (Oxoid, CM331) containing 5 per

cent defibrinated horse blood
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(3) neomycin blood agar (Brucella agar base (Difco,
096001), which contained 70 ug/ml neomycin (Sigma), 5
per cent defibrinated horse blood and 10 ml1/1 vitamin

K haemin solution (Gibco)).

Wound swabs in transport media were inoculated directly onto
solid media as above. Rectal swabs were inoculated directly
onto plates of CLED and MacConkey (Oxoid, CM7B) agar. In
addition, to facilitate isolation of resistant coliforms
present in small numbers in the original specimen a direct
sensitivity test was carried out (Platt, Chesham and
Kristinsson, 1986). Isosensitest agar (Oxoid, CM471) and the
following antibiotic discs (Oxoid):- carbenicillin 100 g,
cephazolin 30 ug, tetracycline 10 ug, kanamycin 30 Mg,
streptomycin 10 pg, chloramphenicol 10 ug, sulphamethoxazole 25
Hg and trimethoprim 1.25 g were used.

A11 CLED, MacConkey, Columbia blood and Isosensitest
agar plates were incubated overnight at 37°C in air enriched
with 5 per cent C02. Neomycin blood agar plates were
incubated for 48 hr at 37°C anaerobically (Oxoid gas
generating kit BR38).
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After incubation all potential pathogens from wound
swabs were purified and didentified using standard methods
(Lennette et al, 1980). Results were recorded and cultures of

anaerobes and Gram positive aerobes were discarded.

Estimation of mean healing time of wounds:

To compare different types of wounds (vascular ulcers,
amputation sites, surgical vascular repair sites and decubitus
ulcers) a mean value was derived from each group. As wounds
were only sampled when their appearance suggested that they
were colonised/infected, the mean number of weeks sampled was
an indication of the time it took for the wound to heal, i.e.
the mean healing time.

The number of weeks a wound was sampled from geriatric
patients was not, in general, an accurate indication of healing
time as many of the patients either died or were transferred
to other units without resolution of the wound. This has
therefore led to 1inaccuracy in calculating the mean healing
time from geriatric patients, resulting in an underestimate in

the value obtained.

Calculation of healing time of wounds in the presence and

absence of potential pathogens:

To correlate wound healing with the isolation of one

79



or more potential pathogen, the data collected was reviewed as
described below on the assumption of equivalence between wound
healing and sampling, i.e. wounds were, with few exceptions,
sampled until healing was complete. Thus the number of weeks
that samples were collected provided an estimate of the healing
time. This was only applied to patients in the PVD unit.
Geriatric patients were excluded on the grounds that the

assumption above was not valid as described earlier.

(1) The number of weeks taken for wounds, from which no
potential pathogens were isolated, to heal was

calculated.

(2) The number of weeks that a wound was sampled,
including the week of initial isolation of a potential
pathogen, was taken as the number of weeks it took for

the wound to heal.

(3) This was repeated for all wounds from which potential

pathogens were isolated.
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(4) The chi squared test was used to compare healing time
of wounds from which no potential pathogens were
isolated with wounds from which potential pathogens

were isolated.

(5) This analysis was performed for wounds from which

coliforms, Staph.aureus, Pseudomonas spp. and any

potential pathogen, were isolated.

Further investigation of enterobacteria, pseudomonas and

acinetobacter isolates:

A1l 1isolates of enterobacteria, pseudomonads and
acinetobacter from wounds and rectal swabs even if only present
as single colonies and dincluding those from wound swabs
considered to be of significant or doubtful clinical
significance, were purified as follows. In the case of wound
swabs enterobacteria, pseudomonads and acinetobacter were
purified from Columbia blood and CLED plates, from rectal swab
cultures on CLED and MacConkey plates were used. Up to 6
colonies of each distinct colony type were pooled in 2.5 ml
Isosensitest broth (Oxoid, CM473). Any colonies growing
within the inhibition zones on the direct sensitivity plate

were similarly suspended 1in Isosensitest broth. ATl
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suspensions were then plated for purity on CLED and disc-
diffusion sensitivity tests performed (Platt and Sommerville,
1981) on Isosensitest agar and using discs containing the
following antimicrobial agents; rifampicin 50 ug (Mast),
naladixic acid 30/pg, ampicillin 10/yg, carbenicillin 100 ug,
cephazolin 30 ug, cephamandole 30 ug, colistin sulphate 25 pg,
tetracycline 10 g, kanamycin 30 ug, streptomycin 10 ug,
gentamicin 10 ug, tobramycin 10 Mg,  amikacin 10 ug,
sulphamethoxazole 25 Mg, trimethoprim 1.25 ug and
chloramphenicol 10 ug (all Oxoid). If the resulting culture
was not homogeneous with respect to either colony type or
sensitivity pattern, purity and sensitivity testing were
repeated for each variant until homogeneous cultures were
obtained.

Many members of the family Enterobacteriaceae possess

chromosomally-determined ampicillin resistance. Coliforms
other than E.coli were therefore classified as being resistant
to ampicillin, for the purpose of designation as resistant
isolates, only if they produced a beta-lactamase enzyme. This
was tested using betatest strips (Medical Wire Co. Ltd.) where
only strong positive reactions detected within 5 min were

regarded as confirmatory.
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Each isolate was then identified by the API 20E system
and the detection of plasmid DNA was performed using a
development of the method described in detail below (Platt and
Sommerville, 1981). Each isolate was tested on three seperate
occasions to determine the number and size of plasmids present
or to confirm a negative result. Plasmid detection was
carried out on clinical isolates prior to storage.

A1l 674 strains of enterobacteria, pseudomonads and
acinetobacter were stored in columbia agar base stabs
containing 15 per cent BHI broth at 0-4°C for further
investigation. Each isolate was coded to identify the patient
number, patient specimen number and organism identity as in
Table 2. Patients and specimens were numbered sequentially.
The two letter organism identity code was that used in this

Department as an organism computer idenfity code.

Examples of organism identity code

12AA1: 12 = patient number, AA = E.coli, 1 = Ist

specimen from patient number 12.
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TABLE 2: Organism identity code, based on identification
by the API 20E system, used for the
identification of coliforms, pseudomonas and
acinetobacter isolated from clinical specimens.

