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ABSTRACT

The study’s aim was to conduct a retrospective and prospective survey to
determine the sensitivity patterns and prevalence of bacterial isolates obtained
from cultures in patier..s with documented infections in the Paediatric Intensive
Care Unit (PiCU). Also, a pharmacokinetic analysis of amikacin was done in

order to determine an appropriate dosing schedule.

The most prevalent micro-organisms isolated from the retrospective survey
(1995 and 1996) in the PICU was Staphylococcus epidermidis. Escherichia
coli was the second most prevalent micro-organism in 1955 (also being most
prevalent gram negative micra-organism for the 2 years), with Staphylococcus
aureus occupying that position in 1996. The micro-organisms that
demonstrated the greatest resistance in 1995 and 1996 were Enterococcus
faecium and Staphylococcus epidermidis, respectively for the gram positives;
and Klebsiella pneumoniae and Enterobacter sp., respectively for the gram

negatives.

From the prospective survey, a total of 124 isolates were cultured (from &7
patients) of which 70.2% were considered nosocomial infections. Clinically
significant nosocomial infections were the most prevalent infection group at
41,1%. Micro-organisms classified as clinically significant nosocomial
infections were fairly resistant to commonly used antibiotics tested against

them, except amikacin, imipenem and vancomycin.



The pharmacokinetic phase of the study found that the twice daily dosing
regimen offered éubtherapeutic peak serum concentrations, and high trough
serum concentrations (which could predispose a patient to nephrotoxicity).
The once daily dosing regimen resulted in peak concentrations that averaged

31.2 ug/mi and trough concentrations less than 5 ng/ml.

In conclusion, due to the evolving patierns in the development of resistance of
micro-organisms to antibiotics it is important to implement & routine infection
control surveillance in the PICU. In addition, the most appropriate means of
reporting antibiotics sensitivities from the microbiology lab needs to be
developed. This information should be evaluated on a regular basis in order to
determine the most appropriate interventions and these interventions need to
be monitored. In order to minimise the develapment of resistance the

antibiotics need to be dosed appropriately and where necessary serum

concentrations need 1o be obtained.
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CHAPTER1: INTRODUCTION

About 80 years ago, when a person walked into a hospital ward most of the
cases 0e encountered were bacterial in nature, for example pneumonia,
meningitis, bacteremia, typhoid fever, syphilis, etc. This was all in the pre-
antimicrobial era. About 10 years ago in contrast, the predominant patient
population had cases of cancer, heart disease or complications of diabetes or
hypertension. All patients whose lives, had it been 50 years earlier, would
have been in grave danger were spared as a resuit of the introduction and use
of antimicrobial agents [Cohen,1992]. Medical practitioners suiddenly had the
ability to prevent, control transmission of or even cure infections. In %5t in the
1980s, victories over infectious disease were declared to the point where
significant cutbacks were made in antimicrobial development programs

[Schentag, 1995].

Since the 1930s and 1940s, medical practitioners had literally remained ahead
of most bacteria in the treatment of infections caused by resistant micro-
organisms, since demands for more potent agents for resistant organisms had
been met [Danziger, 1995]. Unfortunately today a very disturbing concept of
“the prospect of therapeutic impotence” has been revisited [Kunin, 1993].
Patterns of discovery, prolific (and mostly inappropriate) use, and predictable
decline in efficacy and purpose have been repeated following the introduction
of new antimicrobials. This even prompted warnings by a prophetic few as far

back as 40 years ago, who were none-the-less ignored. The opportunity to



prolong the -effective life of much needed antimicrobiais by using them -

appropriately was wasted by excessive use.

Although the development of new antimicrobial agents to combat resistant

pathogens is actually a very feasible and desirable way to overcome such a

problem, and had worked very well throughout the first part of the century
[Danziger, 1995], “time is not exactly on our side”, since it takes anywhere
from 7 to 10 years for a drug to reach the market [Schentag, 1995], and
pathogens now-a-days have become very a;dept at developing resistance. The
increasing frequency of antimicrobial resistance is attributed to a combination

of:

1. Microbial characteristics ~ these inciude the propensity to exchange
genetic material, possess intrinsic resistance, survive varying environmental
conditions, occupy particular ecological niches, easily colonise, and infect
[Cohen,1992; Schentag, 1998].

2. Human or environmental reservoirs in which resistant genes or
organisms can persist - the reservoirs are ecological niches (animate or
inanimate) in which infectious organisms or genetic elements persist for the
purpose of resistance development due to either exchange of genetic material,
or continuous exposure to a particular pressure [Cohen,1992; Schentag,
1895).

3. Selective patterns of antimicrobial use - therefore there is a correlation
between the frequency of antimicrobial use and frequency of antimicrobial

resistance [Cohen,1982; Schentag, 1995].

a




4. Societal and technologic changes that enhance the transmission and

drug resistance of bacteria - supportive care provided for medically

compromised patients causes them to be focal points for the emergence and

spread of resistant mutant organisms [Cohen,1992; Schentag, 1995].

The only feasible alternative left is for the medical community to become
adaptive and develop strategies that prevent or limit the progress of
pathogenic resistance [Schentag, 1995]. T_his is not possible without reliable
information about the prevalence and the susceptibility of important human

pathogens to antibictics.

Since the growing antimicrobial resistance problem is an international problem,
an informally constituted Antibiotic Study Group has been established in South
Africa (as a result of recommendations by the World Health Organisation
(WHO) Scientific Working Group on antimicrobial resistance) [Forder, 1995],
to institute an Antibiotic Surveillance Programme to monitor the development
of antibiotic resistance nationally. Included in the reaim of some of the Study
Group's objectives are;
1. to encourage a systematic approach to therapy based on raticnal
choice of antibiotics for use in specific cases and discouraging
indiscriminate use of antibiotics for prophylaxis and topicai application.
2. encouraging the use of the serum assay services provided by
medical school laboratories so as to improve standards of antibiotic

freatment.



3. to publish on a regular basis tables of isolates and their resistance

patterns [WHO Scieritific Working Group, 19841

Many of the studies that were based on the recommendations, concentrated
mainly on adults [Till, Williams, Oliver, st al, 1991; Schentag, 1993; Thomas,
Govil, Moses, ef al, 1996}, therefore there is a definite need to evaluate
antimicrobial resistance problems in paediatrics, for in this patient population it
is imperative for drugs used on them to be -1 00% effective due to combination
of risk factors which compromise their state. However, assuming all the
neonatal host risk factors were dealt with appropriately, we are still faced with

an enormous problem, of the pathogens irtrinsic ability to develop resistance.

There have been a number of antibictic surveillance studies, however those
that involved paediatrics mostly involved micro-organism prevalence in the
paediatric wards [{Hemming, James, QOverall, et al, 1976; Sprunt, Leidy,
Redman, 1978; Goldmann, 1981]. A dissertation by Funk [1992] was a little
more specific when it: identified the prevalence of perinatally and nosocomialily
acquired bacteremia and fungaemia cultured from blood or cerebrospinal fluid
isolates; identified the risk factors for infection, cause or common infections,
.and reported their outcomes; and analysed the susceptibility patterns of micro-
organisms isolated with respect to antibictics used and to changing
antimicrobial policies. The results obtained were compared with reported
studies. However when discussing the susceptibility paﬁerns of the micro-

organisms, their source or clinical significance was not taken into




~consideration. Also pharmacokinetics were not- included-as possible reasons

for resistance development.

This project concentrates on the efficacy of antimicrobial drugs in neonates
and paediairics against micro-organisms from various sources and varying

clinical significance.

The 1995 antibicgram for the Paediatric intensive Care Unit (PICU), showed
that there were a number of bacterial speciés that had probiematic tendencies
in terms of prevalence and degree of antibiotic susceptibility. Micro-organisms
that were found to be highly prevalent, in descending order were:
Staphylococcus epidermidis (23.9%), Escherichia coli (10.2%), Klebsiella sp.
(8.0%), Streptococcus agalactiae (7.4%), Enterococcus faecalis (6.3%) and
Pseudomonas aeruginasa (5.1%). Those micro~-organisms whose resistarnce
were found to be an increasing threat to antibiotic use were: Staphylococcus
aureus, Staphylococcus epidermidis, Klebsiella pneumoniae, Klebsiella sp.
and Pseudomonas aeruginosa. The drug group highly affected by the
pathogenic resistance was the cephalosporins. Besides the general antibictic
group resuits there were a number of startling individual results such as the
growing resistance to piperacillin, amoxicillin/clavulanic acid, amikacin and the:

resistance of Bacillus subtilis to vancomycin.

From the 1995 antibiogram, a major decision made by the consultants in the
PICU, was to discontinue the empiric use of cephalosporins, especially

cefotaxime, for suspected nosocomial infections. Although the antibiogram




made an impact on the consultants, they were not thoroughly convinced with
the results, for there were a number of factors not taken into consideration.
For example, the 'antibiogram did not identify the sources of infection (i.e.
whether the infections were community-acquired or nosocomially-acquired) or
their clinical significance. As there is not a specific border (or value)
designating antibiotic sensitivity and resistance, the sensitivity trend over a
period of time can determine resistance development or regressicn. Since the
1995 antibiogram only offered informati.n for one year, and to determine
resistance patterns of antibictics, their se-nsitivities have to observed over

several years.

The prescribing practices of the registrars in the PICU, were consistent with
conventional antibiotic dosing. However aminoglycosides and glycopeptides
whose therapeutic efficacy is serum concentration dependent were
exceptions. The dosing regimen adopted by the PICU was the twice daily
dosing, as opposed to the recently accepted once daily dosing. This frequently
resulted in high troughs (which were measured at unspecified times) which
interfered with therapy, since the fear of nephrotoxicity in the paediatric

population resulted in the discontinuation of amikacin. Measures

Vconventionally employed to optimise pharmacological effect (i.e. obtaining high

peak concentrations and low trough concentrations, initialising therapy with a
loading dose and individualising the maintenance dose and dosing interval
based on individualised pharmacokinetic parameters) were ignored. Therefore

this study also included a pharmacockinetic analysis of amikacin.
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1.1 RESEARCH OBJECTIVES

The aim was to conduct a prospective and retrospective survey of bacterial
isolates obtained from cuitures in paediatrics with infections. The goals of the
study were:
1. to determine the sensitivity patterns and prevalence of clinically
significant pathogenic micro-organisms in the PICU over time.
2. to identify the re asons for any possible problems once
sensitivity/resistance trends are knov~_/n

3. to develop appropriate interventions




CHAPTER 2: LITERATURE REVIEW

2.1 HISTORICAL BACKGROUND

Life has a funny way of repeating itself in almost all aspects of it. Like with
clothes, where fashions may come and go, the return several decades down
the line with a few improvements here and there but with the same general

concept, bacterial diseases seem to follow this trend.

More than sixty years ago (a period termed the pre-antimicrobial era), the
majority of cases encountered in a typical urban medical ward were pathogen-
related in nature (for axample pneumonia, meningitis, bacteremia, typhoid
fever, syphilis, etc.) and these appeared in epidemic proportions and had few
effective therapies to combat against them [Cohen, 1992]. Many of the
patients, who were young presented with grim prognosis as mortality would
arise as a result of the actual disease or its comwlications [Cohen, 1992]. In
contrast between then and about 10 years ago, the prevalence of such
pathogen-related cases declined, resulting in a relative rise in idiopathic cases
such as cancer, heart disease, complications of diabetes or hypertension
[Cohen, 1992]. Patients whose lives, had it been 60 years earlier, would have
been in grave danger were saved as a result of the introduction and liberal
use of antimicrobial agents [Danziger & Pendland, 1995]. The ability o
prevent, control transmission or even treat infections had been achieved

[Cohen, 19921. In fact in the 1980s, victories over infectio.s disease were



declared to the point where significant cutbacks were made in antimicrobial

development pregrams [Schentag, 1995].

Since the earlier half of this century, medical practitioners had literally ’

remained ahead of most bacteria in the treatment of infections caused by
resistant micro-organisms, since demands for more potent agents for resistant
organisms had been met [Danziger, ef al., 1895]. Unfortunately today a very
disturbing concept of “the prospect of therapeutic npotence” has revisited
(Kunin, 1993] , because now micro-oréan!sms that were at one fime
considered very easy to eradicate have become formidable opponents,
making conditions that were at one time easy to treat now very difficult,
Patterns of discovery, prolific (and mostly inappropriate) use, and predictable
decline in efficacy and purpose has been repeated over and over following the
introduction of new antimicrobials [Kunin, 1993]. This practice even prompted
warnings by a prophetic few as far back as 40 years ago [Finland, Jones &
Barnes, 1983), who were non-the-less ignored. The opportunity to prolong the
effective life of much needed antimicrobials by using them appropriately was

wasted by excessive unscrupulous use [Kunin, 1993].
2.2 IDENTIFIED REASONS FOR RESISTANCE DEVELOPMENT

Although the development of new antimicrobial agents to combat resistant
micro-organisms is actually a very feasible and desirable way to overcome
such a problem, and had worked very well throughaut the first part of the

century [Danziger, et al., 1995], “time is not exactly on our side”. It takes




anywhere from 7 to 10 years for a drug to reach the market [Schentag, 1995,
and microc-organisms now-a-days have become very adept at developing
resistance. Fortunately, investigations have been embarked on to explain why
antimicrobial resistance occurs, with the results discerning important factors
which if presented in assorted combinations, are able to determine the
frequency of occurrence of drug-resistance in different ecosystems. The
factors include:
1. microbial characteristics

2. human or environmental reservoirs in which resistant genes can
persist

3. selective patterns of antimicrobial use

4. societal and technologic changas that enhance the

transmission and drug resistance of bacteria [Cohen, 1992].

Microbial characteristics include the organisms ability to:

1. exchange genetic material (by either transformation,

transduction or conjugation of plasmids)

2. possess intrinsic resistance (by chromosomal mutation or inductive

expression of a latent chromosomal gene)

3. survive varying environmental conditions

4. occupy particular ecological niches or reservoirs (these are either
imate or inanimate, in which an infectious organism or genetic

element persists for the purpose of resistance development due to

either exchange of genetic material, or continuous exposure fo a

particular pressure, and be transmitted)

10




5. ease to colonise, and infect [Cohen, 1992].
These are able to augment an organism’s ability to emerge, persevere, or
propagate [Cohen, 1992). Therefore antibiotics are eventually rendzred
inactive by means of destruction or modification, prevention of access to the

target site, or alteration of the antibiotic target site [Neu, 1992].

it is distinctly possible, o amplify the transmission and drug resistance of
micro-organisms by sacietal and technological changes. Technological
changes have facilifated improved inf.ra-structure {thus improving on
importation of resistant organisms) [Cohen, 1992; Kunin, 1993] and
development of broad-spectrum antibiotics (which provide selective pressure
to an increasing number of micro-organisms expediting resistance) [Cohen,
1992]. Societal changes such as changes in sexual activity and demographic
changes (increased numbers of populations at risk of disease) also enhance
development and iransmission of antimicrobial-resistant organisms [Cohen,
1892]. Supportive care provided for medically compromised patients (appears
to be an impact of the combination of societal and technological changes) can
be focal points for the emergence and spread of resistant mutant organisms

{Cohen, 1992; Schentag, 1995].

Reports have demonstrated a correlation between the frequency of
antimicraobial use and the frequency of antimicrobial resistant bacteria [Ney,
1992; Krmit, Y Vanzinger, et al., 1995]. Long-term use and subtherapeutic
dosing are aosocicter. with a greater risk of antimicrobial resistance

developm# * {\*sher, 19€2].

11



2.3 NEONATAL/PAEDIATRIC RISK FACTORS FOR

RESISTANCE DEVELOPMENT

Neonates and paediatrics require drugs fo be 100% effective due to a
combination of risk factors which compromise their state. The factors are:

1. birth weight or gestation

2. irmunocompetence

3. preser.ce of indwelling prosthesis

4. administration of Total Parenteral Nuirition (TPN) and lipids

5. exposure to antibiotics

8. colonisation of pathogenic bacteria {Hall, 1991].

An inverse relationship between birth weight or gestation and suscepfibility to
nasocomial infect_ions has been established by many investigators, with low
hirth weight identified as the single factor most associated with increased

infections [Goldmann, Durbin, & Freeman, 19811,

The inadequate bone marrow reserves of neutrophils and the decreased
ability to regulate their release and regeneration, results in peripheral
neutropenia as well as exhaustion of the neutrophil supply during sepsis [Hall,
1891]. The neutrophils fram stressed neonates are also deﬁcient:in function

where they lack adherence and chemotactic function, and intracellular

+
A
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microbial killing, which render the neéonate less able to localise and contain

infection [Hall, 1991].

- Indwelling prosthesis are associated with the initiation and persistence of

invasive infections as they provide a safe niche for pathogens [Hall, 1981].
They offer them an opportunity to bypass the body's first barrier against
infection, the skin, allowing invasion, adherence and colonisation into deeper
tissues and the systemic circulation [Hall, 1981}, The persistence aspect is
ensured by the provision of adherence \n;hich makes bacterial opsonization

and ingestion more difficult [Hall, 1991].

Investigations have suggested that the duration of prior or current antibiotic
therapy predisposes a patlent to colonisation, nosocomial sepsis and

development of increased resistance to pathogenic organisms {Hall, 1991].

Infants that require longer hospital stays alang with intensive care are at risk of
acquiring nosocomial infections [Goldmann, 1981]. The bacterial flora is
radically different from what is normally expected, as a result predisposing the

patient to infection [Hemming, Overall & Britt, 1976].

Associations between administrations of TPN and lipids and occurrence of
infections have been observed and been aftributed to presumably
contaminated infusation fluids [Fleer, Senders, Visser, et al., 1983]. Besides

contamination being the only causative factor, ancther reason is they are

13
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! -~ administered fo the smallest, sickest neonates who are at risk of previously

mentioned factors [Freeman, Goldmann, Smith, et al., 1990].

Assuming all the neonatal host risk factors were dealt with appropriately, we
are still faced with an enormous problem, of the pathogens’ intrinsic ability to

develop resistance.
2.4 IDENTIFIED RESISTANCE PATTERNS

As far back as 1959, a correlation had been detected between widespread
use of chemotherapeutic and antibiotic agents and changes in the number and
character of infections occurring in nurseries and maternity wards of hospitals
[Finland, Jones & Barnes, 1959]. Since then, studies that have been
conducted have involved:

1. proving a relationship between abnormal colonisation and infection

[Sprunt, Léidy & Redman, 1978; Goldmann, 1981]

2. observing the prevalence of certain micro-organisms in

nosocomial infections [Hemming, et al., 1976; Thoburn, Fekety, &

Cluff, et al., 1968]

3. observing the sensitivity or resistance of micro-organisms notorious

for causing epidemics or responsible for nosocomial infections

[Neu, 1992].
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= - - 4, and identifying the resistance mechanisms micro-erganisms use
against antibiotics [Cohen, 1992; Neu, 1992; Danziger, et al., 1995,
Dudley, 1995;].
These studies were not done in vain, for they have resulted in great progress
in the fight against resistant micro-organisms. Aseptic techniques have been
improved, optimal drug therapies have been devised, and new drug or drug

combinations have been discovered as a result of the studies. Despite

previous laborious victories, cverall defeat seems imminent because antibiotic

resistance is gaining [Kunin, 1993].

l 2.4.1 Measures undertaken to combat resistance
i Two approaches which were developed to deal with the problem of antibiotic
I resistance were promoted by:

1. the International Congress of Chemotherapy (ICC) which advocated

the informing of health professionals of the development of an array of
new chemotherapeutic agents [Kunin, 1983].
2. the World Health Organisation (WHQ) Scientific Working Group on
Antimicrobial Resistance which advocated ext?nsive world-wide
surveillance of resistance, and development of methods which limited
antibiotic use [Kunin, 1983; WHO memo, 1984].
It is not surprising the ICC approach was considered mare desirable by the
medical world [Kunin, 1983}, even though the WHO group's propased strategy

was apparently more pragmatic.

15



An informally constituted Antibiotic Study Group has been established in South
Africa (as a-result of recommendations by the WHO Scientific Working Group) .
[Forder, 1995], to iﬁstitute an Antibictic Surveillance Programme to monitor the -
development of antibiotic resistance nationally. Included in the realm of some
of the Study Group’s objectives are to encourage a systematic approach to
therapy based on rational choice of antibiotics for use in specific cases and
discouraging indiscriminate use of antibiotics for prophylaxis and topical
application; to encourage the use of the serum assay services provided by
medical school laboratories so as © improv-e standards of antibiotic treatment;
and to publish on a regular basis tables of isolates and their resistance

patterns [WHO memo, 1984). Since the beginning of the antimicrobial era and
the subsequent emergence of resistant micro-organisms, scientists and the
ever growing pharmaceutical indusiry have battled to devise more potent
antibiotics to combat the growing resistant micro-organisms population.
Because in the past such demands had always been mef, the medical
community expects that drugs will be discovered to treat resistant strains, and
unfortunately these expectations have diminished the incentive for more

rational antibiotic use [Danziger, et al., 1995].

The only feasible alternative left is for the medical community to become

adaptive and develop strategies that prevent or limit the progress of micro-
organism resistance [Schentag, 1995]. This is not possible without co-
operation in responsible prescribing by health care providers [Kunin, 1993]
and reliable information about the prevalence and susceptibility of important

human pathogens to antimicrobial agents [WHO memo, 1984]. Unfortunately

16



" physicians wish to maintain their independent rights to prescribe drugs and. . .
bitterly resent attempts by others, no matter how expert, .to infringe on treir

authority regardless of costs involved or eventual outcome [Kunin, 1983].

2.4.2 Resurgence achieved

According to Schentag [Schentag, 1993], the accelerated resistance
development with p-lactam antibiotics (especially cephalosporins, specifically
ceftazidime) is a comman problem particularly if their use is increased to
involve empiric therapies. Schentag et af restricted the use of ceftazidime for 3

months by frequently substitufing it with a combination of tobramycin and

piperacillin for empiric therapy of severe infections. After 3 months of the

active intervention, ceftazidime sensitivities returned to baseline. Surprisingly
there was no increased resistance to the tobramycin or piperaciilin. in another
investigation, an outbreak of Klebsiella pneumoniae infections resistant to
ceftazidime were reported in a New York acute care hospital {Meyer, Urban,
Eagan, ef al., 1983]. Although the outbreak evaded detection for about a year
because most isclates appeared susceptible to some third generation
cephalosperins, they were eventually identified during a. routine infection
control surveiliance of multiresistant nosocomial infections. After restricting the
use of cefiazidime and implementing barrier precautions for colonised and
infected patients for 19 months, the frequency of ceftazidime-resistant

Klebsiella pneumdniae declined.
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I These examples are proof that the WHO Scientific Working Group proposals
do hold water, for With a lot of effort, imagination, and collective action,

significant comebacks are possible.
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CHAPTER 3: METHODS

The study was done in two parts.

3.1 PHASE 1 - THE RETROSPECTIVE STUDY

Phase 1 of the study consisied of a retrospective analysis of culture and
sensitivity patterns of the Paediatric Intensive Care Unit (PICU) for the period
of 1995 and 1996. The results were obtained from the South African Institute
of Medical Research (SAIMR) and tabulated according to bacterial species

and antibiotic susceptibilities. A total of 313 cultures were evaluated.

3.2 PHASE 2 - THE PROSPECTIVE STUDY

Phase 2 of the study consisted of a prospective analysis of positive culture
results from the PICU from May to October 1997. Patients were considered
eligible for the study if they were on antimicrobial therapy and a positive

culture result was obtained. The patients were classified intoc 2 major groups,

* neonates and non-neonates. Neonates were infants less than 1 month of age

and non-neonates were greater than 1 month. The neonates were divided
according to weight: <1500 g; 1500 - 1999 g; 2000 - 2499 g; and = 2500 g.
Non-neonates were categorised by age: infants (those between 1 month and 1
year) and children (those older than 1 year). It was agreed that the cut off age

for infants was to be 1 year because when looking at the history of the patients
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admitted to the ward, tho. less than 1 year tended to be in and out of ...

« institutions and had a high probability of having a nosocomial infections,

whereas those older than 1 year were more likely new admits to a hospital and
more likely to have community acquired infections. Twenty nine neonates and
28 non-neonates were enrolled in the study. The age range was from 0 days

to 13 years.

3.2.1 Surveillance procedures

On admission to the PICU the history pertaining to each patient was obtained
along with the patients’ demographic information such as weight, age, and

Sex.

The patients were evaluated on a daily basis for signs and symptoms of an
infection and summary records were documented. This information was
obtained from the patients’ bed letter and routine . iboratory results such as

radiographic studies and culture reports.
Al antibiotics that were prescribed for each patient were racorded, along with

their doses, frequency, route of administration and length of treatment. The

patients’ charts were utilised to verify administration of their medication.
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3.2.2 Classification of an infection S e

Infections were divided into:
1. Community acquired infections which are present on admission or
acquired outside Johannesburg General Hospital {including previously
attended heaith institutions) and clinically manifest themselves within 72
hours of admission to the hospital. Perinatally-acquired infections are
also included into this group.
2. Nosocomial acquired infections which develop when a patient has

resided in the unit for more than 72 hours (Hemming, et al., 1976).

3.2.2.1 Clinical signif ance or insignificance of an infection

The communify and nosocomial infections were further divided into:
ﬁ 1. Clinically significant infections - oiice a positive culture result was
obtained, a patient was considered to have a clinically significant

infection if he received one or more courses of antibiotic treatment, had

clinical signs and symptoms of an infection, and demonstrated
g abnormal diagnostic laboratory results.

2. Clinically insignificant infections - these were diagnosed if a patient

was treated for not more than 3 days with an antibiotic, had no
abnormal diagnostic laboratory results and the clinical symptoms

resolved within 3 days.
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3.2.3 Clinical signs and symptoms of an infection

Clinical diagnosis of infections was based on the following parameters:
1. Temperature irregularity - hypo- or hyperthermia

2. Change in behaviour - lethargy, irritability or change in tone

3. Skin - poor peripheral perfusion, cyanosis, mottling, pallor, petechiae,

rashes, sclerema, jaundice
4, Feeding problems - feeding intolerance, vomiting, diarrhoea,
abdominal distension with or without visible bowel loops
5. Cardiopulmonary - tachypnea, respiratory distress (grunting, flaring,
retractions), apnoea, tachycardia, hypotension (tends to be a late sign)
6. Metabolic - hypo- or hyperglycaemia, metabolic acidosis
[Guerina, 1998].
The following laboratory results were used in the diagnosis of an infection:
1. positive culture results
2. abnormal full blood count (FBC)
a. White blood celi counts taking into consideration leukocyte
counts and neutrophil counts.
b. Platelet counts
3. C-reactive protein - if greater than 15 after 24 hours
4, X-ray results consistent with a diagnosis of an infection

[Guerina, 1998].
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3.2.3.1. Quality of sputum - Bartlett’s Grading System
Sputum cultures were graded according to the Bartlett's Grading Sysiem to
determine the significance or insignificance of the infection as seen in Table

3.1

Table 3.1. Bartlett's Grading System

sl

: Néu

5 o
T T T T  Bresence of mucus 1 ) 1 ) |
Epithaiial cells | 16-25 f 77

s . 3

If the final score was < 0, no inflammation was considered present, therefore
the specimen is considered saliva or contaminated by it (Johannesburg

General Microbiology Lah).

3.2.4 Culture and sensitivity testing by the microbiology

laboratory

Micro-organisms were identified by using standard laboratory methods, and
their susceptibilities were assessed by using the Kirby-Bauer disk difiusion
assay method (with National Committee for Clinical Laboratory Standards

{NCCLS} adopted breakpoints).
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The number of antibiotic sensitivities tested and reporiad to the ward for each
isolate ranged frorr;l 2 to as many as 15. Only selected results were reported to
the ward in order to offer the best alternatives for treating an infection. Fer the
purpose of this study, all the antibiotics that were tested for each culture result

were reported.

3.2.5 Sites of infection
The primary site of infection was classified according to the following criteria:

Sepsis
If a positive blood culture was obtained fror peripheral vein sites rather than
through indwelling vascular catheters and the patient had clinical signs and

symptoms of an infection.

Pulmonary infections
If there was an appearance of an inflammatory infiltrate on a chest X-ray and a
concurrent diagnesis of bacterial pneumonia (inflammation of the lungs with

consolidation) had been made.
Wound/surface infectioris

If there was obvious inflammation or purulence (or both) and a bacterial

pathogen was isolated from the wound or surface.
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Cerebrospinal Fluid (CSF)
If a diagnosis was made in a patient with clinical features of meningitis and a

pathogen was isolated from the cerebrospinal fluid (CSF).

Urinary tract infections
If a positive suprapubic needle aspirate urine culture, with or without pyuria or

proteinuria was obtained.

Ear/eye infections
if a purulent discharge was obtained from the eye or ear and a bacterial

pathogen was isolated from the eye or ear.

Abdominal infections

If & patient had clinical features of an abdominal infection supported by X-ray
findings and the isolation of a pathogen from the peritoneal fluid if possible or
the concurrent diagnosis of Necrotizing Enterocolitis (a type of acute intestinal

necrosis).

3.2.6 Developing antibiograms

With the culture sensitivity results obtained from the Microbiology Lab, the
percentage of isolate sensitivities 10 each antibiotic was calculated to

represent its sensitivity. This is done as follows:
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Sensitivity = number of isolates sensitive to the antibiotic. x 100
total number of isolates culiured

The higher the percentage value, the lower the resistance the micro-organism
has (in-other words the higher the susceptibility of the micro-organisms to'the

antibiotic).

3.3 PHARMACOKINETIC STUDY

Patients admitted into the PICU who received amikacin as part of their
antibiotic treatment were included in the pharmacokinetic study which was

done in two parts.

In the first part of this study, patients were administered their normal dosing
regimen of 7.5 mg/kg intravenously over 30 minutes twice daily. Serum
amikacin levels were obfained at steady state affer the third dose. The peak
concentrations were drawn 1 to 2 hours after the end of the infusion and the

trough concentrations were drawn prior to the next dose,

In the second part of the study, the patients were administered a loading dose
of 25 mg/kg intravenously over 30 minutes. Feak concentrations were drawn 2
hours after the end of the loading dose infusion and the trough concentration
were drawn 10 hours after the end of the loading dose. Maintenance doses

were calculated based on the patients individual pharmacokinetic parameters.
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Serum -amikacin concentrations were assayed by Fluorescence Polarisation ~

Immunoassay technology (TDx® System, Abbott). The coefficient of variation
was less than 5% for concentrations between 5 and 30 pg/mi, and the lowest
measurable level that can be distinguished from zero with 95% confidence

was 0.8 ug/ml.

