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SUMMARY

The sources of gentamicin resistant pseudomonads and enterobacteria

.were studied fn detail. A total of 1703 gentamicin resiStant gram negative
bacil11i (GRGNB) isolated from patients, staff and their immediate environ-
ment were studied, over a 6 month pefiod. Of these 954 were isolated

from clinical specimens obtained from paf%ents and 540 from their immediate
environment. A furthur 209 stains were isolated from the staff members

who were responsible for the care of these patients.

Pseudomonas aeruginosa; pyocin type 1, phage type F7 and.serotype 11 was

the commonest isolate. It constituted 24,9% of all isolates in this study.
This organism was distributed in all the wards investigated and was isolated
throughout the 6 month study period. This stra%n, therefore, appears to be
part of the"resident" flora of King Edward V111 Hospital, for it was found

on patients, staff and their immediate environment.

Among the Enterobacteriaceae, Klebsiella pneumoniae was the commonest

isolate and made up 13,6% of all isolates.

A11 the isolates obtained in this study were resistant to five or more
antibiotics tested (gentamicin, tobramycin, kanamycin, streptomycin,

carbenicillin, polymyxin B, amikacin and sisohicin).

Of 310 staff members screened, 25,2% harboured GRGNB on their hands. Among
patients the commonest source of GRGNB was stool which yﬁe1ded 141 (14,8%) of
the clinical isolates. Of the environmental sources studied, sinks harboured
87 (14%) GRGNB. The isolates from the environment and staff members were
identical tp patient strains. The significance of these findings is

discussed.,
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Introduction

"It appears that unless drastic measures are taken very soon,
ﬁhysicians may find themselves back in the pre-antibiotic

Middle Ages in the treatment of infectious diseases”. (m

One of the greatest achievements in medicine during the past 40
years has been the development and clinical use of antibiotics
and chemotherapeutic agents (2). Antibiotics are being widely
used at present (sometimes with doubtful indications) not only
for man, but also for animals, fish, fruit, vegetables, rice

plants and even for honey bees (3,4).

Nature has provided all 1iving organisms with mechanisms to
prevent extinction of their species, and in bacteria, this is

amply illustrated by the appearance of antibiotic resistant strains.

The problem of ‘bacterial resistance to antibiotics is of serious
concern to the clinician. Whether resulting from selective
pressure (2,5) due to widespread use of an antibiotic, from
mutation or plasmid transfer, bacterial resistance to antibiotics
has eroded the va]ues of many of the major antibiotics in some
of the common infections; for example penicillin G against

staphylococcus (6), streptomycin against enterobacteriaceae (7).

Resistant strains of bacteria have emerged to many of the avail-
abTe antibiotics, yet despite warnings by Professor Mary Barber
and others in the 1950's.,, very few hospitals have bothered to _
formulate an antibiotic policy and take the necessary measures
for the prevention and control of cross-infection by these

resistant strains of bacteria.

In the discussion that follows, a brief review on the



mechanisms of bacterial resistance is followed by an attempt
to put into perspective the significance of multiple anti-

biotic resistant gram negative bacteria in clinical practice.



1.2 Aminoglycoside Antibiotics

1.2.1

1

2.2

The aminoglycoside antibiotics in common clinical use include
streptomycin, neomycin, kanamycin, gentamicin, tobramycin, netilmicin,
sisomicin and amikacin. These drugs are given parenterally, are
bactericidal and share similar side effects; but differ in

their spectrum of activity. Kanamycin is indicated in serious
gram-negative infections in which Pseudomonas aeruginosa is

not a likely causative agent. Gentamicin, tbbramycin and

amikacin are effective against a broad spectrum of gram-

negative organisms including P.aeruginosa.

Mode of Action and Main Pharmacologic Properties

The aminoglycoside antibiotics penetrate the cell wall and
cytoplasmic membrane of susceptible microorganisms and act

on bacterial ribosomes. They are bound to the 30 s

subunit of the ribosome and cause misreading of the genetic
code; thus incorrect amino acids are inserted into the peptide
chains. Faulty proteins are produced and this reéu]ts in

death of the microorganism (8).

Aminoglycoside antibiotics are poorly &bsorbed from the
gastrointestinal tract, do not penetrate well into the
cerebrospinal fluid and are rapidly ekcretéﬂ by the normal

kidney.

Mechanisms of Resistance

There are many different mechanisms for antimicrobial drug
resistance, and knowledge of the genetic basis for these

has increased greatly in recent years.,



Natural resistance

The term, intrinsic resistance, is used to indicate natural
resistance to antimicrobial agents possessed.by the majority
of the population of a bacterial species. Such resistance is
obvious at the time of the in1t1a1 introduction of an
antimicrobial agent. Several types of bacteria are naturally
resistant to polymyxins including many gram-positive bacteria,
Proteus species, Serratia species, Providencia, Pseudomonas
cepacia, Neisseria meningitidis, Neisseria gonorrhoeae and
Staphylococcus aureus. Pseudomonas aeiﬂuginosa resistance

to streptomycin is a further example of natural resistance(9,31).

Natural resistance maybe due to lack of penetration of the
drug through the cell wall, lack of a suitable cell wall

- target site or other target receptors in the cell, and
susceptibility to naturally produced drug-destroying enzymes
that may have existed before the introduction of the drug

commercially (31).

Chromosomal resistance

This type of resistance occurs in all bacteria and has been
known since the earliest studies on drugs (10). This type of
resistance is mediated by genes on the chrbmosome which have
been changed by mutation. Resistance genes are heritable

and can be transferred from resistant to sensitive bacteria

by transduction, transformation or usually by conjugation

(11-13).



Use of a particular antibiotic produces a selective pressuré

which favours the survival of resistant mutants and their descendants
while their sensitive counterparts are inhibited or killed (14).

The conditions created by large-scale drug utilization resulted in

a rapid increase in the incidence of bacteria with chromosomal

resistance (15).

R - Plasmid mediated resistance

Scientists concerned with infectious diseases have now focused
attention on structures within bacterial cells. Of these, none
are more important practically or theoretically than plasmids
(16). A plasmid has been defined as”areplicon thdt is stably
inherited (i.e. readily maintained without specific selection) in
an extrachfomosoma] state. Naturally occuring plasmids of
prokaryotes are generally dispensable" (17). These genetic
structures determine the inheritance of various properties and
lead an independent existance within the bacterial cell. Since
they are not essential to cell survival, the cell may gain or

Tose them without any adverse effect (18).

An R - plasmid is defined by Novick et al (17) as one "that carries
genétic information for resistance to antibiotics and/or other
antibacterial drugs”. A bacterium which carries an R - plasmid

is ab]e to conjugate with other bacterial cells . When this happens,
a duplicate of the R - plasmid is transmitted to the second cell,
which thereby acquires all the drug resistance carried on the
plasmid and also the potential of trahSmitting these resistance to
still more bacterial cells. The efficiency and ability of different

bacterial strains to donate or receive R - plasmid varies (19).



The original discoveries in the field of infectious multiple
drug resistance were made in Japan in 1959 (20,21). Soon
after this report, transmissible multiple drug resistance

was discovered in many other countries throughout the world,

including South Africa (22).

The R=plasmids isolated initially in Japan conferred
resistance to su]fonamides, chloramphenicol, tetracyc]ine

and streptomycin. Subsequently plasmid mediated resistance

has been implicated to most of the newer antibiotics introduced
including ampicillin, kanamycin-neomycin (23), trimethoprim

(24) and gentamicin (25).

By 1965, it was found that many of the common intestinal
bacteria isolated feom hospitals and other clinical sources
carried R - plasmids(16). Although resistance may occur to
a single drug, multiple drug resistance seems to be common.
Resistance to as many as nine antibiotics, transferred by a
single R - plasmid, have been documented (26,27). By
transférring plasmids carrying these factors to otherwise
harmless bacterial species, the latter could be rendered
resistant to the same range of antibiotics as the donors.
Since an imporfant feature of R - plasmid transfer is that
it is not necessarily species - specifjc; this implies that
a normally harmless intestinal organism such as Escherichia
colz may transfer multiple resistance to a pathogen such as

Salmonella typhi (28).

Itwas generally found that R -plasmids mediate resistance to



higher antibiotic concentrations than that mediated by
chromosomal resistance (12,16). R - p]asmid resistance is
widespread among bacteria and has been reported not only in
the Enterobacteriaceae, that is SaZmoneZZa; Shigella,
Klebsiella, E.coli, Proteus and some other gram-negative
organisms, such as P.aeruginosa, Serratia, Yersinia spectes,
Aeromonas and Vibrio cholerae (3,16,29,30) but also in gram

positive bacteria (11).

In addition to determining resistance to antibiotics, plasmids

are known to carry several other genes. Some of these are

known to specify resistance to heavy metals. Nakahara et al

(32) have reported that the frequency of heavy metal resistance

in clinical isolates of E.coli, Klebsiella pneumoniae, P.aeruginosa
and Staphylococcus aureus was the same as or higher than that

of antibiotic resistance.

The main practical interest of plasmids in clinical medicine

is the1f ability to transfer antibiotic resistance. The study
of plasmids has therefore become of great importance. The
widespread distribution of R - plasmids is indicated by various
reports on the occurrence of R - plasmids throughout the world.
While many of these reports relate to the incidence of R -
plasmids in clinical isolates, Datta (33), Moorhouse (34) and

Linton et al (35) have implicated the normal healthy population

~as the major reservoir of R - palsmids.

Since their initial discovery in Japan, R - plasmids have been
found in many countries throughout the world=-for éxamp]e

England (33), U.S.A. (23), Holland (37), Czechos1ovakia(38)1



South Africa (22) and Switzerland (39) to name a few countries.

The distribution of R - plasmids is not restficted to areas
where antibiotics are extensively used. Gardner et al (40)
examined stool and soil specimens in the Solomon Islands, an
area largely untouched by modern civilisation. Of the 40
specimens studied two yielded R - plasmids. Falkow (23)
conducted a similar study on a remote population in Australia
and isolated only one composite R - plasmid in over 300 strains
of E.coli isolated from man and his domestié animals, but
found that 38% of the strains harboured a sex-factor capable

of mobilising non-transferable determinants. Maré (41) however,
could find no R - plasmids in 57 strains of enteric bacteria
1so1atéd from Kalahari bushmen, although he did isolate drug
resistant strains. The negative results in Mare's search for

R - plasmids and the detection of R - plasmids in only 2 -of 40
specimens in Gardner's study suggest that R - plasmids have a

Tow prevalence in drug-free communities.

Several reports indicate that R - plasmids were present in

the pre - antibiotic era. The discovery by Smith (190) of an

R - plasmid recovered from a strain of E.coli lyophilised in
1946 is often cited. Anderson (16) reportéd the presence of

a transfer factor capable of mobilising resistance genes, in a
strain of Salmorella typhimurium'iso1ated in 1923. whi1e,1t

is generally accepted that R - plasmids or transfer factors
were in existence befqre the use of antibiotics in medicine and
agriculture, it is also accepted that the increasing use of
antibiotics is mainly responsible.for the rapid emergence of

predominantly antibiotic resistant bacterial strains, particularly



among the Enterobacteriaceae.

Enzymatic resistance

The most imporfant mode of aminoglycoside resistance by gram-
negative bacilli is enzymatic inactivation of the antibiotic. In
simple terms, organisms produce substances which modify or

- destroy the antibiotic. The genetic information for the
production of inactivating enzymes is usually borne on R-plasmids

(12,43).

Enzymes which modify aminoglycosides fall into three general
types: adenylylation (AAD), acetylation (AAC), and
phosphorylation (APH). They are further broken down into
sub-groups designated by roman numera1§ (1,171,111, etc) and
specified according to which site on the molecule they attack.
Table 1.1 summarises the enzymatic mechénisms of inactivation

of aminoglycoside antibiotics (44).

It is not entirely clear how these enzymes produce resistance to
aminoglycosides. 1%t is argued by some workers that modified
aminoglycoside blocks further entry of aminoglycosides into the

cell. Others consider inactivation as the resistance mechanism (44).



Table 1.1 Aminoglycoside-modifying enzymes

Enzyme Modification of Organisms where.found
Streptomycin Neomycin Kanamycin Amikacin Tobramycin Gentamicin C Netilmicin
B and C A sissomicin
APH(3") + 0 0 0 0 0 0 Gram-negative and gram-
_ positive organisms
APH(6) - + 0 0 0 0 0 0 Pseudomonas
APH(3") 0 + + variable 0 0 0 Gram-negative and gram-
positive organisms
APH(2" 0 0 + + + + + Gram-positive organisms
AAD(3")(9) + 0 0 0 0 0 0 Gram-negative organisms
AAD(6) + 0 0 0 0 0 0 Staphylococci
AAD(9) _ - 0 0 0 0 0 0 Staphylococci
AAD(4+ ) (4%) 0 + + + + 0 0 Staphylococci
AAD(2") 0 0 + variable + + + Gram-negative organisms
AAC(3 )1I 0 - - - + + T Gram-negative organisms
AAC(3) 11 0 - + n + ¥ Gram-negative organisms.
AAC(3)I11 0 + n - + + + Gram-negative organisms
AAC(3)1V 0 + + - + + ¥ Gram-negative organisms
AAC(27) 0 + 0 0 + + + Providencia
AAC(67 )1 0 + + + + variable* + Gram-negative organisms
AAC(6" )11 0 + + + + variable* + Moraxella
AAC(6’)I11 0 + + + + variable* + Pseudomonas
AAC(6 )TV 0 T + + + variable” + Gram-positive organisms
Symbols: + modified: - not modified: : poorly modified: 0O substituent necessary for modification absent

*Gentamicin Cy 0, gentamicins Cy, and C2 and sissomicin +

0l
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1.2.3 Antibiotic Resistance in Clinical Practice

During the Tast 20 years, there has been an increasing
clinical awareness of hospital infections caused by bacteria
resistant to several antibiotics available for normal use,

and even to some antibiotics in various stages of development.

Antibiotic resistant bacterial populations arise in man and
animals by the use of antibiotics whether for therapy, growfh
promotion or prophylaxis (45). It has been contended by
Kelly et al (46), Smith (42), Guinee (37) and Lebek (39) that
widespread usage of antibiotics in animal feeds has played a
significant role in encouraging the emergence of resistant
bacteria while other workers like Walton (47) and Arenson(36)
seem to suggest that the indiscriminate use of antibiotics in’
~human medicine provides a major selective force for the

~ emergence of resistant strains.

To appreciate the potential impact of antibiotiqs on bacteria,
one should be aware of the quantities of antimicrobial drugs
produced annually. In the United States of America the annual
production of antibiotics rose from 2,2 million ki]dgrams in
1960 to 8,2 million kilograms in 1970, an increase of almost
400% (48). In Britain,estimates for 1967 (49) indicate that
360 thousand kilograms of antibiotics were used. The human
bacterial flora is subjected to this tremendous antibiotic

selection pressure primarily under conditions of therapy which

makes the hospital environment very 1mp6rtant.

Isenberg and Berkman (5) have claimed that in an average 300
bed hospital, the process of Clearing the needle by expelling

a small portion of the syringe contents prior to injection, -



12

adds 15 to 30 Titres of high potency antimicrobial agents

to the environment annually.

It is generally agreed that antibiotics are vital in the
treatment of diseases but the indiscriminate use of anti-
biotics by members of the medical profession has been
questionable. Aronsqn'(36) sites a survey in which the
justification for clinical use of antibacterial drugs was
evaluated. Of 340 patients receiving antibacterial ergs,
13% of the therapies were judged rational, 22% questionable
and 66% irrational. He also questions the concept of giving
antibacterial drugs to be on the "safe side" and states that
“the routine prophylactic use of antibacterial drugs in
simple surgical procedures is now generally accepted as mis- .

use of this group of drugs."

It must be expected therefore, that organisms fso]ated from
the hospital environment would be drug resistant. The nature
of this selection pressure changes with the introduction of

new drugs and the decrease in use of some older drugs (5).

As each new antibiotic has been introduced in the hospitals,
resistant bacterial strains have emerged (50-59). A strain

of such an organiém may colonize the hospital environment

and cause nosocomial (hospital acquired) infection in a
succession of patients for months or even for years. Over the
years some antibiotics have ceased to be useful for treating
infections caused by certain organisms because these bacteria
readilydeve]opedresistance to the antibiotics. This has

been the case with penicillin G in the treatment of
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Staphylococeus aureus. S. aureus has undergone a number of
changes in its susceptibility pattern. Widespread use of
penicillin G has led to 1ncreasin§ proportions of penicillinase
producing S. aureus such that recommended therapy for sus-
pected staphylococcal infections now consists of a penici]]inasé
resistant agent (e.g. cloxacillin, methicillin), even if the
infection is community'acquiredl(6). In 1979, 84,5% of

S. aureus strains were resistant to penicillin at the Foothills

Hospital in Calgary, Canada (7).

Resistance to aminoglycoside antibiotics has commonly followed
clinical use of these agents (60). Since 1964 gentamicin has
been used extensively for the treatment of severe infections
caused by Enterobacteria, Pseudomonas spectes and related gram
negative baci]]i. Reported hospital outbreaks of infection

by gentamicin-resistant organisms have been due to Pseudomonas
(52-55, 63, 69, 73, 85-89,91), Proteus (56, 57, 80, 82, 83, 85,
87-89), Providencia (58, 80, 82, 83), Klebsiella (50, 59, 70,
74-85, 87-89), Serratia (61, 62, 66-68, 72, 80, 82, 85, 91),
Actnetobacter anitratus (64, 65, 71, 87), Citrobacter (74, 82,
83, 88, 89), Escherichia coli (74, 82, 83, 85, 87-89), and

Enterobacter species (80, 82, 83, 87-89).

P. aeruginosa is an opportunist pathogen of increasing concern
in hospitals (54, 55, 69, 91, 284-286). The frequency of
gentamicin resistance among strains of P. aeruginosa has been
reported by several groups (52-55, 63, 69,.73, 85-89, 91,
287-289).  This organism is responsible for serious in-
fections of burns and wounds. It is one of several agents
causing urinary infections in patients who have some struc-

tural or neurogenic abnormality in the urinary tract, and is
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sometimes responsible for pneumonia, meningitis, eye
infections and septicaemia, especially in debilitated

hosts (7).

The respiratory tract of patients with tracheostomy often
becomes colonized with P. aeruginosa. In many cases this
appears to have no pathological effect, in others however,
ilTness and death due to infection of the broncho-tracheal
tree takes place and such infection is recognised to be

significant hazard of tracheostomy (134).

Urinary tract colonization/infection is one of the commonest
type of hospital-acquired infection and is particularly asso-
ciated with catheter drainage. Micro-organisms may enter
through the Tumen of the catheter or between the catheter
and the wall of the urethra. P. aeruginosa is a common
aetiological agent and owing to its pronounced resistancé to
antibiotics because of decreased cell wall permeability to

antimicrobials, the choice of an appropriate drug is Timited.

In one hospital in Los Angeles 20% of clinical isolates of

P. aeruginosa and 50% of Sefratia marcescens isolates were
resistant to gentamicin (73)land 20% of gkamfnegative bacilli
isolated from sputum and blood 1h a group of hospitals 1ﬁ

Japan were resistant to gentamicin (135).

An outbreak of nosocomial urinary tract infections caused by
aminoglycoside-resistant Pgeudomoﬁas aeruginosa was described
by Smith et al (69),7A11 14 isolates of P. aeruginosa were
generally resistant to many other antibiotics as well as
gentamicin, tobramycin, amikacin, streptomycin and kanamycin.

Resistant infection was associated with Tonger hospital stay,
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and more frequent corticosteroid usage and prior antibiotic
administration. The mortality rate for this outbreak was

25 per cent..

Reports in both the clinical and microbiological Tliterature
have described P. aeruginosa strains resistant to both

gentamicin and carbenicillin (86, 87, 136, 137).

The emergence of gentamicin and carbenicillin-resistant

P. aeruginosa in a hospital enVironment was described by
Gaman et al (86). During a 6 month pefiod, twice weekly
cultures were obtained from all patients treated with either
gentamicin or carbenicillin and from all patients with a
positive culture of P aeruginosa. P. aeruginosa was 1S0-
lated from 238 patients. 1In 11 other patients, serial
cultures revealed the emergence of resistance to gentamicin.
A1l but one of these resistant isolates occurred in patients
treated with gentamicin. Gentamicin-resistant P. aeruginosa
emerged significantly more often in patients treated with
gentamicin than in those who did not receive gentamicin.
Carbenicillin-resistant P. aeruginosa emerged in four of 14
patients treated with carbinicillin. Seventeen of the 238
patients were infected de novo with carbenicillin-resistant
P. aeruginosa. Carbenicillin-resistant P. aeruginosa
emérged significantly more often in patients treated with
carbenicillin than in those who did not receive carbenicillin.
No eivdence was found of in-hospital spread of resistant

P. aeruginosa.

Richmond (99) has cited in detail the 1literature refating to
the emergence of carbenicillin resistant P. aeruginosa in

burns patients. Detailed molecular studies on plasmids from
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Pseudomonas and Klebsiella strains suggested that the
transfer of the R-plasmid, first obserVed in Klebsiella

‘and subsequently in P. aeruginosa, had occurred from the

former to the latter via faecal contam1nat1on of burn wounds

Pseudomonas cepacia was first feported.in_the T1iterature by
Burkholder (100) who described it as a plant pathogen assocjf
ated with a bacterial rot of onion bulbs. The bés{c des-
cfiption of morphology and grthh charactéristics was later
considerably expanded, and it was recoghfzed that P. cepacia
was the most nutritibna11y versatile of the pseudomonads
being able to utilize a wide range of organ1c compounds as an
energy source (101). Natural sources of P. cepacia appear to

be the soil and water, but 1ncreas1ng1y common is the c]1n1ca]

isolation from the hospital environment.

In spite of its ubiquitous distribution in soi]_andiwater (102)
this organism rare]y causes infection outside the hosbﬁta1'

environment. Two generaf exceptions to this have been reported:
P. cepacia endocarditis occasionally affects intravenous drug .

abusers (103) and P. cepacia dermatitis has been observed in
the toe webs of troops, commonly known as 'trench foot' after

prolonged immersion in contaminated water.(102).

thhin the hospital environment Qet surfaces;_water and_aquéous
solutions appear to be the most common sources of the organism.
Fdrtunéte]y its Tevel of invasiveness and virulence is low and
- the only population susceptible to infectfoh appears to be

~ those hosp1ta1 patients with serious under1y1ng diseases.
Patients requiring 1nstrumentat1on part1cu1ar]y with urwnary

problems are a particularly h1gh risk group (104).
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P. cepacia 1S a potentially dangerous, nosocomial pathogen
.and has been implicated in a wide range of hospital epidemics
and sporadic infections. These have included infections of
the respiratory tract (105); of.operation wounds (106); of
the urinary tract (104); and of the heart (103, 107). In
addition it has been implicated in pneumonia (104), septic
arthritis (108), peritonitis (109) and many generalized in-

fections have been reported (104-106, 110).

Infections have arisen from the use of contaminéted anaesthetics
(111), detergents (112), disinfectants (113), antiseptics(106,
114), sa1fne.so1ut10ns (110) and the water baths used for
warming blood before blood infusions (115). It is therefore
apparent that the organismis fairly widespread throughoit:the
hospital environment. However, a common link in most cases
seemé to be a contaminated water supply and this observation

is frequently related to the ability of P. cepacta to multiply
in distilled water (116), and to resist inactivation by most
commonly used disinfectants (117). 1In fact, it can multiply

as quickly in distilled water as in tryptone soy broth (116).

This organism has a high intrinsic resistance to most anti-
biotics (118). Beyond doubt, infection with P. cepacta 1S
encouraged by the use of antibiotics, to which they are mainly
resistant (119). 1In a study of the antibiotic susceptibility
of various clinically isolated strains of pseudomonads, over
50 per cent of the P. cepacia strains were resistant to all

12 of the tested antibiotics and the majority were resistant
to 11 out of the 12 (120). Even though infection of a patient

with P. cepacia can be a problem, colonization is far more
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common.

The risks of cross-infection with gentamicin-resistant entero-
bacteria appear to be gréater for Klebsiella species than for
E. coli, Citrobacter species or Enterobacter species. This
may be due to a particular ability of KZebsiQZZa to become
established in the urinary and intestinal tracts (83, 121)
and to its ability to survive well on skin and on dry surfaces

(122).

Hart (83) describes an outbreak of nosocomial gentamicin

and multiple-resistant enterobacteria at the Royal Liverpool
Hospital, Liverpool. During a two year period from 1979-1981,
gentamicin and multiple-resistant strains of enterobacteria
were isolated from 260 patients. A1l isolates showed a similar
resistance pattern and consisted of E. colZ, Citrobacter,
Enterobacter, Proteus, Providencia and Klebsiella species.
Klebsiella was the commonest.iso1ate and the organism respon-
sible for cross-infection. The 32 different capsular serotypes
encountered in this outbreak represent a far greéter diversity
of gentamicin-resistant Klebsiella than has been reported
previously. The majority of infections followed manipulation
of the urinary tract and were often associated with in-dwelling
urinary catheters or were in immunosuppressed patients. The
inanimate environment in close contact with patients was in-
frequently contaminated and then only with Klebsiella species.
The bed pan macerators occasionally released an aerosol contain-
ing gentamicin-resistant Klebsiella. fhe majority (83%) of

sluice sinks were heavily contaminated with many different
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gentamicin-resistant enterobacteria including 22 different
Klebsiella capsular serotypes. All the gentamicin-resistant
enterobacteria were also resistant to tobramycin, netilmicin,
kanamyéin,strepfomycin, spectinomycin, su]phamethdxazo]e,
trimethoprim, fetracyc]ine, ampicillin, cepahloridine and

chloramphenicol.

