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SUMMARY

Isolates resistant to various antibiotics were
obtained from normal health human subjects in Birmingham
(U.K.) and Dar es Salaam (Tanzania). The level of
resistance observed was found to be quite high for both
Dar es Sglaam and Birmingham, Twenty four (24) percent
or more of all isolates were resistant to 3 or more
antibiotics regardless of whether the isolates were

from Dar es Salaam or Birmingham,

An attempt was made to transfer these resistances
(assumed to be extrachromosamal) to known recipients
E,coli K12S and E,coli K12N, Isolates from patients with
urinary tract infections from Dyr es Salaam were also
used in the transfer experiments as donors. The procudure

was repeated using 'unknown donors' and "unknown recipients'!

B,coli K12 W3110 containing R-plasmid RPl was used
to monitor transfer efficiency, Transfer experiments were
performed at 28°¢ or 3700 and in ashaking or stationary
waterbath, This was in order to achieve the most efficient
transfer and control for potentially temperature sensitive

transfer mechanisms in donor strains,

There was a marked difference in the transfer ability
of Refactors between isolates from Birmingham and those
from Dar es Salaam; the latter being higher, Transfer between
unknown donors and unknown recipients was observed, However,

this was extremely low.

Trensfer of drug resistance in Dar es Salaam isolates
was used to delineate the role of R-factors in the
increasing bacterial resistance to drugs used in the
treatment of urinary traet invections at the Muhimbili

Medical Cgntre.
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1. INTRODUCTTON

The increasing frequency of acquired resistance to anti-
biotics is a World-wide health problem which demands
gttention¢ However, the rapidity with which new resistant
gtrains are appearing, and the fact that existing resistant
strains are becoming more prevalent, highlight the need for
more information about the current situation and action to

controlt ity

The discovery of antibiotics was perhaps one of the most
significant development in the hisf@ry ol «public health,
Antibiotics saved millions of lives and shortened the
duration of illness for hundreds of millions. We owe
chemotherapy the debt of reducing the high mortality rate
of many bacterial infections. However, the dramatic nature
of their effects encouraged an explosive increase in their
use both for human and in verterinary medicine., All this

contributed to the growing problem of bacterial resistance.

The first clinically serious consequence of antibiotic
resistance was the widespread dissemination in hospital, in

the 1950's, of strains of Staphylococcus aureus that were
¢ 4 o

resistant to penicillin. These strains had developed the
ability to form an antibiotic destroying enzyme (Beta =
lactamase) and they subsquently acquired resistance to

several other chemically unrelated antibiotics. From 1950s
onwards, these so called "multiple-~antibiotic" resistant
staphylococci became endemically established in many hospitals

throughout the world.

Recently the situation has worsened. Surveillance data
presented to the WHO (Willard, N. 1984) indicate that serious
consequences of antibiotic resistance are no longer confined

to -hospitals but are increasing in the general population.
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The prevalence is even greater in developing countries than
£ [

in industrialized ones. Resistance to such easily available
antibiotics gg ampicillin, tetracycline, chloramphenicol and
sulphonamides has made its appearance. Patients in
developing countries are now in a situation where only the
low cost antibiotics are available to them, yet these are
becoming progressively less effective. Antibiotic resistance
limits the effectiveness of antibiotics against bacteria.
These bacteria may be resistant to the antibiotic from the
start, or they may acauire resistance from another organism

in the patient during treatment.

Resistant bacteria may actually grow faster in the
presence of antibiotics (Willard, N. 1984),  This can have
important clinical consequences, especially in hospital
patients, many of whom have an increased susceptibility to
infection by organisms that seldom invade healthy persons,
These organisms are frequently responsible for respiratory or
septicemic complications that may be a greater hazard than
the infection for which the antibiotic treatment was originally

given,

The use of wide-=spectrum antibiotics, particularly when
not essential, has produced resistance in a wide variety of
bacteria, thus seriously limiting the possibilities of
controlling infection by any of the existing antibiotics
(Willard, N, 1984).

The fact that drug resistant bacteria have considerably
increased in number in recent years among various species
of bacteria in parallel with the extensive use of chemo-
therapeutic agents is very well known. The Prequencies of
drug resistant bacteria are particularly high among Gram-
negative enteric bacteria. (Allison et al 1969, Dalton and

Allison 1967).
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Following the introduction of a number of

chemothera-
peutic agents and antibiotics, many Observations on

bacterial drug resistance were reported as shown by
streptomycin by Murray et al {1964),  Soon after the dig-
covery of Sulphamilamide it was found that the derivatives

of sulphanilamide were effective against bacillary
dysentery as well as the infectious diseases caused by
iram~positive bacteria, and a large amount of sulphanilamide
was used in Japan since 1945. However, itsvnffectivenons

had a duration of only about five years and salphanilamide
resistant shigella strains appeared rapidly and reached a
maximum of about 80-~90 percent of ghigella isolates being
resistant., Fortunately the production of antibiotics such

as streptomycin, tetracycline and chloramphanicol, started

at the same time, and were gquite elfective against bacillary
dysentery. Streptomycin production commenced in 1950 and by
1953 its production increased rapidly to meet the demand
tetracycline was imported from the United States @and Germany
in 1950, In 1954 the production of chloramphenicol increased
rapidly in spite of a large amount of sulphanilamide and
tetracycline production., With the increase of -antibiotic
production, antibiotic = resistant Shicella strains appeared
and have gradually increased. The first jsolation of &
multiple resistance Shicella strain occured in 1952, This
multiple resistance invelved tetracye¢line, sulphanilamide

and Streptomycin. By 1955 a quadruple resistant § higella
strain resistant to tetracycline, streptomycin, Sulphanilamide
and chloramphenicol had been isolated from a woman afflicted
with bacillary dysentery (Mitsuhashi, S. 1971). Thi s
phenomenon has now been demonstrated in all the enterobacteria,

including non-pathogenic Escherichia colls




It has also been found in many Shigella strains outside

Japan, including the Sh. dysenterjag type I which caused

the immense outbreak in central America and which 1s
believed to have caused over a hundred thousand deaths
from 1968 onwards; in the large Mexican typhoid out-
break which started in 1972 and produced many thousands
of cases, with salmonellosis in animals and man in many
parts of the World; with enteropathogenic E.coli in
outbreaks of enteritis in young animals and human
infants; and with exacerbations of infections with
opportunist pathogens such as Klebsiella, Pseudomonas,
Proteus and Serratia in many specialized paedriatric

and geriatric intensive care units (W.H.0. 1976).



1. PRESSURES FAVOURING EXCESSIVE ANTIBIOT I'IC USE:s

When antibiotics are available on the open market, the
attitude of patient and femily are decisive, The desire
to do the best for the patient in a situation of fear and
anxiety, coupled with public ignorance about the efficacy
of antibiotics in particular diseases, leads to unrecessary
and even damaging, treatment. In other cases the dosage
is inappropriate., Either insufficient or not taken long
enough. Poor choice of antibiotics often results from
the multiplicity of names under which they ‘are marketed,
the promotion in developing countries of antibiotics
that are obsolete or inappropriate and misleading adverti-

2112,

Unless physicians have a good knowledge of management
of microbial infections, they may be tempted to give
unnecessary treatment, in an effort to do the best for

the patient.

