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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 patien.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 1905 (also being most 

prevalent gram negative micro-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 57 

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 subtherapeutic 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/ml and trough concentrations less than 5 j.ig/ml.

In conclusion, due to the evolving patterns in the development of resistance of 

micro-organisms to antibiotics it is important to implement a 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 development of resistance the 

antibiotics need to be dosed appropriately and where necessary serum 

concentrations need to be obtained.
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CHAPTER 1: INTRODUCTION

About 60 years ago, when a person walked into a hospital ward most of the 

cases o ie 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 result of the introduction and use 

of antimicrobial agents [Cohen, 1992]. Medical practitioners suddenly had the 

ability to prevent, control transmission of or even cure infections. !n f< d: 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
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prolong the effective life of much needed antimicrobials 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 adept at developing resistance. The 

increasing frequency of antimicrobial resistance is attributed to a combination 

of:

1. Microbial characteristics ~ these include the propensity to exchange 

genetic material, possess intrinsic resistance, survive varying environmental 

conditions, occupy particular ecological niches, easily colonise, and infect 

[Cohen, 1992; Schentag, 1995].

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, 

1995].

3. Selective patterns of antim icrobial use - therefore there is a correlation 

between the frequency of antimicrobial use and frequency of antimicrobial 

resistance [Cohen, 1992; Schentag, 1995].



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]. This is not possible without reliable 

information about the prevalence and the susceptibility of important human 

pathogens to antibiotics.

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 realm of some of the Study 

Group's objectives are:

1. 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.

2. encouraging the use of the serum assay services provided by 

medical school laboratories so as to improve standards of antibiotic 

treatment.



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

patterns [WHO Scientific Working Group, 1984].

Many of the studies that were based on the recommendations, concentrated 

mainly on adults [Till, Williams, Oliver, et a/, 1991; Schentag, 1993; Thomas, 

Govil, Moses, et at, 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 100% 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 intrinsic ability to develop resistance.

There have been a number of antibiotic surveillance studies, however those 

that involved paediatrics mostly involved micro-organism prevalence in the 

paediatric wards [Hemming, James, Overall, et at, 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 nosocomially 

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 antibiotics used and to changing 

antimicrobial policies. The results obtained were compared with reported 

studies. However when discussing the susceptibility patterns of the micro­

organisms, their source or clinical significance was not taken into



consideration. Also pharmacokinetics were not includedras possible reasons 

for resistance development.

This project concentrates on the efficacy of antimicrobial drugs in neonates 

and paediatrics against micro-organisms from various sources and varying 

clinical significance.

The 1995 antibiogram for the Paediatric intensive Care Unit (PICU), showed 

that there were a number of bacterial species that had problematic 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 aeruginosa (5.1%). Those micro-organisms whose resistance 

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 antibiotic 

group results 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 regression. Since the 

1995 antibiogram only offered informat'.on for one year, and to determine 

resistance patterns of antibiotics, their sensitivities have to observed over 

several years.

The prescribing practices of the registrars in the PICU, were consistent with 

conventional antibiotic dosing. However aminoglycosides and giycopeptides 

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 

conventionally 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 pharmacokinetic analysis of amikacin.



1.1 RESEARCH OBJECTIVES

The aim was to conduct a prospective and retrospective survey of bacterial 

isolates obtained from cultures 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 known

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 example 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 comolications [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 to 

prevent, control transmission or even treat infections had been achieved 

[Cohen, 19921. In fact 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 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, et a/., 1995]. Unfortunately today a very 

disturbing concept of “the prospect of therapeutic npotence” has revisited 

[Kunin, 1993] , because now micro-organisms that were at one time 

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 bank 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 throughout the first part of the 

century [Danziger, et a/., 1995], “time is not exactly on our side”. It takes
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anywhere from 7 to 10 years for a drug to reach the market [Schentag, 1995]," 

and micro-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 changes 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 to 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 rendered 

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, to amplify the transmission and drug resistance of 

micro-organisms by societal and technological changes. Technological 

changes have facilitated improved infra-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 transmission of antimicrobial-resistant organisms [Cohen, 

1992]. 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 

antimicrobial use and the frequency of antimicrobial resistant bacteria [Neu, 

1992; K*'nii, I Oanzinger, ef a/., 1995]. Long-term use and subtherapeutic 

dosing are a^socicfer with a greater risk of antimicrobial resistance 

developme ' [V'lheii, 1922].



2.3 NEONATAL/PAEDIATRIC RISK FACTORS FOR
/

RESISTANCE DEVELOPMENT

Neonates and paediatrics require drugs to be 100% effective due to a 

combination of risk factors which compromise their state. The factors are:

1. birth weight or gestation

2. irrnunocompetence

3. presence of indwelling prosthesis

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

5. exposure to antibiotics

6. colonisation of pathogenic bacteria [Hall, 1991].

An inverse relationship between birth weight or gestation and susceptibility to 

nosocomial infections has been established by many investigators, with low 

birth weight identified as the single factor most associated with increased 

infections [Goldmann, Durbin, & Freeman, 1981],

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, 

1991]. The neutrophils from stressed neonates are also deficient in function 

where they lack adherence and chemotsctic function, and intracellular

1 12



microbial killing, which render the neonate 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, 1991]. 

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, 1991], The persistence aspect is 

ensured by the provision of adherence which makes bacterial opsonization 

and ingestion more difficult [Hall, 1991].

Investigations have suggested that the duration of prior or current antibiotic 

therapy predisposes a patient to colonisation, nosocomial sepsis and 

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

Infants that require longer hospital stays along 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 attributed to presumably 

contaminated infusation fluids [Fleer, Senders, Visser, et a!., 1983]. Besides 

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



administered to the smallest, sickest neonates Who are at risk of previously 

mentioned factors [Freeman, Goldmann, Smith, etal., 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, Leidy & Redman, 1978; Goldmann, 1981]

2. observing the prevalence of certain micro-organisms in 

nosocomial infections [Hemming, etal., 1976; Thoburn, Fekety, &

Cluff, etal., 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-organisms use 

against antibiotics [Cohen, 1992; Neu, 1992; Danziger, etal., 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, overall defeat seems imminent because antibiotic 

resistance is gaining [Kunin, 1993].

2.4.1 Measures undertaken to combat resistance

Two approaches which were developed to deal with the problem of antibiotic 

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 (WHO) Scientific Working Group on 

Antimicrobial Resistance which advocated extensive 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 more desirable by the 

medical world [Kunin, 1983], even though the WHO group’s proposed strategy 

was apparently more pragmatic.



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 institute an Antibiotic 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 to improve 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 industry have battled to devise more potent 

antibiotics to combat the growing resistant micro-organisms population. 

Because in the past such demands had always been met, 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 a/., 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



physicians wish to maintain their independent rights to prescribe drugs , and ... 

bitterly resent attempts by others, no matter how expert, .to infringe on their 

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 [3-lactam antibiotics (especially cephalosporins, specifically 

ceftazidime) is a common problem particularly if their use is increased to 

involve empiric therapies. Schentag et al restricted the use of ceftazidime for 3 

months by frequently substituting 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 piperacillin, In another 

investigation, an outbreak of Klebsiella pneumoniae infections resistant to 

ceftazidime were reported in a New York acute care hospital [Meyer, Urban, 

Eagan, et al., 1993]. Although the outbreak evaded detection for about a year 

because most isolates appeared susceptible to some third generation 

cephalosporins, they were eventually identified during a routine infection 

control surveillance of multiresistant nosocomial infections. After restricting the 

use of ceftazidime and implementing barrier precautions for colonised and 

infected patients for 19 months, the frequency of ceftazidime-resistant 

Klebsiella pneumoniae declined.
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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 consisted 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 into 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.

All antibiotics that were prescribed for each patient were recorded, along with 

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

patients’ charts were utilised to verify administration of their medication.



3.2.2 Classification of an infection

Infections were divided into:

1. Community acquired infections which are present on admission or 

acquired outside Johannesburg General Hospital (including previously 

attended health 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 a/., 1976).

3.2.2.1 Clinical signif' ance or insignificance of an infection 

The community and nosocomial infections were further divided into:

1. Clinically significant infections - once 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 

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.



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 cell 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 System to 

determine the significance or insignificance of the infection as seen in Table

3.1.

Table 3.1. Bartlett’s Grading System

SSHffl

Neutrophils < 10 - 0

10-25 + 1

> 25 + 2

Presence of mucus + 1

10-25 - 1

>25 -2

Epithelial cells

If the final score was < 0, no inflammation was considered present, therefore 

the specimen is considered saliva or contaminated by it (Johannesburg 

General Microbiology Lab).

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 diffusion 

assay method (with National Committee for Clinical Laboratory Standards 

{NCCLS} adopted breakpoints).



The number of antibiotic sensitivities tested and reported to the ward for each 

isolate ranged from 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. For 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 from 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 diagnosis of bacterial pneumonia (inflammation of the lungs with 

consolidation) had been made.

Wound/surface infections

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

pathogen was isolated from the wound or surface.



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 a 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 to each antibiotic was calculated to 

represent its sensitivity. This is done as follows:



Sensitivity = number of isolates sensitive to the antibiotic x  100 
total number of isolates cultured

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 obtained at steady state after the third dose. The peek 

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. Peak 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 jug/ml, and the lowest 

measurable level that can be distinguished from zero with 95% confidence 

was 0.8 gg/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 extrapolated to the start of 

the infusion period to estimate the peak serum concentration, the apparent 

volume of distribution (Vd), elimination half-life (t%) 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 (taking into consideration widely used antibiotic groups and 

individual antibiotics).



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-organisms 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 particular 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 profiles were tabulated, the culture prevalence and sensitivity 

results were divided according to source (i.e. either nosocomial- 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.



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 

enough to determine statistical significance with that confidence.

3.4.4 Data analysis for the pharmacokinetic study

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

following formulae:

ke = In f Cmax / Cmin 1 
A t

V/2 = 0.693
ke

Vd = Jk«__________ , (1 -e ~ keT)
[Cmax - Cmin] ke (1 - e "ke')

From the individual kinetic parameters the projected parameters are calculated 

using the following formulae.

t = In rCtnax/Cmin] + T 
ke

ke = [Cmax] [Vd] [ke] f1 - e keT)
(1 - e )
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- These projected parameters were compared to the standard dosing regimens 

in the PICU.

Abbreviations

Cmax - maximum serum concentration 

Cmin - minimum serum concentration 

A t -  time between Cmax and Cmin 

T - dose infusion time 

ke - elimination rate 

t1 /2 -ha lf life

Vd - volume of distribution

t - dose interval

k0 - dosing infusion rate



CHAPTER 4: RESULTS: Analysis of anti biogram

- Phase 1

In the antibiogram for 1995 (Appendix 1) and 1996 (Appendix 2) for the PiCU, 

a number of bacterial 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-organisms from 1995

:staphylococcus epidermidis
(escherichia coli
kiebsiella sp.
streptococcus agalactiae
enterococcus faecaiis
pseudomonas aeruginosa 
streptococcus viridans 
i staphylococcus aureus 
jenterobacter cloacae
: kiebsiella pneumoniae

a #
23.9 (42)
10.2 (18)
8.0 (14)
7.4 (13) 
6.3" (11)
51 (9) 
4.0 (7)
3.4 (6) 

^" 4 (Gf
3.4 (6)

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

staphylococcus epidermidis 23.4 (32)
staphylococcus aureus 19.7 (27)
escherichia coli 10.2 (14)
enterococcus faecaiis 8.0 (11)
kiebsiella sp. 6.6 (9)
pseudomonas aeruginosa & 6 (9)
kiebsiella pneumoniae 3.6 (5)
enterobacter sp. 2.9 (4)
streptococcus pneumoniae 2.2 (3)
acinetobacter baumanii 2.2 (3)
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For both years Staphylococcus epidermidis -was the most prevalent micro- 

org-inism isolated (23.9% and 23.4% respectively), with Escherichia coii 

(10.2%) and Klebsiella sp. (8.0%) coming second and third respectively during 

1995. For 1996 Staphylococcus 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 prevalent micro-organism (19.7%). 

Escherichia coii 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.

'^pftylococc^repiainrtais 23.9 (42) 23.4 (32) 1 0.5
staphylococcus aureus 3.4 (6) 19.7 (27) ! -16.3 1
escherichia coii 10.2 (18) 10.2 (14) 0.0 i
Klebsiella sp. 8.0 (14) 6.6 (9) 1.4 ~~1
enterococcus faefialis 6.3 (11) 8.0 (11) -1.7
streptococcus agalactiae 7.4 (13) 1.5 (2)# 5.9 ;
pseudomonas aen'giiosa 5.1 (9) 6.6 (9) -1.5 .!
streptococcus viridrns 4.0 (7) 1.5 ( 2 f 2-5 i
enterobacter cloacae 3.4 (6) 1.5 (2)* 1.9 i

I klebsiella pneumoniae 3.4 (6) 3.G (5) -0.2 I
j enterobacter sp. 1.7 ( 3 f Z 9  (4) -1.2
| sireptococcus pneumoniae 1.1 (2f 2.2 (3) -1.1 !
! adnetobacter baumanii 1-1 (2) '  . 2.2 (3) - 1.1 !

# - 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



Streptococcus viridans which both decreased by more than 50% as seen in 

Table 4.3 (the differences of their annual 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 

sensitivities 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 year.

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

80% in 1995.

0 = =
GRAM POSITIVE
baciiiusl^reijs .' T  ..... S a S 'f tF .T .... ....
staphytouoccus aureiis g | 54.0 ±18.5
swphyiqcoccus eptdemiidis ”  ] '  42 '  ! 44.5 +  16.5 ^
sireptococ^ viridalre" " """ " 7" ; ^5674 ± i s l ........"
enterocomis faecaiis' " " i f  f "42.9 ±25.7
enteraMMiSTaecTum * 3 1 34 6 + 23.7 "
GRAMTfiEGAfWE' ' “  !
esoherichia coli 18_ 78,7 ±15.5
Websieiia pneumoniae ’ " Q ' f  ~257d±2 l'3  " -
klebsiella sp. ' "~ 1 4  54.9 ±16.2  :
pseudomotvra demginosa 9 ; 50,9 ±  20.2
sSenotrophomwas1^tEphiiia~l 3 T~ 50Xr±23^2 '

From Table 4.4, the micro-organisms that showed greatest resistance were 

the gram positives. Klebsiella pneumoniae had the greatest resistance for the 

gram negatives (25.0 ± 21.3%), while c terococcus faecium had the greatest 

resistance for the gram positi ,u organisms (34.6 a 23.7%).
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Table 4.5 Micro-organisms that exhibited overall antibiotic sensitivity"less than

80% in 1996

isfaphyfococcus aureus | 27 60.2 ±15.1
staphylococcus epidermidis j 32
enterococcus faecaiis I \ -j
;GMMNEGSnVE............. i............
acinetobatier baumanii ' 3
enterobacter sp. 4
klebsiella pneumoniae 5 53.2 + 16.4
pseudomonas ae"ruginosa ! g 70,2 ± 10.9

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 resistance for the gram negative 

organisms (38.9 ± 18.8%), while Staphylococcus epidermidis had the greatest 

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

Table 4.6 Comparison of susceptibility trends for 1995 and 1996

GRAM POSITIVE 
baciiius cereus

# of Isolates MPSJ%] ± SD :# of isolates MPS|%3iSD

5 56.5 + 17.1 N/A
staphylococcus aureus 6 54.0 + 18.5 27 60.2 ±15.1
staphylococcus epidermidis 42 I 44.5 + 16.5 32 49.9 ±17.5
streptococcus viridans 7 56.4 + 19.1 2 87.5 ±17.7
enterococcus faecium 3 34.6 +  23.7 1 66.7 ±25.8
enterococcus faecaiis 11 42.9 + 25.7 11 61.5 ±22.7
GRAM NEGATIVE
acinetobaoter baumanii 2 40.0 ± 2 1 .6 3 61.1 ±25,1
enterobacter sp. 3 82.2 + 18.8 4 38.9 ±18.8
escherichia coli 18 78.7 ±15.5 14 85.1 ±11 .7
tiebsiella pneumoniae 6 25.0 +  21.3 5 53.2 ±16.4
klebsiella sp. ......14.... 54.9 + 16.2 9 83.8+  13.1
pseudomonas aeruginosa 9 50.9 ±20.2 9 70.2 ±10.9
strenotrophomonas maltophina 3 50.0 + 23.2 N/A
W! A - those organisms that were not isolated, therefore not evaluated during the year.

49.9 + 17.5 
'6il3±22.7

"6l'.i±2S.T
38.9 ±18 . s '
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I

When comparing the resistance patterns for 1995 and 1996 in Table 4.6, with 

the exception o* Enterobacter sp., every micro-organisms' average resistance 

experienced a decline. Bacillus cereus and Strenotropomas maltophilla 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 p-lactams. In 1995, the cephalosporins 

experienced the greatest resistance (49.3 ± 5.3%) followed by the penicillins 

(54.8 ± 14.7%). In 1996, although the p-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%).

I

I

I

Table 4.7 Percentage sensitivities of antibacterial agents used in ciie 

paediatric ICU at Johannesburg General.

Penicillins 54.8 dr 14.7

" ly i i, - 'r''T \ 1* 

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
Ciprofloxacin 99.3 ± 1 .5 92.3 ±13.9
Vancomycin 92.3 ±13 .9 100.0
Imipenem 93.6 ± 8 .0 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% to 62.9 ± 5.5%).

35



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 Enterococcus 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); Streptococcus pneumoniae (sensitivity increased 

from 50% in 1995 to 66.7% in 1996); 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 1996); Enterococcus 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 penicillin.

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

in resistance to oxacillin (from 22% to 40%).



Table 4.8 Comparison of percentage sensitivities of penicillins for 1995 and 1996

m am
GRAM POSITIVE
enterococcus faeclum 
enierococcus faecaiis 
enterococcus sp. 
grp C haemolytic strep 
staphylococcus aureus 
staphylococcus epldermldls 
streptococcus agaiactiae 
streptococcus sp. 
streptococcus pneumoniae 
streptococcus pyogenes 
streptococcus viridans 
micrococcus sp, 
bacillus sp. 
bacillus cereus 
bacillus subtiiis 
dlphleroids
pi'opionebacterium sp.

T \ 1996 

I '
b •

'T j '. l : o 
■ Hob 

iob 
66.7
! io o ‘

' ' H o b : '

1995
0
0
0
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100
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Table 4.8 continued.

GRAM NEGATIVE
branhameila catarrhaiis 
acinetobacter sp, 
aciiieiobaoter bavimanni 
acinetobacter ivvolfi 
alkaiigenassp. 
alkallgenes faecalls 
entirbbacter sp. 
enterobacter aerogenes 
anterobacter cloacae 
esoherlchia col 
haemophiius inficienzae 
Klebsiella sp. 
klebsleiia bxyioca 
klebsieiia pneumoniae 
pro'teus mirabiiis 
pseudomonas aeruginosa 
pseudomonas sp. 
cifrobacter freudl 
saimoneiia sp. 
unfden. grain -ve bacillus 
veiiioneiia 
bacteroldes fragiiis 
prevoteiia melaninogen. 
stenotrophomonas mal.

Overall % average resistance 49.6 I 63.9

m m
1996

31.3 54.7

'  0  "i

'053
3 :#

...0/,
s s a

■D

100

:A0_#
0 •

ESCB

1995
am

19951 : 1996

100
100

Too
100 "

100
100
100
453"

'45.5

0
" 100"

68.9

100

100

"843"

s m , .......

100
"46.2 mtrnttntitrrat S;

44.4
o"

40
Too"'
66.7
loo"
Too
100

Too

65.2

m m

' '"o - 'F 'o T -i

100
100

Too"
Too
100

100

Too'
Too
" 80”

97.8

50_
Too

88.9
Too"

MM
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Table 4.9 Comparison of percentage sensitivities of cephalosporins for 1995 and 1996

am

1 1 m m m m
GRAM POSITIVE / I # :
enierococcus fsecium
enterococcus faecalls b
enierococcus sp. : iOO
grp C haemotyfic strep 100
siaphyiococcus aureus 66.7 3?
staphylococcus epidermfdls 59.6 48.3
strepV'nccus agalactiae 100
streptococcus s[5. 100 100
streptococcus pneumoniae
streptococcus pyoganeo
streptococcus vlrldans 100
miciococcus sp,
bacillus sp. 50
bacillus cereus :25
bacillus subtiiis J 3..diphieroids
'.ropionebacterium sp.

1995
lE n c r

1996

37
40

100

100

liii-UtWi
1995:1 19981995; 19961 1995 1996 m S 9 5 !# [9 9 6 i

100.0

.-AT-Zull

39
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Table 4.9 continued

GRAM NEGATIVE
branhameUa catarrhaiis 
aclnetobacter sp, 
acinetobiicter baumannl 
aclnetobacter iwofii 
oikallgenes sp. 
aikaiigenes faecalls 
entetdbacter sp. 
enterobacter aerogenes 
enterobacter cloacae 
escherlchia coil 
haemophlius influenzae 
kiebsieiia sp. 
kiebsielia oxytoca 
kiebsieiia pneumoniae 
proteus mirabllis 
pseudomonas aeruginosa 
pseudomonas sp. 
cftrobacter Treiidi 
salmoneiia sp. 
uniden. gram -ve bar;llius 
veiiioneiia 
Gacte'roldes fragiiis 
prevoteiia meianinogen. 
stenoiroptiomonas mai.

1995 1996 1995

28.6

:E

o :
8.5.7

i
50
,;6 r.-

W 'Q

. 0 -:

|Overali% average resistance ; 35.4 45.9

WKIMIiemtfuni

..50

a a E
1996 :i1Q95

■ H
1995

MQQ ' 100
0 -100 - lo o . 0

100 .100
0

33.3 0 0
25 m o .25. . 100

-:a0 0 :: 100
100 100 100 100
100 88.2 84.6 86.7
100
100 88.9 50
50 50
40 40 0
100
50

100
iTrr-ntiliKifiii.v

100
- -jno

W S a P
100 

' 22,2
0 100

50 ICO

iMiKXayif-ei.v.'1!
100

So
: b4.b ‘ m - 50.6

0
100

25

100
100
100
100
50
40"
100
50
6

100

68.9

m m
1995

m m
Li 896

^00 '
100

w # #
L-’l ib "

'  iob
«p

:ioo
u a d r

- 75

:

1995 1996

80.0
20.0

0.0
6,7

80.0
80.0
80.0

*87.8

41.4

 0.0
ido.d
28.9

100.0.. —

10

49,3

33.3
83.3

0.0
28.6

7 1 4
93.4 
100.0
94.0 "
64.3
44.3
100.0 
55.1 
20.0
64.3

85.9

40

SHB



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 

Aikaiigenes faecalis (from 100% to 0%), Enterobacter 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 demonstrated an increase in sensitivity from 0% 

to 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 33.3% 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 

piperacillin/tazobactam was Pseudomonas aeruginosa (from 80% to 88.9%) 

otherwise Aikaiigenes faecalis (from 100% to 0%), Enterobacter cloacae (from



100% to 50%) and Klebsiella pneumoniae (from 100% to 80%) experienced ah

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 development of resistance to the cephalosporins.

Micro-organisms that had a decrease in resistance to cefazolin were

Streptococcus viridans (from 66.7% to 100%), Klebsiella sp. (from 28.6% to 

80.9%), 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%), Staphylococcus 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%), Klebsiella pneumoniae (from 0% to 20%) and Pseudomonas

aemginosa (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 Klebr’slla sp. (from 35.7% to 88.9%) and Klebsiella pneumoniae (from 

0% to 40%). Alkaligenes faecalis (from 33.3% to 0%), Enterobader sp. (from 

100% to 25%), Escherichia coli (from 88.2% to 84.6%) and Pseudomonas 

aeruginosa (from 100% to 55.6%) experienced an increase in resistance to 

ceftazidime.

