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ANTIMICROBIAL RESISTANCE 
 
 
INTRODUCTION 
 
Antibiotics and similar drugs together known as antimicrobial agents, have been used for 
the last 70 years to treat patients with infectious diseases. Since the 1940’s these drugs 
have been used and abused in equal spates. Antimicrobials are predominantly used to 
reduce illness and death from the countless number infectious diseases/microbes. It was no 
doubt a great innovation in its time, but the irony of it all is that this may very well result in 
being one of our greatest battles that we mankind may ever endear to face. At this very 
moment in time we are at the precipice of falling back to the dark ages of medicine, a time 
when antibiotics were an unknown, if we continue down this path of illicit, incorrect and 
unrestrained use of antimicrobials.  
 
Alas, there are many variables that render us ‘sitting ducks’ and very much ill-equipped in 
this war of attrition, but ultimately these antimicrobial drugs have been used so widely and 
for so long that it seems that the infectious organisms themselves have adapted to them, 
thus rendering these drugs less effective. Antimicrobial resistance (AMR) threatens the 
effective prevention and treatment of an ever-increasing range of infections caused by 
bacteria, parasites, viruses, and fungi. It is slowly but surely, almost insidiously becoming 
an increasingly serious threat to global healthcare. AMR is present globally; it is a reality 
and no longer a theory or hypothesis, with new resistant strains emerging frequently and 
spreading at an alarmingly fast rate.  
 
In 2012, the World Health Organization (WHO) in their annual report made mention through 
their surveillance and data collection, a gradual increase in resistance to HIV drugs. Since 
then, further increases in resistance to first-line treatment drugs have also been reported, 
which may very well result in the need for more expensive and newer drugs in the near 
future. In 2013, there were approximately 480 000 new cases of multi-drug resistant 
tuberculosis (MDR-TB). Extensively drug-resistant tuberculosis (XDR-TB) has also been 
identified in over 100 countries. There are also higher proportions of antibiotic resistance in 
bacteria that cause the more common infections in all parts of the world, such as UTI’s, 
pneumonia, and blood stream infections.  
 
A high percentage of hospital-acquired infections are caused by highly resistant bacteria 
such as methicillin-resistant Staphylococcus aureus (MRSA) or multidrug-resistant Gram-
negative bacteria. [1]    Essentially, patients with infections caused by drug-resistant bacteria 
are generally at an increased risk of worse clinical outcomes with the eventuality of death, 
whilst also consuming more healthcare resources than those patients with the same bacteria 
that are not resistant.  
 
AMR is a complex problem driven by many interconnected variables. As such, single, 
isolated interventions will have little to no impact. What is for certain, is that to stand any 
chance of winning this war against this little, but extremely dangerous and adaptive enemy 
we will need a very concerted, disciplined and coordinated global plan of action. As we will 
see, an implementation strategy is all very good and well, but we also have to be innovative 
and encourage research and development if we are to prevent ourselves from falling back 
in time to the pre-antimicrobial era, as in the DARK AGES of medicine!!! 
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DEFINITIONS:[2]  
 
Antibiotic resistance - refers specifically to the resistance to antibiotics that occurs in 
common bacteria that cause infections. 
 
Antimicrobial resistance - is a broader term, encompassing resistance to drugs to treat 
infections caused by other microbes as well, such as parasites, viruses, and fungi. 
 
Minimal Inhibitory Concentration (MIC) - The lowest concentration of antimicrobial agent that 
will visually inhibit bacterial growth following an overnight incubation (18 hours) at 350C. It 
is interpreted in relation to the specific antimicrobial and achievable drug levels. Cannot 
compare MIC’s between different antimicrobials. 
 
Minimal Bactericidal Concentration (MBC) - The lowest concentration that kills 99.9% of the 
bacteria in culture. Requires recapture of MIC incubations that show no growth. 
 
Bactericidal - MBC/MIC </~ 4. Indicates that the antibiotic is capable of killing at a 
concentration near the MIC. Bactericidal antibiotics are aminoglycosides, quinolones, 
vancomycin, and B-lactams. 
 
Bacteriostatic - MBC/MIC between 4 and 32. These antibiotics inhibit growth but require 
good immune function to eliminate the infecting organism. Examples are chloramphenicol, 
macrolides, and tetracyclines. 
 
