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ABSTRACT 

 

Background: Nosocomial bloodstream infections constitute a significant public health 

problem and may be an important cause of morbidity and mortality in patients who are 

hospitalized. The presence of living microorganisms in the blood of a patient is usually 

indicative of a serious invasive infection requiring antimicrobial therapy. Mortality 

associated with bloodstream infections may range from 20 to 50% and depends on 

several factors, including pathogen and host factors. Many septic episodes are 

nosocomial and may be due to microorganisms with increased antimicrobial resistance.  

Aim: This study describes the microbiological profile of the organisms, and their 

resistance to antibiotics, causing bloodstream infections in patients in a tertiary hospital 

in Limpopo between 2004 to 2006 and 2014 to 2016. 

Methods: This was a retrospective laboratory-based serial cross-sectional study of 219 

cultures in 2004 to 2006 73 of which were positive and 1095 cultures in 2014 to 2016 

298 of which were positive. Data, including patient demographics (age, gender), 

microbial species (as recorded in the blood culture reports) and the antibiograms of 

isolated microorganisms, was collected and analysed. 

Results: 371 blood culture results which were culture positive were analysed. 

Coagulase negative staphylococci 190 (51.2%), Acinetobacter baumannii 14 (4%), 

Klebsiella pneumonia 44 (11.9%), Enterococcus spp 23 (6.2%). Enterobacter spp 19 

(5.1%), Staphylococcus aureus 21 (7.3%), and Escherichia coli 14 (3.8%) were 

predominant. The constitution of bacteria cultures isolated where gram status was 

known, was gram-positive 262 (70.6%) and gram-negative 106 (28.6%). Among the S. 

aureus isolates, extended-spectrum beta lactamase (ESBL) positivity was 27 (7.3%). 

The microorganisms exhibited a level of resistance against the following antimicrobials: 

(colistin, imipenem, linezolid, meropenem and vancomycin). 

Conclusions: There was an increase in the numbers of tests, and hence the numbers of 

isolates, between the two study periods. The study demonstrated that there was a less 

than 3% drug resistance level, against antibiotics tested for, in both time periods. There 

was no clinically significant change in the resistance levels between the first and second 

study periods. 

 

Keywords: Bloodstream infections, Bacterial isolates, Antimicrobial resistance 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1. Background to the Research 

The presence of living microorganisms in the blood of a patient is usually indicative 

of a serious invasive infection requiring urgent antimicrobial therapy.  

Mortality associated with bloodstream infections may range from 20 to 50% and 

depends on several factors, including the pathogen and host. Many septic episodes 

are nosocomial and may be due to microorganisms with increased antimicrobial 

resistance [1].  

Primary bloodstream infection (BSI) is a leading, preventable infectious complication 

in critically ill patients and has a negative impact on patients‘ outcome.  

Study done in Geneva Switzerland found that BSI represents about 15% of all 

nosocomial infections and affects approximately 1% of all hospitalized patients. BSI 

increases the mortality rate, prolongs patient stay in an intensive care unit (ICU), and 

generates substantial additional costs [2].  

Patients with febrile illness have a highest suspicion of blood stream infection (BSI). 

This therefore becomes the common reason for admission into hospitals 

in Africa and blood cultures are an important investigation. However, data on the 

prevalence and causes of community acquired BSI in Africa are scarce and there are 

no studies from South Africa. Clinical prediction rules for use of blood cultures 

in Africa is not validated [3]. 

In the two study periods under review the number of admissions in ICU were 1516 

for the study period 2014 to 2016. There were no data available for the number of 

admissions for the study period of 2004 to 2006. 

 

1.2. Research problem /hypothesis 

The aetiology and antimicrobial profile of BSIs continue to change with the evolution 

of medical care, particularly among hospitalized patients who require intensive care 

support and antimicrobial treatment.  
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BSIs remain one of the most frequent infection despite the advances in therapy and 

supportive care. Bloodstream infections are common in hospitalized patients and 

inadequate treatment results in mortality and an increased number of resistant 

organisms. Surveillance studies provided important information that allows for the 

identification of trends in pathogen incidence and antimicrobial resistance.  

The study was initiated because of the limited published data on the prevalence and 

microbiological profile of organisms causing BSI in patients admitted at the 

Pietersburg Provincial Hospital which is a tertiary hospital in the Limpopo province. 

Hypothesis 

H1 

There was a change in the patterns of infectious agents isolated at Intensive Care 

Unit of the Pietersburg Provincial Hospital over the study periods between 2004-

2006 and 2014-2016. 

Ho 

There was no change in the patterns of infectious agents isolated at the Intensive 

Care Unit of the Pietersburg Provincial Hospital over the periods between 2004-2006 

and 2014-2016.  

 

1.3. Justification for the research 

It is important for individual facilities and clinicians to have local data as the 

prevalence of organisms and their antimicrobial profile tend to vary from facility to 

facility and even unit to unit.  

Such information is essential to guide appropriate management of such infections, 

taking into consideration the reported prevalent microbial pathogens and their 

susceptibility profile at a given time.  

The study findings will provide valuable baseline information required for the 

implementation of an antibiotic stewardship initiative; inform local hospital-based 

guidelines and inform policy development to optimize patient care management.  
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The two study periods were studied because we wanted to compare as to, were 

there changes in the type of pathogens isolated ten years apart. Pietersburg hospital 

was functioning as a regional hospital in the years 2004 to 2006 referring most of the 

patients to Dr George Mukhari hospital in Gauteng. In the years 2014 to 2016 it was 

and it still is functioning as the only tertiary hospital in Limpopo and complemented 

by an increase number of specialists and the presence of a microbiologist in the 

National Health Laboratory Services (NHLS). We needed also to determine the 

antimicrobial patterns that were 10 years apart with the expectation that the study 

findings would detect an exponential rise in resistance on organism- drug match in 

the ten-year interval. The three years was to check if there would be rapid change 

year on year. The significant change was evident in year 2014- 2016 as reported.  

 

1.4. Methodology 

 

1.4.1.  Aim of the study 

The aim of this study was to describe the prevalent bacterial pathogens isolated from 

the blood culture specimens received from the Pietersburg Provincial Hospital and to 

review the antimicrobial profiles thereof. The study findings will provide information 

on the trends and distribution of BSI pathogens in the Pietersburg Provincial Hospital 

and provide valuable information for the implementation of antibiotic stewardship 

initiatives; provide data that may inform development of guidelines  or review; assist 

in the monitoring of infection control practices and, importantly, to optimize patient 

care management [4].  

1.4.2. Laboratory methods used to test blood culture isolates 

A causative agent was used to determine the susceptibility patterns, which guided 

the selection of antimicrobials agents. After collection by the clinicians, blood culture 

bottles were incubated in instruments that were generally referred to as the ‗blood 

culture‘ machine.  

The bottle remains incubated for a defined period (five days in this case) before 

releasing them as no growth. In cases where the bottles are ―flagged positive‖ – i.e. 

there was a detection of growth by the machine, the bottle was pulled out and 
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processed further and the peak time to recover an organism was usually between 48 

to 72 hours of incubation.  

2004-2006: 

The BD BACTEC™ Blood Culture Media – BD was used for incubation of the 

bottles; however, the identification was done with Analytical Profile Index (API) which 

is a manual identification of organisms with a limited spectrum. 

2014- 2016: 

The same BD BACTEC™ Blood Culture Media – BD was used for incubation of the 

culture bottles. However, identification and susceptibility testing were done using 

Microscan® which is a semi-automated instrument.  

This instrument is able to produce both the identification and susceptibility in less 

than 24-hour process.  

 

1.4.3. Objectives 

The objectives of the study were to: 

 Determine which organisms were isolated in the ICU of the Pietersburg 

Provincial Hospital in each of the two study periods under review. 

 Compare prevalence (and drug resistance patterns) between the two time 

periods. 

 Determine the rate of extended spectrum of beta lactamase (ESBL) and the 

emergence of carbapenem-resistant enterobacteriaceae (CRE) amongst the 

prevalent enterobacteriaceae. 

 Determine the proportion of methicillin-resistant Staphylococcus aureus 

(MRSA) and vancomycin-resistant enterococci. 

 Determine the demographic profile of patients who had BSIs (age, gender, 

main pathology, specimen type). 
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1.5. Outline of the report 

In this chapter (Chapter One), the introduction to the study is presented and the 

background and problem statement of the study is set out. The research question 

and the aims and objectives of the study are explicated, as well as the importance 

and benefits of the study. A review of the current literature and the limitations that 

were observed in the available literature are discussed in Chapter 2. 

The methodology that was used during the execution of this study is described in 

Chapter 3. Analysis of the data/results and findings is presented in Chapter 4. 

Discussion of the study findings is dealt with in Chapter 5. Conclusions and 

implications of the study is dealt with in Chapter 6. 
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Figure 1.1: Outline of the Dissertation   
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1.6. Definitions of terms 

1.6.1. Antimicrobial stewardship 

Antimicrobial stewardship (AMS): ―antimicrobial stewardship involves selecting 

an appropriate drug and optimizing its dose and duration to cure an infection 

while minimizing toxicity and conditions for selection of resistant bacterial strains‖ 

[5]. 

1.6.2. Minimum inhibitory concentration 

Minimum inhibitory concentration (MIC): ―is the lowest concentration of the 

antimicrobial that will inhibit the visible growth of the microorganism after 

overnight incubation, and minimum bactericidal concentrations (MICs) as the 

lowest concentration of antimicrobial that will prevent the growth of 

microorganism after subculture on to antibiotic-free medium‖ [6]. 

1.6.3. Multidrug resistance 

―Acquired non-susceptibility to at least one agent in three or more antimicrobial 

categories‖ [7]. 

  



8 
 

CHAPTER 2 

 

THE LITERATURE REVIEW 

 

2.1. Introduction 

Chapter 1 set out the background to the study, the research question and the 

hypothesis. The aims, objectives and general outline of the dissertation were also 

presented in Chapter One. In this chapter, the literature that is relevant to the study 

is reviewed and discussed in detail. The search strategy used involved employing 

the word ―bloodstream infections‖ in the following search engines: Google Scholar, 

World Cat, PubMed, Science Direct, Cochrane and Google. The referencing 

software used comes from Mendeley. 

 

2.1.1. Background 

Study done in South Africa in Groote Schuur Cape Town found that BSIs cause 

considerable morbidity and mortality and it is estimated that 10 - 13% of community-

onset BSIs are fatal [8]. 

Studies done in Malawi, Kenya and Tanzania of the patients admitted in these 

hospitals of Africa estimated that 13.5% of adults and 8.2% of children had 

community-acquired BSIs, indicating these are a common cause of illness and 

account for a substantial proportion of all healthcare admissions. Rapid diagnosis, 

identification of the causative bacterial pathogens and appropriate treatment are 

essential in the mitigation of morbidity and mortality associated with BSIs [9]. 

BSIs due to bacterial pathogens affect over 200,000 individuals annually in the 

United States alone. BSIs are tremendously important and have caused a great deal 

of morbidity and mortality worldwide. The attributable mortality of BSI is 

approximately 27% and a recently published national vital statistics report in that the 

country has documented an increase in age-adjusted death rates due to septicaemia 

from 4.2 per 100,000 in 1980 to 13.2 per 100,000 in 1992 respectively [10]. 
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Bloodstream infection is a life-threatening condition that may be complicated by 

septic shock and death.  

Mortality due to septic shock can be as high as 60% despite the instituted treatment. 

A better understanding of the spectrum of pathogens causing BSI is crucial for 

prompt management of patients, as antimicrobial therapy greatly influences the 

outcome of patients with BSI [11]. 

The risk of BSI is inherently higher in critically ill patients due to underlying co-

morbidities and more invasive medical procedures. An analysis by ICU status 

(including adult, paediatrics and neonatal) effectively demonstrates this increased 

risk [12]. 

 

2.1.2. Incidence 

A study undertaken in hospitals in the United States found that 87% of BSIs were 

mono-microbial. Gram-positive organisms were found to be responsible for 65% of 

these infections, while gram-negative organisms caused 25% of these infections. 

The crude mortality rate was found to be in the region of 27%. The same study found 

that the most common organisms causing BSIs were coagulase-negative 

Staphylococci (CoNS) (31% of isolates), Staphylococcus aureus (20%), enterococci 

(9%) and Candida species (9%) [4].  

The mean interval between admission and infection was 13 days for infection with 

Escherichia coli, 16 days for S. aureus, 22 days for Candida species and Klebsiella 

species, 23 days for enterococci, and 26 days for Acinetobacter species. CoNS, 

Pseudomonas species, Enterobacter species, Serratia species, and Acinetobacter 

species were more likely to cause infections in patients in intensive care units.  

Patients who are neutropenic, infections with Candida species, enterococci, and 

viridans group Streptococci were more common [4].   

Population studies done in the past have identified that some cases can be poly 

microbial as per a study done in Canada where eight cases (3.2 per 100 000) were 

found to be poly-microbial.  

The most common isolates in that study were E. coli, S. aureus and Klebsiella spp. 

with rates of 19, 9.7 and 8.9 per 100 000 population, respectively [13].  
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The SENTRY study conducted for the surveillance program revealed that 

Staphylococcus aureus was found to be the most common cause of BSI, skin and 

soft tissue infections and pneumonia [14]. A high incidence of nosocomial infections 

(NI) occurs in intensive care units, and these infections are becoming one of the 

most important problems in ICUs.  

It is well known that these infections are a major cause of morbidity and mortality in 

critically ill patients and are associated with increases in the length of stay and 

excessive hospital costs [15].  