Micro-organisms 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% to 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 

$p. in 1995 and Acinetobacter Iwoffi in 1996) could possibly affect the overall 

average resistance of an antimicrobial especially if there is a drastic difference 

in the number of isolates tested in the 2 years. Therefore those micro­

organisms that were isolated and tested for both years gave a clearer 

resistance trend picture as illustrated 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 demonstrated in



Table 4.10 Comparison of the penicillin antibiogram for micro-organisms that were isolated and tested for both years

GRAM POSITIVE 
enterococcus faecium 
enlerococcus faecalis

1 9 9 6 ^ '1996 M

moo 100

-?r' —  ^

staphylococcus aureus 
staphylococcus epidermidis 
streptococcus agalactiae 
streptococcus sp. 
streptococcus pneumoniae 
streptococcus vlridans 
GRAM NEGATIVE 
acinetobacter baurnannl 
aikaiigenes faecalis 
enterobacter sp, 
enterobacter cli 
cscherichla coil 
kiebslelia sp. 
iciebsieila pneumoniae 
proteus mirabiiis 
pseudomonas aeruginosa

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

. .  m m a
GRAM POSITIVE
itaphylococcus au eus 

siaphyiococcus epldermldls
streptococcus agalactlge 
sireptDCoccus sp. 
streptococcus viridans
GRAM NEG ATiVE........
acinetobacter baumaml 
eikaiigenes faecails 
enterobacter sp. 
ienterobacter cloacae 
esciieii la coil 
kieiisiclta sp. 
kiebsleiia pneumoniae 
proteus mirabiiis 
pseudomonas aeruginosa

Average

1996  ̂ 1995
a m # # #

1996 B&9B5Kir r ui)

MOO

22a i M  ^

64.4

m m
1993 1995 ! 1996 !

66.7 : 37
' 59.6 : 43.4 i

100 100 1
ioo : ioo :

. 66.'7 j 100 ,

..20......! 20.0
6.66 o
80 ' ' zo-.o-i

:■ 100 ..80 . 80.0..
T 100 ' 87.8 ‘ 94.1 :
M O O . 41.4 ’ 95.6
: 40 0 32.0§

100 100 '
28:9 " s i  i :

"  '64:4' 53.3 61.6



Table 4.12 (which is a combination of the average values a f  the bottom "of 

Tables 4.8, Table 4.9, Table 4.10 and Table 4.11), with only one exception 

namely ceftazidime.

Table 4.12 Comparison of overall and selected average resistances of 

penicillins and cephalosporins over 1995 and 1996.

aassaa* msm
iPeniciilm
Oxacillin
iAmpidiiin

31.3
30.3

54.7
40.0

36.5 
r ........... 37.0

54.7
42.2

[Piperacillin 
: Co-ammdclav

84.3 
' 35L3 '

65.2
55X

75.5 62.3
32/i

..........." 1 1 7 3 " .....
62.8

;pip& 97.8 87,1 _____ 86.1_____

'Ccfazolin 35.4 45,9 43.6 56.1
Cephalexin 61.7
Cefurradme 48.7 58.0 47.8 57.1
Cefotaxime 47.2 68.9 51.2 r "  64.4
Ceftazidime 64.8 72.6 73.0 66.0
Ceftriaxone 50,6 68.9 51.0 64.4
Cefepime 85.4

......................: ......' .........

The overall average resistance to ceftazidime 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% to 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 a decrease in the overall and selected average resistance toward



it, and piperacillin/tazobactam which demonstrated an increase in resistance in 

both the overall and selected average resistance towards it.

B

I

I

I

I

I

1

1

Table 4.13 and 4.14 represents a comparison of antibiograms of 

aminoglycosides and a combination of macrolides, fluoroquinolones, 

glycopeptides and carbapenem |3-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: Acinetobacfer baumanni (from 50% to 100%); 

Klebsiella pneumoniae (from 16.7% to 40%); Klebsiella sp. (from 71.4% to 

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

There were several micro-orgsnisms 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-organisms 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 resistance to 

Tobramycin: Acinetobacter baumanni (from 50% to 100%), Mkaligenes 

faecalis (from 33.3% to 100%), Klebsiella pneumoniae (from 0% to 40%), 

Klebsiella sp. (from 45.5% to 77.8%) and Pseudomonas aeruginosa (from 

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

GRAM POSITIVE : 1 g g g , •) 990 1995 1996 1995!1996 1995
I K
1996

enterococcus faecium ; ’ 0 0
(enterococcus faecalis 50 83.3 . . J . . . 50 83.3
j enterococcus sp. 100 , 100
|grp C haemolytic strep • 0 0
I staphylococcus aureus » 33.3 33.3
jstephyiococcus epldermldls : 30 83.3 r 30 83.3
streptococcus agaTactiae 36.4 0 ! . . 36.4 0
streptococcus sp. 0 . ! 0
streptococcus pneumoniae :
streptococcus pyogenes
streptococcus viridans ; -jgo ^OO
micrococcus sp.
bacillus sp. " Tdo" * ; : 1Q0"
bacillus cereus ; 100

............ .......*■
• I 100

bacillus subtilis 
diphteroids

I __0 _

propionebacterium sp. '

GRAM NEGATIVE ----------------—

acinetobacter baumanni 50 100 50 100 50 100 50 100
acinetobacter Nvoffi 100 100 100
acinetobacter sp. = 100 100 ; 100 100
alkallgenes faecalis i 33.3 0 33.3 • 33.3 400 33.3 50
alkallgenes sp. 6 0 0- 0
branhamella catsrrhalis ;
enterobacter aerogenes 100 100 ; .100 100
enterobacter cloacae MOO 100 100 loo .. iooJ^100, 100 100
enterobacter sp. ! 100 50 IOC SO ' 100 ’ 41.7
escherichia coli 100 93.3 81.3 71 .4 ' m  /.r 75 87.7 79.9
haemophilus influenzae
klebslella oxytoca 50 50 . V; 50 50
kiebslelia pneumoniae 1.6.7 40 0 40 e 40 5.6 40
klebslella sp. 71.4 100 50 77.8 4&.:;! 77.8 55.6 85.2
proteus mirabilis 100 100 100 100 • 10S- 100 100 100
pseudomonas aeruginosa 77.8. 88.9 77.8 50 ! i 88.9 77,8 75,9
pseudomonas sp. 100 " o T r ! ..o ' 33.3"
ititrobacter freudi 100 100 ^ - r -v } 100-i 100
salmonella sp. 1
uniden. gram -ve bacillus 100 | 100 r loo I 100
veillonella ' j
bacteroldes fraglils | j
prevotelia melanlnogen. j I
stenotrophomonas mal. *100% "13 .00 j o q ;

.!
100 ~

Average 74.9; 59.3 62.9 70.6 ’ 75.5!



Table 4.14 Percentage sensitivities of macrolides, fluoroquinolones,

glycopeptides and carbapenem {3-lactams for 1995 and 1996

I GRAM POSITIVE 1199511996 1995 1 9 9 6 1 1 9 ^1 9 9 6
4?£
”i  995 [ 1996 j 1995 f l9 9 6 199511996

enterococcus faeeium | Q { •fOO
.........

100 I 100 | 50 ! 100
enterocaccus faecaiis * go I 16,7 i 100 I 100 5 80 I 58.4
jenterococcus sp. ! 100 I 
[grp Chaemolyiicsirep 100 ' —.... -

1 100
l o o

Too

.... ....L ......
t ....... s.......

100 I 
100 ;

I staphylococcus aureus ( .33.3 j- 37 r  i 100 i ......... 66.7 100 66,7 j 75.9
; staphylococcus epidermidis ' 51.2 j 46.9 ; 0 ; 0 100 

" l  00
T oo

100 ; "  , I 75.6 | 36.7
....  , [ T b o "  Too
,.........I . 100 Too

|streptococcus agalactiae j 100. ]. 100 
1streptococcus sp. , 100 j 100

100
Too

: streptococcus pneumoniae : 1QQ } 100
... ................

100 . 100 i 100 100 
100; streptococcus pyogenes 

jsteptococous viridans 
[micrococcus sp.

{ 100 ,
 ̂83.3
.......

100
I f- .......

100 . 100 i ;
i [........

91.7 100

bacillus sp. { 50 100 i i 75
1 bacillus cereus * go i 100 I ( 90 1
| bacillus subb'lis 1 0  
diphteroids I..... ... .......... — ..... Q > h........ 0

.......

propionebacterium sp.

----- ----- - — -----

Too" TOO
GRAM NEGATIVE

Too Too"adnetobacter baumanni 100 100 "Too
atinetobacter Iwoffi 100 100 100 100
adnetobacter sp. _ ", 100 ■too 100
alkaligenes faecaiis 
alkaiigenes sp.

100
100

100 100 66.7
Too

0 83.4
100

66.7

branhamella catarrhalis
enterobacter aerogenes 
enterobacter cloacae

100 — „ ........—~ .100
TOO :TOO"

100
"Too T o o"100

100" "Too"'enterobacter sp. t. ...... ,,100 100 100
escherichia coli 100 100 100 100 . 100 100 100 i
haemophilus influenzae

100

— —

100
TOO
I 'o o ' Too

T od !
100 i

Idebslella ozytoca 
kiebsieiia pneumoniae l o o ' Too
klebsiella sp, vr"... 100 100 100 •100 100 100 [
proteus mirabilis 100 100 -1 0 0 ”

"TOO"

1 100-
lo o "

100 100 100 |
pseudomonas aeruginosa

s
88.9 100

100
Too 94.5 100

pseudomonas sp. ...... TOO 100 I
citrobacter freudi 100 " - 100 ... -v...-. 100 100 i
salmonella sp. 100 -------- 1W

100 I
uhlden. gram -ve bacillus 
veillonelia

100 100 ........ I
.........!

I
bacteroides fragilis 1 I

r w
---------

!_____{

I s l  !
------- L — {

prevotella melaninogen. 
stenobophomonas mal.

1 %

.......

Average ; 66 1 8 6 . 7 :

: ;.

92.3 i 100 ! 93.6. 9 2 ?
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I

I
Like the previously mentioned antibiotics the following micro-organisms 

experienced an overall decrease in resistance to erythromycin over the 2

0  years: Enterococcus faecium (from 0% to 100%); Staphylococcus aureus 

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

1

0  The reason micro-organisms experienced an overall increase in sensitivity to

I

1

I

I

I

I

I
1

1

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 isolated 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 

1996.
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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
Male

111
65

54
35

165
100

Female 46 19 65
Inborn 63 0 63
New 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 to non-neonates was 1.8:1.
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Neonates were categorised according to weight while the non-neonates were ' 

categorised by age as demonstrated in Table 5.2.

Low birth weight neonates (those that weighed less than 2500 g) made up 

50.3% (83/165) of the total admissions to the ward. Those having birth 

weights of 1500 to 1999 g made up the largest single category of 21.2%

Table 5.2 A breakdown of patients’ profiles admitted to ward 276

illosllll msm
Admissions to ward 276 30 35 18 28 27 27 165
Male 16 ' 23 10 16 16 19 100
Female 14 12 8 12 11 8 65
Inborn 21 19 10 13 0 0 54
New admission 0 3 2 2 5 11 22
Transferred from oiherward 3 4 1 4 13 6 40
Transferred from another hospital 6 9 5 9 9 8 47
Deaths in ward 6 9 1 2 2 8 28
#of patients admitted to the study 9 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 inborn 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 cultured from 57 

study patients (Table 5.3). Of the 124 isolates cultured, 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

GRAM POSITIVE '
'"...' A \ ;' " ,  - ' ’ ,

staphylococcus aureus 7 4 1 12
staphyloc.ccus epidermidis a ! 18 1 ; 5 32
streptococcus agalactiae i 2 2

jstreptococcus pneumoniae ! 1 1
, streptococcus pyogenes i 1 2
1 streptococcus sp. 1 3 • 4
I streptococcus viridans I 1 1
jenterococcus faecalis 3 i 2 2 7
i enterococcus faecium l i 1 2
i micrococcus sp. : 2 ' 2
cotynebacterium sp. 1 1 2
bacillus cereus 1 ! 1
bacillus sp. 1 1
GRAM NEGATIVE
acinetobader baumanii 1 1
acinetobader IwofS ; 1 1
alkaligenes sp. i 1 1
alkaligenes faecaiis j 1 1 2
enterobacter sp. 2 1 3
enterobacter cloacae 2 2 I 5 4
escherichia coli 8 3 I r 11 I
haemopNIus Influenzae 2 1 ; i 4
klebsiella sp. 8 2 2 12
klebsiella pneumoniae i 1 1 I
klebsiella oxytoca j 1 1 i
proteus mirabilis 2 1 i 4 i
pseudomonas aeruginosa 5 ^ 1 6
Campylobacter jejuni i 1 1
bacteroides fragilis 1 1
stenotrophomonas maltophiiia | 1 1
burkholderia cepacia 1 1

Total 51 36 29 8 124

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. Staphylococcus epidermidis was the most prevalent 

organism in the insignificant nosocomial infection group at 56.3% (18/32).



The most prevalent gram negative micro-organism isolated over the six month 

period was the Klebsiella sp. at 9.7% (12/124). It was most prevalent in the 

significant nosocomial infection group, however, it was not isolated in the 

clinically insignificant community infection class.

I
I
a
i

Clinically significant infections were more prevalent and presented with a wider 

variety of organisms than the clinically insignificant infections (Appendices 3 to 

6 ). The significant community-acquired infections consisted of a larger amount 

of gram positive micro-organisms than gram negative ones (16 different micro- 

organsisms versus 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).

I

Table 5.4 Distribution of infections

"36Nosocomial

1 Community 22 15 38
j Total
1

58 66 ; 124 |

Table 5.5 Distribution of infections broken down by classification.

Significant nosocomial 22 29
Insignificant nosocomial 14 22 j 36 j
Significant community 19 10 I 29 |
Insignificant community 3 5 i a i
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In Table 5.4 nosocomial 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 neonatal 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 infection by categories

I
I
I

I

Significant nosocomial

P P iM i

3

SlsSfflJSSi 

I 10

QSjtogijg

3 6 20 9
Insignificant nosocomial 2 I 7 0 5 10 12 I 36 !
Significant community 4 | 10 1 4 6 4 I 29 ;
Insignificant community 2 | 1 0 0 4 1 I 8 j
Total # of infections/grp 11 | 28 4 h ijg 40 26 1 1 2 4  |

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).

I

I

I

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 sites of infection in order of 

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

aspirates (13%).

I
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Figure 5.1 Frequency of organisms isolated from different infection sites

tissue peritoneal

eye/ear swab 
8% 
urine 
1% A

sputum/ET aspirates 
13%

throat swab 
1%

pus/ulcer swabs 
21%

5.4 TYPES OF INFECTIONS DIAGNOSED

From the combination of observing the patients’ clinical signs and symptoms, 

clinical laboratory results, and the attending physicians conclusions, diagnoses 

were made and their frequencies were charted in Figure 5.2. Septicaemia 

infections occurred most frequently, however the results represented in the pie 

chart reflect the occurrence of all 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. [11.5% (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
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Table 5.7 Frequency of organisms in clinically significant infections associated 

with diagnosis

GRAM POSITIVE 
staph, aureus 

staph, epidermldls

strep, pneumor’ae 
strep, pyogenes 
streptococcus. ep. 

strep, vlridans 

enierococcus faecaiis 

enteroeoccus faecium 
micrococcus sp. 
coiynebacterium sp. 
GRAM NEGATIVE 

acinetobacter baumsnli 
acinetobacter tooffi

alkallgenes faecaiis 

enterobactersp. 
enterobacter cloacae 
eschcrichla caii
lhaemophilus Influenzae 
'■lebslells sp.
'ebsieiia pneumoniae 

Klebsiella oxytoca
pvoteus mlrabllls 

pseud, aeruginosa 
jcampylobacterjejuni 
bacteroides fragilis

Total

3
6
2
1
1
2
1
1
1
2
1

32 17

2
2

13

8
2
1
2
4

T
6
1
2
T

i
1
2 
2

i f

10 
1...

T "
3"
6
1
1

80

1
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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

a s m s
Penicillins 119 . 33 152
Aminoglycosides 107 29 136
Cephalosporins 39 35 74
Glycopeplides 23 17 40
Nitroimidazole 6 11 17
Sulphas 2 6 8
iCarbapeRem p-lactams: 3 4 7
jMacrolides 0 4 4
pluuraquinoiones 1 2 3
IFudcto 2 0 2
iRifanipicin 1 0 1
i !
[Total ! 303 141 444

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 antibiotic usage at 20.5% (91/444).
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Table 5:9 The breakdown of individual antibiotics used in ward 276

a m
Amikacin 26 | ~ 2 9 “""" 26 ^ 2 6 . ^

IQ - '-
.9 . 126

Penicillin 24 I 26 24 ......24 2 4 104
Cefotaxime 11 i 13 6 6 10 7 53
Vancomycin 7 9 3 4 . . . . . . . 5 . . . . . . 7 38

jfazocin 5 1 6 2 5 9 3 30
| Flagyl 2 3 0 1 4 ...... 7...... 17
iGentamicin 0 ; 0 0 o 5 5 10
jAmpicillin 1 0 6 ......1 8
Ilmipenem 2 1 0 ....... 2 . . . . . . . . 2 7
Cotrimoxazole 1 1 2 3 7
Ceftriaxone ! 2 7
Augmenfn 1 2 4 .. . . . . . . 7. . . . . . . .
Cefuroxime

........... ..  , „
3 3 6

Cefazoiin -1 .......4 ....... .......5 ......
Erythromycin 3 1

...... 5 " .....Ceftazidime 1 1 1
Ciprofloxacin i 1 1 3
Cloxacillin 1 1 2.....
Fucidin 1 ! 1 I

2
Teicoplanin :. . . . . . . . . . . . . . . .

. .. . . . . . . . ..  i . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ,
r  £ 2

Amoxicillin I I "1 1
Rifampicin _ _ _ _ _ _ _ _ _ i L  l _ _ _ _ _ _ _ _ 1
Sulphadiazine . 1 1

Total 76 91" .... 63 73 71 70 444

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 Sensitivity 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 POSITIVE sensitivity % 
(ratio)

sensitivity % 
(ratio) 

‘ 100 (3/3)

sensitivity % 
(ratio)

i S l I i l l S I
sensitivity % 

(ratio)
sensitivity %| sensitivity %| sensitivity % 

(ratio)! (ratio)} (ratio)
enterococcus faecalis 100(3/3) i 100 (2/2)
enterococcus faecium ............ i ....................
staphylococcus aureus 0 (0/8) : ,  25.C2/8) I. 25(2/8)
staphylococcus epidennidis___
streptococcus agaiactiae

0 (0/9) ......................
.................. 1

33.3 (3/9) i 33.3 (3/9)

streptococcus pneumoniae I j ! :
streptococcus pyogenes ! 100 ( i / i )  I I
streptococcus sp.
streptococcus vitidans ... .....
micrococcus sp.

100 (1/1) i 100 (1/1) i I im  0/1)..
----------------

I ........... 1__ ______
.................. .............- .....

corynebacterium sp ! r
bacillus cereus

I
..................

GRAM NEGATIVE i —--- ----------
acinetobacter baumanii i !
acinetobacter Iwoffi r ! 0(0/1) 1 0 (0/1)
alkaligenes sp. ............ I......
alkaligenes faecalis ..................
enterobactersp. 0(0/2) 0(0/2) 100 (2/2) 100(2/2)
enterobacter cloacae 0(0/2) 50(1/2) 6 (0/2) 50 (1/2)
escherichia coii 0(0/7) 0 (0/6) 66.7 (4/6) 100 (7/7)
haemophilus Influenzae 100(2/2) 100(2/2).
Klebsiella sp. 6 (0/8) 25 (2/8) 25(2/8) 62.5 (5/8)
Klebsiella pneumoniae
Klebsiella oxytoca
proteus mirabilis 0(0/2) 100(2/2) 100 (2/2) 100(2/2)
pseudomonas aeruginosa 80 (4/5) 80 (4/5)
Campylobacter jejuni
bacteroides fragilis I
strenotrophomonas maltophilia
burkholderia cepacia i

I I
Mean ±  SD GO± 27.4 | 37.5±25.9 29.2 ± 3 .0  ! 29.2 ±3 .6 36.4 ±20.7 74.0 ±20.1 | 70.4 ±18.5

exception of Staphylococcus aureus and Staphylococcus epidenvidis both of 

which were completely resistant to penicillin (0%).

Gram positive micro-organisms and Haemophilus influenzae were most 

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

resistant to it.

Staphylococcus species was fairly resistant to cloxacillin and oxacillin.



Proteus mirabiiis (100%) and Pseudomonas aeruginosa (80%) were the only 

micro-organisms sensitive to 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 Enterobacter 

cloacae (0%), Klebsiella sp. (25%) and Escherichia coli (66.7%).

Piperacillin/tazobactam was an improvement on piperacillin in that the only 

micro-organism that demonstrated complete resistance to it was Acinetobacter 

iwoffi. However Enterobacter cloacae and Klebsiella sp. had resistant patterns 

of 50% and 62.5% respectively.

5.6.1.2 Sensitivity patterns to cephalosporins 

The first generation cephalosporins tested, cefazolin and cephalexin, had 

identical resistances from Staphylococcus aureus (23.6%) and 

Staphylococcus epidermidis (25%) as represented in Table 5,11. Their results 

from gram negative micro-organisms is not identical, but was very similar. 

Enterobacter cloacae was completely resistant (0%) to first generation 

cephalosporins, while Escherichia coli (33.3% and 50% respectively) and 

Klebsiella sp. (12.5% and 25% respectively) were highly resistant. The 

difference between 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.

sensitivity % sensitivity % sensitivity %GRAM POSITIVE

enterococcus faecalis
enteroceccus faetium
stagh)dqcoccus aureus 
stophyGCoccus epidermidis _ 
sfreptocaceus agalactiae
streptococcus pneumoniae

sensitivity %| 
 ( "# 1

sensitivity %j sensitivfty % j sensitivity % 
(ratio)! (ratio)! (ratio)

28.6 (2/7) I 
25(2/8) [

28.6 (2/7) 
25 (2/8)...

28.6 (2/7) I 
 2 5 (2/ 8) j  ....

sttaptBceccus pyogenes
iEetosisBs&LZZZZl I i0°(vi)
streptococcus viridans i
micrococcus sp.

100 (1/1)

corynebacterium sp. 
bacillus ceveus

GRAM NEGATIV E ____
acinetobacter baumanii 
acinetobacter Iwofli
alKalipenes sp.
alkaligenes faecalis
enterobactersp.
enterobacter cloacae
escherichia coli
haemophilus influenzae
klebsiella sp.
klebsiella pneumoniae
Idebsiella oxytoca
proteus mirabilis
pseudomonas aeruginosa
Campylobacter jejuni
bacteroides fragilis 

strenotrophomonas maltophilia
buridtolderia cepacia

M ean* SO

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

33.3 (2/6)

12.5(1/8)

100 (2/2)

100 (i/1)
0(0/1)

50(2/4)

25 (1/4)

50 (1/2)
50 (1/2)

57.1 (4/7)
100 (2/2) 
37(5 (3/8)

JMggL

50 (1/2)
50 (1/2)

57.1 (4/7)
100 (2/2) 
37.5 (3/8)

100 (az)

43 .7 *1 8 .9  53.6 *  20.4 56.0 ±  14.7 I 65.8 ±  13.7 53.5 ±  15,9 I 65.8 ±  13.7 7 3 .2 *19 .3

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

50 (1/2)
50 (1/2)

57.1 (4/7)

37.5(3/8)

Joog/2L
OOP'S)

sod#
50 (1/2)

57.1 (4/7)
100 (2/2) 
37.5 (3/8)

100(2/2)
J 0(igL
100(7/7)

62.5(5/8)

jm tzgL 100(2%.
100(5/5)

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 gram negative 

micro-organisms, the most worrisome micro-organism tested against 

cefuroxime was Klebsiella sp. (37.5%). Enterobacter sp. (50%), Enterobacter
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cloacae (50%) and Escherichia coii (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. Acinetobader iwoffi was 

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

The fourth generation cephalosporin, cefepime, had the following micro­

organisms demonstrate resistance against it: Acinetobacter Iwoffi (0%), 

Enterobacter cloacae (50%) and Klebsiella sp. (62.5%). Enterobacter sp.t 

Escherichia coll, Proteus mirabilis and Pseudomonas aeruginosa were 100% 

sensitive to it.