Tolerant - MBC/MIC > 32. The bacteria is considered tolerant to the effects of the antibiotic. 
 
Plasmid - non-essential, extrachromosomal, self-replicating element composed of circular, 
double-stranded DNA 
 
Episome - DNA that can integrate into chromosomal DNA 
 
R-factor - A plasmid that encodes for AMR 
 
Transposon - resistance genes that are transferred within or between large pieces of either 
chromosomal DNA or plasmids. 
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THE HISTORY OF ANTIMICROBIALS 
 
Antibiotics were discovered in the middle of the 19th century. It was formulated through 
‘chance, accident, or fate’ however which way one wishes to view its ground-breaking 
discovery at the time and subsequently served to minimise the threat of infectious diseases 
which had devastated the human race during the two World Wars. Penicillin was discovered 
in the 1940’s by the well known biologist, pharmacologist, and botanist, Sir Alexander 
Fleming. By 1927, Fleming had been investigating the properties of staphylococci. On 3 
September 1928, he returned to his laboratory after spending a short holiday with his family.  
 
On returning, Fleming noticed that one culture was contaminated with a fungus, and that the 
colonies of staphylococci immediately surrounding the fungus had been destroyed, whereas 
the other staphylococci colonies farther away were normal. Fleming showed the 
contaminated culture to one of his peers who reminded him of his previous ‘chance 
discovery’ of lysozyme. Fleming proceeded to grow the mould in a pure culture and found 
that it produced a substance that killed a number of disease-causing bacteria. He identified 
the mould as being from the Penicillin genus, and, after some months of calling it ‘mould 
juice’, named the substance it released Penicillin on March 7, 1929.[3] 
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In 1999, Time magazine named Fleming on the list of The 100 most important people of the 
20th century, stating: 
 
“It was a discovery that would change the course of history. The active ingredient in 
that mould, which Fleming named Penicillin, turned out to be an infection-fighting 
agent of enormous potency. When it was finally recognised for what it was, the most 
efficacious life-saving drug in the world, penicillin would alter forever the treatment 
of bacterial infections. By the middle of the century, Fleming’s discovery had 
spawned a huge pharmaceutical industry, churning out synthetic penicillins that 
would conquer some of mankind’s most ancient scourges, including syphilis, 
gangrene, and tuberculosis.” 
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However, soon after the discovery of penicillin, a number of treatment failures together with 
the more frequent occurrence of some bacteria being no longer sensitive to penicillin began 
to be noticed, especially amongst the staphylococci genus. This marked the era of AMR and 
the realisation that these drugs that were once described as ‘magic bullets’ may not actually 
be as magical as once thought.  Increasing prevalence of resistance has been reported in 
many pathogens over the years in different regions of the world.  
 
This has been attributed to changing microbial characteristics and their subsequent 
development of adaptation traits rendering them resistant to the antimicrobials, selective 
pressures of antimicrobial use, as well as societal and technological changes that have 
served to enhance the development and transmission of drug-resistant organisms. Over the 
years that followed it was realised that despite resistance being a biological phenomenon 
that we have inadvertently encouraged, the single most important factor in creating these 
‘superbugs’ was the incorrect use of antimicrobials in humans, agriculture and also the 
widespread use of disinfectants at farms and household levels.[4] 
 
The irony of it all, is that following his discovery. Fleming also predicted and warned mankind 
of the dangers that lay ahead. In an interview following his Nobel Prize award in 1945 he 
said: 
 
“The thoughtless person playing with penicillin treatment is morally responsible for 
the death of man who succumbs to infection with the penicillin-resistant organism.” 
 
It seems that we were so caught up in the moment, penicillin was used unreservedly 
especially during the World War II. Together with its mass production, unrestrained 
prescribing by physicians and the lenient over-the-counter selling of the misnomer that 
‘antibiotics cure all’ no doubt played a key role in transformation of these ‘super-bugs’. Many 
antibiotics are still sold over the counter in many third-world countries up to this day. 
 
In a recent Ted Talk, journalist Maryn Mckenna made mention of the coming post-antibiotic 
era, in which most minor infections won’t be easily treated with the current drugs we have 
available. 
 