Selden et al (121) undertook a prospective study of patients
admitted to a hospital in which there was_endemic nosocomial
infection with multidrug-resistant Klebsiella. The role of

- intestinal colonization was evaluated. O0Of 31 patients who
became intestinal carriers of multidrug-resistant Xlebsiella
during hospitalization, 14.subsequent1y became infected by the
same serotype. Of 101 patients who did not become intestinal
carriers of Klebsiella, only 11 were infected by that organism.
Antibiotic therapy was shown to be prediéposing to intestinal
colonization with Klebsiella and to exert a selective pressure
in favour of multidrug-resistant Klebsielld. A1l the isolates

of Klebsiella were generally resistant to many other antibiotics
és well as gentamicin, streptomycin and.kanamycin. Gastrointes-
tinal acquisition and carriage of Klebsiella by patients may be
an important intermediate step in the development of nosocomial
Klebsiella infection and may also serve to perpetuate a signifi-

cant reservoir of organisms within the hospital.

Gentamicin resistance has emerged since 1971 among gram negative
bacilli isolated at the University of Virginia Hospital (123). of
9,169 gram-negative bacilli isolated in 1971, 0,8% were resistant
to gentamicin. 1In 1975, 7,7% of 7,817 isolates were gentamicin
resistant. Since 1974, gentamicjn-resistant gram-negative bacilli

have accounted for 20% of nosocomial bacteremias. In 1974-1975,
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34 episodes of gentamicin-resistant bacteremia occurred. The
organisms isolated were Klebstiella species, P. aeruginosa,
Enterobacter species, Serratia marcescens, Flavobacteriwm
Species, Proteus species, Acinetobacter species, E. coli
and Citrobacter freundii. All but one of the bacteremic

patients had received prior antibiotics, and 19 of 34 episodes

were preceded by gentamicin therapy.

In another study (77) more than 241 patients became colonized
with a strain of gentamicin-resistant Klebsiella aerogenes,
capsular serotype K2, resistant to most antibiotics. Urinary
tract infection was the most common clinical manifestation

but bacteremia and, occasionallly, infections of other sites
were Vencountered. The main reservofrs of the epidemic
Klebsiella were the gut, urine and skin of colonized patients.

Likely vehicles for spread were the hands of staff, and con-

taminated bedpans and urinals.

CaseQe]] and Talsania (90) describes a.microbiologfca1 study
of multiple antibiotic resistance and capsular types of
gentamicin-resistant Klebsiella aerogenes, (One hundred and
eight epidemiologically distinct strains of gentamicin-
resistant KZebsieZZq aerogenes were selected from 404
patient-isolates sent from 12 hospitals in six countries.
Serotypes K2, K17 and K21 were commonestand together accounted
for 33,3% of strains. Resistance to many antibiotics in
addition to gentamicin was common; 99 strains were re-
sistant to at least 10, and 31 to at Teast 15, of the 24

antimicrobial agents tested. Of the 108 strains, 100
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were resistant to streptomycin, 96 to kanamycin, 85 to

tobramycin, 81 to neomycin and 4 to amikacin. All strains were

resistant to carbenicillin and ampicillin.

Serratia marcescens is another organism that is well estab-
lished as an important cause of nosocomial infection, spread
by various routes (124), Bullock et al (66) describes five
geographically separate outbreaks of hospital acquired in-
fection caused by gentamicin-resistant strains Qf Serratia
marcescens which occurred in southwest England. The patients
affected were in wards for general or urological surgery, or
in neurosurgical, cardiothoracic or general intensive therapy
units. Asymptomatic colonization was more common than sympto-
matic infection, although deaths and serious infections occurred.
.Besides gentamicin, mcst strains were resistant to many
currently available antibiotics 1ike tobramycin, sisomicin,
netilmicin, neomycin, kanamycin and streptomycin. Control of

spread of the bacteria proved to be difficult.

P]att and Sommerville (61) describes a twelve months survey
which yielded 119 isolates of Serratia species from 58 patients.
Ninety-one per cent of the patients were compromised, 86% had
undergone recent surgery and 79% had received antimicrobial
therapy within 14 days prior to serratia isolation. The
principal sources of the isolates were the intensive care and
peripheral vascular units. Fifty-seven per cent of the isolates
were resistant to.carbenici11in and 30% resistant to gentamicin.
Gentamicin resistance was exclusively b]asmid-mediatéd whefeas
resistance to carbenicillin was equally divided between plasmid-

mediated and chromosomal mechanisms.
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The main natural habitat of Aecinetobacter anitratus is soil
or water (93). It has also been isolated from human skin
(94) including the hands of hospital staff (95). Laboratory
isolates from clinical specimens usually reflect colonization
rather than infection (98) but serious, sometimes fatal,
opportunistic infections have been.reported, including septi-
caemia, endocarditis, meningitis, and pneumonia (96, 97).
Increased colonization and infection caused by A. anitratus
in hospitals (97) has sometimes been reported as epidemic

spread (95).

French et al (64) reports a hospital outbreak of antibiotic
resistant Adcinetobacter anitratus which was recognized by its
characteristic biotype and non-transferable resistance to 18
antibiotics. The organism was sensitive to nalidixic acid,
colistin, tobramycin (M I C 1Img/1) and amikacin (M I C 4mg/1),
but was otherwise multiple-resistant with M. I.C's of more than
128 mg/1 of ampicillin, carbenicillin, azlocillin, mezlocillin,
cephaloridine, cephalothin, cephalexin, cefoxitin, cefsulodin,
streptomycin, kanamycin and gentamicin. The organism was also
resistant to cefotaxime (M I C 16 mg/1), cefuroxime (M I C

64 mg/1), trimethoprim, sulphamethoxazole, tetracycline, and
nitrofurantoin. The epidemic strain was isolated from 40
patients in six wards. Most isolates were from -the urine of
catheterized male patients in a urological ward, some of whom
had skin but not rectal colonization. Elimination of environ-
mental contamination did not alter the course of the outbreak,
and respirators were not implicated. Transmission of the

epidemic strain from patients’ skin to staff hands was demon-

strated experimentally, and of 38 staff working in affected
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wards, 11 had positive hand cultures. Two microbiologists
investigating the outbreak also became hand carriers. Prompt
identification of new cases and closer attention to staff

hand washing led to disappearance of the epidemic strain.

Holton (65) makes a report of a further hospital outbreak
caused by a multi-resistant Acinetobacter anitratus. Over

a period of two years there were 58 separate isolates of
Acinetobacter species at the MiddTésex Hospital, London. Most
isolates (20) were from sputum, 18 from wound swabs, 14 from
urine, five from bile and one from blood culture. Six of the
isolates were Acine%obacter woffii, the remainder were

A. anitratus.  The isolates were generally resistant to many
other antibiotics as well as cafbenici]]in and gentamicin. A1l
isolates were sensitive to nalidixic acid, tobramycin and

amikacin. The source of the organism was not established.

Resistance to administration of streptomycin and kanamycin has
become so prevalent among gram-negative bacilli in many hospitals
that the clinical usefulness of these drugs has been severely
impaired (67, 88-90, 92). Organisms resistant to gentamicin,
tobramycin and amikacin have also been isolated (69, 88-90).
Organisms with these high resistance patterns have been isolated
with increasing frequency at many hospitals. The emergence and

existence of these organisms is of great epidemiologic import-

ance.

Hospital Cross-infection by Antibiotic Resistant Bacteria

Some Clinical Reports on Emergence and Suppression.

Hospitals all over the world have reported sporadic incidents
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of cross-infection with organisms resistant to aminobiycosides
and other antibiotics. Some clinical reports have mentioned

the possible source and control of these resistant organisms.

Falkiner et al (126) reported an outbreak of gentamicin and
tobramycin-resistant p. aeruginosa'infections in a surgical
ward over a 3 month period. They found that resistant

P. aeruginosa strains with similar serological, phage, and
pyocine types cultured from the urine of six patients were
also found on urine bottles, bed pans and hands of attendant
staff. From their survey they concluded that inadequate dis-

infection played a major role in cross-infection.

Bulger et al (127) surveyed gram negative bacteria in a
hospital ward during a 7 year period and observed a decline

in the incidence of resistance to several antibiotics among
strains of E. col? and Enterobacter - Klebsiella. They
attributed-these findings in part to conservative and_se]ective

use of antibiotics, and in part to infection control.

Ridley et al (128) found that the rise and fall in incidence of
antibiotic-resistant StaphyZococcﬁé aureus. during an 11-year

period correlated with consumption of antibiotics.

Price and Sleigh (129) described an epidemic of infection with
Klebstella aerogenes in a neurosurgical unit : although the
epidemic was not curtailed by radical measures for prevention

of cross-infection, complete discontinuation of antibiotics led

to disappearance of the epidemic strain.

Noriega et aZ(130) found that resistance to gentamicin increased
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abruptly among nosocomial isolates of Klebsiella and
Enterobacter at the New York Veterans Administration Hospital
in 1973 and 1974. They also observed that gentamicin-
resistance declined rapidly after use of this antibiotic was.
restricted and increased several months after restrictions
were removed. They concluded froﬁ this study that ".....
brief intermittent restrictions on use of gentamicin may be
sufficient to maintain a survival advantage of sensitive strains.
Since either amikacin or combined p01ymyx1n.-su1phonamide-
trimethoprim is available for treatment of gentamicin-resis-
tant infection, a programme in which these agents are rotated
may control resistance to .éaéh while providing reliable activity
against most gram-negative species. This approach appears to
be more rational than the unlimited use of all agents during

the same period.”

The emergence of gentamicin-resistant P. aeruginosa during
topical therapy has been reported. In 1967, Muller in Germany
reported that 4 of 50 patients treated with topical gentamicin
developed gentamicin-resistant organisms during treatment.

When usage of gentamicin was stopped for one month, resistant
strains were not detected. (131). Snelling et al (132) have also
reported colonization with gentamicin-resistant Pseudomonas in

4 of 24 patients with burns treated with topical gentamicin.

Shulman et al (54) repofted an outBreak of colonization wifh
gentamicin—resiétant P. aeruginosa, pyocine type 5 in the burn
service at Grady Hospital. 1In their study the resistant
Pseudomonas occurred frequently with topical therapy although

topical gentamicin was not applied daily or in an uninterrupted
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fashion. The data presented suggests that gentamicin-
resistant Pseudomonas may appear in a setting of widespread

usage of topical gentamicin.

A gentamicin resistant strain of Klebsiella aerogenes Was
isolated from the urine of 17 patiénts out of 237 admitted to

a ma]e'uro1ogica1 ward (125). The factors most frequently
associated with K. aerogenes in the urine were catheterisation
and antibiotic therapy. Often the epidemic strain (type K 16)
was found not only in the patients' faeces but also on more
remote skin sites such as hands, knees, groin and fhe umbilicus.
Barrier nursing of colonized patients, stringent staff hand-
washing with chlorhexidine, and the use of disposable aprons

contained the outbreak.

Casewell and Phillips (74) found Klebsiella species contamin-
ating the hands of 17% of the staff of an intensive care unit.
These strains were related to serotypes infecting or colonizing
patients in the ward on the same day. Handwashing with chlor-
hexidine hand cleanser reliably gave 98-100% reduction in hand
counts. The introduction of routine handwashing by staff before
moving from one patient to the next was associated with a sig-
nificant and sustained reduction in the number of patients

colonised or infected with Klebsiella species.

Over a three-month peridd, Proteus rettgeri infections occurred
intenpatients in one general medical ward at the Presbyterian
St. Luke's Hospital, Chicago (57). This organism was resistant
to all antimicrobials tested including tobramycin, gentamicin,

kanamycin, carbenicillin, ampicillin, cephalothin, tetracycline,
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chloramphenicol, polymyxin and rifampicin. Clinical illness
from this organism was directly related to Tocal or systemic
host deficiencies.r Apart from the patients, no reservoir

was shown by culturing personnel, catheter kits, the hospital
environment, and the stools and urine of every patient on the
ward. Probable spread was by contact through the intermediary
of hospital personnel. The outbreak was controlled by having
staff use disposable gloves and by contact isolation of

patients.

From these various studies it is apparent that indiscriminate
and continued use of an antibiotic, and poor hygiene, coupled
with inadequate hospital infection control, are the major

factors in allowing the emergence and dissemination of anti-

biotic resistant bacteria.

This study was undertaken at King Edward VIII Hospital (K E H)

to :-

(1) Define the extent and nature of bacterial resistance to

antibiotics.
(2) Identify the sources of such organisms by investigating :-

(a) Staff at the hospital
(b) Patients harbouring such resistant organisms

(c) The environment of these patients

(3) Determine the role of these organisms in hospital

cross-infection.

King Edward VIII Hospital is attached to the Medical Faculty

of the University of Natal. Still the main teaching hospital,
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this must be one of the busiest in the world. It is a 2000
bed general hospital with approximately one million patients
being seen at the out patient and casualty departments
annually, and a 100 000 admissions recorded yearly. Despite
this accommodation, it is always full and often overcrowded.
Its main task 1is to serve the Africans and Indian communities

of a metropolitan area which has more than-amillion people.



MATERIALS AND METHODS
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Patient Selection and Collection of Specimens

Gentamicin resistant strains of gram hegative bacilli were
obtained from clinical specimens processed routinely at the
Bacteriology Laboratory of King Edward VIII Hospital, Durban.
Patients found to be infected by gentamicin-resistant
enterobacteria and pseudomonads were screened for carriage of
these organisms as soon as possible after the infection was

detected. This was done over a six month period.

Each patient was screened by means of rectal swabs, oral swabs
and hand swabs; 1in addition some of the patients were also
screened for vaginal carriage, nasal carriage and carriage at

skin sites such as the groin, umbilicus and axilla.

In the case of patients with burns, two representative areas of
the'burnedvsurface wefe samp]ed.' Other sites sampled included
wounds, abscesses, ears and the trachea (in the cases of
tracheostomy). Specimens of urine, stool, sputum and blood
cultures were also taken where appropriate. Fomites in the
vicinity of the patient were also sampled. In the case of
patients dying, post mortem specimens including heart blood and

Tung aspirates were taken within half-hour of death.

Screening of Staff Members

Swabs were taken from the hands, throat, anterior nares and

rectum of all members of the staff on duty, including nurses

3

doctors and cleaners, treating such patients directly or
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indirectly.

Staff uniforms, gowns, aprons and overshoes were also sampled

with contact plates.

Environmental Surveillance

In order to define the magnitude of environmental contamination

by gentamicin resistant gram negative bacilli; swabs were collected
from the floors, walls and ventilator equipment. Contact plates
were taken from the bed sheets, mattresses, gowns and plastic
aprons. Food, medicines and soaps wefe also sampled. Samples

from sink surfaces, sink traps, water taps, nasopharyngeal and
urinary catheters were also taken. In addition urinals, bed-pans,
nail brushes, baths, toilet seats, ward sluice rooms, kitchens and
other miscellaneous surfaces were sampled. Stock and 'in use'

disinfectant solutions were also cultured.

Since respiratory equipment has frequently been described as an
important reservoir of Pseudomonas contamination (134,138,139)

such equipment was carefully monitored. Samples were taken in this
series from expiratory and inspiratory tubing, humidifiers, Y-pieces
and tracheal connectors, including condensate, water traps,
spirometers, humidifier reservoirs, catheter mounts, positive and

negative bellows and air effluent.

Settling plates containing blood agar were also placed at various
sites in the wards to identify large droplet or particie fallout

from the air.

Sampling Methods

A1T dry areas were sampled with sterile absorbent cotton wool
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swabs moistened with sterile peptone water. On all other surfaces

dry sterile swabs were used.

Specimens from burns, wounds and abscesses were taken with dry,

sterile cotton wool swabs.

Urine, stool and sputum specimens were collected in sterile

universal containers.

Blood cultures were taken using the Vacutainer Brand 50 ml

Culture Tube (Becton-Dickinson).

Hands were sampled using finger print impressions on blood agar
plates containing 5 ug per ml gentamicin. Uniforms, gowns, plastic
aprons, bed linen, mattresses and dressings were sampled with cont-

act plates containing blood agar with 5 ug per ml gentamicin.

Heart blood and lung aspirates were collected into 5 mls nutrient

broth.

Bacteriological Methods

A1l specimens were plated onto MacConkey and Blood agar containing

5 ug per ml gentamicin. Blood cultures and lung aspirates were

-incubated aerobically at 37°C for 48 hours before being plated onto

the above mentioned p]ates. The plates were incubated aerobically

at 379C and examined after 24 hours and 48 hours. Al gram negative
bacilli were initially checked for gentamicin resistance by the
controlled disc diffusion method of Stokes (140). These gentamicin
resistant gram negative bacilli were immediately sub-cultured onto

nutrient agar slopes containihg 10 ug per ml gentamicin for further
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tests which included :-

Identification of the organism.

Determination of antibiotic susceptibility pattern.
Determination of minimum inhibitory concentrations (MIC).
Pyocin typing of P. aeruginosa.

Phage typing of P. aeruginosa.

Serological typing of P. aeruginosa.

32
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2.5.1 Identification of the Organisms

Strains were identified according to the following tests using the
criteria of Wahba and Darrell (141), Phillips (142), . King and
Phi1lips (143), Cowan and Steel (144), Edwards and Ewing(145)and

MacFaddin (146).

Pseudomonas . aeruginosa

i) Classical colonial appearance - typical flat irregular
colonies. |
ii) Production of diffusible green, yellow or blue pigment.
iii) Strong smell of trimethylamine - grape-like odour.
iv) Triple sugar iron agar (TSI) alkaline-non-fermentation-
metallic sheen on slant.
v) Sellers Agar (BBL): Slant - blue or green
Butt - * yellow (butt is never green
if the slant is blue).
vi) Motility : Positive
vii) Oxidase . : Positive

viii) Fluorescence in U.V. Tight : Positive

ix) Growth at 5°C : Negitive
x) Growth at 42°C : Positive
xi) Simmons' citrate : Positive

xii) Carbonhydrates (Hugh & Leifson base), acid from :

glucose : Positive
lactose : Negative
maltose _ : Negative
salicin "t Negative

sucrose _ : Negative



xii1)
xiv)

XV)
Xvi)

Starch hydrolysis
Nitrate reduced to nitrite :

Arginine dihydrolase
Urease

Pseudomonas cepacia

i)
i)
i11)
iv)
v)
vi)
vii)

viii)

ix)

xi)

Xii)

Triple sugar iron agar
Motility |

Oxidase

Fluorescence in U.V.’1ight :
Growth at 5°C

Growth at 42°C

Simmons' citrate

Carbohydrates (Hugh & Leifson
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: Negative

Positive

Positive
Positive

alkaline, noh—fermentation.
Positive
Positive
Negative
Negative
Positive
Positive

base), acid from :

Arginine dihydrolase :

glucose Positive
lactose Positive
maltose Positive
salicin Positive
sucrose Positive
Starch hydrolysis Negative
Nitrate reduced to nitrite : Positive
Urease Positive

Negative



Pseudomonas stutsert

i) Triple sugar iron agar: alkaline, non-fermentation.

ii) Motility : Positive
i{i) Oxidase : Positive
iv) Fluorescence in U.V. light : Negative
v) Growth at 59¢C : Positive
vi) Growth at 42°¢ : Positive

vii) Carbohydrates (Hugh & Leifson base), acid from :

glucose : Positive

lactose : Negative

maltose : Positive

salicin : Negative

sucrose : Negative

viii) Starch hydrolysis : Positive
ix) Nitrate reduced to nitrite : Positive

x) Urease : Negative

xi) Arginine dihydrolase : Negative

xii) Simmons' citrate : Positive

Alcaligenes faecalis

i} Triple sugar iron agar: alkaline, non-fermentation

ii) Sellers agar : blue slant, green butt
ii1) Motility : Positive
iv) Oxidase BB Positive
v) Growth at 42° : Positive
vi) Simmons' citrate : Positive
vii) Malonate : Positive
viii) Aesculin hydro1ys§s : Negative
ix) Indole : Negative

x) Urease : : Negative
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i) Triple sugar iron agar : alkaline, non-fermentation

ii) Motility : Negative
ii1) Oxidase . Positive
iv) Pigmentation . 22% beige to yellow pigment

37°C 1ight yellow

v) Growth at 42°c : Negative |
vi) Indole : Positive
vii) DNase : Positive
viii) Aesculin hydrolysis : Positive
ix) Urease : Negative

Acinetobacter antitratus var calcoaceticus

i) Triple sugar iron agar : alkaline, non-fermentation
ii) Sellers agar : yellow band between blue slant
and green butt.
iii) Oxidase : Negative
iv) Growth at 42°C : Positive

v) 0-F glucose (Hugh & Leifson) : Oxidative

Escherichia coli

i) T.S.I. : slant - acid

butt - acid and gas

i1) Motility : Positive
iii) Catalase : Positive
iv) Oxidase : Negative

v) Citrate ' : Negative



vi) Indole : Positive
vii) Urease :  Negative

viii) Hydrogen sulphide (H,S) from TSI : Negative

Providencia studrtii

i) T.S.I. : slant-alkaline

butt-acid, no gas

ii) Motility : Positive
iii) Catalase : Positive
iv) Oxidase : Negative
v) Citrate : Positive
vi) Malonate ' : Negative
vii) Adonitol | : Negative
viii) Arabinose : Negative
ix) Inositol : Positi?e
x) Rhamnose " Negative
xi) Indole : Positive
xii) Urease : Negative
Xiii) HZS from TSI : Negative

xiv) Arginine dihydrolase (AD) : Negative
xv) Lysine decarboxylase (LD) : Negative
xvi) Ornithine decarboxylase (0D): Negative

xvii) Phenylalanine (PD) . Positive



Proteus morganii, Proteus mirabilis

and Proteus rettgeri
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P. rettgert

TEST P. morganii P. mirabilis
i T.S.I. slant Alkaline Alkaline acid
butt acid & gas acid & gas acid & gas

i Motility Positive Positive Positive
iii Catalase Positive Positive Positive
iv Oxidase Negative Negative Negative
v Citrate Negative Positive Positive
vi Malonate Negative Negative Negative
vii Adonitol Negﬁtive' Negative Positive
viii Arabinose Negative Negative Negative
ix Inositol Negative Negative Positive
X Rhamnose Negative Negative Positive
xi Indole Positive Negative Positive
xii Urease . Positive Positive Positive
X111 HZS from T.S.I. Negative Positive Negative
xiv AD Negative Negative Negative
xv LD Negative Negative Negative
xvi 0D Positive Positive Negative
xvii PD Positive Positive Positive




Enterobacter cloacae, Enterobacter aerogenes,

Klebsiella aerogenes and Klebsiella pneumoniae

TEST E. cloacae E. aerogenes K. aerogenes | K. pneumoniae
i) TSI slant acid acid acid acid
butt acid & gad acid & gas acid & gas acid & oas
1) Motility Positive Positive Negative Negative
iii) Catalase Positive Positive Positive Positive
iv) Oxidase Negative Negative Negative Negative
v) Citrate Positive - Positive Positive Positive
vi) Malonate Positive Positive Positive Positive
vii) Adonital Positive Positive Positive Positive
viii) Arabinose Positive Positive Positive Positive
ix) Inositol Negative Positive Positive Positive
'x) Rhamnose Positive Positive Positive - Positive
xi) Methyl Red test Negative Negative Negative: Positive
xii) Voges-Proskauer test Positive Positive Positive Negative
xiii) Indole Neaqative Negative Negative Negative
xiv) Urease Positive or Positive or Positive Positive
Negative Negative

XV) H,S from TSI Negative Negative Negative Negative
xvi) AD Positive Neaative Neaative Negative
xvii) LD Negative Positive Positive Positive
xviii) 0D Positive Positive Neqative Negative
xix) PD Negative Negative Negative Negative

6€
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Determination of Antibiotic Susceptibility Pattern

Essentially.two categories of defined disc susceptibility

tests have emerged. These are :-

(i) The Kirby-Bauer (147) and Ericsson methods (148) and

(i1) The Comparative and Stokes methods (140).

(i) The Kirby-Bauer and Ericsson methods

The Kirby-Bauer method (or modifications thereof)-is wide1y used
in the United States, and is the technique recommended by the
Food and Drug Administration (149)  and the National Committée
for Clinical Laboratory Standards Sub-Committee on Antimicrobial
Susceptibility Testing(150) It is also the method preferred by
the South African Institute for Medical Research.

This method specifies that only Mueller-Hinton medium can be
used. Indcu1um is standardised by adjusting the density to
Vthat of a barium-sulphate standard and plates are inoculated by
dipping a swab into the suspension and streaking it across the
medium; this usuaT]y gives a confluent growth. Discs of
relatively high antibiotic content are used. After applying
sensitivity discs, the plates are incubated immediately dr with-
in 15 minutes.of preparation. Following overnight incubation at
37°C, zone diameters are measured and compared by reference to

a table. The zone measurements are not reported, only the
interpretations resistant, sensitive or intermediate.