Organism Identification by API 20E Organism Code

Escherichia coli (lac’) AA

Escherichia coli (lac™) AB

Proteus mirabilis BA

Proteus morganii BB

Proteus vulgaris BC

Klebsiella pneumoniae CD

Klebsiella oxytoca CH

Providencia stuartii DA

Pseudomonas aeruginosa EA

Pseudomonas fluorescens EB

Pseudomonas maltophilia ED

Pseudomonas species EF

Enterobacter cloacae JC

Enterobacter agglomerans JE

Hafnia alvei JH

Serratia marcescens KA

Serratia laquifaciens KB

Yersinia ruckeri PA

Acinetobacter calcoaceticus var anitratus QA

Citrobacter freundii RA

lact = lactose-fermenting: lac = non-lactose-fermenting.
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12aBAla: 12a = 2nd anatomical wound site from

patient number 12, BA = Prot.mirabilis, 1la = 1st

specimen, 2nd colony/sensitivity variant of

Prot.mirabilis from specimen.

12RCD3: 12R = rectal swab from patient number 12, CD

= Kleb.pneumoniae, 3 = 3rd specimen.

Multiple isolates from the same patient:

Enterobacteria, pseudomonads and acinetobacter
isolated either from the same wound on more than one occasion,
or from different wounds in the same patient, were excluded
from further investigation if their API identity, antibjogram
and plasmid profile were the same. Rectal isolates were

treated similarly.

Recipient strains:

Determination of which strains were the best
recipients was investigated as fo]lows:- spontaneous
rifampicin-resistant mutants were isolated, from strains under
test for recipient ability, by spreading 0.25 ml of an
overnight BHI broth culture onto an Isosensitest agar plate

containing 50 upg/ml rifampicin (Sigma) and S/ug/ml ascorbic
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acid (Martindale, 1977). After overnight incubation at 37°C,
single colonies were tested to confirm their resistance to
rifampicin (and other antimicrobial agents to detect mutational
resistance to other agents) using sensitivity testing methods
and antibiotic discs as previously described.

Four plasmids (RP4, R1, 7679 and 8080a), were used to
test the recipient ability of rifampicin-resistant mutants.
Plasmid characteristics are shown in Table 3.

Eleven rifampicin-resistant mutants of clinical E.coli
from the routine diagnostic Tlaboratory and E.coli K12 J62-2
were tested for their ability to act as recipients for the 4
plasmids carried by E.coli K12 J53-1. Conjugation experiments
with each plasmid-containing donor isolate and each potential
recipient strain and the characterisation of transconjugants
were performed as described later.

Four E.coli strains were found to act as recipients
for all 4 plasmids tested. Three of the recipient strains
contained plasmids and/or were resistant to antimicrobial
agents in addition to rifampicin. The fourth strain, E.coli
K12 J62-2 possessed no plasmids, was resistant only to
rifampicin and was therefore chosen as the best recipient

(Table 3). In a similar experiment E.coli K12 J53-1, J53-2
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and J62-1 were shown to be equally good recipients as J62-2.
These strains were therefore employed as recipients in
conjugation experiments with clinical E.coli isolates.

The 4 test plasmids were transferred into Ent.

aerogenes NCTC 10006, Kleb.aerogenes NCTC 8172 and Cit.

freundii NCTC 9750. These plasmid-containing strains were
then used as donors to assess the recipient ability of

Enterobacter spp., Klebsiella spp., Citrobacter spp. and Hafnia

spp. The method of plasmid transfer and selection of
transconjugants was as described above for screening to find
the best E.coli recipients. The strain from each genus used
as a recipient in conjugation experiments with clinical
isolates was one which was able to accept transfer of all or a
majority of the plasmids tested. If two or more recipients
gave the same results then the one which possessed the least
number of resistance determinants, 1in addition to rifampicin
and which possessed the smallest number of plasmids in addition
to those being tested, was chosen as a recipient in further

conjugation experiments with clinical isolates (Table 3).
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A similar procedure was adopted to determine the best
Proteus recipients. All 4 p]asmids were transferred into a

clinical strain of Prot.mirabilis and were subsequently re-

transferred to a number of Proteus spp. The best recipients

are listed in Table 3.

Inhibition of growth of E.coli Kl12:

During some conjugation experiments it was noted that
a number of clinical E.coli isolates appeared to produce
factor(s) with colicin-like activity  which inhibited the
growth of E.coli K12. This inhibition was confirmed and the

resistance of Ent.aerogenes GRI 9880 and Sal.typhimurium LT2 to

these factor(s) was demonstrated using the following method:-

one loopful of an overnight BHI broth culture of the bacteria
to be tested for sensitivity to factor(s) produced by clinical
E.coli isolates was evenly spread over the surface of an
Isosensitest agar plate with a sterile dry swab and the plates
allowed to dry completely at room temperature. Ten
microlitres of an overnight BHI broth culture of each clinical
E.coli under test for production of presumptive colicins was
dispensed onto the plate and allowed to dry. After overnight
incubation at 37°C, sensitivity was detected as areas where

the test organism lawn had failed to grow around the drop of
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the clinical E.coli isolate. Resistance to presumptive
colicins produced by the clinical E.coli was demonstrated by
growth right up to the clinical E.coli drop.

Ent.aerogenes GRI 9880-2 was subsequently used as the

recipient in all conjugation experiments with clinical E.coli
which produced presumptive colicins to which E.coli K12 was

sensitive since this Ent.aerogenes strain was resistant.

Conjugation: R-plasmid transfer from clinical isolates:

The method employed to demonstrate R-plasmid transfer
and characterise transconjugants was adapted from an earlier
method developed in this Department (Kraft, Platt and Timbury,
1983):- 1 ml of a BHI broth culture of donor was mixed
separately with 1 ml of recipient culture. 5 ml fresh BHI
broth was added and the mixtures incubated for 24 hr at 37°C.
Samples were then plated by multipoint inoculator (Denley) onto
CLED selection plates containing either 50 ug/ml rifampicin and
5 ug/ml ascorbic acid or 25 pg/ml naladixic acid (Sigma), to
select against the donor. In addition, one of the following

antimicrobial agents was added to select against the

recipient:-

100 pg/ml  ampicillin (Sigma)
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400 pg/ml carbenicillin (Sigma)

10 ug/ml  tetracycline (Sigma)
25 ug/ml  kanamycin (Sigma)
15 ug/ml  streptomycin (Sigma)
5 ug/ml gentamicin (Roussel)

100 pg/ml  sulphamethoxazole (Wellcome)
30 pg/ml  trimethoprim (Wellcome)
20 pg/ml  chloramphenicol  (Sigma).