5.6.1.3 Sensitivity patterns to aminoglycosides 

The comparison of 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-organisms that it was tested against with 

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

Gentamicin produced the most perturbing results considering 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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Acinetobader Iwoffi (100%), Proteus mirabilis (100%) and Pseudomonas 

aeruginosa (80%) being sensitive to it.

Table 5.12 Percentage sensitivities of aminoglycosides for significant 

nosocomial infections

jGRAM POSITIVE sensitivity % isensitivity % 
(ratio) '(ratio)

[sensitivity % 
jfraSo)

lenterococcus feecalis ; 100(1/1)
lenterococcus feecium | I

[staphylococcus aureus ; 1

istaptrylococcus epidermidis
streptococcus agalactiae
streptococcus pneumoniae i
sfreptococcusgxogenas____
streptococcus so. 
streptococcus viridans

------------

micrococcus so.
corynebacterium sp. i

-----------
bacillus cereus

GRAM NEGATIVE
acinetobacler baumanii
adnetabacter iwoffi 100 (1/1)
alkalisenessp.
alkaligenes faecalis
enterobactersp. 100(2/2) 50(1/2) 50(1/2)
enterobacter cloacae 50(1/2) 50 (1/2) 50(1/2)
escherichia coll 66.7 (4/6) 42.9 (3/7) 57.1 (4/7)
Haemophilus influenzae

~287S (Z /7PKlebsiella sp. 87.5 (7/8) 37.5 (3/8)
klebsiella pneumoniae
kleb^ella oxytoca
proteus mirabilis .. .100 (2/2) 50(1/2) 100(2/2)
pseudomonas aeruginosa 80 (4/5) 80 (4/5)
Campylobacter jejuni
bacteroides fragilis
strenotrophomonas maltophilia
burkholderia cepacia ---- ---- ---------- -
M e an t SO 80.7 ±9 .8 55.1 i  11.3 66,5 ±13.7

5.6.1.4 Sensitivity patterns to glycopeptides, fluoroquinolones and 

carhapenem fi-lactams

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, fluoroquinolones and 

carbapenem (3-lactams for significant nosocomial infections.

......
GRAM POSITIVE sensitivity %i sensitivity %T sensitivity %i sensitfvrty %| sensitivity %( sensitivity %\

enterococcus faecalis 100(3/3)
enterococcus faecium 1 1 1 !
staphylococcus aureus 100(8/8) j  100(4/4) 

i  00 (9/9) ' 80 (4/5) '
;  r

staphylococcus epidermidis 
streptococcus agalactiae
streptococcus pneumoniae !
streptococcuspyogenes__ t  . 
streptococcus sp. (  100 (i/1 j ; 
streptococcus viriidans ! \
micrococcus sp.
corynebacterium sp.

rbacillus cereus
. . . . . . . . . . . . . . . . . . . . . . . . .

GRAM NEGATIVE
acinetobacter baumanii
acinetobader twoffi 100 (1/1) 100(1/1).
alkaligenes sp. i
alkaligenes faecalis

— ........— -------- --
100(272) - - - - - - - - - - - - - - - - -

errterobacter sp. 100/1/1)
enterobacter cloacae ' 100 (2/2) 100 (212) 100 (2/2) i  00 (2/2)
escherichia coli 100(7/7)

i 100(1/1)
klebsiella sp. 100(8/8)
klebsieiia pneumoniae . . . . . . . . . . . . . . . — —
klebsiella oxvtoca
proteus mirabite — — ...- - . . . . . . . . . . . ■— -

'""100(575)" " io o W t s f '
100(2/2)
100(5/5)I 1 100(5/5)

campylobacter jejuni 1
bacteroides fragilis
strenotrophomonas maltophilia 1

iburkholdena cepacia ......  I . .  .
66.7 ±28.9 jMean ± SO iod.d i  90.0 ±  r . i 100.0 |  100.0 i  85.7 ±18.9

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 Acinetobader Iwoffi which exhibited complete 

resistance (0%), all the gram negative micro-organisms that were tested 

against the carbapenem {3-lactams were highly sensitive to them.
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The gram negative micro-organisms tested against ciprofloxacin were highly 

sensitive towards it.

5.6.2 Resistance trends of insignificant nosocomial infections

I

1

i
I

I

I

5.6.2.1 Sensitiv ity patterns to pen ic illins

T a b l e  5 . 1 4  P e r c e n t a g e  s e n s i t iv i t ie s  o f  p e n ic i l l in s  fo r  in s ig n i f ic a n t  n o s o c o m ia l  

in fe c t io n s

GRAM POSITIVE sensitivity % sensitivity % sensitivity % sensitivity %  sensitivity % sensitivity %  sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) (rati ,

enterococcus faecalis 100 (2/2) 100 (2/2) 100 (2/2)
enterococcus faecium 0(0/1) 0(0/1) 0(0/1)
staphylococcus aureus 0 (0/1) 56.7 (2/3) 66.7 (2/3)
staphylococcus epidermidis 6.3(1/16) 12.5(2/16) 12.5(2/16)
streptococcus agalactiae 
streptococcus pneumoniae 
streptococcus pyogenes 
streptococcus sp. 
streptococcus viridans 
micrccoccus sp. 
corynebacterium sp.
bacillus cereus 0 (0/1)

GRAM NEGATIVE 
acinetobacter baumanil 
acinetobacter Iwoffi 
alkaligenes sp.
alkaligenes faecalis 100 (1/1) 100(1/1)
entercbactersp. 0(0/1) 100(1/1) 0(0/1)........ 100 (1/1)
enterobacter cloacae 0 (0/2) 100(2/2) 0 (0/2)....  100(2/2)
escherichia coii
haemophilus influenzae 100 (1/1) 100 (1/1)
klebsiella sp. 0(0/2) 50(1/2) ! 00 (2/2) 100(2-2)
klebsielia pneumoniae
klebsiella oxytoca
proteus mirabilis
pseudomonas aeruginosa ...... ........... ......................................
campylcbacter jejuni...........................................
bacteroides fragilis
strenotrophomcnas maltophilia 0(0/1) 100(1/1) 0(0/1) 100(1/1)
burkhoideria cepacia • 100 (1/1) ....................  100 (1/1)

M ean t SO 21,3 + 22.1 28.6 ±24.4  39,6 ±19.2  39.6 + 19.2 91.7 ±10.2 42.9 ±26.8 100.0

Enterococcus faecalis w a s  t h e  o n ly  m ic r o - o r g a n is m  s e n s i t iv e  t o  p e n ic i l l in .  

Enterococcus faecium, Staphylococcus aureus a n d  Bacillus cereus w e r e



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

bordering on complete resistance,

Enterococcus faecalis and Haemophilus influenzae were both 100% sensitivity 

to ampiciilin, however the rest of the micro-organisms tested against it, 

demonstrated complete resistance (0%) towards it.

Cloxacillin and oxacillin demonstrated identical results. Staphylococcus aureus 

was 66.7% sensitive and Staphylococcus epidenvidis 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, Stenotrophomonas maltophilia 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

Piperacillin/tazobactam 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 the 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

organisms tested, with the exception of Klebsiella sp. which had a resistance 

of 50%, Enterobacter sp. and Enterobacter. cloacae were completely resistant 

to the first generation cephalosporins.

Table 5.15 Percentage sensitivities of cephalosporins for insignificant 

nosocomial infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %. sensitivity %
(ratio) (ratio)- (ratio) (ratio) (ratio) (ratio) (ratio)

enterococcus faecalis 
enterococcus faeoium
staphylococcus aureus 66.7(2/3) 66.7(2/3) 66.7 (2/3)
staphylococcus epidertnidis 12.5 (2/16) 12.5 (2/16) 12.5(2/16)
slreptococcug aqalacttae  ______  _______
streptococcus pneumoniae 
streptococcus pyogenes 
streptococcus sp. 
streptococcus viridans 
micrococcus sp. 
corynebacterium sp.
bacillus cereus 0(0/1)

GRAM NEGATIVE 
acinetobader baumanii 
acinetobacter hvoffi 
alkaligertes sp.
alkaligenes faecalis 100 (1/1) 100 (1/ 1)
enterobacter sp. 0(0/1) 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
enterobacter cloacae 0(0/2) 0(0/2) 100 (2/2) 100(2/2) 100(2/2) 100(2/2) 100(2/2)
escherichiacoli____
Haemophilus influenzae __ _ 100 (1/1) 100 (1/1) 100 (1/1)
klebsiella sp. " 7 .....    50(1/2) 50 (1/2) 50 (1/2) 100 (2/2) 50(1/2) 100(2/2) 100(2/2)
kiebsiella pneumoniae 
klebsiella oxytoca 
proteus mirabilis 
pseudomonas aeruginosa 
Campylobacter jej mi 
bacteroides fragilis
strenotrophomonas maitophilia 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 100(1/1)
burkholderia cepacia 100 (1/1) 100 (1/1)

Mean ±  SD 18.5 ±14.0 25.8 ±15.4  61.3 + 21.2 80.0 + 22.4 91.7 ±10.2 SO.O + Z IA  100.0
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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 Klebsiella sp. which 

was only 50% sensitive to them.
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Table 5.16 Percentage sensitivities of aminoglycosides for insignificant

nosocomial infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity %
(ratio) (ratio) (ratio)

enterococcus faecalis 
enterococcus faecium 
staphylococcus aureus 
staphylococcus epidermidis 
streptococcus agalacSae 
streptococcus pneumoniae 
streptococcus pyogenes 
streptococcus sp. 
streptococcus viridans 
micrococcus sp. 
corynebacterium sp. 
bacillus cereus

GRAM NEGATIVE 
aclnetobacter baumanii 
aclnetobacter Iwoffi 
alkaiigenes sp.
alkaiigenes faecalis 0 (0/1) 0 (0/1)
enterobacter sp. 100 (1/1) 100(1/1) 100 (1/1)
enterobacter cloacae 100 (2/2) 100 (2/2) 100(2/2)
escheriehia coll
haemophilus influenzae 
klebsiella sp. 100(2/2) 50(1/2) 50 (1/2)
Klebsiella pneumoniae
klebsiella e.cytoca
proteus mirabilis
pseudomonas aeruginosa
campylobacter jejuni
bacteroidos fragilis
strenotrophomonas maltophlila 0(0/1) 0(0/1) . .  010/1)
burkholderia cepacia 0(0/1) 0(0/1)

M ean t SO 50.0 ±27.4 62.5 ±24,0 41.7 ±24.6

5.6.2.4 Sensitivity patterns to glycopeptides, fluoroquinolones and

carbapenem /3-lactams

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

glycopeptides, vancomycin and teicoplanin, were highly sensitive to them.
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Table 5.17 Percentage sensitivities of glycopeptides, fluoroquinolones and '

carbapenem p-lactams for insignificant nosocomial infections

staphylococcus epidermidis 100 (16/16) 100(9/9)
streptococcus agalactiae
streptococcus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans
micrococcus sp.
corynebacterium sp.
bacillus cereus 100(1/1)

GRAM NEGATIVE 
acinetobacter baumami 
acinetobacter Iwoffi 
alkaligenes sp.
alkaligenes faecalis 0(0/1) 0(0/1) 100(1/1) 100(1/1)
enierobatier sp. 100(1/1)
enterobactor cloacae 100(1/1) 100(1/1) 100(2/2) 100(1/1)
escherichia coll
haemophilus influenzae 100(1/1)
Klebsiella sp. 100 (2/2)
Klebsiella pneumoniae 
Klebsiella oxytoca 
proteus mirabiiis 
pseudomonas aeruginosa 
campyiobacter jejuni 
bacteroides fragilis
strenotrophomonas maltophilia 0 (0/1) 0 (0/1) 100 (1/1) 100 (1/1)
burkholderia cepacia 0 (0/1) 0 (0/1) 0 (0/1) 0 (0/1)

Average 100.0 100.0 40.0 ± 27.4 25.0 ±  25.0 100.0 100.0

Alkaligenes faecalis, Stenotrophomonas maltophilia and Burkholderia cepacia 

were resistant to the fluoroquinolones, ciprofloxacin and ofloxacin. 

Enterobacter cloacae was sensitive to both, while Haemophilus influenzae 

was only sensitive to ciprofloxacin.

sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %  sensitivity %GRAM POSITIVE

enterococcus faecalis 
enterococcus faecium 
staphylococcus aureus

(ratio) (ratio) (ratio) (ratio) (ratio) = (ratio)
100(2/2) .......
100 (1/1)
100(3/3) 100(3/3)

Gram negative micro-organisms that they were tested against the carbapenem 

.otams, imipenem and meropenem, were found to be highly sensitive to 

them wit/' ite exception of Burkholderia cepacia.



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

" . T r r r r " 1
GRAM POSITIVE sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) (ratio)
enterococcus faecalis 50 (1/2) 50 (1/2) 50 (1/2)
enterococcus faecium 0 (0/1) 0(0/1) 0 (0/1)
staphylococcus aureus
staphylococcus epidermidis .......50(1/2) 100 (2/2) 100(2/2)
streptococcus agalactiae 100(2/2) 100(2/2) 100(2/2)
streptococcus pneumoniae 100 (1/1) 100(1/1) 100(1/1)
streptococcus pyogenes 100 (1/1) 100 (1/1) 100(1/1)
streptococcus sp. 100 (3/3) 100 (3/3) 100 (3/3)
streptococcus viridans 100 (1/1) 100 (1/1) 100 (1/1)
micrococcus sp. 100 (2/2) 100(1/1) 100 (1/1)
corynebacterium sp.
bacillus cereus

GRAM NEGATIVE
acineto'bacter baumanii 0(0/1) 100(1/1)
acinetobacter Iwoffi
alkaligenes sp. 0 (0/1) 0(0/1) 0(0/1) 100(1/1)
alkaligenes faecalis 0 (0/1) 100(1/1) 0(0/1) 100 (1/1)
enterobacter sp.
enterobacter cloacae
escherichia coli 0 (0/4) 0 (0/4) 33.3 (1/3) 50 (2/4)
haemophilus influenzae
Klebsiella sp. 0(0/2) 0 (0/2) 0 (0/2) 100 (2/2)
Klebsiella pneumoniae ... 0(0/1) 0(0/1) .. 0(0/1) ... . 100(1/1)
Klebsiella oxytoca 0(0/1) 0(0/1) 0(0/1) . 100(1/1)
proteus mirabilrs 0 (0/1) 100 (1/1) 100 (1/1) 100 (1/1)
pseudomonas aeruginosa 100 (1/1) 100 (1/1)
Campylobacter jejuni 0 (0 /,)
bacteroides fragilis 

strenotrophomonas maltophilia 

burkholderia cepacia

Mean ± SO ............................  70.0 ±21.1 39.3 ±24.4  100.0 100.0 33.3 ±2 5 .0 .....48.8 ±  24.1 94.4 + 8.4

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 

be completely resistant to it.
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With the exception of Enterococcus faecalis (50%) and Eriterococcus faecium 

(0%) to all the gram positive micro-organisms that it was tested against 

ampiciliin were highly sensitive to it. However all gram negative micro­

organisms tested against ampiciliin were completely resistant

Staphylococcus 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-organisms tested against amoxiciilin/clavuianic 

acid wave highly sensitive to it. As far as the gram negative micro-organisms 

were concerned, with the exception of Proteus mirabilis which was highly 

sensitive to amoxiciilin/clavuianic acid, and Escherichia coli only having a 

sensitivity of 33.3%, Alkaligenes sp., Alkaligenes faecalis, Klebsiella sp., 

Klebsiella pneumoniae and Klebsiella oxytoca were completely resistant to it.

All the gram negative micro-organisms with the exception of Escherichia coli 

(50%) were highly sensitive to piperscillin/tazobactam.
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5.6.3.2 Sensitivity patterns to cephalosponns

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.t Klebsiella pneumoniae 

and Klebsiella oxytoca were completely resistant to cefazolin.

Table 5.19 Percentage sensitivities of cephalosporins for significant 

community infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) (ratio)

enterococcus faecalis 
enterococcus faecium 
staphylococcus aureus
staphylococcus epidermidis 100 (2/2) 100 (212) 100 (212)
streptococcus agalactiae 100(2/2) 100(2/2)
streptococcus pneumoniae
streptococcus pyogenes 100 (1/1) 100(1/1)
streptococcus sp. 100 (3/3) 100 (3/3)
streptococcus viridans 100(1/1) 100(1/1)
micrococcus sp. i 00 (2/2) 100 (2/2)
corynebacterium sp. 
bacillus cereus

GRAM NEGATIVE
acinetobacter baumanii 0 (0/1) 100(1/1)
acinetobacter Iwoffi
alkaligenes sp. 0(0/1) 0(0/1) 0(0/1) 100 (1/1) 0(0/1) 100(1/1)
alkaligenes faecalis 0(0/1) 0(0/1) 0(0/1) 100 (1/1) 0(0/1) 100(1/1)
enterobacter sp. 
enterobacter cloacae
escherichia coli 75 (3/4) 86.7(2/3) 75 (3/4) 75 (3/4) 75 (3/4) 75(3/4) 100(4/4)
haemophiius influenzae
klebsiel/a sp. 0(0/2) 0(0/2) 0(0/2) 0(0/2) 0(0/2) 100(2/2)
Klebsiella pneumoniae 0(0/1) 0(0/1)  0(0/1) 0(0/1) ......... 0(0/1) 100 (1/1)—.......... -r —-----v—  ̂    .    1 -•*. .... ............. . . . »     \  .^..4....... _ . . . .  V ..     . > . .. • . . .
klebsteilaoxytoca ....................... 0(0/1)  0(0/1)  0 (0/1)...............0(0/1)........... 0(0/1) 100(1/1)
proteus mirabilis..............................  100(1/1) 100(1/1) 100(1 /1)......... 100(1/1) 100 (1/1) 100(1/1) 100(1/1)
pseudomonas aeruginosa 100(1/1) 100(1/1)
Campylobacter je jun i 0(0/1) 0(0/1) ,
bacteroides fragilis 

strenotrophomonas maltophilia 

burkholdena cepacia

M ean t SO 59.6 ±24.8 95.8 ±5 .9  34.4 ±24.1 21.9 ± 20.6  52.8 ±25.4 21.9 ±20.6 100.0
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The second generation cephalosporin, cefuroxime, experienced' identical 

resistance results as cefazolin although it was not tested against as many 

gram positive micro-organisms.

The majority of the gram negative micro-organisms that were tested with the 

exception of Proteus mirabHis were resistant to the third generation 

cephalosporins, cefotaxime, ceftazidime and ceftriaxone. Alkaligenes sp.t 

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 patterns 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 

pneumoniae. Similar results were obtained for gentamicin and tobramycin, 

with the exception Klebsiella oxytoca which was completely resistant and 

Escherichia co//that exhibited an increase in resistance (75%).
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Table 5.20 Percentage sensitivities of aminoglycosides for significant 

community infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity %
(ratio) (ratio) (ratio)

enterococcus faecalis
enterococcus faecium 0 (0/1)
staphylococcus aureus
staphylococcus epidermidis
streptococcus agatactiae
streptococcus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans
micrococcus sp.
corynebacterium sp.
bacillus cereus

acinetobacter baumanii 
acinetobacter Iwo'i

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

alkaligenes sp. 0(0/1) 0(0/1) 0(0/1)
alkaligenes faecalis 
enterobacter sp. 
enterobacter cloacae

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

escherichia coli 
haemophilus influenzae

100(4/4) 75 (3/4) 75 (3/4)

klebsiella sp. 0 (0/2) 0 (0/2) 0 (0/2)
Klebsiella pneumoniae 0(0/1) 0(0/1) 0(0/1)
klebsiella oxytoca 100 (1/1) 0 (0/1) 0 (0/1)
proteus mirabilis........... 100(1/1) 100(1/1) 100 (1/1)
pseudomonr lemginosa 
campyiobacic, jejuni 
bacteroides fragilis 

strenotrophomonas maltophiiia

....100(1/1)
100 (1,1)

100(1/1)

burkhc'deria cepacia

Mean ± SO 55.6 + 26.4 41.7 i  25.0 41.7 ±25.0

5.6.3.4 Sensitivity patterns to glycopeptides, fluoroquinolones and

carbapenem fi~lactams

Gram positive micro-organisms that were tested against vancomycin were 

found to be highly sensitive to it. Unlike the nosocomial infections teicoplanin 

was not tested.
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Gram negative micro-organisms that were tested against the fluoroquinolones 

were highly sensitive to them.

Table 5.21 Percentage sensitivities of glycopeptides fluoroquinolones and 

carbapenem p-lactams for significant community infections

GRAM-POSITIVE

enterococcus faecalis 
enterococcus faecium 
staphylococcus aureus 
staphylococcus epidermidis 
streptococcus agalacb'ae 
streptococcus pneumoniae 
streptococcus pyogenes 
streptococcus sp. 
streptococcus viridans 
micrococcus sp. 
corynebacterium sp. 
bacillus cereus

sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %
f  ra tio ) (ra tio ) fra tio ) fra tin ) frnHn) fraKnt(ratio) 

100(2/2) 
100 (1/1)

100 (2/2) 
100 (2/2) 
100 (1/1) 
100 (1/1) 
100(3/3) 
100 (1/1) 
100(2/2)

(ratio) (ratio) (ratio) (ratio)

acinetobacter baumanii 
acinetobacter Iwoffi

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

alkaligenes sp. 
alkaligenes jaecalis 
enterobacter sp. 
enterobacter cloacae

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

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

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

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

escherichia coii 
Haemophilus influenzae 
klebsiella sp.

100 (3/3) 100 (3/3) 100(4/4)

100(2/2)

100 (3/3)

Klebsiella pneumoniae 100(1/1) 100 (1/1) 100 (1/1) 100(1/1)
klebsiella oxytoca 100 (1/1) 100 (i/1) 100(1/1) 100 (1/1)
proteus mirabilis 100 (1/1)
pseudomonas aeruginosa 100(1/1) 100(1/1) 100 (1/1) 100 (1/1)
campylobacter jejuni ................................100(1/1) 100(1/1) 100 (1/1)
bacteroides fragilis
strenotrophomonas maltophilia
burkholderia cepacia

Mean ± SO 100.0 100.0 100.0 100.0 71.4 ±24.4

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.



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

sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %GRAM POSITIVE
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) (ratio)

enterococcus faecalis
enterococcus faecium
staphylococcus aureus
staphylococcus epidermidis 0 (0/5)
streptococcus agaladiae
streptococcus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans

4 0 (2 5 ) ........40(2/5)

micrococcus sp. 
coiynebacterium sp. 
bacillus cereus

GRAM NEGATIVE 
acinetobacter baumanii 
acinetobadter Iwoffi 
alkaligenes sp. 
aikaligenes faecalis 
enterobacter sp. 
enlerobacter cloacae 

eschenchia coll
haemophilus influenzae 100(1/1) 100(1/1)
klebsiella sp. 
klebsiella pneumoniae 

kiebsialia oxytoca
prc-teus mirabilis...........................  100(1/1) 100(1/1) 100 (1/1) .......100(1/1)
pseudomonas aeruginosa 

campylobacter jejuni 
bacteroides fragilis 

slrenolrophomonas maltoptiiiia 

burkholderia cepacia

Mean ±  SD 0 100,0 40.0 40.0 100.0 100.0 100.0

Staphylococcus epidermidis was resistant to the p-lactams, with cloxaciilin and 

oxacillin only experiencing sensitivity levels of 40% and penicillin experiencing 

complete resistance (0%).
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All the gram negative micro-organisms that were tested against ampiciilin, 

amoxiciliin/davulanic acid, piperacillin and piperacillin/tazobactam were highly 

sensitive to them.