Richards et al., (1999), based on their study done on the patients in ICU by infection 

site, indicated that 87% of primary BSIs were associated with central lines. 86% of 

nosocomial pneumonia was associated with mechanical ventilation. 95% of urinary 

tract infections were associated with urinary catheters. The same study found that 

coagulase-negative Staphylococci (36%) was the most common BSI isolated, 

followed by enterococci (16%) and Staphylococcus aureus (13%). 12% of 

bloodstream isolates were fungi. The most frequent isolates from pneumonia were 

Gram-negative aerobic organisms (64%). Pseudomonas aeruginosa (21%) was the 

most frequently isolated of these. S. aureus (20%) was isolated with similar 

frequency [15].  

 

2.1.3. Prevalence 

Nosocomial infections are seen far more often in ICUs than in normal wards due to 

the immuno-suppressed state of many ICU patients and the continuous use of 

invasive diagnostic and therapeutic procedures. Most of these infections are of 

endogenous origin [16].  

Staphylococcus aureus is one of the most important human pathogen and has, over 

the past several decades, been a leading cause of hospital and community-acquired 

infections. It has been associated with a variety of clinical infections including 

septicaemia, pneumonia, wound sepsis, septic arthritis, osteomyelitis and post-

surgical toxic shock syndrome with substantial rates of morbidity and mortality [17].  

One of the reasons for the success of this human pathogen is its great variability, 

occurring at different periods and places with diverse clonal types and antibiotic 

resistance patterns within regions and countries.  
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Although infections caused by antibiotic-resistant S. aureus bring about serious 

problems in the general population, such infections can be particularly devastating 

for the very young, the elderly and the immunocompromised [17]. 

Staphylococcus aureus is the primary cause of nosocomial infection in the United 

States. In a study conducted in New York City, Methicillin Resistant Staphylococcus 

aureus (MRSA) accounted for 30% of nosocomial infections and 50% of associated 

deaths [18].  

Healthcare-associated infections (HAIs) are the leading cause of significant morbidity 

and mortality in patients receiving healthcare. The costs (direct and indirect) of these 

infections deplete the limited financial resources allocated to healthcare delivery. It is 

estimated that one in seven patients entering South African hospitals is at high risk 

of acquiring a HAI. Of these infections, lower respiratory tract infections, bloodstream 

infections and post-surgical infections account for the majority (about 80%) of HAIs 

[19]. 

The risk of BSI is inherently higher in critically ill patients due to underlying co-

morbidities and more invasive medical procedures. An analysis by ICU status 

(includes adult, paediatrics and neonatal) effectively demonstrates the increased 

risk. Staphylococcus aureus remains a major causative organism of healthcare-

associated bloodstream infection (HA-BSI), responsible for 17% of all HA-BSI 

episodes (including polymicrobial episodes where S. aureus was one of the 

organisms isolated) [12].  

Bloodstream infections are frequent and can usually cause high case-fatality rates. 

Urgent antibiotic treatment can save the lives of patients. However, antibiotic 

resistance can render antibiotic therapy futile. A study conducted in Zanzibar found 

that the most frequently isolated microbes are Klebsiella pneumoniae, Escherichia 

coli, Acinetobacter spp. and Staphylococcus aureus. some of which were community 

acquired. This was a very worrying factor because it rendered most of the 

antimicrobials used at the time resistant [20]. Worldwide transmission of extended-

spectrum beta-lactamase producing Enterobacteriaceae (ESBL-E) and their subset 

producing carbapenems is alarming. However, limited data on the prevalence of 

such strains in patients from Sub-Saharan Africa is currently available.  
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A study done in Banako in Mali in two teaching hospitals, which are at the top of the 

health care pyramid in that country, showed that 77 patients had an E-BSI and as 

many as 48 (62.3%) were infected with an ESBL-E. ESBL-E BSI were associated 

with a previous hospitalization and were more frequent in hospital-acquired 

episodes. Among the 82 isolated Enterobacteriaceae, 58.5% were ESBL-E 

(Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae) [21]. 

The prevalence of Gram-positive pathogens causing bacteraemia has increased 

over the past 20 years. This is mainly due to the increase in the coagulase-negative 

Staphylococci (CoNS) and enterococci.  

This increase can be attributed to the selective pressure exerted by the use of broad-

spectrum antibiotics, such as the third-generation cephalosporins and 

fluoroquinolones, which are generally more potent against Gram-negative than 

Gram-positive bacteria. This increase can also be attributed to an increased use of 

invasive devices [22]. 
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2.1.4. Working Classification of bloodstream pathogens 

 

 

 

Figure 2.1: Classification of Gram-positive and Gram-negative microorganisms 
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A study done over a period of 29 years found that Staphylococcus aureus, 

coagulase-negative Staphylococci (CoNS), Enterococcus species, Clostridium 

difficile and other anaerobes significantly increased, whereas Escherichia coli, 

Pseudomonas aeruginosa, Klebsiella species, Enterobacter species, and other 

Streptococci significantly decreased in relative proportion in frequency of pathogens 

[23].  

The rapid expansion of ESBL resistance among common Gram-negative pathogens, 

and the emergence of MRSA, highlight the growing challenge of BSIs that are 

effectively impossible to treat in resource-limited settings [24].  

CoNS is the most common of pathogens within all clinical services, with the 

exception of obstetrics, where Escherichia coli is most common.  

Methicillin resistance is detected most commonly; Staphyloccocus aureus and CoNS 

isolates are the most common isolates in a hospital setup. Vancomycin resistance in 

enterococci is species-dependent, in particular to the Enterococcus faecalis strains, 

while Enterococcocus faecium isolates also display resistance to vancomycin [25].  

Critically ill patients are particularly vulnerable to hospital-acquired infections. These 

hospital infections are two to seven times more common in ICUs and account for 

approximately half of all hospital-acquired BSI. BSI is more common in patients who 

have had surgery, who are immunocompromised, who usually develop multiorgan 

dysfunction, who require mechanical ventilation or renal replacement therapy and 

who have greater illness severity on ICU admission. Some of the critically ill patients 

may be genetically predisposed to developing BSI and dying in hospital. Thus, BSI 

may be a marker of illness severity and pre-morbid condition as well as a direct 

contributor to adverse outcome [26].  

There is an increasing isolation in the frequency of Gram-positive pathogens in 

severe ICU infections which has resulted in greater usage of vancomycin. This may 

account for the rising incidence of vancomycin-resistant enterococci [22].  
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2.1.5. Antimicrobial susceptibilities of gram-positive pathogens 

Antimicrobial agents were tested against the four most prevalent causes of Gram-

positive BSI (S. aureus, CoNS, enterococci, and S. pneumoniae) in the United 

States and Canada. In both of these countries these microorganisms accounted for 

approximately 50% (51% in the United States and 49% in Canada) of all 

bacteraemia episodes [10]. Studies undertaken in Belgrade found that antibiotic 

resistance of CoNS was highest when compared to beta-lactam antibiotics, 

macrolides, and tetracyclines. Tigecycline, linezolid, and vancomycin produced the 

highest activities against CoNS in in-vitro conditions, and consumption of linezolid 

and tigecycline increased during the period that the study was conducted.  

Novel antimicrobial agents are still unavailable and/or too expensive in developing 

countries. However, inappropriate use of the available antibiotics may lead to the 

rapid development of resistant strains in the near future [27].  

Most of the pathogens isolated from blood cultures show high rates of resistance to 

the most commonly used antibiotics, that is, antibiotics used to treat bacterial 

infections. Rational use of antibiotics should be practiced at all times [28].  

The adverse outcomes of nosocomial infections caused by resistant pathogens 

(MRSA and VRE) include increased hospital mortality, increased length of stay in 

hospital and intensive care unit (ICU) costs also increase. 

Two meta-analyses conducted in the USA demonstrated that bacteraemia caused by 

MRSA is associated with significantly higher mortality rates than bacteraemia caused 

by methicillin-susceptible Staphylococcus aureus [29]. 

Inadequate antimicrobial therapy is relatively common, with studies generally 

reporting an incidence of inappropriate antibiotic therapy. Inadequate antimicrobial 

treatment is an important factor in the emergence of infections caused by antibiotic-

resistant bacteria. Factors associated with administration of inadequate antibiotic 

therapy include the presence of resistant pathogens, prior antibiotic administration 

and invasive procedures. Other factors that may contribute to inadequate 

antimicrobial treatment include the use of broad-spectrum antibiotics, prolonged 

hospital stay and prolonged mechanical ventilation. All of the above are also 

attributable to the Gram-positive nosocomial pathogens [24]. 
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Studies done in the past have demonstrated that there is higher mortality, prolonged 

length of hospital stay and higher costs associated with methicillin-resistant 

Staphylococcus aureus infections when compared to methicillin-susceptible 

Staphylococcus aureus (MSSA) infections. Similarly, vancomycin-resistant 

enterococci BSIs have a negative impact on mortality, length of hospital stay and 

costs when compared to infections due to vancomycin-susceptible enterococci. 

These challenges demonstrate that distinctive prophylactic and therapeutic 

approaches have to be undertaken to successfully prevent the clinical consequences 

of antibiotic resistance in Gram-positive bacteria [30].  

Infections with Gram-positive rods are rare in comparison to those caused by Gram-

positive cocci or Gram-negative rods. Gram-positive rods do not often figure in 

antibiotic susceptibility studies and very few, if any, large-scale or controlled clinical 

studies involving these organisms are available. Only anecdotal experience exists for 

many antimicrobials [31].  

It has also emerged that serious infections caused by Gram-positive pathogens are 

becoming increasingly difficult to treat because of pathogens such as methicillin-

resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE) 

and penicillin-resistant Streptococcus pneumoniae. The more recent emergence of 

vancomycin-intermediate and -resistant MRSA (VISA and VRSA) has further 

compromised treatment options. Resistance to, and clinical failures with newer 

antimicrobial agents such as linezolid, have also emerged.  

There is a clinical need for new antimicrobial agents that have suitable 

pharmacokinetic properties and safety profiles with activity against the Gram-positive 

pathogens [32].  

There is a perception that multidrug resistant bacteria (MDR) can also be due to 

colonization. Studies conducted in Europe found a high rate of MDR colonization 

among patients previously hospitalized in the (sub) tropics, whereas the figures for 

patients from the temperate regions were low. Furthermore, a study using 

multivariate analysis identified several independent risk factors, which were: 

destination, invasive procedure or antimicrobial use abroad, age <6 years, visiting 

friends and relatives travel or foreign residence, direct inter hospital transfer, and 

short time since hospitalization [33].  
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Multidrug-resistance among Gram-positive genera is increasing globally, particularly 

in pathogens such as penicillin-resistant pneumococci, methicillin-resistant S. aureus 

(MRSA) and ampicillin-resistant enterococci, all of which are now resistant to 

glycopeptides. These developments pose a serious threat to the efficacy of available 

antimicrobials [34]. 

Methicillin-resistant Staphylococcus aureus strains have become a major problem in 

many countries, both affluent and poor. A study conducted by Finch found that 

prevalence varies markedly from country to country, with very high levels of S. 

aureus isolates reported in the Far East, while lower prevalent levels were reported 

in countries such as Germany, the Netherlands and Switzerland [35]. 

Any bacteria can develop antimicrobial resistance (AMR), but still maintain its 

susceptibility to many others, allowing for successful treatment in clinical settings. A 

selected group of bacteria has been described by the acronym of ESKAPE 

(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) 

[36]. Staphylococcus aureus is the most significant cause of Gram-positive 

bacteraemia in the developed world, where the incidence varies between10 to 30 per 

100 000 person-years. Methicillin resistance is the hallmark of antimicrobial 

resistance in both S. areus and CoNS, and can be regarded an indicator for 

multidrug resistance [36]. 

 

2.1.6. Antimicrobial susceptibilities of Gram-negative pathogens 

The treatment of bacterial infections is increasingly becoming more complicated due 

to bacteria developing resistance against antimicrobials.  

The principal mechanism of action of the antimicrobials is usually categorized by 

their mechanisms of action. Mechanisms of action include the following: interference 

with cell wall synthesis (e.g., β-lactams and glycopeptide agents), inhibition of protein 

synthesis (macrolides and tetracyclines), interference with nucleic acid synthesis 

(fluoroquinolones and rifampin), inhibition of a metabolic pathway (trimethoprim-

sulfamethoxazole) and disruption of bacterial membrane structure (polymyxins and 

daptomycin).  
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Bacteria may be resistant to greater/equals to class of antimicrobial agents, or it may 

acquire resistance by de novo mutation or via the acquisition of resistance genes 

from other organisms [37].  

Gram-negative pathogens producing extended spectrum of β-lactamses are now 

common and are associated with high rates of inadequate empirical treatment and 

mortality. In addition, carbapenem resistance is increasing, leaving clinicians with 

limited therapeutic options. Better knowledge of local epidemiology can help to 

optimize therapies [38]. Enterobacteriaceae emergence and spread is complicating 

the treatment of serious nosocomial infections which is threatening the current 

available antimicrobial agents. Twenty percent of Klebsiella pneumoniae infections 

and 31% of Enterobacter spp infections in intensive care units involves strains that 

are no longer susceptible to third-generation cephalosporins [39]. 

Pandrug resistance of the Gram-negative pathogens such as P. aeruginosa, A. 

baumannii or K. pneumoniae is relatively rare but there is emerging evidence that if 

care to avoid their resistance is not carefully taken there will be challenges in the 

future [40].  

A study done in South Africa found that there was compelling evidence to conclude 

that the overall resistance rate to some pathogens (MIC > 8 mg/l) was 56.2%, and 

high-level resistance (MIC > 1024 mg/l) occurred in 24,0% of the total [41].  

Studies performed in the Congo found that Gram-negative organisms mostly isolated 

were Enterobacteriaceae, particularly E. coli. Discrepancies were discovered based 

on the fact that what was observed was not in line with what was reported in the 

earlier years [42].  