If a donor isolate possessed more than one resistance marker
the conjugation mixture was inoculated onto selection plates to
select separately for the transfer of each resistance marker.
Each resulting potential transconjugant was tested separately
for purity and a homogeneous resistance pattern. If any of
the zones around antibiotic discs appeared to be mixed,
sensitivities and further purification of variants was carried
out as follows:- resistant colonies from within the zones were
purified and sensitivity tests repeated. Sensitive varijants
were obtained by streaking single colonies from the CLED purity
plate onto Isosensitest agar with the appropriate antibiotic
disc in the centre of the streak. Sensitive clones
identified after incubation were then plated for purity and

sensitivity tests performed as previously described.
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These purification steps were repeated as necessary
until morphologically pure cultures were obtained on CLED agar
which were homogeneous with respect to sensitivity pattern.
Plasmid DNA in crude lysates from all resulting transconjugant
cultures was correlated with those present in the donor
organism. If antibiotic sensitivity and plasmid profile was
the same from all selection plates only one transconjugant was
stored for further investigation. When the sensitivity
pattern and/or plasmid profile differed in transconjugants from
a single donor isolate, one example of each variant was stored
for further investigation.

Strains used as vrecipients when clinical E.coli
isolates were the potential donors were E.coli K12 J53-1, J53-

2, J62-1, J62-2; Ent.aerogenes GRI 9880-1 or GRI 9880-2. In

addition to E.coli K12 and Ent.aerogenes, each of the best

recipient strains listed in Table 3 were also used for R-

plasmid transfer from enteric genera other than E.coli.

Transfer of plasmids not associated with antibiotic resistance:

The characteristics of non-conjugative resistance
(Tra~ RY) plasmids pHH1310a and R300B are listed in Table 3.
These plasmids were obtained in E.coli K12 hosts, pHH1310a in

J62-2 and R300B in W3110 (Hughes and Datta, 1983). Both
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plasmids were mobilised into Sal.typhimurium LT2 using the

following method. Plasmid pMR5 (Table 3) was transferred into
the E.coli K12 isolates that carried pHH1310a and R300B at
30°C.  Both Tra~ R' plasmids were then mobilised by pMRS

into Sal.typhimurium LT2. Selection plates for the isolation

of Sal.typhimurium LT2 transconjugants containing plasmids pMR5

and pHH1310a or pMR5 and R300B were deoxycholate citrate agar
(DCA) (Oxoid, CM227) and appropriate antimicrobial agents in
the concentrations previously described. In the case of
plasmid pHH1310a, carbenicillin selection was employed and
single transconjugant clones were tested for the presence of
both plasmids by sensitivity testing and plasmid visualisation.
Selection plates for the mobilisation of R300B by pMR5
contained sulphamethoxazole or streptomycin. The presence of
both plasmids was confirmed by sensitivity testing and plasmid
visualisation. Both cultures were then incubated overnight in
BHI broth at 40°C to eliminate pMR5. Direct sensitivity tests
and purity plates were then inoculated. The presence of

plasmid pHH1310a in Sal.typhimurium LT2 and curing of plasmid

pMR5 was confirmed by retention of resistance to carbenicillin,
loss of resistance to tetracycline and kanamycin and by plasmid

visualisation. Similarly the retention of plasmid R300B and
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loss of pMRS  was confirmed by streptomycin and
sulphamethoxazole resistance, carbenicillin, tetracycline and
kanamycin sensitivity and plasmid visualisation.

To determine the conjugative ability of plasmids in
sensitive coliforms and resistant coliforms which did not
transfer resistance markers, the ability to mobilise pHH1310a
and/or R300B was tested using a modification of the method of
Anderson (1965) and described in detail below. Clinical
isolates were used as donors; intermediate strains were E.coli

K12 J62-2 pHH1310a, W3110 R300B, Sal.typhimurium LT2 pHH1310a

and LT2 R300B. The final recipients were E.coli K12 J53-1 or

Ent.aerogenes GRI 9880-1. Organisms were inoculated

separately into BHI broth and incubated overnight at 37°C. 1
ml of each donor organism was mixed separately with 1 ml of

either each E.coli K12 intermediate or each Sal.typhimurium

intermediate. 3 ml BHI broth was added and the mixtures were
incubated at 37°C for 2 hr. 1 ml of recipient was then added
to each donor/intermediate mixture and further incubated at
37°C overnight.  E.coli K12 intermediates and recipients were
used for all mobilisation experiments with the following

exceptions. when the donor was a clinical E.coli, producing
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presumptive colicins to which E.coli K12 was sensitive,

Sal.typhimurium LT2 was employed as an intermediate and

Ent.aerogenes GRI 9880-1 as a recipient.

0.25 ml of each triple culture was dinoculated onto
CLED agar containing 25 pg/ml naladixic acid to select against
the donor and intermediate and 400 pg/ml  carbenicillin to
select for mobilised pHH1310a or 100 ug/ml sulphamethoxazole
for selection of mobilised R300B. Colonies on selection
plates after incubation at 37°C overnight were tested for
sensitivity and the presence of plasmids was confirmed by
agarose gel electrophoresis, Figure I.

In a number of instances transconjugants acquired the
appropriate mobilised Tra~ RT plasmid but no plasmid DNA
corresponding to that seen 1in the clinical isolate was
+

observed. In these instances re-mobilisation of the Tra R

plasmid was attempted by mixing the Na]R transconjugant

harbouring the Tra~ R plasmid with a Rif?  E.coli KI2
recipient. After overnight incubation the wmixture was

inoculated onto the plates selecting for the presence of the
recipient containing the Tra” R* plasmid. Mobilisation
failure on the second conjugation was taken to indicate that

the first mobilisation event resulted in either the
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FIGURE I: Conjugative transfer of a Tra® R~ plasmid from a
clinical isolate 1into an intermediate strain
harbouring a Tra~ R plasmid followed by
mobilisation of a Tra~ R* plasmid into a
recipient strain by the Tra® R plasmid.

Tra = conjugative ability
R = resistance determinants
Nal® = rifampicin resistant
RifR = rifampicin resistant
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mobilisation of the Tra~ R plasmid with failure of the Tra'
R™ plasmid to transfer or unstable maintenance of the Trat R~

plasmid.

Tra__ plasmid mobilisation by RP4:

A triple cross system was employed to detect the
mobilisation of Tra  plasmids in clinical isolates by RP4
using a similar method as described for the detection of
mobilisation of Tra~ R'  plasmids by clinical Tra®™ R"
plasmids.