The Ericsson method is commonly used in Sweden and is a develop-
ment of the method recommended by the WHO-sponsbred International

Collaborative Study of Sensitivity Testing.
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This method also specifies: the medium to be used but gives
alternatives, Mueller-Hinton medium or PDM medium (AB Biodisk,
Sweden). Inoculum is standardised to a density that gives semi-
confluent growth. The medium is inoculated by. flooding the plates.
Plates are dried for 30 minutes at 37°C before discs are applied.
The antibiotics are allowed to diffuse for 30 minutes at room
temperature before plates are incubated overnight. The Size of
the inhibition zones are then measured and compared with
Regression-Slope graphs prepared from testing large numbers of
organisms. Reports may then be given in terms of.sensitivity/
resistance or as minimum inhibitory concentration values.

Both the Kirby-Bauer and Ericsson methods attempt to control
variations by rigid standardization of all aspects of the
procedure.

(11) The Comparative and Stokes methods.

These methods are commonly used in British laboratories in a
variety of modifications of the methods described by the
‘Association of Clinical Pathologists (140). Unlike the Kirby;
Bauer technique, which relates zone diameter to minimum inhibi-
tory concentration, these techniques compare the zone of
1hhibition in respect of a test organism with that.of an anti-
biotic-susceptible control. The Kirby—Bauer method requires
rigid standardization of the technique, whereas these methods

allow some variation of technique and medium.

The Comparative Control Technique as described below was used
in this study.

- Plate preparation :

Approximately 25 ml of Oxoid Iso-Sensitest agar was poured into

an 85 mm-diameter petri dish, and allowed to set on.an even
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horizontal surface. The plates were stored at 4°C and used

within seven days.

Bacterial inoculum

The inoculum was prepared by emulsifying portions of three to
five bacterial colonies in fifteen mls of sterile distilled
water. This gave semiconfluent growth after 16-20 hours
(overnight) incubation. The control organiéms were prepared in

a similar manner.

Inoculation technique

A sterile cottonwool swab was dipped into the suspension of the
control inoculum, and was turned against the side of the
container to remove excess fluid. Thereafter:it was $treaked

on the top and bottom thirds of the plate leaving a central
band uninoculated. (Fig. 1)

The test organism was streaked on the central band in the same
manner as the control; and the d%scs were applied between the

test and control organisms us%ng a sharp needle.

Control organisms
The following control bacteria were used :-
for organisms isolated from urine : Escherichia coli

NCTC 10418.

for bacteria from all other sites : Staphylococcus aureus

NCTC 6571.

for Pseudomonas species : Pseudomonas aeruginosa NCTC 10662



| Antibiotic disc

«—o—

Fig. 1 Inoculation of Plates for the Stokes Method of Antibiotic '

Susceptibility Testing

Left Plate : Test organism is sensitive to the antibiotics
Right Plate : Test organism is resistant

43
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Incubatijon

The plates were incubated at 37°C for 16-20 hours.

Antibiotic discs
Storage |
Single discs were stored with a dessicant at 4°C in sealed
containers clearly marked with the expiry date. They were al-
. Towed to come up to room temperature before the containers
were opened. Discs were not used after the expf?y date.

Choice of discs

The following range of antibiotic discs were used :-
(1) Gentamicin 10 ug per disc (Scherage (Pty) Ltd)
(1) Tobramycin 10 ug per disc (E1i Lilly & Company)
(1i1) Kanamycin 30 ug per disc (Bristol Laboratories)
(iv) Streptomycin 10 ug per disc (Glaxo Allenburys (Pty) Ltd.
(v) Carbenicillin 100 ug- per disc (Beecham Laboratories)
(vi) Polymyxin B 300 units per disc (Mast Labdratories)
(vii) Amikacin'30 ug per disc (Bristol Laboratories)

(viii) Sisomicin 10 ug per disc (Bayer Pharmaceuticals)

Reading zones of inhibition

The density of the control and tesf inocﬁ]a were comparable and
within acceptable limits, i.e., semiconfluent. Tests with
incorrect inocula were rejectéd and repeated{

Zone diameters were measured to the nearest mi]]imefre with

calipers.
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Interpretation of the test

Sensitive : zone diameter wider than, equal to or not more than
6 mm smaller than the control.

Intermediate : zone more than 12 mm in diameter, but sma]]er than

the control zone by more than 6 mm.

Resistant : zone diameter 12 mm or less.

Notes :

(i) For swarming Proteus species, the point of abrupt
diminution of growth was taken as the zone edge,
and swarming withfn the zone was disregarded.

(ii) Polymyxin : because Polymyxin B antibiotic diffuses
slowly into the agar, zones were small and special
criteria of 1nterprefation was required, namely :

Sensitive : zone diameter wider than, equal to or not
more than 6 mm smaller than the control.
Resistant : zone diameter more than 6 mm smaller than

the control.
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2.5.3 Determination of Minimum Inhibitory Concentrations

Minimum inhibitory concentrations (MIC's) were determined using
an agar plate dilution . technique.(148).

Medium

Mueller Hinton Agar (Oxoid) was used. The 85mm round petri pTlate
takes 20 mis of agar. The amount of agar needed was based on this
figure. Nineteen mls of agar was distfibuted in screw-capped
bottles and maintained in a liquid state at 48°C to 50°C before

the antibiotic solutions were added.

Antibiotic powders

Antibiotic powders suitable for susceptibility testing were obtained

from the following companies :-

Antibiotic - Company Potency
1. Gentamicin Scherag (Pty) Ltd © 546 ug/mg
2. Kanamycin | Bristol Laboratories 795 ug/mg
3. Tobramycin - E11 Lilly & Company 942 ng/mg
4. Amikacin Bristol Laboratories 888 wug/mg
5. Sisomicin Bayer Pharmaceuticals 591 ug/mg

6. Streptomycin Glaxo Allenburys (Pty) Ltd 745-1.U ./mg

7. Carbenicillin Beecham Laboratories 810 ug/mg

8. Polymyxin B Wellcome (Pty) Ltd 6493 IU./mg
The antibiotic powders were stored under desiccation at -20°C,

Preparation of stock. solution of antibiotics and serial dilutions

(Table 2.1)
Example : Gentamicin | Potency : 546 ug/mg
Concentration required : 40,000 ug/ml

Purity of gentamicin powder : 546 ug/mg
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Correct for purity of powder : 40,000 -4 546
73,260 ug/mi

73,26 mg/ml

732,60 mg/10 ml

0,732 g/10 ml

7,32 g/100 ml

Weigh 7,32 g antibiotic powder to 100 mls sterile distilled wafer.
This is the 100 mls stock §o1ution.
The stock solutions were distributed into 3 mls screw-capped
bottles, sealed tightly and stored at -20°C. The botties were
removed from the freezer as needed and used within one day. Any
unused, thawed stock solution was discarded.
Stock solutions were prepared in a similar manner for all ofher

antibiotics used, making the necessary adjustment for purity.

Preparation of Plates

One mi of the diluted antibiotic was added to nineteen mls of the melted
agar held at 48°C in one of the screw-capped bottles. The contents were
mixed well by gently inverting the bottle several times and the agar was’
poured into the plates immediately. This process was repeated for -each
concentration of each antibiotic. A contro] plate without antibiotic was
included in each run. The agar was allowed to solidify at room temperature.

The plates were used on the same day.

Preparation of inoculum

The organisms to be tested were inoculated onto nutrient agar plates and

incubated at 379C for 16 - 20 hours._ Portions of 4 - 5 discrete colonies



Table 2,1, A System for Preparing Dilutions for the Agar Dilution Method

Directions for preparing dilutions

*Final conc.

ug per ml

T m 40000 pg/ml + Nil mls sterile distilled water = 40000 ug/ml 2000
(stock solution) :
2 vols 40000 ng/ml + 2 vol " . " = 20000 ng/ml 1000
1 vol 40000 ng/ml + 3 vol " . ! = 10000 ug/ml 500
1 vol 40000 pg/ml + 7 vol " " . = 5000 ug/ml 250
2 vols - 5000 ng/ml + 2 vol " ! " = 2500 ug/ml 125
1 vol 5000 ug/ml + 3 vol " " " = 1250 ug/ml 62,5
1 vol 5000 ng/m1l | + 7 vol " " ! = 625 ug/ml 31,25
2 vols =~ 625 ug/ml o+ 2 vol " " . = 312,5 ng/ml 15,625
1 vol 625 ug/mi + 3 vol . " " = 156,25 pg/m1 7,812
1 vol 625 ug/ml + 7 vol " " " = 78,125 pg/ml 3,906
etc etc

etc

* The final concentration is based on the addition of 1 part of diluted antibiotic to 19 parts of melted

agar.

8t
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were then inoculated into 4 mis of Tryptic soy broth (Difco) and
incubated for 1 - 2 hours at 37°C. The turbidity of actively growing
broth culture was then adjusted with Tryptic soy broth-so as to obtain
a turbidity visually comparabie tb that of a turbidity standard
prepared by adding 0.5 ml of 0.048M BaCl, (1.175% [@t/vqj] BaCl, .2H20)
to 99.5 ml of 0.36 N H2504 (1%, vol/vol). This is half the density of
a McFarland No. 1 standard and is often referred to as a McFariand 0.5
- standard.

A 1:10 dilution was then prepared in Mueller-Hinton broth.(Oxoid) for
inoculation on the agar p]ateé containing antibiotics. Inbcu1ation

of media was made within 30 minutes of adjusting the inoculum.

Inoculation of medium

The surface of the plates containing the dilutions of antibiotics and
the control plates containing no antibiotic were allowed to dry, and
the inoculum was applied as a spot with a multipoint inoculator

(Denley Instruments, Sussex, England), which delivers 0.001 ml volumes.
In each case about ]04 CFU were delivered to a spot. (Fig. 2)

The plates containing the Towest concentration of antimicrobic were
seeded first. Control plates were seeded first and last. Swarming by
Proteus was prevented by pressing a glass cylinder (Raschig ring;-
Scientific Glass Apparatus, Bloomfield, N.J.) into the agar surrounding

the inoculum spot.

Incubation
Inoculated agar plates were allowed to stand undisturbed until the

inoculum spots were completely absorbed and were then incubated at

37°C for 16 - 20 hours.



Fig. 2 Determination of M.I.C.

Right : .Top row - control strains (P. aeruginosa NCTC 10662
and E. coli NCTC 10418)

Rows 2-5 - Test organisms - all organisms resistant

to antibiotic concentration in the plate

Left : Increased antibiotic concentration in plate and growth
of resistant organisms

50
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Control strains

Staphylococeus aureus NCTC 6571, Escherichia coli NCTC 10418 and
Pseudomonas aeruginosa NCTC 10662 of known behaviour were run with

each batch-df tests.

Results :

The MIC was considered to be the Towest antibiotic concentration at
which complete inhibition occurred; a very fine, barely visible haze

or a single colony was disregarded.
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Pyocin Typing of P. aeruginosa

Two methods of pyocin typing have been successfully used :
(i) The Perpendicular Streak method of Gillies and Govan (151-153).
(ii) The Gratia Two-Layer technique (154) quoted by Peterson (155)
Farmer et al (156) and - Rampling et al (157,158).
In the pre]iminary.studies, both the perpendicular streak and
the two layer techniques were employed. Having tested fifty
strains simultaneously, it was decided to use the two-layer

technique in subsequent studies because difficulties were

experienced in reading inhibition zones in the perpendicular .

streak method.

(i) The Perpendicular Streak Method

Culture media

(a) Tryptone soya agar (Oxoid) was prepared according to the
manufacturer's instructions and five per cent defibrin-

ated horse blood was incorporated.

(b) Nutrient broth No. 2 and nutrient agar (Oxoid) were also

prepared according to the manufacturer's instructions.

Indicator strains

Eight indicator strains, numbers one to eight and five additional
indicator strains, A - E were acquired from Dr R R Gillies in
‘Edenburgh. These indicator strains were maintained on nutrient

agar slopes, held at 4°C, and subcultures prepared every ten days.

Control Strains

P. aeruginosa strains of known pyocin type (type 1, type 16 and

type 34) were also supplied by Dr Gillies. These strains were
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used as controls in each batch of tests.

Method

(1)

The strain of P. aeruginosa to be typed was subcultured

~onto nutrient agar plates to give single colonies, a day

(1)

(ii1)

(iv)

(vii)

before the test.

Using a sterile cottonwool swab, colonies from the
nutrient agar plate were streaked diametrically across
the surface of tryptone soya blood agar (T S B A) to

give an inoculum width of approximately one cm.

After incubation for 14 - 18 hours at 32°C, the growth
from the T S B A was removed with a microscope slide

which was dipped in chloroform.

The remaining viable growth was killed by pouring
approximately 3 mls chloroform into the 1id of the
petri dish and replacing the medium-containing portion

for 15 minutes.

The plate was then opened and traces of chloroform vapour
eliminated by exposing the medium to the air for a few

minutes.

Cultures of the eight indicator strains, grown in nutrient
broth for 4 hours at 37°C, were streaked onto the medium
by means of a loop inoculator at right angles to the line
of -the original inoculum, so that five streaks were on

the Teft and three on the right, as shown in Fig. 3.

The plate was then incubated at 37°C for 18 hours.
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(viii) The pyocin types of the strains under exahination were
recognized from the patterns of inhibition which they
produced on the eight indicator strains. (Table 2.2 and
Fig. 4).

(ix) The resuTts were recorded as follows :
+ = inhibition

= no inhibition

(1) The Two-layer technique

Culture media

Nutrient broth No. 2 and nutrient agar (Oxoid) were prepared

according to the manufacturer's instructions.

Indicator & control strains

These were the same as those used in the Perpendicular Streak

method.

Stock solutions

Buffered saline

0.IM NaCL + 0.0IM Tris pH 7.6
™ MnCl, ph 7.5

Method

(a) Preparation of pyocin extracts

(i) The strain of B, aeruginosa to be typed was inoculated
into 2 mls of nutrient broth and incubated at 370C

for approximately 16 hours.

(i1) The overnight culture was then inocuTated into 10 mls



Indicator p
Strain No.

organism

e

Fig. 3 The Perpendicular Streak Method of Pyocin Typing
Pyocin typing plate of a strain of Pseudomonas
aeruginosa which is untypable, i.e. not producing
detectable pyocine

Indicator
Strain No.

Fig. 4 Pyocin‘typing plate of a strain of Pseudomonas deruginosa'
bg]ong1ng to type 1, i.e. only indicator strain 6 (top-
right) remains uninhibited

55



(ii1)

(vi)

(vii)

(viii)
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of nutrient broth (all the sample was uSed) and incubated

at 370C for 2 hours.

Ten microlitres of Mitomycin C (Kyowa Hakko Kogyo
Co., Ltd.; Tokyo, Japan) was added to the suspension

and incubated at 37°C for a further 2 hours. -

Six mls of mahganous chloride (MnC]Z) was then added
to the suspension and the pH was checked and adjusted

to 7,5 (should give a precipitate).
The suspension was spun for 15 mins at 2000 rpm.

The supernatant was collected and saturated with 5 gms

of ammonium sulphate.

The mixture was shaken to make sure that all the

(NHy),S04 had dissolved and recentrifuged as before.

The supernatant was discarded and the pellet was
dissolved in 0,5 mls of buffered saline. (0.1M NaCL +

0.01M Tris at pH 7.6)

The sample was dialysed overnight against the same

buffered sa11né, using the following procedure :-

A twenty cm length of dialysis tubing (Union Carbide
Corporation, Chicago, I11.) was used for each sample.

A two litre glass beaker was filled with buffered
saline and all of the tubing was immersed in this. The
tubing was removed when it had turned opaque and was no
longer brittle. "A knot was made at the end of each
piece of tubing, taking care not to puncture the tubing.

Each of the tubes was filled with 0,5 ml sample. The |
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opposite ends of the tubing_was sea1ed by a knot, and
the tubing was placed back into the buffer. The’
longer.end of the tubing was attached to the top of
the beaker by means of masking tape. Each sample was
labelled on the side of the beaker. The dialysis
tubing was not allowed to dry out during operations.
The beaker was then placed onto a magnetic stirrer
for agitation. After 16-18 hours, the sample was
removed from the dialysis tubing and poured into

sterile petri dishes.

(x) The sample was then exposed to ultraviolet Tight by
placing the petri dishes in the U.V. Tight chamber
40 cm away fromthe source, for 10 minutes, agitating

the sample occasionally.

(xi) The sample (containing pyocin) was then placed into

sterile bijou bottles.

(b) Preparation of overlay plates

(i) Each of the 8 indicator strains were cultured overnight
at 37°C in 10 mls nutrient broth. (This was done on

the same day the test samples were prepared).

(i1) One drop of the indicatorstrain from the overnight
culture was added to 5 mls of nutrient agar held

molten at SOOC.

(111) This was mixed and poured as an overlay onto a nutrient

agar plate and allowed to cool. One plate was prepared

for each indicator strain.
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(iv) The plates were allowed to dry for at Teast two hours.
Each of the plates were labelled according to the

indicator strain used.

(v) The prepared pyocins (test samples) were "spotted"
onto the dried two-Tayered plates by means of a
steri]é pipette drawn to a fine bore. The pipette was
held vertical and very close to the plate surface to
prevent “bouncing"‘or "running" of the different
pyocins into each other. Twenty pyocjn preparations

were tested on each plate. (Fig. 5)

(vi) The plates were allowed to dry on the bench before

incubating overnight at 37°c.

(vii) The pyocin types of the strains under examination were
recognised from the patterns of inhibition which they

produced on the eight indicator strains. (Table 2.2)

(viii) The results were recorded as follows :-

+

inhibition

no inhibition

N.B. (a) The technique for subdividing pyocin type - 1 strains
is identical to that in the main typing procedures
described except that five additional indicator

strains are used to recognise eight subtype patterns.

(Table 2.3)

(b) The sub-typing of pyocine type 1 was not done for
this study. |
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U/T = untypable strain, i.e. not producing

detectable pyocin.

u/C unclassifiable strain, i.e. solitary

strains giving patterns other than those in

Gillie's classification.
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Fig. 5 Two-layer Technique of Pyocin Typing

Pyocin extracts were "spotted" onto a plate containing
the indicator strain.
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Table 2.2 Inhibition patterns of pyocin types of Pseudomonas aeruginosd

Inhibition of indicator strain no.

Pyocin

type 1 2 3 .. 4 5 6. 7 8
1 + + + + + - + +
2 - + - - - - - -
3 + + + - + - + -
4 + + + + + - - +
5 - - - - + - = -
6 + + + + + - + -
7 + + + - - - + +
8 - + + + - - + -
9 - - - - + - + -

10 + + + + + + + +
11 + + + - - - + -
12 + + - + + - - +
13 - - - + - - - +
14 - - + - + - + -
15 - + - - + - + -
16 + - + + - - + +
17 - - + - - - + -
18 + - + + + - + +
19 - - + + - - + -
20 - - - - + v - -
21 - + - + + - - -
22 + + + - + + + -
23 + - - - + - + -
24 - - + + + - + +
25 + - + - - - + -
26 + - - - - - + _
27 + - + - + - + _
28 - - e
29 - + - - + - - -
30 - + + - - - _ _

w
—

i

L

}

]

]

}
+
]
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continued. ..
- Inhibition of indicator strain no.
Pyocin
type ] 2 . 3 4 . 5. b 7 8
32 - - - + + - - +
33 + + + + + + + -
34 - - - - - - - +
35 + + - - + - + -
36 - + - + - - - +
37 - + + + + - + -
38 - + + - - - + -
39 - + + + - - + +
40 + + - - + - - -
41 - + + - + - + -
42 - - + - - - + +
43 - + + + + - + +
44 + + + - + - - -
45 + + + - + - + +
46 + + + + - - + -
47 - - + - - + + -
48 + + - - + + + -
49 - - + - + ~ - -
50 - - + - - - - -
51 + + + + - - - +
52 + + - - + + - -
53 - + - + + - - +
54 - + + + - - - -
55 + - - - - - - -
56 + - - - + - - -
57 - + + + - - - +
58 + + + - - - _ _
59 + - + - - - - _
60 + + - - - - + _
61 + - - + - - _ N
62 + + + - - + 4 :
63 + - 4 + + - + _
64 - - + - _ _ ) .
65 - - s ] . X




continued. ..

63

Pyocin
type

Inhibition of indicator strain

no.

3

4

5

6

66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
9%
95
9%
97
98

+ + + + + 4+

+ + 4+ o+ + o+

+

+

+ + + o+

+

+ o+ o+ o+

+ 4+ o+ o+

+ + 4+ o+ + 4+

+

+

+ o+ o+ o+
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Pyocin
type

Inhibition of 1ndicator strain no.

99
100
101 -
102
103
104
105

1 2 3 4 5 6
+ - + + + +
+ + - - - +
+ + - - + -
- - - + - +
- - - + + +
- - - + - -
+ + + + - -

+ =

Inhibition; - no inhibition
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Table 2.3 Patterns of inhibition produced by the 8 subtypes of pyocin
type 1 of Pseudomonas aeruginosa

Pyocin subtype of Inhibition of indicator strain

type-1 producer strain*

A B C D E
a + + + + +
b - + + + +
c - - + + +
d + - + + +
e - + + - +
f - - - - -
g - - + - +
h - + - + +

*
Strains in these subtypes are designated as "type la", "type 1b", etc.
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2.5.5 Phage Typing of P. aeruginosa.

Phage typing techniques were generally those of Adams (159).

Media :

Nutrient broth : This was a modification of the broth of Coetzee

and Sacks (160) and was made up as follows :

Difco nutrient broth powder 16 g
NaCl _ 10 g
Oxoid Lab-lemco broth powder 16 g
Difco tryptone broth powder 52 g

The above was dissolved in 2 litres distilled water and steamed
for 45 minutes. Two ml of 7.5% CaC12 was added and adjusted to

pH 7.4 with N-NaOH before autoclaving at 121°C for 15 minutes.

Phage agar : This was a modification of the nutrient agar of Adams

(159) and was prepared as follows :

Difco agar 22 ¢
Difco bacto tryptone powder 26 g
NaCl 16 g
Glucose 39g

Two Titres distilled water was added and the medium autoclaved at

121°¢C for 15 minUtes.

Phage agar top-layer : This was prepared as follows :

Difco agar 12 g
Difco bacto tryptone powder ~ 20 g
NaCl 16 g

Glucose 6 g

These constituents were added to 2 litres distilled water, shaken
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well and steamed for 45 minutes. The medium was bottled in 50 ml

guantity and autoclaved at 121°9C for 15 minutes. It was steamed

for 1 hour before use.

Phage typing set

The following set of twenty-one phages with their host propagating

bacterial strains were supplied by The National Collection of Type
Cultures (NCTC), Colindale, London.

One ampoule (dried cultures and dried phage preparatidns) of each:
7, 16, 21, 24, 31, 44, 68, 73,'F7, F8, F10, 109, 119X, 352, 1214,

M4, M6, COL.21, COL.11, COL.18, 188/1.

The phages were labelled e.g. Ps.Ph.16 (Pseudomonas phage 16) and

Ps.P.S.16 (Pseudomonas propagating strain 16).

Culture and phage

(a) High titre phage lysates were prepared directly from the

freeze-dried stock material.

(b) The dried propagating strains were First suspended in one mI

of nutrient broth and incubated overnight at 379c.

(c) The'fo11owing day, each of the 21 strains were streaked onto
nutrient agar plates (for single colonies) and incubated

overnight at 37°c.

(d) Single colonies from the nutrient agar plates were subcultured

onto nutrient agar slants which were incubated overnight at

37°¢.

(e) The slants were appropriately labelled with the strain number

and held at 4°C for future use.
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(f) The phages were reconstituted in one ml of nutrient broth

from freeze dried material.

Propagation of phages

Phage lysates were prepared by the agar-overlay method of Swanstrom
and Adams (214).

Materials : (all equipmént must be sterile)

(a) Phage agar, in petri dishes (20 mls in 85 mm plates)

(b) Phage agar top layer in tubes, 2.5 mi

(c) Nutrient broth in tubes,5 and 15 m1.

Method :

(1) A tube of 5 ml nutrient broth, was inoculated with each

propagating strain and incubated overnight at 37°¢C.

(ii) 0,5 ml of a 1:5 dilution of the overnight broth culture
(3 x 108 cells/ml) was added to 2.5 ml phage agar top

layer held molten at 45°C.

(iii) This was overlaid on a phage agar plate. The plates were

marked with the propagating strain number.

(iv) The semi-solid agar was evenly distributed by slowly

rotating the dish.

(v) The plates were allowed to dry for 45 minutes at room

temperature.

(vi) One drop of the standard phage was added to the surface of

the dried plate of its homologous propagating strain.

(vii) The plates were incubated at 37°C.

(vii1) The area showing lysis after overnight incubation was cut out

and placed in 15 mls nutrient broth.
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(ix) The broth was vigorously shaken by hand to break up agar

pieces, and incubated at 37°C for 6 hours.

(x) The suspension was then centrifuged at 5,000 rpm for

30 minutes.

(xi) The supernatant was transferred to a sterile glass bottle

and shaken with 2 mls chloroform.

(xii) The phage lysates were labelled according to their parent

strains and stored at 4OC.

(xiii) Before use samples of phage suspensions were tested for
sterility by spotting a few drops on MacConkey agar.

Lysates were always sterile.,

Assay of phage preparations

Determination of titre of phage stock solutions were made,
using the techniques of Adams(159).