Antibiotic therapy in an ICU is sometimes given empirically while awaiting blood 

culture results. However, empirical therapy should be designed with regard to the 

bacterial epidemiology and the aim should be to optimize outcomes while attempting 

to reduce the potential for resistance development. The antimicrobial therapy for 

resistant pathogens includes the following carbapenems, ertapenem for ESBL's, 

cefepime, piperacillin/tazobactam and, on occasion, the Gram-negative quinolones, 

ciprofloxacin and levofloxacin.  
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Consideration should be given to the possibility of ‗collateral damage‘, where 

overuse of an antibiotic predisposes to multi-drug resistance. The use of antibiotics 

should be limited, where possible, to those organisms that are pathogens and not 

colonizers and should be discontinued if blood culture results are available where 

sepsis is not confirmed or there is rapid resolution of clinical indicators of sepsis [43]. 

Carbapenems have always been the first-choice drug prescribed to patients in ICU 

where Enterobacteriaceae was involved, even though it has not been adequately 

evaluated as the causative organism. The treatment of ICU-acquired infections due 

to carbapenem-resistant Gram-negative bacteria is currently scarce. There are 

recent reports emphasizing the spread of colistin resistance in environments with a 

high volume of polymyxins use. These reports have elicited a major concern [44]. 

Sometimes it is unavoidable to prescribe antimicrobials empirically. If an occasion 

warrants the use of the antibiotic for the Gram-negative organisms, one should never 

use any antimicrobial that has been used within the last 12 months because resistant 

to such an antimicrobial might have occurred [45].  

Studies undertaken in the past have indicated that elderly patients, severe 

underlying illness and ICU admission are risk factors for carbapenem resistance 

Enterobacteriaceae (CRE) bacteraemia. High rates of carbapenem resistance 

Acinetobacter baumannii from the bloodstream presents a huge dilemma to 

clinicians regarding the choice of empirical antibiotic treatment, as inappropriate 

empirical treatment can lead to high mortality rates [46].  

In resource-constrained settings Infections caused by some superbugs, such as 

carbapenem resistance and extensively drug-resistant Gram-negative pathogens, 

pose a great challenge. The lack of last resort antibiotics such as colistin and 

tigecycline makes treatment difficult [46]. It must be noted that a delay in initiating 

empiric antibiotics will result in the development of resistance because resistance is 

time bound. Appropriate antimicrobials must be started 24 to 48 hours post 

availability of blood culture results [47]. 

Studies done in the past indicate that it is not rare to develop colistin resistance. 

Cognisance must be taken of the fact that patients who stayed longer in ICU and 

hence received longer periods of colistin treatment are more likely to develop colistin 

resistance, which is regarded as the superbug treatment option [48].  
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Nosocomial infections caused by P. aeruginosa and A. baumannii respond very well 

to colistin. However, a colistin side-effect is nephrotoxicity which can also be 

attributed to other comorbid conditions, especially for patients admitted in ICU [49]. 

 

2.1.7. Antimicrobial stewardship 

The emergence of antimicrobial resistance has prompted countries, through the 

guidance of World Health Organization (WHO), to formulate the legislative 

framework on antimicrobial resistance. The Centre for Disease Control (CDC) 

formulated the 12 steps as core elements to guide hospitals on the antibiotic 

stewardship programs.  

Prevent infection: vaccinate and get the catheters out. diagnose and treat infection 

effectively by targeting the pathogens, get access to the experts. Emphasis was also 

placed the wise use of antimicrobials. Practice antimicrobial control and also use 

local data as a guide to intervention. Treat infection, not contaminations and treat 

infection, not colonisations. Healthcare workers must also be taught to know when to 

say ―no‖ to vancomycin. Stop treatment when infection is cured or unlikely to prevent 

transmission. Isolate the pathogen and break the chain of contagion [50]. 

Antimicrobial use is the key driver of resistance and the selective pressure comes 

from overuse in many parts of the world. The WHO has also noticed that antibiotics 

are also used to treat minor infections and that misuse also stem from lack of access 

to appropriate treatment. Inadequate use of antimicrobials can also be driven by a 

lack of financial support to complete the treatment courses, in some instances. 

Hence, one of the recommendations made by the WHO was that countries should be 

encouraged to develop sustainable systems in order to detect resistant pathogens 

and to monitor volumes and patterns of antimicrobials use. In so doing the impact of 

control measures should be detected timeously [51]. South Africa is guided by the 

constitution which states that: 

―Guided by the substantive content of all laws and policies through its Bill of Rights. 

The Constitution provides for health policy and practices that respond to the needs of 

South Africans. In terms of Section 27 of the Constitution access to health care in 

itself is a basic human right. 
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―All reasonable measures must be taken to ensure that this right is protected, 

promoted, and fulfilled within the limits of available resources‖. The Health Act further 

states: establishment of ―a system of co-operative governance and management of 

health services, within national guidelines, norms and standards, in which each 

province, municipality and health district must address questions of health policy and 

delivery of quality health care services‖.  

The Department of Health, through its guidance, has mandated hospitals to 

formulate antimicrobial stewardship interventions.  

The hospitals must put in place, as part of its strategic framework, antimicrobial 

stewardship (AMS) ward rounds, which have been shown to reduce the prescription 

of antibiotics in South Africa without affecting patient safety [52]. 

No defined acceptable norms for antimicrobial resistance levels were found in the 

literature, either from CDC or WHO; and hence there is no literature review section 

on this topic.  
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CHAPTER 3 

 

METHODOLOGY 

 

3.1. Introduction 

Chapter 1 dealt with the background to; the rationale for; and the aims and 

objectives of the study. In Chapter 2, literature pertaining to the profile of 

microorganisms which cause nosocomial infections, and their susceptibility, was 

dealt with. 

In Chapter 2 we also learned about the rational for the use of the empirical 

antimicrobials while awaiting blood cultures.  

In this chapter, we are going to learn about the methodology used and how the study 

was conducted in order to arrive to the findings. 

In this chapter, the research methodology is set out in terms of the study design, the 

study setting and the procedure. 

  

3.2. Justification of the methodology 

It was important for our facility (Pietersburg Provincial Hospital) and our clinicians 

that this study used local data, as the organism prevalence and their antimicrobial 

profile tend to vary from facility to facility and even unit to unit. Local information is 

essential to guide the appropriate management of BSIs, taking into consideration the 

reported prevalent microbial pathogens and their susceptibility profile at a given time.  

To achieve this, a cross-sectional, laboratory based study comparing two study 

periods (2004-2006 and 2014- 2016) was undertaken to determine the prevalent 

bacterial pathogens causing BSIs and the antimicrobial profile thereof.  

The local data used was drawn from the NHLS and the approach to the methodology 

assisted the researcher to compare the two-time periods in a way that would inform 

best practice and an evidence-based approach. 
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3.3. Research procedures 

 

3.3.1. Study setting 

The study was conducted at the Pietersburg Provincial Hospital, which is a 500-bed 

tertiary hospital. Most of the culture results that were analysed were drawn from the 

adult ICU, which is a 12-bed, multidisciplinary unit. Specimens or tests were also 

collected from the hospital‘s paediatrics ICU, which has 6 beds.  

Pietersburg Provincial Hospital is the biggest tertiary hospital in the Limpopo 

province, with 18 clinical disciplines. It is a referral hospital for the 5 regional 

hospitals in the province. 

The staff complement in the adult ICU consisted of 1 operational manager, 32 

professional nurses and 4 enrolled nurses. Specialist medical care was provided on 

an ad hoc basis, since there was no full-time specialist appointed to the ICU. 

The paediatrics ICU had 2 pulmonologists, 1 operational manager, 7 professional 

nurses and 6 enrolled nurses. The National Health Laboratory Services (NHLS), who 

provided the results, were operating inside the hospital premises with 7 technicians, 

5 technologists and 1 microbiologist. 

   

3.3.2. Study isolates from blood cultures  

Information from all the patients who were admitted in the ICU between January 

2004 to 2006 December and January 2014 to 2016 December with available 

laboratory records of their positive blood cultures was drawn.  

 

Inclusion criteria  

All patients who were admitted to the ICU of this tertiary hospital on whom blood 

cultures were performed in the defined study period were included in the study. 
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Exclusion criteria:  

Patients with blood culture investigations from NHLS who were not admitted to the 

ICU during the study period were excluded.  

Blood culture results that did not yield significant (non-pathogenic) organisms (skin 

commensals) were excluded. 

 

3.3.3. Sampling  

 

Sampling method: 

All positive the blood culture results of patients who met the inclusion criterion were 

included in the study. The raw data of blood culture results was provided in an Excel 

spreadsheet by the Polokwane Microbiology Division of the National Health 

Laboratory Services for analysis.  

 

Sampling size: 

All blood culture isolates tested during two three-year periods over an interval of 10 

years (between 2004 – 2006 and 2014 - 2016) were analysed.  

It was anticipated that a total of 372 blood culture results per each 3-year period from 

2004 – 2006 and 2014 - 2016 would be available for analysis when considering the 

average blood cultures positivity rate of 20 -25% (an estimation of positive blood 

culture results was 25% of 423 = 105.75 pulled from the ICU proportion). Relative 

proportions were used to compare the prevalence of drug resistances in the two 

study periods.  

Power and sample size software was used to estimate the required sample size on 

the assumption that a relative proportion of 2 or greater would be of practical 

interest. The power of 80% was used to detect a difference; the required sample size 

was 200 in each of the two study periods. 
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In fact, it was expected that there would be more than 200 blood culture positive 

results with susceptibility testing results from both time periods (all organisms 

isolated). Resistance was defined as, resistance to at least the usual first line drugs 

for a particular organism. iI then present it was deemed to be present.  

 

3.3.4. Measurements 

Data, including patient demographics (age, gender), microbial species (as recorded 

in the blood culture reports) and the antibiograms of isolated microorganisms, was 

collected and analysed. The prevalence, trends, ratios and percentages of variables 

measured was presented using tables, graphs, charts and figures in this chapter. 

The groups of interest made up of the organisms that constituted resistance was 

defined as follows: 

For all ESBL organisms – first line would be carbapenems (imipenem or 

meropenem) 

CRE – Colistin 

MRSA – Vancomysin 

VRE - Linezolid   

 

3.3.5. Pilot Study 

This was a retrospective study involving archived data, therefore, there was no need 

to undertake a pilot the study, since the official reports of patients used were those 

that had been previously released. 

 

3.4. Data analysis plan 

No additional data were collected. Only the data provided by the NHLS in a form of 

an ESpreadsheet was analysed. 

These data were entered into Epidata and saved as a Stata file for analysis in Stata 

version 13 from StataCorp LP (Serial number 301306259987).  

Summary measures included proportions for binary variables and ratios for 

categorical variables with more than 2 outcome states. 
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Chi square tests or Fisher‘s exact tests, was used to determine whether any 

changes in antibiotic resistance were statistically significant (alpha = 0.05).  

 

3.5. Data management 

Data storage was electronic based, compatible with the format of the data collected. 

The data was stored in Dropbox, iCloud and Google Cloud for a period of ten years. 

The data were also routinely stored by the NHLS. 

 

3.6. Ethical considerations 

Approval of the research protocol was sought from the Academic Advisory 

Committee (AAC) and the Research Ethics Committee of Faculty of Health 

Sciences, University of Pretoria and NHLS. Confidentiality was maintained as no 

names were included in the extracted data and no potential harm was envisaged.  

A potential conflict of interest might be that the researcher works in the same 

hospital in which the study was conducted and formed part of the management team 

and the team of clinicians. The NHLS gave permission to conduct the study, 

however, the actual data extraction was done once the study had been approved by 

the university‘s ethics committee.  

 

3.7. Conclusion 

All processes for performing the study were followed, including ethics approval from 

both the Academic Advisory Committee and the Faculty of Health Sciences 

Research Ethics Committee (Ethics Reference No: 332/2017). 

The methods, as guided by the researcher‘s supervisors, were adhered too. 
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CHAPTER 4 

 

PRESENTATION AND INTERPRETATION OF THE RESULTS 

 

4.1 Introduction 

The aim of this study was to describe the prevalent bacterial pathogens isolated from 

the blood culture specimens received from Pietersburg Provincial Hospital and to 

review the antimicrobial profile thereof. This chapter outlines how the results 

correlated with the data that were analysed, that is, whether the trends found in our 

setting were in line with those found in other centres, as per the following objectives:  

 To determine the demographic profile of patients who had BSIs (age, 

gender, main pathology, specimen type).  

 To determine which organisms were isolated in each of the two 

comparisons periods. 

 To compare drug resistance patterns between the two study periods. 

 To determine the rate of ESBL and the emergence of CRE amongst the 

prevalent Enterobacteriaceae. 

 To determine the proportion of MRSA and vancomycin-resistant 

enterococci. 

 

4.2. Patient Demographics 

A total of 371 patient blood culture records were reviewed during the study period. Of 

these, 234 (63%) were drawn from males, while only 123 (33%) were drawn from 

females. Fifteen (4%) were drawn from patient of unknown sex.  

Figure 4.1 shows the gender proportion/ distribution of the two study periods. There 

was a significant increase in the proportion of records drawn from males from 48% in 

2004-2006 to 67% in 2014-2016 (p<0.001; chi square test). 
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Figure 4.1:   Gender proportion/ distribution of the two study periods  

 

The mean age of the patients was 28.8 ±21.9 years ranging from 1 month to 90 

years old. Overall, greater proportions (20%) of the patients were aged less than 5 

years of age, followed by those in the age group (16%) 30-39 years and (15%) were 

in the 20-29 years age group. The age distribution per study period is illustrated in 

Figure 4.2. There was a significant association between period of study and age 

(p<0.001; chi square test).  