5.6.4.2 Sensitivity patterns to cephalosporins

Table 5.23 Percentage sensitivities of cephalosporins for insignificant 

community infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity %  sensitivity % sensitivity % sensitivity % sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) (ratio)

enterococcus faecalis 

enterococcus faecium 
staphylococcus aureus
staphyiococcus epidermidis 40(2)5) 40 (2/5) 25 (1/4)
streptococcus agalactiae
streptococcus pneumoniae

streptococcus pyogenes
streptococcus sp.
streptococcus viWans
micrococcus sp.
corynebacterium sp.
bacillus cereus

GRAM NEGATIVE 
acinetobacter baumanti 
acinetobacter Iwoffi 
aJkaJigenes sp. 
alkaitgenes faecalis 

enterobacter sp. 
enterobacter cloacae 

escherichia coli
haemophilus influenzae 100(1/1) 100(1/1) 100 (1/1)
kiebsiella sp.
Klebsiella pneumoniae 

kiebsiella oxytoca
proteusmirabilis  ...................... 100(1/1) '  100 (1/1) 100(1/1) 100 (1/1)......... 100(1/1} 100 ( i / l l .... ; i0 0 (T /1 )~ "
pseudomonas aeruginosa 

campylobacter jejuni 
bacteroides fragiiis 

strenotrophomonas maltophilia 

burkholderia cepacia

Mean ±  SO 70.0 ±21.2 70.0 ±21.2  75.0 ±21.7 100.0 100.0 100.0 100.0
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The cefazolin, cephalexin and cefuroxime endured fair resistance from 

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

Both Proteus mirabilis and Haemophilus influenzae were highly sensitive to all 

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

GRAM POSITIVE

enteroooocus faecalis 

enterococcus faecium 

staphylococcus aureus 

staphylococcus epidermidis 
streptococcus agalactiae 

streptococcus pneumoniae 

streptococcus pyogenes 

streptococcus sp. 
streptococcus viridans 

micrococcus sp. 
corynebacterium sp. 
bacillus cereus

GRAM NEGATIVE 
acinetobacter baumanli 
acinetobacter twoffi 
alkaiigenes sp. 
alkaligenes faecalis 

enterobacter sp. 
enterobacter cloacae 

escherichia coll 
haemophilus influenzae 
klebsieiia sp.
Klebsiella pneumoniae 

klebsieiia oxytoca 

proteus mirabilis 
pseudomonas aeruginosa 

Campylobacter jejuni 
bacteroides fragilis 

strenotrophomonas maltophilia 

burkholderia cepacia

Mean ± SO

sensitivity % sensitivity % sensitivity % 
(ratio) (ratio) (ratio)

100(1/ 1) 1 00 (1/1) 100 (1/1)

100.0 100.0 100.0

SO



Only Proteus mirabilis was tested, and was • highly sensitive to all 3 

aminoglycosides.

5.6.4.4 Sensitivity patterns to glycopeptides, fluoroquinolones and 

carbapenem J3-Iactam 

Table 5.25 Percentage sensitivities of glycopeptides, fluoroquinolones and 

carbapenem p-lactams for insignificant community infections

GRAM POSITIVE sensitivity % sensitivity % sensitivity % sensitivity % sensitivity % sensitivity %
(ratio) (ratio) (ratio) (ratio) (ratio) .......  (ratio)

enterococcus faecalis —
enterococcus faecium ' " ~ * '
staphylococcus aureus
staphylococcus epidermldis 100(5/5) 100 (212)
streptococcus agalactiae
streptr ccus pneumoniae
streptococcus pyogenes
streptococcus sp.
streptococcus viridans
micrococcus sp.

corynebacterium sp.
bacillus cereus

GRAM NEGATIVE ..............................
acinetobacter baumanii 
aclnetobacter Iwoffi 
alkaligenes sp. 
alkaligenes faecalis 

entercbacter sp. 
enterobacter cloacae 

"scherichia coll
haemophllus Influenzae 100(1/1)
klebsieila sp. 
kiebEieiia pneumoniae 

klebsieila oxytoca
proteus mirabilis 100(1/1)
pseudomonas aeruginosa
campyiobacter jejuni
bacteroides fragllis
strenotrophomonas maltophilia
burkholderia cepacia

Mean ±  SD 100.0 100.0 100.0 100.0
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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.
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CHAPTER 6: RESULTS: Pharmacokinetic study

6.1 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

A ' ? /'' ,  v i T T ,, -  ' ” • ■ r-* i
Patient i 40 iT fs o 23 (7.3) 0.133 5.2 0.65 16.1 3.5
Patient 2 36 1 785 13 (7.3) 0.0864 8.0 0.87 18.9 7.0
Patient 3 31 1 350 10(7.4) 0.0596 11.6 1.27 21.4 10.8
Patient 4 30 1 260 9(7.1) 0.0596 11.6 1.22 214 10.8
Patient 5 37 2 800 20(7.1) 0.118 5.9 0.733 15.5 4.0
Patient 6 42 3 190 24 (7.5) 0.160 4.3 0.637 14.4 2.3
Patient 7 30 1 140 9(7.9) 0,117 5.9 0.462 27.5 7.2
Patients 40 2 790 20 (7.2) 0.109 6.4 1.06 12.2 3,9

Average 36 2 183 16(7.3) 0.105 • 7.4 0.863 18.4 6.2

As demonstrated 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 protocol 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 

pg/ml), whereas the average minimum serum concentration (Cmin) was 

greater than the desired concentration of < 5pg/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

■
......

'
Patient 1 ..... " 3 5 .... ......... 5 ............. 15.1 ...........12............ 18.7
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 32.8

Average 212 21.8 26.8

Table 6.2 shows that both the dosing interval and the maintenance dose need 

to be increased in order to obtain the desired Cmax of 35 gg/ml and Cmin of 

< 5 ng/ml. On average, the dosing interval would have to be increased to at 

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

27 mg/kg.

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 parameters for patients > 2 OOOg

%
23 (7.3) 
20(7,1) ..

3 150 
2 800

0.133
0.118
0.160
0.109

24(7.5)
20 (7.2)



Table 6.4 Projected parameters for patients > 2 QQQg

Patient 1 35
Patient 5 35
Patient 6 35
Patient 8 35

Average

s ' 15.1 12 18.7
5 17.0 18 23.2
5 12.7 12 19.7
5 18.4 18 3Z8

15.8 15 23.6

Table 6,5 Parameters for patients < 2 OOOg

.. '2: 4  ''T:

Patient 2 ............ 36......n  785"" 13 (7.3) 0.0864
Patient 3 31 1 350 10(7.4) 0.0596
Patient 4 30 1 260 9(7.1) 0.0596
Patient 7 30 1 140 9 (7.9) 0.117

Average 32 1 384 10.3 (7.4) 0.0807

- " "
: "

8.0 0.37 ...18.9 7.0
11.6 1.27 21.4 10.8
11.6 1.22 21.4 10.8
5.9 0.462 27.5 7,2

9.3 0.956 22.3 9.0

Table 6.6 Projected parameters for patients < 2 OOOg

Patient 2 35 5 23.0 24 26.9
Patient 3 35 5 33.1 36 40.0
Patient 4 3S 5 33.1 36 38.4
Patient 7 35 5 17.1 18 14.6

Average 26.6 28.5 30,0

The patients greater than 2 OOOg demonstrated on average generally higher 

elimination rates and a smaller volume of distribution than the infants less than 

2 000 g. As a result their Cmaxs never reached therapeutic concentrations 

whereas their Cmins were less than 5 jag/ml. On evaluating the patients’ 

estimated kinetic parameters in order to obtain a Cmax of 35 ug/ml and a 

Cmin of less than 5 j^g/ml, the maintenance dose would have to be increased 

to 24 mg/kg and the dosing interval would have to be extended to 12 or 18 

hours depending on the elimination rate of the patient



The group that was less than 2 OOOg 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 Cminn 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 AMINOGLYCOSIDE DOSING

Table 6.7 represents the results of the second part of the study.

Table 6.7 Phase 2 patient kinetic parameters

"i !’/ . L ;: t>; - ’’VI

ta s c & s z '■jp-v.r-:!'.-:-ir . - ,!' V
Patient 9 N/A 980 20 (20.4) 0.072 9.6 0.77 27.1 ' 2.1
Patient 10 40 3 125 60(19.2) 0.0713 9.7 0.60 37.4 7.0
Patient 11 N/A 4 300 100 (23.3) 0.118 5.9 0.89 25.9 2.1
Patient 12 32 1 325 26(19.6) 0.0569 12.2 1.05 24.4 6.6
Patient 13 30 1 350 33 (24.4) 0.061 11.4 0.81 33.4 4.6
Patient 14 28 1 045 20 (19.1) 0.0551 12.6 0.89 24.9 4.4
Patient 15 40 2 570 60 (23.3) 0.0836 8.3 0.60 49.2 7.5
Patient 16 N/A 3 000 60 (20) 0.126 5.5 0.50 40.2 2.1
Patient 17 43 3 740 75(20) 0.104 6.7 0.75 29.3 2.4
Patient 18 N/A 6 000 120 (20) 0.155 4.5 0.61 31.8 2.1
Patient 19 30 1 120 16(14.3) 0.0532 13.0 1.17 19.7 8.2

Average 34 7 2 596 54 (20.8) 0.0869 9.0 0.79 31.2 4.5
N/A - gestational age was not documented on patients records.

As demonstrated 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



dose was 20.8  mg/kg. From this dose, the average maximum serum 

concentration (Cmax) was slightly subtherapeutic at 31.2 ug/ml (less than the 

desired 35 ,ug/ml), whereas the average minimum serum concentration (Cmin) 

was < 5gg/ml.

From the calculated kinetic parameters represented in Table 6.7, 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 

dose should be considered with caution.

Table 6.8  Phase 2 patient estimated parameters

r ':y  ~ - -

Patient 9 35" 5.... ....... 27.5
" ,

.............225" '

Patient 10 35 5 27.8 24 17.4
Patient 11 35 5 17,0 18 28.1
Patient 12 35 5 34.7 36 32.5
Patient 13 35 5 32.4 36 25.5
Patient 14 35 5 35.8 36 27.3
Patient 15 35 5 23.8 24 18.6
Patient 16 35 5 15.9 18 16.2
Patient 17 35 5 19.2 18 22.7
Patient 18 35 5 13.1 12 18.7
Patient 19 35 5 37.1 36 35.1

Average 25.8. . 25.6 24.1
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The above patients were further sub-divided according'to their weight: greater 

than 2 000  g and less than 2 000 g.

Table 6,9 Parameters for patients > 2 OOOg

Patient IQ 

Patient 11 

Patient 15 

Patient 16 

Patient 17 

Patient 18

40 3 125 60 0.0713 9.7 0.60 37.4 7.0
N/A 4 300 100 0.118 5.9 0.89 25.9 2.1
40 2 570 60 0.0836 8.3 0.60 49.2 7.5
N/A 3 000 60 0.126 5.5 0.50 40.2 2.1
43 3 740 75 0.104 6.7 0.75 29.3 2.4
N/A 6 000 120 0.155 4,5 0.61 31.8 2.1

41 3 789 79.2 0.1097 6.8 0.66 35.6 3.9Average

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

Table 6.10 Projected parameters for patients > 2 OOOg

Patient 10 35 5 27.8 24 17.4
Patient 11 35 5 17.0 18 28.1
Patient 15......... 35 5 23.8 24 18.6
Patient 16 35 5 15.9 18 16.2
Patient 17 35 5 19.2 18 22,7
Patient 18 35 5 13.1 1 2 18.7

Average 19.5 19 20.3

Table 6.11 Parameters for patients < 2 OOOg

. .:'.v vV'h-i.:.
Patient 9 980 20 0.072 9.6 0.77 27.1 2.1
Patient 12 ........ 32 ... 1 325 26 0.0569 12.2 1.05 24.4 6.6
Patient 13 30 1 350 33 0.061 11,4 0.81 33.4 4,6
Patient 14 28 1 045 20 0,0551 12.6 0.89 24,9 4.4
Patient 19 30 1 120 16 0.0532 13.0 1.17 19.7 8.2

Average _1 164 23.0 0,0596
N/A - gestational age was not documented on patients records.

11.8 0.938 25.9 5.2



Table 6.12 Projected parameters for patients < 2 OOOg

Patient 9 35 5 27.5

..... :■

24 ......... 22.5
Patient 12 35 5 34.7 36 32.5
Patient 13 35 5 32.4 16 25.5
Patient 14 35 5 35.8 36 27.3
Patient 19 35 5 37.1 36 35.1

Average 33.5 33.6 28.6

The group of patients greater than 2 OOOg had similar kinetic parameters to 

those of Phase 1 with greater elimination 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 

concentrations 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 jig/m! and a Cmin 

of 5 ug/ml, 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 OOOg had lower elimination rates and 

higher volumes of distributions. These results were similar to Phase 1. The 

serum concentrations that resulted 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/ml, 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 antibiotics and offer suggestion: as 

to when they should or should not be used.

7.1 PENICILLINS

As demonstrated by Figure 7.1 progress of the overall percentage sensitivity 

of penicillins has fluctuated over the 3 years ranging from 53.8 ± 15.0% in

1995 to 61.1 ± 7.8% in 1996 (p=Q.0Q05). The following year the average 

sensitivity dropped to 53.6 ± 8 .8%, which was also statistically significant from 

the previous yea. (p=0.0Q05).

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

1996 and 1997.

! i.
!.
I ;

Maximum;
_____________   , ; Minimum ■

1995 1996 1997 :Z-Av5.r5E_:
YEAR

b
§  4 0 -

91



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 

63.9 ± 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.

-ns

GRAM POSITIVE

#  of isolates % sensitivity 
(ratio)

# iso. tested %  sensitivity 
(ratio)

#  of isolates % sensitivity 
(ratio)

enterococcus faecium 3 33.3 (1/3) 1 0(0/1) 11 0 (0/3)

enterococcus faecalis 11 100 (10/10) 11 90(9/10) 3 90.9 (10/11)
enterococcus sp. .......... 2 100(2/2)

grp C haemolytic strep. 1 100 (1/1)

staphylococcus aureus 6 0 (0/6) 27 18.5(5/27) 12 0(0/11)
staphylococcus epidermidis 42 " 7.3(3/41) 32 0(0/32) 53 3.8 (2/53)
streptococcus agalactiae 13 100(11/11) 2 ...... 100(2/2) 2 100(2/2)
streptococcus pneumoniae 2 50(1/2) 3 66.7 (2/3) 1 100 (1/1)
streptococcus pyogenes 1 100(1/1) 2 100 (2/2)
streptococcus sp. 1 100 (1/1) 2 100(2/2) 4 100(4/4)
streptococcus viridans 7 16.7(1/6) 2 100(2/2) " ..3 " 100 (3/3)

tvlcrococcus sp. 1 2 100 (2/2)
bacillus sp. 2 0(0/2)
bacillus cereus 5 20 (1/5) 2 0(0/2)
bacillus subtills 1 0(0/1)

corynebacterium sp. 3 100 (1/1)
CRAM NEGATIVE

eschetichia coli 18 ___14 16 0 (0/4)

Mean ±  SD 48.3 ±22.4 63.9 ±22.5 61.1 ±24.9

The penicillin was almost exclusively tested against gram positive organisms 

with the exception of one incident in 1997 when Escherichia coii was test'' d 

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



of micro-organisms that were isolated and tested only in 1995 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 haemolytic streptococcus 

were found to be completely sensitive. However when observing the 

resistance patterns generated by micro-organisms common to 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 sensitivity 

to penicillin were Streptococcus pneumoniae and Streptococcus viridans. 

Streptococcus pneumoniae over the 3 years was not a commonly isolated 

micro-organism therefore its is difficult to make an overall comparison between 

the years. In 1995 its 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.

. 'v T - r r m r n '/ 'r T T T

Organisms # of isolates %  sensitivity # iso. tested % sensitivity #  of isolates % sensitivity
O'5"'0) (ratio)........... (ratio)

enterococcus ."aecium 3 33.3 (1/3) ' 1....... 0 (0/1) ....  3 0 (0/3)
enterococcus faecalis 11 100 (10/10) 11 90(9/10) 11 90.9/10/11)
staphylococcus aureus 6 0 (0/6) 27 18.5(5/27) 12 0 (0/11)
staphylococcus epldermidis 42 7.3 (3/41) 32 0 (0/32) 53 3.8(2/53)
streptococcus agalacb'ae - 100( 11/11) 2 .......... 1 00 (2/2) 2 100 (2/2)
streptococcus pneumoniae 2 30(1/2)

_
66.7 (2/3) 1 100 (1/1)

streptococcus sp, 1 ■U P /1) 2 ......... 1 00 (2/2) 4 100(4/4)
streptococcus viridans 7 16.7 (1/6) 2 100 (2/2) 3 100(3/3)

increased to 66.7% 12/3) from 3 isolates in 1996, and further increased to 

100% (1/1) from 1 isolate. Streptococcus viridans demonstrated a wider range
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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 1997). In 1995 13 isolates 

were obtained with a 100% sensitivity 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 the prospective phase of the study to penicillin.

Table 7.3 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against penicillin.

Organisms 

GRAM POSITIVE

# o f
isolates

%
sensitivity
(ratio)

#o f
isolates

%
sensitivity
(ratio)

# o f
isolates

%
sensitivity
(ratio)

'-rn*L*kA|.'y! O'
#o f
isolates

%
sensitivity
(ratio)

enterococcus faecium 1 . 0 (0/1) 1 0 (0/1)
enterococcus faecalis 3 100(2/3) ..... 2 100 (2/2) 2 50(1/2)
staphylococcus aureus a 0 (0/8) 3 0 (0/ 1)

staphylococcus epidermidis 9 0 (0/9) 16 6.3 (1/16) 2 50(1/2) 5 0 (0/5)

streptococcus agalacdae 2 100(2/2)
streptococcus pneumoniae 1 100(1/ 1)

streptococcus pyogenes 1 100 (1/ 1) 1 100(1/ 1)

streptococcus sp. 1 100 (1/ 1) 3 100(3/3)
streptococcus vlridans 1 1 00 (1/1)

micrococcus sp. '  2 100 (2/2)

bacillus cereus 1 0 (0/1)

GRAM NEGATIVE

escherichia coll 7 4 0(0/4)

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

is best to avoid using penicillin in nosocomial infections with the exception of 

EnterocoL^us faecalis, Streptococcus 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.



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 to it.

Staphylococcus epidermidis was the most frequently 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.



I

I

1

I

1

1

1

1

I

I

I

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

1997.
" fv . ■

Organisms 

GRAM POSITIVE

#  of isolates % sensitivity 
(ratio)

#  isolates % sensitivity 
(ratio)

#  of isolates % sensitivity 
(ratio)

enteracoccus faecium 3 1 3 0 (0/1)

enteroccccus faecalis 11 11 100(1/1) 11
GRAM NEGATIVE

acinetobacter baumanni 2 3...... 100(3/3) "1 100 (1/ 1)

aciuetobacter iwoffi 1 100 (1/1) 1 0 (0/1)

alkallgenes faecalis. 3 100 (2/2) 1 0 (0/1) 4 100(4/4)

alkallgenes sp. 1 - 1 100(1/1)

enterobacier aerogenes 1 100 (1/1)

enterobacter cloacae '  6 100(5/5) 50(1/2) .....4 75 (3/4)

enterobacier gergoviae 1 100(1/ 1)

enterobacter sp. 3 100 (2/2) 4 100(4/4) 4 100(4/4)

escherichia coli 18 100(9/9) '  14"" " 100(14/14) 16 87.5 (14/16)

klebsiella oxytoca 2 ....... 100 (2/2) 2 100(2 '2)

Klebsiella pneumoniae 6 100 (1/ 1) 5 80 (4/5) 4 100(4/4)

klebsiella sp. 14 100 (10/ 10) 9 100 (9/9) 15 30 (12/15)

proteus mirabilis i 100( 1/ 1) 1 100(1/1) 6 100 (6/6)

pseudomonas aeruginosa 9 ....... 80(4/5) 9 ' i38.9 (8/9) 13 76.9(10/13)

pseudomonas sp. 1 100 (1/1)

stenotrophomonas mal. 3 1 100(1/1)

citrobacter freudi ........2 .... ' 100(2/2)

burkhoideria cepacia 1 100(1/ 1)

shawanelia putrefadens 1 100(1/1)

Mean *  SD 97.8 ±  3.4 87.1 ±  14.4 83.5 ± 16.4

Table 7.5 Comparison of piperacillin/tazobactam sensitivity % micro-organisms 

commonly isolated during 1995, 1996 and 1997

■— ...i. .V.'......^ ..................
: GRAM POSITIVE # of isolates % sensitivity 

(ratio)
# Iso. tested % sensitivity 

. (ratio)

vi:<! ii S fSw
# of isolates % sensitivity 

(ratio) .....
alkaligenes faecalis 3 100(2/2) 1 0 (0/1) 4 100(4/4)

enterobacter cloacae 6 100 (5/5) ........ 2 ....... 50(1/2) ..... 4 75(3/4)

enterobacter sp. 3 100(2/2) ..... 4 “ 100(4/4) 4 100(4/4)

escherichia coli 18 100(9/9) 14 100 f 14/14) 16 87.5(14/16)

klebsiella pneumoniae 6 100 (1/1) 5 80 (4/5) 4 100 (4/4)

klebsiella sp. " 1 4 ..... 100 (10/10) g " 100(9/9) 15 80(12/15)

proteus mirabilis 1 100(1/1) 1 100(1/1) 6 100(6/6)
pseudomonas aeruginosa 9 80 (4/5) 9 88.9 (8/9) 13 76.9 (10/13)
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Table 7.5 was created to examine the sensitivity of micro-organisms common 

to ail 3 years that were tested against piperacillin/tazobactam in order to 

identify any problem areas.

Enterobacter sp. and Proteus mirabilis 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 isolates ranged from 1 for both 1995 and 1996 to 6 for 

1997. Enterobacter sp. isolate frequency was less diverse, however the low 

frequency could still cause the same doubt.

Klebsiella pneumoniae, Alkaligenes faecalis and Enterobacter cloacae all 

experienced an increase in resistance during 1996, when fewer isolates were 

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

Micro-organisms that demonstrated progressive resistance tendencies 

towards piperacillin/tazobactam were Escherichia coli, Klebsiella sp. and 

Pseudomonas teruginosa. The only micro-organism affected by a low annual 

tested isolate count was Pseudomonas aeruginosa in 1995 where only 5 out 

^  of 9 isolates were tested against piperacillin/tazobactam.

1

1

1 Table 7.6 evaluates the sensitivity patterns of piperacillin/tazobactam of 

different classes of micro-organism 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 piperacillin/tazobactam.
0iimtiuK33nk̂E?ntin>utiic*Mivo*.c&>ixa?7̂ i

|g r a m  n e g a t iv e I# of 
isolates

% # o f  
sensitivity (isolates 
(ratio) i

%
sensitivity
(ratio)

i1.'
# o f
isolates

%
sensitivity
(ratio)

# o f , 
isolates sensitivity

(ratio)
jaoinetobacterbaumanni j 1 100(1/1)

■ acinetobaoter Iwoffi ! 1 6 (0/1) i !
alkaligenes faecalis ; i 1 100 (1/1) 1 100 (1/ 1)

;alkaligenes sp. i 1 1 100(1/1)

i enterobaUer cloacae - 2 50(1/2) j 2 100(2/2)

1 enierobacter sp. i 2 100(2/2) , 1 100 (1/1) ■

escherichia coli ' 7 100(7/7) : 4 50 (2/4)

; Klebsiella oxytoca : 1 100(1/1)

Webslella pneumoniae 1 r 100 (1/1)

Webslella sp. 8 62.5(5(8) ; 2 100 $ 12) 2 100(2/2)

Iprbteus mirabilis 2 100(2/2) i 1 100 ( i / 1) 1 100 ( i / 1)

■ pseudomonas aemginosa ! 5 80 (4/5) I 1 1 6b  ( W 4
stenotrophomonas mai. , T™  1 100 (1/1) i .................. I..........■...... . '

,burkholderla cepacia i ' 1 100(1/1) | ...........