Moreover, recent surveys in North America and Britain
indicate that about one-quarter of all patients receive
one or more courses of antibiotics while in hospital. In
a Canadian Survey in 1976 (Willard, N. 1984) only 41% of
all courses of antibiotics that were prescribed could be

considered as “rational" and 229, were “questionable®™.
)

In hospitals, the most frequent form of therapeutic
misuse is to give unnecessary courses ofdantibioticas. e This
is true in general practice as well; in one Survey in USA,
nearly 60% of physicians used antibiotics to treat the
common cold, which is a virus infection no antibiotic can

combat (willard N. 1984).
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RESTISTANCE TO ANTIMICROBIAL DRUGS:

There are many different mechanisms by which micro-

organisms exibit resistance to drugs. Examples include:=

1e

Production of enzymes that destroy the active drug.
Staphylococci resistant to penicillin G produce a
beta-lactamase that destroys the drug. Other beta
lactamases are produced by gram-negative rods.
Gramnnegative bacteria resistant to amino-glycosides
(by virtue of a plasmid) produce adenylating,
phosphorylating or acetylating enzymes that destroy
the drug. Gram-negative bacteria may be resistant

to chloramphenicol if they produce a chloramphenicol
acetyltransferase,

Microorganisms change their permeability to the drug.
For example, tetracyclines accumulate in susceptible
bacteria but not in resistant bacteria. Resistance

to polymyxins is also associated with a change in
permeability barrier to aminoglycosides. This can

be partly overcome by the simultaneous presence of

a cell wall active drug, eg. a penicillin. Resistance
to amikacin and to some other aminoglycosides may
depend on a lack of permeability to the drug, apparently

a mutational event.,

Microorganisms develop an altered sﬁructural target
for the drug. For example, chromosomal resistance

to aminoglycosides is associated with the loss or
alteration of a specific protein on the 30s subunit

of the bacterial chromosome that serves as a binding
site in susceptible organisms. Erythromycin resistant
organisms have an altered receptor on the 50s subunit
of ribosomes, resulting from methylation of a 23s
ribosomal RNA,



4, Microorganisms develop an altered metabolic pathway

that by-passes the reaction inhibited by the drug.
Some sulphonamide resistant bacteria do not require
extracellular Para-Amino-Benzoic Acid (PABA) but, like

mammalian cells, can utilize preformed folic acid.

5. WMiecroorganisms develop an altered enzyme that can
still perform its metabolie function but is much less
affected by the drug than the enzyme in the susceptible
organism. - In Sulphonamide susceptible bacteria, the
tetrahydroptercic acid synthetase has & much hizher
affinity for sulphonamide than for PABA. 1In sulpho-

namide resistant mutants the reverse is true.

In fact there may be two types of drug resistance in
bacteria, genetic and non-genetic in origin. As is well
known, active replication of bacteria is usutally redquired
for most antibacterial drug actions. As a result,
organisms that are metabolically inactive may be phenotypi-
cally resistant to drugs. 'However, their of tif‘ﬁpﬁ,ﬂ;f are
fully -susceptibley— Examples include miycobacteria, which
often survive in tissues for r?na.my years after infection
yet ‘are ‘restrained by hosts defenses and do not mulbtiply.
Such oreganisms are resistant to treatment and cannot be
eradicated by drugs. . Yet if they start to multiply as
occurs when following corticosteroid treatment of the
patient’ ‘they are Tullky susceptible to the same drug,

Microorganisms may also lose the specific target
structure for a drug for several generations and thus be
resistant. ~ For example, penicillin-susceptible organisms
may change to L-forms during penicillin administration.
Lacking most cellwall, they are then resistant to cellwwall

inhibitor drugs and may remiin so for several generations.



When the same organisms revert to their bacterial parent

forms by resuming Cellwall production, they are again
fully penicillin-susceptible. (Jawetz E, et al} 1978)
Genetic resistance may either be constitutive or
inducible., Drug~resistance in the former type is
unstable and high resistance is demonstrated only when
the strain is pretreated with sub-inhibitory concent-
rations of the drug. The resistance of the induced
ceilﬁ is lost when grown in the absence of inducers.
In other words, the antibacterial agent 1is the active
inducer and the properties of inducible resistance Aare
inheritable. Both types of resistance are based on
mutation and can be accounted for by present concepts
in genetics. A resistant variant appears spontaneously
during the course of bacterial multiplication, without
regard to the presence or absence of the drug. The
drug acts merely as a selective agent which inhibits
the cells that have failed to develop the mutation
but allows the growth of a mutant that has developed

the appropriate mutation.

The genetic concept can easily be applied to the
instance of one-step mutation; For example, & single-
step pattern of high resistance to streptomycin was

demonstrated by the fluctuation analysis.

On this basis one would expect that bacterial

resistance in vivo to streptomycin would be a common

event and indeed it is established that the rapid emergence
of resistant strains to this drug forms the main

obstacle to its successiful use clinically. Other studies
in vitro showed that a single mutational event often
resulted in only a slight increase in drug resistance

and that a number of sequential mutations were usually
required before a sensitive organism developed a high

level of resistances This multistep pattern of accumu-

lating resistance by successive increments was

characteristic for penicillin, tetracycline and chloramphenicol,



Definitive evidence of the problem of bacterial resistance

was furnished by the fluctuation analysis and later by
the replica-plating methods; The results of both
experiments indicated that drug resistant-mutants appear
spontaneously before exposure to the drug. The drug only
acts as a selective agent for drug-resistant mutants.
Many drug resistant strains of bacteria reported in
earlier papers were obtained in vitro under experimental
conditions. DBacteria may be.rendered drug-resistant by
single, repeated or continuous exposure to antibacterial

agents in vitro or in vivo using experimental animals,

even though the mutation rates differ for each strain.
Moreover, it has also been noticed that in the genetic

and biochemical mechanisms of bacterial drug-resistance
there are many differences between resistant strains
obtained in the laboratory and ﬁhuue igolated from clinical
sources., For instance Staphylococcal strains which are
regdered resistant to penicillin in in vitro experiments,
do not inactivate the drug by beta-lactamase, while many
wild strains isolated from clinical sources have high
beta-lactamase activity, the main factor responsible for
resistance to that drug (Geronimus and Cohen 1957). By
repeated exposure of Staphylococci to chloramphenicol,

the strains become resistant to this drug but the mechanism
of chloramphenicol resistance cannot be accounted for by
inactivation of the drug (Suzuki et al 1966; Kono gt al ‘19687,

Similar results were obtained in gram—-negative bacteria

and for Pseudomonas by Foster et al (1981); Mitsuhashi et al

(1975) and Foster and Dorman (1982). Phillips et al (1978)

also investigated gentamycin-resistant strains of
Pseudomonas for the presence of inactivating enzymes, of