Materials :

(a). Phage agar, in petri dishes (20 mls in 85 mm plates). One

plate is required for each of the 21 phages.
(b) Phage agar top 1ayer‘in tubes, 2.5 ml.

(c) Nutrient broth in tubes, 0,9 and 5 mls.
Method :

(i) A tube of nutrient broth,5 ml, was inoculated with

each propagating strain and incubated overnight at 37°¢.

(i1) 0,5 ml overnight broth culture of the propagating

strain was mixed in small test tubes with 2,5 mi phage

agar top layer at 45°¢.



(vii)

(viii)

(x1)

(xii)
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The mixture was overlaid on a phage agar plate. The

plates were marked with the propagating strain number.

The semi-solid agar was evenly distributed by slowly

rotating the dish.

The plates were allowed to dry for 45 minutes at

room temperature.

Dilution tubes were prepared by adding 0,9 mls of
nutrient broth to a series of test tubes (12 tubes

per phage).

Each tube Was Tabelled with the phage number and

appropriate dilution factor.

Serial 10 fold dilutions of the stock phage solutions

‘were made up to a final dilution of 10_12.‘ Once the

phages were diluted, the tubes were kept in the

| refrigerator when not in use. Separate pipettes

were used for each dilution step.

By means of a one ml syringe, starting with the
highest dilution and proceeding to the lowest, one
drop of each dilution was placed in its proper place

on the dried phage agar plate.

The drops were allowed to absorb before inverting

the plates.
The plates were incubated at 37°C overnight.

The plates were removed and the degree of lysis at

each diTution of phage was recorded as follows:
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Reaction score Plaques

++ more than 50 plaques; semi-confiuent

lysis; confluent lysis; corresponds to

Routine Test Dilution (RTD).
+ 20 - 50 plaques

+ less than 20 plaques

(a) The titre of a phage solution is the number of plaque

forming units per miililitre of stock solution.

(b) The RTD is that dilution of the phage suspension which
‘gives semiconfluent lysis (more than 50 plaques) corres-

ponding to the zone'covered by the drop applied.

(c) Titres of 101 -1012 phage particles per ml., corresponding

to a RTD of 1074 - 1075, were obtained by this method.

Determination of lytic spectrum

(b)

(a) This was carried out to detect any possible mutations or

modifications which- might have occurred during propagation.

The lytic spectrum was determined by testing the phage against
its propagating strain and a set of standard test strains,

(Table 2.4).

Determining the lytic spectrum of a phage consisted of finding
out for each bacterial strain which phage dilution in 10-log
steps (1/10, 1/100, /1000, etc.) gave a ++ reaction. This
was compared to the dilution which corresponded to RTD, i.e.

gave a ++ reaction in the homologous host-propagating strain.
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The degree of difference was scored as follows P

5 = maximum titre (i.e. on homologous propagating strain)
4 =10"1 - 1072 of titre on propagating strain
3=103-10% " ¢ " "
2-1075-106 % M . ! "

1 = very weak lysis

- = no reaction

The standard lytic spectra of the phages are giVen_in Table 2.4.

The Tytic spectrum of the standard phage preparations were

performed exactly the same way as the newly made phage stock.

The lytic spectra determination of the standard phage and the
new phage preparation were carried out on the same day using
the same batch of medium and the same broth cultures of the

test strains.

The two phage preparations (standard and stock) showed similar
lytic spectrum. This made the newly prepared stock phage

preparations acceptable for typing.

High titre phages may inhibit many of the strainswhen used
undiluted, but titration fails to reveal plaques. The inhibi-
tion in some cases may simulate confluent lysis but generally
appears as a thinning of the growth in the drop area. Such

reactions are entered as 0 on Table 2.4

In general the appearance of a grade 3,4 or 5 reaction where
none should exist, or the complete absence of such a reaction,
where one should exist, is an indication for rejection of a
batch of phage. Variations of grade 4 to 5, 3 to 4 etc.,

and loss or gain of grade 1 and 2 reactions are permissible.



Table 2.4 - Lytic Spectra of Ps. aeruginosa typing phages

Test ' | Phages -
strains | 7 16 21 24 31 44 68 73 F7 F8 F10 109 119X 352 1214 M4 M6 Col.11 Col.18 Col.21 188/1
715 - 0 - 0 0 0 0 - 0 - 0 & - 0 -1 - 0 -
16 |0 5 0 - - - 5 - - 0 2 0 0 - 0 -~ - - - - -
21 | 3 5 - - 2 5 - 4 0 - 5 5 - 0 - 0 - - 0 5
24 | - - 0 5 - 5 4 - 0 3 - 5 - 5 5 4 - 4 - - 5
31 0 o 4 - 5 - 0 - - - - - - - - - - - - - 4
44 | - - 5 - - 5 0 - 5 0 - 0 4 - & - - - - - 4
68 |0 < - - - 0 5 - 0 4 - 5 0 0/3 5 - _ . i i} §
73 |0 3 0 - - 0 5 5 5 0 - - 5 0 2 0 4 5 - 0 -
F7 1 - - - - - - 5 - 5 - - - - . - - 0 - - - -
F8 | 1 5 0 5 - 5 5 2 0 5 - 5 5 3 5 4 4 5 - 0 -
F10 | - 4 0 - - 0 0 - - 0.5 0 0 - - - - - - - -
109 | - o - 3 - - - - - 0 - 5 - 3 4 - - - 0 0 0
119X | 5 o 55 - - 5 0 - 0 - 3 5 - 0 5 0 5 4 0 5
352 | 5 3 - - 5 4 5 - 0 4 - 5 0 5 4. - 0 5 - - 5
1214} - 251 - 2 5 2 - 3 2 3 2 1 5 - - - 1 3 -
Mi |5 5 5 -0/4 5 5 4 2 5 3 5 5 3 5 5 - 5 - 0o -4
M6 | - 15 2 - 1 5 1 0 - 2 1 4 2 4 3 - - 3 0
Col.217 |4 03 5 - - 5 5 - - 4 - 4 4 - 4 -3 - - 5 -

Notes: 1. Phages propagated on strains not included in the test set are also tested on their propagating strains,

on which the reaction is by definition "5®
2. The notations 0/3 and 0/4 are used for reactions which are variable and which may appear as inhibition
reactions on one occasion and as true lytic reactions on another.

€L
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Typing procedure

Materials :

(a) Phage agar in petri dishes (20 mls in 85 mm plates). 21 plates
were used for typing each test organism.

(b) Phage agar top layer in tubes, 2.5 ml.

(c) Nutrient broth in tubes, 0,9 mls.

Method :

(i) 0,5 ml overnight broth culture of the test strain was

mixed in small test tubes with 2,5 ml phage agar top
layer at 45°C. -

(ii) The mixture was poured as an overlay on the top of each
phage agar plate. The plates were marked with the tést
strain number and the phage number. A total of 2] plates
were_prepéred fn this manner for typing.each test strain.

{i11) The semi-solid agar was evenly distributed by slowly
rotating the dish.

(iv) The plates were allowed to dry for 45 minutes at room
temperature. |

(v) Dilutions of the various pahges were made from neat to
1077 with nutrient broth. (described earlier).

(vi) One drop of neat and diluted (10"} to 10°7) phage was
spotted onto the 21 plates poured for each test strain
(Fig 6).

(vii) The drops were allowed to ébsorb before inverting the
plates. |
(viii) The plates were incubated at 37°C overnight.

(ix) The following day, the plates were rehovéd and the degree

of lysis at each dilution of phage was recorded as stated



Fig. 6  Phage Typing Plate of P. aéruginosa

Test organism (0,5 ml overnight broth culture) was

“mixed with 2,5 ml phage agar top-?ayer and lawns
poured on phage agar plates. Phage was spotted in
dilutions on lawns after 45 minutes at room
temperature .

75
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previously.
The results of phage typing of a strain are reported in terms
of those phages that produce strong lysis of.the strain i.e.,
the phages that produce reactions of any degree from over
50 plaques to confluent lysis. This is the "phage pattern”

of the strain, sometimes referred to as the "type".



77

2.5.6 Serological Typing of P. aeruginosa

0-serological typing

The antisera for serotyping were obtained from the Pasteur
Institute, Paris, France. The basis of the Pasteur classifi-
cation is that of Habs (290) , as modified and expanded by
Veron (291). It corresponds to the propoééd International
Antigenic Typing Scheme (170,292).
Thrée polyvalent and 13 individual sera were provided in 2 ml
vials.

A (types 1, 3, 4, 6, 10),

B (types 2, 5, 7, 8) and

C (types 9, 11, 12, 13).
The sera were supplied diluted, ready for use by the slide

agglutination test.

The slide agglutination test

(i) The P. aeruginosa strain tb be typed was grown on
Trypticase soya agar (Difco) with 5% horse blood;
incubated at 37°C for 18-24 hours.

(i1) Four separate drops of saline were placed on a glass

slab which was marked.

(1i17) Part of a single colony of the culture to be typed
was emulsified with a loop in each drop of saline to

give smooth, fairly dense suspensions.

(iv) To one suspension, as a control, was added one drop of
saline and to theother three suspensions were added

one drop of poo]ed antisera, A, B and C.
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(v) The suspensions were mixed by means of applicator sticks.

(vi) The glass slab was gently rocked and observed for

agglutination which appeared within minutes.

(vii) The agglutination was characterised by a fine and

regular bacterial clumping which was easily recognised.

(Fig. 7).

If the organism, agglutinated with one of the three pooled
sera, then monovalent antisera were used to serotype the

organism,

If the organism failed to agglutinate with any sera, then

the organism was labelled "non-agglutinable".

If the orgnism agglutinated in the control, the strain was

labelled "autoagglutinable".

Some of the strains agglutinated with more than one mono-

valent antisera. These are shown in the results.

The "non-agglutinable" and "autoagglutinable" strains are

referred to as non-typable (NT) in the results.
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Fig. 7 Serological Typing of P. aeruginosa

Left : Positive agglutination

Right ~: Negative - no agglutination



RESULTS
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INTRODUCTION

A total of 130 patients hérbouring gentamicin-resistant gram-
negative bacilli (GRGNB) were investigated. In addition 310
staff members associated with these patients were screened for

carriage and transmission of GRGNB.

Environmental surveillance yielded 620 isolates of GRGNB whilst

a total of 1083 GRGNB were obtained from clinical specimens.

The results are discussed under the following main headings :-

3.2 Wards Investigated

3.2.1 Intensive Care Unit (I C U) (Tables 3.1-3.5)
3.2.2 Respiratory Unit (R U) (Tables 3.6-3.10)
3.2.3 Paediatric Wards (P W) (Tables 3.11 - 3.15)
3.2.4 Surgical Wards (S W) (Tables 3.16-3.20)

3.2.5 Paediatric surgery and Burns Ward (PSB) (Tables 3.21-3.25)

3.2.6  Nursery (N) (Tables 3.26-3.30)
3.3 Identification and antibiotic susceptibility patterns of
GRGNB isclates (Table 3.31) and cumulative MIC's of antimicro-

bial agents tested. (Tables 3.32.1-3.32.5)

~ 3.4 Summary of the results obtained on patients, inanimate

environment and staff members.

3.4.1 Distribution of 954 clinical isolates of GRGNB from all
patients investigated. (Table 3.33)

3.4.2 Distribution of 620 isolates of GRGNB from all inanimate

environments studied. (Table 3.34)
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3.4.3 Distribution of clinical isolates of GRGNB from all
staff members investigated. (Table 3.35)
3.5 Antibiotic usage of gentamicin and amikacin at K E H

(Table 3.36).

A brief summary follows the presentation of results for isolates

from the wards and environment.



3.2.1

INTENSIVE CARE"

UNIT

(I CU)

Patients and Inanimate Environment

- A total of 30 patients harbouring gentamicin-resistant gram negative bacilli were investigated

over a 180 day period.

The results are summarised in tables 3.1 - 3.3

Table 3.1 Antibiotic Susceptibility Pattern of GRGNB Isolates from Patients and Inanimate Environment
Organism KEH G T K st C P A S Sero Pyocin  Phage | Total (%)
Strain Type Type Type
P. aeruginosa 1 R R R R S S S R 11 1 F7 95(42 4)
P. aeruginosa 2 R R R R R S R R 6/10 17 352 8 (8,0)
P. aeruginosa 3 R R R R R S R R 11 u/C 109 18 (8,0)
P. aeruginosa 4 R R R R R S I R NT u/T 21 7 (7,6)
P. aeruginosa 5 R R R R S S S R NT 21 31/68 9 (4,0)
P. cepacia R R R R R R R R - - - 8 (3,6)
K. pneumoniae R R R R R S S R - - - 43(19,2)
P. stuartii R R R R R R S R - - - 16 (7,1)
TOTAL 224(100)
KEY : The five Pseudomonas aeruginosa strain listed i.e. 11,1,F7., 6/10,17,352511,U/Q,]O9;NT,U/T, 21
and NT,21,31/68 will be referred to as P. aeruginosa K E H strain 1-5 respectively. :
G = GENTAMICIN C = CARBENICILLIN
T = TOBRAMYCIN P = POLYMYXIN B
K = KANAMYCIN A = AMIKACIN
St= STREPTOMYCIN S = SISOMICIN
R = RESISTANT, I = INTERMEDIATE and S = SENSITIVE

Figures in parentheses indicate % .

These abbreviations will be used throughout this thesis.

8
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0f the five different strains of P. aeruginosé isolated from this ward,
K EH strain 1 was the commonest isolate, followed in decreasing order
of frequency by K E H strain 2 (8%) and 3 (8%), K E H strain 4 (7,6%) and
KEHstrain 5 (4,0%). X. prneumontae accounted for 19,2%!of the isolates

and P. cepacia and P. stuartii for 3.6% and 7,1% respectively.

A1l the isolates with the exception of P. cepacia and P. stuartii were
sensitive to polymyxin B and 66% of all isolates were sensitive to both
carbenicillin and amikacin. The isolates were generally resistant to most

of the other antibiotics tested:
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Table 3.2 Different Strains of GRGNB Isolated over a 180 Day Study
Period _

Organism Days on which Isolated

P. aeruginosa K E H strain 1 6, 10, 12, 20, 22, 24, 25, 30, 31,
32, 33, 38, 40, 49, 50, 60, 70, 78,
80, 85, 112, 120, 125, 130, 135,
140, 145, 155, 165, 170, 175.

P. aeruginosa K E H strain 2 33, 45, 92, 170, 175, 180.

P. aeruginosa K E H strain 3 95, 100, 125, 130._

P. aeruginosa K E H strain 4 130, 135, 140, 145, 150, 154, 155,
172, 176, 180.

P. aeruginosa K E H strain 5 1, 4, 8, 10.

P. cepacia 30, 36, 45, 49, 53, 95, 100, 150,
154, 155.
K. pneumoniae . 1, 4, 6,8, 10, 20, 22, 24, 25, 33,

45, 49, 85, 92, 95, 100, 125, 130,
150, 154, 155, 175, 180.

P. sutartii 1, 4, 8,10, 22, 24, 33, 45, 49, 60,
150, 154, 155, 176, 180.

P. aeruginosa K E H strain 3 and 5 were isolated for only a short period
in contrast to P. aeruginosa K E H strain 1 and 2 and K.pneumoniae and

P. stuarti? which were found to persist throughout the period of study.



Table 3.3 Distribution of 224 GRGNB Isolates from Intensive Care Unit

P.aeruginosa K E H strain

Site 1 2 3 4 5 P.cepacia K.pneumo P.stuartii| Total (%)

Wound A 4 4 2 1 4 - 27(18,1)
. Stoo]l 1 1 - - 1 - 7 9 19(12,8)
Urine A 1 - - 1 - 2 1 16(10,7)
Groin & Axilla 10 - 2 2 - - 2 - 16(10,7)
Endotracheal (aspirate) 3 - 2 2 2 2 - 13(8,7)
Blood 2 - 3 2 - - 2 - 9(6,1)
Hand 1 - 2 - - - 5 - 8(5,4)
Umbilicus 3 1 - - - - 2 - 6(4,0)
Trachea (Swab) 2 4 - - - - - - 6(4,0)
Heart Blood (p.m.) 2 - 1 - - - 6(4,0)
Ear 5 - - - - - - - 5(3,4)
Sputum 3 - - - - - - 5(3,4)
Eye 1 - 3 - - - - - 4(2,7)
Lung aspirate (p.m.) 1 - . 1 - - - 1 3(2,0)
Throat 3 - - - - - - - 3(2,0)
Pleural aspirate 2 - - - - - - - 2(1,3)
Vagina - 1 - - - - - - 1(0,7)

Sub total 61 12 14 13 6 3 28 12 149(100)

(40,9) (8,1) (9,4) (8,7) (4,0) |(2,0) (18,8) (8,1)
*Inanimate environment 34 6 4 4 3 5 15 N 4 75
(45,3) (8) (5,3) (5,3) (4) (6,7) (20,0) (5,3) (100)
TOTAL 95 18 18 17 9 8 43 16 224

(42,4) (8,0) (8,0) (7,6) (4,0) |(3,6) (19,2)  (7,1) (100)

*

sink traps, water taps, urinals, bed-pans, baths, etc.

This includes respiratory equipments, floors, walls, bed sheets, mattressses, sink surfaces and

g8



86

The common sites that yielded GRGNB were wound (18,1%), stool (12,8%),
urine (10,7%) and skin which together accounted for more than 50% of the

total isolates.

A total of 75 GRGNB were isolated from the immediate envifonment of these

patients.



STAFF

A total of 50 staff members were screened for carriage and transmission

of GRGNB. The results are summarised in tables 3.4 and 3.5

Table 3.4 Distribution of GRGNB in the Ward Staff

Staff - No. *Hands __| Rectal | Throat | Nasal Staff**
Before [After Clothing
Nurses 25 Nil 6(24) 2(8,0) |1(4,0) NiT 3(12,0)
Doctors 10 | Nil | 2(20) N4 T Ni T NiT | 2(20,0)
Cleaners 15 |1(6,6) |4(26,6) | 2(13,3)]1(6,6) 1(6,6) 3(20,0)

KEY

*Before and two hours after commencement of duty.

*

of the_staff members investigated, 6,6% of cleaners harboured GRGNB on
their hands before commencement of duty and more than 20% of doctors,

nurses and cleaners were positive for GRGNB two hours after commencement

of duty.

*
Uniforms, white-coats, gowns, aprons, and overshoes.

Twenty per cent of doctors and cleaners and 12% of nurses harboured

GRGNB on their clothing.




Table 3.5 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members

KEH ' ' Sero Pyocin Phage

-Organism . strain 6 T K St C P A S type type type | Total (%)
P.aeruginosa 1 R R R R S § S R 11 1 F7 13(46 .74)
P.aeruginosa 4 R R R R R S I R NT u/T 21 2(7,1)
P.aeruginosa 5 R~ R R R S S S R NT 21 31/68 4(14,3)
K. pneumoniae R~ R R R R S S R - - - 8(28,6).
P. stuartii R R R R R R S R - - - 1(3,6)
TOTAL 28(100)

The antibiotic susceptibility pattern of GRGNB isolates and the distribution of type strains

were similar to those isolated from the patients and enviornment (c.f. table 3.1)
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3.2.2. RESPIRATORY UNIT (R U)

Patients and Inanimate Environment

A total of 30 patients harbouring gentamicin-resistant gram negative bacilli were

investigated over a 180 day period. The results are summarised in. tables 3.6 - 3.8

Table 3.6 Antibiotic Susceptibility Pattern of GRGNB Isolates from Patients and Inanimate Environment

Organism "KEH Sero Pyocin Phage
strain G T K ST C P A S type type type Total (%)
P.aeruginosa 1 R R R R S S S R 11 1 F7 113 (30,8)
P.aeruginosa 6 R R R R S S S R 3,10 9 16 55 (15,0)
P.aeruginosa 7 R R R R I S S R NT 35 31 24 (6,5)
P.aeruginosa 8 R R R R R S I R NT u/c M6 17 (4,6)
A.anitratus R R R R R S S R - - - 79 (21,5)
K. pneumoniae R R R R R S S R - - - 59 (16,1)
F.meningosepticum R R R R R R R R - - - 20 (5,4)
TOTAL - 367 (100)

The four Pseudomonas aeruginosa strain listed i.e. 11,1,F7; 3/10,9,16; NT,35,31 and NT,U/C,M6 will be
referred to as P.aeruginosa K E H strain 1, 6, 7, 8 respectively.

68
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Of the four different strains of P. aeruginosa isolated from this ward,

K E H strain 1 was the commonest isolate, fg]]owed in decreasing order of
frequency by K E H strain 6 (15,0%), K E H strain 7 (6,5%) and K E H strain
8 (4,6%). A. anitratus accounted for 21,5% of the iso]étes and

K. pneumoniae and Flavobacterium meningoéepticum for 16,1% and 5,4%,

respectively.

A1l the isolates with the exception of F. meningosepticum were sensitive to
polymyxin B. Forty-six per cent of all isolates were sensitive to
carbenicillin and 90% to amikacin. The isolates were geneka]]y resistant

to most of the other antibiotics tested.
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Table 3.7 Different Strains of GRGNB Isolated over a 180 Day Study
Period

Organism Days on which Isolated

P. gemginosa KEH strain 1 | 1, 5, 10, 12, 25, 28, 30, 35, 50, |

- 58, 78, 84, 93, 95, 98, 130, 134
135, 137, 138, 140, 142, 145,
150, 152, 160, 180.

P. aeruginosa KEH strain 6 93, 95, 98, 110, 115, 120, 123,
125, 126, 130, 133, 140, 142,
144, 150.

P. aeruginosa KEH strain 7 1, 3, 5, 6, 15, 20, 23, 70, 75,
89, 92, 100, 105, 110, 140, 144,
170, 174.

P. aeruginosa KEH strain 8 60, 68, 70, 75, 78, 84, 86, 90,

142, 145,
- A. anitratus 1, 5, 93, 95, 98, 123, 126, 130,
133, 135, 137, 140, 170, 174,
175, 180.
K. prneumoniae 10, 12, 60, 68, 70, 75, 100, 105,

110, 112, 114, 123, 126, 130, .
133, 134, 138, 140, 160, 168, 180

Flavo.meningosepticum 10, 12, 60, 68, 70, 75, 100, 105,
110, 112, 114, 123, 126, 130, 133,
134, 138, 140, 160, 175.

P. aeruginosa K E H strain 6 and 8 were isolated for only a short period
in contrast to K E H strain 1 and 7 and 4. anitratus, K. pnewmoniae and

F. meningosepticum which were found to persist throughout the period of

study.



Table 3.8 Distribution of 367 GRGNB Isolates from Respiratory Unit

P.aeruginosa K E H strain A. K. Flavo.

Site 1 - b -7 8 anitratus pneumo meningo | Total (%)
Endotracheal (aspirate) 10 6 2 - 10 6 1 35(13,2)
Stool 8 4 1 2 8 10 - 33(12,4)
Trachea (swab) 6 4 4 - 6 4 4 28(10,5)
Hand 6 6 3 3 6 4 - 28(10,5)
Urine 7 2 2 2 4 6 - 23(8,6)
Sputum 6 2 2 1 4 4 3 22(8,3)
Throat 4 4 2 2 2 2 2 18(6,8)
Groin & Axilla 4 3 2 2 4 - - 15(5,6)
Wound 3 - 1 1 6 1 ] 13(4,9)
Ear 5 - 2 1 2 - - 10(3,8)
Vagina 4 3 - - 2 - - 9(3,4)
UmbiTicus 3 3 1 - 1 - - 8(3,0)
Blood 5 1 . - - 1 - 7(2,6)
Heart Blood (P.M.) 5 1 - - - 1 - 7(2,6)
Lung aspirate (P.M.) 5 1 - - - 1 - 7(2,6)
Pleural aspirate 1 1 - - - - - 2(0,8)
Eye 1 - - - - - - 1(0,4)

Sub Total 83 41 22 14 55 40 1 266 (100)

: (31,2)  (15,4) (8,3) (5,3)] (20,7) (15,0) (4,1)
*Inanimate environment 30 14 2 3 24 19 9 101
) (29,7) (13,9) (2,0) (3,0) ] (23,8) (18,8) (8,9) (100)

Total 113 55 24 17 79 59 20 367.

B (30,8) (15,0) (6,5) (4,6) | (21,5) (16,1) (5,4) (100)

* This includes respiratory equipment, floors, walls, bed sheets, mattresses, sink surfaces and sink
traps, water taps, urinals, bed pans, medicines, food etc. '

26
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The common sites that yielded GRGNB were endotracheal aspirates
(13,2%), stool (12,4%), trachea (10,5%) and skin which together

accounted for more than 50% of the total isolates.

A total of 101 GRGNB were isolated from the immediate environment

of these patients.



STAFF

A total of 60 staff members were screened for carriage and transmission of GRGNB.

The results are summarised in tables 3.9 and 4.0

Table 3.9 Distribution of GRGNB in the Ward Staff

Hands Staff
Staff - No. Before After Rectal Throat Nasal Clothing
Nurses 30 | Nil 7(23,3) | 1(3,3) 1(3,3) Nil 10(33,3)
Doctors 10 | Hil 3(30,0) | 2(20,0) 1(10,0) Nil 1(10,0)
Cleaners 20 | 2(10,0) | 6(30,0) | 3(15,0) | 2(10,0) 1(5,0) 6(30,0)

Of the staff members investigated, 10% of cleaners harboured GRGNB on their hands

before commencement of duty and more than 20% of doctors, nurses and cleaners

were positive for GRGNB two hours after commencement of duty.