Ultimately, we ourselves through a total lack of respect for these microbes, together with 
poor foresight, insight and a sad disdain of the aforementioned warnings by our forefathers, 
Sir Fleming included, have encouraged an era of resistance. 
 
 
MOLECULAR BASIS OF RESISTANCE 
 
To appreciate the mechanisms of resistance, it makes sense to understand the mechanisms 
of action of antimicrobials. These agents act selectively/specifically on vital microbial 
functions without affecting the host functions.  
 
Broadly, antimicrobial agents may be described as either bacteriostatic or bactericidal. 
Bacteriostatic only inhibits the growth or multiplication of the bacteria giving the immune 
system of the host time to clear the microbes from the system. Complete elimination of these 
microbes is thus dependant on the competence and functioning of the immune system. 
Bactericidal agents kill the bacteria irrespective of the state of the immune system. In this 
case the mechanism of action can be further subdivided based on structure of the bacteria 
or the function that is affected by the agents.  
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These generally include the following: 
- Inhibition of cell wall synthesis/function  

- Inhibition of ribosome function 

- Inhibition of nucleic acid synthesis/function 

- Inhibition of folate metabolism/synthesis 

- Inhibition of cell membrane function[5,6] 

 

 
 
Ever since the invention of antimicrobials, slowly but surely, almost insidiously, treatment 
failures have have been noted to be increasing in the health care sectors across the board. 
These microorganisms have been forced to adapt and become resistant to these agents to 
ensure their survival against the arsenal of antimicrobial agents to which they have been 
bombarded by. They achieve this through different means, but is primarily based on 
chemical structure of these agents and the mechanisms through which they acted. The 
resistance mechanisms thus depends on the specific pathways that are inhibited by these 
drugs and their adaptive ability to side-step their actions through alternate pathways which 
are modified and refined over time to allow for the microbes survival and longevity. 
 
Resistance can be classified in two ways: Intrinsic or Acquired[7] 
- Intrinsic or natural is where the microorganisms naturally do not possess the target sites 

for the drugs and therefore the drug does not affect them. They have a low permeability 
to these agents as a result of the differences in chemical nature of the drug and the 
microbial membrane structures, thus preventing the entry of certain agents into the actual 
microbial cell to effect an action. 

- Acquired resistance whereby a naturally susceptible microorganism acquires through 
adaptive means ways of not being affected by the drug. 

 
Naturally occurring resistance is common. Genes that confer resistance are known as the 
environmental resistors. These genes may be transferred from non-disease-causing 
bacteria to those that do cause disease, leading to clinically significant AMR. Based on 
normal genetic variability, this population of bacteria will have a wide variability of response 
to an individual antibimicrobial. In the face of antimicrobial pressure, genetic mutations 
leading to resistance are thus a necessary and predictable sequelae for these bacteria; i.e.  
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SURVIVAL OF THE FITTEST!!! 
 
Briefly covering molecular 
genetics of AMR:[8] 
- Chromosome-mediated 

resistance - spontaneous 
mutations 

- Not a major reason for sudden massive emergence of drug resistance 

- Mutations rarely lead to complete resistance 

- If mutation is stable, selection pressure will rapidly increase the numbers of resistant 
mutants 

 
- Plasmid-mediated resistance – Conjugation 

 Occurs in many different species, especially gram negative rods 

 Plasmids frequently mediate resistance to multiple drugs 

 High rate of transfer from one cell to another 

 Mechanism of plasmid-mediated resistance related to R-factors(resistance factors) 

- Replicate independently 

- Transfer occurs during mating drug sensitive recipient bacteria 

- Can be transferred to bacteria of other species 

- Large plasmids are conjugative R-factors that contain extra DNA for the conjugation 
process.  

- Small r-factors only contain resistance genes. 

 
- Transposon-mediated resistance - Transduction and Transformation 

 Transduction: Phage mediated transfer of genes. A phage is a virus that infects 
bacteria. Can do so during cell lysis. 