This significant change was mainly due to the increased number of bloods cultured 

from the under-fives age group. 
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Figure 4.2: Age distribution by study period 

 

4.3. Organisms isolated in each of the two study periods  

Of the 371 blood culture positive specimens isolated, 204 (55%) were Gram-positive 

and 55 (14.8%) were Gram-negative microorganisms. The top five most frequent 

microorganisms derived from the samples included CoNS 190 (51.2%), 44 (11.9%) 

Klebsiella spp, 23 (6.2%) Enterococcus spp, and 19 (5.1%) Enterobacter spp and 14 

(4%) Acinetobacter spp. These species accounted for 78.4% of all the pathogens 

isolated (Figure 4.3).  
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Figure 4.3: Distribution of microorganisms isolated (2004/06 -2014/16) 

 

 

 

There were no additional/unique organisms in 2004-2006. However, additional 

microorganisms that were detected in 2014 to 2016 were as follows: 

 Burkholderia cepacia 

 Candida spp 

 Citrobacter koserii 

 Providencia stuatii 

 Salmonella spp 

 Stenotrophomonas melophilia 
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The CoNS significantly increased from 32% in 2004/06 to 56% in 2014/16, while the 

Acinetobacter spp significantly decreased from 11% to 2% (p<0.05, Table 4.1), 

respectively. The E. Coli, Staphylococcus aureus and Streptococcus group (A-F), 

while increasing in numbers, decreased in terms of proportion of isolates (a 

decrease in proportion p = 0.227, chi square test); while the Enterococcus spp and 

K. pneumoniae increased in both numbers and proportions (decrease in proportion p 

= 0.688, chi square test).  

Table 4.1: Pattern of microorganisms per study period  

  2004-2006 (n=73) 2014-2016 (n=298) 
p-values* 

Organism No % No % 

Acinetobacter spp 8 11 6 2 0.002 

Coagulase negative staph 23 32 167 56 <0.001 

E coli 4 5 10 3 0.489 

Enterobacter spp 4 5 15 5 0.774 

Enterococcus spp 4 5 19 6 >0.999 

K.pneumoniae  8 11 36 12 >0.999 

Proteus spp 2 3 2 1 0.175 

Pseudomonas spp 2 3 9 3 >0.999 

Staphylococcus aureus  6 8 21 7 0.801 

Streptococcus pneumonia 2 3 3 1 0.256 

Streptococcus group (A-F) 3 4 6 2 0.388 

Viridans streptococci  2 3 4 1 0.337 

MRSA  1 1 0 0 0.197 

MRSE  2 3 0 0 0.038 

Other_Klebsiella  2 3 0 0 0.038 

*Fisher‘s exact test p-values 
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Table 4.2: Distribution of antimicrobial agents used in susceptibility tests 

  

2004/06 
(n=73) 

2014/2016 
(n=298) p-values 

  No % No % 

Colistin  3 4.1 2 0.7 0.054 

Imipenem 19 26.0 61 20.5 0.340 

Linezolid 6 8.2 187 62.8 <0.001 

Meropenem 19 26.0 75 25.2 0.881 

Vancomycin 22 30.1 215 72.1 <0.001 

 

 

A list of the most commonly used drugs for isolates is shown in Table 4.2. 

Vancomycin and Linezolid were the main drugs used in the wards for treatment of S. 

aureus infections during the time periods.  

Testing for susceptibility against these two antibiotics increased between 2004/2006 

and 2014/2016 and this increase was statistically significant. 

 

4.5. Drug susceptibility and resistance pattern 

Comparison of the susceptibility and resistance pattern of the different 

microorganisms to various antibiotics per study period is illustrated in Table 4.3.  

Coagulase-negative Staphylococcus (CoNS) was the most cultured microorganism 

and showed susceptibility to both linezolid and vancomycin with a significant 

increase in 2014/16 as compared to 2004/06.  

Staphylococcus aureus was only observed in linezolid and vancomycin cultures. 

Acinetobacter baumanni was cultured in both colistin and meropenem together with 

Klebsiella pneumonia.  

Escherichia coli were observed in the carbapenems (imipenem and meropenem). 
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Table 4.3: Microorganism resistance and susceptibility profiles to antibiotics tested 

  

2004/06 

Susceptibl

e 

2004/06 

Resistance 

2014/16 

Susceptible 

2014/16 

Resistance 

COLISTIN (n=5) 
 

 
  Acinetobacter spp 

 
1 1 

 Enterobacter spp 

 
1 

  K.pneumoniae  1  
  IMIPENEM (n=80) 

 
 

  Acinetobacter spp 4 1 2 
 E coli 2  9 
 Enterobacter spp 2  11 
 K.pneumoniae  7 1 29 
 Proteus spp 2  

 
1 

Pseudomonas spp 

 
 8 

 LINEZOLID (n=193) 

 
 

  Coagulase -egative staph 1 1 152 4 

Enterococcus spp 4  12 
 Staphylococcus aureus  

 
 18 

 MEROPENEM (n=94) 

 
 

  Acinetobacter spp 3 2 3 2 

CoNS 

 
 1 

 E coli 2  10 
 Enterobacter spp 2  13 
 K.pneumoniae  7 1 36 
 Proteus spp 2  1 1 

Pseudomonas spp 

 
 8 

 VANCOMYCIN (n=237) 

 
 

  CoNS 13  157 5 

Enterococcus spp 2 2 18 
 Staphylococcus aureus  1  21 
 Streptococcus pneumonia  

 
 3 

 Streptococcus group (A-F)  1  6 
 Viridans streptococci 

 
 3 

 MRSA  1  
  *Numbers differ from those in Tables 4.1 and 4.2 since not all isolates were tested for susceptibility. 
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Table 4.4: Percentage of resistance pattern to antibiotics 

  Colistin Imepenem Linezolid Meropenem Vancomycin 

  

2
0
0
4

/0
6
 

(n
=

7
3
) 

2
0
1
4

/1
6
 

(n
=

2
9
8
) 

2
0
0
4

/0
6
 

(n
=

7
3
) 

2
0
1
4

/1
6
 

(n
=

2
9
8
) 

2
0
0
4

/0
6
 

(n
=

7
3
) 

2
0
1
4

/1
6
 

(n
=

2
9
8
) 

2
0
0
4

/0
6
 

(n
=

7
3
) 

2
0
1
4

/1
6
 

(n
=

2
9
8
) 

2
0
0
4

/0
6
 

(n
=

7
3
) 

2
0
1
4

/1
6
 

(n
=

2
9
8
) 

Acinetobacter spp 1.4 
 

1.4 
   

2.7 0.7 
  

Enterobacter spp 1.4 
         

K.pneumoniae  
  

1.4 
   

1.4 
   

Proteus spp 
   

0.3 
   

0.3 
  

CoNS 
    

1.4 1.3 
   

1.7 

Enterococcus spp 
        

2.7 0.3 

 

 

The resistant pattern of the microorganisms as depicted above shows that 

Acinetobacter spp. was resistant to meropenem in both time periods but decreased 

from 2.7% to 0.7%. The table also showed the resistance pattern to colistin and 

imipenem in 1.4% specimens in 2004/06. Enterococcus showed resistance to 

vancomycin in both time periods but decreasing from 2.7% to 0.3%. CoNS exhibited 

resistance to linezolid in both time periods (1.4% to 1.3%) and to vancomycin (1.7% 

in 2014/16).  

With regards to the rate of ESBL and the emergence of CRE amongst the prevalent 

Enterobacteriaceae, Klebsiella pneumonia was found to be predominant, hence the 

reporting. There was an increase of the ESBL-positive for K. pneumonia as indicated 

in Table 4.1 above in both study periods (2004-2006 and 2014-2016). No CRE were 

detected in either study period, as shown in Table 4.4 above. Below are the 

extended spectrum beta lactamases (ESBL) results for those specimens that were 

evaluated in the two study periods. 

Table 4.5 ESBL positivity proportions in the two study periods 

Year  Total ESBL - ESBL + %ESBL + 

2004-2006 9 7 2 22% 

2014-2016 34 7 27 79% 

Fisher‘s exact test p = 0.003 
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Figure 4.4: Resistance pattern of Klebsiella pneumonia 

 

The overall study findings did not show a significant increase in resistance levels 

over the years as was initially expected.  

However, there were variations in resistance amongst the commonly used antibiotics 

between 2014 and 2016 particularly in K. pneumonia. There was an overall increase 

in resistance percentage from 2014 to 2016 with regards to amikacin, cefepime, 

ceftriaxone, ciprofloxacin, gentamycin and piptaz. Only ciprofloxacin showed a 

decline in resistance percentages.  
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CHAPTER 5 

 

DISCUSSION OF THE RESULTS 

 

5.1. Introduction 

In the previous chapter, Chapter 4, the findings and results of the study were 

presented. 

The results were presented in a form of histograms and tables, and narratives were 

written about the results depicted in the histograms and tables. 

In this chapter, the results are discussed in detail, comparing and contrasting the 

findings. The hypothesis will also be tested in this chapter. 

 

5.2. Discussion 

 

5.2.1. Demographic profile of the patients who had bloodstream infections 

(gender and age) 

This study found that, in the period 2004-2006, isolated bloodstream infections 

(BCIs) were more prevalent in females than in males.  

However, in the study period between 2014-2016, more males tested positive for 

BSIs than females, as indicated in figure 4.1. 

A study that was done by Crabtree et al., concluded that the male gender is an 

independent risk factor for the development of nosocomial BSIs, and this has been 

associated with in-hospital mortality in septic surgical patients. In the same study, it 

was found that female gender is an independent predictor of mortality in patients with 

Enterococcus bloodstream infections [53].  

A study undertaken in a Norwegian hospital found that the occurrence of significantly 

more BSIs was related to intravascular devices, endocarditis, skin and wound 

infections and that there were significantly fewer episodes related to abdominal or 

genitourinary disease [54].  
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Female patients in ICU tend to be at an increased risk of developing nosocomial 

infections. Factors such as indwelling catheters, urinary tract infections expose 

females to an increased risk of mortality, even after carefully controlling for other 

prognostic factors [55].  

Eachempati et al., demonstrated that critically ill female surgical patients with sepsis 

may have a slightly increased mortality when compared to their male counterparts 

[56]. 

It can be concluded from our study that the increase in male patients can be 

attributed to the profile of the disease at the time, particularly for the patients 

admitted in our ICU where most of the BSI were mostly common. 

In the period 2004-2006, there were more older patients affected by the BSI than in 

the subsequent study (2014-2016) as depicted in Figure 4.2.  

Studies have demonstrated that older age, chronic renal insufficiency and MRSA 

were independently associated with mortality within the six month period of acquiring 

the infection. For every decade increase in age, chronic renal insufficiency was 

independently associated with in-hospital mortality [57].  

Elderly adults show a disproportionate increase in the incidence of sepsis. However, 

age is an independent predictor of mortality, and younger patients with sepsis have a 

better chance of survival, while elderly non-survivors of sepsis die earlier during 

hospitalization, Elderly survivors more frequently require skilled nursing or 

rehabilitative care after hospitalization [58].  

Compared to the younger age group, bacteraemia in the elderly was associated with 

a different clinical course and a higher mortality rate [58]. As much as the outcome of 

our study showed that there was an increase in the number of elderly being tested 

for BSI, the impact of this could not be ascertained. 

This study showed that there was an increase in the BSI tests performed on children 

less than 5 years of age in the study period 2014 to 2016. BSI among children is 

common, the risk factors associated with these infections are attributed to the 

process of care rather than to the severity of the illness [59].  
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BSI among children is mostly due to the insertion of intravascular devices, such as 

intravenous drips. Children have a low mortality rate due to these infections as the 

isolates are not different from those in general paediatrics, which are not so virulent. 

Antibiotic resistance is frequently found in most commonly isolated pathogens, but 

differences between specialties suggest the existence of local risk factors, some of 

which might be amenable to infection control interventions [60].  

Studies done in the past confirms that hyperglycaemia is common in children and it 

may be a risk factor for nosocomial infections. Central catheters are also associated 

with BSIs in critically ill patients [61]. In general, children have  significantly higher 

odds of having a contaminated blood culture than adults which is attributable to the 

infection control practice [62]. However, our study did not look at the risk factors 

attributable to the increase in children but an assumption can be made through the 

acquiring of the pulmonologist who was more vigilant.  

Our study demonstrated that more children tested with BSI in the second study 

period than there were adults who tested with BSI. 

 

5.2.2. Types of Microorganisms isolated (CoNS, Acinetobacter baumanni, E. 

coli, Klebsiella pneumonia and Staphylococcus aureus) 

 

5.2.3. Coagulase Negative Staphylococcus (CoNS) 

These microorganisms include all microorganisms which are not Staphylococcus 

aureus. S. epidermidis is a major nosocomial pathogen posing significant medical 

and economic burdens [63] on the health care system. This microorganism was also 

isolated in most of the blood cultures that were performed in this study, as in Figure 

4.3 and Table 4.1 show. Currently the mechanisms as to how the host defends itself 

against the prototypical CoNS species S. epidermidis as a commensal of the skin 

and mucous membranes is not well understood [63]. 

Blood cultures which are performed for suspected infection yielded positive results 

for CoNS.Iit is often difficult to determine whether the presence of this organism in 

the blood is a pathogen or a contaminant. CoNS isolated in blood cultures are 

associated with lower levels of inflammation compared to bloodstream infections, 
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due to known pathogens, and are comparable with patients who have negative 

cultures [64]. 

It must be noted that most of the culture isolates were CoNS, whether these were 

contaminants or true pathogens was difficult to prove as this was not the purpose of 

the study. CoNS have long been regarded as non-pathogenic. In the recent years 

their important role as pathogenic microorganisms has been studied. Their specific 

virulence factors are not as clearly established as their counterpart, Staphylococcus 

aureus, Factors such as bacterial polysaccharide components are involved in 

attachment and/or persistence of bacteria on foreign materials. Coagulase-negative 

Staphylococci are by far the most common cause of bacteraemia related to 

indwelling devices.  