Significant nosocomial infections experienced the greatest resistance to 

piperacillin/tazobactam. Only Escherichia coli, . .  ' Jbacter sp. and Proteus 

mirabilis were completely (100%) sensitive, while Acinetobaoter Iwoffi (0% - 

0/1), Enierobacter cloacae (50% - 1/2), Klebsiella sp. (62.5% - 5/8) and 

Pseudomonas aeruginosa (80% - 4/5) exhibited varying degrees of resistance. 

However Acinetobaoter Iwoffi, Enierobacter cloacae, Enterobacier sp. and 

Proteus mirabilis had a limited number of isolates therefore one can net 

conclusively declare resistance or sensitivity to piperacillin/tazobactam. The 

resistance of Klebsiella sp. and Pseudomonas aeruginosa infections to 

piperacillin/tazobactam is of concern as these organisms are fairly prevalent in



Escherichia coti was the only micro-organism isolated in the clinically 

significant community infection group that was .esistant to 

piperacillin/tazobactpm.

As far as the clinically insignificant infections were concerned, 

piperacillin/tazobactam was very effective with average sensitivities of 100% 

for both insignificant nosocomial and community infections.

6.2 CEPHALOSPORINS

The general sensitivity trend of the cephalosporins 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 

62.9 ± 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, 

1996. and 1997.
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The increase and decrease in average sensitivities were statistically significant 

(p=0.00Q5).

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.

Organisms j#  of isolates:
■ .

GRAM POSITIVE j xvv 

streptococcus pneumoniae ' . 2

'% sensitivity 
'(ratio)

'# iso. tested

i

1........ 3 ......

% sensitivity 
(ratio)

1CJ(1/ 1)

#  o f isolates 

1

1 I 1 S 5
% sensitivity 
(ratio)

■ IGRAM NEGATIVE
acinetobacter baumanni 2 0 (0/2) 3 0 (0/1) 1
acinetobacter twoffi 1 i 1 100 (1/ 1) 1
acinetobacter sp. 1 100(1/1) ;
alkaiigenes faecalis 3 0 (0/3) 1 4

In

alkaligenes sp. 1 0 (0/1) 1 0 (0/1) I
enterobacter aerogenes 1 100 (1/1) j
enterobacter cloacae 6  . 100(5/5) 2 100(2/2) 4 r 75(3/4) j
enterobacter gergoviae 1 0 (0/ 1)' |
enterobacter sp. 3 100(3/3) 4 25 (1/4) 4 75(3/4) j
escherichia coli 18 88.2(15/17) 1 4 100 (14/14) 1 6 75 (12/16)
haemophiius influenzae 2 lO O d / i r 1 4 100 (4/4)"]
klebsfella oxytoca 2 50 (1/2) 2  ' 50(1/2)
Klebsiella pneumoniae 6 0 (0/6) 5 40(2/5) 4 25(1/4)
klebsiella sp. 1 4 50(7/14)" 9 100 (9/9) 15 40(6/15) !
proteus mirabilis 1 " f 6 o ( i . ' i M 1 100 (1/ 1) 6 1 00 (6/6) ’
pseudomonas aeruginosa 9 . 22.2 (2/9) 9 50 (1/2) 13

------ ----- j

pseudomonas sp, 1 0 (0/1)
campylobacter jejuni 1 0 (0/1) :
stenotrophomonas mal. 3. 0 (012) 1 0 (0/1) i
salmonella sp. 2 1 . 100(1/1) i
citrobacter freudi

______________ L  2 100(2/2) ' '1
uniden. gram -ve bacillus 1 0 (0/1) 1 !
Mean ±  SO 4 7 . 2 ± 2 3 A . '________ 68.9±20 .0 . ----- ""'j 45.7 ±20.8



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 examhing 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 commonly 

isolated during 1995, 1996 and 1997.

Organisms #  of isolates % senstivity 
(ratio)

iso, tested.
l- . ' -

% sensitivity 
(ratio)

|#  of isolates % sensitivity ! 
(ratio)

enterobacter cloacae 6 r : 100(5/5) V 2 100 (2/2) 75 (3/4) |
enterobacter sp. - 3 ■.... 100 ( M ) .......4  " " 25 (1/4) 1 4  j‘ "75(3 /4 ) j
escherichia coli 18 882 (1 5 17 ) 14 , 100(14/14) 16 i 75(12/16) i
Klebsiella pneumoniae 6. 0(0/15) - - - 40 (2/5) i 4 : 25l(1/4)~ j
klebsiella sp. 14 50(7/14) 9 "TOO (9/9) "I 15 i 40(6/15) ’
proteus mirabilis 1 100 (1/1) 1 100 (1/ 1) 1............ 6_ .

" 100(6/6) i

Enterobader 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 1996 respectively, to 75% (3/4) in 1997.

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

period. However, only one isolate was obtained each year.



Enterobacter sp. in 1995 was 100% (3/3) sensitive to" cefotaxime 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, Klebsiella pneumoniae and Klebsiella 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.

Table 7.9 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against cefotaxime.

E y .S ,  J : r j r j
Organisms # o f

isolates
%
sensitivity j 
(ratio)

# o f
isolates

%
sensitivity 
W o )__

# of 
isolates

%
sensitivity
(ratio)

# o f
isolates i%sensitivity

(ratio)
alkaligentis faecalis 1 - r " " 0 (0/1)
alkaligenes sp. ■■ 1 0 (0/1)
enterobacter cloacae • . 2 ... 50 (1/2) 100(2/2) j
enterobacter sp. a  ; 50 (1/2) 100 (1/ 1)
escherichia coli I ■ 7 ! 57.1 (4/7) ' " 4  ' 75(3/4)
haemophilus influenzae - 2 - 100(2/2 ) 1 100 (1/1) i ' 1 100(1/ 1)
klebsiella oxytoca " 0 ( 0 / 1 7 "
klebslella pneumoniae 1 0 (0/1)
klebsiella sp. 8 T f .s 'W 100(2/2) 0 (0/2)
proteus mirabilis \  2 ___ 100(2/2) 1 100 (1/1) . . 1 ...... . 100 (1/ i f
Campylobacter jejuni 1 u djohf'
stenotrophomonas mal. _ _ _ _ _ j __ 1__ | 0 (0/1) 1 jL_ _ _ _ _ L _ ...



Table 7.9 evaluates the sensitivity patterns of the different classifications of 

micro-organisms acquired during the prospective phase of the study 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 

(sensitivities ranging from 0% {mostly the significant community infections} to 

75%). Tho Escherichia coli significant nosocomial isolates collected were 

found to be more resistant (57.1% {4/7}) than the community isolates (75% 

{3/4}). Klebsiella 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 complete resistance.

Cefotaxime experienced sensitivity from insignificant infections with almost 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 illustrated 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-1997 (to 54.1 ± 2.2% {p=0.0005}).

Figure 7.-3 The average percentage sensitivity of aminoglycosides for 1995, 

1996 and 1997.

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 to amikacin 

increased over the first 2 years, but significantly dropped from 78.6 + 16.4% in 

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

80 *   ■

1996 1997

Maximum
Minimum

■Average

YEAR

7.11.

105



•Table 7,10 Comparison of amikacin for 1995, 1996 and 1997 '

Organisms #  of isolates ,% sensitivity i#  iso. tested i % sensitivity |#  of isolates,. |% sensitivity i
(ratio) 1 (ratio) Tratio)

GRAM NEGATIVE

acinetobacter baumanni 2 . 50 (1/2) 3 : 100(3/3) 1 0 (0/1)

acinetobacter h/voffi 1 : 100 (1/ 1) I 1
acinetobacter sp. 1 100(1/1)

alkaligenes faecalis 3 33.3(1/3) 1 0 (0/1) i 4 ....50 (1/2)
alkaligenes sp. 1 0 (0/1) 1 0(0/3)

: entarobacter aerogenes 1 100(1/ 1)

enlerobacter cloacae 6 100(5/5) 2 : 100(2/2) 4 75 (3/4)
enterobacter gergoviae 1 100(1/ 1)
enlerobacter sp. 3 100 (3/3) 4 50 (2/4) 4 100 (4/4)
escherichia coii 1 8 . 100(17/17) 14 93.3 (14/15) 16 84.6 (11/13)
klebsiella oxytoca -2 50 (1/2) 2 100(2/2)
klebslella pneumoniae 6 16.7(1/6) ; 5 40 (2/5) 4 25 (1/4)
klebsiella sp. 14 71.4(10/14) : 9 : 100(9/9) 1 5 73.3(11/15)
proteus mirabiiis 1 100(1/1) 1 ; 1 0 0 (1/1) 6 100 (6/6)
pseudomonas aeruginosa 9 : 77.8(7/9) 9 , 88.9 (8/9) 13 69.2 (9/13)
pseudomonas sp. 1 ! 100(1/ 1)

stenotrophomonas mal. 3 1 00 (2/2) ) 1 0 (0/ 1)
citrobacter treudi ! 2 j  100 (2/2) j
uniden. gram -ve bacillus : - 1 : 100(1/ 1) |

burkholderia cepacia j I 1 0 (0/ 1)
shawanella putrefaclens : H I

r 7 8 . i t  16.4
1 100 (1/1)

M ean t GO T I 74.9 ±17.8 I 58.5 ±21.1

Table 7.11 Comparison of amikacin sensitivity to micro-organisms commonly

isolated during 1995, 1996 and 1997.

# # # #
Organisms #  of isolates % sensitivity 

(ratio)
#  iso. tested % sensitivity 

(ratio)
#  of isolates % sensitivity 

(ratio)
adnetobacter baumanni 2 50 (1/2) 3 100(3/3) 1 0 (0/ 1)
alkaligenes faecalis 3 33.3 (1/3) 1 0 (0/ 1) 4 50(1/2)
enterobacter doacae 6 100(5/5) 2 1 00 (2/2) 4 ' 75(3/4)
enlerobacter sp.

.... 3 ■ 1 100(3/3) 4 50 (2/4) 4 100(4/4)
escherichia coli - 18 100 (17/17) - 14 93.3(14/15) 16 84.6(11/13)
klebsiella pneumoniae 6 16.7(1/6) 5 40 (2/5) ‘ 4 25(1/4) ]
klebsiella sp. 14 71.4(10/14) 9 100(9/9) 1 15 73.3 (11715) |
proteus mirabiiis 1 100 (1/1) 1 100 (1/1) 6 100 (6/6) I
pseudomonas aeruginosa 9 77.8 (7/9) 9 88.9 (8/9) 13 69.2(9/13) !

Acinetobacter baumanni and Alkaligenes faecalis were both affected by the 

limited number of isolates which most likely explains the wide sensitivity



variations (ranging from 0% -{0/1} to 106% {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 to amikacin over the 3 year 

period.

Enterobacter cloacae, Escherichia coll, Klebsiella pneumoniae, Klebsiella sp. 

and Pseudomonas aeruginosa were identified as problem micro-organisms 

where amikacin was concerned.

Enterobacter cloacae and Escherichia coll experienced gradual progressive 

increase in resistance over the 3 years. Even though the 1997 average 

sensitivity for Escherichia coll is not low enough to cause alarm, the rate of 

decline is worrisome.

Klebsiella pneumoniae, Klebsiella sp. and Pseudomonas aeruginosa 

demonstrated fluctuating sensitivity results over the 3 years. They all followed 

the same trend where in 1996 the sensitivity underwent a sensitivity 

resurgence before declining the following year. However, Klebsiella 

pneumoniae appears to be resistant to amikacin.



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 NEGATIVE ;# of
isolates

.V -  T  : i -i1
—'"4" ■ 1 1 i.. -'■'—-'■I.■ » » ■ ■ * n.

% # 0f  j %  :# 0f  
sensitivity isolates | sensitivity isolates 
(ratio) i ! (ratio) i

%
sensitivity
(ratio)

# o f
isolates

%
sensrtivity
(ratio)

acinetobacter baumanni 

aikaiigenes faecalis ........  : 1

1
0 (0/1) ... ......" l

0 (0/1) 

100 ( i / I ) "
--------------- :---------

aikaligenes sp. ; i 1 0 (0/1)
...... ...........yenterobacter cloacae ; 2 50(1/2) i 2 100(2/2) :

enterobacter sp. i 2 100(2/2) j 1 100 (1/1) 1

escherichia coli 

kiebsieila dxytoca
7 86.7 (4/6) ,

f

 ̂ 4

- i

100(4/4)

" W f l / l T "

" 6 (0/ 1)

-... ............. . .........—...... .

klebsiella pneumoniae ! i 1
klebsiella sp. 8 87.5 (7/8) | 2 100 {212) 2 0 (0/2)

proteus mirabilis 2 100 (2/2) |
-------- ------------ 1

.....1 '

100(1/ 1)

" lO O n /lT
•1 100(1/ 1)

pseudomonas aeruginosa 5 h" 80 (4/5) i
stenotrophomonas mal. 1 i 0 (0/1)

burkhotderia cepacia _____ L  1 . 0 (0/1)

As far as the significant nosocomial infections are concerned, the micro­

organisms that seem fairly resistant to amikacin are Eniewbaa cloacae and 

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

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

Enterobactersp. and Proteus mirabilis were reported as being 100% sensitive, 

however only 2 isolates were tested. Pseudomonas aeruginosa and Klebsiella 

sp. nosocomial 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 can not 

conclusively be determined.

7,3.2 Gentamicin

Table 7.13 Comparison of gentamicin sensitivity for 1995, 1996 and 1997

i Organisms #  of isolates j% snnsEvity ;# teo. tested % sensitivity i# of isolates ;% sens'rtiviiy

GRAM POSITIVE 

enterococcus faecium 3 0 (0/2) ! 1 3 0 (0/1)

enterococcus faecalis 11 50(5/10) 11 : 83.3(5/6} ; 11 100(4/4) !

enterococcus sp. 2 100 (2/2)

grp C haemolytic strep. 1 0 (0/1)

staphylococcus aureus 6 33.3 (2/6) 27 12
staphylococcus epidermidis 42 30(12/40) 32 . 83.3(5/6) ; 53
streptococcus agalactiae 13 36.4(4/11) 2 : o (0/2) | 2
streptococcus sp. 1 0 (0/1) 2 : | 4
streptococcus viridans 7 ■ 100(6/6) ; 2 ; i 3
bacillus sp. 2 100 (2/2) ' I .............. i .. j
bacillus cereus j : .. 7 5  - 100(5/5) ; i 2 !
bacillus subtilis .-1-. - 0 (0/1)

i i
GRAM NEGATIVE i i !
adnetobacter baumanni 2 ' ■ 50 (1/2) 3 100(1/ 1) ; 1 - ’ |

acinetobacter sp. i 100(1/1)

alkaligenes faecalis 3 33.3(1/3) 1 4 100(1/ 1) ,

alkaligenes sp. 1 0 (0/ 1) i 1 6 (0/2)
L........  ........enterobader aerogenes 1 100(1/1) t I

enterobacter cloacae 6 100(6/6) 2 : 100(2/2) 4 75 (3/4) .

enterobader gergoviae 1 100(1/ 1) '

enterobader sp. 3 100 (3/3) • 4 ! 25 (1/4) f .4 50 (2/4)

escherichia coll 18 81.3 (13/16) 14 71.4(10/14) . 16 62.5 (10/16) ;
klebsieila oxytoca - 2 , 7  50(1/2) | 2 50(1/2) ‘

Idetssieila pneumoniae 6 0 (0/6) 5 ; 40 (2/5) : 4 0 (0/4) -

klebsieila sp. 14 : 50(7/14) 9 ' j 77.8(7/9) j 1 5 33.3 (5/15) |

proteus mirabiiis 1 100(1/1) 7  1 ' j  io o ( i/ ifT 6 83.3(5/6) :

pseudomonas aeruginosa 9 77.8(7/9) 9 :  50(1/2) ; 1 3
pseudomonas sp. . 1 :  0 (C/1) ;

Campylobacter jejuni 1 100(1/1)

stenotrophomonas mal. 3 100(2/2) i 0 (0/'

ettrobader freudi ’ 2 : 166 (2/2)

uniden. gram -ve bacillus i 100 (1/1) ;
M ean t SO I 59.3 ±20.8 : 62.9 +  18.0
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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 62.9 ± 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 1995.

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 commonly 

isolated during 1995, 1996 and 1997.

jOrganisms

[enteroGoccus faecalis 

jenterobacter cloacae

#  of isolates

1 1

6

"■"'IV" '-f' 
•% sensitivity 
! (ratio) 
i 50(5/10)

1 100(6/6)

&  of isolates

1 1

2

% sensitivity 
(ratio)

83.3 (5/6)

100 (2/2)

#  of isolates
'

1 1

4

%  sensitivity 
(ratio)

100 (4/4) 

75 (3/4)

enterobacter sp. 3 i 100 (3/3) 4 25(1/4) I' . 4 " . 50 (2/4)

" T E j k T o m I T|escherichia coii 1 8 | 81.3(13/16) 1 4 71.4(10/14) 1 6  •-
Klebsiella pneumoniae 6 1 0 (0/6) ' 5 40 (2/5) 4 0 (0/4)

Klebsiella sp. 1 4 j 50(7/14)
9

77.3 (7/9) 1 5 33,3(5/15)

proteus mirabilis 1 i 100(1/1) 7  1
100 (1/ 1) 6  . 83.3(5/6)

Enterococous faecalis experienced an increase in sensitivity ovp-y /ear to a 

point being completely sensitive (100%) in 1997. However, once again these 

results must be evaluated with caution as only 4 isolates were evaluated in



Escherichia coli, Enterobacter 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. Escherichia 

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

Klebsiella 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 starting as completely 

sensitive (100%) in 1995, and 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 micro-organisms that were 100% sensitive 

to gentamicin were Enterococcus faecalis (from the significant nosocomial 

group), Alkaligenes faecalis, Proteus mirabilis and Campylobacter jejuni (from 

the significant cr; munity group), otherwise the rest of the significant 

infections demonstrated resistance tendencies (sensitivities ranging from 0%



to 75%). Escherichia coli significant nosocomial isolates was found 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 antibio jram  of micro-organisms from different sources

and clinical significance tested against gentamicin

Organisms # o f
isolates

%
sensitivity
(ratio)

#of
isolates

%
sensitivity
(ratio)

* o f
isolates

%
sensitivity
(ratio)

# o f
isolates

%
sensitivity
(ratio)

GRAM POSITIVE 1
enterococcus faecium 2 1 % 0 (0/1) |

enteroconcus faecalis 3 100(1/ 1) ; ■ .1 - 2 {
|

GRAM NEGATIVE !
alkaligenes faecalis 1 1 100 (1/ 1)

alkaligenes sp. 1 0 (0/1)

enterdbacter cloacae ■ 2 J 50(1/2) 2 100(2/2)

enferobactersp. . 2 50 (1/2) 1 100(1/1) ■ -.... -
escherichia coli 7 - 42.9(3/7) 4 75 (3/4)

klebsiella oxytoca i 0 (0/ 1)

klebsiella pneumoniae 1 0 (0/1) I
klebsiella sp. 8 37.5 (3/8) 2 50 (1/2) 2 0 (0/2)

proteus mirabilis 2 50 (1/2) 1 1 00 (1/1) 1 1 00 (1/1)

campylobacter jejuni 1 1 00 (1/1)

stenotrophomonas mal. i 0 (0/1)

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 maltophilia (0% {0/1}). However the number of isolates



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 S 

years ranging from 92.3 ±13.9% to 100% as exhibited in Figure 7.4.

Figure 7.4 The average percentage sensitivity of glycopeptides for 1995, 1996 

and 1997,

7.4.1 Vancomycin

Table 7.16 demonstrates the individual responses of vancomycin to the micro­

organisms tested against it over the 3 years of the study.
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Vancomycin was only tested against gram positive micro-organisms. The 

number of different micro-organisms tested against vancomycin fluctuated with 

1996 having the lowest number.



A number of micro-organisms are still completely sensitive (100%) to 

vancomycin during the 3 year period (Table 6.17), although during 1995 

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

Table 7.16 Comparison of vancomycin sensitivity for 1995, 1996 and 1997.

iSHififS

Organisms #  of isolates % sensrtivrty 
(ratio)

iso. tested [% sensrtivrty 
(ratio)

GRAM POSITIVE

)#ofisolates ;% sensitivity ; 
■ (ratio)

enterococcus faecium 3 100(3/3) '1 100 (1/1) 3 100 (3/3)
enterococcus feecalis 11 ; 100(11/11) ' 11 100 (10/ 10) 11 100(11/11)
enterococcus sp. 2 100 (2/2)

t—

gtp C haemoiytie strep. 1 100(1/ 1)
staphylococcus aureus 6 100(6/6) 2 7 100(27/27) 1 2 'U 0 (12/ 12)
staphylococcus epidermidis 4 2  - 100(41/41) 3 2 100(32/32) 5 3 100 (53/53)
streptococcus agalactiae 13 100(11/11) ■ 2 100 (2/2) ... . 2 100 (2G)
streptococcus pneumoniae ' 2 100(1/ 1) . 100 (2/2) 1 100(1/1)
streptococcus pyogenes i - V * . . : :  ■ ' . 2 100(1/ 1)
streptococcus sp. !■ • : . 1 : 100(1/1) :V 2 -t i-: 1 00 (2/2) 4 100(4/4)
streptococcus viridans U v  7 100(6/6) f - '  :.23 2:: 100(2/2) 3 100(3/3)
micrococcus sp. h: 1 -■ . 2 100(2/2)
bacillus sp. 100(2/2)
bacillus cereus 5 100(5/5) 2 TO O (25) 1
bacillus subtilis | ■} 0 (0/1)
coryiiebacterium sp. ? ; 3  .. 100 (1/1) |
Mean ±  SD 92.3 ±13.9 100.0 100.0 i

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

1996 and 1997 sensitivity to vancomycin.

Fil'fv iaHLvS'i w a r n
Organisms isolates % sensitivity #  bo. tested' % sensitivity i io f  isolates % sensitivity i

(ratio) (ratio) (ratio) !
GRAM POSITIVE . .  .  - I
enterococcus faecium . 3 100(3/3) 100 (1/ 1) /  3

18

enterococcus faecaiis : i i 100 (11/1 i p 100 (10/10) 11 100(11/ 11) |
staphylococcus aureus 6 100(6/6) 27 - 100(27/27) 12 . io o ( i2 W l
staphylococcus epidermidis 42 100(41/41) 32 100(32,32) 53 i r o  (53/53) 1
streptococcus agalactiae 13 100(11/ 11) . . .  ' 2 . 100(2 0 ) - -  2 100 (2/2) :
streptococcus pneumoniae 2 100(1/1) 3 100 (2/2) '] 1: 100(1/1) ;
streptococcus sp. 1 100(1/1) 2 100 (2/2) j 4 100(4/4) I
streptococcus viridans 7 1 2 100 (2/2) | . 3 100(3/3) :



Table 7,18 Abbreviated antibiogram of micro-organisms from different sources

and clinical significance tested against vancomycin

Organisms # o f U’ ~  
isolates

% j# 0f  
sensitivity 'isolates 
(ratio) I

■■ /■«* ;■. "r ' >’
% I#  of.
sensitivity I isolates 
(ratio) i

% ;#-of 
sensitivity I isolates 
(ratio) I

%
sensitivity
(ratio)

GRAM POSITIVE i ,
enterococcus faecium 1 1 100 (1/1) 1 100(1/1)1

enterococcus faecalis a

CN1|

100(2/2) ' 2 100(2/2) I
staphylococcus aureus 8 100(8/8) ! 3 100 (3/3) :
staphylococcus epidennicfe 9 100(9/9; 1 16 100(16/16)1 2 100 (2/2) 1 5 100(5/5)

streptococcus agalacfa'ae I i 2 100(2/2 ) !

streptococcus pneumoniae 1 100 (1/ 1) !

streptococcus pyogenes 1 1 100(1/1) :

streptococcus sp. 1 100(1/1) 3 100(3/3) t 1
streptococcus viridans ' 1 100(1/1) '
micrococcus sp. ! 1 , 2 100(20) ;
bacillus cereus ' 1 icd(i/i) ; ' :

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 (3-LACTAMS

Figure 7.5 demonstrates that the overall percentage sensitivity to carbapenem 

(3-lactams has been fairly consistent over the 3 years ranging from 92.3 ± 

13.9% to 94.1 ±  12.2%.