Intermediate strains were clinical isolates containing
plasmids which were not found to be Tra® by the methods as

previously described. The donor strain was either E.coli K12

J53 RP4 or Sal.typhimurium LTZ RP4: recipient strains were

E.coli K12 J62-1 or Ent.aerogenes GRI 9880-1. After

overnight incubation of the donor, RP4 containing strain and
recipient mixture, a sample was plated out onto media selecting
for RP4 in the recipient strain. Twelve single colonies were
examined by agarose gel electrophoresis to detect the presence
of any plasmids in addition to RP4. Clones containing
plasmid DNA in addition to RP4 were sensitivity tested as

previously described.
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Furthermore, clinical isolates which possessed
resistance determinants 1in addition to intrinsic resistance
were tested for the ability of RP4 to mobilise any Tra~ R
plasmids, if present. In these instances any resistance
determinants din addition to those specified by RP4 were
selected after overnight incubation of the mixture of clinical

isolate, RP4 containing strain and potential recipient.

Detection and characterisation of plasmid DNA in crude lysates:

A modification of a method of DNA extraction and
electrophoretic separation of plasmids as described by Platt
and Sommerville (1981) was employed. The equivalent of 12-20
colonies of an overnight 37°C culture on nutrient agar (Oxoid,
CM3) was suspended in 300 yl of tris-borate buffer (89 mM tris,
89 mM boric acid, 1.25 mM disodium ethylenediaminetetra-acetic
acid (EDTA), pH 8.2) in 1.5 ml Eppendorf tubes. Two hundred
microlitres of sodium dodecyl sulphate (SDS) (10% in tris-
borate buffer) was added and the tubes mixed gently by
inversion. After heating at 50°C for 5 min the crude lysates
were centrifuged at 9,980G for 15 min 1in an Eppendorf
centrifuge (Model 5414) at room temperature. One hundred
microlitres of the supernate was loaded onto 0.7 per cent

vertical agarose (Sigma) gels (15x10x0.5 cm). Five
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microlitres of bromophenol blue tracking dye (25% sucrose, 8 mM
sodium acetate, 3.5 mM SDS and 0.7 mM bromophenol blue) was
added and the gels sealed with molten agarose.
Electrophoresis was at room temperature in tris-borate buffer
for 1 hr at 100V constant voltage, followed by 4 hr at 200V.
After electrophoresis, gels were stained in 50 mM tris, 5 mM
EDTA, 40 mM sodium chloride, (TES) buffer, pH 8.0 containing
0.165 mM ethidium bromide for 15 min. Plasmids were
visualised using a long wavelength transilluminator (Ultra-
Violet Products Inc.) and were photographed using polaroid film
(Type 665) and a Polaroid MP4 land camera through Kodak filters
25, 12 and 2E. Four plasmids of known molecular weight RA-1,
R1, R702 and RP4 (see Table 3) were included in each gel for

callibration to estimate the molecular weight of unknown

plasmids.

Preparation of purified plasmid DNA for restriction

endonuclease digestion:

The method used to prepare purified plasmid DNA was
adapted from a method developed in this Department (Platt et
al, 1986). Twelve to 20 colonies from an overnight nutrient

agar culture were harvested using a sterile dry swab and the

organisms suspended in 0.5 ml1 25 mM tris, 50 mM glucose, 10 mM
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EDTA, (TGE) buffer, pH 8.0 in 1.5 ml Eppendorf tubes. The
suspension was centrifuged in an Eppendorf centrifuge for 30
sec, the supernate discarded and 200 M1 TGE containing 5 mg/ml
lysozyme (Sigma) (freshly prepared) added. After vigorous
mixing, to resuspend the pellet, tubes were incubated on ice
for 5 min. 400 ul alkaline/SDS (freshly prepared, 1 ml 2M
NaOH + 1 ml 10% SDS + 8 ml HZO) was added, inverted gently to
mix contents and further incubated on ice for 5 min. 300 Ml 3
M sodium acetate was added, tubes mixed gently until a white
precipitate formed then mixed vigorously. After 5 min
incubation on ice, tubes were centrifuged for 2 min and the
supernate transferred to a fresh tube. 0.5 ml
phenol/chloroform (5 g phenol + 5 ml chloroform + 1 ml TGE
buffer) was added, contents mixed, spun for 2 min and the upper
aqueous layer transferred to a clean tube. 0.5 ml propan-2-ol
was added, tubes mixed and left at room temperature for 5 min.
After centrifugation for 2 min to precipitate nucleic acids the
supernate was discarded and the pellet resuspended in 100 ul 10
mM Tris, 1 mM EDTA, (TE)} buffer (pH 8.0). 50 ul 7.5 M
ammonium acetate was added, the contents mixed and 300 p1 ice
¢old ethanol added. The tubes were then Teft for a minimum of
30 min at -20°C. After centrifugation for 2 min the pellet was

Fésuspended in 80 p1 TE buffer, 9 p1 1 mg/ml ribonuclease (heat
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inactivated) was added, tubes mixed and incubated at 37°C for
30 min. After addition of 10 pl of 2.5 M NaCl the
phenol/chloroform  extraction  procedure, isopropanol
precipitation and ethanol reprecipitation steps were repeated.
The final DNA pellet was resuspended in 30 ul TE buffer.
Duplicate purified plasmid DNA was prepared from each strain
and the suspensions in TE buffer were pooled and 15 ul samples

used for restriction endonuclease digestion.

Restriction endonuclease digestion:

The method developed in this Department (Platt et al,
1986) was used for restriction endonuclease digestion and
visualisation of plasmid fragments. The following restriction

enzymes were obtained - PstI, Smal, HindIII, EcoRI, Avall

(BRL/Gibco) and Bsp1286 (New England Biolabs, Inc.) - and 20
units of each enzyme used to digest plasmid DNA. Each
restriction digestion mixture contained 15 pl DNA (or 2 pI
phage lambda DNA), 5 ulx10 buffer as recommended by the enzyme
manufacturer, 20 units enzyme and water to a total of 50 ul.
After dincubation for 4 hr at 37°C (Smal at 30°C) 5 i
bromophenol blue tracker dye was added to each tube and the
contents loaded onto 0.8 per cent horizontal agarose gels

(15x15x0.3 cm) made in Tris-borate buffer containing 0.3 ug/ml
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ethidium bromide. After overnight electrophoresis at 18 mA
constant current in the above buffer, gels were photographed as
previously described. A restriction digest of bacteriophage
lambda DNA with Pstl was included at both ends of each agarose
gel to calibrate the gel for determination of molecular weight
of restriction fragments of plasmid DNA.