Most of these infections are hospital-acquired, and studies conducted over the past 

several years suggest that they are often caused by strains that are transmitted 

between hospitalized patients. Common infections caused by CoNS, as mentioned 

in previous studies, include native or prosthetic valve endocarditis, urinary tract 

infections and endophthalmitis. Intravenous treatment of systemic infections is 

usually required because coagulase-negative Staphylococci have become 

increasingly resistant to multiple antibiotics [65].  

This study has demonstrated that CoNS was the most common microorganism 

isolated in the patients as seen in the bloodstream infections culture results, as 

indicated in Table 4.1. Most of these patients were those in the ICU and they mostly 

had indwelling catheters and other intravenous monitoring devices. 

 

5.2.4. Acinetobacter baumannii (A. baumannii) 

The other most common and virulent microorganism isolated from the BSI was 

A.baumanni as indicated in Table 4.1. The spread of multidrug-resistant (MDR) 

Acinetobacter strains among the critically ill, hospitalized patients, and subsequent 

epidemics, has been an increasing concern from the early seventies [66].  

A.baumannii strains have been isolated in hospitals and have acquired multiple 

mechanisms of antimicrobial drug resistance and is a growing public-health problem. 

Infection control of these outbreaks is difficult to attain due to its complex 

epidemiology. Implementation of specific control measures, such as identification of 
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the source of outbreak through surveillance cultures, can assist in combatting the 

growing concern. Adherence to a series of infection control methods, such as strict 

environmental cleaning, effective sterilization of reusable medical equipment, 

attention to proper hand hygiene practices and the use of contact precautions, 

together with appropriate administrative guidance and support, are required for the 

containment of these microorganisms [67].  

Although the percentage of A. baumannii was not so high in this study, owing to its 

virulent nature, this was a cause for concern, regardless of the number isolated. 

Furthermore, due to its resistance pattern to antimicrobials, its presence is of utmost 

importance. A. baumannii is a ubiquitous pathogen capable of causing both 

community and health care-associated infections. It has the propensity to 

accumulate mechanisms of antimicrobial resistance that lead to pan-drug resistance 

and can cause large health care-associated infection outbreaks that often involve 

multiple facilities.  

This microorganism mainly causes the following infections: pulmonary infections, 

urinary tract infections and bloodstream or surgical wound infections. 

Invasive procedures, such as the use of mechanical ventilation, central venous or 

urinary catheters, and broad-spectrum antimicrobials have been identified as the 

major risk factors in acquiring the infection from the bacteria [68]. 

A. baumannii has the ability to survive under a wide range of environmental 

conditions and to persist for extended periods of time on surfaces, This ability has 

made this organism a frequent cause of outbreaks of infection and an endemic, 

health care-associated pathogen [69]. Multidrug-resistant Acinetobacter infection 

usually occurs in severely ill patients admitted to the ICU. The associated crude 

mortality rate tends to be high, ranging from 26% to 68% [69]. However, in our study 

no mortality rate was reported as that was not the purpose of the investigation [70]. 
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Figure 5.1: Factors leading to the emergence and transmission of multi-drug-

resistant (MDR) Acinetobacter species in intensive care unit [69].  
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5.2.5. Klebsiella pneumonia (K. pneumonia) 

K. pneumonia was one of the top five micro-organisms isolated in the BSI isolates 

studied. Studies conducted in the past found that community-acquired pneumonia 

was only found in Taiwan and South Africa. Invasive syndrome of liver abscess and 

meningitis, or endophthalmitis occurred only in those countries based on the study at 

the time. Community-acquired bacteraemia was defined as a positive blood culture 

taken on admission or within 48 hours of admission. Site of infection accompanying 

the bacteraemia was determined as pneumonia, urinary tract infection, meningitis, 

incisional wound infection, other soft tissue infection, intra-abdominal infection, and 

primary bloodstream infection [71].  

However, in this study K. pneumonia was only isolated in admitted patients. K. 

pneumoniae has been a recognized pulmonary pathogen since its discovery greater 

than 100 years ago. K. pneumoniae continues to be associated with community-

acquired pneumonia in Africa and Asia [72]. However, this study could not establish 

whether the isolated K. pneumonia was also based on the assumption above but 

that it was hospital acquired. The findings in this study only showed an increase of 

11% to 12% in both time periods of the Klebsiella spp isolated; however, it was not 

statistically significance. 

 

5.2.6. Escherichia coli (E. coli) 

Extended-spectrum-β-lactamase (ESBL)-producing strains of E. coli are common in 

hospitalized and non-hospitalized patients, they are responsible for BSIs [73]. 

Bacteraemia is the leading cause of morbidity and mortality mostly associated with 

Gram-negative rods (especially E. coli). E. coli is also mostly associated with 

community acquired BSI [74]. However, this study was conducted in the hospital 

setup and an assumption can be made that those isolated were nosocomial. It must 

be noted that the epidemiology, reservoir and the principal routes by which humans 

are exposed are both still poorly understood [74].  

E. coli is among the best-known bacterial species and one of the most frequently 

isolated organisms out of the clinical specimens in the bloodstream [75].  

However, this study, indicated that despite being isolated, E, coli was not among the 

highest microorganism detected and it was not clinically significant.  
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Data obtained from NHLS was poorly captured as to indicate the time when patients 

were admitted in the ICU. In addition, the admission book in ICU was poorly 

recorded where a lot of data for the time could not be established. The date of 

admission and the date of diagnosis after 48 hours could not be established. 

A study conducted by Weinstein et al., found that the distribution of Gram-negative 

pathogens associated with BSIs in ICUs changed very little and E. coli was 

somewhat less frequently reported. These authors also reported that the change was 

not statistically significant [76].  

This finding concurs with the finding of this study, which was alluded to in our results 

as per the previous chapter. 

 

5.2.7. Staphylococcus aureus (S. aureus) 

S. aureus is one of the micro-organisms that was isolated in bloodstream cultures 

that were performed in this study. In a study done in Nigeria, S. aureus emerged as 

a major public health concern because of the multi-drug resistant strains that were 

found.  

The same study found \ a high percentage of the vancomycin resistant S. aureus, 

which could have resulted from compromising treatment options and inadequate 

antimicrobial therapy [77]. Outbreaks of hospital-acquired infections caused by 

methicillin-resistant S. aureus have been found to be increasing in frequency in the 

United States. Most of these outbreaks were cantered in intensive care units, which 

posed a big challenge. Patients who were infected and hospitalized were found to be 

microbe reservoirs and the health care worker‘s hands acted as transient carriers 

from patient-to-patient. Methicillin-resistant strains of S. aureus (MRSA) have 

become established endemic nosocomial pathogens [78]. S. aureus infection 

showed a significant increase in the past decade and it was associated with very 

high mortality rates of between 15% and 60%. S.aureus isolates which are resistant 

to methicillin has become a growing challenge and most of the nosocomial infections 

in ICUs are due to methicillin-resistant S. aureus [79].  

The Staphylococcus isolated in the BSIs in this study were all nosocomial, which 

posed the same challenges as alluded to with respect to other studies as per the 

literature.  
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Even though MRSA is an increasingly common pathogen, assumptions about a 

patient‘s outcome cannot only be attributable to methicillin resistance because most 

patients who develop MRSA are older and sicker than those who develop MSSA 

infections [80].  

While MRSA studies have been undertaken worldwide, there is paucity of  data 

available from, South Africa as shown in a study done in Kwazulu Natal [81]. This is 

in line with the findings of this study, where there were very few isolates. However, 

the very nature of MRSA poses a serious problem. S. aureus remains a versatile and 

dangerous pathogen in humans. S. aureus infections, both community acquired and 

nosocomial infections, increased steadily with very little change in the mortality [82]. 

A study conducted in Cape Town, South Africa found MRSA to be the predominant 

nosocomial pathogen in children. However, S. aureus bacteraemia remained stable 

in children over the five years studied [83]. 

In this study the S. aureus isolated was not specific to children but also never 

showed any changes. 

 

5.2.8. Drug resistance and sensitivity pattern (vancomycin, linezolid, 

carbapenems (imipenem and meropenem) and colistin 

 

5.2.8.1. Vancomycin resistance and sensitivity pattern 

Vancomycin resistance and sensitivity pattern as described in a previous chapter of 

this study, was observed mostly in the coagulase negative Staphylococcus aureus. 

Only two isolates showed resistance out of those that were studied. 

Studies done in the United States found that VRE demonstrated that patient-to-

patient transmission of the microorganisms occurred either via direct contact, 

indirectly via the hands of personnel, via contaminated patient-care equipment or via 

environmental surfaces [84]. Since this study was a descriptive study, it was not 

easy to evaluate whether this finding was in line with the findings of this study. 

However, an assumption can be made that the resistance observed can be 

attributable to the findings from other studies. 
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Subsequent isolation of several vancomycin-resistat S. aureus (VRSA) strains have 

been observed in the USA, France, Korea, South Africa and Brazil and VRSA is 

becoming a global challenge [85].  

In this study, resistance to vancomycin was observed in the enterococcus species 

identified from the analysed results during both the study periods.  

The emergence and dissemination of high-level resistance to vancomycin in 

enterococci can lead to clinical isolates resistant to all antibiotics. Enterococci 

microorganisms are not that highly pathogenic but clinicians must be vigilant about 

the emergence of these isolates as they could cause challenges in the future [86]. 

CoNS are commonly resistant to antibiotics that are indicated for staphylococcal 

infections, with the exception of vancomycin [87]. However, this study indicated that 

resistance to two isolates was observed.  

A study undertaken in Brazil confirmed that coagulase-negative Staphylococci 

clinical isolates were heteroresistant to glycopeptides (e.g. vancomycin). The same 

study concluded that the detection of heteroresistant organisms justifies the judicious 

use of vancomycin and teicoplanin [88]. 

 

5.2.8.2. Linezolid resistance and sensitivity pattern 

Results in the previous chapter indicated that most of the microorganisms isolated 

were sensitive to linezolid. However, a resistance pattern was also observed in 

CoNS. The new oxazolidinone antimicrobial, linezolid, has been approved for the 

treatment of infections caused by various Gram-positive bacteria, including MRSA 

and vancomycin-resistant enterococci (VRE) [89]. 

The antibiotic was used for its intended purpose, which is the treatment of infections 

caused by Gram-positive microorganisms. 

A study conducted in Brazil found that if linezolid is not used in optimum dosages 

there is a high risk of developing resistance. The conclusion was that, in order to 

prevent this untoward effect, optimal dosage of linezolid must be used to prevent the 

emergence of resistance [90].  
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Epidemiological studies done in the past indicated that linezolid resistannce to S. 

aureus isolates is low. Linezolid-resistant S. aureus emerged due to prolonged 

therapy [91]. This study did not have any isolates which indicated S. aureus 

resistance. Surveillance studies done in the past have indicated that only less than 

0.1% of CoNS are linezolid-resistant. Linezolid-resistant CoNS can be attributed to 

person-to-person spread, which leads to the establishment of skin colonization [92]. 

Linezolid resistance is uncommon among Staphylococci, but approximately 2% of 

clinical isolates of CoNS may exhibit resistance to linezolid [93]. 

However, this study has shown that 1.4% and 1.3% of the isolates in 2004/06 and 

2014/16 respectively for CoNS were resistant and that this can also be attributable to 

person-to-person spread owing to the poor practice of infection control measures. S. 

epidermidis could emerge as an outbreak in the intensive care units and, as such, 

resistance strains could develop due to increase usage of linezolid, will subsequently 

give rise to increased resistance. Therefore, restrictions on linezolid usage and 

infection control measures must be introduced to control the outbreak [94].  

 

5.2.8.3. Carbapenems resistance and sensitivity pattern 

The two antimicrobials which constitute the carbapenems are meropenem and 

imipenem. The previous chapter indicated that the two were isolated in the 

bloodstreams cultures isolated from the study periods. Gram-negative bacilli usually 

form part of the intestinal flora, which is their major reservoir. These microorganisms 

include Enterobacteriaceae and non-fermenters such as Pseudomonas aeruginosa 

(P.aeruginosa) and A. baumannii, all of which are potentially pathogenic for patients 

hospitalized in intensive care units. Carbapenems are currently the only active beta-

lactams effective against the above-mentioned microorganisms, which has led to an 

increase in their use, not only for documented infections, but also for empirical 

treatment of acquired hospital infections such as those occurring in ICU patients [95]. 

 

Imipenem: Imipenem-resistant gram-negative bacilli are usually associated with 

more severe clinical outcomes resulting in higher morbidity and mortality, especially 

when the infection is acquired in ICU [95].  
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This study found that there were only 3 isolates of Acinetobacter, K. pneumonia, 

both at only 1.4%; and Proteus species at 0.3% where imipenem resistant was 

observed. A study conducted in Iran found that 55% of A. baumannii isolates were 

resistant to imipenem. Of those, 74% had a multidrug resistance phenotype. In the 

same study they found that, although high, this level of multidrug resistance was still 

low compared to countries such as Kuwait [96]. This study demonstrated a low 

percentage, as described above, but that this was a cause for concerned as one 

resistance can render the antibiotic useless for the use in the isolated 

microorganism. CoNS is the most common microorganism isolated from BSIs. 

Studies conducted in the past have shown that the empirical use of imipenem will 

soon render most of the organism resistant to this antibiotic [97]. Care should be 

taken in the use of this antimicrobial, especially its empirical use without blood 

cultures, which is the case in the Pietersburg Provincial Hospital. Prior use of 

carbapenems is strongly associated with A. baumannii resistance, therefore this 

practice must be avoided [98]. Carbapenem-resistant K pneumoniae isolates are 

rapidly emerging These isolates are usually resistant to virtually all commonly used 

antibiotics and there is a need for strengthen control of their spread because, without 

control, it will pose a serious challenge [99]. This study showed resistance to K. 

pneumonia but the percentage was low, which indicates an emerging threat of 

resistance to this antimicrobial. 