Thirty-three per cent of nurses, 30% of cleaners and 10% of doctors, harboured

GRGNB on their clothing.

148



Table 3.10 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members.

- KEH - Sero. Pyocin Phage
Organism strain G T K ST € P A S type type type Total(%)
P.aeruginosa T R R R R S S S R 11 T F7 28(60,9)
P.aeruginosa 7 R R R R I S S R NT 35 31 2(4,3)
K. pneumoniae R R R R R S S R - - - 10(21,7)
A.anitratus R R R R R S S R - - - 4(8,7)
F.meningosepticum R R R R R R R R - - - 2(4,3)
Total 46(100)

The antibiotic susceptibility pattern of GRGNB isolates and the distribution

to those isolated from the patients and environment (c.f. table 3.6)

of type stains were similar
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3.2.3. PAEDIATRIC WARDS (P.W.)

Patients and Inanimate Environment

A total of 20 patients harbouring gentamicin-resistant gram negative bacilli were investigated over

a 180 day period. The results are summarised in tables 3.11 - 3.13.

Table 3.11 Antibiotic Susceptibility Pattern of GRGNB Isolates from Patients and Inanimate Environment

KEH G T K ST C p A S Sero Pyocin Phage
Organism strain type type type | Total (%)
P.aeruginosa 1 R R R R S S S R 1 1 F7 46(20 3)
P.aeruginosa 7 R R R R I S S R NT 35 3 2 (5,3)
P.cepacia R R R R R R R R 23(10 1)
P.stutzeri R R R R R S S R 7 (3,1)
Flavo.
meningosepticum R R R R R R R R 25(11,0)
E. coli R R R R R S S R 21 (9,3)
K.pneumoniae R R R R R S S R 18 (7,9)
K.aerogenes R R R R R S I R 17 (7,5)
P.morganii R R R R R R S R 16 (7,0)
E.cloacae R R R R R S R R 15 (6,6)
A.anitratus R R R R R S S R 15 (6,6)
C. freundi R R R R R S S R .- 12 (5,3)
Total 227(100)
KEY : The two Pseudomonas aeruginosa strain listed i.e. 11, 1, F7 and NT, 35, 31 will be referred to

as P.aeruginosa K E'H strain 1 and 7 respectively.
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Of the pseudomonads isolated, P. aeruginosa K E H strain 1 accounted for
20,3%, P. cepacia (10,1%), P. aeruginosa K E H strain 7 (5,3%) and

P. stutzert (3,1%).

Of the enterobacteria, Flavobacterium meningosepticum, E. coli and

Klebszella were the most frequent isolates.

The isolates were generally resistant to most of the antibiotics tested

with the exception of polymyxin B and amikacin.
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Table 3.12 Different Strains of GRGNB Isolated over a 180
Day Study Period

Organism Days on which Isolated

P.aeruginosa KEH strain 1 1, 4, 6, 20, 25, 60, 65,
95, 100, 108, 112, 130,
165, 170, 180

P.aeruginosa KEH strain 7 10, 15, 35, 40, .82, 90,
130, 140, 171, 175

P. stutzeri 35, 40, 43, 46, 50 _

P. cepacia 35, 40, 48, 50, 55, 60,
66, 72

F. meningosepticum 4, 20, 30, 35, 58, 84,
110, 140, 162, 180.

E. coli 1, 4, 6, 35, 40, 82, 90,
150, 160, 172, 175, 180.

K. pneumoniae 1, 4, 6, 10, 15, 30, 35,
70, 78, 47, 52, 60, 65,
70. |

P. rmorganit -1, 4, 6, 115, 118, 130,
135,

E. cloacae 1, 4, 6, 10, 30.

A. anitratus 20, 25, 35, 40, 171, 175

C. freundii 20, 25.

With the exception of P. aeruginosa K E H strain 1, K E H strain 7,

E. col? and Flavo. meningosepticum, the remaining organisms were

isolated only for intermittent periods of the study.



Table 3.13 Distribution of 227 GRGNB Isolates from Paediatric Wards

C
. ‘| P.aerug KEH | P P Flavo K K P E A N .
Site strain cepacia stutzeri meningo E.coli pneumo aerogenes morganii cloacae anitratus freundii| Total(%)
1 7 . :
Stool - 2 6 1 4 2 4 2 3 2 1 4 31(20,9)
Urine 6 - 4 - 4 1 1 2 2 - - - 120(13,5)
Hand - 2 - 2 2 3 1 2 1 2 2 - 17(11,5)
Vagina 4 - 3 - 3 3 - 2 - 1 - - 16(10,8)
Wound 4 - - - 1 2 2 ] 1 - 2 - 13 (8,8)
~Ear 2 - - a 1 - - - 1 1 2 4 12 (8,1)
Groin & '

Axilla 5 2 - - - 2 - - - - - - 9 (6,1)
Umbilicus ] 1 - - 2 1 - - 1 1 1 1 9 (6,1)
Sputum - 1 - - 2 1 3 2 - - - - 9 (6,1)
Throat 3 - - 1 2 - - - - - 2 - 8 (5,4)
Eye 1 - - - - 1 - - - - - - 2 (1,4)
Pleural -

Aspirate - - - - - - - - - - 1 .- 1 (0,7)
B1ood - - - - - - - - ] - - - 1 (0,7)
Sub total 26 8 | 13 5 21 16 11 1 07 11 69] 148(100)
(17,6) (5,4)}(8,8) (3,4) (14,2) (10,8) (7.4) (7,4) (6,8) (4,7) (7.4) (6,1)
*Inaminate 3. 79
Environment 20 4 10 2 4 5 7 6 6 | 8 4 . (100)
: (25,3) (5,1)[(12,7) (2,5) (5,1) (6,3) (8,9) (7,6) (7,6) (10,1) (5,1) (3,8)
227
Total 46 12 23 7 25 21 18 17 16 15 15 12
(20,3) (5,3)](10,1) (3,1) (11,0) (9,3) (7,9) (7,5) (7,0) (6,6) (6,6) (5,3) (100)

* This includes floors, walls, bed sheets, mattresses, sink surfaces and sink traps, water taps, urinals, bed-pans, foods,
medicines, disinfectants, etc.
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The common sites that yielded GRGNB were stool (20,9%), urine (13,5%)

and skin which together accounted for more than 50% of the total isolates.

A total of 79 GRGNB were isolated from the immediate environment of these

patients.



STAFF
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A total of 60 staff members were screened for carriage and transmission

of GRGNB.

The results are summarised in tables 3.14 and 3.15

Tab]e 3.14 Distribution of GRGNB in the Ward Staff

Staff

Hands
Staff - No. | Before |After Rectal |Throat |Nasal Clothing
Nurses 30 Nil 8(26,6) 2(6,6) |1(3,3) | Nil. |10(33,3)
Doctors 10 Nil 1(10,0) ND ND ND 1(10,0)
Cleaners 20 Nil 4(20,0)] 1(5,0) | Nil 1(5,0) | 2(10,0)
ND "= not done

Of the staff members investigated, none of them harboured GRGNB on their

hands before commencement of duty but 26,6% of nurses, 10% of doctors and 20%

of cleaners were positive for GRGNB two hours after commencement of duty.

Thirty - three percent of nurses and 10% of doctors and cleaners harboured

GRGNB on their clothing.



Table 3.15 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members

KEH G T K ST C P A S Sero Pyocin Phage

Organism strain ' type  type type | Total (%)
P.aeruginosa 1 R R R R S S S R 11 1 F7 4(12,9)
P.aeruginosa 7 R R R R 1 S S R NT 35 31 2(6,5)
K. pneumoniae R R R R R S S R 8(25,8)
E. coli R R R R R S S R 6(19,4)
A.anttratus | R R R R R S S R 5(16,1)
C. freundii R R R R R S S R 4(12,9)
E. cloacae R R R R R S R R 2(6,5)

Total 31(100)

The antibiotic susceptibility pattern of GRGNB isolates and the distribution of type strains werg

similar to those isolated from the patients and environment (c.f. table 3.11)

20l



3.2.4 SURGICAL WARDS (SW)

Patients and Inanimate Environment

A total of 20 patients harbouring gentamicin-resistant gram negative bacilli were

investigated over a 180 day period. The results are summarised in Tables 3.16-3.18.

Table 3.16 Antibiotic Susceptibility Pattern of GRGNB Isolates from Patients and Inanimate

Environment

KEH _ Sero Pyocin Phage Total (%)
Organism strain G T K ST € P A S type type type

P.aeruginosa 9 R R R R R S S R 6 19 24 78(27,6)
P.aeruginosa 2 R R R R R S R R 6/10 17 352 22(7,8)
P.aeruginosa 10 R R R R I § S R 9 5 1214 18(6,4)
P.aeruginosa 1 R R R R S S S R 1 1 F7 8(2,8)
P. rettgeri R R R R R R S R | 50(17,7)
K.pneumoniae R R R R R S S R 41(14,5)
A.anitratus R R R R R S S R 38(13,4)
P.stuartii R R R R R R S R 28(9,9)
Total 283(100)

KEY -

1 respectiVe1y.

The four Pseudomonas aeruginosa

strain 1listed

i.e. 6, 19, 24,,6/10, 17, 352., 9,
5, 1214 and 11, 1 , F7 will be referred to as P.aeruginosa KEH. strain 9, 2, 10 and

€01l
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Of the four different strains of P. aeruginosa isolated from this ward,

K E H strain 9 was the commonest isolate, followed in decreasing order of
frequency by KEH strain 2 (7,8%), KEH strain 10 (6,4%) and KEH strain 1
(2,8%). Proteus rettgert accounted for 17,7% of isolates and K. preumoniae

A. anitratus and P. stuarti? for 14,5%, 13,4% and 9.9% respectively.

ATl the isolates, with the exception of P. rettgert and P. stuartii were
sensitive to polymyxin B. Ninety-two per cent of all isolates were sensitive

to amikacin and 2,8% to carbenicillin.

The isolates were generally resistant to most of the other antibiotics

tested.



105

Table 3.17 Different Strains of GRGNB Isolated over a 180 Day Study
Period

Organism Days on which Isolated

P.aeruginosa KEH strain 9 1, 4, 8, 10, 14, 16, 25, 30, 35, 40, .
70, 80, 85, 90, 95, 98, 115, 120,
142, 150, 171, 180,

P.aeruginosa KEH strain 2 25, 30, 65, 68, 75, 100.

P.aeruginosa KEH strain 10 65, 68, 80, 90, 100, 103, 107.

P. qeruginosa KEH strain 1 | 120, 125, 140, 150, 155, 170, 180.

P. rettgeri 115, 120, 142, 150, 160, 168, 172,
175, 180.

K.pneumoniae _ 10, 14, 16, 20, 30, 35, 40, 55, 60,

70, 80, 95, 98, 142, 150, 172, 180.

A. anitratus _ 1, 4, 8, 30, 35, 40, 45, 50, 55,

60, 90, 95, 110, 113, 120,125, 140,
160, 178.
P. stuartii 10, 14, 16, 30, 35, 40, 70, 80, 103,

107, 142, 150, 160, 165, 172, 179.

P. aeruginosa KEH strain 1, 2, 10 and P. rettgeri were isolated for
only a short period in contrast to P. aeruginosa K E H strain 9,

K. pneumoniae, A. anitratus and P. stuartii which were found to persist
throughout the period of study.



Table 3.18 Distribution of 283 GRGNB Isolates from Surgical Wards

[

P.aeru.KEH strain No

Site 9 2 10 1 P.rettgeri  K.pneumoniae A.anitratus P.stuartii| Total(%)
Wound 8 1 - 2 2 4 2 1 20(14,3)
Groin & Axilla 6 3 2 0 - 1 4 2 18(12,9)
Stool 4 2 - 1 3 2 1 2 15(10,7) |
Umbilicus 4 1 2 0 4 1 2 1 15(10,7)
Ear 4 2 1 0 1 1 2 1 12(8,6)
Sputum 5 - - 1 2 3 1 - 12(8,6)
Vagina 2 1 ] 0 3 ] 1 2 11(7,9)
Hand 4 1 - - R 1 2 2 11(7,9)
Urine 3 1 - 1 2 2 1 1 11(7,9)
Throat 3 - - - 2 2 2 1 10(7,1)
Eye ] - - - - - - - 1(0,7)
Blood 1 - - - - - - - 1(0,7)
Heart Blood (PM) 1 - - - - - - - 1(0,7)
Lung aspirate (PM) 1 - - - - - - - 1(0,7)
Pleural aspirate 1 - - - - - - - 1(0,7)
Sub total 48 12 5 20 18 18 13 140(100)
(34,3) (8,6)  (4,3) (3.6) | (14,3) (12,9) (12,9) (9,3)
*inanimate
“environment 30 10 12 3 30 23 20 15 143
| (21,0)  (7,0)  (8,4)  (2,1) | (21,0) (16,1) (14,0) (10,5) (100)
Total 78 22 18 8 50 41 38 28 283
(27,6) (7,8) (6,4) (2,8) (17,7) (14.,5) (13,4) (9,9) (100)

* This includes floors, walls, bed sheets, mattresses, sink surfaces and sink traps, water taps, urinals, bed pans,

food, medicines, disinfectants, etc.

901
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The common sites that yielded GRGNB were wound (14,3%), stool

(10,7%) and skin which together accounted for more than 50%

of the total 1so]ates.

A total of 143 GRGNB were jsolated from the immediate environ-

ment of these patients.
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A total of 60 staff members were screened for carriage and transmission

of GRGNB.

The results are summarised in tables 3.19 and 3.20.

Table 3.19 Distribution of GRGNB in the Ward Staff

Hands Staff
Staff-No Before | After Rectal | Throat| Nasal |Clothing

Nurses 35 Nil 7(20,0) | 3(8,5) | 1(2,8) | Nil 7(20,0)
" Doctors 10 Ni1 1(10,0) | Nil Ni1 NiT 3(30,0)
Cleaners 15 | 1(6,6) | 4(26,6) | 4(26,6) | 1(6,6) | 1(6,6)|5(33,0)

Of the staff members investigated, 6,6% of cleaners harboured GRGNB
on their hands before commencement of duty and 20% nurses, 10% doctors
and 26,6% cleaners were positive for GRGNB two hours after commence-

ment of -duty.

Twenty per cent of the nurses, 30% doctors and 33% cleaners harboured

GRGNB on their clothing.



Table 3.20 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members

K EH - ' Sero Pyocin Phage

Organism  strain G T K ST € P A S type type type | Total (%)
P.aeruginosa 9 R R R R R S S R 6 19 24 11(28,9)
P.aeruginosa R~ R R R S S S R 6/10 17 352 9(23,7)
P.aeruginosa 1 R R R R S S S R 11 1 F7 8(21,1)
A.anitratus R R R R R S S R - - - 6(15,8)
P.stuartii R R R R R R S R - - - 4(10,5)
TOTAL . 38(100)

The antibiotic susceptibility pattern of GRGNB isolates and the distribution of type strains

were similar te those isolated from the patients and environment (c.f. Table 3.16)

601



3.2.5 PAEDIATRIC SURGERY AND BURNS WARD (PSB)

Patients and Inanimate Environment

A total of 20 patients harbouring gentamicin-resistant gram negative bacilli were investi-
gated over a 180 day period. The resu1té are summarised in Tables 3.21-3.23.

Table 3.21 Antibiotic Susceptibility Pattern of GRGNB Isolates from Patients and Inanimate
Environment :

KEH / Sero  Pyocin Phage

Organism strain G T K ST C P A S type type type Total (%)
P, aeruginosa 1 R~ R R R s S S R 11 1 F7 64(19,5)
P.aeruginosa 2 R R R R R S R R 6/10 17 352 35(10,6)
P.aeruginosa 11 R R R R S S S R NT 35 7/44 7 (2,1)
P.cepacia R R R R R R R R 11 (3,3)
P.stutzeri R R R R R S S R 6 (1,8)
E. coli R R R R R S S R 39(11,9)
A.anitratus R R R R R S S R 37(11,2)
Flavo.meningo R R R R R R R R 25 (7,6)
P.rettgeri R R R R R R S R 22 (6,7)
E.aerogenes R R R R R S S R 21 (6,4)
P.morganii R R R R S R S R 20 (6,1)
K.aerogenes R~ R R R R S T S 18 (5,5)
A. faecalis R R R R R S R R 12 (3,6)
P.mirabilis R R R R R R S R 12 (3,6)
TOTAL 329 (100)

KEY: The three Pseudomonas aeruginosa strain listed i.e. 11,1,F7.,6/10,17,352,NT,35,7/44 are.
referred to as P.aeruginosa K E H strain 1, 2 and 11 respectively.

oLt
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Of the pseudomonads, P. aeruginosa K E H strain 1, 2 and 11.accounted for

32,2% of the isolates, P. cepacia 3,3% and P. stutzer:i 1,8%.

Of the enterobacteria, E. coli, A. anitratus and Flavobacterium meningo-

septicum represented the most frequent isolates.

The isolates were generally resistant to most of the antibiotics tested

with the exception of polymyxin B and amikacin.



Table 3.22 Different Strains of GRGNB Isolated over a 180 Day Study

112

Period
Organism Days on which Isolated
P. aeruginosa KEH strain 1 1, 3, 5, 8, 10, 12, 14,.16, 20, 21,
23, 24, 25 28, 30, 34, 39, 40, 45,
50, 55, 60, 65, 70, 100, 110, 120,
125.
P. aeruginosa KEH strain 2 12, 14, 16, 30, 35, 40, 80, 85, 120,
125, 140, 145,
P. aeruginosa KEH strain 11 140, 145.
P. cepacia 5, 8, 10, 45, 50, 55, 90, 95, 150,
155.
P. stutzeri 5, 8, 10, 38, 40, 43, 140, 145.
E. coli 1, 3, 5, 8, 10, 12, 18, 24, 25, 28,
60, 65, 70, 90, 95.
A. anitratus 80, 85, 150, 155.

Flavo.meningosepticum

A.

P.

. rettgeri
. aerogenes

. morganii

aerogenes
faecalis

mirabilis

15, 18, 20, 30, 34, 39, 40, 43, 75,
80, 150.

38, 40, 43.
75, 80.

15, 18, 20, 30, 34, 39, 60, 65, 70,
150.

1, 3,5, 8, 12, 14, 16, 75, 80.
1, 3, 5, 8, 24, 25, 28, 45, 50, 55.

90, 95, 130, 135.

A11 the gentamicin resistant pseudomonads and enterobacteria were

isolated for only a short period in contrast to 2. aeruginosa KEH

strain 1 which was found to persist throughout the period of study.



Table 3.23 Distribution of 329 GRGNB Isolates from Paediatric Surgery and Burns Ward

Site P.a$ru KEHZSUH?] " P.Cepacia P.stutzeri £.coli A.anitratus &?\‘:?\qo P.Rettgeri E.aerogenes P.morganii K.aerogenes ’f\a;'ecalis mirabﬂish Total (%)
~ Skin (burn) 10 5 2 2 2 -4 4 3 3 2 3 4 2 3 49(23,3)
Stool q 3 1 - 1 3 3 2 1 2 3 1 1 1 - 26(12,4)
Umbilicus q 4 - v - 2 2 1 3 1 3 ! - 1 23(1,0)
Sputum 3 2 1 - - 1 3 3 1 - 1 1 2 1 19 (9,0)
Hand 4 3 - 1 - - 2 1 2 2 2 2 - - 19 (9.0)
Urine 3 2 - - - 2 1 1 2 2 1 - 1 2 17 (8,1)
Groin & Axilla 5 3 - - - 3. 2 - 1 - - 2 - - 16 (7.6)
Ear ' - - - 1 1 | 1 1 1 2 - - 13 (6,2)
Throat 2 2 - - - 1 1 2 1 1 - 1 - i 12 (5,7)
Hound 1 - - - - 1 2 1 1 - - - - - 6 (2,9)
vagina 1 - - 1 - 1 - - 1 - - - 1 - 5 (2,4)
Blood 1 - - - - - 1 - - - 1 - - - 3.(1.4)
Heart Blood (PM) 1 - - - - - - - - - - - - - 1 (0,5)
Lung Aspirate (PH) 1 - - - - - - - - - - - - - 1(0.5)
SUB TOTAL 44 25 4 5 3 g 22 15 17 noo 15 14 7 9 210(100)
(21,0) (11,9) (1,9)} (2.4) (1.4) (9,0) (10,5) (7.1} (B,1) (5,2) (7.1) (6,7) (3,3) (4.3)
*1nanimate : .
" environment 20 10 3 6 3 20 15 10 5 10 5 4 5 3 119
: (16,8) (8,4) (2,5)} (5.0) (2,5) (16,8) (12,6) (8,4) (4,2) (8,4) (4.2) (3.4) (4.2) (2,5) (100)
TOTAL T 7 n 6 - . 39 a7 25 2 21 20 18 By 2 | 329
(19.5) (10,6) (2,1)] (3.3) (1,8) . (11,9) (1.2) (7.6) (6,7) (6,4) (6.1) {5.,5) (3.6) (3.6) (100)
* This includes floors, walls, bed sheets, mattresses, sink surfaces and sink traps, water taps, urinals, bed pans, foods, medicines, disinfectants

etc.

gLt
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The common sites that yielded GRGNB were skin including burn
(39,9%), stool (12,4%) and sputum (9,0%) which together accounted

for more than 50% of the total isolates.

A total of 119 GRGNB were isolated from the immediate environment

of these patients.
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A total of 50 staff members were screened for carriage and transmission

of GRGNB.

The results are summarised in tables 3.24 and 3.25.

Table 3.24 Distribution of GEGNB in the Ward Staff

Hands Staff
Staff-No Before | After Rectal | Throat |Nasal |Clothing
Nurses 25 Nil 6(24,0)| 2(8,0) | 2(8,0) |1(4,0)[10(40,0)
Doctors 10 NiT 1(10,0) [ ND Nil NiT 3(30,0)
Cleaners 15 1(6,6) | 6(40,0) | 3(20,0)| 2(13,3)]1(6,6)| 6(40,0)
ND = NOT DONE

0f the staff members investigated, 6,6% of cleaners harboured GRGNB on
their hands.before commencement of duty and 10% doctors, 24% nurses and
40% cleaners were positive for GRGNB two hours after commencement of

duty.

Forty per cent of the nurses and cleaners and 30% doctors harboured

GRGNB on their clothing.



Table 3.25 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members

KEH Sero Pyocin Phage
Organism strain 6 T K ST-C P A S type type type Total (%)

11 1 F7 1
NT 35 7/44

P.aeruginosa 1
P.aeruginosa 11
K. pneumoniae
A.anttratus
E.colz

A.f&eéalis

ol - I - B - I - - - B »
i: oI - B - B o I - R o)
© o oW o™ D
ol B - B - B - B - B -
- - - B - B - B - B Vo B ¥
o O B VN Wn
oD N n W
o ™ W D W I o

Flavo.meningo

TOTAL : 44(100)

The antibiotic susceptibility pattern of GRGNB isolates and the distribution of type strains
were similar to those isolated fromthe:patients and environment (c.f. Table 3.21)

9Lt



3.2.6. NURSERY

Patients, Boarder Mothers and Inanimate Environment

A total of 10 patients and 10 boarder mothers harbouring gentamicin-resistant gram-
negative bacilli were investigated oVer a 180 day period. The results are summarised

in tables 3.26 - 3.28

Table 3.26 Antibiotié Susceptibility Pattern of GRGNB Isolates from Patients, Board Mothers
and Inanimate Evnironment

(ﬁi K EH 7 ' Sero  Pyocin  Phage
Organjsm strain G T K ST C€C P A S type type type TOTAL(%)
P.aeruginosa 1 R~ R R R S S S R 11 1 F7 21(32,8)
K. pneumoniae R .R R R R S S R 29(45,3)
E. coli R R R R R S S R -14(21’,9)
TOTAL | 64(100)

KEY : The Pseudomonas aeruginosa strain listed i.e. 11, 1, F7 will be referred to as
P. aeruginosa K E H strain 1.

K. pneumoniae was the commonest isolate from this ward. P. aeruginosa K E H strain 1 and

E. colz accounted for 32,8% and 21,9% of the isolates respectively.

A1l the isolates were sensitive to both polymxin B and amikacin. Thirty-three per cent of all

isolates ‘were sensitive to carbenicillin. The isolates were generally resistant to most of the

other antibioticé tested.

Lt



118

Table 3.27 Different Strains of GRGNB Isolated over a 180 Day Study
Period

Organism : . Days on which Isolated

P. aeruginosa KEH strain 1 1, 10, 30, 40, 48, 60, 100, 140,
163, 174, 180.

K. pneumoniae 1, 5, 20, 45, 60, 84, 100, 128,
145, 163, 174, 180.

E. coli 1, 3, 20, 24, 28.

E. coli was isolated for only a short period in contrast to
P. aeruginosa strain 1 and K. pnewmoniae which were found to

persist throughout the period of study.



Table 3.28 Distribution of 64 GRGNB Isolates from Nursery

119

P.aeruginosa

Site KEH strain 1| K.pneumoniae | E.coli| TOTAL (%)
Stool 3 10 4 17 (41,5)
Mother's hands 4 6 3 13 (31,7)
Eye 3 1 1 5 (12,2)
Umbi1icus 1 4 - 5 (12,2)
CSF - - T 1 Qgiil_

Sub total 11 21 9 41 (100)
(26,8) (51,2) (22,0)
* Tnanimate 10 8 5 23
environment (43,5) (34,8) (21,7) (100)
TOTAL 21 29 14 64
(32,8) (45,3) (21,9) (100)

*

sink traps, water taps, baby feeds, medicines etc.