Plasmid DNA was extracted and purified from each
clinical isolate  that contained plasmids and  all
transconjugants. A sample of the DNA was digested with enzyme
PstI. The following criteria were then used to determine
which  further enzymes were used to produce plasmid

fingerprints:-

(1) If the number of DNA fragments detected was 6 or

greater but less than 21, the enzyme Sma I was used.

(2) If more than 20 DNA fragments were seen, EcoRI and

EiﬂgIII were used.

(3) When less than 6 fragments were detected, Bsp1286 and

_Axg;l were used.
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Following these general rules, fingerprints from all
plasmid-containing clinical isolates and transconjugants were
obtained using a pair of enzymes. Exceptions to the above
criteria arose, for example when a clinical isolate possessed
multiple plasmids not all of which transferred into the
recipient strain; din such cases more than 20 DNA fragments may
have been generated with the enzyme Pstl from plasmids in the
clinical isolate but between 6 and 20 from the transconjugant.
In this instance, providing the number of fragments from the
clinical isolate did not exceed 30 with either enzyme, Smal was
used as the second enzyme. If the number of PstI or Smal
fragments from the clinical isolate had exceeded 30 then EcoRI
and HindIII was used. If the number of fragments in the
transconjugant was less than 6 with either EcoRI or HindIII
then Pstl and Smal were used for digestion of transconjugant
plasmid DNA and EcoRI and HindIII for the clinical isolate.
Thus, different clinical isolates and transconjugants were
digested with the enzymes which gave the best fit to the

general criteria described above.

Standardisation of estimates of fingerprint fragment molecular

weight by computer analysis:
The mean distance travelled by 12 of the Tlargest
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fragments generated by PstI digestion of phage lambda DNA on 6
occasions was used to construct a calibration line for the
standardisation of all subsequent digest gels (Table 4). The
distance travelled by Pstl fragments of phage lambda DNA was
then measured using a Hewlett Packard 2648A digitiser from
photographs of each agarose gel of plasmid digests. The
distance travelled by fragments from each subsequent Pstl
digest of phage lambda DNA was then normalised against this
callibration Tline. The distance travelled by plasmid DNA
fragments was then digitised and normalised using the
standardised line for each agarose gel photograph.

The standardised distances travelled for each plasmid
DNA fragment were then transferred to the main-frame computer
(ICL 2988) and the molecular weight of each fragment was
calculated by reference to a standard curve of the reciprocal
of mean distances travelled by phage lambda DNA fragments
against molecular weight.

Each fingerprint was then plotted using a semi-
logarithmic scale into tracks representing those obtained by
agarose gel electrophoresis of plasmid DNA fragments. The

relationship of proportionality between molecular weight and
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TABLE 4: Molecular weight of 12 of the largest fragments
of phage lambda DNA generated by PstI digestion
and mean distance travelled on 6 occasions tested

by agarose gel electrophoresis.

Phage Tambda DNA Mean distance travelled on
fragment size (kb pairs) agarose gel after
electrophoresis (cm)

11,501 10
5,077 18.3
4,749 19.5
4,507 20.5
2,838 30.2
2,443 34.5
2,104 37.7
1,986 40
1,700 44
1,159 54.7
1,093 56.7

805 60.7
kb = kilobase: cm = centimetre

107



the inverse of distance was chosen for optimal linearity
whereas graphical output wusing Tlog molecular weight
proportional to distance provided greater similarity to the

visual appearance of gels.

Estimation of reproducibility of fragment size:

Plasmid DNA from a single plasmid-containing clinical
isolate was prepared, digested with Pstl and gel
electrophoresis carried out on 7 separate occasions. The
molecular weight of each fragment was then calculated as
described above.

The 7 fingerprints were then compared to assess the
reproducibility of the method used to generate fingerprints
from DNA which had been purified, digested and electrophoresed
on different occasions. In addition, the standard error of
the mean molecular weight of 18 fragments common to all 7
fingerprints was calculated to assess the reproducibility of

the method used for determination of molecular weight of

individual fragments.
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Statistical analysis:

Statistical analyses were performed using methods as
described by Siegel (1956). These included calculation of
standard deviation, standard error, chi-squared ()@) test with
n degrees of freedom (dfn) and a 12 2x2 contingency test

incorporating Yates' correction for continuity.

Summary experimental approach:

A summary of the experimental approach used in this

study is outlined in Figure II.

109



FIGURE II:

Outline of the methods used to characterise
coliforms isolated from clinical specimens and
techniques used to investigate the plasmids
present in the coliform isolates and
transconjugants resulting from conjugation
experiments.

OEG = enteric genera other than E.coli

Tra® RY = conjugative resistance plasmid

Tra® R” = conjugative plasmid not associated
with resistance

Tra = non-conjugative plasmid
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RESULTS

Patients and wounds studied:

One hundred and seventeen patients were studied
between February 1981 and May 1983 where clinical appearance
suggested delayed healing and/or infection of the wound.
Wounds from patients in the PVD Unit were divided into three
groups - vascular ulcers, amputation sites or surgical vascular
repair sites. Wounds from geriatric patients were pressure
sores with the exception of one patient with minor burns. For
the purpose of this study wounds from geriatric patients are
referred to as decubitus ulcers.

0f the 117 patients studied, single wounds were
present in 89 and 28 possessed multiple wound sites as shown in
Table 5.

One hundred and sixty three wounds were studied, of
which 48 were vascular ulcers, 39 amputation sites, 50 surgical
vascular repair sites and 26 decubitus ulcers. Table 6 shows
the number of weeks each wound was investigated. For vascular
ulcers the mean healing time was 1.77 weeks (range 1-6), 2.33
weeks (range 1-8) for amputation sites and 1.70 weeks (range
1-5) for surgical vascular repair sites. This indicates that

vascular ulcers and surgical vascular repair sites took a
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TABLE 5: Classification of wounds into groups according

to type of wound (163 wounds from 117

patients).