 

Meropenem: Meropenem is a parenteral carbapenem antibiotic with excellent 

bactericidal activity in vitro against almost all clinically significant aerobes and 

anaerobes. It has an antibacterial spectrum broadly similar to that of imipenem. 

However, it is slightly less active against staphylococci and enterococci [100].  

A. baumannii was isolated in 2 isolates in both time periods and they were found to 

be resistant to meropenem. The increasing trend of carbapenem resistance in A. 

baumannii worldwide is a cause for concern, since it drastically limits the range of 

alternative therapeutic agents. A. baumannii is an opportunistic pathogen frequently 

involved in outbreaks of infection, occurring mostly in intensive care units [101].  
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This microorganism is now being isolated more frequently, particularly in intensive 

care settings. It causes serious infections, such as ventilator-associated pneumonia, 

bloodstream infection, urinary tract infection, meningitis and wound infection. Mostly 

it affects severely immunocompromised patients, predominantly found in ICUs. A. 

baumannii is found rarely on human skin, it is not a normal environmental organism 

and its natural reservoir is relatively unknown [102]. 

The fact that two of our isolates exhibited resistance to meropenem for this 

microorganism is a very serious cause for concern and drastic measures need to be 

instituted. 

A study done in a Johannesburg hospital in South Africa found that development of 

resistance was due to response to antibiotic pressure. The spread of resistant strains 

was as a result of health care worker and/or patient transfer among hospitals. The 

study emphasized the need to institute stricter infection control measures to limit the 

spread of Acinetobacter among hospitals [103]. This finding was in line with findings 

of this study with respect to one of the patients, who was a referral from a 

neighbouring hospital. However, this did not form part of this study. The other 

resistance strain isolated in the BSI in this study was identified as K. pneumonia. A 

study done in South Africa found that K. pneumoniae was cultured from 41.2% 

complicated intra-abdominal infections in private hospitals and in 55-74% 

bacteraemic isolates in the public sector. The same study found that CRE have 

indeed become the ‗worst nightmare‘, locally and internationally, and posed a major 

threat to the viability of all currently available antibiotics [104].  

Carbapenems (imipenem, meropenem, and ertapenem) studies done in the past 

revealed that there is insufficiency in treating enterobacterial infections with K. 

pneumonia carbapenemases-producing bacteria, which are, in addition, resistant to 

many other non-β-lactam molecules, leaving few available therapeutic options [105]. 

However, this study only depicted one isolate, which showed resistance to 

meropenem in the two study periods.  

The emergence of resistance to meropenem in K. pneumoniae may be attributable 

to the prolonged treatment with the antimicrobial (meropenem) and in the absence of 

apparent foci of infection as is the case with empirical treatment [106]. 
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5.2.8.4. Colistin resistance and sensitivity pattern 

This study demonstrated that colistin resistance was found in two isolates (A. 

baumannii and Enterobacter species). Treatment with colistin is the last resort for 

management of multidrug-resistant A. baumannii. Reports for colistin resistance 

have begun emerging throughout the world.  

The highest resistance rate was reported in Asia, followed by Europe. 

Pharmacokinetic/pharmacodynamic studies have revealed that colistin monotherapy 

is unable to prevent resistance, and combination therapy might be the best 

antimicrobial strategy against colistin-resistant A. baumannii [107].  

A study conducted in Ireland showed that the emergence of colistin resistance 

amongst Enterobacteriaceae isolates, mostly those of Enterobacter spp, requires 

that laboratories monitor these trends, because of growing antimicrobial resistance 

and therapeutic options are diminishing [108].  

In the present study, as the percentage of the resistance for Enterobacter was low, it 

warrants the same vigilance as recommended by the study conducted in Ireland 

because we could run out of options in the future. A study done in Hungary showed 

that colistin resistance was 0.6% for Enterobacteriaceae and 2.6% Acinetobacter 

spp. The same study found that colistin-resistant strains were in accordance with 

other findings in other European studies.  

While the prevalence of resistance was low, the heteroresistance was significantly 

higher, however, the clinical significance phenomenon was unclear [109]. In this 

study the resistance to both Enterobacteriaceae and that of A.baumannii was 1.4% 

for both, which was also low. There is a critical need for effective prevention of 

infection, control measures and strict use of antibiotics, globally, is required in order 

to control the rise and spread of resistance to colistin [110].  
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5.2.3.5 Extended spectrum beta lactamases (ESBL) positive isolates 

“ESBLS are Gram-negative bacteria that produce an enzyme; beta-lactamase that 

has the ability to break down commonly used antibiotics, such as penicillins and 

cephalosporins and render them ineffective for treatment‖.  

The most common ESBL-producing bacteria are some strains of E. coli and K. 

peumoniae [111]. This study found that the ESBL positive isolates in the specimens 

tested were very few. Prevalence of resistance statistics from many parts of the 

world are unavailable. However, accumulating evidence suggests that resistance to 

extended-spectrum cephalosporins in E. coli and, in particular, K. pneumoniae has 

become a worldwide problem [112]. In this study, even though the numbers are few, 

the impact may outweigh the concerns of the few isolates observed. 

 

5.3. Antibiotic stewardship in Pietersburg hospital 

A committee for the antibiotic stewardship has recently been formed at the 

Pietersburg Provincial Hospital in order to address the rational use of antimicrobials. 

This committee will assist in addressing the formulation of policy for antibiotic use, 

which at the time of the study was non-existent. It must also be noted that this 

committee should assist in monitoring the levels of resistance, guarding against the 

raise in resistance patterns in the institution. This requirement is as per guidance 

from the South African National Department of Health. The committee should also 

assist in monitoring compliance and adherence in order to ensure quality. 

 

5.4. Laboratory methods and susceptibility testing 

Human morbidity and mortality in critically ill patients is often caused by BSIs. 

Patients suspected of having a BSI are routinely evaluated using blood cultures, 

which optimally yield an aetiological diagnosis. Antimicrobial susceptibility testing 

usually provides a guide for therapeutic intervention, when necessary. Traditional 

principles of the selection of patient suspected of having BSI, adequate and careful 

specimen collection observing the aseptic techniques, appropriate cultivation and 

accurate result interpretation by an experienced clinical microbiologist remain critical 
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to the delivery of the most effective care for the patients suspected of having BSIs 

[113].  

In the event that BSI is suspected, blood cultures remain the most common 

specimens sent to the microbiology laboratory.  

 

5.5. Observed patterns during the two study periods 

There were organisms which were not observed in the first study period, which ten 

years later were observed. This observation was in line with the points raised in 5.4. It 

can be assumed that there was an increase in the numbers of resistant organisms 

isolated. 

Sixty-five years ago, before patients were treated with antimicrobial agents, bacteria 

isolated from these patients had almost no resistance genes. However, after each 

new antimicrobial became widely used, a gene expressing resistance to it ultimately 

emerged.  

Over the years, when antimicrobial agents became widely used, eventually a resistant 

strain emerged [114]. The increase in the extensive use of antibiotics in the 

community and hospitals has fuelled the crisis of the emergence of resistance strain 

as the years went by [115]. However, in this study, there were no clinically significant 

changes in resistance proportions and resistance levels remain below 3%. Sensitivity 

of the testing methods could have influence the low resistance that was identified. 
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CHAPTER 6 

 

CONCLUSIONS AND IMPLICATIONS 

 

6.1. Introduction 

This chapter aims to draw conclusions from the results in Chapter 4 and the 

discussion in Chapter 5. Conclusions will be aimed at the research question and the 

hypothesis drawn from the beginning of the study. 

The limitations of the study as well as the need for future research in order to close 

the gaps identified will be highlighted in this chapter.  

 

6.2. Conclusion about each research question or hypothesis 

The research question was asked and the conclusion drawn after the study is as 

follows: 

At the beginning of the research, or the initiation thereof, the assumption was that 

BSIs were common in hospitalized patients. Inadequate treatment resulted in 

mortality and an increase in the number of resistant organisms.  

Surveillance studies provided important information that allowed identification of 

trends in pathogen incidence and antimicrobial resistance. This study was initiated 

because there was an assumption that there was limited published data on the 

prevalence and antimicrobial profile of bacterial pathogens isolated from the BSIs of 

patients admitted to the Pietersburg Provincial Hospital. 

The study periods that the results were observed from indeed yielded different 

results. 

 

6.2.1. The study hypothesis 

The hypothesis tested was that there is a change in the levels of antibiotic resistance 

among infectious agents isolated from the Pietersburg Provincial Hospital‘s ICU and 

that this differed between the two study periods.  
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The null hypothesis stated that there was no change. It must be noted that the BSIs 

observed were only from patients admitted to ICU. 

Resistance levels remained below 3% and no clinically significant changes were 

detected in this study. 

 

6.2.2. Study objectives conclusions 

 Organisms isolated in the Pietersburg Provincial Hospital‘s ICU in each of the 

two comparisons time periods were described as per this objective. It was 

concluded that there was indeed a difference as per the results observed.  

 There was an increase in the number of CoNS isolates and a decrease in 

Acinetobacter spp.  

 There was an increase in testing against linezolid and vancomycin.  

 Drug resistance levels did not change much over the study period and 

specifically there was no change in the CRE. 

 ESBL may have been on the increase but due to small and possibly biased 

numbers/samples this cannot be certain; vigilance is required. 

 

6.3.  Conclusion about the research problem 

The following conclusions were drawn from the study: 

 There was an increase in the number of resistant microorganisms over the 

previous ten years. 

 There was an increase in the number of male patients, compared to female 

patients, who were admitted to the hospital with bloodstream infections. 

 Coagulase-negative Staphylococcus was the most documented 

microorganism in the bloodstream infections isolated over the years.  

 Despite the increase, most of the microorganism isolated is still sensitive to 

the antimicrobials. 
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6.4  Implications, contribution and application of the study in clinical care at 

Pietersburg Provincial hospital 

 Implications 

 This was the first study done in this hospital and will serve as a baseline data 

to refer to in the future. The findings revealed a need to provide adequate 

information when requesting laboratory investigations for effective utilization 

of the laboratory.  The high number of skin commensals that were isolated 

indicates that blood culture collection technique need to be reviewed. 

The study will assist clinicians to formulate the guidelines and protocols for 

the rational use of antibiotics which at the time of study were not available. 

The study will also assist clinicians to start empirical antimicrobial treatment 

where necessary while awaiting blood culture results.  

 

Contribution 

This Study will contribute in the antimicrobial stewardship programs of 

Pietersburg Provincial hospital which seek to optimize antimicrobial 

prescribing in order to improve individual patient care as well as reduce 

hospital costs and slow the spread of antimicrobial resistance. 

The study findings will also serve as an educational tool for clinicians to reflect 

on their tendencies with regards to the detected high contamination rate of 

blood cultures, review their practices and develop protocol that will enhance 

appropriate utilization of the laboratory services.    

 

Application 

With antimicrobial resistance on the rise worldwide and few new agents in 

development, it rests with Pietersburg Provincial hospital to curb the irrational 

prescribing of antimicrobials in ensuring the continued efficacy of available 

antimicrobials.  

The design of antimicrobial management programs should be based on the 

best current understanding of the relationship between antimicrobial use and 

resistance.  
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Pietersburg Provincial hospital through the help of this study will make sure 

that multidisciplinary teams which are composed of infectious disease, 

physicians, clinical pharmacists, clinical microbiologists and infection control 

practitioners are available and should be actively supported by hospital 

administrators. 

 Recommendations: 

 The antimicrobials prescription protocols and stewardship programme should 

be established, including training of all hospital workers. 

 Infection control measures must be reviewed or maintained and monitored in 

the hospital. 

 Medical doctors should be trained about evidence based and rational use of 

antimicrobials.  

 

6.4. Limitations 

The fact that the data were routinely collected and reviewed retrospectively meant 

that there were missing data regarding the nature of the illness and the health 

outcomes. This limited the extent of the analysis possible. 

The fact that there was no full-time doctor in the intensive care unit results in fewer 

blood cultures being performed. There may, therefore, be bias in terms of the patients 

selected for blood cultures. 

In the laboratory, further processing involved the removal of the positive blood culture 

bottle from the machine, followed by culturing on respective agar plates to recover 

isolated colonies of organisms for identification and susceptibility testing. The two 

processes were done manually or by the use of semi-automated instruments from 

various manufactures. This background is provided to explain the circumstances and 

the huge variation of the findings in the two-study periods.  

The following limitations were also noted: 

 Data for 2004- 2006 was very scant, possibly due to the change in the 

laboratory information system and the lack of input from the microbiologist at 

that time.  
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 Capturing of data was predominantly manual and could not be retrieved with 

the current system. 

 The microbiology testing was not centralized in the first-time period; – 

inconsistent reporting standards and testing protocols may have been an 

issue during this time. 

 No input from on-site pathologist, especially with the drug to organism 

matches, when reporting.  

 Lack of specialist or senior doctors in the ICU – the hospital was primarily a 

regional hospital.   

 The susceptibility testing was done manually using the disc diffusion method.  

 The reports were manually entered and reports filed. There was no electronic 

capturing and storage for the reports. 

The researcher assumed that it was for the reasons mentioned above, that very 

limited data were available in 2004-2006. However, it could also be due to the fact 

that the hospital was primarily a regional hospital with no laboratory specialists.  

Data for 2014-2016 had increased due to the following: 

It was assumed that the improved yield or turnaround time increased the utilization of 

the laboratory. Other additional factors considered were the fact that the institution is 

currently a provincial tertiary hospital admitting referrals which would need 

investigations, including blood cultures.  

From the laboratory point of view, the availability of an onsite microbiologist in 2012 

could have added value to clinicians in understanding the role of blood cultures in 

patient care.  