This includes floors, walls, baby cots, napkins, sink surfaces and

- The common sites that yielded GRGNB were stool (41,5%) and mother's hands

which together accounted for more than 70% of the total isolates.

A total of 23 GRGNB were jsolated from the immediate environment of these

patients.
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A total of 30 staff members were screened for tarriage and transmission

of GRGNB.

The results are summareised in tables 3.29 and 3.30.

Table 3.29 Distribution of GRGNB in the Ward Staff

3 Hands : Staff
| Staff-No. Before | After Rectal | Throat | Nasal Clothing
Nurses 15 - _' 3(20,0) |1 (6,6) ] Nil 1 (6,6)] 4(26,6)
Doctors 5 - 1(20,0) | Ni1 Nil Nil 1(20,0)
Cleaners 10 | 1(10,0)| (2(20,0)}3(30,0) | 1(10,0)| 1(10,0) | 3(30,0)

Of the staff members investigated, 10% of cleaners harboured GRGNB on
their hands before commencement of duty and 20% doctors, nurses and

cleaners were positive for GRGNB two hours after commencement of duty.

Twenty per cent of doctors, 26,6% of nurses and 30% of cleaners harboured

GRGNB on their clothing.



Table 3.30 Antibiotic Susceptibility Pattern of GRGNB Isolates from Staff Members

KEH Sero Pyocin  Phage
Organism strain G T K ST € P A S type type type Total (%)
P.aeruginosa 1 R R R R S S S R 1] 1 F7 10 (45,5)
K. prneumoniae R R R R R S S R 8 (36,4)
E. coli R R R R R S S R 4 (18,2)
TOTAL | ' 22 (100)

The antibiotic sUsceptibi]ity pattern of GRGNB isolates and the distribution of type strains

were similar to those isolated from the.patients, boarder mothers and environment (c.f. Table 3.26)

Let



Table 3.31 Identification and Antibiotic Susceptibility Patterns of GRGNB Isolates from All Wards

Investigated
KEH Sero Pyocin Phage - Total No
Organism strain type type. type G T K ST C P A S| isolates (%)
P.aeruginosa 1 11 1 F7 R R R R S S S RJ|424(24,9)
. P.aeruginosa 9 6 19 24 R R R R R S S R| 89 (5,2)
P.aeruginosa 2 6,10 17 352 R R R R R S R R| 8 (4,9)
P.aeruginosa 6 3,10 9 16 R R R R S S S Rj| 55(3,2)
P.aeruginosa 7 NT 35 31 R R R R I S S R| 40 (2,3)
P.aeruginosa 4 NT u/T 21 R R R R R S T RJ| 19(1,1)
P.aeruginosa 3 11 u/c 109 R R R R R S R R| 18 (1,1)
P.aeruginosa 10 9 5 1214 R R R R I S S R| 18 (1,1)
P.aeruginosa 8 NT u/c M6 R R R R R S I R} 17 (1,0)
P.aeruginosa 5 NT 21 31/68 R R R R .S S S R| 13 (0,8)
P.aeruginosa 11 NT 35 7/44 R R R R S S S R} 12 (0,7)
P.cepacia - - - - R R R R R R R RJ 42 (2,5)
P.stutzeri - - - - R R R R R S S RJ] 13(0,8)
K.pneumoniae R R R R R S S RJ|232(13,6)
A.anitratus R R R R R S S R[189(11,1)
E. col R RRR RS S R| 8 (5,2)
Flavo.meningosepticum R R R R R R R RJ| 76 (4,4)
P.rettgeri R R R R R R S R| 72 (4,2)
P.stuartit R R R R R R S R} 49 (2,9)
P.morganii R R R R S R S R| 36 (2,1)
K.aerogenes R R R R R S I R[ 35(2,1)
E.aerogenes R R R R R S S R 21 (1,2)
E.cloacae R R R R R S R R| 17 (1,0)
C. freundii R R RR R S SR 16 (0,9)
A. faecalis R R R R R S R R 16 (0,9)
P.mirabilis R R R R R R S R| 12 (0,7)
Total 1703(100)

A



Table 3.32.1 Cumulative Percentage of 844 GRGNB* Inhibited by Eight Antimicrobial Agents

Drug Concentration (ug/ml or I.U./ml)

Antibiotic <3.9 7.8 15.6 31.3 62.5 125 250 500 1000  >2000

Gentamicin - 4,5 15,2 37,1 50,9 72,7 81,8 92,9 100

Tobramycin - 4,7 27,3 41,5 41,5 75,1 88,2 97,6 100

Kanamycin - - - - 4,7 14,2 35,5 64,0 89,7 100
Streptomycin - - - - - - 2,5 15,4 39,1 100
Carbenicillin - - 8,5 29,9 66,6 72,9 81,5 87,2 97,4 100
Polymyxin B 95,0 - - - - - - - - 100
Amikacin 14,2 59,2 78,7 82,9 100

Sisomicin - - - - 8,8 20,1 42,2 57,1 79,9 100

* Pseudomonas species (789 P. aeruginosa, 42 P.cepacia and 13 P.stutzeri)

£el



Table 3.32.2 Cumulative Percentage of 267 GRGNB* Inhibited by Eight

Antimicrobial Agents

Drug éoncentration (ug/ml or 1.U./ml)

Antibiotic

<3.9 7.8 15.6  31.3 62.5 125 >250

Gentamicin
Tobramycin
Kanamycin
Streptomycin
Carbenicillin
Polymyxin B
Amikacin
Sisomicin

- 11,2 33,3 74,5 83,9 91,4 100
13,1 36,0 77,9 88,4 96,3 100
- - - 13,1 28,1 74,9 100
- - - 15,7 50,6 67,8 100
- - - - - 31,5 100
100
41,2 74,9 86,9 99,6 100
- - - 3,7 48,7 73,4 100

*Klebsiella species (232 K. pneumoniae and 35 X. aerogenes )
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Table 3.32.3 Cumulative Percentage of 169 GRGNB* Inhfbited by Eight

Antimicrobial Agents

Drug Concentration (ug/ml or I.U./ml)

Antibiotic <3.9 7.8 15.6 31.3 62.5 125 250
Gentamicin - 8,9 32,5 72,8 8,6 94,1 100
Tobramycin - 12,4 37,3 78,7 92,9 96,4 100
Kanamycin - - - 1,2 231 47,9 100
Streptomycin - - - 0,6 14,2 21,9 100
Carbenicillin - - 5,3 16,6 21,3 49,7 100
Polymyxin B - - - - - - 100
Amikacin 85,8 100

Sisomicin - - 7,1 29,0 53,3 83,4 100

* Proteus - Providence Group (72 P. rettgert,

P, ﬁirabilis

and 49 p, stuartii)

36 P. morganii, 12
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Table 3.32.4 Cumulative Percentage of 142 GRGNB* Inhibited by Eight

Antimicrobial Agents

Drug Concentration

(vg/ml or I.U./ml

>250

Antibiotic <3.9 7.8 15.6  31.3 62.5 125

Gentamicin - 4,2 14,8 57,0 94,4 '97,9 100
| Tobramycin - 2,8 16,9 59,2 95,1 97,9 100

Kanamycin - - - 25,4 58,5 93,0 100

Streptomycin - - - 4,2 18,3 65,5 100

Carbenicillin - - - - - 56,3 100

Polymyxin B 100

Amikacin 68,3 79,6 88,0 94,4 100

Sisomicin - - 7,0 36,6 63,4 84,5 100

* A1 other fermenters (88 E.colz,

and 16 C. freundii)

21 E. aerogenes, 1] E.cloacae
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Table 3.32.5 Cumulative Percentage of 281 GRGNB* Inhibited by E1ght
Antimicrobial Agents

Drug Concentration (ug/ml or I.U./ml)

Antibiotic <3.9 7.8 15.6 31.3 62.5 125 250
Gentamicin - 2,8 24,2 50,9 82,9 90,0 100
Tobramycin - 4,6 26,7 55,2 81,5 89,3 100
Kanamycin - - - 12,5 32,4 64,4 100
Streptomycin - - - 5,0 52,7 65,8 100
Carbenicillin - - - - - 60,9 100
Polymyxin B 73 - - - - - 100
Amikacin 47,7 61,9 67,3 82,2 93,6 100
Sisomicin - - 3,6 13,5 39,9 80,4 100

* A11 other non-fermenters (189 A. anttratus,

and 16 A. faecalis)

76 Flavo.meningosepticum
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Table 3.33 Distribution of 954 Clinical Isolates of GRGNB from all Patients

Investigated

Site ICU RU PW SW PSB N | Total (%)
Stool 19 33 31 15 26 17| 141(14,8)
Urine 16 23 20 11 17 -| 87 (9,1)
Hand 8 28 17 11 19  -| 83 (8,7)
Wound 27 13 13 20 6 -1 79 (8,3)
Groin & axilla 16 15 9 18 16 - 74 (7,8)
Sputum 5 22 9 12 19 -| 67 (7,0)
UmbiTicus 6 8 9 15 23 5| 66 (6,9)
Ear 5 10 12 12 13  -| 52 (5,5)
Throat 3 18 8 10 12 -| 51 (5,3)
Skin (burn) - - - - 49 -1 49 (5,1)
Endotracheal (aspirate) 13 35 - - - -| 48 (5,0)
Vagina 1 9 16 11 5 -| 42 (4,4)
Trachea (swab) 6 28 - - - -1 34 (3,6)
Blood 9 7 1 1 3 - 21 (2,2)
Heart blood (P.M.) 6 7 - 1 1 -1 15 (1,6)
Eye 4 1 2 1 - 5] 13 (1,4)
Mothers hands . - - - - - 3] 13 (1,8)
Lung aspirate (P.M.) 3 7 - 1 1 - 12 (1,3)
Pleural aspirate 2 2 1 1 - - 6 (0,6)
CSF - - - - - 1 1 (0,1)
TOTAL 149 266 148 140 210 41| 954(100)
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Table 3.34 Distribution of 620 Isolates of GRGNB from all Inanimate

Environments Studied

ICU RU PW SW PSB N| Total (%)
Sinks 12 16 15 20 19 5| 87(14,0)
Clothes - staff g 17 13 15 19 8| 80(12,9)
Wound dressings 3 1 4 30 20 -| 58 (9,4)
Clothes - patients 6 8 3 10 4 21 33 (5,3)
Water taps 4 6 4 10 5 21 31 (5,0)
Bed Sheets 4 4 3 5 10 1 27 (4.,4)
Air - settle plates 10 6 2 6 3 -1 27 (4,4)
Respiratory equipment 6 20 - - - -1 26 (4,2)
Ward sluice rooms 3 4 4 4 7 3| 25 (4,0)
Bed pans 3 4 4 10 4 -1 25 (4,0)
Urinals 3 3 4 8 5 -1 23 (3,7)
Urinary catheters 3 - 6 8 4 -1 21 (3,4)
Floors 3 4 4 3 4 11 19 (3,1)
Floor mops- 2 3 4 8 1 11 19 (3,1)
Toilet seats - 2 6 2 6 -1 16 (2,6)
Soaps 4 3 2 1 4 11 15 (2,4)
Mattresses 1 2 3 2 6 -1 14 (2,3)
Baths - 2 4 2 5 - 13 (2,1)
Suction apparatus - - - 4 2 41 10 (1,6)
Disinfectant solutions 2 4 1 1 1 - 9 (1,5)
Walls 2 2 1 2 1 - 8 (1,3)
Nail brushes 1 1 | 2 2 1 - 7 (1,1)
Ward kitchens - - 2 3 1 - 6 (1,0)
Food - 1 - 2 2| 6(,0)
Medicines - 1 - 1 1 1 4 (0,6)
Nasopharyngeal catheters 1 - - - 3 - 4 (0,6)
Flower vase water 1 2 - 1 - - 4 (0,6)
Resuscitation equipment 1 2 - - - - 3 (0,5)
Total 83 118 92 158 138 31 |620(100)
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Table 3.35 Distribution of Clinical Isolates of GRGNB from A1l Staff
Members Investigated

Site  No.* ICU RU PW SW PSB N |Total (%)
Hands - before 310 1 2 NIL 1 1 1 6
Hands - after J 12 16 13 12 13 6 |72§78(60:9)
Rectum 290 4 6 3 7 4 | 29(22,5)
Throat 300 2 4 1 2 1| 14 (10,9)
Nose - 300 (S TS 2| 8 (6,2)
Total 20 29 18 23 25 14 [129 (100)

* No. of staff investigated



Table 3.36 Usage of Injectable Gentamicin and Amikacin
at King Edward VIII Hospital for the Period

1979-1983
Year Gentamicin(g) used Amikacin(g) Used
1979 1318 *
1980 1568 *
1981 2259 258
1982 3096 469
1983 3700 545

*

No figures available
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One of the objectives of this study was to determine the role of
resistant pseudomonads and enterobacteria in hoépita] Cross-
infection. A study of the patients harbouring such organisms,
their immediate environment and the staff responsible for their
care is one way of providing such information. It is necessary
also, to obtain isolates from as many individuals, representing
each of these sources, as possible, in order that such a study

may be statistically significant.

The use of modern epidemiological typing methods to elucidate
nosocomial infections and the spread of communicable diseases is
fully recognized today. Phage typing, serotyping, bacteriecin
(gero) typing, bipchemica] typing, typing by antibiogram and
R-plasmids are methods used either separately or together to ob-
tain a more detailed Tevel of differentiation within bacterial
~species. The history of the practical use of these methods runs
parallel to the history of the development of phage typing as a

supplementary and very necessary approach to epidemiological

investigation.

The discussion that follows is divided firstly into considering the
methodology used in this study. An attempt is then made to define
the extent and nature of this bacterial resistance as well as the

sources in case of hospital infections of such organisms.
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Pyocin Typing

This is a method used to elucidate nosocomial infections caused
by Pseudomonas aeruginosa. Pyocins are the bacteriocins of
P.,aeruginosa, 1.é. antibiotic substances produced by strains of
the species which have the characteristic property of being Tethal

only for other strains of P. aeruginosa.

Holloway (92) reported that pyocinogeny was common in strains. of

P. aeruginosa and suggested that pyocin production might prove a
useful epidemiological mérker of this species. Table 3.31 shows
that 7 pyocin types were identified from a total of 789 P. aeruginosa
strains investigated. P. aeruginosa pyocﬁn type 1 was the commonest
type and found in all the wards studied. This type was isolated
from clinical specimens, inanimate énvironment and also from staff
members. This pyocin type referred to as P. aeruginosa K E H strain
1 in this study, seems to be the resident flora of this hospital,
Since it waé isolated throughout the'study period (c.f. Tables

3.1-3.30).

~ Pyocin type 1 constituted 53,7% of the P. aeruginosa isolates. This

was followed in decreasing frequency by pyocin type 19 (11,3%),
type 17 (10,6%), type 9 (7,0%), type 35 (6,6%) and types 21 and 5
both of which made up less than 5%. Thirtyfive (4,4%) of the 789
strains tested were found to be unclassifiable while 19 (2,4%) were

found to be untypable. (c.f. Table 3.31).

Universally, the most common pyocin inhibition pattern encountered

is that of pyocin type 1 and such strains (161) togéther with those

~ belonging to types 3, 5, 10 and U/T account for 58% (162) to 85%
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(163) of all isolates. In this study 53,7% of the total isolates
were type 1, type 5 and U/T made up Tess than 5% with types 3 and

10 not being isolated.

Although several sites of the patients were swabbed on several
occasions, none of the patients had more than one pyocin type

of P. aeruginosa in the same site. This is contrary to what was
reported by Deighton et al (164) who found more than one pyocin
type of P. aeruginosa from the same site in 15% of hospital
patients and Heckman et al (163) in 13% of similar patients. Govan
and Gillies (152) suggested that in the majority of cases, the
presence of more than one type in a specimen is due to multiple -
infection.and reflects the high incidence of different strains of
P. aeruginosa in the hospital environment. This would not appear

to be true in this study.

Pyocin typing is a valuable aid in epidemiological studies of

P. aeruginosa. The technique has been used to determine the
incidence of exogenously and endogenously acquired infections and
to elucidate the sources, reservoirsandmode of spread of the
organism in the hospital environment. Outbreaks involving many
patients in a short period of time are easily recognized. The use
of pyocin typing has implicated faulty sterilization techniques and

many inanimate vehicles in the spread of infections due to

P. aeruginosa (165).

Govan (165) in an early application of the technique of pyocin
typing, describes the detection of two long-term episodes of cross-
infection in two adjacent wards. During a 16-month period, strains

of pyocin type 35 accounted for 26 (72%) of the 36 cases of infection
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with P. aeruginosa in unit A. Concurrently in unit B, strains of
pyoéin type 29 were isolated from 23 (70%) of the 33 similar cases
of inféction. Improper sanitization of urine bottles and milk feed
stoppers, was the cause of the outbreaks. Duncan and Booth (166)
encountered an outbreak of infection due to type 1. The causal
organisms were iéo]aﬁed from rubber urine collection bags and the
surrounds of the physiotherapy treatment pool. All three outbreaks

ceased following improved sanitization procedures.

With hospital equipment such as respirators, sterilization may be
more apparent than real. Tinne et al (167) described an outbreak
of respiratory tract infection in a cardiac surgery unit which
affected seven cases with three deaths. Al1 cases were due to
pyocin type 10 strains and post-operative mechanical ventilation
implicated. It was significant that the last three cases of in-
fection occurred after "sterilization" of the respirator by
disinfection and exposure to ethylene oxide. The unit was c]osed,
sanitized and intricate equipment dismantled before exposure to
ethylene oxide. On reopening the unit another case of respiratory
‘tract infection with a type 10 strain was encountered raising
doubts whether these measures had been effective. It was found,
however, that this patient had been present in the unit during the
outbreak. The organism was eradicated from this patient's sputum
by chemotherapy but not before cross-infection had occurred to the

patient in the adjoining bed.

Fierer et al (285) in the first reported use of pyocin typing in the
US A further emphasized the role of the infected patient and
human carrier following successful sterilization of implicated

apparatus. The original cause of an epidemic which involved 22
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new-born infants and resulted in two deaths, was found to be
delivery room resuscitation equipment that had been contaminated
with P. aeruginosa via a wash-sink aerator. After disinfection,
the causal strain was never again isolated in the nursery except
from infected babies. Cross-infection through the contaminated
hands of personnel was considered the most likely means of trans-
mission to infants not resuscitated at birth and for the 12 new
cases encountered after eradication of the causal organisms from

the equipment.

In another report, Duncan and Booth (166) concluded from pyocin
typing results obtained in a three year investigation, that endo-
genous rather than exogenous spread was the most common method of
spread in P. aeruginosa infections in extended-care and urology
wards. Patients acquire an increased faeca] carriage of

P. aeruginosa following admission to hospital (168) and pyocin
typing has demonstrated that faeca1'carriage may lead to endogenous

infection (164, 165).

In this study 38 strains of gentamicin resistant P. aeruginosa

were isolated from the faeces of 130 patients. In addition 29 (10%)
of the 290 staff members screened were found to be faecal carriers
of GRGNB. The acquisition_of gentamicin-resistant pseudomonads

and enterobacteria by patients admitted to this hOSpfta1 will be

discussed in more detail at a later stage.

Valuable use of pyocin typing to determine the sites of colonization
of patients with the same pyocin type was made by Heckman et 4l
(163). In addition to a study of sites and patterns of colonization,

results from 17 patients demonstrated correlation between clinical
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diagnosis and the pyocin types of organisms isolated from one or

more ante-mortem sites and post-mortem material.

Shulman et al (54) used pyocin typing to demonstrate the emergence
and spread, in a burns unit, of a gentamicin-resistant strain of

P. aeruginosa belonging to pyocin type 5. The gentamicin-resistant
strain did not spread to areas of the hospital which did not use
gentamicin and the outbreak was dramatically reduced following

discontinuation of the routine use of the antibiotic.

The hospital environment usually harbours many different pyocin
types of P. aeruginosa. In this study, pyocin typing was used

as one of the methods to characterize this organism in orderrto
investigate and control infections. Except in episodes of cross-
infection, the distribution of pyocin fypes encountered.in
infections in a unit, over a period of time, follows no regular
pattern as stated earlier in this study. The epidemiology of
nosocomial infections due to P. aeruginosa is theréfore different
from similar staphylococcal infections where a large proportion of

infections are caused by a fewresident "hospital" staphylococci.

Phage Typing

Phage typing is a method of bacterial differentiation based upon the
sensitivity of strains to certain bacteriophages. Phage typing ful-
fils a valuable function wheh investigating outbreaks or epidemics,
since it allows one to exclude apparent sources and reveal the real
source of infection. Many examples have been cited in this study

showing that in epidemics or epidemic foci with a single source of
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infection, the same phage type is isolated from all patiénts and
contacts. Phage typing within the focus also makes it possible
to establish the extent of the epidemic area, the persistence in
the carriers of the pathogenic agent, and dffferentiation of the
epidemic strains from those of carriers or sporadic cases un-

related to the local outbreak.

In this study, 789 gentamicin resistant strains of Pseudomonas
aeruginosa were phage typed; using a set of 21 phages.

Table 3.31 shows that 12 phage types were identified from a total
of 789 strains investigated. Of these 424 (53,7%) were phage type
F7. The other phage types 1so1atéd were : type 24 (11,3%),.type
352 (10,6%), type 16 (7,0%), type 31 (5,1%) and types 31/68/109/
21/M6/1214 and 7 which together accounted for less than 5% of

isolates.

P. aeruginosa phage type F7 was the commonest type and found in all
the wards studied. This type was isolated from clinical specimens,
inanimate environment and also from the staff members. This type
referred td as P. aeruginosa K E H strain 1 seems to be the resident
flora of this hospital, since it was isolated throughout the

course of this study (c.f. Tables 3.1-3.30).

The selection of certain strains with an increased ability to spread
and pathogenicity, often resistant to antibiotics in hospital
conditions, is more easily followed up by phage typing. Meitert

and Meitent (169) observed that P. aeruginosa strains belonging to
the same phage type, isolated from hospital 1nfections, were

associated with increased properties of spread and virulence. Vieu,
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cited by Meitert (169), showed that the diversity of P. aeruginosa
phage types, which appear endemically in hcspitals, contrast with
the uniformity and virulence of the phage types isolated in
extensive hospital outbreaks. Strains isolated from endemic areas
offer a greater variety of phage types than epidemic strains (169).
This fact in many instances discounts the possibility of direct
epidemiological re]ationships. There are, however, certain
situations in which sporadic apparently unrelated cases may be
correlated by phage typing. Bercovici et al, cited by Meitert(169) re-
ported the same Shigella boydii phage type in several cases of
acute enteritis occuring in different districts of a town. These

~ followed the consumption of a meat jelly prepared by a chronic
carrier from whom the same type was isolated. In the present study,
12 phage types of P. aeruginosa, were isolated from patients,
inanimate environment and staff members who acted.as carriers and
routes of transmission. Their relationship in the spread éf
nosocbmiai infections in this hospital will be discussed at a later

‘stage.

The difficu]ty'in comparing phage types is due to the different
methodologies used at different centres, to the variability in
vitro and in view of the phage types under the influence of
various ecological factors, and to changes in the properties of
certain typing phages. The diversity of the lytic spectra of -
pseudomonas phages, also make it difficult to compare the data

repeated from different countries even with the same phage typing

set.
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4.3 Serotyping

Serotyping of P. aeruginosa is another method by which nosocomial
spread of this organism can be followed. P. aeruginosa investi-
gations carried out by serotyping based upon 0-antigens have shown
that useful information may be obtained by this method (Habs,
1957., Meitert et al,1974; Sandvik, 1960; Lanyi, 1970 Fisher

et al, 1969; Homma, 1971; - all cited by Meitert and Meitert (169).

Table 4.1 cited by Lanyi and Bergan (170) showé the incidence of

P. aeruginosa serogroups in hisce]]aneous non-faecal pathological
specimens. It can be seen from this table that the most frequently
encountered serogroup in extra-infestﬁna1 pathological specimens
all over the world is 0:2 (18,6-37,1%, average 29,9%). Low values
were described by Wretlind et aZ (1973) (15,9%), and by Homma et
al (1970)'(11,6%); as well as very high incidence was shown by
Meitert and Meitert (1966)(66,6%) in Rumania. Serogroup 0:6,
occurred in 7,8-32,2% (average 17,1%). Serogroup 0:6 is more
frequent than 0:2 in Norway, whereas 0:2 constitutes only a quarter
of the strainsin Poland (Bergan, 1972). A relatively low incidence
of 0:6 has been seen in India (7,8%) and Japan (9,6%). Serogroup
0:11, in turn has been found considerably more frequently in

India (23-24,1%), in Japan (16,3%) and in the U S A (8,9-17,7%) than
in Europe (3,7-7,1%). Among the rest, serogroups 0:1,.0:3 and 0:7

occur with an average frequency of not more than five per cent.