44 isolates of P.auroginosa resistant to gentamyecin 10

produced inactivating enzymes, 4 strains produced an enzyme

theat did not zceount for their resistance to gentamycin,



The remainder did not produce inactivating enzymes but

showed increased resistance to all aminoglycosides
including amikacin and tobramycin., A 5.9 megadalton
plasmid which does not code for beta-lactamase in

Haemophilus ducreyi was also reported by Thomson and

Bilgeri (1982). 1In clinical cases however, Staphylococcal
strains which are resistant to chloramphenicol inactivate
it by acetylation using intrinsic dgcetyl Co &, (Suzuki

et al 1966); (Kono et al 1968),



PLASNIDS: DERITETION

Another important factor responsible for the wide
spread of multiple resistance is gene transfer from cell
to cell among various species of bacteria, R-~factors
have been cited as the cause of the increase in
multiple drug resistance by various investigators. The
R-factor (Plasmid) is similar to the sex factor
F{F-~factor); like the F~factor it consists of deoxyribo~
nucleic acid. The genetics of Ranntors have been
studied extensively., It appears to be composed of one
or more genes promoting replication and conjugation
known as resistant transfer factor (RTF) together with
the genes causing resistance to one or more drugs

(R-determinants).

By using bacterial strains with various chromosomal
markers, Watanabe and PFukasawa (1961) found that the
transfer of resistance usually occurs without the
transfer of the chromosomal markers. This is good
evidence that the transferable drug resistance factors
are extrachromosomal or cytoplasmic elements. The

kinetics of transfer of drug resistance in populations

-0f drug sensitive bacteria also suggest that the responsible

factors replicate faster than do bacterial chromosomes,
since the number of recipient cells becoming drug resistant

increase sharply.

Plasmids can be defined as extrachromosomal DNA
elements of bacteria that constitute a reasonably gstable
but dispensable gene pool. Under most circumstances
they are not essential for the successiful growth and
metabolism of their host bacterium. Often, however, these
genetic elements carry genes for some supplementary
activity that allows their host to better survive in adverse
environments or permit their hosts to compete more
successfurlly with other microorganisms of the same or
different species., The best known plasmids from the stand
point of human medicine are those that specify antibiotic
res

istances (Starr et al 1980).

=% o
S V)



they may code for single or multiple resistances.  Their

resistance is directed against the antibacterial drugs
used in human and veterinary medicine and in gome countries

also for growth promotion in livestock, pigs, poultry

and cattle [(W.H.O0. 1976). It has become increasingly
apparent, however, that plasmids also specify properties

that directly contribute to the pathogenicity of a
variety of microorganisms Starr et al (1980).

Classification of R-factors:

R - factors can be proadly divided into two classes

D Y

Class 1 R=factors:

In Class I R~factors, a genetic determinant for drug resis-—
tance (R-determinant) is integrated into the transfer factor
(TF) which is responsible for its mobility, to form a

single covalently - bonded plasmid which is transferred

as an intact linkage group from donor to recipient bacteria.
These recipients in turn become donors and can transfer

the complete R~factor to new recipients. The transferability

of-the compléx is usually stably inherited.

Class 1T R-~factors may carry single or multiple~resistances;

though some resigtances are easily lost probably by deletion,
others are stable,  Loss of -the transfer factor is usually

associated with loss of the entire R Tactor,

In class 11 R~factors, the resistance determinant and
the transfer factor are separate plasmids, independent of
each other in the host cell. They are apparently associated
with each other only in transfer, although the nature of

the association is as yet undetermined.

In class II transfer systems, a number of determinants
may be independently associated with a single transfer
factor in the host cell, and in the absence of multiple
selection they are transferred independently to recipient

strains.
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North Bornco has also been investigated (Davis and

Anandan (1970). From four of 128 people from whom

‘faeces were obtained, six strains of which carried

R=factors were isolated.

When antibiotics are used, selective pressure in
/
favour of antibiotic’ resistant organisms is exerted and
the proportion of these in the bacterial population rises.

For example following the introduction of penicillin G,

more than seventy percent of 3Stéaphyloccoccus aureus
strains causing serious hospital infections were resistant
within three years (Munch-Petersen and Boundy, 1962). The

importance of selection pressure is reviewed by Riehmond

There is no- evidence that chemotherapeutic agents

~

induce the development of R-~factors, but even in
communities in which antibiotics are not used, there may
be some selective pressure by the products of the

streptomyces present in the soil.

Following the discovery of F, a large number of bacterial
G ¥ i

host properties have been found to be determined by plasmid-
carried genes., Most plasmids have been classified on the
basis of the host properties which initially led to ftheir
detection. Thus. there are the R-factors (for resistance)
and Col factors (for 'Colicinogeny') of gram-negative
bacteria, the penicillinase plasmids of Staphyloccoccus

aureus, and the cryptic plasmids,

Those plasmids which CGonfer on their host the ability

to transfer chromosomal markers, but no other readily
detectable properties have been called F factors; this

group includes the original F factor discovered in Fscoli
‘K.] 51 which has been designated as ® 1.



e

Many plasmids however, ineluding some R-factors and Col

factors can mobilize the chromosome for transfer, and some
authors have used the term sex factor to describe any
plasmid with this potential, The term sex factor has

also been used in two other ways:

(2) as a generic name for all plasmids which determine
host conjugation and thus their own transfer,
regardless of whether or not chromosomal markers
are also transferred and

(b) to describe that set of genes on the plasmid
whose products mediate the conjugational process,

(Stanier et al 1978).

MECHANISHS OF GENE TRANSFER

The methods of gene transfer between organisms have

been described in & number of symposia, Wolstenholme and
O'connor (1969); Dulonoy and Laskin (1971). Zygote
formation in eucaryotic cells results from the fusion of
the gametes of sexually compatible members of the same
species, JZygotes are formed in bacteria by more
primitive means of gene transfer. Three general
machanisms are known whereby the genetic information

of one bacterial cell can be introduced into a recipient
cell.

Transformation:

This is the most primitive mode of transfer (Stanier et al

1978) in which naked DNA derived from one cell is taken
up by another cell., The method had been shown to occur in
the genera Bacillus, Neisseria, Haemophilus and Pneumococcus.,

It is probably not important in antibiotic resistance.



Transductien

A temperate bacteriephuge trsusfers genetic m
the denor te recipient, It eccurs in & largs
gram-negative erganisms iﬁﬁi&%ﬁﬁ%‘gﬁﬁgia and alase

e

in Staphylececci and in the Bacillus species.

Transduction may invelve the transfer te the dener
chromeseme only of these segments immedistely adjscant to
the attachment of the prophage {(Restricted transduction)
er ether segmentis mey stsnd an esquel chance ef being
transferred (generalized transduction), Once transduced

the exogenote may be integrated inte the host chromosome |
and replicate with the host. However, if it is net integrafll
it may persiest without replicstion; this is abertive
transduction, In Staphylﬁwmaaig transduction may be
impertant in the spread of resistance te streptomyein,
tetracycline, chleramphenicel, and erythremycin. Most

ef the transduced elaménte are extrachromosomal but
transduction of chremosomal elements has alse been

shown te occur. Transduction eccurs in vive &s well

as
in vitre.