6.5. Further research 

It is recommended that prospective studies should be carried out in all hospitals in 

the province to monitor adherence to good antibiotic stewardship. These studies may 

be coupled with periodic drug susceptibility surveys to identify problem areas. 

There is a need to compare the overall admissions to the number of patients 

developing nosocomial BSIs in order to arrive at the proper proportions. 

The contributing factors leading to the increase in nosocomial bloodstream infections 

in Limpopo should be determined.   



57 
 

REFERENCES 

 

 

1.  Cleven B, Palka-Santini M, Gielen J. Identification and characterization of 

bacterial pathogens causing bloodstream infections by DNA microarray. J Clin. 

2006; 44(7) 2389-2397. 

2.  Hugonnet S, Sax H, Eggimann P. Nosocomial bloodstream infection and 

clinical sepsis. Emerg Infect. 2004; 10(1) 76-81. 

3.  Boyles TH, Davis K, Crede T, Malan J, Mendelson M, Lesosky M. Blood 

cultures taken from patients attending emergency departments in South Africa 

are an important antibiotic stewardship tool, which directly influences patient 

management. BMC Infect Dis. 2015 Dec 6;15(1). 

4.  Wisplinghoff H, Bischoff T, Tallent S. Nosocomial bloodstream infections in US 

hospitals: analysis of 24,179 cases from a prospective nationwide surveillance 

study. Clin Infect. 2005 January: 40:4838. 

5.  Fishman N. Antimicrobial stewardship. Am J Infect Control. 2006 

Jun;34(5):S55–63.  

6.  Andrews J. Determination of minimum inhibitory concentrations. J Antimicrob 

Chemother. 2001;48:5–16.  

7.  Magiorakos A, Srinivasan A, Carey R. Multidrug‐ resistant, extensively drug‐

resistant and pandrug‐ resistant bacteria: an international expert proposal for 

interim standard definitions for acquired. Clin Microbiol. 2012; 18:268-281. 

8.  McKay R, Bamford C. Community-versus healthcare-acquired bloodstream 

infections at Groote Schuur Hospital, Cape Town, South Africa. South African 

Med J. 2015;105 (5):363-369. 

9.  Reddy EA, Shaw A V, Crump JA. Community-acquired bloodstream infections 

in Africa: a systematic review and meta-analysis. Lancet Infect Dis. 2010 Jun 

1;10(6):417–32.  

10.  Pfaller M, Jones R, Doern G, Kugler K. Bacterial pathogens isolated from 

patients with bloodstream infection: frequencies of occurrence and 

antimicrobial susceptibility patterns from the SENTRY. Antimicrob agents. 

1998; 42(7):1762-1770. 

 

 



58 
 

11.  Moyo S, Aboud S, Kasubi M, Maselle S. Bacteria isolated from bloodstream 

infections at a tertiary hospital in Dar es Salaam, Tanzania: antimicrobial 

resistance of isolates. South African Med.J 2010; 100(12). 

12.  ChristineCope, sagovau, IreneWilkinson. BSI annual report, 2014.  

13.  Laupland K. Incidence of bloodstream infection: a review of population‐ based 

studies. Clin Microbiol Infect. 2013; 19(6):492-500. 

14.  Diekema D, Pfaller M, Schmitz F. Survey of infections due to Staphylococcus 

species: frequency of occurrence and antimicrobial susceptibility of isolates 

collected in the United States, Canada, Latin. Clin Infect. 2001; 10(5):294. 

15.  Zaragoza R, Ramírez P, López-Pueyo MJ. [Nosocomial infections in intensive 

care units]. Enferm Infecc Microbiol Clin. 2014 May;32(5):320–7.  

16.  Hauer T, Lacour M, Gastmeier P, Schulgen G. Nosocomial infections intensive 

care units. A nation-wide prevalence study. Der. 1996; 45(12):1181-1191. 

17.  Shittu A, Lin J. Antimicrobial susceptibility patterns and characterization of 

clinical isolates of Staphylococcus aureus in KwaZulu-Natal province, South 

Africa. BMC Infect Dis. 2006; 13:1-13. 

18.  Shopsin B, Mathema B, Martinez J, Ha E. Prevalence of methicillin-resistant 

and methicillin-susceptible Staphylococcus aureus in the community. J. 2000; 

182(1):359-362. 

19.  Brink A, Feldman C, Duse A. Guideline for the management of nosocomial 

infections in South Africa. Southern J. Epi. Inf. 2006;21(4)  

20.  Onken A, Said AK, Jørstad M, Jenum PA, Blomberg B, El-Shoubary W. 

Prevalence and Antimicrobial Resistance of Microbes Causing Bloodstream 

Infections in Unguja, Zanzibar. Galdiero M, editor. PLoS One. 2015 Dec 

23;10(12):e0145632.  

21.  Sangare S, Rondinaud E, Maataoui N, Maiga A. Very high prevalence of 

extended-spectrum beta-lactamase-producing Enterobacteriaceae in 

bacteriemic patients hospitalized in teaching hospitals in. PLoS One. 2017; 

12(2):1-11. 

22.  Wolff M, Brun‐ Buisson C, Lode H. The changing epidemiology of severe 

infections in the ICU. Clin Microbiol. 1997; 3:S36-S47. 

23.  Kang J, Sickbert-Bennett E, Brown V. Relative frequency of health care-

associated pathogens by infection site at a university hospital from 1980 to 

2008. Am J. 2012; 40(5):416-420. 



59 
 

24.  Musicha P, Cornick J, Bar-Zeev N, French N. Trends in antimicrobial 

resistance in bloodstream infection isolates at a large urban hospital in Malawi 

(1998–2016): a surveillance study. Lancet Infect. 2017; 3099(17):30394-

30398. 

25.  Edmond M, Wallace S, McClish D. Nosocomial bloodstream infections in 

United States hospitals: a three-year analysis. Clin Infect. 1999. 

26.  Prowle J, Echeverri J, Ligabo E. Acquired bloodstream infection in the 

intensive care unit: incidence and attributable mortality. Critical. 2011. 

27.  Protic D, Savic D, Andjelkovic D, Djukanovic N. Nosocomial coagulase-

negative staphylococci in Belgrade: between Scylla and Charybdis. J Infect. 

2016; 10(9):907-912. 

28.  Dagnew M, Yismaw G. Bacterial profile and antimicrobial susceptibility pattern 

in septicemia suspected patients attending Gondar University Hospital, 

Northwest Ethiopia. BMC. 2013; 01(02). 

29.  Segreti J. Efficacy of current agents used in the treatment of Gram‐ positive 

infections and the consequences of resistance. Clin Microbiol Infect. 2005;  

30.  Lode H. Clinical impact of antibiotic‐ resistant Gram‐ positive pathogens. Clin 

Microbiol Infect. 2009; 15(3):212-217. 

31.  Graevenitz A Von. Antimicrobial therapy of infections with aerobic Gram‐

positive rods. Clin Microbiol Infect. 2001; 7(SUPPL.4):43-46. 

32.  Menichetti F. Current and emerging serious Gram‐ positive infections. Clin 

Microbiol Infect. 2005; 11:22-28. 

33.  Khawaja T, Kirveskari J, Johansson S. Patients hospitalized abroad as 

importers of multiresistant bacteria—a cross-sectional study. Clin Microbiol. 

2017; 23:673.el-673.e8. 

34.  Spencer R, Bauernfeind A. Surveillance of the current resistance of 

nosocomial pathogens to antibacterials. Clin Microbiol. 1997; 3:S21-S35. 

35.  Finch R. Bacterial resistance—the clinical challenge. Clin Microbiol Infect. 

2002; 8 (3) :21-32. 

36.  Akova M. Epidemiology of antimicrobial resistance in bloodstream infections. 

Virulence. April 2016;252-266. 

37.  Tenover FC. Mechanisms of Antimicrobial Resistance in Bacteria. Am J Med. 

2006 Jun;119(6):S3–10.  

38.  Stryjewski ME, Boucher HW. Gram-negative bloodstream infections. Int J 



60 
 

Antimicrob Agents. 2009 Jan;34:S21–5.  

39.  Paterson DL. Resistance in Gram-Negative Bacteria: Enterobacteriaceae. Am 

J Med. 2006 Jun;119(6):S20–8.  

40.  Falagas ME, Bliziotis IA. Pandrug-resistant Gram-negative bacteria: the dawn 

of the post-antibiotic era? Int J Antimicrob Agents. 2007 Jun;29(6):630–6.  

41.  Wylie BA, Koornhof HJ. Trimethoprim resistance in Gram-negative bacteria 

isolated in South Africa. J Antimicrob Chemother. 1989;24(6):973–82.  

42.  Irenge LM, Kabego L, Kinunu FB, Itongwa M, Mitangala PN, Gala J-L, et al. 

Antimicrobial resistance of bacteria isolated from patients with bloodstream 

infections at a tertiary care hospital in the Democratic Republic of the Congo. 

South African Med J. 2015 Sep 14;105(9):752.  

43.  Richards G. The therapeutic challenge of Gram‐ negative sepsis: Prolonging 

the lifespan of a scarce resource. Clin Microbiol Infect. 2005; 11 (Suppl 6): 18-

22. 

44.  Ruppé É, Woerther P-L, Barbier F. Mechanisms of antimicrobial resistance in 

Gram-negative bacilli. Ann Intensive Care. 2015 Dec 12;5(1):21.  

45.  MacFadden DR, Coburn B, Shah N, Robicsek A, Savage R, Elligsen M, et al. 

Utility of Prior Cultures in Predicting Antibiotic Resistance of Bloodstream 

Infections Due to Gram-negative Pathogens: A Multicenter Observational 

Cohort Study. Clin Microbiol Infect. Aug 2017. 

46.  Xu A, Zheng B, Xu Y-C, Huang Z-G, Zhong N-S, Zhuo C. National 

epidemiology of carbapenem-resistant and extensively drug-resistant Gram-

negative bacteria isolated from blood samples in China in 2013. Clin Microbiol 

Infect. 2016 Mar;22:S1–8.  

47.  Fitzpatrick JM, Biswas JS, Edgeworth JD, Islam J, Jenkins N, Judge R, et al. 

Gram-negative bacteraemia; a multi-centre prospective evaluation of empiric 

antibiotic therapy and outcome in English acute hospitals. Clin Microbiol Infect. 

2016 Mar;22(3):244–51.  

48.  Kontopidou F, Plachouras D, Papadomichelakis E, Koukos G, Galani I, 

Poulakou G, et al. Colonization and infection by colistin-resistant Gram-

negative bacteria in a cohort of critically ill patients. Clin Microbiol Infect. 2011 

Nov;17(11):E9–11.  

49.  Michalopoulos AS, Tsiodras S, Rellos K, Mentzelopoulos S, Falagas ME. 

Colistin treatment in patients with ICU-acquired infections caused by 



61 
 

multiresistant Gram-negative bacteria: the renaissance of an old antibiotic. Clin 

Microbiol Infect. 2005 Feb;11(2):115–21.  

50.  Pollack LA, Srinivasan A. Core Elements of Hospital Antibiotic Stewardship 

Programs From the Centers for Disease Control and Prevention. Clin Infect 

Dis. 2014 Oct 15;59(suppl_3):S97–100.  

51.  WHO Global Strategy for Containment of Antimicrobial Resistance WHO 

Global Strategy for Containment of Antimicrobial Resistance World Health 

Organization.  

52.  Mendelson M, Matsoso M, The South African Antimicrobial Resistance 

Strategy Framework. AMR Control,2015. 

53.  Crabtree TD, Pelletier SJ, Gleason TG, Pruett TL, Sawyer RG. Gender-

Dependent Differences in Outcome After the Treatment of Infection in 

Hospitalized Patients. JAMA. 1999 Dec 8;282(22):2143.  

54.  Haug JB, Harthug S, Kalager T, Digranes A, Solberg CO. Bloodstream 

Infections at a Norwegian University Hospital, 1974-1979 and 1988-1989: 

Changing Etiology, Clinical Features, and Outcome. Clin Infect Dis. 1994 Aug 

1;19(2):246–56.  

55.  Combes A, Luyt C-E, Trouillet J-L, Nieszkowska A, Chastre J. Gender impact 

on the outcomes of critically ill patients with nosocomial infections. Crit Care 

Med. 2009 Sep;37(9):2506–11.  

56.  Eachempati SR, Hydo L, Barie PS. Gender-Based Differences in Outcome in 

Patients With Sepsis. Arch Surg. 1999 Dec 1;134(12):1342.  

57.  Malani PN, Rana MM, Banerjee M, Bradley SF. Staphylococcus aureus 

Bloodstream Infections: The Association Between Age and Mortality and 

Functional Status. J Am Geriatr Soc. 2008 Aug 1;56(8):1485–9.  

58.  Martin GS, Mannino DM, Moss M. The effect of age on the development and 

outcome of adult sepsis*. Crit Care Med. 2006 Jan;34(1):15–21.  

59.  Yogaraj JS, Elward AM, Fraser VJ. Rate, risk factors, and outcomes of 

nosocomial primary bloodstream infection in pediatric intensive care unit 

patients. Pediatrics. 2002 Sep 1;110(3):481–5.  

60.  Gray J. A 7-year study of bloodstream infections in English childrens hospital. 

Eur J Pediatr. 2004 Sep 6;163(9):530–5.  

61.  Marsillio LE, Ginsburg SL, Rosenbaum CH, Coffin SE, Naim MY, Priestley MA, 

et al. Hyperglycemia at the Time of Acquiring Central Catheter–Associated 



62 
 

Bloodstream Infections Is Associated With Mortality in Critically Ill Children*. 

Pediatr Crit Care Med. 2015 Sep;16(7):621–8.  

62.  Nichols C, Maria L, Espinoza C, Von Kalckreuth V, Aaby P, Ahmed M, et al. 

Bloodstream Infections and Frequency of Pretreatment Associated With Age 

and Hospitalization Status in Sub-Saharan Africa. Centers Dis Control Prev 

Nairobi Clin Infect Dis ®. 2015;61(S4):372–9.  