7.5.1 Imipenem

Table 7.19 expresses the individual sensitivities to imipenem by the micro­

organisms tested against it over the 3 years of the study.
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Figure 7.5 The average percentage sensitivity of carbapenem p-lactams for

1995, 1996 and 1997.
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Table 7.19 Comparison of imipenem sensitivity for 1995, 1996 and 1997

Organisms
m a m
#  of fe "dates

m a m
% sensitivity 
(ratio)

#  of isolates
B H I l l l l k
% sensitivity 
(ratio)

=
#  of isolates

m m
% sensitivity 
(ratio)

acinetobacter baumanni 2 100 (2/2) 3 100 (3/3) 1 100 (1/1)

acinetobacter Iwoffi 1 " I Too ( i/i) 1 0 (0/1)

acinetobacter sp. 1 100 (1/1)
alkaligenes faecaiis 3 66.7 (2/3) 1 0 (0/1) 4 10C (4/4)

alkaligenes sp. 1 100 (1/1) 1 100 (1/1)

enterobacter aerogenes 1 100 (1/1) '
enterobacter cloacae 6 100(4/4) 2 . 100 (2/2) 4 100 (4/4)

enterobacter gergoviae i 100 (1/1)

enterobacter sp. 3 4 100 (4/4) 4 100(4/4)
escherichia coil 18 100 (5/5) 14 100 (13/13) 16 100(16/16)

klebsiella oxytoca 2 100 (2/2) 2 100(2/2)

klebsiella pneumoniae 6 100 (6/6) 5 100(5/5) 4 - 100(4/4)

klebsiella sp. 14 , 1 00 (2/2) 9 100(5/5) 15 100 (15/15)

proteus mirabilis 1 100 (1/1) 1 100 (1/1) 6 ■ 100 (6/6)

pseudomonas aeruginosa 9- 100(9/9) 9 100(9/9) 13 j 100(13/13)
pseudomonas sp. 1 100 (1/1)

campyiobacter jejuni 1 j 100(1/1)
stenotrophomonas mal. 3 i 50 (1/2) 1 100 (1/ 1)

citrobacter ffeudi 2 - 100 (2/2)
uniden. gram -ve bacillus 1 100 (1/1)
burkholderia cepacia - 1 100(1/ 1)

shawanella putrefaciens - 1 100 (1/ 1)

Mean + SD 93.6 ±8 .0 92.3 ±13.9 94.1 ±  12.2

Imipenem was only tested against gram negative micro-organisms. The 

majority were completely sensitive (100%). Alksligenes faecaiis (for 1995 

{66.7% [2/3]} and 1996 {0% [0/1]}), Acinetobacter Iwoffi (for 1997 {0% [0/1})



and Stenotrophomonas maltophilia (for 1995 {50% [1/2]}) were the only micro­

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

tested resistance can not conclusively be determined.

When observing the sensitivity trends produced by those micro-organisms 

common to i l l  the 3 years and tested against imipenem (Table 7.20), with the 

exception of the previously mentioned Alkaligenes faecalis, all the micro­

organisms are still completely sensitive to imipenem.

Table 7.20 Comparison of imipenem sensitivity to micro-organisms commonly

isolated during 1995, 1996 and 1997.

Organisms #  of isolates % sensitivity 
(ratio)

#  of isolates
ITsiiiiiliy'riS
% sensitivity 
(ratio)

#  of isolates % sensitivity 
(ratio)

acinetobader baumanni 2  '' 100(2/2) 3 100 (3/3) 1 1 00 (1/1)
alkaligenes faecalis ' . 3 ' 66.7 (2/3) : 1 0 (0/1) 4 100 (4/4)
enterobacter cloacae .6 100(4/4) 2 100 (2/2) 4 100(4/4)
efcherichia coli 18 100(5/5) 14 100 (13/13) 16 100 (16/16)
Klebsiella pneumoniae 6 100(6/6) 5 100(5/5) 4 i  00 (4/4)'
Klebsiella sp. 14 100(2/2) 9 100 (5/5) 15 100(15/15)
proteus mirabilis 1 100(1/1) 1 100 (1/1) 6 100 (6/6)
pseudomonas aeruginosa 9 100(9/9) . 9._ ICO (9/9) 13 TOO (13/13)

On evaluating Table 7,21 all the micro-organisms regardless of source of 

infection are completely sensitive to imipenem, with the exception of 

Acinetohacter Iwoffi. Due to the low isolate count collected and tested, 

Acinetobader Iwoffi's resistance can not conclusively be determined.



Table 7.21-Abbreviated antibiogram of micro-organisms from different sources '

and clinical significance tested against imipenem.

Organisms j# o f 
j j isolates

%
sensitivity
(ratio)

# o f
isolates

illlilllllip
%
sensiWy
(ratio)

# o f
isolates

% I#  of
sensitivity isolates 
(ratio) I

%
sensitivity
/ratio)

aoinetobacter baumanni j 1 100 (1/1) ;
jacinetobacterlwoffi 1 6 (0 /1 ) I
jaikaligenes faecalis 1 100 (1/1) 1 100(1/1) j
laikaligenes sp. i 100(1/1) 1
{enterobacter cloacae 2 100 (2/2) 2 100 (2/2) '
fenterobacter sp. 2 100(2/2) : - 1 100 ( i / f )
escherichia coli 7 100 (7/7) ! 4 100(4/4) |

jldebsieila oxytoca 1 1 100(1/1) i
[idebsiella pneumoniae 1 100(1/1) S
Iklebsiella sp. 8 100(8/8) 2 100(2/2) 2 I 100 (2/2) |
i proteus mirabilis 2 100 (2/2) 1 100(1/1) i 1 100(1/1)1
|pseudomonas aeruginosa 5 100(5/5) j } 1 16 6 (1/ 1) t
| campylobacter jejuni 1 100(1/1) |
[stenotrophomonas mal. 1 100(1/1) !
jburkhoideria cepacia ______1 1 100(1/1) 1



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 problems once resistance 

trends are known

3. to develop appropriate interventions.

The PICU of Johannesburg 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



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 a/., 1978], especially 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 nosocomiaily-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 antibiotic’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.



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-organisms cultured 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 septicaemia 

infections. Most of these infections were nosocomial in nature (78.1%) and 

64.0% of the nosocomial cultures were clinically insignificant. The nosocomial 

infections that were clinically significant were r ; follows: septicaemia (54.5% 

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

The above mentioned results were found to be consistent with a number of 

studies which recognised Staphylococcus epidermidis as the most frequently 

occurring micro-organism, yet depicted its overwhelming prevalence as 

possibly questionable due to its ambiguous characteristics [Hemming, et a/., 

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 result of 

aseptic technique during venipuncture was a possible explanation. In addition, 

due 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 Staphylococcus epidermidis isolates reported in clinically
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significant infections such as Necrotizing enterocolitis (NEC), also there have 

been increasing reports of resistance to vancomycin by Staphylococcal 

species [Hail, 1991], 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.

Staphylococcus 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

epidermidis 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% over the time period. The increase in resistance 

for Staphylococcus infections is significant since cefazolin 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 giycopeptides (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 

vancomycin.

According to several reports [Schwalbe, Stapleton & Gilligan, 1987; Hall,

1991], 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 recovered from patients with invasive 

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

most strains were resistant to gentamicin, methicillin and cephalosporins 

[Fleer, et a/, 1983]. In Zimbabwe, antibiogram patterns showed similar multiple 

resistance of Staphylococci to penicillin, erythromycin and methicillin [Obi & 

Mazarura, 1996] to what was reported in this study. The frequency of 

Staphylococcus infections resistant to oxacillin was also apparently very high 

in ward 276 (reported sensitivities of 33.3% in 1995, 40% in 1996, and 28.3%
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in 1997). As there is cross-resistance' between methiciilin and oxacillin one can 

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

the penicillinase-resistant penicillins [Tosaka, Omoto, Kiyota, et a/, 1991; 

Durmaz, Durmaz & Sahin, 1997]. Although the growing resistance to 

antibiotics 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 to the emergence of multiple resistant Staphylococcal infections, 

vancomycin has become the primary choice in treatment [Schwalbe, et at, 

1987]. However, continued and increased use of vancomycin may promote the 

emergence of vancomycin-resistant Staphylococci, which to date has mostly 

been reported as coagulase-negative Staphylococci [Christensen & Gubbins, 

1996]. In several cases, both vancomycin-resistant Staphylococcus 

epidermidis and Staphylococcus haemolyticus have been isolated in adult 

patients, with more reports of vancomycin resistance associated with 

Staphylococcus haemolyticus. For example in one case, a 37 year old man 

with endstage renal disease and peritonitis associated with continuous 

ambulatory peritoneal dialysis had 8 strains of methicillin-resistant 

Staphylococcus haemolyticus isolated from his peritoneal fluid during his 3 

month hospitalisation. The strain's vancomycin minimum inhibitory 

concentration {MIC} increased from 2 pg/ml to 8 pg/ml after the 3 months 

[Christensen, et al, 1996]. In another retrospective study of 63 isolates of 

coagulase-negative Staphylococci, 49% were found to be vancomycin- 

resistant (MIC > 6.25 pg/ml), of which 62% were Staphylococcus haemolyticus



and only 13% were Staphylococcus epidermidis [Froggatt, Johnston, Galetto, 

etal, 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/ml, 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 a 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%. Enterococcus 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. It
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exhibited complete resistance to oxacillin. Enterococeus faecium 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 to 

ampicillin and amoxicillin/clavulanic acid. Throughout the 3 years it was 

completely resistant to gentamicin, and completely sensitive to vancomycin.

Enterococci have emerpM as important nosocomial pathogens with 

increasing antimicrobial resistance which are intrinsically resistant to (3-lactams 

and aminoglycosides making vancomycin 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 untreatable [Gin & Zhanel, 1996]. Attention in research has 

focused on Enterococeus 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 Enterococeus faecalis [Noskin, 1997]. 

Even though Enterococeus faecium has low virulence compared to 

Enterococeus 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 

Enterococeus faecalis) are still fairly susceptible to most antibiotics and there



have beet i no reports of vancomycin resistance, one still has to 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 to the Klebsiella 

species however their genus could not be determined.

The only antibiotics Klebsiella pneumoniae remained completely sensitive to 

over the 3 years were the fluoroquinolones (ciprofloxacin and ofloxacin) and 

the carbapenem fj-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 it, and 75% 

sensitive the following year. Otherwise, Klebsiella nneumoniaes’ sensitivities 

to other antibiotics tested against it ranged from 0% to 50%. Klebsiella sp. 

experienced the same trends as Klebsiella pneumoniae although the 

sensitivities to antibiotics tested against it were generally higher.
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In the mid-1980s Klebsiella pneumoniae (and Escherichia colt) became 

resistant to third generation cephalosporins (cefotaxime, ceftriaxone and 

ceftazidime which are all considered (3-lactamase-stable) as a result of new 13- 

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 this 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 [Zemelman, Bello, Dominguez, et al.,

1993]. Combining separate antibiotics may limit the emergence of 

antimicrobial resistance [Lynch, 1993]. Therefore with the alarming increase in 

antibiotic resistance (especially by gram negative micro-organisms, Klebsiella 

pneumoniae 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 piperacillin/tazobactam).



8.4 ESCHERICHIA COLi

The most prevalent gram negative micro-organism was Escherichia coii. 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 coii 

was the second most prevalent micro-organism isolated in the ward, with 

Staphylococcus aureus being the se und most frequently occurring micro­

organism during 1996. Although it was isolated from various sites, 27.3% of 

the cultures were isolated from both pleural fluids and blood. The isolate 

culture frequency ratio of neonates to non-neonates was 0.8:1. All the micro­

organisms isolated during the prospective phase of the study were clinically 

significant, of which 63.6% were of nosocomial origin.

These results were found to be consistent with a number of studies which 

found Escherichia coii 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, yet with the ability to cause clinically significant 

infections [Hemming, et a/., 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 coii into 

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

comparison with other micro-organisms (i.e. Klebsiella pneumoniae), however
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its decrease in sensitivity was a cause for concern (with mean sensitivities of

78.7 ± 15.5% in 1995, 85.1 ±11.7% in 1996 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, piperacillin, amoxicillin/clavulanic acid and 

piperacillin/tazobactam were consistently tested against Escherichia coli for 

the 3 years. 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 coli 

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 

coli 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).



Escherichia coii over the 3 years was tested against amikacin, gentamiciri and 

tobramycin, all 3 experienced steady declines in sensitivity from 100% to 

84.6%; 81.3% to 62.5%; and 81.8% to 60%, respectively.

Fourth generation cephalosporins (cefepime), fluoroquinolones (ciprofloxacin 

and ofloxacin) and carbapenem (3-lactams (imipenem and meropenem) were 

the only drug groups that experienced complete sensitivity from Escherichia 

coii.

Escherichia coii has demonstrated resistance against penicillins (amoxicillin, 

ampicillin and piperacillin) and j3-lactam p-iactamase inhibitor combinations 

(i.e. ampicillin/clavulanate and ampicillin/sulbactam) [Igari, Shitara, Shitara, et 

al, 1990; Neu, 1992]. This is of great concern as it appears that 

piperacillin/tazobactam might also experience similar resistance patterns 

already being experienced by amoxicillin/davulanic acid.

8.5 PENICILLIN

Over the 3 years of the study, Streptococcus agaiactiae isolated in the ward 

remained 100% sensitive to penicillin. In fact the only Streptococci that 

demonstrated any resistance to penicillin were Streptococcus pneumoniae (in 

1995 and 1996), Streptococcus viridans (in 1995) and Enterococcus faecium 

(in 95, 1 ,6 and 1997). Staphylococcus aureus and Staphylococcus 

epicienr/ri's consistently demonstrated very high resistance tendencies over
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the 3 year period. As far as community acquired infections were concerned, 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 isolated 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 cis nosocomial 

infections.

in 1941, 40 000 units of penicillin administered a day for 4 days cured 

Streptlococcus pneumoniae pneumonia, while today 24 million units of 

penicillin a day does not guarantee survival from Streptococcus pneumoniae 

meningitis [Neu, 1992]. Penicillin has always been considered the drug of 

choice for treating infections caused by Streptoococcus 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 Streptococcus pneumoniae 

resistance in 1977 in South Africa, about 45% of them are now penicillin-



resistant and this is a world-wide phenomenon [Neu, 1992; Billeter, 1997]. 

Despite the unique Streptococcal susceptibility to penicillin demonstrated 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 the consultants 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 

±  23.9% in 1995 [Appendix 1], having the second lowest average sensitivity of 

all cephalosporins. Although other micro-organisms such as Acineiobacter 

sp., Enterobacter sp., Enterobacter 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 aemginosa 

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

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

previously mentioned micro-organisms its sensitivity do 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 frequently-used antibiotic in the P1CU at 

11.9%).

Over the 3 year period, Enterobacter sp.(100%, 25% and 75%, respectively), 

Escherichia coii (88.2%, 100% and 75%, respectively), Klebsiella pneumoniae 

(0%, 40% and 25%, respectively) and Klebsiella sp. (50%, 100% and 40%, 

respectively) all experienced fluctuating sensitivity results which indicated 

probable resistance development. Pseudomonas aeruginosa was tested with 

cefotaxime over the first 2 years and seemed 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 

6], Haemophilus influenzae and Proteus mirabilis were the only micro­

organisms isolated during the prospective phase of the study, that were 100% 

sensitive to cefotaxime. 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).

Over 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). Alkaligenes faecalis (0% in 1996), 

Acinetobacter Iwoffi (0% in 1997) and Enterobacter cloacae (75% in 1997)



were the other micro-organisms that demonstrated resistance to cefepime. 

Significant nosocomial 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 been identified between percentages of (3-lactam 

resistance and usage of penicillinase-stable (3-lactam agents, especially third 

generation cephalosporins [Lyytikainen, et al, 1996; Rice, et al, 1996], 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; Dudley, 1995; Rice, et al,

1996]. However contrary to expectations, despite the restriction to empiric use 

of cefotaxime for about 2 years the sensitivity did not change much (from 

47.2% in 1995 to 45.7% in 1997, although it did rise to 68.9% in 1996).

8.7 P1PERACILLIN/TAZOBACTAM

Literature a few years ago introduced piperaciilin/tazobactam as a broad 

spectrum (3-lactam |3-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, 1996]. 

Nevertheless, in this study piperaciilin/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 1996), 

Klebsiella sp. (80% in 1997) and Pseudomonas aeruginosa (80% in 1995, 

88.9% in 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-organisms were mentioned was because they were 

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

Significant nosocomial infections experienced the greatest resistance to 

piperacillin/tazobactam with Klebsiella sp. and Enterobacter cloacae (62.5% 

and 50% respe: >vely). Escherichia coli during 1997 demonstrated an overall 

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 nosocomial-acquired 

Escherichia coli remained completely sensitive to piperacillin/tazobactam, 

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

Beta-lactamase inhibitors (i.e. tazobactam) have been able to inhibit the 13- 

lactamases (previously mentioned in the Klebsiella infection section) produced 

by Escherichia coli, Klebsiella pneumoniae and Klebsiella sp., however the 

antibiotics with which the p-lactamase inhibitors are combined (i.e. piperacillin) 

are not effective at eradicating these micro-organisms on their own [Neu,

136



1992],. !n- other words, tazobactam is able to bind irreversibly to -the |3- - •

lactamase enzyme inactivating it, but the piperacillin is rendered ineffective
/

either due to changes 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 extending the 

activity of piperacillin. Therefore resistance to piperacillin/tazobactam is not an 

immediate problem.

Piperacillin/tazobactam is used as a substitute to the frequent use of third 

generation cephalosporins [Meyer, et a/, 1993] for the sole reason that both 

the components of the antibiotic are low [3-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 [3-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 

cephalosporins, high levels of enzymes are produced coupled with a 

decreased outer membrane permeability resulting in a decrease in the amount 

of antibiotic allowed through in to the periplasmic space. This overwhelms the 

antibiotic and results in its destruction. When exposed to 

piperacillin/tazobactam, low levels of (3-lactamase are produced and these 

antibiotics are less likely to be inactivated by |3-lactamase. This could also



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 o f  age.' 

Over the 3 year period, Enterobacter 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 concerned when observing 

their sensitivity trends. Escherichia coii 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 Eschenchia 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. 

Enterobacter cloacae (100%, 100%, and 75%, respectively), Eschenchia 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. Eschenchia 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 aminoglycoside-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, 

1985]. Contrary to those results, in the PICU, all 3 aminoglycosides 

experienced declihes 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 both neonates (which are 

administered amikacin) and non-neonates (which are administered 

gentamicin) 2 separate aminoglycosides are given. These results are 

consistent with a study that determined cross-sensitivity between 

aminoglycosides when the MICs of amikacin and netilmicin were also 

increased when the Staphylococcal strains were exposed to gentamicin, 

tobramycin and isepamicin [Torres, Tajedor,Gonzalez, etal, 1996].
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8.9 VANCOMYCIN

Over the last 20 years, 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 a/, 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 al, 1996; Noskin, 1997].

Vancomycin is still very effective to all the micro-organisms it was tested 

against in this study although 1 isolate of Bacillus subtllis 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 ignore 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 to be an adequate alternative to other broad spectrum agents in the 

treatment of suspected nosocomial infections [Zemelman, et al, 1993]. 

Although resistance to carbapenem p-lactams rarely occurs, altered penicillin-
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binding proteins or loss of an outer-membrane protein that picvides 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 13- 

lactamase inducer, and clinical isolates recently have been found that produce 

specialised imipenern-hydrolyzing (3-lactamase [Neu, 1992].

Over the 3 year 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 Iwoffi, all micro-organisms 

tested agairr 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 [Guilllermo, 1986]. When observing the results of the 

pharmacokinetic study, amikacin was not appropriately dosed with amikacin 

peak concentrations well below therapeutic levels. Therefore it would be 

; iteresting 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 demonstrated 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 :ess nephrotoxic 

and ototoxic) than multiple daily dosing [Zhanel, et at., 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 increase therapeutic efficacy without 

increasing toxicity. Having the aminoglycoside concentrations fall below the 

MIC for a short period of time will not result in a therapeutic failure due to the 

drug's post-antibiotic effect (PAE)(which is a dose-dependent continued 

suppression of bacterial growth after the period of antibiotic exposure [Barclay, 

el a/, 1994]). The PAE is determined in vitro after 1 to 2 hours of exposure to 

fixed antibiotic concentrations in a pharmacokinetic model 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 internal [Zhanel, et at., 1994]. Therefore the optimal 

aminoglycoside dosing regimen should be designed to maximise the area 

under the curve (AUC) 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 at, 1994].
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8:12 LIMITATIONS TO MICRO-ORGANISM 

SENSITIVITY ANALYSIS

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. Although 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 Microbiology lab. From a microbiologist’s stance, national standards 

for determining susceptibility (NCGLS-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 penicillin

143



- '  would" probably have to be increased) from the phamiaeokineticiSVs • 

point of view [Friediand & McCracken, 1994].

Therefore just to mention, 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 to make a more informed decision about the most 

effective antibiotic treatment and dose for a patient.



CHAPTER 9: CONCLUSIONS

Since infections in any ward are an important determinant of a patient’s 

morbidity or mortality, the continued surveillance initiated by this study is 

essential as micro-organisms prevalence and sensitivity patterns 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 untreatable. Over 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, et a/,

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 |3-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 issue to remember in 

aminoglycoside dosing is to attain high peak concentrations, low trough 

concentrations, and calculate the maintenance dose and dosing 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 multi-resistant gram 

negative bacilli, however it should be used as a last-line agent. The reasons 

being, it is associated with a high risk of inducing convulsions in patients with 

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

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

Cefotaxime should be resen/ed 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.

Piperacillin/tazobactam is considered safe and effective as monotherapy for 

infections usually treated with a combination of antibiotics such as 

polymicrobial and nosocomial infections due to its wide spectrum of activity 

that includes gram positive micro-organisms, gram negative aerobic and 

anaerobic micro-organisms [Daniel, et a/., 1996]. At Johannesburg General 

Hospital, piperacillin/tazobactam’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 13- 

lactamase producing micro-organisms that are resistant to p-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 may prove to 

be the more cost-effective choice [Hart, et a/., 1996]. It can be used as a



-substitute for cephalosporins and aminoglycosides (if there is a concern about 

nephrotoxicity) [Hart, etal., 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 where the micro-organisms have been identified 

as being sensitive to cefotaxime.

3. Piperacillin/tazobactam should be used as first-line therapy in all suspected 

nosocomial acquired gram negative infections. Piperacillin/tazobactam's 

activity against gram positive micro-organisms ought to be explored for 

possible use against them.

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

of being caused by methicillin-resistant Staphylococci (Staphylococcus aureus 

or Staphylococcus epidermidis) or Enterococci (Enierococcus faecium or 

Enterococcus faecalis)] or in patients with a serious p-lactam allergy in whom 

no other alternative exists.
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5. Amikacin should be used exclusively in the ward, replacing- gentarriicin 

(since its exclusive use has a favourable influence on the susceptibility of 

other aminoglycosides).