The dosing regimen, patient weight and the drug serum concentrations (Cmax
and Cmin) were used to calculate each individual patient's pharmacokinetic
parameters. With the serum concentrations back extrapoiated to the start of
the infusion petiod to estimate the peak serum concentration, the apparent
volume of distribution (Vd), elimination haif-life (t'/2) and drug elimination rate

(ke) were calculated with the use of a linear one compartment model.

3.4 ANALYSIS OF DATA
3.4.1 Data analysis for Phase 1

The culture sensitivity results were tabulated into antibiograms by year. From

-there, the antibiograms from the 2 years were compared for any differences in

micro-organism prevalence and progression of antibiotic resistance
development (faking into consideration widely used antibiotic groups and

individual antibiotics).
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When comparing the annual sensitivities of an individual micro-organism, it
was evaluated in the form of the Mean Percentage Sensitivity (MPS). This
was obtained by calculating the mean of all the sensitivity percentages of

antibiotics tested against the micro-grganisms for the whole year.

When comparing the outcome of each individual antibiotic for the year its
effectiveness is evaluated in the form of the Average Percentage Sensitivity
(APS). This is obtained by calculating the mean of all the sensitivity
percentages of isolates tested against the ;;articuiar antibiotic for the year. For
obtaining a sensitivity percentage representing the overall effectiveness of a
drug group, the mean of all the APS of each individual member of a drug

group would be calculated (MAPS).
3.4.2 Data analysis for Phase 2

The patient proﬁies were tabulated, the culture prevalence and sensitivity
results were divided according o source (i.e. either nosocamial- acquired or
community-acquired) and clinical significance (either clinically significant or
clinically insignificant). infection isolation sites and diagnoses were evaluated
and antibiotic use was reviewed. The resistance patterns of the different
classification of micro-organisms towards different antibiotic groups were

identified and compared.
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3.4.3 Statistical analysis

Statistical analysis of the data was performed by using the sample t test. A
significance level of p<0.15 was used. The usually selected significance level
of p< 0.05 was not used because the sample sizes were not ideally large

enaugh to determine statistical significance with that confidence.

3.4.4 Data analysis for the pharmacokinetic study

The individual kinetic parameters of each patient were caicuiated by using the

following formulas:

ke = In [ Cmax/Cmin ]

At
t', = 0,693
ke
vd=, k, . (1-e7%D

[Cmax - Cminjke (1-e™

'From the individual kinetic parameters the projected parameters are calculated

using the following formulae.

t=_In [Cmax/Cmin} + T
Ke

ko = [Cmax] [Vd] [ke] ((: - e:k:’))
-e
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in the PICU.

Abbreviations

. These projected parameters were compared to the standard dosirig regimens

Cmax - maximum serum concentration

Cmin - minimum serum concentration
At - time between Cmax and Cmin

T - dose infusion time

ke - elimination rate

t1/2 - haif life

Vd - volume of distribution

1 - dose interval

k, - dosing infusion rate
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CHAPTER 4: RESULTS: Analysis of anfibiogram

- Phase 1

In the antibiogram for 1995 (Appendix 1) and 1996 (Appendix 2) for the PICU,
a number of hacterial species demonstrated problematic tendencies in terms
of prevalence and degree of antibiotic susceptibility. Organisms that were

found to be highly prevalent are shown in Table 4.1 and Table 4 2.

Table 4.1 The top 10 most prevalent micro-ciganisms from 1995

staphy|ococcus epldermidxs 23 9 (42)

iescherichia calf 10.2 (18)
kiebsiella sp, 8.0 (14)
streptococcus agalactiae 7.4 (13)
enterococeus faecalis 6.3 (11)
pseudomonas aeruginasa 5.1 (9)
streptococcus viridans 4.0 (7)
staphylococeus aureus 3.4 (6)
enterobacter cloacae o.4 (6)
l(EbsieIla pneumoniae —I 3.4 (6)

Table 4.2 The top 10 most prevalent micro-organisms from 1996

staphy(occcus ep(e(dls - )
jstaphylacoccus aureus 19 7 {27)
escherichia coli 10.2 (14)
enterocaceus faecalis 8.0 (11)
Klebsieila sp. 6.6 (9)
pseudomonas aerugmosa 6.6 (9)
klebslella pneumoniae 38 (5)
:enterobacter sp. 2.9 (4)
isireptococcus pneumoniae 2.2 (3)
acinetobacter baumanii 2.2 (3)
31
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For both years Staphylococcus epidermidis -was the most prevalent micro-
organism isolated (23.9% and 23.4% respectively), with Escherichia coli
(10.2%) and Klebsiella sp. (8.0%) coming second and third respectively during
1995, For 1996 Sfaphylococcus aureus experienced a drastic increase from
the previous year where it was the eighth most prevalent micro-organism
{3.4%) to end up as the second most prevaient micro-organism (19.7%).
Escherichia coli was the third most prevalent (10.2%) in 1996.

Table 4.3 Comparison of the top 10 most prevalent micro-organisms for the 2

years.

pl s 23.9 (42)
staphylococeus aureus 3.4 (6) 18.7 (27)
escherichia coll 10.2 (18) 10.2 (14) . R
Kebaiela sp, 8.0 (14) 6.6 (9) . !
enterococcus faetalis 6.3 (11) 8.0 (11)
streptococcus agatactiae 7.4 (13) 1.5 (2)
pseudomonas aerugkiosa 5.1 (9) 6.6 (9) -1.5
streptococcus viridens 4.0 (7) 1.5 (2) 2.5
enterobacter cloacae 3.4 (6) 1.5 (2) 1.9
klebslella pneumoniae 3.4 (6) 3.6 (5) 0.2
" enterobacter sp. 1.7 (3 2.9 (4 -1.2 ;
streptococcus pneumoniae 1.1 2) 2.2 (3) -1.1 :
+ acinetobacter baumarit 1.1 (2 2.2 (3) -1.1 i

# - not in the top 10 for that year.

The negative values illustrated in the difference in the annual frequency
percentages (DAFP) column represents an increase in number of isolates
obtained for a micro-organism from 1995 and -a positive value represents a
decrease from 1995. The majority of micro-organisms isolated from the two
years occurred at approximately similar frequencies (with the DAFP less than

or equal to + 2) with the exception of Streptococcus agalactiae and
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Streptococcus viridanis which both decreased by more than 50% as seen in
Table 4.3 (the differences of their annuat frequency percentages were 5:9 and

2.5 respectively) .

Those organisms which have a mean percentage sensitivity (MPS) of less
than 80% are shown in Table 4.4 and Table 4.5 for the years 1995 and 1996
respectively, The sensitivity values represents the average of all the
sensitivilies of the antibiotics each micro-organism was tested against. The

organisms represented in the table are those that consisted of a minimum of 3

isolates per yeat.

Table 4.4 Micro-organisms that exhibited overall antibiotic sensitivity less than

80% in 1985.

el

GRAM POSITIVE !

bacilius cereus : 5 | 86,5 +17.1
staphylouoces aurens .8 5404185
staphylococcus epidenmidis T 42 445+ 16.5
streplocazeus vindans 7 : 56.4 +19.1
enterococeus faecaiis ¢ 14 { 4294257
‘enteracocets fasciim 3 3 346 +23.7
GRAM {EGATVE ‘ .

eschefichia coli T : 78,7 +£18.5
‘kiebsiclia prevmoniae 6 : 2504213
Kiebsiclia sp. 14 549+16.2
pecudomone uémgihosa 1 9 5003200
Sanotrophomonas malophita T 3 50.0+23.2

From Table 4.4, the micro-organisms that showed greatest resistance were
the gram positives, Klebsielfa pneumoniae had the greatest resistance for the
gram negatives (25.0 £ 21.3%), while ¢ {srococcus fascium had the greatest

resistance for the gram positi, v organisms (34.6 » 23.7%).



Table 4.5 Micro-organisms that exhibited overall antibiotic sensitivity less than

80% in 1986

GRAM poénxvs

|
gstaphylococcus Saureus 1T A 602 1‘151 B
-staphylococeus epidermidis } 32 489 +17.5
‘lenterococcus faecalis i 11 61.5+22.7
{GRAM NEGATIVE o
‘acinetobacter baumanii ] 3 61.1 £25.1
‘enferobactersp. | 4 38.0+18.8
Kebslela priumoriae 5 532+184
. monas aemglnosa - 5

In 1996 the number of micro-organisms with an MPS less than 80% was less
than in 1995, The greatest resistance was found in the gram negative
organisms. Enterobacter sp. had the greatest rgsistance far the gram negative
organisms (38.9 + 18.8%), while Staphylococcus epidermnidis had the greatest

resistance for the gram positive organisms (49.9 + 17.5%).

Table 4.6 Comparison of susceptibility trends for 1995 and 1996
ﬁsx‘m G“L@I.&i\mmjg)@% )

. B osotates . MPSHI%]»:R: SD T of isolates ‘MPS [%]} £ SD
GRAM FOSITIVE !
it 5 B gy g 5
staphylococcus areus 6 §40+£185 : 27 ~860.2x151 i
staphylocaccus epidermidis 42 44,5+ 16.5 32 "4g. 917, 54
i streptocaccus viridans 7 55 4 +19.1 2 87. 5 + ‘]7 7 /
emterococeus faecium O 34.6+237 1 66.7 +25.8 ‘
enferococeus fAecals 11 429%257 11 T e1bx227 |
! GRAM NEGATIVE ‘ !
sk e 5 W 0 315 e A.61 1 + 25 1 i
e R ST oy !
escherichia cali 18 787+ 15.5 ’14 851£11.7 I
idebslelia pneumoniae 8 25.0+21.3 5 53, 2 +184 |
e i 54 9 + 16 2”._ g “83 8 5 13 1... el
iéﬁ-enotrophomonas mattophilia 3 j ’ 50 0+ 23 2 TN

M7A - those arganisms that were not Isolated, therefore not evaluated during the year,

.
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When comparing the resistance patterns for 1995 and 1996 in Table 4.6, with
the exception of Enterobacter sp., every micro-organisms’ average resistance
experienced & decline. Bacillus cereus and Strenotropomas maltophilia were

only isolated and tested during 1995 and not 1996.

Table 4.7 represents the bacterial resistance patterns to the most frequently
used antibiotics in the PICU. In 1995, the drug group which presented with the
greatest resistance towards it was the B-lactams. In 1995, the cephalosporins
experienced the greaiest resistance (49.3-1- 5.3%) followed by the penicillins
(54.8 £ 14.7%). In 1996, aithough the B-lactams still remained the drug group
which presented with the greatest bacterial resistance, it experienced a
decline in resistance. Penicillins encountered the greatest resistance in 1996

(61.1 £ 7.8%), followed by cephalosporins (62.9 + 5.5%).

Table 4.7 Percentage sensitivities of antibacterial agents used in e

paediatric ICU at Johannesburg General.

Penlcilins 548 +14.7 31.1%7.8
Cephalosporins 49.3+5.3 62.9+5.5
Aminoglycosides 68.9+3.5 72.3+4.2
Erythromycin 61.4+20.7 77.8+17.1
Ciprofioxacin 99.3+1.5 92.3+13.9
Vancomycin 92.3+£13.9 100.0

Imipenem : 93.6+80 . 92.3+13.9

All the antimicrobial agents tested, with the exception of ciprofloxacin and
imipenem experienced a decline in resistance toward them over the 2 year
period with the greatest improvement experienced by the cephalosporins (from

49.3 +5.3% 10 62.9 £ 5.5%) .



.

Table 4.8 and Table 4.9 represent a comparison of antibiograms of penicillins
and cephalosporins respectively for 1995 and 1996. The blank cells in the
tables represent tests that were not evaluated. The micro-organism testing
was not the same over the 2 years, for example Enferococcus faecium and

Streptococcus sp. were not tested for oxacillin in 1996,

Various micro-organisms had an overall decrease in resistance when tested
against penicillin. Staphylococcus aureus—(sensitivity increased from 0% in
1995 to 18.5% in 1996); Streptoccccus pneumchiae (sensitivity increased
from 50% in 1995 to 66.7% in 1986); and Streptococcus viridans (sensitivity
increased from 16.7% in 1995 to 100% in 1996) were amongst those that
experienced the decrease, wheras Enterococcus faecium (sensitivity
decreased from 50% in 1995 to 0% in 1986); Enterococous faecalis (sensitivity
decreased from 100% in 1995 to 90% in 1996) and Staphylococcus
epidermidis (sensitivity decreased from 7.3% in 1995 to 0% in 1996)

experienced an increased resistance to penigillin.

Staphylococeus epidermidis was the only micro-organism that had a decrease

in resistance to oxacillin (from 22% to 40%).
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Table 4.8 Comparison of percentage sensitivities of penicillins for 1995 and 1996

ylococeus aureus

staphylococeus epldermidis
streptacocels agalactiae”
sheptococeus sp,
streptocaccus preumoniae
streplococeus pyagenes

sireplococous vindans
mirrococeus sp,
baciiis sp.
baciiis cereus
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Table 4.8 continued.

e
GRAM NEGATIVE
branhamelia catarrhalis ™
acinelobactersp.

TS

enterobacter aerogenes

raemoplilus ildenzas ..
Klebslella sp.

Klebslella oxytoca

Kiebsielia pneumeniae

proteus mirabilis

pseudomonas aertginosa
Inseudomonas sp.
citrobacter freudi

Iveillanefla”

bacteroldes fragiis
prevotella melaninogen.

stenotrophomonas mal.

mne w5 GEN G096 - GRS TER  GER

Overalj % averags resistance v

313 ( 54,7
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Table 4.9 Comparison of percentage sensiltivities of cephalosporins for 19985 and 1996

B I
GRAM POSITIVE ;

enterococeus faecium
enleracoccus faecails
enkerucoccus sp.

grp Y haemo‘yﬁc s(rep ’
staphylococeus atreus
staphy(ococcus epidermidis
s\rep\( ~nceus agalacﬁae
Isir p"tococcus sp.
sireptococsus pneumonlae
shraptocaceus ﬁyogeneu
streptococcus vlrldans
m{crococcus sp. o
s gp,
bacillus cereus
baciiius subtiils
diphterolds




Table 4.9 continued

branhamelia catarrhaus :
acietobactersp, T ]
acinetobacter baumanl
aclnetobacter !wofﬂ
oikaligenes sp.
alkaligenes fascalis
enterobacter sp. ) ‘
enterobacteraerogenes Uil
enterol actercloacae T
escherlchla coll

Kiebsieiia OXVloca
klebsiella pneUmomae‘ R,

uniden. gram -ve balhlUs o
veiiionelia
bacteroides fragiis
pn.votella melaninagen.
stenotrophomunas mal o

;6véfan%av;e‘rage}e‘sistam (354
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Ampicillin experienced an increase in sensitivity from the following micro-
organisms: Streptococcus viridans (from 16.7% to 100%); Escherichia coli
(from 5.6% to 20%); and Pseudomonas aeruginosa (from 0% to 50%).
Enterococcus faecalis (from 100% to 90%) and Staphylococcus epidermidis

(from 7.3% to 0%) experienced an increase in resistance to ampicillin,

The only micro-organism that demonstrated a notable decrease in resistance
towards piperacillin was Klebsiella pneumoniae (from 0% to 40%), otherwise
Alkaligenss faecalis (from 100% to 0%), En-terobacter sp. (from 100% to 50%),
Klebsiella sp. (from 45.5% to 44.4%) and Pseudomonas aeruginosa (from

88.9% to 66.7%) experienced an increase in resistance.

There were several micro-organisms that experienced a decrease in
resistance to amoxicillin/clavulanic acid. From the gram positive organisms
tested, Enterococcus faecium demonsirated an increase in sensitivity from 0%
{o 100% over the 2 years. From the gram negative organisms tested,
Escherichia coli (from 80% to 100%), Klebsiella sp. (from 35.7% to 88.9%),
Klebsiella pneumoniae (from 0% to 20%) and Pseudomonas aeruginosa (from

12.5% to 50%) experienced an increase in sensitivity to amoxicillin/clavulanic

acid. Enterobacter sp. (from 32.3% to 0%) was the only micro-organism to

experience an increase in resistance to amoxicillin/clavulanic acid.
The only micro-organism that expressed a decrease in resistance to
piperacillinftazobactam was Pseudomonas aeruginosa (from 80% to 88.9%)

otherwise Alkaligenes faecalis (from 100% to 0%), Enterobacter cloacae (from
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100% to 50%) and Kiebsiella pneumoniae (from 100% to 80%) experienced an

increase in resistance.
!

When comparing the change in sensitivity to cephalosporin in Table 4.9 the
micro-organisms responsible for increasing resistance to penicillin are also

responsible for developmenit of resistance to the cephalosporins.

Micro-organisms that had a decrease in resistance {o cefazolin were
Streptococcus viridans (from 66.7% to 106%). Klebsiella sp. (from 28.6% to
88.9%), Klebsiella pneumoniae (from 0% to 20%) and Pseudomonas
aeruginosa (from 0% to 50%). On-the-other-hand, Staphylococcus aureus
(from ©66.7% to 37.0%), Staphyvlococcus epidermidis {from 59.6% to 48.3%)

and Escherichia coli (from 88.2% to 85.7%) had an increase in resistance.

Micro-organisms that had experienced an increase sensitivity to cefuroxime
were Escherichia coli (from 87.5% to 100%), Klebsiella sp. (from 42.9% to
100%]j, Klebsiella pneumonige (from 0% to 20%) and Pseudomonas

aeruginosa (from 0% to 50%).

Micro-organisms that experienced a decrease in resistance to cefotaxime
were Escherichia coli (from 88.2% to 100%), Klebsiella sp. (from 50% to
100%), Klebsiella pneumoniae (from 0% to 40%) and Pseudomonas

aeruginosa (from 22.2% to 50%).



The micro-organisms that experienced a decrease in resistance to ceftazidime
were Klebsislla sp. (from 35.7% to 88.9%) and Klebsiella pneumoniae (from
0% to 40%). Alkaligenes faecalis (from 33.3% to 0%), Enterobacter sp. {from
100% to 25%), Escherichia coli (from 88.2% to 84.6%) and Pseudomonas
aeruginosa (from 100% fo 55.6%) experienced an increase in resistance to

ceftazidime.

Micro-arganisms that demonstrated a decrease in resistance to ceftriaxone
were Escherichia coli (from 86.7% to 100%), Klebsiella sp. (from 50% to
100%), Klebsiella pneumoniae (from 0% {0 40%) and Pseudomonas

aeruginosa (from 22.2% to 50%).

No comparison could be made for cephalexin and cefepime because they

were only tested during 1996.

Micro-organisms isolated only during either year {for example Enterococcus
sp. in 1995 and Acinetobacter Iwoffi in 1896) could possibly affect the averall
average resistance of an artimicrobial especially if there is a drastic difference
in the number of isolates tested in the 2 years. Therefore thcse micro-
organisms that were isolated and tested for both years gave a clearer

resistance trend picture as iflustrated in Table 4,10 and Table 4.11.
When comparing the selected average resistances of the antimicrobials to
those of the cumulative antibiogram tested against all the isolates (or overall

average resistance), the results are very comparable as demanstrated in
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Table 4.10 Comparison of the penicillin antibiogram for micro-organisms that were isolated and tested for both years

enterococeus fascium
enterococcus faecalis

streplococcus agaia
streplococcus'sp.

streplococeus preumoniae
sireplococcus Virdans
[GRAM NEGATIVE
acinetobacter battnanni
alkaiiyenes faecails
enterobacter sp.
enterobacter cloacae

kiebsielia sp.
ebsielia pneumoniae

pseudomonas aeruginosa

Average

sl RN GO -
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Table 4.11 Comparison of the cephalosporin antibiogram for micro-organisms that were isolated and tested for both years

rﬁ"ﬂ R TR 1;'*3*1@‘3%%;%1&; RN SRR E
GRAMPOSITIVE 1 1995 1998 5

GRAMNEGATIVE™
acinetabacler baumanni
alkallgenes faecalls
enterobacter .
_entembacter cwacae )
sschar dacoll
kiebsfella sp.
Héiiéléiiéﬁnédnﬁhiéé ‘
proteu: mirabifls
pseudomonas aeruglnosa

Average e
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Table 4.12- (which is a combination of the average values &t the bottom of
Tables 4.8, Table 4.9, Table 4.10 and Table 4.11), with only one exception

namely ceftazidirmne.

Table 4.12 Comparison of overall and selected average resistances of

penicilfins and cephalosporins over 1995 and 1996.

ﬁ q

! \
; lin | :
Ampiciin T i ]
Piperaciin | 84.3 i 652 |
|Co-amoxiciav | 353 ! 554 f

B Biptaz ? g78 7l 87.1 : ) ;

T N S AT R S Y-S S-S N
Cephalexin f | 61.7
Cefuroxime 48.7 £8.0 47.8 571 ~
Cefotaxime 47.2 ' 68.9 51.2 64.4
Ceftazidime 64.8 72.6 73.0 66.0
Cefiriaxane 50.6 68.9 51.0 64.4
Cefepime ! 85.4 }

The overall average resistance to cefiazidime decreased from 1995 to 1996
(from 64.8% to 72.6%), while the selected average resistance over the 2 years

indicated an increase in resistance (from 73.0% 1o 66.0%).

Even though the individual average values differed, the trend was in the same
direction indicating the micro-organisms that were isolated and tested in either
of the years did not greatly interfere with the antibiotic's overall resistance for
the year. This was demonstrated in cases such as penicillin  which

experienced u decrease in the overall and selected average resistance toward
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it, and piperacillin/tazobactam which demonstrated gn increase in resistance in

both the overall and selected average resistance towards it.

Table 4.13 and 4.14 represents a comparison of antibiograms of
aminoglycosides and a combination of macrolides, fluorogquinolones,
glycopeptides and carbapenem fB-lactams respectively for 1995 and 1996.

The blank cells in the tables represent tests that were not evaluated.

The following are a number of micro-organisms that had an overall decrease
in resistance to amikacin: Acinefobacter baumanni (from 50% to 100%);
Klebsiella pneumoniae (from 16.7% to 40%); Klebsiella sp. (from 71.4% to

100%) and Psesudomaonas aeruginosa (from 77.8% to 88.9%).

There were several micro-orgenisms that experienced a decrease in
resistance to gentamicin. From the gram positive micro-organisms tested,
Enterococcus faecalis (from 50% to 83.3%) and Staphylococcus epidermidis
(from 30% to 83.3%), to the gram negative micro-organisis tested,
Acinetobacter baumanni (from 50% to 100%), Klebsiella pneumoniae (from
0% to 40%) and Klebsiella sp. (from 50% to 77.8%).

The following micro-organisms showed a decrease in rasistance to
Tobramycin: Acinefobacter baumanni (from 50% to 100%), Vkaligenes
faecalis (from 33.3% to 100%), Klebsiella pneumoniae (from (% in 40%),
Klebsiella sp. (from 45.5% to 77.8%) and Pseudomonas ae:uginosa (from

77.8% to 88.9%).
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Table 4.13 Percentage sensitivities of aminoglycosides for 1995 and 1996

A S R 15 3‘5}1?33%1,« R
GRAM POSITIVE 1995 19981 1995 1996 1995 ? 1996 1995 1996
enterococcus faetium V0 : 0
Jenterococcus faecalis | 50 83.3 b 50 83 3
|enteracocaus sp. N T v _ 100 o
}E;’fii"é‘hﬁéiﬁalﬁé;iféﬁ' e . ‘ P ..w s
|staphylococcus aureus ; 1 33.3 : i - -1333
staphylococcus epidermidis ! j 30 83.3 I ¢ 30 833
streptacoceus agalactiae (364 0 Va4 o
streptococcus sp. PRSP 5 : ; O S
SepTooaiaas preGaR | e
streptococcus pyogenes : : :
évlndans g g
isroseci sp. e e B —,. e
bacillus sp. . - 100 T {100 )
bacillus cerets ; 1100 i i 100
Badilios subtiis 9 g
! diphteroids ‘ i i r
propionebacterium sp. : | H
E GRAM NEGATIVE ) R
acinetobacter baumanni 50 | 400.| 50 100 . 50 [ 100°7| 50 100
acinetobacter hwoffi -1 100 o 11000 100
E acinetobacter sp. 100 - ¢} 100 . 0010 - -] 100
alkaligenes faecalis i33.371:0 1333 :33.371:100{ 333 50
alkaligenes sp. 0 ; 0 B N R 4]
branhamella catarrhalis N .
enterobacter aefogenes 400 | - 100 1 100
enterobacter cioacae 9001 100°] 100 .| 100 - 100
E entercbactersp.” 1 400 50 ] 160 ) 1100 41.7
escherichia coli 100 ¢ 93.3181.3
haemophilus infiugnzae ! [ N
E Klebsiglia oxyloca 5 "Bg
kiebsielia pnreumoniae 16.7 + 40 56 40
Klebsiella sp. 71.4' 100 556 852
ﬁ proteus mirabilis -100 | 100 100 100
pseudomonas aeruginesa 77.8 88.9
pseudomonas sp. e 1_1 00 |
i Jcitrobacter freud . _‘ 100
salmonella sp. . B : ot B
8 uniden. gram -ve bacillus 103 1100 i 00 i . 100
I veillonella L o
[bacteraides fragilis , ! ! ]
prevotella melaninogen. : { ’ ‘ ) !
jeersoptomnas . 10" TG0 00460
! S ‘
b : ' : :
{Average 7451786 503 620 706 755
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Table

4.14 Percentage sensitiviies of macrolides,

glycopeptides and carbapenem B-lactams for 1995 and 1996

el
‘GRAM POSITIVE

fluoroquindlones,
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enterococcus faecium 100 ;
jenterocaceus faecahs 60 1167 100 | 100 80 | 58,4._;‘
{enterococcus sp. 100 100 i ! 1000 ’
{arp € haemolytic strep 100 | o 1004‘ 100 ;
istaphylococeus aureus  © 33.3 1 37 i 100 _166.7 100 ' 100 66.7 1759
. |staphylacaacus epidermidss ' 51.2 | 46.9 s} 0| 100 | 100 | 1756367 ;

Isireptososcus a agalctee {100 | 100 | [ ;oo 1100 | 1100100 ¢
Estreptococcus sp. ; 100, 1q6 | [ U400 100 o o 1 4100 100
‘streptoccccus pneumomae £100 | 100} ] ? 104 . 100 P ' 100 100 ;
'sireptococcus pyogenes {100 I X R . . 100 .
eplacasais vitdars 833 i _‘ et St 100 Yoo ’ L { 617166
{micracacaus sp. T i AR : o o

pbaclisse. 150 ; 100 | i 75 | i
ibadillus cereus + 80 ] 100 | b 4o a0 !
bacillus sublils g 0 Pebee g
propionebacterium sp. v e

GRAM NEGATIVE o

acinetobacter baumanni 306 17700 | j00 400 11001 100 | 100
acinetobacter twoffi s 100 100 U100 100
acinetobacter sp. . 100 100
alkaligenes faecahs ] 11001100 { 1100 83 4__ 667 }
alkaigeries'sp. " 100 i B 100 |
branhamella catarthalis . |
enterabacter aerogenes : 100 1o 1100
enterahacter cloacae DR T B S . 3001400 ] 100 | 100
enterobacter sp. 1001004 . b ~...1.100.{ 100 | 100
escherichia coli 41001100 4. LT 110011001 100 | 100
haemaphiius influenzae ' R i
Kiebsiella oxytoca e 100 100{
Kebsielia pneumoniae 1001100 1= 40041001 100 | 100 |
klebsiella sp. 100 | 100 |- { -400:4-400-y 100 | 100
prateus miabilis =224 100 | 100 i 400100+ 100 { 100
pseudomonas acruginosa - 88.8| 100 “400-1-100+1 94.5 | 100
pseudomonas sp. 1 B rasisianes st 100 e, o A Y 100
citrobagter freudi 100 Pt i TR S S 1100 100
suimonella sp. R el 100

nidén. gram -ve baciliu< 100 100 !
Ivelitonefia” T ‘; e R ;
ibacteroides fragilis i } i 1
prevotelia melaninogen. : ; | (
Istenotrophamanas mal. : : 50 75 o
| N ed | : S
Averge T TR T 186.7|92.3| 100 ' 93.6192.3] !
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Like the previously mentioned antibiotics the following micro-organisms
experienced an overall decrease i resistance to erythromycin over the 2
years: Enterococcus faecium (from 0% to 100%); Staphylococcus aureus

(from 33.3 to 37%) and Streptococcus viridans (from 83.3 to 100%).

The reason micro-organisms experienced an overall increase in sensitivity to
vancomycin from 92.3% in 1995 to 100% in 1996 was because in 1995 it was
tested against Bacillus subtilis which was found to be completely resistant to it.

Unfortunately it was never isclated again.

imipenem and ciprofloxacin were the only antibiotics in this group not to
experience an overall increase in sensitivity. Pseudomonas aeruginosa was
the only micro-organism that had a decrease in resistance to ciprofloxacin

{from 88.9% to 100%).

No comparison could be made for ofloxacin because it was only tested during

1998.
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CHAPTER 5: RESULTS: Prospective study -

Phase 2

5.1 PATIENT POPULATION

In the prospective study, out of a total of 165 patients admitted to the ward
over a 6 month period (from May to October), only 57 patients were included

into the study. Table 5.1 shows the profiles of patients admitted to the ward.

Table 5.1 Patients’ profiles admitted to ward 276

-~ Admissions - 111 54 165

Male g5 35 100 |
Female 46 19 65
Inbom 63 0 63
Naw admissions 7 16 23
Transferred from another ward 12 21 33
Transferred from another hospital 29 17 46

| Deaths in ward | 18 10 | 28 |

The ratio of neonates to non-neonates is 2.1:1, whereas that of male patients
to female patients is 1.5:1. The majority of the neonates admitted to the ward
were inborns [56.8% (63/111)] followed by those transferred from other
hospitals [26.1% (29/111)]. The majority of non-neonates admitted to the ward
were transferred from another ward in Johannesburg General [38.8% (21/54)].

The death ratio of neonates {0 non-neonates was 1.8:1.

51




R b UBE OBR MR EE NS 0 e

Neonates were categorised according to weight while the non-neonates weré

categorised by age as demonsirated in Table 5.2.

Low birth weight neonates {ihose that weighed less than 2500 g) made up
50.3% (83/165) of the total admissions to the ward. Those having birth

weighis of 1500 to 1999 g made up the largest single categary of 21.2% )

Table 5.2 A breakdown of patients’ profiles admitted {o ward 276

;dmissions 1o ward 276 27 |
Male .16 |- 23 0. 18 16 19 100 i
Female 14 12 8 12 11 8 65 |
Inbom 21 19 10 13 9] a 54
New admission 0 3 2 2 5 19 22
Transferred from cther ward 3 4 4 4 13 8 40
Transferred from another hospital 6 g 5 g 9 8 47
Deaths in ward 6 =] El 2 2 8 28
# of patients admitted to the study g 12 3 5 16 12 57

(35/165), and had the largest death rate in the ward of 32.1% (9/28). The less
than 1499 g category had the largest inbom admission of 38.9% (21/54). The
largest group of patients admitted into the study was the infants category at

28.1% (16/57).