No. of No. of No. of No. of Surgical No. of

Patients Vascular Amputation Vascular Decubitus

Ulcers Sites Repair Sites Ulcers
27 1 - - -
29 - 1 - -
25 - - 1 -
8 - - - 1
4 2 - - -
2 - 2 - -
2 - - 2 .
1 1 1 - -
5 1 - 1 -
3 - 1 1 -
1 3 - - -
1 1 - 2 -
1 - - 3 -
1 1 - 3 -
1 ] 1 2 -
1 1 1 3 -
3 - - - 2
1 - - - 4
1 - - - 8

TOTAL 48 39 50 26

112



TABLE 6: Distribution of the number of weeks 163 wounds

were sampled.

No.of Vascular Amputation Surgical Vascular Decubitus

Weeks Ulcers Sites Repair Sites Ulcers
Sampled
1 25 16 26 8 *
2 14 1 16 6 *
3 6 3 6 4 *
4 5 1 2 *
5 - 2 1 3 *
6 1 1 - -
7 - - - -
8 - 1 - 1
9 - - - -
10 - - - 2
MEAN 1.77 2.33 1.70 3.19

* The wounds in these patients were not observed to
resolution because the patient either died or was

transferred and therefore represents an underestimate of the

healing time.
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similar length of time to heal, but that amputation sites
healed more slowly. Despite the fact that the mean healing
time for decubitus ulcers could not be measured accurately, it
appeared that decubitus ulcers healed slowly (mean 3.19 weeks,
range 1-10) compared to wounds from PVD patients.

Wounds were classified on clinical grounds and in
terms of increasing severity, as Grade I, II or III.

The results for the initial specimen collected from
each wound are detailed in Table 7. Vascular ulcers were of
the lowest wound grade with a mean of 1.88, amputation sites,
and surgical vascular repair sites were similar with mean
grades of 2.26 and 2.24 respectively. Decubitus ulcers were
on average of a higher wound grade with a mean of 2.77.

In patients in the PVD Unit, the mean grade of wounds
that were sampled on only one occasion and which therefore
resolved quickly, was lower than that of the wounds which
healed more slowly and from which subsequent wound swabs were
obtained. The mean wound grade of wounds only sampled on one
occasion was higher than the mean grade of the dnitial
assessment from wounds which were sampled on more than one

occasion from geriatric patients.
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Isolation of potential pathogens

The dincidence of potential pathogens in the first
specimen from each wound is shown in Table 8. These results
indicate whether or not any species of potential pathogen was
jsolated from the wound but does not indicate how many wounds
were colonised/infected by more than one type of organism.
Potential pathogens were isolated from the initial specimen
from 79 per cent of vascular ulcers, 59 per cent of amputation
sites, 44 per cent of surgical vascular repair sites and 96 per
cent of decubitus ulcers. This indicates that vascular ulcers
are more commonly colonised/infected with potential pathogens
than are amputation sites, with surgical vascular repair sites
being colonised/infected to a Tower degree.
Colonisation/infection of decubitus ulcers with potential
pathogens was more common than in any of the other groups.

Eight vascular ulcers, 10 amputation sites and 17
surgical vascular repair sites were sampled on only one
occasion and gave negative results.

Of the remaining sites where no potential pathogens
were isolated from the first specimen, 9 (1 vascular ulcer, 2

amputation sites and 6 surgical vascular repair sites) still
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gave negative results on the second occasion sampled. These
wounds were not sampled again. One surgical vascular repair
site gave negative results on each of three occasions sampled.

Ten wounds gave negative results from the first
specimen but a second yielded potential pathogens. These
wounds were sampled between two and 5 occasions. One or more
species of potential pathogen was isolated on the second and
subsequent occasions sampled.

Seventeen vascular ulcers, 6 amputation sites, 9
surgical vascular repair sites and 8 decubitus ulcers were
sampled on one occasion and at least one species of potential
pathogen was isolated from each specimen.

Twenty one vascular ulcers, 17 amputation sites, 13
surgical vascular repair sites and 17 decubitus ulcers yielded
potential pathogens on the first occasion sampled and were
sampled on at least one subsequent occasion.

Sixty one of the 163 wounds sampled yielded potential
pathogens on two or more occasions: however, only 12 wounds
produced the same species of potential pathogen on all
occasions sampled. To investigate the possibility of patterns
of wound colonisation with particular species of potential
pathogens a summary of all organisms isolated from each wound

jncluding multiple specimens are shown in Table 9. Isolation
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of more than one species of coliform, or isolates which varied
with regard to colonial morphology or antibiotic sensitivity
within any single potential pathogenic species, were not
distinguished.

There was very 1little difference in the rate of
isolation of coliforms from vascular ulcers, amputation sites
or surgical vascular repair sites. However, at least one
species of coliform was isolated from each decubitus ulcer
studied. Pseudomonas spp. were isolated from a larger number
of vascular ulcers than amputation sites. A small proportion
of surgical vascular repair sites contained Pseudomonas spp.
However, a much larger proportion of decubitus ulcers contained
Pseudomonas spp. compared to other wound groups. Staph.aureus
was disolated more commonly from vascular ulcers than from
amputation sites, surgical vascular repair sites or decubitus

ulcers. Strep.faecalis was isolated from similar numbers of

amputation sites and surgical vascular repair sites with a
lower incidence of isolation from vascular ulcers and decubitus

ulcers. Acinetobacter spp., beta-haemolytic streptococci and

anaerobes were isolated from a small proportion of vascular

ulcers, amputation sites and surgical vascular repair sites.
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No Acinetobacter spp. were isolated from decubitus ulcers

although 23 per cent yielded beta-haemolytic streptococci and

31 per cent yielded anaerobes.

Association of the isolation of potential pathogens with the

rate of healing of wounds from PVD patients:

No potential pathogens were isolated from 45 of the
137 wounds studied from patients in the PVD unit.

Staph.aureus was isolated either alone (12 wounds) or in

combination with other species (23 wounds) from 35 wounds.
These 35 wounds took significantly longer (112 = 6.26, p <0.05)
to heal compared to wounds from which no potenfia] pathogens
were isolated. Similarly, 55 wounds from which coliforms were
isolated (20 where coliforms were isolated alone and 35 where
coliforms were isolated together with other species of
potential pathogens) took significantly longer (7C2 = 9.08, p«
0.01) to heal than potential pathogen-free wounds. In
contrast, there was no significant difference (3‘12 = 2.39, p>»
0.05) in the healing time of the 24 wounds from which
Pseudomonas spp. were isolated (5 containing Pseudomonas spp.
alone, 19 possessing Pseudomonas spp. and other potential

pathogens) compared to potential pathogen-free wounds.
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Ninety-two wounds yielded at least one of the above

species of potential pathogen and/or Acinetobacter spp.,

Strep.faecalis, beta-haemolytic streptococci and anaerobes.