The importance of transduction in the spread of
antibiotic resistence’in E,coli is not known.

Cenjugation

In conjugation, there is evidence that the mechanism is

impertant, It is alse interesting because genetic transfer

gan eccur betwaen different apecies of organisms and
becaupe $tranasfer ef resistance to several antibietics

can gccur &t the same time. Mereover, conjugation is

probably meat analogous te fusion eof gametes, where
genetic transfer is preceded by cell to cell contact,
The latter preocess does neot involve cell fusion.
Incemplete, rather than full, dipleids result fres
gene transfer in bacterie.




Phece partiel diploids are
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)

recipient cell and the incomplete genom’

from the donor cell.
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(=) vorrenote
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mero zvegotes support genetic racombination in which portions

of the DNA of the exogenote effectively

renlace

of the DNA endogenote. (Stanier et al 1978) .

Because of the importance in antibioti
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BACTERIAT

- CONJUIGATTION ¢

Conjugation is the mghly spaelific process whereby
A s trarnsferred from donor to reeipient bacteris by &
mochanicm involvineg cell to . cell eontoct, MThis proce:
i= nsually encoded by conjuecative plasmids, which have
been isolated from a diverse rance of gram-negative
bacteria and include members ' of more than twenty incomni

bility groups. All these plasmid encode conijugative pili

necesaary for establishine cell to ecell contact, ard theiz

molecular mechanisms of conjuration may be similar.

However, it is likely that many genctically distinct

gonjugation systems exiet, ‘since plasmids from one
incompatibility eroun/Family 4o not comnlement transfer
deficient mutants of another. Also pnlasmids belong to

4

d1fferent

DNA homolocy (Willets and Wilkins 1984).

incompatibility groups generally show little

= oy

Transfer of

The fate of two. component DNA strands of a plasmid during
conjugation was first-analyzed with R, and this plasmid
remains the best documented in this regard., The findine

AR e

that minicell recipients accumulated predominantly si

i

stranded DNA during P-mediated conjugation susgested that
orily one strend of .the plasmid is Lransferred, One stran

of plasmid DNA is broken at the replication orisin 2nd

£ -

d

the dublex unwinds, the broken strand enterine the recipient

cell beginninz with its 5. terminus [Stanier et al-1978)

(Riecs 1).  Subsequently it was found that this strand of
is the denser of the two in polyuridylate ~ nolyguanylate
(Poly U, G)=Ca-Cl gradients and that the licshter is

retained in the donor cell. By selectively labelline TINA

in either the donor or-the regipient eell, 4t was further

-demoristrated that DNA is synthesized on the transferred F

strand in the recipient and that the strand retained in

the donor serves as template for synthesis of DNA to

repldace that transferred.

i



F plasmid DNA Auplex

strand ol

Although the transfer of one
11y accompanied by replication, such renlication

is usuall

Stanier et

the transfer process (S a’l

15 not easential for

1978).

2 (c)

PRy ity

\f

Fig.l, vean donor and
(a) Pormation of mating pair.. . Nic
in one ant

transfer i

Conjusation bety

1
B -arrow
2y 5 V o

The nicked strand transferred from Ji

nossibly rthroush the:tilus,

single strands in donor and

end inte recipient
Replication of

recipient cells (new DNA denoted by jagred ‘line)
rRecircularisation of both plasmids. TFrom Williams

P&, 1978,



The pillus is requirea @t least for thescellitoicell

T leraction that precedes DNA:- “Lransfer; However, It is

not known whether 1t forms the bridge through which DNA

. tses from the donoy to recipient cells’ In‘the case

Of the P pilus, one of the best studied, ‘the pilus forms

a gspecific contact with the potential recipient cell and
1ts retraction brings the cells into wall to.wall contact,.
The pairs or ageregates thus formed are initially sensitive
to shear forces but are then stabilized by an unknown

Process.

Presumably a channel is formed between. .the juxtapozed
donor and recipient cell envelopes to allow DNA transfer.
This channel might be equivalent to a 'stab' of the
pilus, which has an axial hole just large enough to
accommodate single-stranded DNA (Willetg& Wilkins 1984).

Alternatively, donor and recipient cell envelopes
fuse locally at the point of contact and a transmembrane
pore is formed through which DNA is transferred, It is
only in IncF plasmids that the genetics of transfer
system have been investigated in any detail; with the
exception of a few plasmids such as the CoIlb-p9 and
P144, the molecular nature of the DNA transmitted by
other groups of conjugative plasmids has not been

studied and care should be exercised in extrapolating
to these the information gained for B (Willets and

Wilkins 1984). The genes of P responsible for conjugation
are 'located on & continuous section of the plasmid and

are transcribed as a single operon, the tra(transfer)
operon (Fig. 2) in which there are 12 structural genes,
The first eight of these, tra & 0 tra H, drd responsible
for pilus synthesis. MNMutations in any of these genes

result in cells withoub plll,. which are unable to transfer.



o]

The tra S gene determines the surface exclusion property

(not incompatibi 1 ifw) which reduces the ability of a
like plasmid to be transferred into the cell., Both trab

and tral are involved in the DNA metabolism in the
donor during conjugation and traG is bifunctional and
mutations in i1t are defective in both pilus formation

and DNA transfer.

Conjugational
DNA metabolism
—r— e |
W r ® O u o B A~
Fr g Bog ey Fode g
\ ! \eaged

7 3 B, .
Req:mwmw Pws synthesis %&g&%“wn

Iy 4

(£in 0,fin P)

o e
&
e |

\

Fige2: The tra operon of F~like plasmids.

From Williams P.A 1978,

The regulation of the tra operon is very complex and shows

some interesting features (Fig.3)

fin 0 finP tra0d  trq) tra A trql

mRNA«fi/v ,\iVA

o

‘(';l} i }_: :'y,\“‘”.ll'vg 1 , 07 \ 4 | INATOY - U ),: y y;l}‘:w;r s [P 1
traJ gene product acts as a positive repulator for the
tra operon, The fin O and fin P gene products

together attra O to bloclsi@@mecription of

normally the tra J geng . product @s not synthesised and

D)

the tra operon is repreésged. From William P.A. 1978,



Thise repulatory . mechanism aecounts for three yproperties

of B and other Tnch plasmids,

(1) PR itself lacks a functional fin O gene and hence

shows derepressed pilus synthesis and transfers

at high freguency.