5.2 TOTAL INFECTIONS ISOLATED

In the six months of surveillance, a total of 124 isolates were cullured from 57
study patients (Table 5.3). Of the 124 i3olates culiured, 70.2% (87/124) were
classified as nosocomial infections, of which 58.6% (51/87) were considered

clinically significant. The clinically significant nosocomial infections were also




Table 5.3 The breakdown of micro-organism infection by classification
f&:» ik ‘v::« 2
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1

StaphylOcoGeLS alraus 7 : 4
staphyloc.cous epidermidis ; 8
Eéptacoccus agalactiae

streptococcus pneumoniae :
§streptococcus pyogenes : 1
streptococcus sp.
'streptocaccus vindans : i

i
i
1
i

lenterococcus faecalis 3 i
{enterococtus faecium ‘ [
imicracoceus sp. o
corynebactedium sp.
bacillus cereus i 1
g f ; 5
T A
acinetobacter baumanii 1
acinetobacter iwofd : 1
alkaligenes sp. T 1
alkaligenes faecalis 1 ; 1
enterobacter sp.
enterobacter cloacae
escherichia colf
haemophilus influerzae
lebsiella sp.

klebsiella pneumoniae
Kebsiella oxytoca
prateus mirabilis |
pseudomaonas zeruginosa H
campylobacter jejuni }
bacteroides fragilis i 1
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stenofrophomonas maitophiiia | 1

: : 1
burkholdetia cepacia 1 ‘ : ‘ 1
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the most prevalent group at 41.1% (51/124). The most prevalent micro-
organism isolated over the six month period was the Staphylococcus
epidermidis (25.8%), which was well represented in the four different
classification groups. Staphylococeus epidermidis was the most prevalent

organism in the insignificant nosocomial infection group at 56.3% (18/32).
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The most prevalent gram negative micro-organism isolated over the six month
period was the Klebsiella sp. at 9.7% (12/124). I was most prevaient in the
significant nosocomial infection group, however, it was not isolated in the

cdlinically insignificant community infection class.

Clinically significant infectioné were more prevalent ard presented with a wider
variety of organisms than the clinically insignificant infections (Appendices 3 to
8). The significant community-acquired infections consisted of a larger amount
of gram positive micro-organisms than gram negative ones (16 different micro-
organsisms varsus 13 different ones), while the significant nosocomially-
acquired infections consisted of a larger amount of gram negative micro-

organisms than gram positive ones (29 versus 22).

Table 5.4 Distribution of infections

AT e PR A i e
Nosocomial

b

i
Community 29 15 : 38
| Total 58 66 124 1

Insigrificant hosocomial 14 22 ’ 36 j}
Significant community 19 10 ’ 28 ]
Insignificant cotmmunity 3 5 8
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In Table 5.4 nosoccomial infections are more prevalent in non-neonates with a =

frequency of 58.6% (51/87), while the community infections are more
prevalent in the neonate population [57.8% (22/38)].

in Table 5.5 the significant and insignificant nosocomial infections occur more
frequently in the non-neonatal group [56.9% (29/51) and 61.1% (22/36)
respectively], while the significant community infections are more prevalent in
the neconatal population [65.5% (19/29)]. The insignificant community

infections was more prevalent in the non-neonatal group [62.5% (5/8)].

Table 5.6 Breakdown of types of mfectlon by categones

Slgmﬁcant nosccomlal ; r! h o 3

Insignificant nosocomial = 2 7 0 5 10 12 36 !
Significant community | 4 10 1 4 6 5 4 | 29
Insignificant communily @ o 4 0 0 4 ‘ 1 18
Tofal # of infectionslorp . 11 | 28 4 {18 | 40 26 124 |

The infants group (those from 1 month to 1 year) exhibited the highest
occurrence of nosocomial infections (regardless of significance) and overall

infections in the study (Table 5.6). N

5.3 SITES OF INFECTIONS

The frequency of organisms isolated at various infection sites are presented in
Figure 5.1, with the three most prevalent siles of infection in order of

frequency being blood (45%), pus (21%), and sputum/endotracheal (ET)

aspirates (13%).
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Figure 5.1 Frequency of organisms isolated from different infection sites

tissue Peritoneal
TIPSy, 3%

eyefear swab
8%
urine
1%

sputum/ET aspirates
13%

throat swab
1%

usfulcer swabs
b CSF

1%

5.4 TYPES OF INFECTIONS DIAGNOSED

From the combination of obsetving the patierits’ clinical signs and symptoms,
clinical laboratory resuits, and the attending physicians conclusions, diagnoses
were made and their frequencies were charted in Figure 5.2. Septicaemia
infections occurred most frequently, nowever the resuits represented in the pie
chart reflect the occurrence of alf infections. The breakdown of individual
clinically significant micro-organism infections and their frequencies to the

individual diagnoses are illustrated by Table 5.7,

The most commonly isolated organisms were Escherichia coli {13.7% (12/87)]
and Klebsiella sp. [11.8% (10/87). They were fairly well distributed amongst
the listed diagnoses {both were represented in 5 of the 8 different diagnoses

groups). Septicaemia was the most prevalent diagnosis at 37.9% (33/87), with
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Figure 5.2 Diagnosis frequency

TiPSSurface
fnections
9%

Pulmonaty infection
25%
Urine/Faeces 3%
EyelEar infection
9% Abdominal infection
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Septicemia
3%

CSF infection
1%

Wound/ Abscess
16%

Table 5.7 Frequency of organisms in clinically significant infections associated

with diagnosis

i
£

GRAM FOSIIE |

staph. sureus g 2 {0
sirep, pneumor‘ae 1 :
shrep, pyogenss 1
streptococcus . sp. | 4 1
strep, viridans B

enferococcus faecalis | 4 g

enterocncaus faecium 1

micrococeus sp. ]

corynebacterum sp. | 4

GRAMNEGATIVE 1
acinetobacter baumanii
acinetobactar woffi |
alkaligenes sp,
lkaligénes aaa | e e
enterobacter sp,
enterobacter cioacae |

Ipsetd. seruginosa
campylobacter jejuni |
baciereidat faglls — | e

Total
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Staphylococcus epidermidis being the most common organism [18.2% (6/33)}

for this diagnosis.

5.5 FREQUENCY OF ANTIBIOTICS USED IN THE WARD

Table 5.8 Frequency of antibiotic groups used in patients included in study

B L T Oy Ty P et vy Ly gt
-&»i?%};»—, R e &% R

ik

Penicilins 418

Aminaglycosides 107 i 29 136
‘Cephalosporins i 39 : 35 74
ZG(yccpepﬁdes 23 17 4D
‘Nitroimidazole ’ 6 ; - HT‘W N .,.....1,_7“,
‘Sulphas : 2 6 8
‘Carbapenem p-factams: 3 4 7
iﬁeﬁ?ﬁﬁdes ) 4 4
Flucraquinolones 1 2 3
Fucidin 2 ¢} 2
Rifampicin 1 0 1
Total R 141 444

As illustrated by Table 5.8, the largest group of antibiotics used in ward 276

£

were the penicillins [34.2% (152/444)] with the majority used in the neonatal
population [78.3% (119/152)]. Aminoglycosides and cephalosporins were the
second and third largest groups respectively. However according to an
‘elaboration of Table 5.8 (Table 5.9), the most frequently prescribed antibiotic

was amikacin [28.4% (124/444)].

The 1500 to 1999 g group had the highest antibictic usage at 20.5% (91/444).
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Tabie 5.9 The breakdown of individual antibiotics used in ward 276
“'}'T'i‘r nw,; AL e

":.‘.{%p‘.&'.'..-v i e

26

Penicilin 24

Cefotaxime 11

{Vancomycin 7
5
2
0

i
PO
-~

{Tazocin
1 Flagyl £
{Gentamicin !
[Amplciiin ;
-
1

|

2
5]
| 3
T
0
0
1
1

{Imipenem
iCommoxazoie

—ojco=oao

]Ceﬁnaxone i
|Augmennn i

B
fCefazoIin
| Erythromycin
Ceftazidime
Ciprofioxacin
Cioxaciin [~
Fucidin ¢ 1
Teicopianin !

S E——

alaiainioialowiniajoiwioiw

Amaxicillin \

Rifampicin | |

Sulphadiazine ,‘ ! i 3
i

Total FACIN RO S T O € T S (O O~

5.6 SENSITIVITY TRENDS OF MICRO-ORGANISMS

DEPENDING ON INFECTION TYPE

An important aspect not addressed in the first phase of the study was the

source and the clinical significance of infections.

5.6.1. Resistance trends of significant nosocomial infections
5.6.1.1 Senasitivity patterns to penicillins

As seen in Table 5.10, penicillin was highly effective (100%) against the

majority of the gram positive significant nosocomial infections, with the
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Table 5.10 Percentage sensitivities of penicillins for significant nosocomial

infections

GRAM POSITNE

sensiﬁv‘rty% sensmvrty% sensmvrty% sensmwty
(ratio) (ratio)

{ratio} (ratio)

sens %) snsutmty %
{ratio)

sid
sensmvxty %
{ratio)

enterococcus faecalis 100 (3/3) 100 (3/3)

160 (2:2)

enterocaccus faeciurm

staphylocccous aureus
staphylococcus epidermidis

N
"0 (oig)

| 257 (208) 25 (2/8)
333 {319) | 33.3 (3/9)

streptocaccus agalactiae

streptocaccus pneumoniae

sireptococcus pyogenes

300 (A1

streptocuccus sp.
streptococcus viridans

100 (1/1)

LR

7466 (A

micrococeus sp.

corynebacterium sp_

bacillus cereus

GRAM NEGATIVE

SO SR

actnetobacter baumanii i H T

acinetobacter lwoffi i

0 (0r1)

)

alkaligenes sp.

alkaligenes faecalis

enterobacter sp. 0 (0/2)

6 {353 100 2733

100 (2/5)

entercbacter cloacae 0 (0/2)

50 (i72) 0 (072)

50 (1/2)

escherichia coli 0(0/7)

0 (0/6) 66.7 (416)

166 (717

haemophilus influenzas 100 (2/2)

100 (2/2)

kiebsiella sp. 0 (0/8)

25 (2/8) 25 (2/8)

2.5 (5i8)

klebsiefla pneumoniae

kiebsielia oxytoca

proteus mirabilis 0 (072)

100 (2/2) | 108 (272}

100 (2/2)

pseudomonas aeruginosa

80 (4/5)

80 {4/5)

campylobacter jejuni

bacteroides fragilis

strenotrophomonas mattophilia

burkholderia cepacia

Mean+ SD G0 +274 | 3751259

292430 ! 282430

7044185

36.4£20.7 | 74.0+20.1

exception of Staphylococcus aureus and Staphylococcus epidermidis both of

which were completely resistant to penicillin (0%).

Gram positive micro-organisms and Haemophilus inflienzae were most

sensitive to. However, gram negative micro-organisms were completely

resistant to it.

Staphylococcus species was fairly res:istant to cloxacillin and oxaaillin,
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Proteus mirabilis (100%) and Pseudomonas aeruginosa (80%) were the only
micro-organisms sensitive fo piperacillin, whereas the rest of the micro-

organisms that it was tested against it were resistant to it.

Amoxicillin/clavulanic ~acid only experienced resistance from Enferobacter
cloacae (0%), Klebsiella sp. (25%) and Escherichia coli (66.7%).

Piperacillinftazobactam was an improvement on piperacillin in that the only
micro-organism that demonstrated complete resistance to it was Acinetobacter
iwoffi. However Entercbacter cloacas and Klebsiella sp. hiad resisiant patierns

of 50% and 62.5% respectively.

5.6.1.2 Sensitivity patterns to cephalosporins

The first generation cephalosporins tested, cefazolin and cephalexin, had
idsntical  resistances from  Staphylococcus aureus (23.6%) and
Staphylocaccus egidermidis (25%) as represented in Table 5.11. Their results
from grar negative micro-organisms is not identical, but was very similar.
Enferobacter cloacae was completely resistant (0%) to first generation
cephatosporins, while Escherichia coli (33.3% and 50% respectively) and
Klebsiella sp. (12.5% and 25% respectively) were highly resistant. The
difference batween the Enterobacter sp. results could possibly be due to the
number of isolates tested between the two drugs (cefazolin was tested with 2

isolates of which 1 was
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Table 5.11 Percentage sensitivities of cephalosporins for significant

‘nosocomial infections.

i S
GRAM POSIT!VE sensmwty% sensmvny% sensmvﬂy %I sensmvrty%

{ratio) (ratio), (raho); (ratio) (raﬁg)

etiteracoccus faecalis e

enteroceccus faecium T I
staphylacoccus aureus | 286 (2,'7) 28627y | 286 (2(7) |
i

strepltocgceus agalactiae

{staphyidcoccus epidermidis | 25 (2/8) [ 2528 | 2508
{ |
1

streptococcus pheumoniae ! ; i

streptococcus pyagenes

streptocacous sp. oL Ree A
sireptococeus vindans |

S NG S S S SO S

micrococcus sp,
carynebacterium sp,

v SN - ; SE——

GRAM NEGATIVE
acinetobacter baumanii

acinetabracter bofft 0 (0r1)

YRR

alkaligenes sp. 1

U .

[}
aikaligenes faecalis ;

enterobacter s1. 50 (112}

S RIDMEEYR) 50 (3/3) IR )

enterobacter cloacae 0(0/2) Q(0/ty 50 (112) 50 (112) 80 (1/2) 50 (1/2) 50 (172)

escherichia coli 33.3(26) | 50214 ST | TGN | STA @M | 574 (@M 100 7MY

haerophilus influenzae 100 (2/2) | 100 (2/2) 100 (2/2)

Kiebsielia sp. 125 (18) | 25 (i) | 375 (M) | 375308 | 3T (I8 | 375 @8 | 625 58

kebsiella pneumoniae

klebsiella oxytoca

p mirabilis 1100 (2/2) 100 (2/2) 100 (2r2) 100 (2/2) 100 (2/2) 100 {212) 100 (22}

Ipseudomonas aeruginosa 80 (4/5) 100 (5/5) f

sampylobacter jejuni

thactercides fragflis !

strenatrophamonas mattophifia ]

burkholdenia cepacia

PR -

]
1.
|
Mean+ 8D - 437+£189 | 53.6+204 | 56.0+14.7 |

6585 13.7 | 53.64 158 | 658+ 13.7 | 73.2419.3

sensitive, therefore the 50%, while cephalexin was tested with 1 isolate which

happened to be sensitive, therefore 100%).

The second generation cephalosporin tested, cefuroxime, had identical
resistances from Staphylococcus aureus (28.6%) and Staphylococcus
epidermidis (25%) as the first generations. With regards to vgram negative
micro-organisms, the most woirisome micro-organism tested against

cefuroxime was Klebsiella sp. (37.5%). Enterobacter sp. (50%), Enterobacter
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cloacae (50%) and Escherichia coli (57.1%) also produced disconcerting

resistance results.

The third generation cephalosporins, cefotaxime, ceftazidime and ceftriaxone,
were only tested against gram negative micro-organisms, and their results
were identical to those obtained with the cefuroxime. Acinetobacter iwoffi was

also tested against ceftazidime and was completely resistant (0%) fo it.

The fourth generation cephalosporin, ce;‘epime, had the following micro-
organisms demonstrate resistance against itt Acinefobacter woffi (0%),
Enferobacter cloacae (50%) and Klebsiella sp. (82.5%). Enterobacter sp.,
Escherichia cofi, Proteus mirabilis and Pseudomonas aeniginosa were 100%

sensitive to it.

5.6.1.3 Sensitivity pattemns to aminoglycosides
The comparison 6f aminoglycoside results to significant nosocomial infections
was exhibited in Table 5.12. Considering the prolific use of amikacin in ward

276, it was sensitive to most micro-arganisms that it was tested against with

the exception of Enferobacter cloacae (50%) and Escherichia coli (66.7%).

Gentamicin produced the most perturbing results considerfng its sporadic use
in the ward, All the gram negative micro-organisms tested against it were fairly
resistant including Proteus mirabilis which was highly sensitive to amikacin

and tobramycin. Tobramycin was marginally better than gentamicin, with
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Acinetobacter Iwoffi (100%), Proteus mirabilis (100%) and Pseudomonas

aeruginosa (80%j) being sensitive o it.

Table 5.12 Percentage sensitiviies of aminoglycosides for significant

nosocomial infections

enterococeus faecalis

S

GRAM POSITIVE Isensitivity
i{ratio) {(ratio) I(rab‘o)
)

108 (111)

enterococsus faecium

staphylocaceus epidermidis

staphylococcusaureus % 0

isreptococeus agalactiae

{streptococcus pneumoniae

Istreptogoccus pyogenas

strep IS Sp,

strepfococcus viridans

MICrocoreus 8p.

bacillus gereus

GRAM NEGATIVE

acinetobacter baumanil

acinetsoacter woffi

100 (1/1)

zikaligenes sp.

alkaligenes faecalis

enterobacter sp. 100 (2/2) 50 (1/2) 50 (1/2)
enterobacter 50(1/2) 50 (112} 50 (1/2)
escherichia co £6.7 (4/8) 42.8 (3N 573140
haemophilus influsnzae

Klehsiella sp, 87.5(8) | 37.5(348) | 286(27)
Kebsiella pneumoniae

iebsiella oxyloca

proteus mirabilis 100 (2/2) 50 (1/2) 100 (2/2)
pseudormonas aeruginesa 89 (4/5) 80 (4/5}
campylobacter iejuni

bacteroides fragilis

strenoirophomonas maltophilia i

burkholderia cepacia

Mean + S0 80,7+9.8 | 55.1+£113 | 66.5+13.7

carbapenem [lactams

56.1.4 Sensitivity patterns to glycopeptides, fluoroquinolones and

The groups represented in Table 5.13 consist of drugs that were considered

omnipotent to frequently occurring infections and considered the last line

antibiotics.
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Table 5.13 Percentage sensitivities of glycopeptides, flucroquinolones and

- carbapenem B-lactams for significant nosccomial infections.

B i i (o) R ENE R b
GRAM POSITIVE | sensitivity % sensitivity %/ sensitivity %| sensitivity %! sensitivity %! sensitivity %]
1 (ratio)} (ratio)l  (ratio)} {ratio) {ratio)] (ratio)}
enterococcus faecalis . 100(33) | ! :
enterococcus faecium |
staphylococcus aureus. | 100 (8/8) 100 (4/4} ;
staphylococcus epidermidis | 100(9/9) 80 (4/5) 1 R
streptococcus agalactiae o o ) i ]
streptococcus preumoniae ! :
streptococcuspyagenes f i 4Ll
streptacoccus sp. dsony (™
istreptococcus viridans : ‘
micrococcus sp. | : i : |
corynebacterum sp. ‘ L 1 e |
bacilus cereus o % ‘

PRU JESEUS P ES S SR SISO ST

GRAM NEGATIVE
acinetobacter baumanii !
acinetobacter twoffi 100 (1/1) 100 {1/1) 0 (0/1) 00/
alkaligenes sp.
alkaligenes faecali = I
enterobacter sp. 100 (141) 00 {2/2) O
enterobacter cloacae 100 (212) 100 {212y 00 {2/2) 100 (2/2)
escherichia coli Qo (7/7n)
haemophilds influenzae 100 (1/1)
Kebsiella sp. 100 (8/8) 1
klebsiella pneumoniae
klebsiella oxytoca
proteus mirabilis SR N 100 (2/2) —
pseudemonas aeruginosa 100 (5/5) 100 (5/8) 100 (5/5) 100 (5/5) |
campylobacter jejuni
thacteroides fragilis
sirenotrophomonas mattophilia !
burkholderia cepacia | 1 r " :
i ; | |
Mean + SO {600 T ¢00% 71 1000 | 1600 | 857+189 | 66.7+28.9 |

.._%u-_‘,,v

The micro-organisms that were tested against vancomycin were still highly

‘susceptible to, however Staphylococcus epidermidis is only 80% sensitive to

teicoplanin.
With the exception of the Acinetobacter lwoffi which exhibited éomp!ete
resistance (0%), all the gram nhegative micro-organisms that were tested

against the carbapenem B-lactamns were highly sensitive to them.

65



The gram negative micro-organisms tested against ciprofloxacin were highly

sensitive towards it.

5.6.2 Resistance trends of insignificant nosocomial infections

5.6.2.1 Sensitivity patterns to penicillins

Table 5.14 Percentage sensitivities of penicillins for insignificant nosocomial

infections

ST

B R PR ey

GRAM POSITIVE

enterocaccus faecalis
enterococcus faecium
staphyfococcus aureus
‘staphylococcus epidermidis
streptococcus agalactiae
streptococgus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococeus viridans
micreoceus sp.
corynebacterium sp.
bacillus cereus

CRAMNEGATIVE
acinetobacter baumanii
acinetobacter fwoffi

-alkatigenes sp.

alkaligenes faecalis

‘enterobacter Sp..

enterobacter cloacae

escherichia coli

haemophilus influenzae
kiebsiella sp.
Kebsiella preumoniae

‘Klebsiella oxytoca

proteus mirabilis

kpseudomonas aerugmo.,a o

bacteraides fragiis

‘strenotrophomcnas maltophilia
‘burkholderia cepacia

Mean + SD

(ratio) {ratio).
100 (2/2) 100 (2/2)
0(0n) 0 (0r1)
0(0/1)
6.3 (1/16)

0 (0i1)

0(on)

{ratio)

66.7 (243)
12.5 (2116)

1 R

100 (tH)
o)

o)

21.3+£221

(ratio}

6.7 (213)
12.5 (2/16)

286+244 386192 396x182 917102

e et

{ratio)

100 (1/1)
100 (141}

50 (1/2)

100 (31)

(ratio)
100 (2/2)
0 (0/1)

(Y
100(22)

0(02)

100 (1)
100 (212)

0 (011)

1o (111) -

4204268

Enteracoccus faecalis was the only micro-organism sensitive to penicilfin,

Enteracacous faecium, Staphylococcus aureus and Bacillus cereus were
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(rati i

100 (1/1)

168 (i)
100 (22)

10022 |

100 (1/1)
100 (1/1)

1000



completely resistant (0%) to it whereas Staphylococcus epidermidis was

bordering on complete resistance.

Enterococeus faecalis and Haemophilus influenzae were hoth 100% sensitivity
to ampicillin, however the rest of the micro-organisms tested against it

demonstrated complete resistance (0%) towards it.

Cloxacillin and oxaciffin demonstrated identical results. Staphylococcus aureus
was 66.7% sensitive and Sfaphylococcus epidermidis was 12.5% sensitive to

them.

Gram negative micro-organisms that were tested with piperacillin were found
to be completely sensitive to it (Alkaligenes faecalis, Enterobacter sp.,
Enterobacter cloacae, Stenofrophomonas maliophilia and Burkholderia
cepacia) with the exception being Klebsiella sp. where only 50% of the micro-

organisms were sensitive.

Enterococcus faecalis, Haemophilus influenzae and Klebsiella sp. were highly
sensitive to amoxicillin/clavulanic acid. Whereas, Enterococcus faecium,
Enterobacter sp., Enterobacter cloacae and Stenotrophomonas maltophilia

were completely resistant to it

Piperacillinftazobactam had the best overall results with all the micro-

organisms that were tested against it having a 100% sensitivity.
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5.6.2.2 Sensitivity patterns to cephalosporins

With the exception of a couple of micro-organisms that were tested for one
and not e other, the first generation cephalosporins tested, cefazolin and
cephalexin, had identical results. Staphylococcus aureus was the most
.sensitive micro-organism (66.7%). Amongst the gram negative micro-
crganisms tested, with the exception of Klebsielfe sp. which had a resistance
of 80%, Enterobacter sp. and Enterobacter cloacae were completely resistant

to the first generation cephalosporins.

Table 5.15 Percentage sensitivities of cephalosporins for insignificant

nosocomial infections

e SN

. oo
SRR SR ‘

et sl e e 7 >

GRAM POSITIVE sensmvrty % sensitivity %: sensmwty % sensitivity %' sensitivity % sensm'm/ %
L ({ratio)’ (ratio}: (ratio) {ratio) (ratic) {ratic)

enterococcus faecalis

enteracoccus faecium

staphylococcus aureus 66.7 (2/3) 66.7 (2/3) 66.7 (2/3)

staphylocaccus epidermidis 12,8 (216)  12.5(2186) - 12.5 (2/18)

slreptacoceus agalactiae

streptococeus prieumoniae

sireptococcus pyogenes

sireptogoccus sp..

strepfocaccus viridans

micrococcus sp.

corynebacterium sp.

bacillus cereus a{6/1)

GRAMNEGATNE =
acmetobader baumanu

-acinetabacter lwofﬁ_

alkaligenes sp. . N e . B
alkaligenes faecalis N o : 100 (/1) o
enterobacter sp. o{ony . o tea (1) 100 {171) 100 (1/1) 100 (111)
enterobacter cloacae oy | e(02) 100 (22) 100 (2/2) 100 (2/2) 100 {2/2)
escherichiacoll . , B
g influenzae T T T oo gy 00 any T Tiae iy
Kebsiells sp. _50(12) s 56 (1) 100 [2/2) 50{12) . 100(22)
Websielia pneumomae

klebsiella oxytoca

proteus mirabilis

pseudarmonas aeruginosa

campylobacter je; ni

bactercides fragiiis o ) ] o
strenotrophormonas maltophilia 0Ny B (2] 0 (01) 100 (1/9) 0(on)
burkholderia cepacia : ~ 100 (1)

Mean + SD 185%14.0 258+154 6132212 80.0+224 917£102 80024

B

sensitivity
(ratio}

100 (1/1)
100 (11
100 (212)

100 (212)

100 (111)
100 (/1)

1000




The second generation cephalosporin tested, cefuroxime, experienced
identical resistances from  Staphylococcus aureus (66.7%) and
Staphylococcus epidermidis (12.5%) as the first generation cephalosporins. As
for the gram negative micro-organisms tested only Klebsiella sp. (50%) and

Strenophomonas maltophilia (0%) were resistant to cefuroxime.

The majority of the gram negative micro-organisms that they were tested
against the third generation cephalosporins, cefotaxime, ceftazidime and
ceftriaxone, were highly sensitive to them. The exceptions being cefotaxime
and ceftriaxone to Stenotrophomonas maltophilia {(0%) and ceftazidime to

Klebsiella sp. (50%).

All micro-organisms that were tested against the fourth generation

cephalosporin, cefepime, were highly sensitive to it.

5.6.2.3 Sensitivity patterns to aminoglycosides

Enterobacter sp., Enterobacter cloacae and Klebsiella sp. were fully sensitive
to amikacin. Whereas, Alkaiigenes faecalis, Stenotrophomonas maltophilia
and Burkholderia cepacia were fully resistant to it. Gentamicin and tobramycin
had similar results to amikacin with the exception being Klebsieila sp. which

was only 50% sensitive te them.
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Table 5.16 Percentage sensiliviies of aminoglycosides for insignificant

nosocomial infections

e

BRAM POSITIVE

Rt gt

sensitivity % sensitivily % sensitivity
. (ratio) (ratio) (ratio}
enterococcus faecalis
enterococcus faecium
staphylococcus avreus
staphylococcus epidermidis
streptococeus agalactiae
stroptococeus pneumaniae
streptocoseys pyogenes
sireptocaceus sg,
streptococeus viridans
micracoccus sp.
corynebacterium sp.
bacillus cereus

GRAM NEGATIVE

acinetobacter baumanii

acinefobacter woffi

aikaligenes sp.

alkaligenes faecalis 040/1) ooy
enterobacter sp, 100 (1/1) 100 (1/1) 100 (1/1)
enterobacter cloacae 100 (212) 100 (22 100 (2/2)
escherichia coll

debsialla 100 (2/12) 50 (1/2) 50 (1/2)
klabsiella pneumoniae

klebsiella . ytoca

proteus mirabilis

pseudomonas aeruginosa

campylobacter jejuni

bacteroidesfraghis .

strenofrophomonas maltophilia G {0/1) 6(ar1)  0(01)
burkholderia cepacia L0 o o)
Mean + SD | 500:27.4 BR5x240 4172246

5.6.2.4 Sensitivity patterns to glycopeptides, fluoroguinolones and

carbapenem f-lactams

Al the gram positive micro-organisms that they were tested against the

glycopeptides, vancomycin and teicoplanin, were highly sensitive {0 them.
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Table 5.17 Percentage sensitivities of glycopeptides, fluoroguinolones and *

carbapenem B-lactams for insignificant nosocomial infections

e 5 S UGN SR Sl S R T i i

GRAM POSITIVE sensitivity % sensitivity %- sensitivity % sensitivity % sensitivity %! sensitivity %!
; (ratio) {ratio): {ratio) {ratio) {ratio)  (ratio)

enterococcus faecalis 100 (2/2)

enterococeus faecium 100 (1/1)

staphylococcus aureus 100 (3/3) 100 (3/3)

staphylococcus epidermidis 100 (16/16) 100 (9/9)
streptococcus agalactiae.

streptogoccus pneumoniae

straptococcus pyegenes

streptocaccus sp.

streptococcus viridans

micrococeus sp.

corynebacterium sp.

bacillus cereus 100 (1/1)

GRAM NEGATIVE
acinetobacter baumanii

acinetobacter woffi

alkaligenes sp.

alkaligenes faecalis 0 (0/1) 0 ({01} 100 (1/1) 100 (11)
enierobagter sp. } 100 (1)

enterobacter cloacae » 100 (111) 100 (1/1) 100 (2/2) 100 (/1)
escherichia coli

haemophilus influenzae 100 (1)

Klebsiella sp. ) 100 (2/2)

klebsiella pneumoniae

klebsiella oxytoca

proteus mirabilis

pseudomonas aeruginosa

campylobacter jejuni

bacteroides fragilis

strenotrophormonas maltophilia 0 (/1) 0 (Qr1) 100 (1/1) 100 (1/1)
burkhalderia cepacia ; 0 (0/1) G (on) 0 (011) 0 (M)

Average 1000 1000 400274 250%250 1000 1000

Alkaligenes faecalis, Stenotrophomonas maltophilia and Burkholderia cepacia

were resistant to the fluocroquinolones, ciprofloxacin and ofloxacin.
Enterobacter cloacae was sensitive to both, while Haemophilus influenzae

was only sensitive to ciprofloxacin.