63.  Nguyen TH, Park MD, Otto M. Host Response to Staphylococcus epidermidis 

Colonization and Infections. Front Cell Infect Microbiol. 2017 Mar 21;7:90.  

64.  Rewa O, Muscedere J, Reynolds S, Jiang X, Heyland DK. Coagulase-negative 

Staphylococcus, catheter-related, bloodstream infections and their association 

with acute phase markers of inflammation in the intensive care unit: An 

observational study. Can J Infect Dis Med Microbiol. 2012;23(4):204–8.  

65.  Huebner, MD J, Goldmann. Coagulase-Negative Staphylococci: Role as 

Pathogens. Annu Rev Med. 1999 Feb 28;50(1):223–36.  

66.  Dijkshoorn L, Nemec A, Seifert H. An increasing threat in hospitals: multidrug-

resistant Acinetobacter baumannii. Nat Rev Microbiol. 2007 Dec 1;5(12):939–

51.  

67.  Karageorgopoulos DE, Falagas ME. Current control and treatment of 

multidrug-resistant Acinetobacter baumannii infections. Lancet Infect Dis. 2008 

Dec 1;8(12):751–62.  

68.  Fournier PE, Richet H, Weinstein RA. The Epidemiology and Control of 

Acinetobacter baumannii in Health Care Facilities. Clin Infect Dis. 2006 Mar 

1;42(5):692–9.  

69.  Maragakis LL, Perl TM, Perl TM. Antimicrobial Resistance: Acinetobacter 

baumannii: Epidemiology, Antimicrobial Resistance, and Treatment Options. 

Clin Infect Dis. 2008 Apr 15;46(8):1254–63.  

70.  Villers D, Espaze E, Coste-Burel M, Giauffret F, Ninin E, Nicolas F, et al. 

Nosocomial Acinetobacter baumannii Infections: Microbiological and Clinical 

Epidemiology. Ann Intern Med. 1998 Aug 1;129(3):182.  

71.  Yu VL, Hansen DS, Ko WC, Sagnimeni A, Klugman KP, von Gottberg A, et al. 

Virulence characteristics of Klebsiella and clinical manifestations of K. 

pneumoniae bloodstream infections. Emerg Infect Dis. 2007 Jul;13(7):986–93.  

72.  Ko W-C, Paterson DL, Sagnimeni AJ, Hansen DS, Von Gottberg A, Mohapatra 

S, et al. Community-acquired Klebsiella pneumoniae bacteremia: global 



63 
 

differences in clinical patterns. Emerg Infect Dis. 2002 Feb;8(2):160–6.  

73.  Tumbarello M, Sali M, Trecarichi EM, Leone F, Rossi M, Fiori B, et al. 

Bloodstream infections caused by extended-spectrum-beta-lactamase- 

producing Escherichia coli: risk factors for inadequate initial antimicrobial 

therapy. Antimicrob Agents Chemother. 2008 Sep 1;52(9):3244–52.  

74.  Chazan B, Colodner R, Edelstein H, Raz R. Seasonal variation in Escherichia 

coli bloodstream infections in northern Israel. Clin Microbiol Infect. 2011 Jun 

1;17(6):851–4.  

75.  Russo TA, Johnson JR. Medical and economic impact of extraintestinal 

infections due to Escherichia coli: Focus on an increasingly important endemic 

problem. Microbes Infect. 2003 Apr 1;5(5):449–56.  

76.  Weinstein RA, Gaynes R, Edwards JR. Overview of Nosocomial Infections 

Caused by Gram-Negative Bacilli. Clin Infect Dis. 2005 Sep 15;41(6):848–54.  

77.  Olufunmiso O, Tolulope I, Roger C. Multidrug and vancomycin resistance 

among clinical isolates of &lt;i&gt;Staphylococcus aureus&lt;/i&gt; from 

different teaching hospitals in Nigeria. Afr Health Sci. 2017 Sep 18;17(3):797.  

78.  Thompson Rl, Cabezudo I, Wenzel RP. Epidemiology of Nosocomial Infections 

Caused by Methicillin-Resistant Staphylococcus aureus. Ann Intern Med. 1982 

Sep 1;97(3):309.  

79.  Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ, Karchmer AW, 

Carmeli Y. Comparison of Mortality Associated with Methicillin‐ Resistant and 

Methicillin‐ Susceptible Staphylococcus aureus Bacteremia: A Meta‐ analysis. 

Clin Infect Dis. 2003 Jan 1;36(1):53–9.  

80.  Engemann JJ, Carmeli Y, Cosgrove SE, Fowler VG, Bronstein MZ, Trivette 

SL, et al. Adverse Clinical and Economic Outcomes Attributable to Methicillin 

Resistance among Patients with Staphylococcus aureus Surgical Site 

Infection. Clin Infect Dis. 2003 Mar 1;36(5):592–8.  

81.  Shittu AO, Lin J. Antimicrobial susceptibility patterns and characterization of 

clinical isolates of Staphylococcus aureus in KwaZulu-Natal province, South 

Africa. BMC Infect Dis. 2006 Dec 28;6(1):125.  

82.  Ranklin F, Owy DL. Staphylococcus aureus infections. NEJM.1998;339:520-

532 

83.  Naidoo R, Nuttall J, Whitelaw A, Eley B. Epidemiology of Staphylococcus 

aureus Bacteraemia at a Tertiary Children‘s Hospital in Cape Town, South 



64 
 

Africa. Becker K, editor. PLoS One. 2013 Oct 22;8(10):e78396.  

84.  Hospital Infection Control Practices Advisory Committee (HICPAC). 

Recommendations for preventing the spread of vancomycin resistance. Infect 

Control Hosp Epidemiol. 1995 Feb;16(2):105–13.  

85.  Hiramatsu K. Vancomycin-resistant Staphylococcus aureus: A new model of 

antibiotic resistance. Lancet Infect Dis. 2001 Oct 1;1(3):147–55.  

86.  Courvalin P. Vancomycin Resistance in Gram-Positive Cocci. Clin Infect Dis. 

2006 Jan 1;42(Supplement 1):S25–34.  

87.  Kloos WE, Bannerman TL. Update on clinical significance of coagulase-

negative staphylococci. Clin Microbiol Rev. 1994 Jan 1;7(1):117–40.  

88.  Nunes APF, Teixeira LM, Iorio NLP, Bastos CCR, Fonseca L d S, Souto-

Padrón T, et al. Heterogeneous resistance to vancomycin in Staphylococcus 

epidermidis, Staphylococcus haemolyticus and Staphylococcus warneri clinical 

strains: characterisation of glycopeptide susceptibility profiles and cell wall 

thickening. Int J Antimicrob Agents. 2006 Apr 1;27(4):307–15.  

89.  Tsiodras S, Gold HS, Sakoulas G, Eliopoulos GM, Wennersten C, 

Venkataraman L, et al. Linezolid resistance in a clinical isolate of 

Staphylococcus aureus. Lancet. 2001 Jul 21;358(9277):207–8.  

90.  Gales AC, Sader HS, Andrade SS, Lutz L, Machado A, Barth AL. Emergence 

of linezolid-resistant Staphylococcus aureus during treatment of pulmonary 

infection in a patient with cystic fibrosis. Int J Antimicrob Agents. 2006 Apr 

1;27(4):300–2.  

91.  Hentschke M, Saager B, Horstkotte MA, Scherpe S, Wolters M, Kabisch H, et 

al. Emergence of Linezolid Resistance in a Methicillin Resistant 

Staphylococcus aureus Strain. Infection. 2008 Feb 28;36(1):85–7.  

92.  Potoski BA, Adams J, Clarke L, Shutt K, Linden PK, Baxter C, et al. 

Epidemiological Profile of Linezolid‐ Resistant Coagulase‐ Negative 

Staphylococci. Clin Infect Dis. 2006 Jul 15;43(2):165–71.  

93.  Tewhey R, Gu B, Kelesidis T, Charlton C, Bobenchik A, Hindler J, et al. 

Mechanisms of linezolid resistance among coagulase-negative staphylococci 

determined by whole-genome sequencing. MBio. 2014 May 13;5(3):e00894-

14.  

94.  Kelly S, Collins J, Maguire M, Gowing C, Flanagan M, Donnelly M, et al. An 

outbreak of colonization with linezolid-resistant Staphylococcus epidermidis in 



65 
 

an intensive therapy unit. J Antimicrob Chemother. 2008 Feb 4;61(4):901–7.  

95.  Armand-Lefèvre L, Angebault C, Barbier F, Hamelet E, Defrance G, Ruppé E, 

et al. Emergence of imipenem-resistant gram-negative bacilli in intestinal flora 

of intensive care patients. Antimicrob Agents Chemother. 2013 Mar 

1;57(3):1488–95.  

96.  Pourhajibagher M, Hashemi FB, Pourakbari B, Aziemzadeh M, Bahador A. 

Antimicrobial Resistance of Acinetobacter baumannii to Imipenem in Iran: A 

Systematic Review and Meta-Analysis. Open Microbiol J. 2016;10:32–42.  

97.  Khorshidi A, Sharif A. Imipenem Resistance among Gram-Negative and Gram-

Positive Bacteria in Hospitalized Patients. Iran J Public Health. 

2010;39(2):110–3.  

98.  Lautenbach E, Synnestvedt M, Weiner MG, Bilker WB, Vo L, Schein J, et al. 

Epidemiology and Impact of Imipenem Resistance in Acinetobacter baumannii. 

Infect Control Hosp Epidemiol. 2009 Dec 2;30(12):1186–92.  

99.  Bratu S, Landman D, Haag R, Recco R, Eramo A, Alam M, et al. Rapid Spread 

of Carbapenem-Resistant Klebsiella pneumoniae in New York City. Arch Intern 

Med. 2005 Jun 27;165(12):1430.  

100.  Edwards JR. Meropenem: a microbiological overview. J Antimicrob 

Chemother. 1995 Jul 1;36(suppl A):1–17.  

101.  Poirel L, Nordmann P. Carbapenem resistance in Acinetobacter baumannii: 

mechanisms and epidemiology. Clin Microbiol Infect. 2006 Sep 1;12(9):826–

36.  

102.  Higgins PG, Dammhayn C, Hackel M, Seifert H. Global spread of 

carbapenem-resistant Acinetobacter baumannii. J Antimicrob Chemother. 

2010 Feb 1;65(2):233–8.  

103.  Marais E, De Jong G, Ferraz V, Maloba B, Dus?? AG. Interhospital transfer of 

pan-resistant Acinetobacter strains in Johannesburg, South Africa. Am J Infect 

Control. 2004 Aug 1;32(5):278–81.  

104.  Medical Association of South Africa. A, Royal College of Obstetricians and 

Gynaecologists (Great Britain). South African Regional Council. J, South 

African Society of Obstetricians and Gynecologists. C, Corcoran C, Greune J 

van, Deetlefs JD, et al. South African journal of obstetrics and gynaecology. : 

Suid-Afrikaanse tydskrif vir obstetrie en ginekologie. Vol. 102, South African 

Medical Journal. 2012. 599-601 p.  



66 
 

105.  Nordmann P, Cuzon G, Naas T. The real threat of Klebsiella pneumoniae 

carbapenemase-producing bacteria. Lancet Infect Dis. 2009 Apr 1;9(4):228–

36.  

106.  Webster DP, Gaulton T, Woodford N, Pike R, Turton J, Perry C, et al. 

Emergence of carbapenem resistance due to porin loss in an extended-

spectrum β-lactamase (ESBL)-producing Klebsiella pneumoniae strain during 

meropenem therapy. Int J Antimicrob Agents. 2010 Dec;36(6):575–6.  

107.  Cai Y, Chai D, Wang R, Liang B, Bai N. Colistin resistance of Acinetobacter 

baumannii: clinical reports, mechanisms and antimicrobial strategies. J 

Antimicrob Chemother. 2012 Jul 1;67(7):1607–15.  

108.  Boo TW, O‘Connell N, Power L, O‘Connor M, King J, McGrath E, et al. First 

report of IMI-1-producing colistin-resistant Enterobacter clinical isolate in 

Ireland, March 2013. Euro Surveill. 2013 Aug 1;18(31).  

109.  Juhász E, Iván M, Pintér E, Pongrácz J, Kristóf K. Colistin resistance among 

blood culture isolates at a tertiary care centre in Hungary. J Glob Antimicrob 

Resist. 2017 Aug 21;  

110.  Bialvaei AZ, Samadi Kafil H. Colistin, mechanisms and prevalence of 

resistance. Curr Med Res Opin. 2015 Apr 3;31(4):707–21.  

111.  EXTENDED-SPECTRUM BETA-LACTAMASE (ESBL) PRODUCING 

BACTERIA Fact Sheet for Healthcare Professionals.  

112.  Giske CG, Monnet DL, Cars O, Carmeli Y, ReAct-Action on Antibiotic 

Resistance  on behalf of R-A on A. Clinical and economic impact of common 

multidrug-resistant gram-negative bacilli. Antimicrob Agents Chemother. 2008 

Mar 1;52(3):813–21.  

113.  Kirn TJ, Weinstein MP. Update on blood cultures: how to obtain, process, 

report, and interpret. Clin Microbiol Infect. 2013 Jun 1;19(6):513–20.  

114.  O‘Brien TF. Emergence, Spread, and Environmental Effect of Antimicrobial 

Resistance: How Use of an Antimicrobial Anywhere Can Increase Resistance 

to Any Antimicrobial Anywhere Else. Clin Infect Dis. 2002 Jun 1;34(s3):S78–

84.  

115.  Neu HC. The crisis in antibiotic resistance. Science (80- ). 1992 Aug 

21;257(5073):1064–74.  

 