P . X = i 5 i . A :
(2) The fi  character of IncP plasmids which are compatible

)

th B is.due to dack of specificity .ol Fheir

fin O gene (Fizud).. . Bach fin P gene product is
specifiec for its own plasmid, but it can combine
with the .fin O gene product of another Inch
plasmid tn block its traQ gene. Thus when another

InoR plasmid 18 present in the same cell as B

¥

its own fin O gene product combines with the fin P

gene product of K to repreass the normally

depressed transfer system of W,

fin Or finPg tralp  fraldr tra Ar

[nc F cat
Rnlcntasmid mRNA v\l\‘/\/\ ‘ ,WU

- mRNA N{;M L... :

finPg tfaOF trale trqAr

Fige. 4: Pertilityinhibition of P through internction

of the regulatory systems of an Tnck plasmid and P
itselfs, R has no functional fin0 gene and consequently

expreasion of the tra operon is normally depresse d.

i Yl feptiliay dnhibation



The fin O gene products of other compatible TInec F

plasmids are non-specific: when one of these is present

in

i1 P product of'F o repress expreassion of the F . tra operon,

[

<

|

cell with F, its fin Q. product can interact with

From Williams P.A. 1978.

(3)

The efficiency of fi+ plasmids in the short term

18 poor because of the repression of the tra

operon,  However, it donor and recipient cultures are
Left together for longer periods, say overnight, an
unexpectedly high extent of transfer is obtained.
This is because pilus synthesis is not repressed in
a newly infected cell, which can further transmit

its plasmid at high frequency. The explanation is

that in & newly infected cell, there is no preferential

expression of either S S e o P or tya J pgopes,

Consequently there is some tr&inei

and ceases ag the fin 0 and fin P gene products build

up and block transcription of tra J. Because the

it is present in the cell the

tra operon is

expressed and high frequency transfer occurs. The

concentration of tra J gene product in & newly

infected cell only drops as a cell division dilute:

it out, and after a period of about 4 hours the
progeny are once again in the normal repressed low
transfer state, This feature is advantageous since
1t ensures that in a stable population the ability
to transfer is prepressed with a resultant savine in
biosynthesis., When a recipient population becomes

11 amount of transfer takes

available and once gome si
place, the depression of newly infected cells ensures

an efficient infectious spread of the plasmid.
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There is

of Inc P plasmids and those of

deficient (tra™)

no genetic relationship between

other

muatants

of

complemented by plasmids of another.

to be
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in newly infected cells.
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It is now more usual to think of F as a plasmid which

hés an additional phenotypic character, the ability to
integrate into the chromosome; this recogniges that

the similarities between F and other plasmids are
greater than between PF and b&cteriobhuge N\ , which

has also been termed an episome because of its ability
to exist either autonomously or integrated (Williams P.A
1978). The sex factor F is extremely efficient at
promoting its own transfer; in a few hours the number

il recipient cells converted to P' can exceed the

number of donor cells. Examination of F* cells in the
electron micrograph shows the presence on the cell
sarface-oforganellea, the sex pilij-which ares: not
present on F cells, These pili play an important part
in the mechanics of conjugation, sinde rapid mixing of
an W% culture shears the pili from cells and removes

the donor ability, which is only regained when new pili
have been synthesised (Williams, P.A. 1978). Most other
plasmids are much lessefficient at conjugational transfer,
at least in short mating experiments. This is reflected
in the lower number of piliated cells in donor cultures.
The reason for this is an efficient system for repression
of pilus synthesis present on most plasmids, but not on

0

« It 18 possible to make mutants in which pilus synthesis

15 derepressed and the transfer efficiency much increased
(drd mutants). Two common types of sex pili are found.
Some plasmids specify production of pili very similar in
morphology to the ¥ pilus, which are termed P~lik=

y

Phese plasmids have the additional nreperty that, if thevw
ean.he transferred toia cellicontaining sl they rénveasn
synthesis of the ¥ pilus and drastically reduce the
conjuzational transfer freguency of B, Plasmid with this
phenotype are termed fi™ (fertility inhibition ), and
include members of all classes found in enteric hacteris

R plasmids, Col plasmids, Hly, Ent and K88,



Other plasmids specify morphologically different pi

iy

which are similar to those found on cells containing

Col I plasmids {eg. Colb- P9), and are called I-lik

They differ in being shorter than P-like pili, abou
2um as against 20 um, and seldom have the central
axial hole often seen in P-like pili. They also di
in their antigenicity and in the adsorption of

pilus-~specificic (or malewspecificic) phages., Seve

@
B )

i

Tler

ral

bhages are specific for Hulike pili {eg, Fl, F2, fd)

nd one 115 48 bpecidfic Tor Ixlike pili, Nost nlda

which produce T-like pili have no effect on fertili

smids

Ly

of P if present with F in the same cell and are termed

fi . It was at first thought that fi phenotype cou

1d

be used as a primary method of grouping plasmids into

only two classes, fi . and 17 plasmids, = As more
plasmids were isolated and characterised it became
apparent that this was an oversimplification, A& mo
precise method of classification resulted from
Observations that there are barriers which present
transfer of - certain plasmids into a cell containing
different plasmid. This superinfection immunity is

result of two distinct phenomenoti, The first is a

surface exclusion by & resident plasmid, which does

affect the formation of a mating pair but does inhi

conjugational -transfer of DNA into the cell., ~Secon

there is incompatibdility . between plasmids; even if

11‘"‘3*7”“57”4133‘1‘“31ble plasmid is introduced into a cell arl
contai rz"i"n;f: a plasmid by sufficiently strong selecti
pressure, the two plasmids interact by inhibiting

pepdication - of each other, The neb result 1 Ghat
removal from any selective pressure which is ensuri
that both plasmids coexist, the plasmids rapidly se
during a few generations to give a mixed population

progeny contaihing either one or. the ofher placmid,
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PABLE 1 ¢  PLASMID

En .; 158

Plasmid Incompatibility Groups

Plasmids

of enteric

~

Published group | Susg

designations %
(including :
synonyms )
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Ine4

e et
|

| R446b(

bacteria

Plasmid prototypes

F.R386 (HH)
R100, R6, R1
C01B-K98
R124 (HH)

Folae

[

R27(1IP)

(HH)
R69(IP)
R7L(IP
R72(1P)
R147(1P)
RAL (HH)
TP113, TP125
R40a(IP), R55(1IP)
R27(HH) (=TP117)
ColTb-p9, ‘
R144 (HH)
TP114
R621a (HH)
R391 (HH)
R371a(HH)
N3 R15
R, R724(HH)
RPA4
R478 (HH)

Rtsl

ollh

W | Tnew ' S-a, RTK

From Novick

(a)
(b)

et

al 1976

This list is not based on up date data,

(HH) and (IP) indicate that the plasmids so
designated belong to the Hammersmit .Hointﬂ]

and Institut Pasteur GSeries, respectivel

e Y

i




(b)

(c)

These series have overlapping numbers that had

not yet been reconciled at the time they were

first published,

In some cases synonyms have been listed, because
these exist in the literature, and general
agreement on a Sinqln designation had not yet
been reached. In some cases, the indication

of synonyms 1s provisional, since the prototype
plasmids had not all been fully tested for
compmtibL11r¢ with all of the other prototypes

listed at the time,

TABLE IT-PLASMITEOT 5. AURTL S
Plasmids of Stavhylococcus aureus
Plasmid proto-
Grour Phenotyoe
b 2 types
i} Tnel nlb24, pless
2 Inec?e plIldy
3 Inc3 nPL2 ] ?
4 Tned poifi ;
Bl b Inch pC221 |
6 Tneb pK545 i
7 ine7 pUB10]

pUB101l is a plasmid carrying genes for penicillinase

and fusidic and resistance present in in strain




The various incompatibility

37 senetic

plasmids can be assessed experimentally by two methods,
hybridisation and heteroduplex
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Eithty~five percent of the sequence present in R1 are also

found on R6, It might be concluded that all three are
descendants of the same plasmid, and that the remarkable
similarily between R6 and R100 is a result of carriage
of one or both of these between Japan and Germany prior
to their isolation,  If this is 8o, it demonstrates the

' immense possibilities for dissemination afforded by an

R plasmid (which can be infectious between bacteria)
present in bacteria (which are infectious between humans )
and magnified by the ease and rapidity of international
transport (Williams P.A, 1978).