These wounds took significantly longer (JC? = 13,73, p<0.001)
to heal than the 45 wounds which did not contain any potential
pathogens. Thus there is a clear association between the
isolation of potential pathogens (excluding Pseudomonas spp.)

and a prolonged healing time.

Topical Therapy:

A large proportion of the wounds studied were being
treated with topical agents including hypochlorite solution
(Milton), hydrogen peroxide, povidine-iodine (Betadine),
chlorhexidine gluconate (Hibitane), trypsin  (Trypure),
dextranomer (Debrisan), and a number of other agents. With
the exception of Milton, none of these topical agents were
applied to more than 10 per cent of the wounds studied. Table
10 shows the incidence of isolation of potential pathogens from
each specimen in the presence and absence of Milton as a
topical antimicrobial agent. Milton had been applied
topically to the wound before the collection of 35 per cent

of specimens.
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TABLE 10:

wounds.

The effect of topical therapy with Milton on the
isolation of potential pathogens from 163

TOPICAL THERAPY

No. of No. of
Wounds Wounds not
Treated with Treated with

Milton Milton
Coliforms isolated 69 98 ) x%4.37
No coliforms isolated 53 124 ) p<0.05
Pseudomonas spp. isolated 29 64 ) 7(2 0.78
No Pseudomonas spp. isolated 93 158 ) p>0.25
Acinetobacter spp. isolated 2 4 )
No Acinetobacter spp. isolated 120 218 ) NA
Staph.aureus isolated 28 43 ) X2 0.42
No Staph.aureus isolated 94 179 ) p>0.5
Strep.faecalis isolated 13 16 )
No Strep.faecalis isolated 109 206 ) NA
Beta-haemolytic streptococci
isolated 3 20 )
No beta-haemolytic streptococci ) NA
isolated 119 202 )
Anaerobes isolated 7 13 )
No anaerobes isolated 115 209 ) NA

NA = not applicable.
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Acinetobacter spp. were only isolated from 6 (2%) of

the 163 wounds studied, Strep.faecalis from 29 (8%), beta-

haemolytic streptococci from 23 (7%) and anaerobes from 20
(6%). As the numbers of specimens from which these organisms
were isolated was small and appeared to be unrelated to the use
of Milton, they were not analysed further.

Coliforms were isolated from 167 (49%), Pseudomonas

spp. from 93 (27%) and Staph.aureus from 71 (21%) of all

wounds. Statistical analysis demonstrates that there was no
significant difference in the isolation rate of Pseudomonas

spp. (p »0.25) and Staph.aureus (p> 0.5) in the presence and

absence of Milton as a topical antimicrobial agent. However,
there was an increase (p < 0.05) 1in the numbers of specimens
from which coliforms were isolated when Milton was applied
topically to the wound prior to sampling, compared to those

from wounds to which no Milton was applied.

Systemic antimicrobial therapy:

To assess the influence of systemic antimicrobial
agents on the microbial flora of individual wounds, all
antimicrobial therapy administered during the 14 days prior to
wound sampling was analysed. Systemic antimicrobial agents

prescribed included cephalosporins, flucloxacillin,
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metronidazole, penicillin V, penicillin G, amoxycillin,
ampicillin, augmentin, gentamicin, erythromycin, septrin,
tetracycline, naladixic acid and fucidin. Except for
cephalosporins, flucloxacillin, metronidazole and penicillin V,
the other antiminobia1 agents were prescribed for fewer than
10 per cent of patients and the effects of these agents
individually were not considered further.

The number of wounds from which different species of
potential pathogens were isolated and correlation with
administration of cephalosporin, flucloxacillin, metronidazole
or penicillin V systemic therapy is shown in Table 11.

There was a significant reduction in the numbers of
specimens  from  which coliforms were isolated when
cephalosporins (p <« 0.05), flucloxacillin (p < 0.001) and
penicillin V (p < 0.01) had been prescribed for a period before
specimen collection but no significant difference when
metronidazole (p > 0.5) was administered (Table 12).

Pseudomonas spp. were isolated from significantly
fewer wounds when cephalosporins (p < 0.001), flucloxacillin (p<
0.05) and metronidazole (p < 0.05) were prescribed but not when

penicillin V (p > 0.75) was administered.
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There was no significant reduction in the numbers of

specimens from which Staph.aureus were isolated when

cephalosporins (p > 0.25), flucloxacillin (p > 0.25) and
metronidazole (p > 0.25) was administered. However, there was
a significant reduction (p < 0.05) in the isolation incidence

of Staph.aureus isolation when penicillin V was prescribed.

Topical and systemic therapy:

There was no significant difference in the numbers of
specimens from which Staph.aureus was isolated in the presence
or absence of topical therapy with Milton (p> 0.5) (Table 10)
or any systemic therapy (p > 0.25) (Table 13). There was a
significant increase in the numbers of specimens from which
coliforms were isolated when topical therapy with Milton (p<
0.05) was administered but no significant difference when
systemic therapy was prescribed (p > 0.1). In contrast there
was no significant difference in the numbers of specimens from
which Pseudomonas spp. were isolated when topical therapy with
Milton was applied (p > 0.25). However, there was a
significant reduction when systemic therapy (p< 0.05) was

administered.
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TABLE 13: Isolation incidence of potential pathogens in
the presence and absence of any systemic

antimicrobial therapy.

SYSTEMIC THERAPY

No. of No. of
Patients Patients Not
Treated Treated
Coliforms isolated 102 65 ) x2 2.00
No coliforms isolated 122 55 ) p>0.10
Pseudomonas spp. isolated 51 82 ) x%5.32
No Pseudomonas spp. isolated 173 78 ) p<0.05
Acinetobacter spp. isolated 5 1 ) NA
No Acinetobacter spp. isolated 219 119 )
Staph.aureus isolated 42 29 ) x21.09
No Staph.aureus isolated 182 91 ) p»> 0.25
Strep.faecalis isolated 23 6 )
No Strep.faecalis isolated 201 114 ) NA
Beta-haemolytic streptococci isolated 8 15 )
No beta-haemolytic streptococci ) NA
isolated 216 105 )
Anaerobes isolated 14 6 )
No anaerobes isolated 210 114 ) NA

NA = not applicable
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Neither topical nor systemic antimicrobial therapy,
separately or in combination, had any significant effect on the

numbers of specimens from which Staph.aureus (p > 0.25) was

isolated as shown in Table 14. There was however, a
statistically significant effect on the incidence of isolation

of both coliforms (p < 0.05) and Pseudomonas spp. (p < 0.05).