- =

Gram negative micro-organisms that they were tested against the carbapenem
~tams, imipenem and meropenem, were found to be highly sensitive to

them wil» 1ie exception of Burkholderia cepacia.
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5.6.3 Resistance trends of significant community infections

5.6.3.1 Sensitivity patterns to penicillins

Table 5.18 Percentage sensitivities of penicillins for significant community

infections

GRAMPOSITVE

enterococcus faecalis
enterococeus faecium
staphylococcus aureus

s*aphylococcus epidermidis

streptococeus agalactiae
streptocaccus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans
micrococcus sp.
corynebacterium sp,
bacillus cereus

GRAM NEGATIVE
acinetobacter baumanii
acinetobacter lwoffl
alkaligenes sp.
alkaligenes faecalis
enterobacter sp.
enterobacter cloacae
escherichia coli )
haemophilus influenzae
Klebstellasp,
kiebsielia pneumoniae
klebsiella oxytoca
proteus mirabllis
pseudomonas aeruginosa
campylobacter jejuni
baecteroides fragilis

strenotrophomonas maitophilia

burkholderia bebacia

Mean + SD

With the exception of Enterococcus faecalis (50%), Enterococcus faecium
(0%) and Staphylococcus epidermidis (50%) the majority of gram positive

micro-organisms were highly sensitive to penicillin. Escherichia coli proved to

(ratio)
50 (1/2)
0(0/1)

 50(1/2)
7 100 (2/2)
7100 (1H)

100 (1H)

100 (3/3)
100 (111)
100 (212)

0 (0/4)

700+214

be completely resistant to it.

sensitivity % sensitivity % sensitivity %  sensitivity % sens

(ratio) (ratio)
50 (1/2)
0(0/1)

100 (2/2)
100 (212)

v 100 (1/1)
100 (1/1)
100 (3/3)
100 (1/1)
100 (1/1)

0 (0/1)
0 (0/1)

002y

0'(0r1)

o fon)
0(0M)

0(0r)

393:244 1000

72

{ratio) (ratic) (ratio) (ratio)
50 (1/2)
0 (0/1)
100 (2/2) .
100 (2/2)
100 (11) -

100 (1H)

100 (3/3)

100 (1/1)

100 (1/1)
0 (0n) 100 (1/1)
0(0/1) 0(0M) 100 (1/1)
100 (1/1) 0 (0r1) 100 (1/4)
0(0M)  333(1/) 50 (24)
0(02) 00/ _ 100(2r2)
0 (0H) ooy T TIon (1)
0 (o) 0(0M) 100 (1)
100 (11) - 100 (11) 100 (1/1)
100 (311) 100 (111)

771000 333+£250 4881241 944+84



With the exception of Enterococous faecalis (50%) and Enterococcus faecium
(0%) to all the gram positive micro-organisms that it was tested against
ampicillin were highly sensitive to it. However all gram negative micrc-

organisms tested against ampicillin were completely resistant.

Staphylococeus  epidermidis ) and Streptococcus pyogenes were highly

sensitive to cloxacillin and oxacillin

Alkaligenes faecalis, Proteus mirabilis and Pseudomonas aeruginosa
demonstrated complete sensitivity to piperacillin, while Acinetobacter
baumanii, Alkaligenes sp., Escherichia coli, Klebsiella sp., Klebsiella

pneumoniae and Klebsiella oxytoca demonstrated complete resistance.

With the exception of Enterococcus faecalis (50%) and Enterococcus faecium
{0%), the gram positive micro-arganisms tested against amoxicillin/clavulanic
acid weve highly sensitive to it. As far as the gram negative micro-organisms
were concerned, with the exception of Profeus mirabilis which was highly
sensitive to amoxicillin/clavulanic acid, and Escherichia coli only having a
sensitivity of 33.3%, Alkaligenes sp., Alkaligenes faecalls, Klebsiella sp.,

Klebsiella pneumoniae and Klebsiella oxytoca were completely resistant to it.

All the gram negative micro-organisms with the exception' of Escherichia cofi

(50%) were highly sensitive to piperacillin/tazobactam.
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5.6.3.2 Sensitivity patterns fo cephalosporins

Gram positive micro-organisms that were tested as well as Proteus mirabilis

were highly sensitive to the first generation cephalosporins, cefazolin and

cephalexin. Escherichia coli had similar sensitivities to both of them.

Alkaligenes sp., Alkaligenes faecalis, Klebsiella sp., Klebsiella pneumoniae

and Klebsiella oxytoca were completely resistant to cefazolin.

Table 5.19 Percentage sensitiviies of cephalosporins for

community infections

S

significant

S

S

i

GRAM POSTTIVE

enteracocous faecalis
enteracoccus faecium
staphylococcus atreus

staphylococcus epidermidic
streptococeus agalactiae

streptococous pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans
JNicrococeus sp.
cofynebacterium sp.
bacillus cereus

GRAM NEGATIVE
acinetobacter baumanii.
acinetobacter twoffi
alkahgenes sp. .
alkaligenes faecalis
enterobacter sp,
entﬂrobacter cloacae
escherichia col
haemophilus influenzas
klebsiella sp.

Klebsiella pneumoniae

pseudomonas aeruglnosa
campylobacter jejuni
bacteroides {ragilis

strenotrophomonas maltophlha

burkholderia cepacia

Mean+ SD

{ratio}

100 (212)

10022

100 (1/1)
100 (3/3)
100 (11)
100 (212)

ooy

"o on)

75 (3i4)

0(0i2)
0 (o)
0 (0r1)

;10’0.(1“_) .

59.6+24.8

(ratio)

100 (212)
100 (2/2)
100 (111)
100 (3/3)

100 (1)
100 (2/2)

6.7 (2/3)

teo )

95.8+5.9

74

sensitivity % sensmvrty % sensmvrty %

(ratio)

100 (2/2)

oMy

0 (0H)

75 (314)

0(R)
0(01)
0(0i1).

100 (1/1)

34.4+24.1

sensmwty %
(ratio)

0(oM)

75(318)

R

8 (o),
"o (0i1)”

o)

2194206 5281254  21.9+£206

o) -

100 (iry ¢

sensmvtty
(ratio)

%

. agorm

75(314)

0(0r2)
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The second generation cephalosparin, cefuroxime, experienced’ identical
resistance results as cefazolin although it was not tested against as many

gram positive micra-arganisms.

The majority of the gram negative micro-organisms that were tested with the
exception of Proteus mirabilis were resistant to the third generation
cephalosparins, cefotaxime, ceftazidime and ceftriaxone. Alkaligenes sp.,
Alkaligenes faecalis and Pseudomonas aeruginosa were only sensitive to

ceftazidime.

All the gram negative micro-organisms tested against the fourth generation

cephalosporin, cefepime, were completely sensitive to it.

5.6.3.3 Sensitivity paftems to aminoglycosides

Amikacin experienced high levels of sensitivity from Alkaligenes faecalis,
Escherichia coli, Klebsiella oxytoca, Proteus mirabilis and Pseudomonas
aeruginosa. Those micro-organisms that were completely resistant to it were
Acinetobacter baumanii, Alkaligenes sp., Klebsiella sp. and Klebsiella
pneumorniae. Similar results were obtained for gentamicin and fobramycin,
with the exception Klebsiella oxytoca which was completely resistant and

Escherichia coli that exhibited an increase in resistance (75%).
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- Table 5.2Q0 Percentage sensitivities of aminoglycosides for significant

community infections

GRAM F‘OSITNE T sensitivity % :séhsiﬁvity% sensiﬁvit;b%'
R L (ratio) (ratio) {ratio)

2rococeus 0 (ort)
staphylococcus aureus
staphylococcus epidermidis
streplococeus agalactiae
streptocaccus prieumoniae
streptococcus pyogenes
straptococcus sp.
streptocaccus viridans
micrococsus sp,
corynebacterium sp.
bacillus cereus

GRAM NEGATIVE

acinetobacter baumanii 0 (0/1) 0(0/1)

acinetobacter iwo¥

alkaligenes sp. a(an) 0(0/1) 0 (011}

alkaligenes faecalis 100 (1/1) 100 (1/1) 100 (1/1)

enterobacter sp. }

enterobacter cloacae

escherichia coli 100 (4/4) 75 (3/4) 75 (3/4)

haemophilus influenzae

klebsiefla sp. 0(0/2) 0(0/2) 0 (0r2)

klebsiella pneumoniae 0{n) 0 (0/1) 0 (01)

klebsiella oxytoca 100 (111) 0 (0M) 0 (0/1)

proteus ppirabllis 100 (141} 100 (1/1} 160 (1/1)

A0 (1) 100 (471)
100 (111)

bacteoides fragiis
strenotrophomonas maltophilia
purkheideria cepacia

MeantsD 556+264 4175250 417:260

5.6.3.4 Sensitivity patterns to glycopeptides, fluoroguinolones and
carbapenem f-lactams

Gram positive micro-organisms that were tested against vancomycin were
found to be highly sensitive to it. Unlike the nosocemial infections teicoplanin

was not tested.
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V enterococcus faecalis 100 (2/2)

Gram negative micro-organisms that were tested against the fluoroquinolonés

were highly sensitive to them.

Table 5.21 Percentage sensitivities of glycopeptides, fluorogquinciones and

carbapenem [-lactams for significant community infections

GRAM POSITIV

" senstivity % sensitivity % sensitivity %  sensitivity % sensitvity % Sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio)

enterococcus faecium 100 (1/1)
staphylococcus aureus

staphylococcus epidermidis 100 (2/2)
streptococcus agalactiae 100 (2/2)
streptococcus pneumoniae 100 (111)
streptococcus pyogenes 100 (1/1)
streptococcus sp. 100 (3/3)
streptococcus viridans 100 (1/1)
micrococaus sp. 100 (2/2)
cerynebacterium sp.

bacilius cereus

GRAM NEGATIVE

acinetobacter baumanii i0e {1/1) 100 {1/1) 100 (1/1) 100 (111)
acinetobacter iwoffi

alkaligenes sp. 100 (111)  100(1/1) 100 (1/1) 0 (01)
alkaligenes faecalis ‘ 160 (111) 100 (1/1) 100 (1/1) G (01)
-enterobacter sp,

enterobacter cloacae ) )

escherichia coli 100 (3/3)  100(3/3) 100 (4/4) 100 (3/3)
haemaphilus influenzae

klebsiella sp. 100 (2/2)

Klebsieila pneumoniae 100 1) 100 (1) 100 (1/1) 100 (1/1)
klebsiefia oxytoca T T80 100y 06 AY 400 (1i1)
proteus mirabilis 100 (1/1)
pseudomonas aeruginosa ‘ ' 100 (1) 100 (1) 100 (1) 100 (111)
campylobacter jejuni ’ © U 100(1H)  100(iA) 100 (1/4)

bactoodes fagiie : BT LA S b S LA
strenofrophomonas maltophilia

burkholderia cepacia

Mean + SD © 4000 100.0 100.0 100.0 71.4 1244

Alkaligenes sp. and Alkaligenes faecalis were the only micro-organisms that
demonstrated complete resistance against meropenem, while the micro-

organisms that were tested against imipenem were highly sensitive to it.
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5.6.4 Resistance trends of insignificant community infections

5.6.4.1 Sensitivity patterns to penicillins

Table 5.22 Percentage sensitivities of penicillins for insignificant community

infections

SpA o e Moty BTN e

éEA-huA‘POSITNE e ~sen'siﬁvit\,.'ﬁ“% .{&‘sensiﬁvity %. sensiﬁvityk%' " sénsitiv&ty % seiRd
{ratio) (ratio) (ratio) (ratio} {ratio) {ratio) {ratio)

enterococcus faecalis
enterococcus faecium
staphylococeus aureus
staphylocaccus epidermidis o) j0(5) 40 (25)
sireptococcus agalactiae
streptococcus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococeus viridans
micracocous sp.
corynebacterium sp.
pacillus cereus

GRAM NEGATIVE
acinetobacter baumanii
acinetobacter twoffi
alkaligenes sp.
alkaligenes faecalis
enterobactersp.

_enterobacter cloacae

escherichia coli
haemophilus influenzae 100 (1/1) 100 (1/1)

klebsiella sp.

klebsiella pneumoniae

Klebsialia oxytaca

proteus mirabilis ' ' 190 {(144) N 100 (1) oo (i) T oo (iny
pseudomenas aeruginosa ‘ ) ) ) )
campylobacter jejuni

bacteroides fragilis~

B
burkholderia cepacia

Mean+SD g 100,0 400 400 1000 1000 100.0

Staphylococcus epidermidis was resistant to the B-lactams, with cloxacillin and
oxacillin only experiencing sensitivity levels of 40% and penicillin experiencing

complete resistance (0%).
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All the gram negative micro-orgariisms that were tested against ampicillin,
amoxicillin/clavulanic acid, piperaciliin and piperacillin/tazobactam were highly

sensitive to them.

5.6.4.2 Sensitivity patterns to cephalosporins
Table 5.23 Percentage sensitiviies of cephalosporins for insignificant

cormmunity infections

o sensitivity % ‘sensitivity % sensitivity % sensitivity %  sensitivity %  sensitivity % sensitivity %
(ratio) (ratio) (rat.o) (ratio) (ratio} {ratio) (ratio)

i

GRAM POSITIVE

enterocaccus faecalis
enterococeus faecium
staphylococcus aureus
staphylococeus epidermidis  40(2/5)  40(25)  25(14)
streptococcus agalactiae
streptacoccus pneumeniae
streptacoccus pyogenes
sﬁ'eptécocéus sp.
streptococeus vir'dans
micrococcus sp.
corynebacterium sp.
baciiius cereus

GRAM NEGATIVE
acinetobacter baumanii

acinetobacter woffi

alkaligenes sp.

alkaligenes faecalis

enterobacter sp.

enterobacter cloacae

escherichia coli

haemaphilus influenzae 100{11) 100 (11) 100 (1H)
Klebsiella sp.

klebsiella pneumoniae

Kebsiella oxytoca
proteus mirabilis
pseudomonas aeruginosa
campylobacter jejuni
bacteroides fragilis
strenotrophomonas maltophilia
burkholderia cepacia

THOG (YT H8G (YT fea Ay Te (YT o0 dhy T o0 (iAY T TT00 (1)

Mean + SD 700+212 700%212 75.0%21.7 100.0 100.0 1000 1000
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The cefazolin, cephalexin and cefuroxime endured fair resistance from

Staphylococcus epidermidis (40%, 40% and 25% respectively).

Bath Proteus mirabilis and Haemophilus influenzae were highly sensitive to al!

the cephalosporins they were tested against.

5.6.4.3 Sensitivity patterns to aminoglycosides

Table 5.24 Percentage sensitivities of_aminoglycosides for insignificant

community infections

GRAMPOSTIVE sensitivity % _ sensitivity % sensitivity %
(ratio) (ratio}- (ratio)

enterococcus faecalis

enterogocous jaecium

staphylococcus aureus

staphylococcus epidermidis
streptococcus agalactiae

streptocaceus prisumoniae
streptoceceus pyogenes
Streptococeus sp.
streptococcus viridans
micrococcus sp,
corynebacterium sp.
bacilus cereus

GRAM NEGATIVE
acinetobacter baumanii

acinetobacter woffi
alkaiigenes sp.
alkaligenes faecalis
enterobacter sp.
enterobacter cloacae
escherichia cali

‘haemoghilus influenzae
-Klebsiella sp.

klebsiella pneumoniae

Klebsiella oxytaca

proteus mirabilis 100(1/)  100(11) 400 (1A)
pseudomonas aeruginosa

campylobacter jejuni

bacteroides fragilis

strenolrophomonas mattophilia

butkholderia cepacia

Mean + SO 100.0 100.0 100.0
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Only Proteus mirabilis was tested, and was- highly sensitive to all 3

aminoglycosides.

5.6.4.4 Sensitivity patterns fo glycopeptides, fluoroquinolones and

carbapenem [-lactam

Table 5.25 Percentage sensitivities of glycopeptides, fluoroguinolones and

carbaperiem B-lactams for insignificant community infections

it s et oA A

GRAMPOSITIVE T sensmvrty% sensitivity %  sensitivity A: sensitivity A;“ ?e_rfs‘?t(rvur‘ty %  sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) . ... (ratio)

enterococcus faecalis -
enterococcus faecium ceowm
staphylococeus aureus

staphylacoccus epidermidis 100 (5/5) 100 (2/2)
streptoscoceus agalactiae

strept”  ¢cus pneumoniae
streptococcus pyogenes
streptoroccus sp.
streptonaceus viridans
micrococeus sp.
corynebacterium sp.
bacilius cereus

GRAM NEGATIVE

acinetobacter baumanii

aciretobacter lwoffi

alkaligenes sp.

alkaligenes faecalis

enterobacter sp.

enterobacter cloacae

nscherichia coli

haemophilus influenzae ‘ ‘ 100 (114)
Klebsiella sp. ' o ’
Kebsieila pnetimoniae
klebsiella oxytoca
proteus mirabilis T o ooy
pseudomonas aeruginosa o o ' ’
campylobacter jejuni
bacteroides fragilis
strenotrophomonas maltophilia
burkholderia cepacia

Mean  SD 100.0 1000 100.0 100.0
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Only Staphylococcus epidermidis was ‘evaluated with vancomycin and

teicoplanin and was found to be highly sensitive to them.

Ofloxacin and meropenem were not tested. However Haemophilus influenzae

was highly sensitive to ciprofloxacin, and Proteus mirabilis was highly sensitive

to imipenem.



CHAPTER 6: RESULTS: Pharmacokinetic study

8.1 TWICE DAILY AMINOGLYCOSIDE DOSING

The results of the first part of the study are tabulated in Table 6.1.

Table 6.1 Phase 1 patient kinetic parameters

Pefienti 40 3150 23(7.3)  0.433 5.2 0.65 18.1 35

Patient 2 36 1785 13(7.3) 00884 8.0 0.87 188 7.0
Patient 3 < 1350 10(7.4) 0053 116 1.27 21.4 108
Patient ¢ 30 1260 8(7.1) 00596 116 1.22 214 108
Patient 5 ar 2800 20(7.1) 0418 58 0.733 155 4.0
Patient 6 42 3190 24(7.5) 0160 4.3 0637 144 23
Patient 7 30 1140 9(7.9) 0117 69 0.462 275 7.2
Patient 8 40 2790 20(7.2) 0108 64 1.06 122 39
Average 6 2183 16(7.3) 0105 - 7.4 0.863 184 62

As demanstrated in Table 6.1, the patients included in this part of the study
had an average gestational age of 36 weeks, and had an average weight of
2 183 g. Although the previous amikacin dosing protoco! called for a dose of
7.5 mg/kg to be given twice a day, the average dose turned out to be 7.3
mg/kg given every 12 hours. From this dosing regimen, the average maximum
serum concentration (Cmax) was subtherapeutic (less than the desired 35
ug/mi), whereas the average minimum serum concentration (Cmin) was

greater than the desired concentration of < Sug/ml.

From the calculated kinetic parameters, the estimated dosing regimen was

calculated as seen in Table 6.2.
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Table 6.2 Phase 1 patient estimated parameters

151 12 18.7

Patient 1 a5 5

Patient 2 35 5 23.0 24 26.9
‘Patient 3 35 5 33.1 36 40.0
Patient 4 35 5 33.1 36 38.4
Patient 5 35 5 17.0 18 23.2
Patient 6 35 5 12,7 12 19.7
Patient 7 35 5 17.1 18 14.6
Patient 8 35 5 18.4 18 . 328
Average 21.2 21.8 26.8

Table 6.2 shows that both the dosing interval and the maintenance dose need
to be increased in order o obtain the desired Cmax of 35 ug/ml and Cmin of
< 5 pg/ml. On average, the dosing interva! would have to be increased to at

least 20 hours, while the maintenance dose would have to be increase to

27 mglkg.

The above patients were further sub-divided according to their weight:

greater than 2 000 g and less than 2 000 g.

Table 6.3 Kinetic paraineters for patients > 2 000g :

Patienti 40 3180 23(7.3) 0133 52 oes 181 35

Patiet5 87 2800 20(v1) 0118 59 ~ 0733 155 40

Patient 6 42 3190 24(7.5)  0.180 43 0.637 14,4 2.3

Patient 8 40 2790 20(7.2) 0.109 6.4 1.08 122 39

Average 40 3047 22(7.2) 0.137 5.1 0673 153 33
84
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Table 6.4 Projected parameters for patients > 2 000g

Patlent 1 35 15.1 12 a7

5
Patient 5 35 5 17.0 18 23.2
Patient 6 35 5 127 12 19.7
Patient 8 35 5 18.4 18 32.8
Average 15.8 15 236

Table 6.5 Parameters for patients < 2 0060g

7.0

Patent2 3@ 1785 "{3(73) ‘00864 80 087

Patient 3 31 1350 10(7.4) 00596 116 1.27 21.4 10.8
Patient 4 30 1260 9(7.1) 0059 115 1.22 214 108
Patient 7 30 1140 9(7.9)  0.117 5.9 0.462 27.5 7.2
Average 32 1384 10.3(7.4) 00807 9.3 0.956 22.3 9.0

Table 6.6 Projected parameters for patients < 2 000g

Patents 569

5 24
Patient3 35 5 35 40.0
Patient 4 35 5 36 38.4
Patient 7 a5 5 18 14.6
Average ‘ 26.6 28.5 30.0

The patients greater than 2 000g demonstrated on average generally higher
elimination rates and a smaller volume of distiibution than the infants less than
2 000 g. As a result their Cmaxs never reached therapeutic concentrations
whereas their Cmins were less than 5 pg/ml. On evaluating the patients’
estimated kinetic parameters in order to obtain a Cmax of 35 ug/mi and a
Cmin of less than 5 pug/ml, the maintenance dose would have to be increased
to 24 markg and the dosing interval would have to be extended to 12 or 18

hours depending on the elimination rate of the patient

85




The group that was less than 2 000g had a much lower elimination rates and a
higher volume of distribution than the infants greater than 2.000 g. As in the
larger infants the Cmax was still subtherapeutic, however the Cmiis were
greater than 5 pg/ml. For therapeutic levels to be achieved the maintenance
dose would have to be increased to 30 mg/kg, and the dosing interval would

have to be adjusted according to the elimination rate of the patient.

6.2 ONCE DAILY AMINOGLYCOCSIDE DOSING

Table 8.7 represents the results of the second part of the study.

Table 6.7 Phase 2 patient kinetic parameters

i

o7t 240

Patent 8 NA T g80 20 (20.4) 0.

Patiant 10 40 3125 60(19.2) 0.0713 . 374 7.0
Patient 11 NA 4300 100(23.3) 0.118 59 259 21
Paenti2 32 1325 26(19.6) 00569 122 105 244 66
Patient 13 30 1350 33(24.4) 0061 114 0.8 334 46
Patient 14 28 1045 20(19.1) 0.0551 126 (.89 249 44
Patient 15 40 2570 60(23.3) 00836 83 0.60 492 75
Patient 16 NA 3000 60(20) 0.126 55 0.50 402 241
Patient 17 43 3740 75200 0104 67 0.75 293 24
Patient 18 NA 6000 120(20) 0.155 4.5 0.61 31.8 21
‘Patient 19 30 1120 16(14.3) 00532 130 1.17 197 82
Average 347 2596 54(20.8) 00869 9.0 0.79 31.2 45

N/A - gestational age was not documented on paiients records,

As demonsirated in Table 6.7 the patients included in this part of the study
had an average gestational age of 34.7 weeks, and had an average weight of
2 596 g. Although the amikacin dosing protocol called for a loading dose of

25 mg/kg to be given followed by a daily dose of 20 mg/kg, the average initial

86




FTmTTmTess

‘Patient 9

dose was 20.8 mg/kg. From this dose, the average maximum serum’
concentration (Cmax) was slightly subtherapeutic at 31.2 pg/mi (less than the
desired 35 ug/mi), whereas the average minimum serum concentration (Cmin)

was < 5ug/mi.

From the calculated kinetic parameters represented in Table 8.7, the

maintenance doses were calculated as illustrated in Table 6.8.

Table 6.8 shows that on average the maintenance dose needs to be increased
to 24 mg/kg to be administered over 24 hours for the desired Cmax and Cmin
to be achieved. It is important to note that this increased maintanance dose is
due to a few patients with large volumes of distribution affecting a small

sample size, and therefore the recommendation to increase the maintanance

dase should be considered with caution.

Table 6.8 Phase 2 patient estimated parameters

Patient 10
Patient 11
Patient 12

Patient 13

Patient 14
Patient 15
Patient 16
Patient 17

Patient 18

Patient 19

Average

35
35
35
35

35

35
35

35

35
35
35

[N BN NS N6 NG N6 IS, B BN IS

87

24

24
18
36

36
24
18
18
12
38

256

S

17.4
28.1
325
255
273
18.6

18,2
227

187
351

24,1



!
i

The above patients were further sub-divided according o their weight: gredter

than 2 000 g and less than 2 000 g.

Table 6.9 Parameters for patients > 2 000g

3426 60 00743 97 060 374 7.0

40

Patient 11 NIA 4300 100 0118 5.9 0.89 25.9 2.1
Patent's 40 2570 60  0.0836 8.3 0.60 49.2 7.5
Patlent6 ~ NA 3000 60 0.126 55 0.50 40.2 2.1
Patient 17 43 3740 75 0.104 8.7 0.75 29.3 2.4
Patient 18 NIA 6000 120  0.155 45 0.61 31.8 2.1
Average 41 3789 792 0.1097 6.8 0.66 35.6 3.9

N/A - gestational age was not documented on patients records.

Table 6.10 Projected parameters for patients > 2 000g

17.4

Patient 1¢ 5 278

Patient 11 35 5 17.0 28,1
Paentis 35 5 23.8 18.6
Patient 16 35 5 15.9 16.2
Patient 17 s T 5 19,2 22,7
Patient 18 B 5 13.1 18.7
i o ‘o 203

Table 6.11 Parameters for patients < 2 000g

Patient 9 980
PRy T T TagE
‘Patient 13 30 1 350
Patienti4 . 28 . 1045

Patint 19 30 1120

Average . 1164 230 0059  11.8 0938 259 5.2

N/A - gestational age was not documented on patients records.
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Table 6.12 Projected parameters for patients < 2 000g

ey

Patients” 275 24 325

Patient 12 34.7 36 32.5
Patient 13 324 36 25.5
Patient 14 35.8 36 27.3
Patient 19 37.1 36 35.1
Average 33.5 33.6 28.6

The group of patients greater than 2 000g had similar kinetic parameters to
those of Phase 1 with greater eliminatiqn rates and smaller volumes of
distribution as compared to the group less than 2 000 g. However unlike in the
first part of the study, their Cmaxs on average obtained therapeutic
cancentrations and their Cmins were still at a desirably low range. When
examining their estimated kinetic parameters, in order for the serum
concentrations to reach the desired levels of a Cmax of 35 ug/mi and a Cmin
of 5 ug/mi, the average dosing regimen is about the same as that proposed in
the study’s protocol of 20 mg/kg. The dosing interval will need to be adjusted
to the elimination rate of the individual patient, since it ranged from 12 to 24

hours, with the average being 19 hours.

Those patients weighing less than 2 000g had lower elimination rates and
higher volumes of distributions. These results were similar to Phase 1. The
serum concentrations that resulied were an improvement from the twice daily
aminoglycoside dosing in that the Cmins were desirably low, with an average
Cmax of 25.9 ug/ml. To achieve serum concentration levels of 35 ug/mi, the

dose would have to be increased (from the protocol accepted dose of 20
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mg/kg to about 28.6 mg/kg - or rounded up to 30 mg/kg), and the dosing

interval would have to be increased to between 24 and 36 hours.
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CHAPTER 7: ANALYSIS OF ANTIBIOTICS USED

The analysis section will deal with antibiotics that are used frequently in ward
276. It will discuss the performance of the antibictics and offer suggestion,c as

to when they should or should not be used.

7.1 PENICILLINS

As demonstrated by Figure 7.3 progress of the overall percentage sensitivity
of peniciliins has fluctuated over the 3 years ranging from 53.8 + 15.0% in
1995 {o 61.1 £ 7.8% in 1996 (p=0.0008). The following year the average
sensitivity dropped to 53.6 + 8.8%, which was also statistically significant from

the previous yea, (p=0.0005).

Figure 7.1 The average percentage sensitivity of the penicillin group for 1995,

1996 and 1997.

7 -
80 + & - ;
; ‘ .
50 + ;
10
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20 T R
10 + : Maximum:-
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1995 1996 1897 : ~hverage !
YEAR

AVERAGE SENSITIVITY (%)
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7.1.1 Penicillin

Table 7.1 illustrates the individual responses of penicillin to the micro-
organisms tested with it over the 3 years of the study. The sensitivity to
penicillin increased significantly over the first 2 years, from 48.3 + 22.4% to

83.9 £ 22.5% (p = 0.0005), but declined to 61.1 £ 24.9% during 1997.

Table 7.1 Comparison of penicillin sensitivity for 1995, 1996 and 1997.

gooms C gofisolates % sensitivity #isa.tested % sensitivity % of isofetes % sensitivity

{ratio) {ratio) (ratio}

GRAM POSITIVE

enterococcus faecium 3 33.3(173) 1 (o1 14 3 (013}
enterococcus faecalis 11 100 (10110} 11 80 (3/10) a 90.9 (10/11)
enferococcus sp. I B Ui Xv77s I ’ T

g C haemalytic strep, 1 100 (11)

staphylococeus aureus 8 0 (0/6) 27 18.5 (5127} 12 0(0/11)
staphylococeus epidermidis 42 . 7.3(341) 32 0 (0/32) 53 3.8 (2153)
streptococeus agalactiae 43 100 (1A 2 100 (22) 2 10022
streptococcus pneumoniae 2 50 (1/2) 3 66.7 (2/3) 1 100 (1/1)
streptococcus pyogenes ) 1 100 (111) 2 100 (2/2)
streptacocous sp. YT o0 o 100 (2/2) a4 100 (4/4)
streptocaccus viridans e 187008 2 100 (212} 3T T 00/ @m)
wicracotcus sp. 1 2 100 {2/2)
bacils sp. A 0(072)

hagilus cereus 5 20 (1/5) o 2 0 (0r2)
badillus subtilis 1 o)

corynebacterium sp, 3 100 (1/1)
CRAM NEGATIVE '

escherichia coli 18 14 16 0 (0/4)
Mean = SD ' 4832224 6392225 6115249

The penicillin was almost exclusively tested against gram positive organisms
with the exception of one incident in 1987 when Escherichia coli was test 3

with penicillin but found to be completely resistant. There wers: some species



of micro-organisms that were isolated and tested only in 1985 that may have
contributed to the outcome of the average resistance, such as Bacillus sp. and
Bacillus subtilis which were completely resistant to penicillin (0%). Other
species such as Enterococcus sp. and Group C hoemolytic streptococcus
were found to be completely sensitive. However when observing the
resistance patterns generated by micro-organisms commen teo all 3 years and

tested with penicillin as in Table 7.2 problem areas can be recognised.