R1 has resistance determinants to Amp, Chl, Kan, Sul and
Str. It was isolated from Salmonella typhimurium
(Britain) R6 was isolated from Salmonella typhjmqggﬂﬁ
(German) R100 also called 222 and NR-1 was isolated

from Shigella flexneri in Janpan.

Plasmid
1

el 4 o  mmeme
Benatutration -t . Renatwratuon

pH 12 . 2 pH 85

s %n, . 5 .,af..
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. 3 - ‘e
L) ™ EWe ) A $ .
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\'\omodwytues Heterodw?lms

Fig.5  Diagrammatic representation of formation of hetero-
duplexes, . Strand separation of plasmid dublexes only

4

akes place 4f one or both strands are nicked: dus
shearine forces involved in handline, this ia almost

riokly trne for most of tha molaculoa ™ am

Williams P.A. (19781},
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(b

(c)

B @ BT el

Wiz, 6  Structural features seen in hateroduplex

BDoublewgtranded DNA 18 geeéen ag
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structures than single-~stranded DNA,
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deletion

Plasmid RP4 (Table 1) which codes for B=lactamase

confers

ampicillin resistance which can be transposed on

c:ompatible plasmids present in the bact

gacquisition of the ampicillin determinant

plasmid 18 accompanied by an increase

h

by other

molecular

weizht showing that the transposition involves
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}/‘3“ ) £ ?“‘-;’1’\_(\ (e
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The frasment transferred has been termed
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1.7

URINARY TRACT INFECTIONS:
About 70 to 80 percent of urinary tract infections
are caused by E.coli. (Murdoch et al 1968) and it is

generally considered that the source of infecting

organisms is the patients own bowel, Mond et al

(1965) found 81 percent of infections to be caused by

1.¢c0li; the next most common were Proteus and

Staphylococcus albus. In patients who have undergone

operations on the urinary tract, or who are Sufferiﬁg
from recurrent intractable infection, otherkorganisms,
particulary Pseudomonas and Klebsiella become important
(Spencer et al 1968)., Spencer et al (1Y68) obtiuined
strains of E.coli from patients on a female medical
ward who had urinary tract infections.: Of 221 strains
examined 82 percent were resistant to sulphonamide,

33 percent to tetracycline, 30 percent to ampicillin

10 percent to streptomycin, 4.5 percent to
chloramphenicol and 1,5 percent to ' nitrofurantoin,
Similar results were found by Murdoch et al (1968).

In hospital patients, therefore, and in patients

with recurrent urinary trazct infections, antibiotic
resistant organisms do appear to be important,

However, even in patients seen in general practice
antibiotic~resistant organisms may be important at

the present time. Brumfitt et al (1971) examined the
organisms isolated from 53 women with urinary tract
infections seen in general practice, 37 of them were
infected with Ecoli and in seven of these (19 percent).
the strains were resistant to one or more antibiotics,
Resistance was R-factor mediated in six of these,

They further investigated the antibiotic resistance

of B, coli urinary tract infeelions in general praciice

and their relationship to faecal flora,



0f 37 women with E.coli urinary tract infection, seven

were infected with antibiotic resistant organisms;

resistance was R-factor determined in six., Carriage of

predominantly resistant faecal coliform flore was

correlated with the development of urinary tract infections

with resistant organisms.

Willet (1975).in his paper on "The Survey of ‘Antibiotic

sensitivity pattern in Dar es Salaam" - a study done

the Muhimbili hospital on hospitalised, mncatheterised

patient with U,T.I, revealed that the resistance to

commonly used antibiotics that are used in the treatment

of urinary tract infections indeed exists and is high.

The incidence was particularly high for penicillins
(ie ampicillin), sulphonamide and the tetracyclines.
Although Willet's work did not include community

acquired resistance to antibiotics; Nevertheless it

to support the idea that resistance to antibiotics exists

in Dar es Salaam and is increasing far and wide.

Mfuko (1977) followed the resistance pattern

to tetracycline during the years 1970 to 1976 from the
available sensitivity records at the Central Pathology

Laboratory (C.P.L.) of the Muhimbili Medical Centre (M.M.C,)

and revealed the increasing frequency of resistance
the 'druz,’ (Pable IT1)

sutfices
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Dirine the years 1978 and 1979 Maselle et 21 (1980
i

served. that approximately 3400 coliforms. were decolated

from urine specimens investigated at

bhe

the department of Miﬂ?ﬂhiﬁlﬂﬁymemuhQ}mﬁy, Muahimbili

Medical Centre (M.M.C.) Escherichia w01i?K1ﬂhmi~1]~m
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terobicter and profeus. species wepe

s eplates an that order of frequency.
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e commonost

eundomonads and

50=~90 percent
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Cul tur

Thirty four (34) stool samples from normal healthy

individuals presumably not on antibiotics were

collected from students and staff of the University
of Aston in Birmingham (U.K.) Another fifty-nine
(59) Stool samples were collected from students,

staff and other.-workers of the University of

y
Dar es Salaam, Taculty of Medicine (Tanzania),
Subjeets in the latter-group denied having recgeived
antibiotic therapy within the ‘previous three months
or more. However, the information with regard to
dntibioticy therapy may have been unreliabledin

i

SO0mMe - CasSes,

£y
e
2

MacConkey Agar No.2 [(MCA)

Oxoid Nutrient Agar (N.A)

'

Nutrient Broth (N.B

o f

—~
P
o

Oxoid Urea Acar Base

Uxald Traiple Suge Acar (T,5.1)

0x0id Diagnostic Sensitivity Agar (DST)

Oxo0id MRVP mediz (MRVP)
Oxoid Pepton

EaL]

Oxoid Salmonella-Shigella Agar (modified) (83 Agar)

Oxo01d Koaser citrate medium

Oxoids Kovaca.: reasantg

ALl stool samples were streaked on NOGA Neo.2 so as to
isolate the different btvpeg of colonies as well as to

differsentiate them on the basis of lactose fermentatinn,

Preliminary identification of the orgarnism=s was done

as follows:
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A1l plates were left on the banch for two hours to allow

oy i Sk : LN B
for antibiotic diffusion, and incubated:-ON at 37 €. The

diameters of the ®Bones of inhibition were measured and
recorded.