In this study, 789 strains of P, aeruginosa were serotyped. Of these
67 strains were of faecal origin whilst 722 strains were isolated
from miscellaneous non-faecal human specimens and the inanimate

environment. The most frequently encountered serotype in this study



Table 4.1 Incidence (%) of P. aeruginosa Serogroups in Miscellaneous Non-faecal Human Specimens

Distribution according to serogroups (%)

Country and reference gi;a?ﬁs 1 3 4 6 79 10 1 12 13 14 15 SA PA ND
Germap Fe@era] Repub]ic

| (ﬁégé?ma1er) and Quincke, 301 10.6 18.6 5.6 13.0 16.6 8.0 0.7 2.0 3.7 2.3. . . 6.3 0 12.6
USA (Verder & Evans 1961) 90 12.236.8 3.3 . 24.4 2.2 3.3 . 8.9 6.7 12.0 . : 0 | 0 O
R?ﬁg?lgrt and Meitert 1966) 364 . - 66.6 12.9 2.512.7 2.7 . . 0.5 . 0.5 . 0 0 1.6
Hungary (Lanyi,1966/67) 827 3.537.1 9.4 1.514.112.9 2.3 0.6 7.1 0 . ) 0 0.710.2 0.6
USA (Fisher et ai;1969)% 342 10.3 30.1 . . 21.8 5.5 . 8.6 17.7 . . : : : 6.0
Denmark (Mikkelsen,h 1970) 767 5.0 28.3 6.6 0.515.4 3.1 2.9 4.7 6.4 0 0.1. . 2.1 0 14.9
Japan (Hamma et al;1970)8 915 10.911.6 6.6 2.5 9.6 1.6 4.5 8.1 16.3 . . ~1.015.511.8
USA (Adler & Finland,1971) 83 12.0 36.1 . . 145 4.8 . 2.4 13.3 . : : : . . 16.9
India (Agarwal et az;1972)¢ 526 4.9 26.2 5.7 . 7.8 7.9 1.0 0.8-23.0 6.0 0.2 . : 0 _0 16.5
USA (Moody et ai;1972) 742 4.6 28.1 . 25.2.19.9 | 6.6 15.1 . . - : o 0 0.5
Poland (Bergan,1972a) 302 1.7 23.5 3.3 1.011.9 1.0 2.6 1.7 2.0 0..0.7 1.718.913.6 0 15.2
Sweden (Wretlind et @2;1973) 189 7.9 15.9 7.9 3.7 32.2 4.2 1.1 4.8 6.9 1.1 7.4 . 0..°3.2 3.7
South Africa (this study) 789 0 0 0 0 11.3 0 2.3 0.5.0 0 0 3.917.6_8.9

t Source of strains not stated.
g Including faecal strains.

Abbreviations: SA = self-agglutinable, PA
compiled scheme, . = not tested

= polyagglutinable, ND = not determined or non-groupable according.to the

tvt
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was. 0:11 (56%) (c.f. Table 3.31). This serotype is almost twicé
‘as common as that seen in India by Agarwal et al, (1972) and
almost four times that seen in U S A. (Fisher et al, 1969). The
next most common type seen in this study was 0:6 (11,3%). This
is also the second most frequently encountered serotype to 0:2 in
extra-intestinal pathological spetimens all over the world (170).
The highest incidence of 0:6 has been reported in Sweden by
Wretlind et al (1973) whilst relatively low incidence of 0:6 has
been seen in India (7,8%) and Japan (9,6.). The most frequently
encountered serogroup in non-faecal human specimens all over the
world is 0:2, which was not isolated in this study. One hundred
and thirty-nine (17,6%) of the 789 strains were found to be poly-
agglutinable whilst 101 (12,8%) were non-typable. It must be
noted that the comparison in the incidence of serogroups made here
included P. aeruginosa isolates from faecal, miscellaneous non-

faecal human specimens and inanimate environment.

No apparent relationship was found between'sérogroups and either
source of specimen or characteristics such as mucoid appearance and
pigment production, in this study. A similar finding was also
reported by Sato and Diena (171). Denis and Godeau (1972) and
Yoshioka et al (1970) found some serotypes to be somewhat more
resistant to antibjotics. Others have revealed that there is no
association between serogroups and susceptibility to antibiotics,
pathogenicity, site of infection, dr biochemical or cultural
characferistics (Adler and Finland, 1971; Bergan, 1972; Klyhn and
Gorrill, 1967; Kohler, 1957; Lanyi, 1969; Michel-Briand et ql;

1975 - all cited by Lanyi and Bergan (170).
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In this study all P. aeruginosa strains resistant to gentamicin

and other antibiotics 'were serotyped. The antibiotic susceptibility
patterns appear to show'no association between serogroups and a
particular characteristic of the organisms, thus showing that this

study is in agreement with the findings of others.

Correlation between typing methods

There appears to be little correlation between results of phage or
pyocin typing, regardless of the typing scheme employed, but con-
siderable correlation does exist between certain pyocfn types and
serotypes (Sjoberg and Lindberg, 1968; Govan, 1968; Farmer and
Herman, 1969; Bergan, 1973 - all cited by Govan (161). Govan (165)
and Siém.(162) found a significant correlation between strains
belonging to pyocin type 3 and serotype 6. Siem (162) noted that
of 149 strains of the unusual pyocin type 2, 131 belonged to sero-
type 6 and Govan (165) found that all nine pyocin type.17 strains

- examined and all three pyocin type 19 strains also belonged to |
serotype 6. Siem also confirmed that 10 of 11 strains of pyocin
type 11 belonged to serotype 1. Initially there appeared to be
1ittle correlation between strains of pyocin type 1.§nd any par-
ticular serotype. However, when such strains were allocated to
subtypes on the basis of their activity against indicator strains
A-E, certain correlations emerged. Csiszar and Lanyi (1970) - Ccited
by Govan (161), observed that pyocin types 1/c and 1/d accounted
for 80%70f all strains of serotype 2; 15 of 17 strains belonging to
pyocin type 1/f were of serotype 9 and 15 of 34 strains belonging
to pyocin type 1/b were of serotype 11. Al-Dujaili and Harris

(172) noted that 11 of 15 strains belonging to pyocin type 1/h were
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of serotype 11.

In the presenf study, the subtypes of pyocin type 1 were not done
but it was found that 424 (53,7%) of the 789 strains typed were
pyocin type 1 and serotype 11. The unusual pyocin type 2 was not
1dentﬁf1ed in.this study but the correlation between pyocin type

17 and pyocin type 19 strains belonging to serotype 6 was evident.
Eighty-nine of pyocin type 19 belonged to serotype 6 and 84 of
pyocin type 17 stréins belonged to serotype 6 and 10. These results
correlated well with the findings of Al-Dujaili and Harris (172)

and Govan (165).

Typing methods have been instrumental in the elucidation of noso-

&ohia1'patterns of -infection in many hospitals.

Knighfs et al (173) employed all three typing methods to
characterize the epidemiology within a neonatal unit. The typing
methods enabled an analysis of the identification of the reservoirs
of infection and pathways of nosocomial spread. Cross-infection of
four strains implicated several wards and inanimate sources such as
nursery washbasihs, sinks :, sluices and cleaning equipment.
Measures instituted to eraditqte pseudomonas, were so successful
that no milieu or patient yielded pseudomonas for a subsequent

8-month period.

In another study, Ayliffe et al (174) in a series of cases of
pseudomonas meningitis after neurosurgery, recovered the same phage
pattern, pyocin type and'serogroup on a shaving brush used for
depilation prior to surgery. The typing methods were instrumental

in establishing the causative relationship and in eliminating a
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number of sources such as staff, hand creams, sinks, soabs,

trays, aseptic bottles, urine bottles, and another depilation brush.
Similarly, intraocular pseudomonas infections arising after eye
operations were caused by a contaminafed saline solution used

to moisten the cornea during operations (175). The saline had

“been contaminated from a sink during washing.

The typing methods employed in this study, enabled -an analysis of

the identification of the keservoirs of infection and pathways of

nosocomial spread of gentamicin-resistant P. aeruginosa, an

organism most frequently isolated during the course of this studyv.
The role of this organism and other gentamicin resistant gram
negative bacilli in the spread of hospita]Iacquired infections is

considered in more detail in the discussion that follows.

Antibiotic susceptibility patterns of GRGNB

A total of 1703 gentamicin resistant gram negative bacii11 isolated

from patients, staff and inanimate environment were tested against
eight antibiotics: gentamicin, kanamyéin, tobramycin, strepto-
mycin, carbenicillin, polymyxin B, amikacin and sisomicin. (c.f.

Table 3.31).

Of the 789 P. aeruginosa isolates tested, all were resistant to
gentamicin, tobramycin, kanamycin, streptomycin and sisomicin.
Twenty-nine per cent were resistant to carbenicillin and 13% to
amikacin. Eight per cent were intermediately sensitive to
carbenicillin and 5% to amikacin. A1l the isolates tested against

polymyxin B were sensitive to that drug.
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Forty-two P. cepacia isolates were tested against the same

range of antibiotics. A1l were resistant to the eight antibiotics.

A total of 13 P. stutzer: isolates were found to be resistant to
gentamicin, tobramycin, kanamycin, streptomycin, carbenicillin and
sisomicin. A1l the isolates were sensitive to polymyxin B and

amikacin.

0f the 232 K. pneumoniae isolates tested, all were resistant to
gentamicin, tobramycin; kanamycin, streptomycin and sisomicin. A1l
the isolates were sensitive to polymyxin B and amikatin. A

similar susceptibility pattern was shown by K. aerogenes except

that all 35 isolates were intermediately sensitive to amikacin.

A total of 189 isolates of A. anitratus, 88 E.colil, 21 E. aerogenes
and 16 isoaltes of C. freundii, showed similar antibiotic sus-

ceptibility pattern to K. prneumoniae.

A1l seventy-two isolates of P. rettgert, 12 P. mirabilis and 49
isolates of.P. stuartii were resistant to gentamicin, tobramycin,
kanamycin, streptomycin, carbenicillin, polymyxin B and sisomicin
but sensitive to amikacin. A similar antibiotic susceptibility
pattern was shown by 36 isolates of P. morganiz except that the
organisms were sensitive to both carbenicillin and amikacin.
Seventeeh isolates of E. cloacae and 16 isolates of 4. faecalis

were resistant to all the antibiotics except polymyxin B.

A11 76 isolates of Flavobacterium meningosepticum were resistant to

all the antibiotics tested.

Thus, these GRGNB displayed multiple antibiotic resistant patterns.
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Tobramycin, kanamycin, gentamicin, streptomycin and sisomicin
were always inactive, whereas most isolates were susceptible
in vitro to amikacin and polymyxin B. Varying degrees of sus-

ceptibility was displayed against carbenicillin.’

In order to indicate the relative activities of the various anti-
microbial agents, cumulative percentages are given in Tables
3.32.1 - 3.32.5. This gives some indication of the <n vitro

"susceptibility" or "resistance" of the organisms.

Tobramycin has been reported to be two to four times more active
than gentamicin against P. aeruginosa (176). In this study it was
found that gentamicin resistant P. aeruginosa were also resistant
to tobramycin. There are differing reports from other Taboratories
on the activity of sisomicin. Sisomicin is said to be_more active
than gentamicin or tobramycin against E. colZ (177), but inferior
activity has been reported by another group (178). In this study,
all 88 isolates of E. colz wefe resistant to gentamicin, tobramycin
and sisomicin. Sisomicin MIC's were generally higher than those of
gentamicin and since attainable serum levels of these two anti-

biotics are similar, there seems Tittle point in choosing sisomicin.

Amikacin has been reported to bé active against gentamicin-resistant
P. aeruginosa, Providencia species and Serratia marcescens (73,179)
and showed considerable activity againt gentamicin-resistant gram
negative bacilli in this study. Clinical trials with amikacin have
given promising results (180-182) , and this antibiotic has an
important role in chemotherapy, if infections with gentamicin-
resistant organisms, especially if they become more common. In this

study, 102 (12,9%) isolates of P. aeruginosa were resistant to
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amikacin and of the 1703 gentamicin resistant gram negative baci11il
tested, 253 (14,9%) were resistant to amikacin. The finding of

high level cross resistance to amikacin among gram-negative bacteria,
though reported has not been common worldwide. Block (89) in South
Africa, examined gentamicin-resistant strains and found cross-
resistance to amikacin in only 6,9%; Yu (183) at the Mayo Clinic
found 7%; Reynolds (184) in Eng]énd 19%; and Seligman (185) in New
York 6%. In Switzerland (186) among aminoglycoside-resistant gram-
negative bacteria, 70% were gentamicin-resistént and 8% were
amikacin resistant. A high degree of amikacin cross-resistance
among P. aeruginosa has also been repohféd; John et al (187) in a
study of nosocomial infections at the Medical University Hospital of
South Carolina found 61% of gentamicin resistant p. aerﬁginosa were
also resistant to amikacin. A similar finding of amikacin re-
sistahce among P. aeruginosa has also been reported from Massachusetts .
General Hospital (188) whereas the Enterobacteriaceae at that

hospital showed minimal cross-resistance.

In this study 844 isolates of pseudomonads and 859 isolates of

enterobacteria were found to be multi-resistant.

Other workers have also reported the isolation of multiple anti-
biotic resistant organisms. Martin et al (59) described an out-

break in whichthey showed that all 19 GRGNB isolates from 14 patients.
were resistant to streptomycin, kanamycin, neomycin, ampicillin,
tetracyciine, and chloramphenicol. Fifteen were sensitive to both
Cephalothin and the polymyxins, two were cephalothin-sensitive and
polymyxin-resistant, and two were cephalothin-resistant and poly-

myxin-sensitive,
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The susceptibility pattern of 50 GRGNB to 10 antimicrobial agents

were assessed by Block (89). Forty two percent were resistanf to
ampicillin, carbenicillin, cephalothin, tetracycline, chloramphenicol,
sulphonamides, -co-trimoxazole, streptomycin and kanamycin, With

the exception of 5 isolates of Proteus species, all were susceptible

to the polymyxin group of antibiotics. Ten percent Were susceptible to
carbenicillin, 14% to cephalothin, 22% to tétracyciine, 10% to
chloramphenicol and 26% to co-trimoxazole in‘various combinations.

In the same study 259 clinical isolates of gentamicin—resistant

gram negative bacilli revealed 99,2% cross resistance with

tobramycin and 6,9% with amikacin.

Casewell and Talsania (90) tested 108 strains of gentamicin resis-
tant X. aerogenes selected from 12 hospitals in six countries. They
found that resistance to many antibiotics in addition to gentamicin,
was common. Ninety-nine strains were resistant to.at least 10,

~and 31 to at least 15 of the 24 antimicrobial agents tested. Of
the 108 strains, 100 were resistant to streptomycin, 96 to kanamycin,
85 to tobramycin, 81 to neomycin and 4 to amikacin. A1l strains

were resistant to carbenicillin and ampicillin.

French et al (64) reported a hospital outbreak of antibiotic
resistant Acinetobacter anitratus. The organism was resistant to
many other antibiotics including streptomycin, kanamycin and

gentamicin with MIC's of more than 128 ug/ml.

0f the 179 strains of E. coli tested by Noy et al (85), 66% were
resistant to streptomycin, 60% to carbenicillin and 15% to kanamycin.

The 236 Klebsiella species examined were mostly resistant to
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ampicillin (97%) and carbenicillin (80%).

.Tube dilution susceptibility tests of GRGNB carried out against
aminoglycosides by Noriega et al (130), showed that 90% of
Klebsiella and Enterobacter species were highly resistant to

gentamicin, kanamycin and tobramycin. Seventy percent of Kieb-

siella strains were sansitive to streptomycin, whereas the

majority of enterobacter strains were resistant.

John et al (187).1n a study on the characteristics of gentamicin
resistance in nosocomial infections, found P. aerugiﬁosa to
demonstrate a high cross resistance to amikacin (61%) and also to
tobramy;in (58%). The resistance pattern of several iso]ates.was
unusual, characterised by high level gentamicin and amikacin
resistance (>100 ug/ml1). Cross resistance to amikacin and tobra-

mycin was also seen in six of 12 gentamicin-resistant enterobacteria.

Thus, the results shown by this study and other workers indicate
that a clear association exists between gentamicin resistance and

mu]tip]e antibiotic resistance.
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4.5 Antibiotic Usage

During the last 20 years, there has been an increasing clinical
awareness of hospital infections caused by bacteria resistant to
several antibiotics available for normal use, and~even to some
antibiotics in various stages of development. Antibiotic re-
sistant bacterial populations arise in man and animals by the use
of antibiotics whether for therapy, growth promotion or prophy-

laxis (45).

Smith (42), Guinee (37), and Lebek (39) have shown that widespread
usage of antibiotics in animal feeds has played a significant role
in encouraging the emergence of resistant bacteria while Walton (47)
and Arqnéon (36) suggested that the indiscriminate use of anti-
biotics in human medicine pfovides a major se]ective.force for the

emergence of resistant strains.

There has been some controversy over the relationship of the use of
antimicrobial agents and the prevalence of antimicrobial resist-
anceyin aerobic gram-negative bacteria. There is evidence that the
factors responsible for the antimicrobial resistance of
Enterobacteriaceae were present before the 1ﬁtroduction of some
antimicrobial  agents (189). 'This is supported by the presénce of
an R-pTlasmid in an E. colZ culture lyophilized beererrugs were.
wfde1y used (190) and by the present rarity of these plasmids in
the bacterial flora of humans and animals living in drug-free en-
vironments (40,41), Resistant bacteria were discovered in Japan in
1959 (21,26). Shortly afterwards they were isolated from patients
in Britain (191) where their incidence among S. typhimurium

isolates increased from 21 per cent in 1964 to 61 percent in 1965(16).
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Today resistant bacteria are abundant among patients and in the

general population in many parts of the world (16,19,22,23,33,37,

38,39,192).

Although a.few studies have indicated that the prevalence of anti-
microbial resistance in commonly encountered gram-negative bacteria
has not increased(193,194), most reports have indicated the oppo-

site (16,195-197).

The emergence of resistant organisms has been é]early related, for
several bacterial species, to the intensive use of antimicrobial
agents. Finland, Jones and Barnes (198) reported that the use of
antimicrobial agents in hospitals has produced changes in the host
and his bacterial flora "which seem to'enhance the number, patho-
genicity, and invasiveness of various micro-organisms which, under

ordinary circumstances, appear to be rather benign".

To appreciate the potential impact of antibjotics on bacteria, one
should be aware of the quantities of antimicrobial drugs used
annually. In the U S A the annual usage of antibiotics rose from
2,2 mi11iqn kilograms in 1960 to 8,2 million kilograms in 1970, an
increase of almost 400 per cent (48). 1In 1967 over 360 thousand
kilograms of antibiotics were used in human and Veterinary medicfne
in Britain (49).

Table 3.36 shows the amount of parenteral gentamicin used at King
Edward VIII Hospital from 1979 to 1983. The use of parenteral
gentamicin has almost trebled over the last five years. Gentamicin
in the form of drops, ointment and powder are not included in this
table. The same table also shows the use of amikacin in this

hospital, which has more than doubled over the Tast 3 years.
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Gentamicin is freely available to the doctors whereas amikacin
has to be motivated for in this hospital. The human bacterial
flora is subjected to this tremendous antibiotic selection

pressure primarily under conditions'of therapy.

Isenberg and Berkman (5) have claimed that in an average 300

bed hospital, the process of clearing the needle, by expelling a
small portion of the syringe tontents prior to injection, adds 15

to 30 1itres of high potency antimicrobial agents to the environ-
ment annually. King Edward VIII Hospital is a 2000 bed hospital and
if one considers the above data, there will be more than six times
the amount of high potency antimicrobial agents added to the en-
vironment of this hospital, annually. It must be expected therefore
that organisms isolated from the hospital environment would be drug
resistant. It is not surprising therefore that several studies

have reported a greater incidence of antibiotic resistant bacteria

in hospitals as compared to the healthy population (35,38,39).

In this study, 40% of the patients had received treatment with
gentamicin and 60% had received other antibiotics, including other
aminoglycosides and carbenicillin. The patienfs who harboured
gentamicin-resistant gram—negafive bacilli in this study, had
underlying illnesses similar to those reported by others (63,83,103,
123,125,223), most commonly extensive burns, respiratory failure,
1ndwe11jng bladder catheters, serious accident or surgical wounds
and renal failure. Also common to these patients were exposure to
parenteral gentamicin, exposure to other broad-speétrum antibiotics
and hospitalization for over 10 days. The duration of exposure to

aminoglycoside therapy was not in itself related to the acquisition
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of resistant organisms. Some patients did have repeated exposure
to aminoglycosides, and such patients may be appropriate subjects
to study prospectively in order to elucidate the relation between

duration of antibiotic exposure and emergence of resistance.

The relationship between prior antibiotic therapy (inc]udﬁng amino-
glycosides), and the acquisition of gentamicin resistant gram-
negative bacilli by patients after admission to King Edward VIII
Hospital was studied by Pillay (199). In this study 50 patients
out of.é total of 116 acquired GRGNB after admission to this
hospital. Forty seven of the 116 patients did not acquire GRGNB
throughout their stay in hospital. Forty four of the acquirers
had received prior antibotic therapy as compared to 28 of the non-
acquirers who had received antibiotics. Twenty seven of the ac-

'quirers and 11 of the non-acquirers had been treated with amino-
glycosides. This study demonstrated a significant association
between prior aminoglycoside therapy and the acquisition of

gentamicin resistant gram negative bacilli at this hospital.

Starkey and Gregory (196) also found a direct relationship between
the use of antimicfobia] agents and the prevalence of antimicrobial
resistance in a veteran's hospital in Montreal between 1961 and
1970. Finalnd (195) was able to relate antimicrobial usage to the
~ emergence of resistant strains of Xilebsiella. In addftion, there
have been a number of reports of the deve]obment of kanamycin-
resistant gram-negative bacillary colonisation and infection,
primarily in new born nurseries, related to heavy use of broad

spectrum antimicrobial agents (200-204).

Antibioti; use has also been implicated as one of the causes of an
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outbreak of gentamicin-resistant Klebsiella infections that occurred
in a general hospital in adults (50), and for an epidemic of multi-
drug resistant Klebsiella infection in a regional neurosurgical
intensive care unit ih Scotland (205).  In the latter outbreak,
eight patients died of Klebsiella meningitis and three patients

died of Klebsiella pneumonia before the epidemic was stopped by

complete withdrawl of all antimicrobial use in the unit.

In a study of a nosocomial outbreak of multi-drug resistant Klebsiella,
Gardner and Smith (206) showed that environmental selection by
antimicrobial use and colonization of patients with resistant
organisms are of far greater epidemio]ogic significance than trans-
fer of R-plasmids in the gastrointestinal tract, Use of su1phoné—
mides and aminoglycosides, especially topical preparations which

are often used in treating burns patients, and carbenicillin has

been associated with increasing emergence of antimicrobial-

resistant strains of Enterobacteriaceae and Pseudomonas aeruginosa

(86,207,208).

A number of studies have also demonstrated that colonization of
skin surfaces, oropharynx and the gastrointestinal tract with

gram-negative bacilli in hospitalised patients is strongly associated

with antimicrobial use (121,209).

Rose and Schrier (210) compared 50 hospitalized patients treated
with antibiotics with 50 untreated patients and noted a significant
increase in the Klebsiella intestinal carrier rate during the
hospital stay only among those patients receiving antibiotics.

Farmer (211), in a prospective study of colonization of the upper
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respiratory tract of premature infants, noted a 63% Klebsiella
colonization rate for the 54 infants receiving antibiotics and only
a 16% colonization rate among 51 patients not receiving antibiotics.
Winterbauer, Truck and Petersdorf (212) noted that only 13% of
patients not receiving antibiotics. became intestinal carriers of
certain serotypes of E. colz {04,06,075), whereas 37% of patients

on broad-spectrum or multiple antibiotics acquired such strains.

An increased frequency of antibiotic resistant E. colZz and

Klebsiella species 1n the faeces of babies treated with antibi-

otics than of untreated babies was reported by Noy et al (85).

In the present study 17 isolates of GRGNB were found in the faeces

of 10 babies in the nursery ward. (c.f. Table 3.33). Of the 17
isolates, 3 were P. aeruginosa K E H strain 1, 10 X. pneumoniae and 4 |
E. coli. Three of these babies were on gentamicin and the rest

were on other broad spectrum antibiotics.

Noriega et al (130) reported that of 20 patients treated with anti-
biotics other than gentamicin, seven Had GRGNB in their stool. Of
22 patients treated with gentamicin for at least five days, 15 were

faeca] carriers of GRGNB.

Thirty-four episodes of bacteremias caused by GRGNB at the University
of Virginia Hospital was reported by Guerrant et «l (123). A1l

except one of these bacteremic patients had received prior antibiotics.
Nineteen of these patients had actually received gentamicin and 14

had received other antibiotics.

In addition to prior exposure to antibiotic therépy and various

procedures, the severity of the patient's i1lness also appears to
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influence the likelihood of bacterial colonization. Johanson,
Pierce, and Sanford (279) demonstrated a significantly greater
pharyngeal carrier rate of gram-negative bacilli among moribund
patients than among less i1l patients, correcting for previous
exposure to antibiotic and respiratory therapy. The data in the

present study do not permit adequate evaluation of this possibility.

There is little doubt that antimicrobial agents are both misused

and overused. The widespread use of antibiotics for prophylaxis
against infections has been a major contributing factor to the
emergence of resistant bacteria. The use of polymyxin B aerosol

to prevent colonisation and infection with P. aeruginosa in an
intensive care unit was reported by Feeley et al (213). Although
the incidence of colonisation and infection due to P. aeruginosa

was significantly reduced, colonization and serious infection due to
polymyxin-resistant organisms emerged. Flavobacteria, Serratia and
Streptococcus faecalis were responsible for most of these infections

and these organisms were also associated with a high mortality rate.