The micro-organisms that experienced an increase in their average sensiivity
to penicillin were Streptococcus pneumoniae and Streptococcus viridans.
Streptococcus pieumonise over the 3 years was not a commanly isclated
micro-organism therefore its is difficult to make an overall comparison between

the years. In 1998 is sensitivity was 50% (1/2) from 2 isolates, which

Table 7.2 Comparison of penicillin sensitivity to micro-organisms commonly

isolated during 1995, 1996 and 1997,

ey g

peii T

% s'énsitivity “#isa. tested v%; sitivity ¥ of iéo\ateé

Organisms % sensttivity

T ratio) o fato) . ... (ali)
enterococcus jaecium 3 33.3 (1/3) 9 a(0/1) 3 0 (0/3)
enteracaccus faecalis 11 oo {toMoy 44 90(9/10) {4  90.9/10M1)
staphylagoccus aureus 6 0 (0/6) 27 18.5 (5127) 12 0 (0r1)
‘staphylocoscus epidermidis 42 7.3 (3/41) 32 0 {0/32) 53 3,8 (2/53)
streptococcus agalactiae ‘ 100 (1111) ' 2 Coqes ey 2 100 (212)
streptocaccus pneumoniae 2 se(y TR T s @) T T 60 (k)
streptococcus sp, ‘ 1 W1y 2 0@ 4 "100 (4/4)
streptococeus viridans 7 16.7 (1/6) 2 100 (2/2) 3 100 (3/3)

increased to 66.7% (2/3) from 3 isolates in 1996, and further increased to

100% (1/1) from 1 isolate. Streptococcus viridans demonstrated a wider range

—,————————— —n— —



of 'sensitivities to penicillin from 16.7% (1/6 - 6 isolates out of 7) in 1995, to

100% during 1996 and 1997 from 2 and 3 isolates respectively.

Enterococcus faecalis, Streptococcus agalactiae and Streptococcus sp.

maintained consistently high sensitivity averages over the 3 years.

Enterococcus faecium in 1995 had a 33.3% sensitivity to penicillin from 3
isolates. In 1996 and 1997 it was found to be completely resistant (0%
sensitive). However, it was only tested against 1 (0/1) and 3 (0/3) isolates

respectively.

Enterococcus faecalis over the period experienced a gradual decline in
sensitivity from 100% (10/10 - from 10 out of 11 isolates) in 1995, to 90%
(9/10 - from 10 out of 11 isolates) in 1996, to 90.9% (10/11 - from 11 out of 11

isolates) in 1997.

Streptococcus agalactiae and Streptococcus sp. remained fully sensitive to
penicillin over the 3 years, even though some years the number of isolates
were low (1 and 2 for Streptococcus sp. in 1995 and 1996 respectively, and 2
for Streptococcus agalactiae for both 1996 and 19-97)‘ in 1995“ 13 isolates
were obtained with a 100% sepsitivity which validated that Streptococcus

agalactiae is still highly sensitive to penicillin.



Enterococcus  faecium,  Staphylococcus  aureus -and  Staphylococcus
epidermidis consistently demonstrated very high resistance patterns over the 3

year period.

Table 7.3 illustrates the sensitivity of the different classifications of micro-

organisms acquired during tha prospective phase of the study to penicillin.

Table 7.3 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance {ested against penicillin,

B s

b % # of %%
isolates sensitivity  isolates sensitivity  isolates sensitivity  Isolates sensitivity
(ratio}) {ratio} (ratio) (ratio)

GRAM POSITIVE
0(0/1) 1 0 (01)
THe0@y o 50 (1/2)
0 (0/1) :

enterococcus faecium

1
enterococcus fascalis 3 7 ooy o
staphylococeus aureus 0 {0/8) 3

staphylococeus epidermidis [¢] ¢ (09) 16 6.3 (1/16)

v}

50 (1/2) 5 0 (0/5)
Ste0@r)
100 (1/1)

2

streptocaceus agalactiae 2

-streptocaccus pneumoniae 1
‘streptococcus pyogenes 1 100 114y 1 100 (111)
streptococeus sp. R 100 (111) 3 100 (3/3)
' 1
2

streptococcus viridans £ 100 (111}

micrococeus sp. a0 @Ry

bacillus ceretis 1 0 (o)
GRAM NEGATIVE

escherichia coli 7 . : g Cogm T

When taking the infection source and clinical significance into consideration, it

Enteroco..us faecalis, Strepiococcus sp. and Streptococcus pyogenes, Due
to the limited number of isolates obtained for the last three micro-organisms

penicillin should still be used with caution in all nosocomial infections.

v
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Penicillin was fairly effective against significant community infections. The only
drawbacks penicillin experienced were from Enterococcus faecium (0% - 0/1),

Enterococcus faecalis (50% - 1/2), Staphylococcus epidermidis (50% - 1/2)

and Escherichia coli (0% - 0/4 {which probably should not have been tested}). -

Otherwise Streptococcus agalactiae, Streptococcus sp., Streptococcus
pneumoniae, Streptococcus pyogenes, Streptococcus viridans and

Micrococcus sp. were 100% sensitive o it.

Staphylococcus epidermidis was the most %requently isolated micro-organism,
of which about 60% of the isolates were classified as insignificant infections
(Table 7.3). The majority of the Staphylococcus epidermidis isolates obtained

were found to be resistant to penicillin.

7.1.2 Piperacillin/Tazobactam

Unlike penicillin, piperacillin/tazobactam has experienced a constant increase
in micro-organism average resistance over the 3 years. As demonstrated in
Table 7.4, the micro-organism sensitivity decreased from 97.8 + 3.4% in 1995,
to 87.1 £ 14.4 in 1996 (p=0.0005), to 83.5 + 16.4% in 1997 (p=0.15). In 1995 it
was not widely tested and those micro-organisms tested were completely
sensitive with the exception of Pseudomonas aeruginosa which was
marginally‘ resistant (80%). In 1996 and 1997 the number of different micro-
organisms tested increased and resulted in a wider range of percentage

sensitivities which had their obvious effect on the averages.

96




mmmummmmwmmmmmmmnmmmuu

‘GRAM POSITIVE

Table 7.4 Comparison of piperacillin/tazobactam sensitivity for 1995, 1996 and

1987.

e

brganisms % Sensitiv‘rty #isolates o, sensitivity # of isolates

"/; sensxtwﬁ§
(ratio) (ratio} {ratic)

GRAM POSITIVE
enteracocalis faecium 3 ' 1 3 0 {0/1)
enterecsecus faecalis 11 14 160 {1/} 11
GRAM NEGATIVE
acinetobactes baumanni B S 3 100 (3/3) o 100 (1/1)
acintetobacter woff 1 100 (1/1) 1 0(0/1)
alkaligenes faecalis | 3 100 (2/2) 1 ‘ 0 (0/1) 4 100 (4/4)
alkaligenes sp. 14 - 1 100 (1)
enterobacter aerngenes 1 100 (3/1)
enterobacter cloacae 8T ooy T T sogiy 4 75 {314)
enterobacter gergoviae ) o ' 1 100 {111)
enterobacter sp. 3 100 (2/2) 4 100 {4/4) 4 100 (4/4)
escherichia coll IR T e0t@) T T T T a4 87.5 (14/18)
Klebsiella axytoca ’ ' 5 T 100 (212) 9 © 100 (212)
Kebsiella pneumoniae & 100 (111) 5 80 (4/5) 4 100 (4/4)
Kebsiella 5p. 14 100 (10/10) ) 100 (9/9) 15 30 (12/15)
prateus mirabilis T4 e (i) 1 100 (1/1) 6 100 (6/6)
pseudomonas aeruginosa 9T Tsa(disy g 889@mE 43 T6.8(10M3)
pseudomonas sp. ' 1 108 {111} '
stenofrophomenas mal. 3 4 100(1/1)
dibobacter Fobdi S S s L.
burkholdetia cepacia ‘ ' 1 100 (1/1)
shawanelia putrefaciens o 1 100 {(111)
Mean £ 5D 97.8%34 871+ 144 83,5+ 16.4

Table 7.5 Comparison of piperaciflinftazobactam sensitivity *o micro-organisms

commonly isclated during 1885, 1996 and 1997

SR

i

Fof isclatas % sensitivity 3150, tested % senstivity % of solates . % sénsiti\)izy
e e ralle) o (atio) o fratio)
‘alkaligenes faecalls 3 100 (212) 4 a(0/1) 4 100 (4/4)
enterobacter cloacae T soo(ssy o sogly 4 7504
enterobactersp, g 002 4 1004 4 100 (4/4)
escherichta col ' 18 100 {9/9) 44 100 (14/14) 16 87.5(14/16)
klebsiella preuraoniae 8 100 (1/1) 5 80 (4/5) 4 100 (414}
klbslela sp. Y4 T Meoortoy g teaqeey 4 80 (1Ens)
proteus mirabllis 1 100 (111) 1 AT I 100 (8/8)
pseudornanas aeruginosa g 80 (48 o 88.9(819) 183 76.9 (10/13)
97

T 1

e o

I




Table 7.5 was created to examine the sensitivity of micro-organisms common
to all 3 years that were tested against piperacillinftazobactam in order to

identify any problem areas.

Enterobacter sp. and Proteus mirabifis remained 100% sensitive to
piperacillin/tazobactam over the 3 years. The validity of Proteus mirabilis’s
complete sensitivity to piperacillin/tazobactam could be questioned especially
since the number of its 1sclates ranged from 1 for both 1995 and 1996 to 6 for
1897. Enterobacter sp. isvlate frequency was less diverse, however the low

frequency could still cause the same doubt.

Klebsiella pneumoniae, Alkaligenes faecalis and Entercbacter cloacae all
experienced an increase in resistance during 1996, when fewer isalates were

tested during that year, with a resurgence in sensitivity in 1997.

Micro-organisms that demonstrated progressive resistance tendencies
towards piperacillinftazcbactam were Escherichia coli, Klebsiella sp. and
Pseudomonas 1eruginosa. The only micro-organism affected by a low annual
tested isolate count was Pseudomonas aeruginosa in 1995 where only § out

of 9 isolates were tesied against piperacillinftazobactam.

Table 7.6 evaluates the sensitivity patterns of piperacillin/tazobactam of
different classes of micro-arganism infections acquired during the prospective

phase of the study.
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Table 7.6 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against piperacillintazobactam.

of . 1%

‘solates - - }sensitivity ( sensitivity !fsofates  Isensitivity ;iso!atas . |sensitivity
i ' {ratio) | {ratio) F : (ratio) ! (ratio)
|acinetobacter baimanni | R | Cq o jwoany
‘acinefobacteriwoffi 1§ | 0(0H) | i
1alkaligenes faecalis | i qj 100 (1/1) 100 (1/1)
aikaligenes sp. i i o0 @y
ienterobacter cloncae 3 TTRO(R) e ] 00 (22) ) e
|enterobacter $p. "2 160 @23 Tog (A ~ ! ]
{iebsils oxyiosa RS M R S R R
Jiebsieiia prieumonize ™ T Y R Too (17} - { - ‘
debsialla sp. T8 625(si8) .o {fosyay 1™ g J00 {23y
'proteus mirabilis Ty 100 (272 . T 66 (RS i 160°'{A)
‘pseldomonas aenuginosa | 5§ 80 (45) | e 100 (114) |
‘:'stenolmphomonas mal. | Ty oo (11) : i '1
burkhoideria cepacia g ™ 100 (174} T “T |

Significant nosccomial infections experienced the greatest resistance fo
piperacillin/tazobactam. Only Escherichia coli, . > . *sbacter sp. and Frofeus
mirabilis were completely (100%) sensitive, while Acinetobacter iwoffi (0% -
0/1), Enterobacter cloacae (50% - 1/2), Klebsiella sp. (62.5% - 5/8) and
Pseudomonas aeruginosa (80% - 4/5) exhibited varying degrees of resistance.
However Acinetobacter lwoffi, Enterobacfer cloacae, Enferobacter sp. and
Proteus mirabilis had a limited number of isolates therefore one can nci
conclusively declare resistance or sensitivity to piperacillinftazobactam. The
resistance of Klebsiella sp. and Pseudomonas aeruginosa infections to
piperacillin/tazobactam is of concern as these organisms are fairly prevalent in

ward 276.
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- Escherictia coli was the only micro-organism isolated in the clinically”
significant  community infection group that was .asistant to

piperacillinftazobactsm.

As far as the clinically insignificant infections were concerned,
piperacillinftazobactam was verv eftective with average sensitivities of 100%

for both insignificant nosocomial and community infections.
6.2 CEPHALLOSPORINS

The general sensitivity trend of the cephaiosporins is similar to that of
penicillins over the 3 years, however the difference between the average
values is wider. The average sensitivity ranged from 49.2 + 5.5% in 1997 to

82.9 + 5,5% in 1996, The average sensitivity for 1995 was 49.9 & 5.4%.

Figure 7.2 The average percentage sensitivity of cephalosporins for 1995,

19986, and 1997.
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The increase and decrease in average sensitivities were statistically significant

(p=0.0005).

7.2.1 Cefotaxime

Table 7.7 interprets the individual responses of cefotaxime to the micro-
organisms tested against it over the 3 years of study. As the table
demonstrates, the sensitivity fluctuated from 47.2 + 23.9% in 1995, to 68.9 +

20.0 in 1996 (p=0.0005), to 45.7 + 20.8% in 1997 (p=0.0005).

Table 7.7 Comparison of cefotaxime sensitivity for 1995, 1996 and 1997.

I AR it W REVL & .8
Orgarisms i s sensmwty #uso tested (% sensmvrty #afisolates 1% sensrt}m\;k‘rt?{%
P om0 Nratio} (ratio) . ‘{(ratio)
GRAM POSITIVE i SN SUCRS SRR LRI NI
streptocaccus prieumonize 1 9 - 3 100 (31) 1
GRAM NEGATIVE : O
acinetobacter baumanni R o0y 3 0 (0/1) 1
acinetobacter twor g ) A /O EA T
acinetobacter sp. 1 100 (1/1) ¢
aikaligenes faecalis 3 oERy Ty T 4 0(0/2)
alkaligenes sp. 1 0 {0/} 1 0 (01)
T s ey S R LN DO
enerobacter cloacae ) 100 (5/5) 7 160 @ T T g 75 (304
enterabacter gergoviae ; 1 0 (0/1)
erferabacter sp. RN B TTER) 4 257174 4 75 M) |
escherichia col T TN -t R X C T ) B A ¥/ K T Y1) 16, | 75(1218) |
haemophilus infiuenzae AL I3 100 (111) 4 160 (4/4) |
kiebsiella axytoca i P 80(173) B 56 (173
Klebsiella pneumoniae - 0 (0/6) 5 i 40 (2/5) 4. . 25 (114) |
Klebsielia sp. T AT TG (T 9 {00'(879) 15 5068
proteus mirabilis 1 100 {1.1) 1 100 (11) 8 100 (816) | I
pseudomanas aerginosa 9 222 @) - 50 (1/2) S
pseudomanas sp, 1 oEny
arpiiobaste i R T
stenotraphomonas fmal. ) oz 4 LY
salmionelia sp. 3 ! ' 00 (1/4y
ofrabacter freudi I R 100@2) ) ’
uniden. gram -ve bacillus i 1 o) ; ! ;
Mean £ S , 125 BT T 608200 T T T4 Ta208
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Cefotaxime was almost exclusively tested against gram negative micro-
organisms with the exception of an incident in 1996 when Streptococcus
pneumoniae was tested against it and found to be 100% sensitive to it.
Otherwise the number of different micro-organisms tested against cefotaxime

over the 3 years was fairly consistent.

When examiaing the micro-organism sensitivity trends produced by those

micro-organisms common to all 3 years and tested against cefotaxime in

Table 7.8 possible problem areas could be recognised.

Table 7.8 Comparison of cefotaxime sensitivity to micro-organisms commoniy

isclated during 1995, 1996 and 1997.

Organisms I senstivity #iso d. |% sensitivity Yo sensitivity |
* U (ratio) o ~~{{ratio) L (rakio)
enferohacter cloacae | .§’ % 100(3/5) - 9 10022) |- . 4 75 (314) 1
enterobacter sp. : 3o 100@) 4T 25 (14) ) 4. 75 (3/4)
eschericiia cod 48 BEZ(IAT) . 14 004D T 16 75 (12/16) |
Kiebsielia preumaniae L A X (7T 5 L7 N Y G - Y ¢T7) I
Kebsielia sp. D) 3 100 {9/} 15 40 @118y
proteus mirabilis 1 38a () 1 106 () 6 160 &/8) "

Enterobacter cloacae over the period experienced a gradual decline in

average sensitivity from 100% (5/5 - from 5 out of 6 isolates, and 2/2) in 1995

and 1896 respectively, to 75% (3/4) in 1997.

Proteus mirabilis maintained a 100% sensitivity to cefotaxime over the 3 year

pericd. However, only one isotate was obtained each year.
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. Enterobacter sp. in 1995 was 100% (3/3) sensitivé to” céfotaxime and the
following year the sensitivity fell to 25% (1/4). In 1997 the sensitivity recovered
to 75% (3/4). Such erratic behaviour by micro-organisms could be explained

by the limited number of isolates obtained.

Escherichia coli, Kleosiella pneumoniae and Kiebsielfa sp. all experienced
fluctuating sensitivity results over the 3 year period. All 3 micro-organisms
underwent an increase in sensitivity during 1996, which then decreased in
1997. Escherichia coli sensitivity values were relatively high, although the final
1997 sensitivity result had dropped to a point where its resistance could be
troublesome (88.2 {15/17} in 1995, 100 % {14/14} in 1996 and, 75 {12/16} in

1997). Klebsiella pneumoniae and Klebsiella sp. were resistant to cefotaxime

with the exception of Klebsiella sp. in 1996 where it was classified as 100%

sensitive.
g

I Table 7.9 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against cefotaxime.

g : s;nsitfvity s::nsiﬁvity
= 2. ratio) (ratio)
alkaligenus faecalis : 0 (0/1)
alkaligenes sp. e R Qo)
l enterobacter cloacae D TE (172) ,; ] 100(202) |
enterobarter p. i D S50(1/2) o] 100(1) |- -
escherichia coli ST ATy s 4 -] T5(3M4) ;
haemophilus influenzae g 1002 T 100 {1/1) R 1. 100 (171)
Kiebsishia oxyloca o ) R YT : |
kiebsiella pneumoniae D 1 a (orf) ] !
E klebsiella sp. 8 (35@ .2 i@ 2 0(0/2) T
proteus mirabilis 7 100 (2/2) 1 100 (1/1) Kl 100 (1/1)
campylobacter jejuni ' 1 0 (o) ; g
E {stenotraphomonas mal, . 1 o) T i - |
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Table 7.9 evaluates the sensitivity patterns of the different classifications of
micro-organisms acquired during the prospective phase of the stucdy to

cefotaxime.

Both nosocomial and community acquired significant infections were fairly
resistant to cefotaxime. The only micro-organisms that had 100% sensitivity to
cefotaxime were Haemophilus influenzae and Proteus mirabilis, otherwise the
rest of the significant infections demonstrated high resistance tendencies
(sensitiities ranging from 0% {mostly the ;igniﬁcant community infections} to
75%). The Escherichia coli significant nosocomial isolates collected were
found to be more resistant (57.1% {4/7}) than the community isolates (75%
{3/4}). Klebsielia sp. nosocomial isolates were marginally more sensitive
(37.5% {3/8}) than their community counterparts (0% {0/2}), even though the
low isolate numbers for the community infections could not validate the

reported compiete resistance.

Cefotaime experienced sensitivity from insignificant infections with élmost all

micro-organisms tested being completely sensitive (100%).

7.3 AMINOGLYCOSIDES

The overall percentage sensitivity to aminoglycosides over the 3 year period
has demonstrated an increase in resistance as illustraied by Figure 7.3.

Although the average sensitivity experienced a statistically significant increase
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from 1995 to 1986 (from 68.3 + 4.1% to 72.3 + 4.2% respectively {p=0.0005)),

it declined in-1897 (to 54.1 £ 2.2% {p=0.0005}).

Figiire 7.3 The average percentage sensitivity of aminoglycesides for 1995,

1996 and 1997.

1
i1 Maximum
Minimum

AVERAGE SENSITIVITY (%)
-~
[=)

1035 1996 1997 ~Average
YEAR

7.3.1 Amikacin

Table 7.10 exhibits the individual responses of amikacin to the micro-

organisms tested against it over the 3 year period. The sensitivity 1o amikacin

increased over the first 2 years, but significantly dropped from 78.6 + 16.4% in
i 1996 to 58.5 £ 21.1% in 1997 (p=0.0005). Amikacin was exclusively tested

against gram negative micro-organisms and the number of different micro-

organisms tested against it were fairly consistent. In many cases only a limited
number of isolates were obtained therefore conclusive sensitivity or resistance

could not be determined. However problem areas were identified in Table

7.1,
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“Table 7.10 Comparison of amikacin for 1995, 1996 and 1997

T)rganisms #of‘:sz;lates 1E% sensitivity #lso tested | % sensitivity ‘#oflsolates E% sensitivity |
(ratio) (ratio) _{(ratio)
GRAM NEGATIVE ‘ , ; i =
acinetobacter baumanni 7] 80 (102) 3T Hen iRy 0@y
T e e B S
ST ) R T Y./ e : e .
alkaligenes faecalis 3 3330{R) 7T ey T T 0 i)
alkaiigenes sp. 1 o) o ; 1 0(R)
o erogenes T s A
enierobacter cloacae & 100 (5/5) 2 © 100 @i2) 4 75 (3/4)
enterobacter gergoviae 1 i100 (1)
enterobactersp. 3 100 (3/3) 4 50 (2/4) 4 100 (4/4)
|escherichia coli 18 THeoTATTT T4 | R3AHE) T g BB (MY
fklebs(&lla oxytoca . .2 s0{1/2) | 2 . 100 (2/2)
Klebsiella pneumoniae ‘ 5 16.7{178) 5 40°(2/8) 4 25(1i4)
Kiebsielfa sp. 14 71,4 (10/14) ) 100 (&718) | 15 733(1918)°
proteus mirabiiis 1 ooy T 17T e ey g """‘1"6‘0"(&%)65""'}
pseudomonas aeruginasa g ¢ 77.8(7/8) 9 . 889(89) | 43 '“ééz(g/m)
pseudomonas sp. . 1 bo00 (1) < i :
stenotrophomonas mal. 3 100 (2/2) Cmy ooy
ciirobadier freudi ; - ST 6 :
uniden. gram -ve bacilils .. 4 A0y P ;
burkholderia cepacia T : i i 10(0n)
shawanella puirefaciens [T | [k 100 (1/1) |
Mean £ SD ' F74951748 | 786164 |' 585214 |

Table 7.11 Comparison of amikacin sensitivity to micro-organisms commonly

isolated during 1995, 1996 and 1997,

Organisms sensrlivity ‘#lso.tested % sensmvﬂy # ufisolates % sely i
(ratio) - % (ratio) (ratio) i
acinetobacter haumanni 2 | s0(12) 3 100 (373) 1 0] |
alkaligenes faecalis 3 3IGH 1 0(0/%) 4 LT-T
enterobacter cloacae 8 100 (5/5) 2. 100(2/2) ERR I CYCT
[enterobacter sp. - T 100G (33) 4 50 (24 4 100 (4/8)
escherichia cof gL T 100 PN |- 14 933 (14115 i~ 15 846 (1143)
Kehsiella pneumoniae 8- 16.7 (115) By 40(25) 4 25 (1/4)
Klebsiella sp. 14 | T1A (014 g oEe T HE 733 (11F5)
proteus mirabilis TR 12T 1 oAy g 1 )
pseudomonas aeruginosa Q o} 7N8(9) g 88.9 (8/9) : 1 3 E 69.2 (9/1 3) i

Acinetobacter baumanni and Alkaligenes faecalis were both affected by the

limited number of isolates which most likely explains the wide sensitivity
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variations (ranging from 0% {0H} to 100% {3/3} and 0% {0/1} to 50% {1/2}

respectively) over the time period.

Enterobacter sp. also demonstrated a fluctuation in sensitivity pattern which

may also be explained by the limited number of isolates tested.

Proteus mirabilis maintained a 100% sensitivity {o amikacin over the 3 year

period.

Enterobacter cloacae, Escherichia cofi, Klebsiella pneumoniae, Klebsielfa sp.
and Pseudomonas aeruginosa were identified as problem micro-organisms

where amikacin was concerned.

Enterobacter cloacae and Escherichia coli experienced gradual progressive
increase in resistance over the 3 years. Even though the 1997 average
sensitivity for Escherichia ¢oli is not low enough to cause alarm, the rate of

decline is worrisome.

Klebsiella pneumoniae, Kilebsiella sp. and Pseudomonas aerugincsa
demonstrated fluctuating sensitivity results over the 3 years. They all followed
the same trend where in 1996 the sensitivity underwent a sensitivity
resurgel.ce before declining the following yeaf. Howgver, Klebsiella

pneumoniae appears to beé resistant to amikacin.
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Table-7.12 evaluates the sensitivity pattern by different classes.of micro-

organism infections acquired during the prospective phase of the study to

amikacin.

Table 7.12 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against amikacin.

’GRAM '\IEGA ’iVE Az % N
’isolates sensitivity tsolates sensitivity lisolates  {sensitivity lisolates - |sensitivity ¢

; (ratio) | {rativ) | (ratio) (ratio) |

,acinetobamer baumanni : | ‘ 1 0(0/1) |

‘sikaiigenes faecatis EEE T X T R 100 (11} -

aikaligenes sp. o 1 LGTES)

enterobacter cleacae va 50(1/2) 2 100 (22)

‘enterabacter sp. 2 160 @2) | 4 160 (1) *

escherichia colt 7 66.7 (4/6) | ) 4 100 (4/4)

Kiebsiella oxytoca | ; JTTTTTG0 (38

kiebsielia pneumoniae | [ 0

Klebsiella sp. 8 87.5 (7/8) 2 100 (212) 2 0(072)

proteus mirabilis -2 100 (2/2) 1 - 10001/1) -4 100 (1/1)

pseudomonas aeruginesa 5 80 (4/9) -1 oo iy § oo

|stenotrophomanas mal. : 1 Q (011} R

burkholderia cepacia ! Fl Q (0f1)

As far as the significant nosocomial infections are corzamed, the micro-

organisms that seem fairly resistant {o amikacin are Enigrshize: v tloacae and

Escherichia coli. Enterobacter cloacae's resistance can not be conclusively

determined due to the low isolate count that was obtalned. Similarly,

Enterobacter sp. and Froteus mirabilis were reported as being 100% sensitive,

however only 2 isolates were tested. Pseudomonas aeruginosa and Kighsi¢lla

sp. hosocomial significant infections appeared to be fairly sensitive to it

In the remaining infection groups, micro-organisms were reported as either

completely sensitive or resistant to amikacin. However, once again due to the
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limited number of isolates obtained the resistance patterns ¢an not

conclusively be determined.

7.3.2 Gentamicin

Table 7.13 Comparison of gentamicin sensitivity for 1995, 1996 and 1897

5

.'rtyw #iso. fested

Organisms } 1% sensitivity

Gatio) Lo GEle) oL Malie)
GRAM POSITIVE i - : !
jenteracoccus faecium - T N 1~ N A TR T g oy
enterococcus faecalis 11 50 (510) < 11 © 83.3(5/8) 11 100 (4/4) !
enteracoccus sp. 3 00 @z T
o S ; Gy T
staphylocaccus aureus s BB T T
staphylococeus epidermids 42 | 30 (12/40) 37 8338 | 53 T
steptocacous agalachae YR RAGAT 5 LYT5)) )
STEPtocOeoUS Sp. TR A 5 ) i
streptocacous viridans g iRy {2 PR -
Bacilus sp. o HeE | T |
baciius careus TR 00 T — 7 !
(Baciius subtis 1 6y ;
GRAM NEGATIVE . B :
acinetobacter baurnanni AT 50 (1/2) 30 otee(n) 1. !
acinetobacter sp. : 00 L :
aikaligenes faecalis 37 T .
alkaigencs sp. 1 By 1 ; Ty B (02)
enterobacier aerogenes 1 100 (111) , : ; ! T
enterobacter cloacae "8 {00 (676) 3 1301777 S S 1 <) R
enterobacter gergoviae i 1 oo (1) 0
enterabacter sp. T B 100 (3/3) o4 2514y 4 50 (2/4)
eschenhia ool T8 |ea(aAn) | 14 H4A(0A% | 16 625 (10716) -
Kiebsils oxyloca T G R 1Y) M S 55 ({73
Kebsiella pneumoniae - SRl B X)) 5 iR (s AT oy
Fisbsielia sp. T4 [ se0dy | e 76 15 333 (5HE) |
proteus mirabilis o {_i . 100 (1/1) g 100 (1/1) 8 83.3 (5/6)
pseudomonas aenginosa . 8 778 (719) g 1 50{(iR)
pseudomonas sp. o ' 1 . o@y
campylabacter jejuni , o T o0 ()
stenotrophormonas mal. 3 160 (2/2) . 14 o (o
citrabacter freudi . ; AT Gy
uniden. gram -ve bacillus T Ay ‘ o r T
Mean + SD Coc U] BO3208 1 S 628%180 !
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Like amikacin (Table 7.13), micro-organisms had an increase in sensitivity to .
gentamicin over the first 2 years, but experienced a statistically significant
decline in sensitivity from ©62.8 £ 18.0% in 1996 to 53.9 + 20.6% in 1997
{p=0.05). However unlike amikacin, and for no apparent reason, the micro-
organisms tested against gentamicin were not limited to the gram negative
micro-organisms. The number of micro-organisms tested in 1995 was not
consistent with the following 2 years, which may have affected gentamicin's

average sensitivity for 1985.

Table 7.14 reported the sensitivity of micro-organisms common to all 3 years

that were tested against gentamicin.

Table 7.14 Comparison of gentamicin sensitivity to micro-organisms commaonly

isolated during 1995, 1996 and 1997.