Before sencitivity testing, care wes taken not to

store the cultures longer than seven da

MDA N QTN [Py g [’\,1.113" W ;‘,w\r'l]c; 7

The term donor and recinient cultures are used here

to mean the strains being

ective of whether R-transfer takes place. The recipit

ashould have 4t 1 an ot two Tecosni aahle ‘."i "rs'éi"i",""“! - Fromn

the donor Ome which allowa 1t to be separated from the

s

dnrnar on a oeleetive medium t ybher

gonor The marker can bera chromosomal drug yresisotancs

absent in:the donor culbunre for examnle Ha el ) viC
v ~F?/-r‘v/ 4 "p"_’f"rr\",:t, i T \* (‘V" ance , ‘['\’/7"’3*:,‘(‘ ma w_’!"n\. he 1o, Q',«v‘
Frait not used for selection butbt only e

EBscherichia coli K12 strains are most oft as
st often used as

{

recipients when the donor is a2 Gram-negative bacillus.

Lactose~fermenting strains are convenient donors when

for ddentificatic

the recipient 18 & nor=lactogse fermentin g vice verss

Donor straings used in transfer experiment were

follows

Lo

{ \ Facherichia coldi K12 W21 containine R-«nlsa

RP1 supplied by Mr. Bl-Haffar, a Ph,D, stud

of Aston in Birmincham, B4 TEL U.K,

(b) 1Isolates from the gtool samples referred to

this thesis as Yunknowns®.,

at the Department of Pharmacy, Universi

1N
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{c) PBascherichia coli idsolates from urine samnles

of natients sufferine from wvrinary tract

infection (I, B, 1,) Supplied by My Bl Meafivi

of tha Department of Pharmaceutics/Pharmaceutica

v

Microbiology, University of Dar es Salasm

Recipient strains used in transfer experiments weres

—
=
S
—
2,

. o = ™)
regiatant mitant {lae s Ry Stpt/e

{b) R®scherichin enli K 12, plasmind

:

free Nalidixic
o

& “+ Lo
mitant (Lac'; R Nall') The

¥

id resistar
1hove two strains were kindly sunplied by

DroeRubth M. Mo Klemperer ol the Repartment of

Pharmacy, University of ‘Aston in Birmir

B4 TET {(U.%:).

(c¢) Ag donors (b) above provided they were
sensitive to the particular antibiotiec used 1in

tranafer {unknown recipients)

Preliminary. work was demonstrated that Plasmid RPI

K12 w3110 {RPl)

cotld be transferred from

»i kﬂ{‘w‘u, 8] ,\! nihor ‘) j - I \ 1; YQ : i(f (71\1 { I"‘Z’"‘. nwn

resistances)

alele T n iA en f- ey ”‘.’i t % o ,,\ oMo o

Preparation of mating cultures

A - Tooptul of donor @and/ recipient was annoculated into
N.B. in separate yniversal -bottles and grown ON, One ml

was taken from each and innoculated separately in 9ml of

N.B. 'These cultures were allowed to grow in & shaking

water-bath at 37 °C to logarithmic phase and their

optical.density adjusted approximately to 0.5 at 470 n.m
x Recipiony  phenotype (R7) withowt an R plasmid T

S4B ond Mot ® - dhromosomally coded S‘pmmomgom and  walidixg

wid  resistamce  respectively.

|
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o vy FINAL CONCENPRATTONS OF THT VARIOUS

ROTION OF TRANSCTPIENTS

ANTIMICRO

OBIALS U

SEL
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Final
Antimicrobial agent jConcentration i Manufacturer
mee /ml
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e
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Before incorporation, all antibiotic solutions were

aterilivzed by bacterial filtration usinzg satorius membrane
filters of pore size 0,2 M @nd 25 mm dicmeter in swinnex
membrane holders with the 2id of sterile 10ml syringes,
Positive and negative controls were set to ascertain
antibiotic activity, sensitivity to the antibiotics and
viability. Transfer experiments were done by &

auerested to the author by Dr, Buth Klemperer,: QOnly

minor modifications were made,

The came procedure was repeated using the collected

the bacteria was

(1974) (Appendix %

the bacteria beyond

the senue wis not done.
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4,1

DISCUSSION:

DRUG RESISTANCE
The results of this study show that there were
more Escherichia isolated from Birmingham samples while

Klebsiella and Proteus isolates were predominant in
Dar es Salaam sumples(Table VII). No Proteus were
isolated from Birmingham samples. The basis for this
apparent variability among these two groups is not
very clear. However, the lack of sugar tests has
made the bacterial identification incomplete. It is
quite possible therefore that a few isolates might
have been wrongly identified. For example, while
Klebsiella species are mostly indole negative, indole
positive species are also encountered. Of 168

isolates of K. pneumoniae tested Nishida et al (1979)

found that 18% were indole positive and 82% were
indole negative and a significant difference 1in
antibiotic susceptibility was found,

The level of resistance as shown in table VIII,
was found to be guite high for both the Birmingham and
Dar es Salaam samples than observed by. other workers
(smith 1966; Spencer 1968) in diseased human subjects.,
For the Dar es Salaam isolates, the order of resistance
carbenicillin > tetracycline » ampicillin ) streptomycin
chloramphenicol) nitrofurantoin ) kanamycin jnalidixic
acid. The high level of resistance to carbemnieillin
is surprising as this, being a parenteral preparation,
is not commonly available to the general population.
There is therefore a need to study the source of this high
resistance.

The order of resistance for Birmingham isolates
sulphonamides Y streptomycin > umpicillir1> tetracycliney
chloramphenicol, kanamycin, carbenicillin, trimethoprim.
All isolates from Birmingham samples were sensitive to
nalidixic acid, nitrofurantoin, cotrimoxazole and
gentamycin but in Dar es Salaam gentamycin was the

only antibiotic to which all isolates were sensitive.
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Phe incidence and degree of antimicrobial resistance

has also been studied by Datta et al {1971)L)+ ~Bhe found
that there was a significant number of persons excreting
multiple resistance bacteria, 1In some cases & high
proportion (5-100%) of total aerobic flora was resistant
to one or more antimicrobials. Linton et al (1972). also
reported similar findings. The level of resistance found

-l

in this study agree very well with those ol Datta and
Linton above. Skinner and Carr (1974) proposed that one
source of these multiple resistance bacteria in human
intestinal tract may be associated with food producing

animals,

In the U.S.A, at least, it has been found out that
the level of antibiotic resistant bacteria in livestock
raised for food products to be relatively high. Animals
such as cattle, swine, turkey and chickens commonly
received antibiotics in levels from 20-50p.p.m. as feed
suppliments. Cattle and swine purchased in the State of
Missouri for research purposes for example, possessed
high level of antibiotic resistant E.coli. Some of these
50-100% had multiple resistance (Skinner and Carr 1974).
Mercer et al (1971) suggested that the proportion of
enteric flora resistant to antibiotics is thought to be
related to the exposure of individuals involved. Among
other reasons, such as non=compliance and wrong prescribing
habits, it seems logical to suggest that the.level of
antibiotic resistance observed in solates from Birmingham
samples might be due to the levels of resistant bacteria in
livestock raised for food products.