6 . 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 concentrations 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 loading 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 aeruginosa are isolated or 

susp ected of being the cause of a clinically significant nosocomial infection, 

administer two antibiotics which cover gram negative micro-organisms (i.e. 

piperacillin/tazobactam; ciprofloxacin; imipenem or cefepime).



10. Based on the antibiotic sensitivity profile, the following regimens' are 

recommended for the PICU:

First line therapy:

Second line therapy:

Third line of therapy:

combination of penicillin (only for suspected 

community infections) and amikacin, 

amoxicillin/clavulanic acid or 

piperaciilin/tazobactam (depending on 

suspicion of gram positive or negative 

infection) 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 

ciprofloxacin or cefepime.



APPENDIX 1: Antiblogrom for 1095

Oroanums #of Isolates Penicillin Oxacillin Ampiclllin Piperacillin Co-smcalcliv Plptaz Cerazolln Cefuroxlme Cefotaxime Censztitoi* Ceft/Hrone A/nlk«in SentamKtn Tobramycin Netilmicin EMhfomve.ii Dlndamvcln !Chloramchenl Sulflsoxazole
GRAM POSmVE 1
staphylococcus aureus 6 0 (0/6) 33 3 <2/6) 0(0/6) 40(2/5) 66 7 (2/3) 33 3(2/6) 33 3 (2/6) 33.3(2/6) 1100(1(1) 1
staphylococcus eptiarmldla 42 7 3(3/41) 22(6/41) 7.3 (3/41) 333(1000) 58 8 (10/17) 30(12/40) 51.2(21/41) 5 t2 (2 ( /4 l)  |375(6/161 |0(0/1)
st'eptococcus eaalactine 13 W O/tVM ) 100/M/I f) 100 ( ( ( / ( ( ) 100(11/11) 36 4(4/11) 100(11/11) 608(10/11) 11100(4/4)
sVeptococcua pneumoniae 2 50(1/2) ----------------- ICO (2/2) 100(2/2) 100 (2/2)
strsptococcuasp i 100(1/1) 100(1/1) 100(1/1) 100(1/1) 0(0/1) 100(1/1) 100(1/1) ] 10C<1/1)
st/eotococcus vUkjana 7 16.7(1/6) 0 (0/61 16 7(1/6) 66.7 (4/0) 10016/6) 83 3 (6/6) 83.3 (5/6) 100 (2/2) !
R teC haem oW atiap 1 100 (V I) 100(V1) 100(1/1) 100(1/1) 0(0/1) 100(1/1) 100(1/1) 100(1/1) 1
enterococcus faeclum 3 33 3(1/3) 0((V2) 60(1/2) 0(0/1) o m 0(0/2) 010/2) 0(0/1)
enterococcus flecatia 11 100 OKVID1) 100 M IM I) 25(1/4) SO (5/10) 60(6/10) 10(1/10) 1 0(0/1)
anttrococcu* sp 2 100(2/2) 0(0%) 100 (2fl)

. . .
100(2/2) ............. 100(2/2) 100(2/2) 100(2/2) 1

mfcfococcua sp 1
bacillus so ? 0(0/2) 0(0f2) 0(0/2) 60(1/2) 100(212) 50(1/2) 0 (0 2 ) 1100 (2/2) 1
bacillus cereus 5 200/5) 20<1/6) 20(1/5) 25(1(4) 100 (5/5) 80 (4/5) 60(4/5) 100(1/1)
bacHlUs submit 1 0(0/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 1
dlptherolds 3
urookmebicteihim so 1 1

GRAM NEGATIVE
branhimella catarrhalls 1 1
scketobactarsp o<om io o ( im 100 (HD 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) .100(1/1) 100(1/1) 100(1/1)
acmetobactar bautnann 2 o m 100 (2«) 10 (0/2) 0(0 fl) 0(0/2) 0 (CV2) 100(2/2) 50(1/2) j 50(1/2) 50(1/2) 50(1/2) !
alkaligenea sp 1 0(0/1) 100(1/1) 1100(1/1) o m ) o m o m i 0IV1) o m >  ' D/O')) |0«V1> 0(0/1) 0(0/1) 1
alkalttenes faeta ti I 3 0(0/3) 100(30) 50(1/2) 100 (M ) 0(0/3) 0(0/2) 0 (C/3) 33 3(1/3) 10(0/2) 333(1/3) 33 3(1/3) 33 3(10) 0(0/1) 1

— - i

enlerebacter ap 3 o m 100 (3/3) 133 3(1/3) 100(20) 0(0/3) 100(3/3) 100(301 1i o o m i  1ADO 1301 1100(3/2) 100(30) 100(1/1)
entetebatier aeronenet i 1 1 10(0/1) 100(1/1) 0(0/1) 100(1/1) 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/11 100(1/1)
snterobactercloscae I 6 1 to/IV6) 100(5/5) j 0(0/5) 100(5/5) 0(0/61 11 (5/5) 100(5/5) | 100(5/5) 1100(5/5) 1100(5/5) 100(6/6) 100(5161

------------------1

eschefkhb coll 18 56IMIB1 45 5(6/11) &Q (12/15) 100(9/9) 68 2(15/17) 67 ‘•14/16) 86 2(15/17) 682(15/17) 66 7(13/15) 100(17/17) 813(13/18) 818(9/11) 100 (2/2) 0(0/5)
klebsleila sp 1 14 !o (1/14) 466(5/11) ! 35.7(6/14) 100(10/10) 26 6(4/14) 42 8(6/14) 60(7/14) 1357(5/14) 50(7/14) 714(10/14) 60(7/14) 455(5/11) OIQO>
klebslelia pneumoniae 6 !Q«U6\ 0(0/6) Q t m iD o iu n 0(08) 0 /08 ) 0(0*1 0(0/5) I0(0/6) 16 7(1/6) 0(0/6) 0(0/6) 0(00)
proteui mlrabifb 1 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)___ 100(1/1) 100(1/1)
pseudomonas aefualnon 9 0 (0/9) 68 9 (0/9) 1Z5(1/4\ 80 (4W o m ) 0(0/9) 222(2/9) 100(99) 22 2(2/9) 77 8(7/9) 77 8 (7/9) 776(7/9) 66 7 (2/3)
salmonella so 1 2 | | o m 0(0C) 100(2/31 100(2/2) | 0(0/2)
ufiJdan. c rtm  »v» bicHlut 1 - 1 0(0/1) 100(1/1)___ 0(0/1) 0(0/1) o w n o m 0(0/1) ' 0 (0 /0  1100(1/1) ! 100(1/1) 100(1/1)___ ICO (1/1)
veSltonella 1 1 1 ~|

bacteroties Iraqils 1 1
prevotella matanlnoaeft. ,_________ 1
itenottopomonas mal 3 o m ) 100(2/2) 50(1/2) 0(0/2) 0(0/2) 50(1/2) !0 (0/2) ____ ; 100(2^) 100(2/2) 100(2/2) 100 o m

1 313 ! 26 9 84 3 3S3 87 6 350 46 7 47 21 64 81 53 7| 7491 70 6 617 76.1 o
42 9 41 7 41 4 492

4_1
47 9 36 51 1 45 8 0
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APPENDIX 1: Antiblogram for 1995

Organlamt_______________ Sulphatrulho Ttlmatfiopfim Coirtmomoli Slprofloxacln ;ino«c)n 4alklt»te»c)d Vancomycin ; u>kl)c arid ■imoturantoln Rrfamptctn mlptnem A v tn B * -11 33 3(2/6) 100 (S/61 100(6/6) 83 3 (6/6)

26 3 (10/38) 17 10/41) 0(0/1) 100(41/41) 82 5 (33/40) 100(1/1) 79 5(31/39)

64 6 (6 /m 618(9/11) IJO O I/II) 91(1/11) 100(1/1)
100(1/1) 100(2/2) 18 9

0(0/1) 100 0/1) 0(0/1) 46.7

33 3(2/6) 0/0/6) 100 (6/3) 68 7 (4/6) 657(2/3) 38 2

100(1/1) 100 0/1) 1000/1) 0(0/1) 38.9

600/2) 100(3/3) 100(2/2) 100(1/1) 418

72 7(8/11) o i m 100(11/11) 30(3/10) 100(1/1) 40.3

0(0/2) 100(2/2) 100(2/2) 100(2/2)

100(2/2) 0(0/2)

M /4/6) 100(5/5) 40(2/5) 50(1/2)

0(0/1) • ) 0(0/1) 0(0/1) 28 9

21

g r a m  n egative

0(0/1) 100 0/1) . 100(1/1) 414

100(2/2) 100(2/2)

0(0/1) 100(1/1) 100(1/1) ?6 7

100(3/3) 66 7 l i fJ i 3-) 4

100(3/3) 82 2Iil

100 0/1) 100 0/1) 100(1/1) 414

100 (6/6) 100 (6/5) 100(4/4) 414

412(7/17) 100 07/17) 100(4/4) 100(29) 100(6/6) 100 (6/5) 308

78 6 01/14) 10004/14) 100(2/21 549

33 3(6/6) 100(6/6) 100(6/6)ij

100(1/1) 100 0/1) 100(1/1) 10011

0(0/9) 88 9 (are) 100 (9/9) 50 9

100(2/2) 100(2/2) 100(2/2) 62 6

0(0/1) 100 0/1) 100(1/1)

f I

O M ) 100(2/2) 50(1/2)

47 7 49 2 100 693 100 333 92 3 440 100 93 6

so 414 431 0 100



APPENDIX 2; Anllblogram (or 1996

Orc*rttmt ll«o  U Jed A/nd cl In piwriciin Co-imyridiv Pipiiz CkuradSn Celuoln CeeMleiln Cerotiidmi Cefirotme CefUtitime
GRAM POSITIVE
tiicMocoeevi aureui 27 165(5/27) M  3 (6/241 37 MO/27) 37I10C7) 37 (10/27) 37 (10/27) 37 (10/27)
dooMeecccvs ecldemUdit 32 010/32) 40112/30) 0«Jfl) 366(10/26) 46 3 (14/261 40(10/25) 36 5(10/26) 46 8(15/32) 46 6 (15/32) 100(1/1)
Aedoeeeeui lo d id lie 2 100 (M l 109(2/2) 100(1/1)
ilrc^ixocsys pne-jmeriie 3 68 7120) 100 (M ) 100(1/1) 100IW ) 100(3/3) 100(3/3)
krepleeotcus nvotnei 1 100 MW 100(1/11
tired oeoMut so 2 100(2/2) 100IM ) 100(2/2) 100(2/21
sttertececcus slridini 2 100(2/2) 100(2/2) 100(2/2)
erteroeMtvi tiedum 1 ioo d m 10011/1) 100(V1)
efienxoeCui t ie c i l i 11 6019/10) 60(6/10) 100154) 10011/1) 633(54)

iSRAf  ̂NEGATIVE
'  dnolobirttf b«um«m 3 010/1) 10013/31 100 (M ) 0(0/1) 0(0/1) o m 100(3/3) 0(0/1) 10012/2) 100(10) 100(1/11
idneletoiderwolfl 1 O ff 'll 100(1/11 lo o n /1) 0(0/11 10011/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
i k i l iw e i f u c i l i 1 0(0/11 0(0rt) 0(0rt) 0(0/1) 0(0/1)
wiefobieter in 4 0(U'4) 10014/4) 010/41 25(1/4) 25(1/0 100(2/5} 50(2/4) 25(1/4)
•ftefobtdtrf d o ie it 2 0(0fl) lo o m 30<1/2I 0«V3) 0(0/2) 100(2/2) 100 (M ) 100(2/21 100(2/2) 100(2/2) 10012/2)
eiehwtiNi col 14 M W IM 46 2 (6/13) 100(13/13) 100M4/14) 637(12/14) 63 3 (10/12) 100(14/14) 100(14/14) 646(11/13) 100(14/14) 100(11/11) 633(14/15) 71 4 (1U/14)
fuemecNkM Influe nu 2 100IM ) 100(?v2) 100(1/1)
Webtieli so 9 0ICU9) 66 S IM ) 100IM ) 66 616/8) I00(M ) 100 (M ) 66BIM) 100IM ) 100 (M l
Mabslel* oiMece 2 0«V21 50(1/2) 100(2/2) 50(1/2) 100(1/11 60(1/2) M(1>2) 50(1/2) 50(1/2) 100(2/21 50(1/21
tiebtl<la cm'jriodee 5 40 (2/5) 60 (4A) 20(1/5) 100(1/1) 40 (W) 20(1/5) 40 (2/5) 40 (M l M(2/4) 4012/S) 4012/51
pfo leu tirtntili 1 100 M/1) 100(1/1) 100(1/1) 10011/1) 100(1.11 100(1/1) 100(1/1) 10011/1) 100(1/1) 100(1(1) 100(1/1) io o (im 100(1/1)
Pieudomcmi lervdnen 9 50(1/2) 667 CM) 50(1/2) 66 8 (MW 50(1/2) 50(1/2) 50(1/2) son/2) 75(6fi) 66 6(8/3)
ot«jtomoft«i 10 1 0(0/1) 10CI1/1) 0(0/1) lOOUM) 0(0/1) 0(0/1) 0(0/1)
al/obirier freud 2 0(07) 100(2/2) 0(0/2) 10012/2) 50(1/21 100(2/2) 100(2/2) 100 (M ) '00 C/2)

617 56 85 4 7 /3 ' 606
.'4 i f  371



APPENDIX 2: Antiblogram for 1096

Qroentimi Sulphametho Tflmelhoprtm Co-Mmflrtzo Ciprofloxacin OfiQsaeln Nitrofurtntoln Vtncomycin FuskJte acid RUjmpKIn Imipenem Mereoenam Tetracvcllne Averaoe so
GRAM POSITIVE
•tuohvttieoccui lu reu i e i s n m 9 1 7 122Z24) 100/3/3) 68 7 m ) 100(27/27) 100127/27) 88 9(24/27) 602 30 2

ittDhvlococcui loldermWii 100/4/4) 37 5(12/32) 60(15/23) 0(0/1) 0(0/1) 100(32/32) 68 8 (23/26) 689(31/32)

iuet>tococcu» (00 ( M l 100(2/2) 609
itMotococeus uneumenlie 100 (2fi) (00(2/2) w m 987

WtpUxticcui DVooenes 100

itruDt«occu» IB 100(2/2) 100(2/2) 100!I1

(00(2/21 010/2) 87 5

ttvlettieficcui tafctSum 100(1/1) 0(0/1) 667
enterxoccui bee*!)* 0(00) 10Cf6«i t to n o f io ) 100(1/1) 0(0/1) 816

ORAM NEGATIVE
iclnelobettvr biumm n o w n 100(3/3) 100(2/21 100(3/3) ioo 61.1
acVietobacte/woffl 0(0/1) 100 (V I) io o ( im 100(1/1) 100(1/1) B13
ilkilloene i feeetili lo o n m to o o m 0(0/1) 0(C/1) 48 3

entorobicterip 2 5 /W ) too m i 0(0/2) ICO (4/4) 38 9 376

trts ieb icU r cteaca* 100(2/2) 100 (2fl) 719 44.6
e iehnkh li coll 429(6/14) 100(30) 100(6/6) iw ia m 100(13/13) 100(4/4) 85 1 23 3
hiemaohliui Innuerma 100(2/2) ice  d m t1 5 778(7/9) 100(4/4) 100(5/5) 261
klitiiiella oxvtoci 0 (0/2) 100(af2) 34
klebiletli pneumanbu 40 (2/5) (00 ( M l 100(4/4) 100(5/5) )OOf4/4) 327
proteuimlrebSb tOC<1K> too t in ) 100(1/1) 100(1/1) 100(1/1) 100 0

1 f t o (1/2) 100 w w loo /aw 100 (BA) 100 (8/8) 70 2 218
pieudomonei mo 0(CV1) 100(1/0 100(1/1) 40 607
titrohadar fteudl tO((tZ\ <6onm lo o tim 100(2^) 100(1/1) 73 7 « 1

Avetise BO? 60 31 603 823 06 7 0 100 94 3 97 2 92 3 875 •to
67? 17 3 27 7 17 i 0 fl 1 46 35 4
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APPEN01X3: Anlibiogram for 1997

Oraanhmi 
GRAM POSITIVE

# ot botatea Pentium Afftptmm Closaclllln Oxacillin Piperacillin Co-emoxtlaw Plptai ceraroiin Cephalexin Ce/olajflme Cefumfma ,CenazMime Ceftriaxone Cetepima Erythromycin Clindamycin Amikacin Gantatnfcln Tobramycin Rltampkln

ttish'ftoctceue aureus 120(0/11) 33 3/4/12) 333/4/(2) 36 4(4/11) 36 4(4/11) 36 4(4/11) 33 3 (4/12) 25(3112) 75(9/12)
itiohvfococcua eptiermldls 53 3.6(2/53) 283(15/53) 58 3(15163) 269(147:.:, 26 9(14/521 25 5(13/51) 35 8(19/63) 35 6(18/53) 51 1 (43/53)
sVeptocotcui aoalacllia 2100(2/2) 100 (2/2) 100(2/2) 100(2/2) 100(2/2) 100(2/21
streptococcus pneumoniae 1100(1/1) 100(1/1) ^ 100(1/1) 100(1/1) 100(1/,)
streptococcus ovoaenes 2100(2/2) 100(1/1) 100/1/1) 100(1(1) 100(1/1) 100(2/2)
streptococcus so 4 100(4)4) 100(4/4) 100(4/4) 100(4/4) 100(4/4) 100 (4/4)
streptococcus vbldlans 3 100(3/3) 100(3/3) 100 (2/2) 100(3/3) ICO (3/3) ,00(3/3)
enterococcus taecalls 1100 9(10/11) 90 9(10/11) 90(6/10) 10011/1) 100(4/4)
enlerococtus laeclum 3 0(0/3) 0(0/3) 0(011) 0(0/3) 0(0/1) 0(0/1)
mkrococeus sp 2100(2/2) 100(1/1) 100(1/1) 100(2/2) 100(2/2) 100(272}
corynebacterlum sp 3 100(1/1) 0(0/1) 100(1/1) 100(1/1)
bacillus caraui 20(0/2) OOWt 100 (2/2)

GRAM NEGATIVE
schatobacter baumanl 1 0((V» 100(1/1) 0(0/1) 100(1,1) 0(0/1)
sdnetotxder W m 1 0(0/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1)
slkatlaenes so 1 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(C/1) 0(0/1) 0(072) 100(3/3) 0(0/2) 100(3/3) 0(073) 0(0/2) 0(0/3)
slkallcenes taecalls 4 0(0/2) 60(2/41 0(0/2) 100(4/4) 0(W2) 0/0/21 0(0/1) 100(2/2) 0(0/1) 100(2/2) 50(1/2, 100(1/1, 50(1/2)
entoiobacter cloacae 4 0(0/4) 76 (3/4) 0(0/4) 76(3/4) 0(4/4) 0(0/3) 75(3/41 76(3/4) 75 (3/4) 76(3/4) 75(3/4) 75(3/4) 75(3/4)
enterobader oeraovte* 1 0(0/1) 100(1/1) 0(0/1) 100(1/1) 0(GM) 0(0/1) 0(0/1) 0(0/1) 100(1/,) 100(4/1) 100(1/1) 100(1/1) 100(1/1)
enterebactersp. ' 4 0/0/4) 25(1/4) 60(2/4) 100(4/4) 25(1/4) 33 3(1/3) 76(3/4) 50(2/4) 50(2/4) 75(3/4) 100(4/4)
escberkhb coll 16 0(0/4) 0(0/11) 6.7/1/15) 57 1 /e/14) 87 6(14/16) 40(4/(61 417(5/12) 76(12/16) 666(11/16) 686(11(16) 75(12/16) 100(16116) 845(11/13) 62 5(10,16)
haemophlfus Influsnaae 4 100(4/4) 100(4/4) 100(4/4) ,00(4/4) 100(4/4)
Ua biiulla so. 15 0(0/15) 26 7(4/15) 46 7(7/16) 60(12/15) 20(3/15) 42 9(377) 40(6/15) 357(5414) 333(5/15) 40 f 6/16) 50(12/,5, 73 3(11/15) 23 3(5/161
klebslella pneumoniae 4 0(014) 25(1/4) 0(0/3! 100(4/4) 23(1/4) 100(1/1) 25(1/4) 25(1/4) 25(1/4) 25(1/4) 75(3/4) 25(1/4) 0(0/4)
klabslella otvtoca 2 0(0/2) 60(1/2) 60(1/2) 100(2/2) 50(10} 100(1/1) 60(1/2) 50(1/2) 60(1/2) 60(1/2) 100(2/2) 100 (2/2) 50(1/2)
oroteue mlrabUls 6 60(3/6) 100(6/6) 100 (6/6) 100(6/6) 100(6/6) 100(6/6) 100(8/6) 100(6/6) 100(6/8) ,00(6/6, 100(616!
pseudomonas aerualnoaa 13 76 8(10/13) 768(10/13) 76 9(10/13) 618(9/11) ----
campvlobacterlalunl 1 0(0/1) 0(0/1) 0(011)
bade/otiet traaUlt 1
stronolropomonaa maltcphllia 1 0((VII 100(1/1) 0(0/1) 100(1/,) 0(0/1) 0(0/1) 0(0/1) 100(1,1) 0(0/1) 100(1/1) 0(0/1,
burkholdetla cepacia 1 100/1/1) 100(1/1) 100(1/1) 100(1/1)
salmonella sp 1 100(1/1) ICO/,/,)
shawsnella pulretaclens 1 100(1/1) 100(1/1) 100(1/1) ,00<t/t) 100(1/1)

61 1 40 0 S3 9 63 6 49 1 33 7 412 45 7 40 5 67 4 882 681 63 9
49 7 46 6 400 40 0 39 1 42 2 415 36 7 <161 25 5 76 5 41.1
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APPENDIX 3: Anllbloflram lo r 1997

OfpirtlM i* Chloramphen, Vancomycin FucUIn Ciprofloxacin DfloMcln Cotrtmonzef Trimethoprim fmlpenem Meronenem Tekopfantn SO
ORAM POSmVB
itiphylccoccui aureus io o ( iy i2 ) 100(12/121 66 3(7/12) 50(0/12) tOO (7/7) 312
fMpftvfoeceeue eoWeriftUli 160163(53) 75614CV53) 26 4 (14/53) 24 6(12/49) 936(15/18) 43 6 30 2
sl/eptococcut aoalactiae 100 ( M l 60(1/2) 169
itremoeoceua pneumoniae « o < tm 100 ( « » 0(0/1) 333
streptoeocoue pyoflenei 1MM/1) OfO/t) 657 37 6
«treptoeo«us <p « 6 H W 73(3/4) 84
»lreptoc6ccua vbldlanf 100(301 68 7 (2/3) 95.2
entereccccu* faecall* to o t t m i) 100 (1M) 97
enterocdctuifaeclum 100 (M ) 20
mkroeeccue to t00(2rt) 100
corynebicle/lum sp (00(1/1) 100(1/1) 63 3
bacillus ctreus 100 (2rt) 60 0/3) 0(0/2) 417 49 2

ORAM NEOATiVE
sdnembicterbau,. mil <50(1/11 100(1/1) 100(1/1) 100(1/1) 60 516
stinetopsder (worn 100(1/10 103(1/1) o io /i) 0(0/1) 33 3 5C
alkellgenee to 100(1/1) 100(1/1) 0(0/1) 100(1/1) 0(0/11 333 485
alkelicenes rtocslb a s m 26(1(4) 0(0/2) 100(4/4) 73(3/4) 43) 