[ . (ratio)

enterococcus faecalis 11 % 50 (5/10) 44+ -1 833 (56) 1 100 (4/4)
enterobacter cloacae 6 ¢ 100(6/6) ; - .2 . 1002r2) |- 4. 4 75(3/4)
enterobacter sp. B R M T X R ZE ({14 A YT
escherichia coli T 81.3(13116) 14 TS ) g e s HorE)
klebsiella pneumoniae ‘B ) a(o.) 5: 40 (2/5) < | 04or4)
|Kiebsielia sp. 14 S0 g - 713(718) | 15 333(EA5)
proteus mirabilis R T T (1T V) I 6(A) || 833 (58)

Enterococeus faecalis experienced an increase in sensitivity evev Jjsar to a
point being completely sensitive (100%) in 1997. However, once again tiese
results must be evaluated with caution as only 4 isolates were evaluated in

1997.
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&scherichia coli, Enferobacter cloacae and Proteus mirabilis experienced a
decrease in sensitivity over the 3 years. Enterobacter cloacae and Proteus
mirabilis (which had low isolate counts) had 100% sensitivities for the first 2

years which decreased to 75% and 83.3% respectively in 1997. Esc*erichia

coli experienced a constant tise in resistance over the 3 years.

Klebsialta pneumoniae and Klebsiella sp. followed the same trend with a slight
increase in sensitivity in 1996. Both micro-organisms were fairly resistant to

gentamicin.

Enterobacter sp. demonstrated a fluctuating trend starling as completely
sensitive (100%) in 1995, und declined to 25% sensitivity in 1996 and was

reported as only 50% sensitive in 1997.

Table 7.15 illustrates the sensitivity to gentamicin by the different
classifications of micro-organisms acquired during the prospective phase of

the study.

The majority of nosocomial and community acquired significant infections were
fairly resistant to gentamicin. The micio-organisms that were 100% sensitive
to gentamicin were Enterococcus faecalis (from the significant nosocomial
group), Alkaligenes faecalis, Proteus mirahilis and Campylobacter jejuni (from
the significant cr - munity group), otherwise the rest of the significant

infections demonstrated resistance tendencies (sensitivities ranging from 0%

111



to 75%). Escherichia coli significant nosocomial isolates was fourid to be more

resistant (42.9% {3/7}) than it's community counterpart (75% {3/4)). Klebsiella
sp. nosocomial isolates were marginally more sensitive (37.5% {3/8}) than
their community counterparts (0% {0/2}). Hov.ever the low isolate numbers for
the community infections could not conclusively determine complete

resistance.

Table 7.15 Abbreviated antibic >xam of micro-organisms from different sources

and clinical significance tested against gentamicin

s:.nsiﬁvity

{ralic) {ratio) (ratio)
IGRAM POSITIVE e |
enterococcus faecium % I (X ()] —7
enterocaccus faecalis .8 100(1/5) | =2 Lo :
GRAM NEGATIVE L ] e
alkaligenes faccalis EE 1 1 100 (377)
aikaligenes sp. ” , T G o)
|enterdbacter cicacae L2 50 (1/2) 2 100 (22) i
enterobacter sp. L2 50 (1/2) 1.0 100 (1/1) {. i
leschetichia col T ] 423 @) T4 75 (314)
klebsiella oxytoca o . '1 0 (o) I
klebsiefla pneumoniae : -1 0(0/1) i
{Kiebsiefia sp. 8 WEER ;2 50 (112) b3 0 {0r2) i
proteus mirahilis 2 50(112) ¢ 4 100 (1/1) - q 100 (1/1)
campylohacter jejuni 1 160 (1) 1
stenotrophomonas mal, Y oy T | 1

Both nosocomial and community acquired insignificant infections were fairly

sensitive to gentamicin with the majority of the micro-organisms tested being

completely sensitive (100%). The exceptions were Klebsiella sp. (50% {1/2})

and Stenotrophomonas maitophilia (0% {0/1}). However the number of isolates
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for both groups were very low, therefore one could not decisively determine

the resistance patterns.
7.4 GLYCOPEPTIDES

The general sensitivity trend of the glycopeptides was consistent over the 3

years ranging from 92.3 + 13.9% toc 100% as exhibited in-Figure 7.4.

Figure 7.4 The average percentage sensitivity of glycopeptides for 1985, 1896

and 1897,
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E wl |
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7.4.1 Vancomycin

Table 7.16 demonstrates the individual responses of vancomycin to the micro-

organisms tested against it aver the 3 years of the study.

Vancomycin was only tested against gram positive micro—organisms.' The
nuraber of different micro-organisms tested against vancomycin fluctuated with

1996 having the lowest number.
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A number of micro-organisms are stit completely sensitive (100%) to
vancamycin during the 3 year period (Table 6.17), although during 1985 -

Bacillus subtifis was found to be completely resistant (0% {0/1}) to it.

Table 7.16 Comparison of vancomycin sensitivity for 1985, 1986 and 1997.

ks o B &ding " ; v- 3 LIS : xm
Organisms #cflsolaﬁes %sensmvrty #lso.tested %sensdmty ’#oftsolates %sensmvrty

(rabo) ; (raho) i {(ratio)

GRAM POSITIVE : ; ; . ; ,
enterococcus faecium Ty 160353} | - Hea ey U g T e @y
erferococous fascals 17 TR I T 19 06 EGAGY T 41§ 160 (AN
enterecoccus sp. 2 100 (2/2) | o E ) j ;
o5 C haemolytic strep. 1 100 (171) R f . !
staphylacocous aurews 8" 00 @E) | a7 - | 160@zn s, w0t
{staphylococcus epidermidis . 42 WO @TAT T @z | 100(3239) | 53 100 (53/53)
streptococcus agalactiae i3 100 (IIHTY | - .2 | 100 (@) 1o gl T T 00 (2
strepiococcus pneumoniae 2 100011 | 100 (2/2) 1 100 (1/1)
streptocaccus pyogenes A 100 (1/1)
sireptococcus sp. § A4 100 {1/1) 100 (2r2) 4. 100 (4/4)
Septococous Vindans ST T {00 (678 106 {272 3T TTI00 (3R
micrococaus sp. [ A g 100 (2/2)
bailits sp. FARTREA 100 (272} S -
Laciius cereus = 100 (575 T T
bacillus subtiiis [ 0 (0/) ; R ¢
corynebactetium sp. Pato N i o3 ] 100(H) |
Mean < SO N I P X Y EY N R s BT VY ) o “ree

Table 7.17 Comparison of micro-organisms commonly isolated during 1995,

1996 and 1997 sensitivity to vancomycin.

. . C_Mratio)
GRAM POSITIVE ST
enterococeus faecium g 100 (3/3) L 4 100(11) o ] 100
emerococeus faecals T AT T EYIY ) B e 100 (1070) | © 41, {00 (FiA1) |
staphylococeus aureus g 100 (6/6) T 100 (27R2TY Ty o 1 100 (12112) ‘
staphylococcus epidermidis 42, 100 (4141) | Tiag ] 100 (32733 1 53" 100 (53/53) |
streptococtus agalachae 13 0T | g i 1003 1. 3 100 @2 |
streptococcus pneumoniae 2 IR R Vi3 Yy SE T G0 (2/2) e 1 73“0*5'('37‘3‘)“’?
straptococeus sp. s 190 (171) 2 100 (272) -4 - 100 (4/8) |
streptacacaus vindans 7 | 100 (616) TR 100 (2/2) 3 100 (3/3)
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Table 7.18 Abbreviated antiblogram of micro-organisms from different sources

and clinical significance tested against vancomycin

'Organisms-k e #of  |%

‘%., f

solates  lsensitivity :::lfat% sensitivity iisclates  |sensitivity lisolates | |sensifivity |
4 {ratic) 5 (ratio) i {ratio) (ratio} §
GRAM POSITIVE i
enterococcus faecium E 100 (1/1) - 1 100 (111} !
enterococcus faecalls 3 1 100(33) 100(22) T o 160 (22) |
;staphylococcus aureus 8 100 (8/8) ¢ 100 (343} ¢ [
staphylocacetis epidenmidis 9 160 (9/8; 16 100 (16/16) D 160@7) | & 100 (5/5)
Isiraptococeus agalactae T ! R B T V7T
[srepiacoccus predmonias | ] 1 1606 (i) | -
Istreptococeus pyogenes | 4 : YT EAY !
streptocoseus sp. ; 1 100 (11) 3 i 100 (3/3) * i
Isheptocaccus vinidans : [ Ty e Ay '
Imicrococcus sp. TSV @y T
{baciins cereus i 3 86 HHY ! !

As shown in Table 7.18, all the different classifications of micro-organisms

tested for during the prospective phase of the study are completely sensitive

{100%) to vancomycin.

7.5 CARBAPENEM B-LACTAMS

Figure 7.5 demonstrates that the overail percentage sensitivity to carbapenem

B-lactams has been fairly consistent over the 3 years ranging from 92.3 %

13.9% t0 94.1 £12.2%.

7.5.1 Imipenem

Table 7.19 expresses the individual sensitivities to imipenem by the micro-

organisms {ested against it over the 3 years of the study.
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! Figure 7.5 The average percentage sensitivity of ¢arbapéném B-lactams for
l 1995, 1996 and 1997.
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Table 7.19 Comparison of imipenem sensitivity for 1995, 1996 and 1997

e e e e R R

2 Organlas B #oficlates (% sensitivity # of isolates "% sensitivity # of isolates 1% sensmvi:ty
(ratio) (ratio) (ratio)

acinetobacter baumanni 2 100 (2/2) 3. . 100 (3/3) 4 100 (111)
acinetobacter twoffi B 1T e0 (1) 1 (o)
acinetobacter sp. 1 100 (1/1) ¥
alkaligenes faecalis 3 66,7 (213) 4 0 (0/1) 4 106 (4/4)
alkaligenes sp. bl 100 (1/1) 1 100 (1/1)
enterobacter aerogenes 4 100 (1/1) B -
enterabacter cloacae 5 100 (4/4) 2, 100 (2/2) 4 100 (4/4)
enterobacter gergoviae - i 1 100 (111)
enterobacter sp. 3. 4 1100 (4/4) 4 100 (4/4)
escherichia coli 18 = 100 (5/5) 14 100 (13/13) 16 100 (16/16)
klebsielfa oxytoca ; 2 - 100 (272) 2. 100 (2/2)
Kebsiella peumioniae g T 166 (8re) 5 100 {(5/5) 4700 (aidy
klebsiella sp. 14 . | 100(Z2) g 100 (5/5) 15 - 100 (18/15)
proteus mirabilis 1 100 (1/1) 1 100 (117} 5 100 (6/8)
psaudomonas aeruginosa 9- 100 (9/8) g 100 (9/9) 13 - ; 100{13117)
pseudomonas sp. } 1 100 (1/1) .
campylobacter jejuni ) 1 100 (1/1)
stenotrophomonas mal. 3 1 S0(177) : 1 100 (1/1)
citrobacter freudi ; ) 2 i 100(22)
uniden. gram -ve bacillus 1. 100(11) .
burkholderia cepacia . e - EOE 100 (1)
shawanelia putrefaciens o ’ o 1 100 (17)
Mean = 8D ) 936+80 : 92.3x£13.9 94.1£122

Imipenem was only tested against gram negative micro-organisms. The
majority were completely sensitive (100%). Alkaligenes faecalis (for 1995

{66.7% [2/31} and 1996 {0% [0/11}), Acinetobacter Iwoffi (for 1997 {0% [0/1})




organisms that demonstrated any resistance, but due to the low isolate count

g and Stenotrophomonas maltophilia (for 1995 {50% [1/2]}) were the only micro-~ T
B tested resistance can not conclusively be determined.

When observing the sensitivity trends produced by those micro-organisms

common to 2ll the 3 years and tested against imipenem (Table 7.20), with the
! exception of the previously mertioned Alkaligenes faecalis, all the micro-

organisms are still completely sensitive to imipenem.

Table 7.20 Comparison of imipenem sensitivity to micro-organisms commonly

jsoiated during 1995, 1996 and 1997.

Organisms salatm %sensmvrty # iso(ates&% sensmvxty #uf lsoes %sensmvsty
“(ratio) (ratio) (ratio)
acinetobaclter baumanni g 100 @) 3 160°7373) 77 o0 Ay
alkaligenes faecalis R 68.7 (2/3) 1 0{(0/1) 4 100 (4/4)'M
o entercbacter sloacae & ] 100(44) 2 100 (2/2) 4 100 {4/4)
escherichia coll 48" 166 (5) |14 {00 (3M3) T e T {d0 (eris)
Z kiebsiella pneumoniae 8- -] 100(616) [ - B 106 (575§ 4 1 100 (44
ebsielia sp. ] 14| 100 (22 9 {00 (B8 - 45 | 100 (18/15)
proteus mirabilis R 100 (1/1) 1 100 (1/1) 8 100 (6/6)
pseudomonasaemgmosa TG oo @igy Tt T g T T 00 (e g T 100 [3HEY

On evaluating Table 7.21 all the micro-organisms regardless of source of
infection are completely sensitive to imipenem, with the exception of
Acinetobacter iwoffi. Due to the low isolate count collected and tested,

Acinetobacter lwoffi's resistance can not conclusively be determined.
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Table 7.21-Abbreviated antibiogram of micro-organisms from different sources =~

and clinical significance tested against imipenem.

Organism i % g % |

sensitivity lisolates - |sensitivity -isensitivity {isolates - ~sensitivity

; (ratio) s s i (ratig) (ratio) | (tatio)
acinetobacter baumanni ! 1 100 (1/1) |
acinetobacter woffi | 0(0r1) _ T
aikaligenes faecalis ; 1 100 (1/1} 1 100 (1A1)
Hikatigenes sp. 1 66 (177} i
enterobacter cloacae ) 100 (212) 9 166 (272) | !
enterobacter sp. o 10022) | 1. 100 (/1) |
lescherichia cali TR 100 (777) | T4 100 (4/4) |
{kiehsiefla oxytoca i 1 100 (1) ;
'iebsiefla pneumeniae H 1 109 {141} !
ldebsteifasp. T 8 ido (gigy e H0 @Ry 1T D 100 (2725 |
:prateus mirabilis o 160 (2/2) R 160 (1A) 1 4 100 (111)
pseudomonas aeriginosa | 5§ 160 (575 i 106 T4
{sampylobacter [ejuni : R 100 (1/1)
stenotrophotnonas mal. % 1 100 (141} | -
burkholderia cepacia ] B 1 100 (1/1) | o o J
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CHAPTER 8: DISCUSSION

The aim of the study was to conduct a prospective and retrospective survey of
bacterial isolates obtained from cultures in paediatrics with infections. The
objectives of the study were:
1. to determine the sensitivity patterns and prevalence of clinically
significant and insignificant pathogenic micro-organisms in the PiCU
over time
2. to identify the reasons for any possible probiems once resistance
trends are known

3. to develop appropriate interventions.

The PICU of Johanneshurg General admits between 30 and 40 patients a
month and the average stay of a patient is 4 to 6 days. The majority of the
patients admitted to the PICU ward were neonates which comprised 67.3% of
the prospective study patient population of which 38.2% of them were inborns

while 27.9% were admitted from other hospitals,

After constructing the antibiogram for 1996, and comparing it with that of 1995
the first issue that was addressed was the prevalence of some of the micro-

organisms.

The prospective part of the study classified each infection by significance (i.e.

either clinically significant or clinically insignificant) and by source (i.e. either
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community-acquired or nosocomiaily-acquired).” These are important factors as

they are recognised as contributory to morbidity or mortality.

It was important to know the impact an infection exerted on a patient, since
having cultured a micro-organism did not mean it automatically exerted its
pathogenic effects on the host {Sprunt, et al., 1978], especizally in the neonatal

patient group where diagnosing bacterial sepsis still remained a problematic

exercise.

The perinatally-acquired and community-acquired infections were not
differentiated in this study. This was done as a number of patients are born at
home (or outside health care facilities) it would not be possible to accurately
classify these infections. Therefore the infections were classified according to

either community-acquired or nosocomially-acquired infections.

In addition, a further assumption was made as there is not a specific value
which constitutes a definite border between sensitivity and resistance, for
antimicrobials to antibiotics. An arbitrary value of 80% was selected to

represent the lowest sensitivity value at which an antibictic’s use could be

recommended to treat a micro-organism with a positive clinical outcome

expected provided appropriate treatment was implemented. The trends in

sensitivity patterns will also be discussed.
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8.1 STAPHYLOCOCCAL INFECTIONS

The most prevalent micro-organism over the 3 year period was
Staphylococcus epidermidis. it contributed to an average of 25.6% of the total
number of micro-arganisms culfured from the PICU for the 3 years. The isolate
culture frequency ratio of neonates to non-neonates was 1.5:1. During the
prospective phase of the study, 65.6% of the Staphylococcus epidermidis
cultures were isolated from blood, resulting in the majority of septicaemic
infections, Most of these infections were nosocomial in nature (78.1%) and
64.0% of the nosocomial cultures were clinically insignificant. The nosoccomial
infections that were siinically significant were ¢ follows: septicaemia (54.5%

{6/11}); abdominal infections and surface infections (9.1% {1/11}).

The above mentioned resulls were found o be consistent with a number of
studies which recognised Staphylococcus epidermidis as the most frequently
oceurring micro-organism, yet depicted its overwhelming prevalence as
pessibly questionable due fo its ambiguous characteristics [Hemming, ef al,,
1976; Goldmann, 1978]. Originally Staphylococcus epidermidis was thought
to be a skin contaminant of blood cultures since it is one of the most common
skin organisms [Hall, 1991]. Contamination of blood cultures as a resul of
aseptic technique during venipuncture was a possible expianation. in addition,
aue to the insidious nature of Staphylococcus epidermidis it is difficult to make
the diagnosis of an infection [Hall, 1991]. Nonetheless, there have been an

increasing number of Staphyvliococcus epidermidis isolates reported in clinically
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- significant infections such as Necrotizing enterocolitis (NEC), also thére have

been increasing reports of resistance to vancomycin by Staphylococcal
species [Hall, 199:1 1, therefore occurrence of Staphylococcus epidermidis as a
contaminant can not always be taken for granted. The need for intensive
evaluation of a patient for clinical signs and symptoms of an infection

regardless of how subtle they may appear to be is essential.

Staphylococecus epidermidis was also one of the most problematic gram
positive micro-organisms with respect to the mean sensitivity to the antibiotics
tested against it (reported mean sensitivities of 44.5 + 16.5% in 1995, 49.9 +

17.5% in 1996 and 43.8 + 15.1% in 1997).

Over the 3 years of the study, the penicillins that were tested consistently
against Staphylococcus epidermidis were penicillin and oxacillin, Sensitivity
results to penicillin fluctuated between 0% and 7.3% over the period while
those to oxacillin fluctuated between 22% and 40%. Staphylococcus
epidenmidis was also tested against ampicillin for 2 out of the 3 years and its

sensitivity never exceeded 7.3%, whereas that to amoxicillin/clavulanic acid

never exceeded 33.3%.

Over the 3 years, the only cephalosporin that was tested consistently against
Staphylococcus epidermidis was cefazolin. Its sensitivity to cefazolin steadily”
declined from 59.6% to 26.9% aver the time period. The increase in resistance
for Staphylococcus infections is significant since cefazalin is considered the

gold standard for surgical prophylaxis. Other cephalosporins tested against
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- Staphylococcus “epidermidis were cephalexin and cefuroxime both of which

experienced steady increases in resistance.

Another antibiotic that demonstrated progressive resistance to’' Staphylococcus

epidermidis was erythromycin.

The glycopeptides (vancomycin) were the only drug group Staphylococcus

epidermidis demonstrated complete sensitivity to.

A micro-organism that demonstrated multiple-antibiotic resistance was
Staphylococcus aureus. However, Staphylococcus aureus is still sensitive to

vancomyci.

According to several reports [Schwalbe, Stapleton & Gilligan, 1987; Hall,
1881}, multiple antibiotic resistance is a common bacteriological feature
among coagulase-positive (including Staphylococcus aureus) and coagulase-
negative (including Staphylococcus epidermidis) Staphylococci micro-

organisms. All strains that were recaovered from patients with invasive

infections were resistant to ampiciliin, oxacillin, erythromycin and penicillin and

most strains were resistant to gentamicin, methicillin and cephalosporins
[Fleer, ef al, 1983]. In Zimbabwe, antibiogram patterns showed similar multiple
resistance of Staphylococci to penicillin, erythromycin and methicillin [Obi &
Mazarura, 1998} to what was reported in this study. The frequency of
Staphylococcus infections resistant to oxacillin was also apparently very high

inward 276 (reported sensitivities of 33.3% in 1995, 40% in 19986, and 28.3%
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in 1997). As there is cross-resistance between methicillin and oxaciilin one can’

assume that the majority of Staphylococcus infections will also be resistant to -

]

the peniciiiinase—fesistant penicillins [Tosaka, Omoto, Kiyota, et al, 1991,
Durmaz, Durmaz & Sahin, 1987]. Although the growing resistance to
antibictics can be correlated with increased use of particular antibiotics, even
those antibiotics that are not widely used are still similarly affected

[Lyytikainen, Vaara, Jarviluoma, 1996].

Due fo the emergence of multiple re-sistant Staphylococcal infections,
vancomycin has become the primary choice in treatment [Schwaibe, et al,
1987]. However, continued and increased use of vancomycin may promote the
emergence of vancemycin-resistant Staphylococci, which {o date has mostly
been reported as coagulase-negative Staphylococci [Christensen & Gubbins,
1896]. In several cases, both vancomycin-resistant Staphylococcus

epidermidis and Sfaphylococcus haemolyticus have been isolated in adult

patierts, with more reports of vancomycin resistance associated with

Staphylocaccus haemolyticus. For example in one case, a 37 year old man
with endstage renal disease and peritonitis associated with continuous
ambulatory peritoneai dialysis had 8 sirains of methicillin-resistant
Staphylococcus haemoalyticus isolated from his peritoneal fluid during his 3
month  hospitalisation. The sirain's vancomycin  minimum  inhibitery
concentration {MIC} increased from 2 ug/ml to 8 pg/ml after the 3 months
[Christensen, et al, 1996]. in another retrospective study of 63 isolates of
coagulase-negative Staphylococei, 4% were found to be vancomycin-

resistant (MIC = 6.25 ng/ml), of which 62% were Staphylococcus haemolyticus
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~-and only 13% were Staphylococcus epidermidis-{Froggatt, Johnston, Galetto,

et al, 1989].

There has also been a case report of vancomycin-resistance to
Staphylococcus aureus in a 3 year-old. Vancomycin's MIC increased from <1
pg/ml to 1 pg/mi, following subtherapeutic vancomycin dosing [Jackson &

Hicks, 1987].

With the sensitivity trends demonstrated by the Staphylococcal isolates from
the PICU, it only seems a matter of time before vancomycin-resistant strains

appear,

8.2 ENTEROCOCCAL INFECTIONS

Enterococcus faecalis, the third most prevalent gram positive micro-organism
has also been é cause for concern. In 1995 there were reported mean
sensitivities of 42.9 + 25.7% and 61.5 + 22.7% in 1996. However in 1997, it
recovered to 97.0  2.4%. Entferococcus faecium on the other—hand,'was not
as frequently isolated, but has exhibited a greater degree of multiple
resistance (reported mean sensitivities of 34.6 = 23.7% n 1995, 66.7 + 25.8%

in 1996, and 20.0 £ 22.4% in 1997).

Enterococcus faecalis over the 3 years was sensitive to penicillins (penicillin,

ampicillin, and amoxicillin/clavulanic acid), gentamicin and vancomycin. [t
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exhibited complete resistance to oxacillin. Enterccoceus fascium on-the-other-
hand, demonstrated complete sensitivity to ampicillin and amoxicillin/clavulanic
acid for the first 2‘years. However during- 1997 it was completely r  stant o
ampicilh’ﬁ and amoxicillin/clavulanic acid. Throughout the 3 years it was

completely resistant to gentamicin, and completely sensitive to vancomycin.

Enterococci have emerged as important nosocomial pathogens with
increasing antimicrobial resistance which are intrinsically resistant to f-lactams
and aminoglycosides making vancom;cin the mainstay of therapy
[Noskin, 1997; Polk, 1997; Rybak, 1997]. Over the past 6 years, vancomycin-
resistant Enterococci have disseminated throughout the United States and
Europe [Noskin, 1997}, and with their increasing prevalence they have
become virtually untreatabfg [Gin & Zhanel, 1996]. Attention in research has
focused on Enterococcus faecium since it is 2 to 4 times more resistant than
Erterococcus faecalis [Rybak, 1997] and its vancomycin-resistance strain has
been isolated more frequently than Enferococcus faecalis [Noskin, 1997].
Even though Enterococcus faecium has low virulence compared to
Enterococcus faecalis and has often signified colonisation, it is still very
capable of causing serious infections [Polk,1997]. Therefore, on average,
Enterococcal infections exhibit relatively high virulence which result in high

mortality rates.

Even though the Enterococci isolated during the study (especially

Enterccoccus faecalis) are still fairly susceptible to most antibictics and there
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have beet: no reports of vancamycin resistance, one still has fo be Vigilant

where this micro-organism is concerned.

8.3 KLEBSIELLA INFECTIONS

-Problematic gram negative micro-organisms were Klebsiella pneumoniae (with
mean sensitivities of 25.0 + 21.3% in 1995, 53.2 + 16.4% in 1996 and 47.4 +
20.4%) and Klebsiella sp. (with mean sensitivities of 54,9 £16.2% in .1995,
83.8 + 13.1% in 1996 and 52.2 + 16.4% in 1997). Klebsiella sp. consisted of
micro-organisms which could be identified as belonging o the Kiebsiella

species however their genus could not be determined.

The only antibiotics Klebsiella pneumoniae remained completely sensitive to
over the 3 years were the fluoroguinolones (ciprofloxacin and ofloxacin) and
the carbapenem B~lactams (imipenem and meropenem).
-Piperacillin/tazobactam experienced fluctuating sensitivities between 80% and
100%, whereas cefepime experienced resistance during the first year it was
tested. In 1996, Klebsiella pneumoniae was 50% sensitive to i, and 75%
sensitive the following year. Otherwise, Klebsiella pneumoniaes’ sensitivities
to other antibiotics tested against it ranged from 0% to 50%. Klebsiella sp.
experienced the same trends as Klebsiella pneumoniae although the

sensitivities fo antibiotics tested against it were generally higher.
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In the mid-1980s Klebsiella pneumoniae (and Escherichia coli) became
resistant o third generation cephalosporins (cefetaxime, ceffriaxone and
ceftazidime which‘ are all considered B-lactamase-stable) as a result of new f3-
lactamases (TEM enzymes -3 to -15, and sulfohydrovariable {SHV} enzymes)
and aminoglycosides as a result of aminoglycoside-modifying enzymes (which
modify them by acetylation, adenylation or phosphorylation preventing. them
from binding with the micro-organisms’ ribosomes) [Neu, 1992]. This explains
the radical resistance demonstrated by tt}is micro-organism against all the
antibiotics tested against it over the 3 year period. Even though
piperacillin/tazobactam has been used alone to combat this micro-organism in
several studies [Meyer, et al, 1993; Rice, Eckstein & DeVente, 1996], synergy
between two antibiotics that act by different mechanisms has been suggested
as an alternate pharmacological route {Zemeiman, Belio, Dominguez, ef al.,
1993]. Combining separate antibiotics may limit the emergence of
antimicrobial resistance [Lynch, 1993]. Therefore with the alarming increase in
antiblotic resistance (esperially by gram negative micro-organisms, Klebsiella
pneumonisge and Pseudomonas aeruginosa) combination therapy tends to

provide a compelling argument in treating these resistant micro-organisms (i.e.

combining any of the following: fluoroquinolones, carbapenems, fourth

generation cephalosporins or piperacillinftazobactam).
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8.4 ESCHERICHIA COLI

The most prevalent gram negative micro-organism was Escherichia coli, its
average frequency per year was 9.8% of the total number of micro-organisms
cultured from the PICU. For 2 out of the 3 years of the study, Escherichia col
was the second most prevalent micro-organism isolated in the ward, with
Staphylococcus aureus being the se und most frequently occurring micro-~
organism during 1846. Although it was isolated from various sites, 27.3% of
the culiures were isolated from both pleural fluids and blood. The isolate
culture frequency ratio of ngonates to non-neonates was 0.8:1. All the micro-
organisms isolated during the prospective phase of the study were clin'icizélly

significant , of which 63.6% were of nosocomial arigin.

These results were found to be consistent with a number of studies which
found Escherichia coli to be one of the first and most prevalent gram negative
micro-organisms infants are likely to encounter after birth especially in
intensive care settings, vet with the ability fo cause clinically significant

infections [Hemming, ef al, 1976; Goldmann, 1978). It has also been

recognised as an important cause of community and nosocomial infections

[Neu, 1992].
When taking the annual average sensitivities of Escherichia coli into

consideration, it could not be considered a problem micro-organism in

comparison with other micro-organisms (i.e. Kfebsiella pneumoniae), however

129



Pmnnmmm

its decrease in sensitivity was a cause for condern (with mean sensitivities of
78.7 = 15.5% in 1995, 85.1 & 11.7% in 1896 and 63.3 + 16.6% in 1997). Even
though the average sensitivity varied around 80%, it experienced a sudden

drop during the last year of the study.

Escherichia coli demonstrated fluctuating patterns and varying rates of
resistance progression to penicillins considered susceptible to gram negative
micro-organisms. Ampicillin, piperaciilin, amoxicillin/clavulanic acid and
piperacillinftazobactam were consistently tested against Escherichia cofi for
the 3 vears. Sensitivity results to ampicillin never exceeded 20%, those to
piperacillin  varied between 6.7% and 46.2% and those to
amoxicillin/clavulanic  acid varied between 57.1% and 100%.
Piperacillin/tazobactam experienced a gradual decline in Escherichia colf

sensitivity from 100% for the first 2 years to 87.5% in the last year.

Over the 3 years, the cephalosporins tested consistently against Escherichia
cofi were cefazolin, cefuroxime, cefotaxime, ceftazidime and ceftriaxone.
Cefazolin and ceftazidime experienced progressive declines in Escherichia coli
sensitivity over the 3 years (from 88.2% to 41.7% and from 88.2% to 68.8%,
respectively). Cefuroxime, cefotaxime and ceftriaxone experienced fluctuating
sensitivity results above and below 80% over the 3 years (between 68.8% and

100%; 75% and 100%; and 75% and 100%, respectively).
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Escherichia coii over the 3 years was tested against amiKacin, gentamicin and
tobramycin, all 3 experienced steady declines in sensitivity from 100% to

84.6%; 81.3% ta 62.5%; and 81.8% to 60%, réspectively.

Fourth generation cephalosporins (cefepime), fluoroquinolones (ciprofloxacin
and ofioxacin} and carbapenem S-lactams (imipenem and meropenem) were

the only drug groups that experienced complete sensitivity from Escherichia

coli.