In Dar es Salaam however, the main reason for the
high level of antibiotic resistance could be due to
indiscriminate use of antibiotics. Examples of such
indiscriminate use include the use of various antibiotics

for chemoprophylaxis against infections such as gonorrhoeas,
p {3
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Antibiotic capsules for example, known as "Missiles" by
educated people and "rangi mbili*" by the common man

(a drug with two colours) are believed to cure all
infections. Many people use procain pénicillin ‘G’

oily (PAM) as eye suspension for infections of the eye
(Personal experience). Others use various antibiotic
powders including penicillin for local application to
wound infections. The use of dihydrostreptomycin to
check diarrhoea especially in children is not uncowmmon
(personal experi&noe). There are therefore various ways

in which antibiotics are used indiscriminately. The

effects of antibiotic administration and percentage
resistance bacteria in faeces. has been studied by Ahart

et al (1978).

PRANSFER OF DRUG RESISTANCE FACTORS:

The discovery of infectious drug resistance A1)
Japan about twenty-five years ago, has led to studies
attempting to delineate the role of resistance factors
with the increasing incidence of multiple drug resistance
in Gram-negative organisms. It 1is obvious from the data
obtained as well as from other reports (Smith and Armour
1966; Chau et _al 1982) that multiple drug resistance 1s
often due to demonstrable R-factors. However, 1t should
be borne in mind also that if antibiotic resistance is
transferred in mixed culture from donor to a suitable
recipient, this is strong evidence on the basis of
previous examples that the resistance is plasmid mediated,

It is however, not conclusive proof since chromosomal

In this study, a striking difference was observed
in the transfer ability of R=-factors between isolates from
Birmingham samples and those from Dar es Salaam.



Of the (21) Escherichia isolates from Birmingham, only

one third were able to transfer their resistances and of
the (3) Klebsiella igolates, (l)‘transferred resistance to
E.coli ¥125 (Tables X,XI, XII and XIII)., On the other
hand isolates from Dar es Salaam samples transferred
resistance at a higher rate with more than half of
Escherichia, a half of Proteus and (4) of Klebsiella
isolates transferring resistance to E.coli K12S and

Becoli XL2N, Three out of {5) .of B,coli dsolated from
patients with U.T.I. also transferred resistance to

E.coli K12S (Tables XX and XXI).

With regard to “Unknown" donors transferring drug
registance to "Unknown" recipients, transfer ability was
extremely low (Table XXII). It seems possible that
most of the "Unknown" recipients were either potentially
donors rather than recipients, or there was incompatibility

"between plasmidse.

This study also revealed that there was no visually
observable difference in the transfer ability for broth
matings at 28°c and those at 37°C. However, there were
more transcipients when the mating mixtures were left
stationary than when shaking was introduced.

The latter fact suggests that shaking overnight
decreases the probability of contact, perhaps due to
demixing especially when donor and recipient are of
different sizes. Shaking is usually aimed at mixing the

mating mixtures, The machanics of mixing aim for rando-

1ized mixing becuuse a uniform mosaic (chess=~board arrangement)

is impossible even with the best mixing machine. Random
mixing has its time limit. The mechanics of mixing é&are
summarized by Shotton and Ridgeway (1974). Datta (1978)
maintains also that the mating mixture be incubated without
shaking at 37°C. However, Wiletts and Wilkins (1984) had the
opinion that during shaking, contact between donor and
recipient is unstable at first but with time it 1is

stabilized by an unknown mechanism.
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4,3 IMPLICATION OF TRANSFERABLE DRUG RESISTANCE
FACTORS IN THE INCREASE IN RESISTANCE TO DRUGS

USED IN THE TREATMENT OF U.T.I. AT M.M.C.

Retrospective studies of urinary tract infections at
Muhimbili Medical Centre as from 1970 to 1983 have revealed
that microbial resistance to the various antimicrobial
drugs is on the increase, As mentioned earlier in the
text, the increase is not uniform but with peaks and valleys.,
(Graph 1 pg. 40).

The organisms frequently isolated in U.T.I. at Muhimbili

Hospital include E.coli, Klebsiella-~Enterobacter species,

pseudomonads and Staphylococcus aureus. The percentage of

these organisms showing resistance to tetracycline,
ampicillin and sulphonamides is extremely high, By 1980

for example, pseudomonads (Graph 1) had become completely
resistant to tetracycline. If the latter fact is extropolated
and taking into account the rate of development of resistance,
it may not be very long before E.coli Klebsiella species

and other organisms become completely resistant to not

only tetracycline, ampicillin and sulphonamides but also

to other antimicrobial drugs as well, Because E.coli is

so overwhelmingly important in the development of urinary
tract infection, there has been interest in the sources

of strains of E,colj causing infection and in the nature

of the infecting organisms. There are two current views
about this., The 'prevalence theory' is that the organisms
causing the infection are merely those commonest in the
faeces of the population under consideration. The

'‘special pathogenicity' theory is that organisms causing

the infection are a selected group which have properties
which specially allow them to invade or multiply in the
urinary tract. A number of properties have been considered
to be associated with pathogenicity in E.coli; these include
serotype; haemolysin and necrotoxin production, cytotoxicity,
the K antigen, and the presence of fimbriae (Montgomerie

1980).

fa,ih .




In recent years, evidence has accumulated for various
?

bacterial infections, which show that the adherence of
bacteria to mucosal surfaces of susceptible hosts is an
important step in colonisation and infection (Ofek and Beachey
1980). The ability of E.coli to adhere to epithelial

cells is often associated with fimbriae which can be
.classified into various types by dimensions, composition,
stability, antigenicity, adhesiveness, specificity and
agglutination patterns with erythrocytes and yeast cells

(Duquid and 0l1d 1980).

Fader et al (1979) found that the fimbriae of

Klebsiella pneumonia were similar to type I fimbriae of

E.coli and play an integral role in the ability to cause
cystitis in rats by mediating the attachment of the
bacteria to the uroepithelial surface,

The results of the present study and the restros-
pective studies by Douglas et al (unpublished observations)
and Maselle gf al (1980) agree very well with the 'prevalence
theory'. It is also very likely that the 'special pathoge—

nicity'! theory may hold,

The list of organisms causine U,.T,.1:at M.M.C,%also

include pseudomonads and Staphylococcus aureus which were

not delt with during the present study. However, transferable
drug resistance in Pseudomonas species is common knowledge.
Bryan et al (1972) demonstrated the transfer of double drug

resistance between Pseudomonas aeruginosa species and also

to B.coli by conjugation.

In Staphylococcus aureus, transferable drug resistance

has also been shown by various workers (MacDonell et al 1983;
Cohen et al 1962; Schaberg 1982), Purthermore it was

shown that fransformation, transduction and conjugation were
all potential mechanisms for genetic exchange (Forbes and

Schaberg 1983).
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