64 5
42 7

gn'erobfcler ctoacae 100(3/31 103(3/31 76(3/4) 100(4/4) 100(3/3) 35 7
enterobscteraerpovfae 100(1/11 100(1/1) 100(1/1) ioo o m 100(1/1) 47 8
entemMclef to 100(1/1) 75(3/4) 100(4/4) 316
eschertchU cell 100(4/41 100(4/4) 36616/13) 100(18/18) 100(4/4) 63 3 332
heemeohlluelnnuenzae tOOiW ) 100(3/3) 60(2/4) 100(4/4) 64 4 <57
klebslel/a to. 100(1/1) 100(1/11 0(0/1) 64 3(8/14) 100(15/15) 100(1/1) 52 2 32 7
Klebsiella pneumoniae 100(4/41 100(4/4) 8 W 4 > 100(4/4) 100(4/41 47 4
Klebsiella oxvtoca 100(2/21 100 (M ) 500(2) 100(2/2) 100(2/2) 67 1 312
prateus mtnbild 100(1/1) 100(1/0 60(3*) 100(6/6) 100(1/1) 158
pieudomonai aeiuplnosa 100(13/13) 100(13/13) 100(13/13) 100(12/12) 666 122
cimnvlobacter lelunl loo n / n 100(111) 100(1/0 100(1/1) 62 5 518
baeterftidak (raping
eVenotropdmonai maftophlitt • m 0(0/1) 100(1/1) 100(1/1) 100(1/1) 36 9 502
burkholdezia cepacia 0(0/1) 0(0/1) 100(1(1)
salmonella so 100(1/11 100 0/1) 100(1/1)
shswanelta putrofeclene 100(1/1) 100(1/11 100(1/1) 100(1/1) 100

ioo 100 876 85 6 638 841 65 668 653
b 6 173 34 7 24 3 37 4
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APPENDIX 4 ; Clinically significant nosocomial inredlon antiblogram

» of lio lile * PenkHiln Amcktilln Claxaelltln Ovaelllln Plperaciliift Oamonklav Piotaz Cefazotin Caphileiln CetoUikna Cefuroxlme Cettattiime Cettilaxone Caiepiimj Erylhromvcin Clindamycin Amikacin Gentamlcin Tobramycin
QRAM POSITIVE
enterococcui (eecatls 3 100(3/3) 100 ( M l 100(M ) tM ( t / l )
enterococcui taaclum
«6*phvto«Kcu# sureu* 6 0 |tV6) 23(2/6) 25(2/6) 36 6 (27) 26 6 ( 2 ^ 28 6(2/7) 25(2/6) 25(2/6)
itaphvlococcus eotieimklLi 9 Q (OfO) 33 3(3/9) 333(%9) 25 < m 25 m ) 25 (2i6) 556(6/8) 556(5A)
lUeptoeoccui eoiltctlae
streotocoecus pnsumonUa
il/eptoc6C6l;e PYOflcnat 1 100 ( W 100 (V I)
itreotocectiui 10 1 100(1(1) 100(1/1) M W , 10(3 (IM) 100(1/1)
suoplococcui vlrldtini
mkrococcuj «»
coivnebaclertumip
bielllu* eer«u«

ORAM NEQAtlVE
iclnetobacter biumanli
aeln»tob»ct6f fw ffi 1 6(W > o m 0(0/1) ^ 0(0/1) 100(1/1)
elkaltienes so
alkaHfleneabacalti
eniarebactaf »p. 2 oro m 0(0/2) 100(2/3) 100(2/2) M (1/2) lOO(IM) 60(1/2) 50 (1/2) 60(1/2) 50(1/2) 100(2/2) 50(10) to  (1/2)
Anttrobiciei ttoicee 2 6(021 w a r n O KA) 60(1/21 0(<y2) om n ) 60(1/2) 50(1/2) 50(1/2) 60(1/2) 60(1ti) 50(1/2) 50(1/2) 50(1/2)
eicheznhla colt 7 0 (£V7) 0((V6) urmi 100(7/7) 333(2/6) 50(2/4) 6 M « /n 57 t a m 57 1 (4/7) 57 1(4/7) 100(7/?) 66714/6) 42 9 (3/7) 67.1(4/7)
hiemtiflWtui Infiuentaa 2 100 (y? i > com > I0 0 |2 t i) 100(2/2) 100(2/2)
W»bj!e!)6 ip . 8 a r m 25(2/6) 23 (2/3I 628(5rt) 126(1/6) 25(1/4) 378(3/6) 371 (3/61 37S(i'B ) 37 5(3/6; 62 5(6/6) 87 5(7(6) 2 ^ 8 }2 fi)
klabtklla onetimod'ae
klebslella owtoca
pmtaus mbabto 2 0(0/2) t o o m ) t w i im 100(2%) 10 *0 2 ) 100(2/2) 100(2/3) 100(2/2) 1C0(2fi) 100(Ztt) 100(2/2) 60(1/2) 100(2/2)
oteudomonat eeiuolnosa 6 60(4/5) 60(4/3) 60(4/5) 100(6/8) 60(4/31 60(415)
c*mi>vtobaci»flHunl
bactefcMas (raglls 1
slenotippomona* malltiphllia
tiuikholdeila cepacia

Average too 3? 6 292 292 36 4 n 70 4 43 7 63 6 656 660 53 5 65 3 702 403 807 63. t 661
SO 3X6 66 6 9 413 171 273 293 317 273 21 6 15 6 256 27 4
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APPENDIX 4: Clinically significant nosocomial Infection antlblogram

Rtfampidn Chloramphen Vancomycin Fuctiin Clprofloaeln Ofloxacin Cotilmoxazoli TcfmethQorlm tmlpenem Meropenem Teicoplanln Telracvcllne Avenue
GRAM POSITIVE
enteroeoecue fseealii 100 ( M l 1000
enteroeoccus totehim
itaohvlococcui aureui 76 (6/81 100(8/8) 100(8/8) 60(4/8) 37 6 (3/8) Mi1' (4/4) 46 3 33 4
abchvlocoecui eptiirmUtt e so te m 103(9/9) 68 9 (8/9) 22 2 (2/P) 22 2 (2/6) 8a (4/5) 46 J 314
itrtptococcui eniladiae
slrectococcu* cneumontie
ilnptococcui pyoaanoi 1000 o

itreptococcui ao 100(1/1) ioo o m 100 0 0

striotociMcU! vlrldkine
mkrococcui in
caMnebedertum sn
bie lllu i eereus

GRAM NEGAT1 /E
eclmtobacter baumanll
aehielobaeter hvoffl 100(1/1) 100(1/1) 0(0/1) 0(0/1) 60
ilkalloenes ip
atkallgenes taecilli
enterobaetersp. 100(1/1) 100(2/2) 100(2/2) ^ 351
entttobactei d o m e 100(2/2) 100(2/2) 60(1/2) 100 (2/2) 100(2/2)
ucherkhU coll 42 6 (3/7) 100(7/7)
haemophllus Innuenzee 100 ( M l 100(1/1) 60(1/2) 100 (M )
klebalella id 0(0/1) 62 5 (6/8) 100 (R/6)
klibslella pneumontie
klebslella oxvtoca
nroleus mlrab!i» 100 ( M l 352
pieudomonaa aemnlnsia 100(1-5) 10'>(5/3) 100(6/5) 100(6/5) 10 5
Campylobacter lelunl
baderotdei lraa6'i
itenotropomonai maltophllla
burkholdaila cepacia

1000 100.0 64 6 1000 45 0 857 66 7 600 100 0
SO 0 31 6 0
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APPENDIX 5: Clinically la^lflnificant nosocomial Infection nntiblogram

t  o f  Iso late Penklllln

ij

Cloxeclilin Oxacillin Piperacillin Uo-amoxklav Plptez Cefazolln Cephalexin Cefotaxime Celuroidme CeRrlaiono Celeplme Erythromycin Cllndamvcln Amikacin Gbntamkln Tobramvcln

ORAM POSmVE
2 io o m ) 100(2/21 too <2/ i  1

1 0(0/1) 0(0/1) 0(0/1)
3 o w n 687(2/3) 66 7(2/3) 66 7 (2/3) 66 7 (2/3) 66 7 (2/3) 66.7 (2/3^ 60(1/2)

staphvlMOceui epWermldli 16 6.3(1/16) 12 6(2/16) 12 5(2/16) 12 8(2/16) 12 6(2/16) 12 6(2/16) 25(4/16) 23(4/16)

BtiephxoccuB egalectlae

I 1

etreptococcua Dvooenee
ib iptococcui in

f I

badllui cereus 1 o w n o w n 100(1/1)

ORAM NEGATIVE
ae!fietobact»f baurnanll
idnetobactertwom
alkalldenei an

1 \o o n m 100(1/1) 100(1/1) 100(1/1) o w n o w n

1 0(0/1) 100(1/U o w n ioo ( u n o ttu n o w n 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)

enterobiclet cloacie 2 0(0/2) 100 (2/2) 0 (0/2) 100 (2/2) 0 (CV2) 0 (M ) 100 (2ti) 103(2%) I06(2rt> 10012%) 100(2/2) 100(2/2) 100(2^) 100(2/2)

eschefKhla coil
haemophllus Influenzae 1 100(1. <oo o n i 100(1/1) 100(1/1) 100(1/1)

2 0(0/2) ---- — 60(1/2) 100 (2«) ,00 (M ) M  ( im 60(tiT2) 100 (2rt) 5011/2) 50(1/2) 100(2*2) 100(2/2) 101(2/2) 60(1/2) 90(1/2)

klebtlella pneumoniae
Mebalella oxylocar i

p ieudom om i aeniQlnttia
campylobader leluni

iI

o w i l

i11

1 o w n lo o n /n 0(0/1) 100(1/11 o w n o w n 100(1/1) 0(0/1) 100(1/1) 0(0/1) 0(0/1) 0(0/1)

burkholdeilo ceuacla 1 100(1/1) 100(1/1) too d /n ioo t u n 0(0/1) 0(0/1)

Averaae 213 28 6 39 6 817 428 \00 16 6 25 8 600 fil 3 017 60 0 1000 37 C 600 62 6 M ?

44.1 20 4 63 6 0 28 307 42 4 0 37 6 177 64 6 492
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APPENDIX 5: Clinically Insignificant nosocomial Infection antibiogram

Rtfamplcln Chlcrampher Vaneomvetn Fucldln Ciprofloxacin Ofloxacin Cotilmoxazol Trimethopflm Imipenem Mompenem Tekoolanin Tetracycline
GRAM POSITIVE
enlerococcui faecills to aroa i 100
enterKoccus faeclum 100(1/1) 23 0
ebphvlococcui lureu i 66 7 (2/3) 100 ( M l 100(3/3) 66 7 (2/3) 66 7 (2/3) 100 (3/3) 67 4
I'aBhYlococtub epldemiMi# B ? a m h 6 ) 100 (16/161 62 8(10/16) t6 6<li16) 12 6(316) 100(0/6) 36 7
etieptococcus egilicliae
aUeotococcui cneumontoe
itreotococcm eVOfler,ea
itieptococcui *p
ibiotococeui vtrkdlani
mkiococcui so
corvnebactarium ap
bacPlua cireua 100(1/1) 100(1/1) 0(0/1)

OtVMHEGATNE
adnetobacter blumanC
aclnebbacterhvofn
atkillaenetia
alk«l|gene$ faecalli 0(0/1) 0(0/1) 100(1/1) 100(1/1)
enterobact.i id. 100(1/1) 100(1,1) 44 7
entarobaetef cloacae to & u m « a t \ m w t a n i WOiati) 100 MM) 419
eachariehb coll
haerfiophHua Influenzae 100(1/1) 100(1/1) o m ) 100(1/1) 33 3
klebflella 10. 60(1/2) ICO (2/2)
kleb>'e!la pneumoniae
MebsleNa oxxtoci
oroteua mlnbtUa
pieudomwes lemglnoia
camovlobacter lelunl
bactiroUea fraailla
atenotroDomonau malioohllla a m ) o w n ioo tv n 100(1/1) 100(1/1) 502
buikholdeib ceoKla o fo /n 0(0/1) 100(1/1) lo o f i / i i 616

771 tooo 100 0 613 25 0 <6 4 6 U tooo 1000 1000 100 0
0 26 9 600 0 0 0



APPENDIX 6; Clinically significant community Infection antlblogiam

s of Isolate! PentelUkx AmetoRW Cloxactiiin Oxacillin Piperacillin C>amoilclav Plptaz Cefarolin Cephalexin Cefotaxime Cefuroxime Certazldime Certilaxone Celeptme Errthiomvtin Clindamycin Amlfcacln GentimteM Tobramycfn
GUAM po sm ve
enterococcua taecalls 2 m  m 50(1/21 50(1/2)
enterococcus faeelum 1 O K W o /o m 0(0/1) 0(0/1)

itaphylococcue aureui

j1

2 60(1/21 100 (2/2) 100 (2/2) 100 (2/2) 100 (2/2) 100 (2/2) . 60(1/2) 60(1/2)
itreDtoccxcui eaalactiie 2 100 (2/3) 100(2/2) 100(2/21 100/2/2} 100(2/2) 100 (2/2)
stfeDtoccccue pneumoniae 1 <03 100 (V I) 100(1/1) 100 O h) 100 DM)
streplococcui pvoaenei 1 100/1/}> M M ) ioo  n m 100(1/1) 100(1/1) 100(1/1)
sueotoc&ccu! 9D 3 100 (W ) 100(3/3) 100(3.3) 100(3/3) ioo m ) 100(30)

streplococcm vUldlant 1 100(1/1) 100(1/1) lo r  M/M 100(1/1) 100(1/1) 100(1/1)
mkrooxcus so 2 100(2^1 too n m 100(1/1) 100/2/2) 100(2/2) 100 ( M )

corvnebaclertum so 1
b icV ljt ceieui

GRAM NEGATIVE
ectaeMbieter baumanll 0(0/1) 100(1/1) 0(0,1) 100(1/1) 0(0/1) o tc :,}
acliietobacteflvwm

elkalkienes 8p o«a/it 0(0/1) 0(0/1) 100(1/1) 0(0/1| 0(0/1) 0(CV1) 100(1/1) 0(0/1) 100(1/11 o to m 0(0/1) 0(0/1)
alkallqenes faacalls OftVI) foo « m 0(0 /0 1001M1) OtOM) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 1000/1) too n m ioo ( tm
enierobatiet id
entefotarigr cltiicag
elcheilchla coll 4 oro/4) 01014) 333(1/3) 60(2/4) 76(3/4) 667(20) 7S(i/4i 76(3/4) 76(3/4) 76(3/4) 100(4/4) )0O (4(4) 75(3/4) 7513/4)

haemophllus Influenzae
klibstollasp. 2 a m ) 0(0/2) 0<0/2> 100(2/2) 0(0/2) 0(0/2) 0(0/2) 0«V2) O(Ofi) 100 (M ) 0 (0 fi) 0 (0«) 0(0A)
klabilella pneumoniae 1 0(0/1\ 0(0/1) o « v u 100(1/1! 0(0/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 0(0/() 0(0/1)
klebsldffa oxvloca 1 0(0/1) 0(0/1) 0(0/1) 100(1/}) 0 (0 /0 0(0/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1) 100(,/1) 0(0/1) 0(0/1)
ptoteue 1 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) '.00(1/1) 100(1/1) 100(1/1) lOOU/t) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
pseudomonas aerunlnosa 1 100(1(1) 100(1/1) tOO(f/() IC O (lh) 100(1/1) 100(1/1)
campYlobacterlelunl 1 C W ) 0(0/1) o m  - 1 0 0 1 1/n
bacteroldei Iragilla
afenovopomonat m itenMU
burkholdefla ceoacto

Averana 700 393 1000 100 0 333 4U6 94 4 696 958 219 344 526 21 S 1000 929 75 0 53 6 41.7 417
SD 48 7 0 0 50 48 2 167 118 41 1 48 1 667 41 1 0 35 4 827 600
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APPENDIX S' Clinically significant community Infection antlblogram

U of loolatea Penicillin Ampklllln Clonclllln Oxacillin Piperacillin Co-amoxlclav Plptaz Cefazolln Cephalexin Cofolaxlme Cefuroxime Ceftazidime Ceftriaxone Cefeplme Erythromycin Clindamycin Amikacin Gentamkin Tobramycin
GRAM POSITIVE
enterococcu! faeealls 2 50 M/2) 50(1/2) 60(1/2)
enteroeMeus faeclum 1 0(0/1) 0(0/1) 0(0/1) 0(0/1)
ittDhvtocoecua aureui
otaDhvIococcus epWeimWla 2 60(1/2) 100(2/2) 100(2/2) 100(2/2) 100(2/2) 100(2/2) 50(1/2) 50(1/2)
stxaotococcua aoalautlae 2 100(2/2) 100(2/2) 100(2/2) 100(2/2) 100 (2/2) 100(2/2)
itreDtococcua pneumoniae 1 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
streotoeoccua pyoaenta 1 109(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
atieptoeoccui op 3 100(3/3) 100(3/3) 100(3/3) 100(3/3) 100(3/3) 100(3/3)
atreptococcua vlrldlana 1 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
mkrococcua ao 2 100(2/2) 100(1/1) 100(1/1) 100(2/2) 100(2/2) 100(2/2)
eorvnehaclertum ap 1
bacillus cereua

GRAM NEGATIVE
aclnetobaclor baumanll 1 0(0/1) 100(1/1) 0(0/11 100(1/1) 0(0/1) 0(0/1)
ocinatobaclef lw)Kl
alkallaenes ao 1 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1, 0(0/1) 100(1/1) 0(0/1) 0(0/11 0(0/1)
alVelloenes reecalls 1 0(0/1) 100(1/11 0(0/1) 10011/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
enterobactarap
enterobacter cloacae
•acherkhia coll 4 0(0/4) 0(0/4) 33 3(1/3) 50(2/4) 76(3/4) 66 7(2/31 75 (3/4) 75(3/4) 7( (3/4) 75(3/4) 100(4/4) 100(4/4) 75-4/4) 75(3/4)
heemophllua Influenzae
klebalella ao. 2 0(0/2) 0(0/2) 0(0/2) 100(2/2) 0(0/2) 0(0/2) 0(0/2) 0(0/2) 100(2/2) 0(0/2) 0(0/2) 010/21
klebalella pneumoniae 1 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 0(3/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 0(0/1) 0(0/11
klebalella oxvtoca 1 0(0/1) 0(0/1) 0(0/1) 100(1/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 0(0/1) 100(1/1) 100(1/1) 0(0/1) 0(0/1)
proteua mlrablla 1 0(0/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
pseudomonaa aeruptnoaa 1 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1)
camovlobacter Muni 1 0(0/1) 0(0/1) 0(0/1) 100(1/1)
bacteroUea fragtb
atenotroDomonaa maltoohilia
burkholderla cepic1'

Average 700 39 3 1000 100 0 333 43 6 94 4 59 6 95 8 219 344 526 219 100 0 750 55 6 417 41.7
167 49 5 41 1 48 1 60 o l 600
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APPENDIX 6: Clinically slQniflcant community Infection anliblogram

Rifampteln Chloramphen Vancomi'ln FuckJln Cipronoweln Ofioneln Cotnmoxatold Trimethoprim Imipenem Meiopenam Telcoplantn Tetracycline Averaoe

GRAM POSITIVE
enteioeoCcui laeeallt 100(2/2) 230

entehxoccui faeclum 100(1/1) 20.0 44.3

itaphvlococcui auravi1II

60 (U2) 100(2/2) 100 (2/2) 0(0/2) 0(0/2) 69.2 38 4

stieptococtua agilattoe 100(2/2) 60(1/2) 93.fi

etiBptococcua pneumoniae 100(1/1) 100(1/1) 100(1/1) 010/1) 639

ewotococcua pvooenei 100(1/1) 0(0/1) 67 5

100(3/3) €6 7(2.3} 958

il/epfoeoetui vf/yjana 100(1/1) 100(1/1) 100 0

microeoccui »p 100 (2/2) 1000
corvnabideilum id
bacillui r.ereua

GRAM NEGATIVE
aclnetobacter baumanll 100/1/1) 100(1/1) 100(1/1) 100(111) 600

ttlnelobactec twRI
alkattoenes ip 100(1/1) 100(1(1) 0(0/1) 100(1/1) o m

1

11

100(1/1) 100(1/1) 0(CV1) 100(1/1) o (0 /n 61 1

entorobadef’ to.
»nlerotad»/ cloacae ,
aacherfchta coll 100(3%) 100(3/3) 50(2/4) ICO(4/4) 100 (3/3) 637 313
heemophllut Influenzae
klebilella ep. 100 (2/2) 100(2/2) 26.7 456•1 I 100(1/1) 100 (1/1) 100(1/1) 100(1/1) 100(1/1) 38 6 602
Webilelb oxvtoea 100(1/1) 103(1/1) 0(0/1) 100(1/1) 100(1/1) 60.2
Proteus mVsbllls 100(1/1) 100(1/1) 250
pseudomonas aamolnoia 100(1/1) 100(1/1) TOO (1/1) 100(1/') 1000 0
campvlobaetef (elunl 100(1/1) 100(1/11 100(111) 100/1/1) 62 5 3181

•tonol/opomonti ntaHciphilla11

Averaoe 750 1000 1000 1000 1000 100 0 0 43 8 1000 714 54 2
SD 35 4 0 0 0 49 6 417



APPENDIX 7:Ci -ally Insignificant community Infection antiblogram

flo llso lata i Penicillin Amplelllln Cloaclllln CMdllln Piperacillin Co-amoticlav Plptaz Cefazolln Cephalexin Cefotaxime CdturOki, Ceftaiklima Iceflriaxone Ceteplme ErvthromsAln Cllndinwt n Amikacin Gtintim'eln Tobramveln

GRAM POSmVE

rophv-locoeeue aureuti51 5 0(0/5) 40(2/6) 40(2/5) 40(2/6) 40 (2/5) 25 n m 40(1/4) 40(2/6)

------
strapbeoceua pneumoniae
etieptococcue pvogenee

itt6otococcue vltkllane

1
bacillus cerem

GRAM NEGATIVE

alkalkienes feecall*
entarobaclersp.

1 ioo n m 100 (VU ioo n m ioo n m 100 0/1)

klebslella pneumoniae
MeVsiella owtoea
proteUs mlrabllls 1 too t im 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1) 100(1/1} 100(1/1) 100(1/1) 100(1/1) 100(1/1) ioo  n m ioo n m 100(1/1)

i1

bactoroUes fraaHls
s.-nolropomonai maltoohllla
burkholderti cepacia

AV3f83» 0 1000 400 100.1 100 0 1000 to o 1000 15 o1 1000 100 0 1000 4 0 ) 100 0 100 0 1000

»  . -  ______ 0 42 4 0 43 3
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APPENDIX'  ,  cally Insignificant community Infection antfblogram

Rifamplcin Chloramuhen Vancomvcln Fucidin Ciptof1o«cln Ofloxacin CotMmorazok TMma'hoprlm Imlpenem Meiopenam Teicoplanln Telmcycline Averase
GRAM POSmVE
entiroeoecui faecalb
enUiocoeeue taeclum
itaohvloeoeeus lureu i
ebcAylococcui epidtrmldls 88 w n tOO fM l 80 (4/5| 20(1/0) 20 (V8) 316
stieptococcue aoalictbe
I'aeptocoocul cneuMonlae
«tf<o6xocc(Ji pveaenei
stieotcAoceut »n
streetococcui vlridlani
mfcrecoceu.iD
corvnebictertum * d

bacillus ceieue

ORAU NEGATIVE
acinetobacter baumanfl
aclnetobader hsom

alketloenes 10
alkalloonei laecilla
enterobacief tp.
enWobacter cloacae
eacherichb co»
haemoBhlluamnuenzai 100(1/1) lo o n m 100/W ) <00(1/11 100 0 313
klebitolla «o
k'ebeleRa oneumonlae
kiebiiella oxvtoca
preteui mlrabtlti i jo n m 100/VI) <000 2<0
Dieudomonai eetuotnoai
campylobicler Jelunl
bactaraldei (raglils
iteivotrooomonat mattacihUla i
bwkholdefla c » p id i

Avenne 80 0 100 Q 1000 600 1000 500 600 10 0  o"’ icoo
SO
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