Escherichia coli has demonstrated resistance against penicillins (amoxicitlin,
ampicillin and piperacillin) and g-lactam p-lactamase inhibitor combinations
(i.e. ampicillin/clavulanate and ampicillin/sulbactam) {lgari, Shitara, Shitara, ef
al, 1990; Neu, 1992). This is of great concemn as it appears that
piperacillinfiazobactam might also experience similar resistance patterns

already being experienced by amoxicillin/clavulanic acid.

8.5 PENICILLIN

“Over the 3 years of the study, Streptococcits agafactiae isolated in the ward

remained 100% sensitive to penicillin. In fact the only Streptococei that
demonstrated any resistance to penicillin were Strepfococcus pneumoniae (in
1995 and 1996), Streptococcus viridans (in 1985) and Enferococcus faecium
(in 95, 16 and 1997). Staphylococcus aureus and Staphyiococcus

epiderm.d’s ¢insistently demonstrated very high resistance tendencies over
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the 3 year period. As far as community acquired infections were ¢oncerned, all
the Streptococci isolated were 100% sensitive to penicillin, even though
conclusive sensitivity could not be determined due to the low isolate counts.
The Enterococci and the Staphylococci significant community-acquired
infections were the only micro-organisms that demonstrated resistance to

penicillin.

When considering the prospective study's results, it is best to avoid using
penicillin for those micro-organisms isolate—d as nosocomial infections. This is
because Staphylococcal infections predominated in this class. Enterococcus
faecalis, Streptococcus pyogenes and Streptococcus sp. remained completely

sensitive to penicillin, however they were infrequently isolated us nosocomial

infections.

in 1941, 40 000 units of penicillin administered a day for 4 days cured
Streptlococcus pneumoniae pneumonia, while today 24 million unite of
penicillin a day does not guarantee survival from Streptococcus pnéumoniae
meningitis [Neu, 1992]. Penicillin has always been considered the drug of

choice for treating infections caused by Strepfoococcus pneumoniae, therefore

when antibiotic resistance was first reported in 1957, it was believed not to

pose a threat to the general population [Billeter, 1997]. For a long time
penicillin was the drug of choice for community-acquired infections, and
practitioners were erroneously inclined to dismiss the report of antibiotic
resistance. Following the initial outbreaks of Sireptococcus pneumoniae

resistance in 1977 in South Africa, about 45% of them are now penicillin-
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‘resistant and this is & world-wide phenomenon [Neu, 1992; Billeter, 19971 -

Despite the unique Streptococcal susceptibility to penicillin demonsirated in
the prospective phase of this study, and considering its overall current
resistance patterns reported which continue to pose a challenge to physicians,

these infections should not be taken for granted.

8.6 CEFOTAXIME AND CEFEPIME

In 1995 a major decision made by tha consuifants in the PICU, was to
discontinue the empiric use of cephalosporins, especially cefotaxime.
Cefotaxime, which was used empirically in the ward when a patient was
suspected of having a nosocomial infection, had an average sensitivity of 47.2
+ 23.89% in 1995 [Appendix 1], having the second lowest average sensitivity of
ail cephalosporins. Although other micro-organisms such as Acinefobacter
sp., Enterobacter sp., Entsrobacter aerogenes, Enterobacter cloacae and
Prcteus mirabilis ‘were still 100% sensitive to cefotaxime, it appeared as if the
more prevalent micro-organisms in PICU such as Pseudomonas aeruginosa

(22.2%), Klebsiella sp. (50%) and Klebsiella pneumoniae (0%) were resistant

to it. Although Escherichia coli did not have sensitivity levels as low as the 3

previously mentioned micro-organisms its sensitivity to cefotaxime was of
concern as it appeared to be developing resistance (88.2%). Despite not using
cefotaxime empirically in the PICU for close to a period of 2 years, the

incidence of resistance did not experience a recovery, due to the fact that it
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was still widely utilised (the third most freguently -used antibiotic in the PICU at

11.9%).

Over the 3 year period, Enferobacter sp.(100%, 25% and 75%, respectively),
Escherichia coli (88.2%, 100% and 75%, respectively), Klebsiella pneumoniae
(0%, 40% and 25%, respectively) and Kiebsiella sp. (50%, 100% and 40%,
respectively) ali experienced fiuctuating sensitivity results which indicated
orobable resistance development. Pseudomonas aeruginosa was tested with
cefotaxime over the first 2 years and seem.ed to adopt the same trend (22.2%
and 50%, respectively). Both nosocomial and community acquired significant
infections tested were fairly resistant to cefotaxime, with the sensitivities
ranging from 37.5% to 57.1%, and 0% to 75%, respectively [Appendix 4 and
8). Haemophilus influenzae and Proteus mirabilis were the only micro-
organisms isolated during the prospective phase of the study, that were 100%
sensitive to cefolaxime. Notable micro-organisms (due to their prevalence)
that demonstrated resistance to cefotaxime as clinically significant nosocomial
and community acquired infections were Escherichia coli (57.1% and 75%,

respectively) and Klebsiella sp. (37.5% and 0%, respectively).

Qver the 2 years cefepime was tested, Klebsiella pneumoniae (50% and 75%,
respectively) and Pseudomonas aeruginosa (75% and 81.8%, respectively)
were the only micro-organisms that demonstrated consistent resistance.
Otherwise, cefepime was the most effective cephalosporin available (85.4 £
15.5% and 88.2 + 12.8%, respectively). Alkaligehes faecalis (0% in 1996),

Acinetabacter Iwoffi (0% in 1997) and Enterobacter cloacae (75% in 1997)
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were the other micro-organisms that demonstrated resistance to cefepime.
Significant nasocomial infections produced the greatest resistance to cefepime
with Acinetobacter Iwoffi, Klebsiella sp. and Enterobacter cloacae (0%, 62.5%
and 50%, respectively), otherwise the other infection groups were 100%

sensitive to it.

Significant correlation have bean identified between percentages of f-lactam
resistance and usage of pericillinase-stable f-lactam agents, especially third
generation cephalosporins [Lyytikainen, et al, 1996; Rice, et al, 1986]. A
number of studies have also demonstrated, a decrease in the percentage of
cephalosporin-resistance in association with a marked decrease in
cephalosporin use [Modi, 1987; Schentag, 1993; Dudiey, 1995; Rice, et al,
1996]. However conirary to expectations, despite the restriction to empiric use
of cefotaxime for about 2 years the sensitivity did not change much (from

47.2% in 1985 to 45.7% in 1997, although it did rise to 68.9% in 1996).

8.7 PIPERACILLIN/TAZOBACTAM

Literature a few years ago introduced piperacillin/tazobactam as a broad
spectrum P-lactam B-lactamase inhibitor with activity against gram positive
micro-organisms, such as Staphylococci and Streptococci, as well as many -
gram negative aerobic and anaerobic micro-organisms [Daniel & Krop, 1998).
Nevertheless, in this study piperacillin/tazobactam has been tested and only

used against gram negative micro-organisms.
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Over the 3 years, the micro-organisms in the study that demonstrated isolated
yet limited incidences of resistance towards piperacillin/tazobactam were
Escherichia coli (87.5% in 1997), Klebsiella pneumoniae (80% in 1998),
Klebsiella sp. (80% in 1997) and Pseudomonas aeruginosa (80% in 1995,
88.8% i 1996, and 76.9% in 1997). When comparing piperacillin/tazobactam
to other antibiotics, it appears to be a fairly effective antibiotic. However, the
reason the last 4 micro-crganisms were mentioned was because they were

the only micro-organisms not completely sensitive to piperacillin/tazobactam.

Significant nosocomial infections experienced the greatest resistance to
piperacillinftazobactam with Klebsiella sp. and Enterobacter cloacae (62.5%
and 50% respe-. ‘vely). Escherichia coli during 1997 demonstrated an overail
sensitivity of 87.5% which is fairly satisfactory. During the prospective phase
of the study, Escherichia coli isolated was classified as clinically significant
nosocomial and "community acquired infections. The nosoccomial-acquired
Escherichia coli remained completely sensitive to piperacillin/tazobactam,

while the community-acquired Escherichia coli was oniy 50% sensitive.

Beta-lactamase inhibitors (i.e. tazobactam) have been able to inhibit the -

lactamases {previously mentioned in the Klebsiella infection section) produced '
by Escherichia coli, Klebsiella pneumoniae and Klebsiella sp., however the
antibiotics with which the B-lactamase inhibitors are combined (i.e. piperacillin)

are not effective at eradicating these micro-organisms on their own [Ne,
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1992}. . In- other words, tazobactam is able to bind irreversibly to the 8- -
lactamase enzyme inactivating it, but the piperacillin is rendered ineffective
gither due fo chénges in penicillin-binding proteins or alterations in outer
membrane permeability [Hart & Bailey, 1996]. When observing the sensitivity
differences between piperacillin and piperacillin/tazobactam (49.1 + 20.8% and
88.7 £ 12.7% respectively), tazobactam succeeds in greatly extgending the
activity of piperaciilin. Therefore resistance to piperacillintazobactam is not an

immediate problem.

Piperacillinitazobactam is used as a substitute to the frequent use of third
generation cephalosporins [Meyer, et a/, 1993] for the soie reason that both
the components of the antibiotic are low B-lactamase inducers compared to
the cephalosporins which are considered high inducers [Neu, 1992]. Gram
negative bacteria have chromosomal genes (ampC) which enables the
production of p-lactamase (or cephalosporinase which has a high affinity for
the cephalosporins [Neu, 1992]), and others have genes which regulate the
production of the enzyme [Bennett & Chopra, 1993]. When the micro-
organisms are exposed to antibiotics that are strong inducers such as
cephalosporing, high levels of enzymes are produced coupied with a
decreased outer membrane permeability resuliing in a decrease in the amount
of antibiotic allowed through in to the periplasmic spacs. This overwhelms the
antibiotic and results in its destruction. When exposed fo

piperacillinftazobactam, low levels of B-lactamase are produced and these

antibiotics are less likely o be inactivated by B-lactamase. This could also
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explain the difference in micro-organism sensitivities to cefotaxime and

piperacillin/tazobactam.

8.8 AMIKACIN AND GENTAMICIN

In the-PICU, amikacin is only prescribed to patients less than 1 year of age.’
Over the 3 year period, Enferobacter cloacae (100%, 100% and 75%,
respectively), Klebsiella pneumoniae (16.7%, 40% and 25%, respectively;,
Klebsiella sp. (71.4%, 100% and 73.3%, respectively) and Pseudomonas
aeruginosa (77.8%, 88.9% and 69.2%, respectively) were identified as
problem micro-organisms where amikacin was concermed when observing
their sensitivity trends. Escherichia coli over the first 2 years was 100%
sensitive to amikacin, but during the third year the sensitivity dropped to
84.6%, which although still fairly sensitive was a cause for concern. As a
significant nosocomial infection Escherichia coli was regarded as a problem
micro-organism due to its prevalence, even though its sensitivity (66.7%) was

higher than that of Enterobacter cloacae (50%) [Appendix 4].

Gentamicin is only used in patients older than 1 year of age in the PICU.
Enferobacter cloacae (100%, 100%, and 75%, respectively), Escherichia coli
(81.3%, 71.4%, and 62.5%, respectively), Klebsiella pneumoniae (0%, 40%,
and 0%, respectively) and Klebsiella sp. (50%, 77.8% and 33.3%,
respectively) experienced a constant rise or maintained resistance to

gentamicin over the 3 years. Escherichia coli (42.9% sensitive) and Klebsiella
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sp. (37.5% sensitive) as significant nosocomial infections proved problematic

for gentamicin due to their relatively high frequency [Appendix 4.

Amikacin is modified either inefficiently or not at all by the majority of
aminoglycoside-modifying enzymes, therefore remaining active against a
number of aminoglycgside-resistant bacteria, and according to previous
studies its exclusive use (also assumed appropriate dosing) may result in the
general reduction of overall aminoglycoside resistance [Mayer, 1986; Starr,

1986].

Earlier studies recognised that the exclusive substitution of amikacin for other
aminoglycosides does not necessarily result in an increase in amikacin
resistance, and can cause a general resistance recovery of other
aminoglycosides, such as gentamicin and tobramycin [Mayer, 1986, Starr,
1988]. Contrary to those results, in the PICU, all 3 aminoglycosides
experienced declines in sensitivities to them, the difference being the rate of
amikacin’s decline being a lot slower than the other aminoglycosides. This
probably was because in the PICU which houses bolh neonates (which are
administered amikacin) and non-neonates (which are adminisiered
'gentamicin) 2 separate aminoglycosides are given. These resulis are
consistent with a study that defermined cross-sensitivity between
aminoglycosides when the MICs of amikacin and netilmicin were also
increased when the Staphylococcal strains were exposed fo gentamicin,

tobramycin and isepamicin [Torres, Tajedor,Gonzalez, et al, 19961.
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8.9 VANCOMYCIN

Over the last 20 vears, vancomycin has become a first line agent in managing
gram positive sepsis, especially that of nosocomial origin [Rotschafer, Hoang
& Peterson, 1997]. Many believe that the continued, increased use of
vancomycin may promote the emergence of vancomycin-resistant micro-
organisms [Christensen, et al/, 1996]. With the growing resistance reported to
vancomycin for Staphylococcal and Enterococcal micro-organisms, given that
current options in treating these micro-organisms are limited, this poses a real

dilemma for future treatment [Christensen, et a/, 1996; Noskin, 1997].

Vancomycin is still very effective to all the micro-organisms it was tested
aguainst in this study although 1 isclate of Bacillus subtilis in 1995 was found to
be completely resistant to it. Although one is tempted to think this was just an
isolated incident, one can not igncre the possibility of further reports as in the

case of Enterococcus faecium.

8.10 IMIPENEM

Due to high prevalence of multi-resistant micro-organisms, imipenem has
turned out io be an adequate alternative to other broad spectrum agents in the
treatment of suspected nosocomial infections [Zemelman, et al, 1993].

Although resistance to carbapenem -lactams rarely occurs, altered penicillin-
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binding proteins or loss of an outer-membrane protein that piovides a channel
for the entry of imipenem are associated with its resistance [Sanders, 1985;
Quinn, 1986]. Like the cephalosporins, imipenem is also a very effective f3-
lactamase inducer, and clinical isolates recently have been found that produce

specialised imipenern-hydrolyzing B-lactamase [Neu, 1992].

Over the 3 vyear study period, the resistances to imipenem could not be
conclusively determined because those micro-organisms that demonstrated
any degree of resistance to it had low isolate counts. Therefore, with the
exception of Alkaligenes faecalis and Acinetobacter lwoffi, all micro-organisms
tested again- imipenem in the PICU regardless of the source of the infection
were still completely sensitive to it. However with its continued use it only

seems a matter of time before resistance to imipenem proliferates.

8.11 PHARMACOKINETIC STUDY

Factors such as daily dose, frequency of administration or combination with
other drugs have been addressed as possible reasons for the selection of
amikacin resistance [Guililermo, 1986]. When observing the resulis of the
pharmacokinetic study, amikacin was not appropriately dosed with amikacin
peak concentrations well below therapeutic levels. Therefore it would be
*iferesting to see if correct dosing of amikacin resulting in therapeutic levels

would result in a recovery in aminoglycoside sensitivity.
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In the past, several studies demonstraied variable results in comparing once
daily to multiple daily dosing [Zhanel & Craig, 1994]. Even though these
studies have recently been extensively reviewed to a point where once daily
dosing is considered as effective, if not more effective (and iess nephrotoxic
and ototoxic) than muiltiple daily dosing [Zhanel, et al., 1994], unfortunately it
has not been well studied in the paediatric population [Barclay, Begg, Hickling,
1994]. Nonetheless, current recommendations entail maximising
aminoglycoside Cmax to MIC ratio (e.g. = 8) along with employing individual
pharmacokinetic parameters to increa;e therapeutic efficacy without
increasing toxicily. Having the aminoglycoside conceritrations fall below the
MIC for a short period of time will not result in a therapeutic failure due to the
drug’s post-antibictic effect (PAE)(which is a dose-dependent continued
suppression of bacterial growth after the period of antibiotic exposure [Barclay,

ef al, 1994]). The PAE is determined in vitro after 1 to 2 hours of exposure fo
fixed antibiotic concentrations in a pharmacokinetic mode! simulating human

pharmacokinetics [den Hollander, et al., 1996). This phenomenon encourages
the use of longer dosage intervals, however a patient's rate of elimination will
dictate the dosage interval {Zhanel, et al, 1994]. Therefore the optimal

aminoglycoside dosing regimen should be designed to maximise the area

* under the curve (AUGC) by administering high doses, and giving the doses at

intervals no greater than the duration of time that drug concentrations exceed

the MIC plus the duration of the PAE [Zhanel, et al, 1884].
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8:1Z LIMITATIONS TO MICRO-ORGANISM | -

SENSITIVITY ANAILYSIS

In this study the culture sensitivity results were based on the Kirby-Bauer
analysis method. There are limitations associated with this method of analysis
since it offers an all or none type of response. Aithough resistance is
synonymous with tolerance, the definition is perspective dependent. From a
clinicians standpoint, resistance is thought of as categorical, “either sensitive
or resistant” [Polk, 1997], which is how sensitivity or resistance is expressed
from the Microbiclogy lab. From a microbiciogist’s stance, national standards
for determining susceptibility (NCCLS-approved breakpoints) are of primary
importance, and from a pharmacokineticist's viewpoint, serum concentrations
versus time profiles with relation to MIC and minimum bactericidal
concentration (MBC) are of primary importance. Unfortunately, there are
varying levels of resistance which are not taken into consideration by the
format in which culture sensitivity results are expressed. For example, a
penicillin-resistant Streptococcus pneumoniae, could mean:

1. penicillin can not be used for treatment from a clinicians point of view

2. it is a different micro-organism compared with its historical

counterpart since it has acquired new genetic information from a

microbiologist point of view.

3. the MICs for this micro-organisms has simply increased in the serum

concentration versus time curve (therefore the Streptococcus

pneumoniae is still susceptible to penicillin but the dose of peniciilin
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-~ = would probably have to be increased) from the pharmacokineticist's

point of view [Friedland & McCracken, 1994].
Therefore just to }nention, the resistance or sensitivity of a micro-organism is
not enough in instituting antibiotic therapy. One should rather make use of the
MIC approach in order o make a more informed decision about the most

effective antibiotic treatment and dose for a patient.
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CHAPTER 8: CONCLUSIONS

Since infections in any ward are an important determinant of a patient’s
morbidity or moriality, the continued surveillance initiated by this study is
essential as micro-organisms prevalence and sensitivily pattermns are
continuously changing over time. Therefore the results and analyses

demonstrated by the study are needed to formulate antibiotic policies.

9.1 ANTIBIOTICS FOR GRAM POSITIVE MICRO- ORGANISMS

Due to the resistance to penicillin by nosocomial infections, penicillin should be

reserved for community acquired infections.

With the emergence of gram positive micro-organisms which are resistant to
multiple antibiotics including vancomycin, the future of antimicrobial therapy
looks rather bleak since such infections are virtually untreatabile. Qver the last
20 years, vancomycin has been promoted from the last-line agent to the first-
line in managing gram positive sepsis for many clinicians [Rotschafer, ef al,
1997], and as a result a direct correlation (although circumstantial) between
unrestricted use of vancomycin and vancomycin resistance has been
identified. As a result, it is advisable to restrict the use of vancomycin to
nosocomial infections where there is a strong suspicion that they are caused
by methicillin-resistant Enterococcus or Staphylococcus, or in patients with a

serious B-lactam allergy (in the case of non-neonates) in whom no other
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alternative exists.' Like the aminoglycosides, vancomycin is also a
concentration-dependent bactericidal agent, therefore it is important to
individualise the pharmacokinetic dosing parameters in order to avoid the

emergence of subtherapeutic related resistance.

- 9.2 ANTIBIOTICS FOR GRAM NEGATIVE MICRO- ORGANISMS

Since most gram negative micro-organisms are susceptible to amikacin, its
exclusive use (provided dosed appropriately) does not appear to exhibit an
increase in its own resistance. In addition, amikacin has a favourable influence
on the susceptibility to other aminoglycosides. Therefore, it can be used in
both empiric and tailored regimens [Peetermans & Bobbaers, 1996]. As a
result of this and also due to the decreased sensitivity to gentamicin it would
be advisable to rather use amikacin., An important isste to remember in
aminoglycoside dosing is to attain high peak concentrations, low frough
concentrations, and calculate the maiﬁtenance dose and dasing interval based

on the patient's individual pharmacokinetic parameters.

imipenem appears to be an adequate alternative to other broad-spectrum
agents in the treatment of infections due to nosocomial muiti-resistant gram
negative bacilli, however it should be used as a last-line agent. The reasons
being, it is assaciated with a high risk of inducing convuisions in patients with

previous neurological damage or renal failure [Principi, 1996}]; and although it
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is stit a very effective antibiotic it would be predisposed to resistance

development from frequent use; and it is a fairly costly drug.

Cefotaxime should be reserved for cases such as meningitis or clinically
significant infections where micro-organisms have been identified as being
sensitive to cefotaxime. The restriction initially imposed on the use of
cefotaxime was probably not clearly defined since after the restriction it was
the third most frequently administered antibiotic in the PICU. Therefore the
reduction in cefotaxime administration was not enough to encourage a

concomitant decline in cefotaxime-resistant micro-organisms.

Piperacillintazobactam is considered safe and effective as monotherapy for
infections usually freated with a combination of antibiotics such as
polymicrobial and nosocomial infections due to its wide spectrum of aciivity
that includes gram positive micro-organisms, gram negative aerobic and
anaerobic micro-organisms [Daniel, ef al, 1996]. At Johannesburg General
Hospital, piperacillintazobactam’s spectrum of activity was limited to gram
negative micro-organisms, however with information of its efficacy extending
to cover gram positive micro-organisms the issue of considering it a broad
spectrum antibiotic ought to be addressed. it is primarily indicated for B-
lactamase producing micro-organisms that are resistant to 3-lactamase stable
agents, and can be used as an empiric therapy in cases of serious infections.
Also because its concentrations do not require monitoring, this ma.y prove to

be the more cost-etfective choice [Hart, et al., 1996]. It can be used as a
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- -substitute for cephalosporins and aminoglycosidés (if tHere i8 a coricern about

nephrotoxicity) {Hart, et al., 1996].

9.3 RECOMMENDATIONS

1. Penicillin should only be used for suspected community acquired infections.

2. Cefotaxime’s use should be restricted for cases such as meningitis or
clinically significant infections whiere the micro-organisms have been identified

as being sensitive to cefotaxime.

3. Piperacillin/tazobactam should be uséd as first-line therapy in all suspected
nosqcomia! acquired gram negative infections. Piperacillinfiazobactam’s
activity against gram posi_tive micro-organisms ought to be explored for

possible use against them.

4. VVancomycin's use should be restricted to nosocomial infections suspected

of being caused by methiciliin-resistant Staphylococci (Staphylococcus aureus

or Staphylocococus epidermidis) or Enterococcl (Enterococcus faecium or

Enterococcus faecalis); or in patients with a serious B-lactam allergy in whom

no other alternative exists.
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5. Amikacin should be used exclusively in the ward, replacing gentamiicin
(since its exclusive use has a favourable influence on the susceptibility of

other aminoglycosides).

8. Aminoglycosides (amikacin) and glycopeptides (vancomycin) should have
their concentration-dependent bactericidal activity and their PAE maximised by
administering them at dosages based on patient’s individual pharmacokinetic
parameters. Amikacin should be administered as a loading dose of 25 mg/kg
intravenously over 30 minutes. Peak concéntraﬁons should be drawn 2 hours
after the end of the loading dose infusion and the trough concentrations are
drawn 10 hours after the end of the ioading dose. From there the maintenance
dose is calculated based on the patient's individual pharmacokinetic

parameters and administered at least 24 hours after the loading dose.

7. Imipenem’s use should be reserved as a last line agent to prevent

resistance development.

8. Culture and sensitivity results should be expressed as MICs instead of the

current Kirby-Bauer method of analysis.

9. If Klebsiella pneumoniae or Pseudomonas aejuginosa are isolated or
susgacted of being the cause of a clinically significant nosocamial infection,
administer two antibiotics which cover gram negative micro-organisms (i.e.

piperacillinftazobactam; ciprofioxacin; imipenem or cefepime).
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10. Based on the antibiotic sensitivity profite, the following regimens “dre

recommended for the PICU:

First iine therapy:

Second line therapy:

Third line of therapy:

combination of penicillin (only for suspected
community infections) and amikacin.
amoxicillin/clavulanic acid or
piperacillintazobactam (depending on
suspicion of gram positive or negative
infec:ﬁon)'Either could be used as first line
therapy in significant nosocomial infections
or second line therapy in significant
community infections.

combination of vancomycin and imipenem or

ciprofifoxacin or cefepime.
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18.7 (/6] 18.7018) 833 (615 83.3 (8/6
100 (1) J100{1H} ] 100 (1/4) 100{1Y) __|100 (/1)
333(11) (O2) [ ) 0 (0¢1)
180 (16116)_| . b @)
100(2) o
0 (072 0 (02
20 (/5] 20 (1/5]
0 (or1) o (o)
a 1) 100 (M1 oy wogy  lioopny 00
stinaiobacter baumann 0 (0r2) 100 (272 1002} 100(2r2) {0 {or) S0 (112) 50 {1/2) {12) 80(1/2)
0 (0/1) rl_gg(ili) 0 (1) 0 {011) 0 {o/1) 0 (oY)
0 (ar3) 100 (373 o (er3) 230D |o@a) 333(173)
entorobacter sp 0(03) 100 (373] 100 () 100 (33! 100 {33) 100 {313)
enterobactor asmganes 0 (0/1) 100 (11} 100 (M) 100(1) 1100 (1)
anterobactsr cloacas 0 {tvs) 100{¥8) 100 (&/5) 100 (545} 100
G8LINE) 1458 {81) 100 (17117} 0 (0/5)
0 (1/14) 485 {8111 50 (7/14) 35,7 {8014} 714 {30414 0 {013y
LRSS 0 {0/8) {8} {048 0 (0/5] 0 {0/6) [18.7 (1/8]
piofeus mirabills 100 (111} 100 (411) 100 {111} 100 {11) 100 {111) 100 (111}
pseudomonys astuglnosa 008 88 8 (&/9] 222{2/8) _}100{3/) 222(29) _|778(%3)
salmanetia sp ofor2) 300 (22}
unkien_gram -va baclllus 0 (01 1oy | 8 {1y 0 (041) oy
velionaiia
bacteraides (rpls
prevotetia mataninogen,
stenotropamonas mal 0 {072] 100 (212] 50 (172) 0(02) {100 (2r2)
483 313 259 B3 648 537 149 o)
448 429 417 at1 429 478 5 0
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APPENDIX 1: Antiblogram for 1895

lorg:nhmn Su|ghamalholmmamagdm ca!:unmxaljclmnmcln Clnoxacin | Nalkdbi acki [Vancomyeln |Fusidic ackd Nllw!uhntaln‘ﬁfhmgicm imipenam__ |Avarage S0
GRAM POSITIVE

100(6/5) _|333 {216) { 100 (5/6)___{ 100 (&6} 83.3{516) &4 38|
26 3 (10738) |17 1 (1141} M‘L 100(41/41) 1828 (3140) )100 {¥/1) 76 5 (31R38) 414 3.2
s48(6/11) {818(oril) 20 (ItHY) 181 (1i1) 108 (i) 8235 30
100 (1/4) 100 {212 B%4 18.9)
0 (a/1] 100{31)  fo(om) 27 48.7
233(26) _ 10(0/8) 100 (&3] 66.7 (416 t&ﬁ?(m[ 254 3B 2
100(4) 100 {41} 100 {171) 0 (001} 833 38.9]
0 (02 50 {112, 100 {33} 100 (212) 100 (i11) 3 A1 8|
3 727 (8/11) 0 {0} 190 {13111) 130 (3110) 1100 (111) 484 40.3
0 (0/2) 100 (22 100 {22) 100 {212 &1.8 405
03 {28} 10022 0 (072} 458 45
{45) 3 , 100 (8/5) 40 (5} 50 {112, 565 341
. ] o lovy a3 239
 proplonobactarium ap
1 GRAM NEGATIVE
brathametia caturetals
etinatabacter sp 0{o/1) 100 ¢11) 1 100 (411)

schnatobactor bsunann 0 (o) 100 (272) 109 (272)
iganas 3p 0 (o) 10041} - . 100 (111}

sty

ansa fascally 6 (053} 100 (373) 69 3 (2Rl
100{¥3) 100 (343;
_ 100 {111) 100 (1) 100 {11}
= 100 (8/6) 100 {&45) 100 (414)
41.2(MT 100 (17/17) {100 (414} 100 {212} 100 (€16 100 (&/%)
= 76.6 {11/14) 100 {14/14) 100 {33} 100
- {33.3 (8} 100 (88 100 (678
= 100{11) 100 (1) - 100 {111)
) 0 {0r9) 85.9(e/9) waery) | 509 04
100 (212) 160 (1Y) ’_lbO () 628 518
= 0 (o) 100 (/1) 100 (111) 487 318
= prevotalta metaninogan. -
stenotropamonas mal. 0 {u.3) 100 (272] ;5_0@ 50 483

a7 472 100! 933 IDO‘ 333, 923 440 100 98 936
LAK) A1 29 511 ar 433 0! 194 100

il
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APPENDIX 2: Anliblogram far 1996
Orgsniunsy 21s0. tealed |Pericilin Oxacilin clin__|Pipenicifin _ G0 amoscie Piplaz Cloxaclin__ [Catezoln _ [Cephakedn _ICelotndme [Celwoxime {Cefaricime [Cafiaxons {Cofopima [Ar cuein _ [Gentsmicin |Tobearyycin in [Cindamyein {Chioramphenizot
GRAM POSITIVE
staphdococcusmursus 1 2718s02m {333 (824 37 {10727} 37 (1or27)_ 13T (1o 37 {1027, 3y (1027) 137 {10027)
st epidormids | _320(02 l40{1200) 10 (%) 133(17) 388 (10726) }48 3(14729) |40 (1028} Jaa 8 (1028} 233 (39) 168(1502) |88 150 [100(111)
streptococcus apalactise 100_(272) 1004272) {109 (272) 100 (341} 0(02) 100 (272} 100272
ococeut preumerias 687(20) _[100(272) 100 (1) 10017) 10030) __{100433) __[10073n)
sreplocoteus py- genos joo 100 {1/}
100(272) 16 (272 400 (272 100122)__ oo 100 (272
straptococcus Miidans 160 {272 100213y 100 (22) 100 (277} _ 100 (21) 100(272)
enlerostetus fascium 0 (6r) 1afih) 100 (41} R 100 (3H)
{entarncoccus faecals 111801840} 003} 80 {8/10) 100 (84) 100 (3H) . 833 {58) 18 7118) 20 {175
GRAM HEGATIVE
f baumam 3 010n) 10000 — owort) _ |100 ) 0i1)_ o 1) o (o1 1003 __ foon) ooz _ Trooqymy_ fioaqiny 103 (3m)
acinclobarter watt o ey 1901} 100 (1) 0 (/1) seaphy__lsoaqtmy  Jroagdm) _ fwootim)  teeoqimy  [toa(imy 100 {111)
Tuscals 0{0r1) 0{04) a{on) 0{0/1) 0 {0r1) 100{14)
ondorobacter 49 4 0{uM) 50 (24) 0 (/) 100 (4/4} 0 (0/4] 0 (/1) 25 (14) |25 (314} 125¢144) 25 (114) 100 (272} $0 (24} L!_.'l [U0)) 50 (12)
ecterobacter clonces 2 0.072) 10002 o) 1s001) 0(07) o) 100em  |iopr Jioopm  lteom  ficopsy  Joope  [wo@e) lwaza)
aschadaba col 14 J2opns) 462(6H3) |100{1343) {100 (1U14) 837 (12144) {833 (1v12) |100¢14n14) l100(iasd) 1ad8¢11nd) [100(14114) 10011741} [63 31445 714 (104 (75(012)
haemopbilus Inflyenas 100 {272 180 {272 100{tA) 100 {22 100¢t1) 100272
dableta sp 0 (09) 444 {43) 88 9 {840] 100 (8.9) t 100 (88 100 (89 880 148) _ 1100{08) 100 {545 100 {82 T78(79) _|778(1R)
dabulels ontoca 0.072) 0 (0 s0(i7)___|10012) (17, (iR 50417 s0(12) (10022
0 {043} 40 20 (455) 80 (4] 40 20 (12} 40 {25] 40 (23] 20 (/4]
100 {14) 100 {14, 100414 100 {1H] 100 (12} 100 {141 108 (11 100 {14 100 {101
50 (122] 84.7 (69 50 (172] 38 B (&9) 50 (172} 50 {(172) 288 (38) 53 (17) 75 (878)
0 (0N, 106 (11) 0{0n) oy 0 (/1) 0 {01! 100 (1Y) 0 (V)
0(072) 160 (22] 0 {072 100 {272] 100 (272 30 {12) 1100(2/2) 100(22) __ {100 (27]
818 547 l!‘ 852 554 87.4 e 459 817 309] 5 128 [1X] 854 788 828 15 5] 18 808 lOOl
48 LIAl irs 289 LLk) 87 iR} 423 43} gl 286 48 388 3 37 28] 317 244 374 1)