 Clinically important especially for Gram positive bacteria e.g. Staph 

 Transformation: Uptake of resistance transposons by a sensitive bacterium after lysis 
of a resistant bacteria 

 
 
 

IN A NUTSHELL 
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Specific Mechanisms:[9] 

 
The four main mechanisms by which microorganisms exhibit resistance to antimicrobials 
are: 
1. Drug inactivation or modification - For example, enzymatic deactivation of penicillin G in 

some penicillin-resistant bacteria through the production of B-Lactamases. Most 
commonly, these protective enzymes produced will add an acetyl or phosphate group to 
a specific site on the antibiotic, which will reduce its ability to bind to bacterial ribosome 
and disrupt protein synthesis. 

 
2. Alteration of target site - An example would be the alteration to PBP (Penicillin-Binding-

Protein), the binding target site of penicillins - in MRSA and other penicillin-resistant 
bacteria. Another protective mechanism found amongst bacteria are the ribosomal 
protection proteins. These proteins protect the cell from antibiotics that target the cell 
ribosomes to inhibit protein synthesis. The mechanism involves the binding of these 
proteins to the ribosomes of the bacterial cell, which then changes its conformational 
state, subsequently allowing protein synthesis to continue unabated and preventing the 
antibiotics from binding to the ribosomes. 

 

 
 
3. Alteration of metabolic pathway - For example, in some sulfonamide-resistant bacteria 

that cause decreased sensitivity through folate synthesis, do not require PABA(Para-
aminobenzoic acid), an important precursor for the synthesis of folic acid and nucleic 
acids in bacteria, that are inhibited by sulphonamides. Instead, very much like 
mammalian cells, they turn to using preformed folic acid. 

 
4. Reduced drug accumulation - By decreasing drug permeability of increasing the active 

efflux of drugs across the cell surface. These specialised pumps are found within the 
cell membrane of certain bacterial species and thus used to actively pump antibiotics 
out of the cell before any damage is caused. These efflux pumps are activated by a 
specific substrate associated with the antibiotic. 
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WHY HAS THE ‘PERFECT STORM’ OF INCREASING RESISTANCE OCCURRED? 
 
In the aftermath of unprecedented success of early antimicrobial therapies, in the 1960’s, 
US Surgeon General William H Stewart made the now infamous declaration “it is time to 
close the book on infectious diseases and declare the war against pestilence won”. 
This statement clearly reflects the sentiment in the medical community at the time, as well 
as our initial viewpoint of prematurely ending the fight against infectious microbes, whilst at 
the same time highlighting our now proven poor insight into the mechanics and inner-
workings of the biological micro-stratosphere.  
 
Unfortunately the past 30 years have revealed how grossly inaccurate and ignorant we were, 
as we persistently underestimated our foe, despite plentiful warnings and red alerts. In 
actuality, we are now further away than ever before from ‘closing the book on infectious 
diseases’ which, despite the availability of antimicrobials, still remains the one of the leading 
causes of death worldwide, according to the WHO - Annual report 2012.[11] 
 
The global spread of microbial resistance is the predominant reason why infectious diseases 
have not been conquered. It has commonly been expressed that the physician misuse of 
antimicrobials is the cause of this resistance in microbes. Unfortunately though, this belief 
is a fallacy that reflects an alarming lack of respect for the incredible power of microbes. 
 
As diverse and evolved as we human beings are, we pale in comparison to microbes. 
Microbes inhabit almost every nook and cranny, living and non-living space on this planet. 
Subzero temperatures, the environmental effects of global warming, extreme salinity, the 
absence of sunlight, and even spaces with little to no oxygen have proven an unworthy 
barrier to their occupation and progression. From a microbes perspective, a single human 
is no more than a walking microbial planet; there are 5-10 times microbes living on and in 
every human being than there are human cells in the body.[12] 
 
Microbes have had over 3.5billion years to adapt to the various and ever-changing 
environments on planet Earth. The power that drives microbial adaptability is genetic 
plasticity and rapid replication. It takes many bacteria only 20-30 min to replicate; which 
is minuscule if compared to us Humans. Given the above, there is no doubt that microbes 
are the most numerous, diverse, adaptable and robust organisms that have ever lived on 
this planet.[13]  
 
It is absurd to believe that we can actually defeat this ‘enemy’, given the fact that they 
outnumber us 1022, outweigh us by a factor of 108, have existed almost X1000 longer than 
our own species, and are able to undergo 500 000 generations during 1 of ours.  
 