Isolation of potential pathogens from vascular ulcers and

surgical wounds subsequent to amputation:

Three of the patients with vascular ulcers underwent
either toe or partial foot amputations after collection of
specimens from vascular ulcers. In each case the same
organisms were isolated from the ulcer before amputation and
from the amputation site after surgery. From one patient, the

organism was Acinetobacter spp. Pseudomonas spp. and

Staph.aureus were isolated from a second patient's wounds

before and after surgery. Klebsiella spp., Proteus spp.,
Citrobacter spp. and Pseudomonas spp. were isolated from the
third patient's vascular ulcer and the amputation site after

surgery.

Potential pathogens isolated from multiple sites in the same

patient:
Twenty eight patients studied possessed multiple wound
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sites as shown in Table 5.

Fifteen patients had two or more wound sites each of
which were of the same group, i.e. vascular ulcers, amputation
sites, surgical vascular repair sites, or decubitus ulcers.
These 15 patients can be divided into three groups according to
the potential pathogens isolated.

The first group consists of:- one patient from whom no
potential pathogens were isolated from either of two sites;
two patients from whom potential pathogens were isolated from
one site but no organisms were isolated from the second site;
and one patient from whom the same potential pathogens were
isolated from two sites but the third site gave negative
results.

The second group consists of 5 patients (4 with 2
wounds, 1 with 3 wounds) where the same species of potential
pathogens were isolated from multiple sites in the same
patient.

From patients in the third group the same species of
potential pathogen was isolated from all sites in the same
patient but in addition, at least one different species of
potential pathogen was isolated from one wound site e.g. in

patient No.10 Pseudomonas spp. was isolated from both vascular
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ulcers whereas Staph.aureus was only isolated from one site.

Patient No.143 possessed 8 decubitus ulcers as shown in Table
15. Pseudomonas spp. were isolated from all sites.
Klebsiella spp. were isolated from 7 sites, Proteus spp. from 4

sites and Citrobacter spp. and Enterobacter spp. were both

isolated from two ulcers. In addition, anaerobic organisms
were isolated from three wounds.

Thirteen patients possessed multiple wound sites of
which at least two were of different wound groups. None of
these patients yielded exactly the same potential pathogens
from each wound. No potential pathogens were isolated from
two sites in one patient. Five patients possessed one wound
which yielded at least one species of potential pathogen and
one which did not yield any. From three of the remaining
patients the same species of potential pathogen was isolated
from each wound in the same patient. Additional species were
also present in some woundé, e.g. patient No.52 possessed three
wounds, Staph.aureus was isolated from all three wounds and
Serratia spp. from two sites. One of these sites also

harboured Strep.faecalis.

Four patients possessed multiple wound sites which did
not yield the same species of potential pathogen, i.e. patient

No.92 possessed two sites, one of which yielded Staph.aureus
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TABLE 15: Isolation of potential pathogens from 8 decubitus

ulcers from patient No. 143

Decubitus Ulcer No.

Proteus spp. + + + + - - - -
Klebsiella spp. - + + + + + + +
Citrobacter spp. - + - + - - - -
Enterobacter spp. - . - + - - - +
Pseudomonas spp. + + + + + + + +
Anaerobes + + + - - - - -
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and the other Strep.faecalis. Patient No.36 possessed 5 wound

sites: 4 sites yielded Strep.faecalis. Three of these 4

sites and the additional fifth yielded Proteus spp., two

yielded beta-haemolytic streptococci, and one contained E.coli.

Individual wounds: correlation of rate of healing, wound grade

and antimicrobial therapy with potential pathogens isolated:

The following cases illustrate individual patients and
in particular the effects antimicrobial therapy had on the
healing of the wound.

Patient No.28 had a partial foot amputation before
specimen collection. Eight specimens were collected and with
the exception of the first specimen when only Staph.aureus was
isolated, all subsequent specimens yielded both Staph.aureus

and Enterobacter spp. This patient was being treated

intermittently with both Milton topically and erythromycin
and/or metronidazole systemically. Gradual, but not complete

healing of the wound was apparent.

Patient No.35 yielded E.coli and Strep.faecalis from

an above-knee amputation site on 4 occasions studied. Despite
systemic treatment with cephalexin and gentamicin the wound
healed very slowly but still yielded the same potential

pathogens on all occasions sampled.
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Similar results were obtained from many other patients
where neither topical nor systemic therapy appeared to
influence the isolation of potential pathogens from the
individual wounds but gradual healing was evident over a period
of weeks. In a number of patients there was, however,
evidence of changes in organisms isolated from the wound when
topical and/or systemic therapy was administered.

Patient No.12 had a surgical vascular repair site
which was of grade III on the first two occasions sampled (see
Fig. III). The patient was not receiving topical therapy but
flucloxacillin, cefuroxime and metronidazole had been
administered systemically before initial specimen collection.

E.coli and Klebsiella spp. were isolated from the wound on both

occasions. On the third and fourth occasion sampled, the
wound had improved to grade II; systemic therapy was
reintroduced using gentamicin and metronidazole. No coliforms
were isolated but Staph.aureus was isolated on both occasions.
From the fifth specimen no potential pathogens were isolated.
By this time antimicrobial therapy had stopped; however, the

wound remained of grade II.

From a few individual patients there was some evidence

that suggested the effectiveness of antimicrobial therapy.

Pseudomonas spp. and Staph.aureus were isolated from a vascular
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FIGURE III:

Correlation between grade of wound, systemic
antimicrobial therapy and potential pathogens
isolated from a surgical vascular repair site

from patient No.12 on 5 occasions sampled.

not tested

Grade III

Transition between Grade III and II

Grade II

a8
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ulcer from patient No.89 and from the surgical wound following
partial foot amputation. On the occasion following treatment,
both topically and systemically with gentamicin, no potential

pathogens were isolated from the wound.

Development of resistance:

A number of species of potential pathogen are known to
express resistance in the presence of specific antimicrobial
agents. This expression of resistance was observed in two
patients studied.

A surgical wound from patient No.100 was sampled only
once after the patient had been treated systemic