¢

}

1
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APPENDIX 2: Antiblogram foy 1086

QrRantarfs Sulphamathe) ‘mmalhnmlmiCa-annzaiclgroﬂmcm Qfivacin___{NtrofutantsiniVapcomycin 1Fusidic ackd {Rfampkin *(migﬁnem ]Memgmm Tetratyeine [Average 18D
818 (22/27) 1947 (z2/24) 1100 (33} 8.7 (1) hivReatri)] 100%27&73 388 :2"27) £0.2f 02
100 {414) 7.8 (12132} |eo(tsns)  [a(oii) 0 (V1) 100 (32/32) 48 § (23/26) [68.9 ({3)/32] ag% 3
watary _ waqn) 100 (272) 100 (22} 908 202
100 {2721 100402y 100 {373) 282 103
1004 o
100 (212} 100 (2/2] 100 0
100 (217] 0 {072} ars 354
100 {11) 0 (o't} 67 s16]
& (0r3) 108 (675 300 {I01D) 100 {141} 0(0/1) 818 453
{01}, 100 (17 100 (272} 100433} 100 (272} 814 502
0{0) 100 (11) 00{15) oo () 100 (111} 843 403
woliy __{oatwy 0{a11) oer) 30, 483
Jzs gy 100 (272} __ 0(07)_ 100 {424} 389 378
100 (272) N YT ) a} [
428 (6114) o0 (3) 100 {8/5) 00ty 100“1”2)_] 100 {4/4) 8% 233
100(272), P 100 (117 100 t
718 (179) 100 (4/4) 10G (415} 838 2814
iwislla oxyloca 0(0:2) 100(22) 011 34
Klabsklla prsumantas, LI 100 {8/} 100 (4rd) 100085y {00y 532 R7
proteus mirablily 108444} oo (11 wagi) 100 (irt) 100 (1/1) 100, [)
preudomanas sanspingsa & (172 100 {a/8) 100{8/8) 100 {B19) 100 {8/8) 0 2] 218
Bssudomonan sp in(gu) 100 {1t} L1100 (14} 44! 07
chrohactsr fruud) £0 {172 A0 Y WU 160 (242 100 (8{1} n1 23
fystage [k 5023 503 823 86.7] @i_ 943 972 923 a8 40
&0 873 388 173 2 2% b; 81 48 27 54 5481
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APPENDIX 3: Anliblogram for 1897

i0mganisma # of lsolates {Beniciin — JAmpiitin _, Cloxucilin__TOxacilln Flparsciin_[Go-smoriclav] Piptaz Cotazplin _ iCaphalaxin [Colotaxime (Caturguims [Ceazidime [Ceftilaxone {Cefepims  {Erythromycin|Clindamycln |Amikacts  {Gsptamicin_{Tobramyein |Ritampkin
| GRaM POSTIVE [ I N ’
staphylocoeeun aureus 12]o(a11) 1333pnzy Ja3sanz 36 4 (A1) 136, (3111) 384 (4111) N 333 (4112) |28 (0192) 75 (9112)
b 53[36(253) 2.3 (15653 283 (1853 268 (14r:c} |26 8 (14152 25 5 (331) 358 (19/53) |35 B (18/53) 819 (Aus3) |
100 100 (212] 100 (212} 100 {212 100 (2721 160 {212
100411} 1we (i) 100 (1) 100 {11} 100011} 100 (1)
100 {372] 100 (1/1) 100 {371) 108 (41 1100 (11} 100 {2/2)
4lico(a) _ fcogan) [100 ars) 100 (474} 1100 (414) - . Loty
100Q23) 100373} o0 (e “heopm [wotwm I [100 253}
11}00.2 (10/11) |80.8 (10111} 90 (9/10) o 1400 13#4) 100 {414}
0{0) o (0n) {01y oo Jojor) _J o00/1)
100 [100 (171) __ 100 {1/1) 100 (272) 100 (212) 106 (212}
10044y o {0y soopuy ooty
buckiuy carauy 0 (0/2) a Qe ol 00
[GRAM NEGATIVE -
acinsiebacter bavman 0 () toa(u) 00/} AR (Y 4 io1) 001} ] »
aclastobucter wotfl 0 (01} o(e1) o (or1) o(o) 100 (1)
alkaliganss sp o (a/t) 0 (0r1) 0{0/1) 100¢14) __[o(td) 0o/t 0 (0r2) Iy opm 100 (373} 0 (073] 0 (0r2) 0 (0r3)
alkaligenus tascalls 4 a0y sost__ logoz) 100(va)_ fo i) 02 ooy 102) Jomy 100 sopsmy  leatuyy  Jao i
entaobacter cloacan 4 9 (0/4) 75 {3r4) 0{0/4) 75 {4} 0 {{ed) 0 {073} 176 (3/4) 78 (314) 75 (3/4) 75 {W4) I8y 75 (34) 75 (34) 78 (34)
1 9 (03) 100 {1/1) 0{0/1) jooius) _ logety Q (V1) WLT(d) 0 (04) 100 {111} 10a 41} 100 (/81 AL TR 400 {11} hBOle')
4 0 {0/} 25 (144} 504214 00 {44) 25 {14) 333{13) 175 (34) 50 (24) 30 (24) 75 {34} 100 {414) 10044y {8124 S0{U4), -
1810 (o) 0 (ar11) BT {3113) ,57:2&':45 Tz aqtane) [iockisi [a7qsma) |78 (i8] (B8 @ (31i) (68 8 (1ve) (18 2y [100 (3601 845 (3413) 1625 (1618) 60 8143
hasmaphifus influenzae 4 100 {44) 100 {413) 100 {414} i 100 {414} 100 {414)
Mabalatla sp. 15 0(a/18) 267 (an8) |47 (1118) 160 (12135 20 (W13} 42903y l4o(ens) 333 {813 a0EN) 180 {12/13) 133(41118) |233(816) 286 (4114)
ebslaila pneumonize 4 o {oi4) 25 (1} 8 (073} 100 (414) !za(m)_ w01y |25 25 (114) 25 (114) 75 (34) 25 (14) o {o/4) 9 {0/4)
dabykaiia oxytoca 0{072) . 30 (172) 50 (12 100 {272] 504412} 0o {uYy &a (i) sa(ire)  |100 (212 100 (2] 50 {112 60 {1.2] 1
peotaus mirabls 50 (¥ 100(s/6) _froo{ws) [1o0(ee) |1co(ers) |roo(we) |100(ws) (e Doagae) _ [1o0 (ss) WOIWE) 1833 (88) |0l ]
pseudomanas asriglnosa 1 768 (10113} 188100y 78 9 {10/13) £18{oM1} 562 {9113} 846 (T4/¢ ——e]
taMpylobactar jsjunl 0 (/1) -4 O (Y, 0 {011 too ity O
acterotles fragls
strenolrapomonas tnafiephlia rYen woqy oy frooguy  loqy aty oy wopny__jotum 100 {1/9) 4 (011 o (0r1) o)
butkholdaria cepacia 100{41 100 {174) 100 (11) 00 {1/1) 80ty 9 {SH) N
saimonefia sp. toa iy feagting 100{171)
shawinalla pulietaciens 109 (1/1) 100 {11), #O(Lllll) 00411 0a ) 100 {111)
Ave: 811 400 539 539 491 337 835 41 2] 65 4] 487F 08 814 529 B2 LLR 55.2] 585 <X} 48.9 554,
SD. 4.7 486 409 A00 a4 384 327 4221 401 418 354 g7 £16] 285 368 404 LT3} 411 403l 13
-
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APPENDIX 3: Antiblogram for 1897

cnimmghnﬂv:ncom!ck\ | Euckdin Clprofioxatin | Ofoxachy | Catrimoxa zold T cprim (s m__ [Mercpenam |Teleaptanin |Tstracyeling |Avarage 1o
staphylococcus aureus 10041212} 1108 {12/12} ]bo 30N 150{wi2} 109 (717} 312 312
sixphyloceccuy ebldarmidis HR{EVSY) 175 B LIS 26 4(1453) 1245 {149) 93,8 {15116} 4318 ﬂg‘
slreplacoccue agatictiae 100 (U2 0 (1/2) b 328 183
1100 {14} wa iy 0 {0/1) 849 333
1033 (R LCX4 kXA
106 (A14) 75 0304) 88¢ a4
100 (373! 682423 & 952 128
Ty 100111} o 37
300 (33) 20 47
100 {22y 100, ai
. Ji0a(tit) Joo (1) 83 3] A0.8:
100 42 (1R} 0{0/2) 417 482!
prARIAN] 109 (171) 100 {14 100t - L)1 518
P T T NI oy {0} i 3313 50
alkatiganst ap 100 (M) 1004y G (o) 100 {4i1) {0 (0/1) 333 438
alkaligenaa tuocalls 28 (UdY 25 {114) D {2 e 78 (374} 434 427
snterobactsr cloacue 100 {33} 100 (3 75 (34) WOL4) 1100 {38} 644 387
oo 11000 ety watun_ tioap TN 684 478
1000317 _— O T 523 E
100 (414} 160 (iay 38 8 (813)_1I00L0AE) HHO0kay | 833 12
100 1414) wod) | 50 (214) _ 1o {4 844 57
100 4304} 100144 (Y 843 (8048} 1100 {1¥15)_Jiontw) 522 327
100 (a4) | 100 (Ard) 50 (/4] 100 ¢ardr 100 {44} a4 407,
100 oy | sy Doogwsy  heoteny 1) 671 312
protaun ouratillls wWe iy 1oe iy 50 100 {6:6) 100 {411} 934 158
eudomonae seruglaoes 1001313 1100 a3} 60 (1343 1180 {i2ha) 368 123
campylobacter Jajun) 10a{nh his2 AT 100 {114y 0011} 525 5 8
bactersidat fraghis - o
Usnotrpamatias mattophila . (Y o o/1) soaqi) __fieoquny  Jrooris) | 389 502
burkholderiz cepacia 0{004) o) 10306 3000418 E) sts
saimonatin ap waud) {1ooqw) _fioatun (. 100 [
shawanella putroficions fop{iy a1y 10a vy 1004441 100 [}
Averaga 106 100 &7 8] 858 B38 48} 484 Bt £ Lodee 853
SO b “T){‘ 173 347 364 388 336 43 L 44 k14




APPENDIX 4: Clisleally slgnificant fel Inrection antibl

% of lsotaten {Paniailin Ampictitn __{Clasaciltin_ 10xacilin Plpsrcilin cmmaxklavrp Intaz Catatolin __[Caphalexin _{Cefotaxima ICatutexime 1CaRatidime {Catiluxona _iCafepuny — )EryWybmytin]Clindamyetn JAmikacln |Gantanicin | Tobrasnycin
entaracocous tascals 3110030 100 {373} 100 {272} 100 (i)

nterococcus tasciun
atiphylocodeus aureus 0 (8} 2% (28} - B LU8) 288 {27, 286 28 6 (207) 25 (218) 25 (218}
taphytoc 1] 38.3(38) 1333 {¥9) 25 (B! 28 (U8} {28 (2/8) 53 6{89) 183 84/0)

=
ES
=
i
Ledle)
5
B

sraplococeus agalactias
staplocoeens phoumontay

2

100{48)
oty Yioogun _foo gy 1000ty 100 (8115 108 (113}

s

Atoptococcys virkdians
mlcracoeus g

corynsbactarum ap.
bacllug taraus

1 o0/} a0t} 0 (01} (M) 190 (311)

slkaligenes sp
alkaliganss fascefly
anterohactar sp. 0 (012} Q{ora) {500 (32}
4ntérobacier eioacas 3 (02} oTyL2) BB L1 L2 )
2acherichia coll 0(o7) o (5] 667 (48] )
haemaphitue infiuenzas 100 (7} WOLUY (22) {22}

Kisby'ollh 3p. 6 (018) psqamy_ l2s(ws) _ fean(wm)  1128(us) as(ud  lars(uey  lsragus)  srsey  [arspye  le2s(em STE(US)  |MT6rus)  (2telan
abilals praumorry ACLTTY o
ishsiellz oxytotd
protaus mitublls 100 (3 100 (12 100 {212} 1D §272) 1 {27) 100 (22y 106 {242, 1004272} 180 {22) 100 (272) 100(22) g0 {12 1003272
patdomonas sesupinose g 8D {A8) 150 (43} {80 ¢ais} 190 (/8] 38 (405} 63 {415}
campylobactar fajunt
bactstaides freghis i 1
sianoliopomonzt maliophitia
hurkhatdarla cepacia

004y 104U 504172
50 {3/2] 50 ¢1/2] 50 (372
667 (418 429 {347 1.4 {417

it
B

Average 50D s 292 92 384 n 304 437 536 65 8] 860 535 &3 132 102 403 &0, &t 56 41
50 848 58 58] Ll 413 412 e 11 Ap? 23 %3 3T a3 38 5] 367 218 148 26 274

457

R,




APFENDIX 4: Clinlcally signifi lal Infection i
Ritamp: ChloramphentVancomyeln | Fuckiin Clprofloxaeln | Oflaxacln calnmome@ Tnmelhagtlm%lm\ggmm . JMemspenem |Tekoplanin | Telracyciine |Avarage 8D
GRAM POSITIVE
anterococcua fascalts 103 {373) 100.0 9|
antsiococcus fasgium . .
. . 100 (8:8) 100 (/8] £0 (418) 375(V8) T (A1) 463 3.4
100 {318) \5!9 849) 22 2 (20) 222 (9, l Bu (4/5) 46.3 34
I
-1 1000 0
103 {1h) 3 A0 () 100.0] 0
i
100(111)__ [100{18) a (/1) 0 (0r4) 333 60
100{1H) 100(22) __|100 {22 €1 81 K )
69 (2/2) 100 {2/2] 50 (112) 1100 {272) 100 (912} 500 333
aachatichia coll A28 (37) w1 855 297
haamophllus Influsnzas 103 {20 100 (311) 30 {102, jo0qy ) 844 167
Kisbaletia ap. a o 625 (8/8; 100 {WiE) 398 215
Klebslella pnsumonice —
Klabsletla oxytoca
proteus mirubils 0 (ar2y 103 (02} 844 252
pssudamonas aatuginzad 100(85)_ __ 110° (915) 100 (5/5) 100 (8i5) % 108
junl
atenotropomonas mafophita
burkholdaria cepacia
Average 8290 100.0. t00.0 844! 1000 il 08 430 857 €67 800 1000/
50 88 0| [+} 18 0 0 U2 318 378 577 141 ]
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APPENDIX 5: Clinlcally lnsl

fal Infection oniibl

GRAM POSITIVE

|# of isolato} Poniciin___| Amalciitin

| Cloxagiilin

Oxagillia
R

Plperaciilin | Co-amondelayi

Pipte2

Cetazolin

Caphalexin _ |Celotaxime

Caturodme

Geltazdimn 1 Cefittaxone

Cefepime __{Etylhtomycin]

Clindamyela

Amikacln

Gentamicin _{Tobramyeln
[Gentamicla_{Tobramyeln|

anterococcus faacalis

snterogoccud faatium

o) o)

100

LT T77)

own

slaphylococcun auraus

atsphyloceecus spidermidls

5.3 (1h6)

sireptococcun agalactias

8.7 {203) 66.7 {2/4]
126 (18)

12 §(216)

86.7 (23
12 8 (216)

87 (23
128216}

66 7 (213

128{2186)

5.7 {3
28 (4118

25 (A/16!

50 1112 N

atreptococcls pyogensk

streplococeus 3p

atreptococcun vidians

o (1)

e

100 {11}

GRAM NEGATIVE

acinatobacier bawrmankt

twomhh

_-‘

atkaliganes faocalls

100 {141

100{1/1)

100 (111)

100 (111}

0 {oN

anlerabactef 8p.

o(o/Y)

fo0(1s) _ lo@y

100 {414}

[

w0t |wa () |

entarghactes cloacas

0 (0/2]

o), o) |

escharichla coll

100 (2/2)

02}

o (o)
0s2]

0{0/2) 100 (272) ‘10352&}

|100 (1)
a3

00 {272} 1

100{¥/1)

100 {1/1)

100 (111}

100 (141}

10L3272) 100 {212)

100 (212) 100 {2/2)

100{2/2)

haamaphifus intluenzae

s

Wl

iebaisita ap.

L

(o) .

100 {18

100£11) {100 ¢:11)

100 {11}

Idabtlalla pneumanias

0 (172 100(22) _

100 (2]
r_L

80 (172

80{172!

100422y 130 {372

i) _Jiooen) [1oow

50 (172]

30 {172)

Mabalaila oxytoca

roleus mirsbltis

paeudomonas astuginosa

campylobacter Jefunt

bacterokles fragllty

stenotropomonas maliophilia

oy Toom |

buthholdeilo cepacla

ooy

100 {31},

a0y

0{0it) |5 jon)

100{1#1)

100 {1/1),

0 (001)

100 {111)

o) loom

0 (o)
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APPENDIX §: Clinically Insiy

Rifaripleln Vancomycin {Fucidin Clprofiaxacin | Ofloxacin CalﬂmanxalgTﬂmumoEllm Imipansm Tatracycling |Average S0
GRAM POSITIVE
entafocaccus fascally 100 {242) 100: g
anferococcus faschum 100 {141 250 50.0]
staphylococcus sureus 66.7 (213 100 {37 100{37) 674 249
staphylococeus spidsrmidiy 87 3 {141B) 10 (16/18) 162 8 (10/16) 357, 354
streplococcus agalactiae
streptococaus preumoniae
streplococcus LILIY L
aireptacaccus 3p
straptococcus viddians
mictosoccusep
coynebaciaium 1p
baclus cerevs 100 (1) 500 548
I
|-
0 {01, @ (0/1) 800 51.6|
750 447
RN 400 {4y 788 419
eachsrichla coll
mophilus influsnzae 100 {111) 838 33
klabylelia ap. 638 310
Kigbslelta prieumonlas [
Aebglalla axytoca
proteus miabliy
1eudomonas semiginosa
campylobactsr efun)
bactsrokdaa fragills R
stenctropomonay malophilia 0{0r) 10108 3.9 502
burkholdsiia cepucla 0 {0/ 0{or1) 50 0f 518
Average Yy 100.0] 813 400 250
S0 17| 263 848 £0.0)
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APPENDIX 8: Clinlcally signi ity infection

3 of Isolatea ‘Pnnk:luk\ Amplilin __ | Cloxsetiin | Oxacilla Plgaurunn‘fémmmkhv Plptaz {Cetazalin __[Cophalexin {Cafotaxime |Cefuroxime  {Cefhtatidime iCefiflaxane !Cetepims ‘E:_Tﬂhrnmyr.in Clindamytin }Amikacln Gentamkein | Tobramycin
GRAM POSITIVE n 3 S$o
enterotoceus tagealls 2‘50(1/2[ 50 (172 £0 (112
enterococcus fasclum $jon) D {0} o ort) 0 {011)
staphylococcua aureus ]
I ™ 80 (112) 100(22) __[100(272) . 100(23) _|100(272) 100 (212 sa(i2) ___Jso(in)
100(272) __{100(2r) 100 (272 Doz |ween 100 (272
[FRG N 100{3Y)_ {100{t) WA (i) {100 (uy
1wy ooy 100 (1) 10001y [0 () 106 (/1)
100(373) __ 1100435 100 (33 woapy  {wopm 1004323)
0N} oo {11) or {11} 100 (111} 100 (1/1) 100 {171) o 3
LD&_L!_R)_"ILO_QH) 100 {1/1) 106 {272} 100{272] 100 (212)
.——1
1 o o) 100 (111} 0{01) 100 {111} YD) ol |
1 a ot} 0 {o/1) o {ort) ooy o ofar1) o) 10(M) ot} 100 (Uit} (0 0or) lotorn__
alkaligenes fascalls 1 0 (/1) 100ty taqon) 400 (A1) ’EM) 0 (0/1) 0{y 1100 {1)14 046/1) 100 (/1) 100 (14} 100 {11y 0a iy )
enterobacter 3p
s
4logon) 9 {or4) 030R) Jsoqa)  lspudy  Jssziemy  Dyseay  (magaey  remy  [vsqvay  jioogasy sofany 115y Jispany
0(02) 002 ajor2 100 Jofo) 0 (072) (o) (YT T 1001272} R 002 o (o 0 (012
oy oy lay 001y _ fo(n) o (0r1) ofory __ [oqory _laary 100 (U1} oot} 0 (o ofon
01) 0oy LYo 100(HY Jotoy 0 (0/1) oy fo@ loort) 100{111) 100 (/1) oiw:i Ioioui
picioux mirpbills. 0 (0/1) 10 (1) 100 11) 100 (11} 100 (411} 1044 408 {1/1) 100 (1Y) hiv14%5) 30011} 109 (11} 100 {11), 100 (11) 100 {114y
pseudomonas Aeruginosa 100 {§11) 100 (111} oaquy 100 {3H4) 100 {1/4) 100 {111}
campylobactet |afun) G 1) 0 (0/1) 0 180 ti1)
bacteroides fragills
atanatropomonas matiophiia
burkholdatia cepacls [
SR NI
IA‘)engu 700 383 1004 1000 333 468 844 8481 9%e 21 8] 344) 528 218 1066 928 750 536 AL 47
SD 422 437 F 4] 50 482 167 49 5| 118 41 Au\! 507 LIR] ) 188 35 4] 527 £00 ;‘9_‘1‘
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#of loolates {Penkcllin __ [Ampicllin _ [Claxaclliin_Owacillin iperaciilin Cmmoxklavrﬁgm .. \Cefazolin _ [Cephalexin |Cofotaxime [Cetutoxime |Ceftaridine {Cefirlaxone |[Gefepime _ |Erythromycin{Clindamyein fAmikacin _|Gentamicin {Tobramycin

GRAM POSITIVE
enterococeus fascalls 3 2150 ()] 50 {1/2) 80 (1/2)
enterococcus fasclum ilo {o1) 0 (0/1) 0{0/1) [X(3))
taphylococcus aursus I
ataphylococcus apidannidia 50 {112, 100 {212) 100 (2/2) 1 100 {2/2] 100 (272} 100 (22) 50 (172) 50 (172]
straptococcus agalattise 100 (272 100 {2/2] 100 (212) 100 (/2] 100 (272] 100 (212]
straptococcus pnaumenias Jdisoa iy 100 {114) 100 (111) 100 (111) 100 (11)

109 {11) 100 (141) 100 (1) 100 (1/9)  |100({1/1} 100 (111}

100 (33) 100 (33) 100 (373) 100 (33; 100 {373) 100 {373}
straptococeus viridiang 100 {41)__[100 (11) 100 {1/1) W00 (171} {100(i1) 100 {1/1)
micrococcus ap 100 (272) 100 {1H) 100 (11) 100 (72) 100 {212 100 (272]
corynahactsrium 8p
baclllus cereus
GRAM NEGATIVE
acinstobactor baumanli 1 o) 100 (111} 0 {01} 100 {111) G (0/1) 0 {o/1)
acinatobecier kit
alkaligenes sp 1 oo} ofony _ ooy 100 (11) _ {0(o1) 0 (0/1) 0 (0/1) 10011, _lofors) 100 {11) 001y (o) 0 (o)
alkaligenes fescalls 1 00/} 10a(un)_ {oqy wo(1) [oqary (o) 0¢0r1) 100{111) _ j0(0) 100 (31} wo(iny  [10o¢ir) 100 {11)

'
4o (o) ogor) __|a33is)  {soqa) 78 (34) 667{23) 15 (¥4) 75 (3/4) 71 (34) 75 (4) 100 (414) 100 (413) |75 54) 75 (34)

hasmophilus Inftusnzas
ebulslla sp. 0 (0r2) 0 (072 0(0/2) 100 (272 1 (072) 0 (02} 0 (02 0 {072) 0 {072 100 {2/2) Q(or2) 0 {0/2) 0 {072
Kebslella pneumonias 0{o) 0(0/1) 0 (o) 100 Emi o(wy) 0 (1) o0 (or1) 0 (o) lo (o) 100 {111} o(ony 0 (0/1) o (o)
Klebslolia oxytuca 0 (/1) 2 (011) 0 (0/1) 100 (111) Q) 0 (01) 0 (01} 10 (/1) 0 (0H) 100 (111) 100 {111) 0{0/1) 0 (04}
proteus mirabll.s ogar) 100 (1) {100(41)  |100qM1)  ji00{14)  [100(1y  |1oogu1)  [10oquey  [10a(w1) (100 i) {100 (1) _lwoquyy  [tooqun__ toa(ut)
p3sudomonas zerupinosa 100 {#1) 100 {111} 100 (11) 100 (171) 100 (141} 100 {11}
campylobacter jojun oo/t o (on) o (ar1) 100 (111)
bacterckdes fragtls
stenotrspomonai maltophilia N
burkhotderla cepac's
Avsrage 700 393 1000 1000 433 486 944 98 958 219 344 528 218 10007 s2@ 750 556 A7 417
50 422 487 0. 0 50 482 187 495 118 419 381 50 7] 411 o 188 354 527 500 B90f
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Ritampleln __{ChlacamptisnfVanicomy in_{Fucidin Clprofioxacin | Otioxacln ___]Catiimoxakold Trimethoprin: lml%ennm Maopensm [ Tekeoplanin |Tatracycline fAvaraga 50
100 (272 ¥ 525 250
100241). ] 200/ [
—
501r2) 1wz |worn) 0wz lowa *{ §92 384
102 {212) 30 (172) 935 A &4
[ty Do Tioocur 9 101) 889 333
100(411) 1 0 (011} Y5} 354
100 {313} 56 7(2:3) 958 118
100 (111} 1008{1/1} 1600 o
103(212) 100.0] 0
ooy 100411} w0y RLCTATAYS " 60.0 518
1PAUY_ 100488 {0/ 100011) _ (6(84:) 333 488)
100 (111)__|100(1i1) 0 (0/3) 0oy lowy £586 514
.t -
sachorichia coll 100 (353) 100 {37) 50 (214) 100 (4/4) 100 {33) et 313
heemophilus Influanzae
100 (272} 100 (212) 287 458
100 (121) (100 (111) oo (11) 103 (41} 100031} a8y 502
00 {14} 108 {414} 0 (01 109 (#11) 100 {171} 388 502
roteus mirabills 100{1r5) {100 (1) 53] _ 25.0,
pasudomonas saruginoes. 100 {11} 00 {111) 100 (1/4) 100 {111 100.0 [}
fgbacter fofunl 109 (111) 100 (14) 100Uy 100 625 s18
BactersMes tglts
agnatroparonds niaophia
burholders copacia
Avarage 750 1008 1004 106 6! 000! 100 0] 1] 438 1000 714 842,
SB 354 ol o 0 9| B! 49 6 ! 48 6 ) 37
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APPENDIX 7:Cc. ally insignifi ity Infacticn

Ampiliin _{Cloxacliiln _|Oxaciiiin Pipancllin_|Co-amoxklaviPiptaz Calazoiin __[Cephalexin|Cefotaxime_ Cfurc, _ |Ceftazkima_[Ceftriaxone_[Cotepime _ |Ecythomyain[Clindamyt o |Amikacln | Gentamicin_|Tobramyein

sy 408 40 (218, 40 (27%) 25 (314) L 40(11) 40 (2i8)

w-____.iM —

escharichia colt

hasmaphilus Inflvenzas 1 100 {11) 100 (WY ¥ 100 {31)___J100{8m 120 (14)

Xisbalalla 2p. 1 -

klobstella pneumonias

Kisbylelia oxytoca
roteus mirabllis 1 100 (111} 100{t11) __|toagursy  |sooqusy  frooquny lweoqun  lsooqry  [seoginy  [so0qimy  1teaquy _rl‘ﬂ(‘“\

pseutiamonas astuginasa —
campylobactet {ajun

bactoroldes fragiis
s.unotropomonas maltophilia -
burkholderla copacia s - .}_. R—

00 A1) ooy}

Avarags 0 100.0 40.0| 40.0] 100 1000 1090 00 100! 1044/ 8% NOJ 1000 1000 400 40 J_}__ 100 0| 1000 {060
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 Teicnplanin

Telracycling

| Avbrage 1

80 {415)
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