Broad spectrum oral antibiotics are often used in general practice
with inadequate indication e.g. the use of ampicillin, tetracycline
or cotrimoxazole to treat influenza or the common cold. In addition
to the waste and expense, this practice is often associated with
adverse side effects. While the indiscriminant use of antimicrobial
agents in general practice has had only limited effects on the
general bacterial ecology, the reverse has been true in hospitaTs,
resulting in the gram-negative enteric bacteria largely replacing

the staphylococcus as the leading cause of bacteremia and fatality (215).

Studies in North America have found that 13-35% of patients receive
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antimicrobial agents during hospitaTization, accounting for about
one-third of hospital drug costs (216-218, 220). As many as one-half
of the patients receiving antimicrobial therapy had not had cultures
taken and, in one study by Scheckler and Bennett (219), up to 70%.

of patients receiving antimicrobial therapy had no evidence of
infection. Antimicrobial use was found to be irrational or inappro-
priate in 38 to 66% of instances (216,218,220).. Up to 80% of
irrational use was given as prophylaxis with the vast majority of
this type of use occurring on surgical wards. Roberts and Visconti
(216) found that 77% of their hospital's antimicrobial cost was spent

for irrational therapy. In addition, this therapy was responsible

for 92% of all patients who experienced adverse drug effects.

Aronson (36) cites a survey in which the justification for clinical
use of antibacterial drugs was evaluated. Of 340 patients receiving
antibacterial drugs, 13% of the therapies were judged rational, 22%
questionable and 66% irrational. He also questions the concept of
giving_antibiotics to be on the "safe side" and states that "the
routine prophylactic use of antfbacteria] drugs in simple surgical

procedures is now generally accepted as misuse of this group of drugs".

Neu and Howrey (221) demonstrated deficiencies of knowledge in the
use of antimicrobial agents by North American physicians, especially
for physicians in practice for 15 or more years. This phenomenon is
probably world-wide and is 1ikely related to the diversity and

ready availability of new antimicrobial agents and the aggressive
and often effective "educational" programmes offered by the pharma-

ceutical industry.

The widespread and often inappropriate use of antimicrobial agents
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has resulted in the emergence of antibiotic resistant bacteria
and has contributed to the increased incidence of nosocomial

infections, especially those due to gram-negative bacilli.
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Sources of GRGNB

These will be disucssed under the following main headings :

A. Patients

B. Staff and Boarder mothers

C. Environment

Patients

It has been estimated that 11-14% of patieﬁts haVe pseudomonas

in the stool at admission gnd.an additional 10-17% acquire it
during the course' of their hdspita]ization (168). One possible
source by which P.aeruginosa may be acquired is food. Clinical
isolates have been traced by pyocin typing to vegetables in
hosbita] kitchens (222). Simon-Pujol et al (67) also iéo]ated
GRGNB from foods. In the present study, threé stréins of

P. aeruginosa and three strains of gentamicin-resistant entero-
bacteria were isolated from the food of six patients (c.f. Table
3.34). The P. aeruginosa and the enterobacteria isolates from
food. showed similar phage patterns, identity in serogroup, pyocin
type and antibiotic susceptibility patterns to that isolated from

the faeces of these patients.

The highest number of GRGNB were obtained from the faeces (141)

and this was followed by urine (87) (c.f. Table 3.33). Gentamicin

resistant enterobacteria and pseudohonads isolated from the faeces

~and urine of many patients showed §imi1ar antibiotic susceptibility

patterns, serotypes, pyocin types and phage types (c.f. Table 3.31).
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This suggests that these patients might have developed urinary

tract 1nfectibns from their own intestinal flora i.e. autoinfection.

The influence of the hospital milieu on disease is also reflected
in the finding that out-patients have a three-fold lesser prob-
ability of faecal pseudomonas carriage than warded patients (168).
In this study 38 strainé of gentamicin resistant P. aeruginosa
were isolated from faeces and 42 strains from urine. The majority
of these were identical in phage, sero and pyocin types suggesting

spread between patients.

Shooter et al (168) used phage, pyocin and serological typing to
show that pseudomonas may spread from the bowel of one patient to
another. Strains were only considered related when there were

similar phage patterns, identity in serogroup and pyocine type.

Jellard and Churcher (284), in investigating an outbreak which had
lasted 16 months and in which seven patients died, found that the
main reservoir of infection was babies' faeces and that these were
formidable difficulties in preventing spread from baby to baby
when the same nurses were responsible for both changing and feeding

the babies.

The sources of infections due to gentamicin-resistant enterobacteria
and pseudomonads in this study were simi]ar.to fhose reported by
other workers (83,77,121,223,284). The majority of patients showed
infection and carriage ét the same time and it was not possible to
decide whether carriage preceeded infection or vice versa. The
significance of colonization of the respiratory tract of patients

is discussed later.
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Staff and Boarder Mothers

The role of hospital personnel in patient to patient spread of

antibiotic resistant organisms has been well documented (74,224,

225).

In this study also, the bacterial species isolated from the staff

members were similar to patient strains.

Culturing hands has been extensively used to search for reservoirs
of epidemic-causing organisms and as a surveillance technique to
evaluate general levels of cleanliness in the environment. -
Carriage of gram-negative bacilli on hands of hospital personnel
has often been implicated as a mode of spread withih hospitaTs

(225-228).

Cultures of finger tip impressions of 310 doctors, nufsing staff

and cleaners revealed that 78 (25,2%) were positive for GRGNB. Six
of the staff members had GRGNB on thier hands before, and the other
72 had positive cultures 2 hours after commencing duty (c.f. Table
3.35). The bacterial species isolated were P. aeruginosa,

K. pneumoniae, P. stuc_zrtii, A. anttratus, Flavo. meningosepticum,

E. coli, A. faecalis, C. freundii and .E'. cloacae. All of the
isolates showed similar antibiotic susceptibility patterns to patient

strains (c.f. Table 3.31).

An important vehicle for the transmission of nosocomial infections
are the hands of members of the hospital staff. Hands cannot be
sterilized, and the disinfectants which are most effective on inani-

mate objects are usually too toxic for application to the skin.
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Moreover, the skin has its own microbial flora which is more
difficult to remove or destroy than the micro-organisms present

on inanimate objects. Pathogenic organisms deposited on the skin
may become part of the normal cutaneous flora, or'may only survive

for a short time.

‘The importance of gram-negative bacilli on the skin seems to have
been underestimated for a long time. It is well known that most
gram-negative baci]]i die through desiccation of the fluid in which
they are deposited on the skin; they would, therefore, appear to
be transient organisms, acquired thnqugh contamination by recent
contact with a patient. More recent investigations, (227,228)
however, have shown that gram-negative bacteria are often present
on the skin in greater numbers than was previously thought,
especially in humid sites, such as the axillae and the perineal

region.

The evidence: that implicates the role of hands in the transmission
of antibiotic-resistant coliforms during hospital outbreaks of

cross-colonization and cross-infection is increasing (74,79,224-226).

The reason why particular species, such as Klebsiella or Acinetobacter
or certain strains within a species, are more 1ikely to give rise to
such outbreaks is poorly understood. If certain gram-negative bacilli
survive better than others on the contaminated hand then this might
explain why these organisms are more easj1y transferred from one
patient to the next and initiate or sustain outbreaks. There is
already some evidence to suggest that Klebsiella spectes survive

better than other coliforms or Pseudomonas aeruginosa after inocu-
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lation of the forearm (122,229) or of the finger tips (224,230) of
normal subjects. Gentamicin sensitive strains of Klebsiella
aerogenes, known to have caused hyperendemic co]pnization and in-
fection of intensive care patients (233), survived for as long as
150 minutes after the inoculation of hands (74). Cooke, Edmondson
and Starkey (231) have fecent]y suggested that outbreak strains

of K. aerogenes survi?e better than sporadic or environmental
strains during the first 10 minutes after the inoculation of finger

tips.

Hand carriage in about 20-30 per cent of the hospital personnel has
been reported (225,227, 232), although isolation rates of 80% and
more are mentioned in intensive care nurseries or burn unit
personnel (226). 1In some outbreaks of hospital-associated infection
by gram-negative bacilli, these organisms can be isolated from the
hands of many of the nurses. Hands can easily be contaminated by
contact with a patient, particu1ér1y if no special precautions are
taken. Patient care and handling involve an important risk of
acquiring micro-organisms. Changing a baby's diaper containing
faeces or patting the buttocks of a baby with a clean diaper led to
the acquisition of coliforms on the hands of the nurse in 44 of 49

experiments (234).

Mortimer et al (235) followed the acquisition of staphylococci by
infants and nurses from an index infant, known to be a nasal carrier
of a bacteriophage-typable strain, when thé baby was touched or not
touched by these nurses. They were able to demonstrate that the

transmission of staphylococcal infections occurs mainly by physical
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transfer on hands : the organisms were carried in the nose,
transferred to the hands and from them tothe patient (primary
transfer), or the organisms were transmitted from an infected
patient via the hands to another susceptibie patﬁent (secondary

transfer).

Cultures of throat swabs and nasal swabs of 300 doctors, nurses
and cleaners in this study, showed that 14 (4,7%) of the staff
carried GRGNB in their throat and 8 (2,7%) in their nose (c.f.

Table 3.35).

Maples and Towers (236) demonstrated that the hands could become
contaminated from contact with a contaminated object, and that the

contaminated hands could then contaminate other objects or tissues.

It is not easy to demonstrate that an infection originates from

or is transmitted by hands. The observation that a pathogenic
organism can be isolated from a nurse's hands doesAnot prove that
this strain has caused the infection. Even when an outbreak comes to
an end following the introduction of rigorous hand washing before

and after patient handling, the final result is determined by the

sum of many factors, such as improved isolation techniques, treatment
of Tinen and disinfection of instruments, which may have been intro-

duced at the same time.

Many epidemics are described in which hands have probably served

as a vehicle in the spread of infection (64,74,103,237,238). '

Transmission of multidrug resistant Acinetobacter anitratus from

patients' skin to staff hands was demonstrated by French et al (64).
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Of the 38 staff working in affected wards, 11 had positive hand
cultures. Two microbiologists investigating the outbreak also
became hand carriers. Following prompt identification of new cases

and closer attention to staff hand washing, no further cases were

seen.

Noriega et al(130) took cultures of hands of 38 medical personnel
without prior notice, and isolated gram-negative bacilli in 12

instances; four of these organisms were resistant to gentamicin.

Casewell and Phillips (74) found that 17% of the staff of an
intensive care ward had Klebsiella species contaminating their
hands. These strains could be related to serotypes infecting or
colonizing patients in the ward on the same day. They identified
some simple ward procedures that resulted in contamination of nurses'
hands with 100-1000 Klebszella per hand. These procedures were :
1ifting the patient, general nursing, physiotherapy, taking pres-
sure, pulse and temperature, washing the patient, and touching the
hand, groin, shoulder and tracheostomy. Handwashing with
chlorhexidine hand cleanser reliably gave 98-100% reduction in hand
counts, and the introduction of routine handwashing by staff before
moving from one patient to the next was associated with a signifi-
cant and sustained reduction in the number of patients colonized or

infected with Klebsiella species.

;n the present study, besides staff and patients, thirteen isolates
of GRGNB were obtained from the hands of 10 boarder mothers in the
nursery. The bacterial species isolated were P. aeruginosa,

K. preumonige and E. zolt (c.f. Tables 3.28 and 3.33). One of the



167

mothers had both P. aeruginosa and K. pneumoniae on her hands.

The isolates obtained from the mothers' hands were similar to
those isolated from their babies. The three isolates of

P. aeruginosa éausing conjunctivitis in three babies were of fhe
same sero, pyocin and phage types to that isolated from their
mothers' hands. It is recommended that the mothers wash'théir

hands before and after touching their babies.

Several examples in which hands were obvious1y.imp11qated as a
vehicle of cross-infection were_cjted in this study. Even if

- hand carriage or contamination is not the sole factor in the spread
of nosocomial infections, it can be regarded as one of the most
important factors. Handwashing and hand disinfection must, there-
fore, be regarded as primary measures, in the prevention of the

transfer of infections (239).

Cultures of rectal swabs of 290 doctors, nurses and cleaners from
the wards at K E H showed that 29 (10%) of the staff carried GRGNB
intestinally (c.f. Table 3.35). None of the staff members were on
any aminoglycoside antibiotic treatment except 12 staff members who
were on either tetracycline, erythromycin or ampicillin for minor
complaints. Two of the staff members who were intestinal carriers
of gentamicin resistant Klebsiella pneumoniae,were also carriérs of

the same organism in their throat and nose.

A low 1ntest1na1.carr1age rate of 10% and a much higher hand car-
riage of 25,2% by hospital personnel has also been reported by numer-
ous workers (121, 225). The failure to find a.high prevalence of
multidrug resistant intestinal carriers among the hospital \

personnel probably results at least partially, from their not re-

ceiving antibiotic therapy as suggested by Salzman, Clark and
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Klemm (225).

The wearing of a protective gown or apron is an accepted part of
isolation nursing technique. Disposable plastic aprons are cheap
and impermeable to bacteria and water (240), but although protecting
the probable area of maximum contamination, do th'cover the arms,

shoulders or back.

In this study, contact plates were used for sampling three areas, the
front of the garment at bed height, the cuff of the sleeves and the
shoulders. Although this method is less efficient than some others
(242, 244) as the surface only is sampled, it is the only appro-
priate method for cb]]ecting large numbers of samples in an in-use

situation.

Gentamicin-resistant gram negative bacilli were frequenf]y isolated
from staff clothing. A total of 80 isolates (25,8%) of GRGNB were
obtained from the clothing of 310 staff members (c.f.Table 3.34).
Bacteria were less frequently isolated on plastic aprons than on
gowns or dresses, possibly because drying is more rapid on a plastic
surface and organisms are more difficult to remove, as suggeéted

by Babb, Davies and Ayliffe (243).

The role of protective clothing in preventing the spread of infection

is clear from this and other studies (241-244).

The antibiotic susceptibility pattern of GRGNB isolates and thé
distribution of type strains from the staff members were similar to

those isolated from the patients and their immediate environment in

a particular ward.
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Environment

Spread from the bowel to the hospital environment 1is inevitable
both among adults and newborns (168). Shooter et-dz (168)
recovered patient strains from water jugs, draw sheets, table tops
and floors., sluices and bathrooms were frequent sources. In the
présent study also patient strains were recovered from many inanimate
objects in the wards. (c.f. Table 3.34) Whitby and Rampling (245)
made an interesting comparison of the level of pseudomonas con-
tamination in hospital and the domestic milieu. Although only
hospital staff were involved, pseudomonas was rarely observed in
their'private.homes. None of the domestic strains by typing were

jdentical to simultaneous isolates from the hospital.

There have been many previous reports of outbreaks of infection or
cross—co]qnization by P. aeruginosa which have implicated items of
"equipment such as suction apparatus (246), resuscitation equipment
(247, 248) and infant baths (249). Other workers have drawn
attention to the risk from colonization of sinks (139), finding that
sinks acted as a reservoir of pseudomonas which could be spread
from patient to patient by contamination of staff hands during
washing (250), and that patients or equipment within two metres

of a sink contaminated with pseudomonas were more 1ike1y to acquire
an infection or colonization with that strain than patients further
from the sink. Other authors, however (134,251-253), have found
that environmental strains of pseudomonas present in sinks and the
Tike rarely cause infections in patiénts, although sinks may be

transiently contaminated with strain that is causing infection in
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patients.

In this hospital, the sinks are situated in very close proximity
to the patients. Many of the éink swabs yielded a multiplicity of
GRGNB. Of the 87 isolates of GRGNB from the sinks, 47 were

P. aeruginosa, Six were P. cepacta, four were P. stutzeri and the
other 30 isolates were enterobacteria. The gentamicin-resistant
pseudomonads and enterobacteria isolated from the sinks and other
inanimate objects in the wards were similar to patient strains.
A1l the isolates had the same degree of resistance (MIC) as the

patient strains.

Antibiotic resistant organisms have been isolated in varying

numbers from environmental studies conducted by other workefs.

Selden et al (121) showed that all isolates of multidrug resistant
Klebsiella from the inanimate environmental Study came from the
patient areés. Specific objects positive for this organism in-
cluded sink drains, floors, inhalation equipment, horizontal surfaces

such as table tops and shelves, and a bathtub.

A survey by Noriega et al (130) of inanimate objects in use on the
wards revealed resistant enteric bacilli only in empty urinals.

Twelve of 23 contained gentamicin-resistant species.

Curie et al (77) showed that the immediate environment of colo-
nized patiehts was often contaminated and settle plates placed

near their beds frequently yielded colonies of gentamicin-resistant
K. aerogenes. There was no evidence of pérsistance in the general
ward environment and other settle plates were negative for the
epidemic Klebsiella. The exceptions were certain sinks and drains
which were frequently exposed to infected excreta. Contamination

also persisted on a cotton floor-mop. Gentamicin-resistant
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K. aerogenes was also recovered in small numbers from bedpans and

urinals which had been inadequately disinfected.

In this study, 27 isolates of GRGNB wefe obtained.from settle
plates placed near the infected/colonized patients (c.f. Table 3.34).
Gentamicin resistant gram negative bacilli were also recovered
from unused bed pans (25 isolates) and urinals (23 isolates).

These isolates were similar to patient strains.

Of 41 environmental samples taken by French et al (64), gentamicin

resistant Acinetobacter anitratus was isolated from thrée stacked
‘moist washing bowls and a kidney dish in the urological ward,

dialysis fluid, ventilator tubing and a tracheal suction catheter

from the intensive care ward.

Casewell et al (74) isolated gentamicin resistant Klebsiella from
a bath, aﬁd'fnom tooth mugs in a bathroom. UrinaTs;'bedpans and
washing machines were consistently negative in contrast to the
study of Noriega cited above. The resistant organism was also
isolated from four out of 25 samples from rooms in which co]onized

patients had been nursed.

Even pharmaceutical produtts have been 1ncrim1nated._ Ten per cenf
of 530 samples of medicaments were found to be contaminated with
gram-negative bacteria in a study reported by Simdn-Pujo] et al
(67). Multidrug-resistant P. aeruginosa was isolated from four
solid and 15 Tliquid samp]eg, of which 13 were oral medicaments and
six were topical applications. Other gram-negative bacilli were
isolated from 20 samples of oral medicaments and five from topical

applications.
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In this study four isolates of GRGNB were obtained from "in use"
medicines administered orally to patients (c.f. Table 3.34) The
results of this survey confirm studies in other countries that
products in hospitals may become contaminated with micro-organisms
during preparation or during use in the ward. If the bacteria are
multiresistant, the implication of their presence in medicaments
and food is even greater. There is no doubt that contaminated
medicines and food can play a part in cross-infection and the
preparation of these products and their storage should be rigidly

controlled.

The hazards of contaminated anaesthesia and respiratory equipment
have been amply documented (134,254). Respiratory 1nfection
associated with contaminated respiratory equipment was rarely
reported between 1950 and 1965 (255,256), although Magath (257) had
indicated the danger of contaminated anaesthesia machines and

devised a water trap for filtering out bacteria in the expiratory
tubing. The importance of high-humidity environments in the develop-
ment of pseudomonas infections in newborn infants was also reported
by Hoffmann and Finberg (258) and a marked degree of contamination

in the water reservoir bottles of a humidifying device used in

connection with oxygen therapy was described by Macpherson (259).

From 1965 onwards many reports have appeared which incriminate . -
respiratory equipment in nosocomial respiratory infections mostly

caused by gram-negative bacteria such as Pseudomonas species.

Phillips and Spencer (260) described an outbreak of cross-infection

by P. aeruginosa in a general medical ward in which eight patients
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became infected and two died. Swabbing and sampling showed that
all the Ventf]ators in use at the time were heavily contaminated
with‘P. aeruginosa, especially the humidifer and expiratory tubing.
The routine cleaning method did not eliminate the'organisms.
Ventilators in use and ventilators cleaned énd ready for use on a
new patient could still both pump P. aeruginosa directly into the
patient's trachea, supporting their conclusion that contamination
of the ventilators caused the outbreak. Phillips, in later studies
(223,233) also employed pyocin and phage typiné of pseudomonas
strains, and by epidemiological means demonstrated machine-to

patient spread.

Reinar; et al (261) also suggesied an association between the
increasing incidence of gram-negative necrotizing bacillary
pneumonia and widespread use of inhalation therapy. They demon-
strated that the nebulizer part of the equipment generated aeroso]é

containing large numbers of viable bacteria.

In the nosocomial outbreaks later traced to respiratory equipment,
the humidifying systems seemed to be the most vulnerable to
bacterial contamination. Bacterial species in&o]ved are gram-
negative bacilli such as K. pneumoniae (262), P. aeruginosa (167,

263), P. cepacia (111, 264), P. fluorescens (265) and Acinetobacter

antitratus (71).

In this study 26 strains of GRGNB were isolated from the respiratory
equipment used by patients on tracheostomy (c.f. TAble 3.34). The
bacterial species isolated were P. aeruginosa (14 strains), P.cepacia

(2 strains), 4. anitratus (3 strains), X. pneumoniae (5 strains) and
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Flavobacterium meningosepticum (2 strains).

Tracheal suction with contaminated catheters responsible for an
outbreak of pseudomonaé 1nfect16n 1n.two medical wards was de-
scribed by Sutter et al (266), where phage typing was employed in
the investigation. Direct inoculation of bacteria into the tracheo-
bronchial tree occurred whether the patient was tracheostomized

or was treated with suction through nasal or oral orifices.

Inhalation of confamjnated aerosols can also occur in-incubators
(267) and humidification tents (268) with subsequent colonization

of susceptible infants (269). Unheated room humidifiers were also
demonstrated to be the majof contaminating source in a P. aeruginosa

outbreak where five of eight patients with pneumonia died (270).

Resuscitation equipment has also been responsible for outbreaks of
neonatal P. aeruginosa infections either through contaminated

electrical aspirators (247) or the oxygen mask, bag and tubing (126).

In the present study, ten isolates of GRGNB were obtained from
suction apparatus and three from resuscitation equipment used in
the intensive care unit (c.f. Table 3.34). The bacterial Species

involved were all P. aeruginosa which were similar to patient strains.

Equipment coming into direct contact with the upper respiratory
tract is invariably contaminated with micro-organisms present in
respiratory secretions (271). Contamination of the system with
airborne or waterborne micro-organisms may also occur (272,273) and

the moist environment provides suitable conditions for growth.

Epidemiological studies have shown that colonization of the airways
with gram-negative bacilli is an important preceding event in the

development of respiratory infections (275—278);“ Northey et al
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(276) showed a colonization rate in throat and trachea of 55,8

per cent, and in the study of Johanson and co-workers (275) 45 per'
cent of the patients became colonized. Seventy—three per cent .of
the colonized patients developed pneumonia in comparison with 3,3

per cent of patients in whom colonization was not found.

Colonization is especially prominent in the presen¢e of serious
underlying illness (275,279),with endotracheal intubation (275)

and. in association with the use of antimicrobié] drugs (275,279,280).
The exact nature of the colonization phenomenon has been a matter

of investigation and speculation during the last four years (281-
283). The colonizing bacteria may be found in the oropharynx

before localization in the airways and have either an endogenous
(stomach or intestine) or an exogenous origin. Exogenous sources

may be either human or inanimate objects.

In the present study, many of the patients with tracheostomy had
positive cultures for GRGNB from more than one site and thisrin—

cluded the oropharynx region.

Respiratory equipment undoubtedly acts as an infection reservoir
and constitute a haiard to susceptible patients. A rjgorous
programme for decontamination is therefore recommended and has been
shown to be effective in prevention of equipment-associated

epidemics of respiratory infections (247,274,285)l

The results obtained from the environmental surveillance in this

study (c.f. Table 3.34) support the work done by others (67,77,83,
121), in clearly demonstrating the environment as a source of

GRGNB.
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In this study there was clear evidence of cross infection and
colonization between patients, ‘fomites and staff members. The
various GRGNB found in clinical specimens from patients was also
found on inanimate environment and on staff members. It cannot
be established for certain whether the staff members or the

fomites  acted as routes of transmission.

CONCLUSION

The findings of this study confirm that P. aeruginosa and K. pneumoniae
remain important causes of cross-infection particularly in the intensive
care setting. I have further established that a particular pyocin, phage
and sero type of P. aeruginosa is responsible for the vast majority of
pseudomonas infections. All the isolates in this study were also found

to be resistant to gentamicin and to many of the other antitibiotics
tested. It is therefore obvious that to curb the increase of antibiotic-
resistance among the hospital flora, one needs to have a strict antibiotic
policy and also rigid gquidelines for the prevention of cross-infection.
Fortunately there are antibiotics now avaf]ab]e to treat gentamicin-
resistant gram—negati?e bacterial infections. These include the third
generation cephalosporins and piperacillin. However, numerous outbreaks
that have been cited in this, and in other studies have clearly implicated
the role of hands as a predominant source of cross-infection. Therefore,
one needs to reinforce the simple technique of hand washing, rather than
resorting to potent antibiotics to control the increasing incidence of

hospital acquired infections.

Hand washing before and after contact with each patient remains the single

most important means of preventing the spread of infections.
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