Given the above, yet another dampener is thrown in on the works as genetic analysis itself 
indicates that microbes themselves invented both B-lactam antibiotics, and the subsequent 
B-lactamase enzymes noted to resist those very same antibiotics more than 2 billion years 
ago. In reality, microbes have collective experience in creating, adapting and ultimately 
upending antibiotics for over 20 million years longer than homo sapiens have known that 
antimicrobials actually exist. From this framework, it is obvious that microbes do not need 
our help in creating antimicrobial resistance.[14] 
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Then What? 
 
On the other hand, the next best plan of action would be to affect and decrease the rate of 
spread of bacterial resistance by applying selective pressure via minimising exposure to the 
thousands of metric tons of antimicrobials we use yearly in patients and livestock over the 
past 50 years. It is obviously desirable to only use antimicrobials when appropriate, in an 
effort to limit selective pressure that increases the frequency of resistance. 
 
Thus it is imperative that the distinction between causality of microbial resistance and the 
rate of spread of resistance be recognised if we are to strategise and implement a feasible 
and worthwhile solution to this dire problem. If our misuse of antimicrobials affects the rate 
of resistance, but does not actually cause resistance, then the correct use of these agents 
does not actually stop microbial resistance; BUT what it does do, is slow down the process 
of AMR until we can find a real solution. 
 
Framed in this context, there is no doubting that one of the imperative steps in fighting this 
war is convincing physicians to use antimicrobials correctly, together with stricter regulations 
and the drafting of regional specific antimicrobial prescribing protocols. This will not be the 
solution, not by a long-shot, but it does serve to hopefully buy us some much needed time 
until a better solution is formulated. 
 
Antimicrobial effectiveness is a precious, limited resource that is the cornerstone in fighting 
infectious diseases worldwide. It can be viewed in the same light as other precious 
resources, such as oil, energy sources, forests, and an argument can even be made 
regarding its place amongst certain necessities for man’s existence in the 21st century, such 
as clean water and pollutant-free air. In the past when met with problems of this magnitude, 
we have been able to devise structured and methodical solutions.  
 
Our much improved response to global warming, our concerted effort to drive home green 
energy initiatives and energy efficiency protocols are to name just a few. When met with 
these threats, society and man have stepped up their game through a change in our 
collective mindsets to protect ourselves from further consumption/depletion (such as energy 
conservation and restrictions of factory and car pollution) and to promote their restoration 
(forest restoration). Here the resource that is at a precipice, a tipping point, and desperately 
needs to be protected and restored is antimicrobial ‘effectiveness’. 
 
Some of the factors that promote resistance and related to inappropriate antimicrobial 
use:[15] 
- Antimicrobials for viral infections, especially for the common cold/flu 

- Antimicrobials sold without supervision, that are not regulated 

- Exposure to sub-optimal levels, incorrect dosing regimens 

- Exposure to broad-spectrum antimicrobials, especially when a specific organism is likely 

- Exposure to microbes carrying resistant genes 

- Lack of hygiene in clinical environments 

- Use and abuse of antimicrobials in the food, carpentry and agriculture sectors 
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Other possible reasons for increasing resistance levels include:[16] 
- Prolonged hospital stays, which include ICU days 

- Increased use of invasive devices and catheters, and their inadvertent length of stay  

- Ineffective infection-control practices, together with poor hygiene practices 

- Transferring of infected patients to different hospital wards and hospitals, resulting in the 
mixing and matching of microbes from different regions, thus creating a hot-bed for 
breeding resistance 

- Increasing national and international travel; remember our enemy has no respect for 
cross-borders  

 
These elevated levels of antimicrobial resistance is dependant on the following:[15,16] 
- The population of organisms that spontaneously acquire resistance mechanisms as a 

result of selective pressure from antimicrobial use  

- The rate of introduction from indigenous settings and relevant bacterial organisms to 
hospital healthcare facilities 

- The proportion that is spread from person to person 

 
Essentially it is all of these factors that need to be addressed if we are to succeed in halting 
the snowball effect that is AMR which is steadily gathering momentum in many parts of the 
world. A key area is most definitely community acquired AMR due to the widespread use of 
suboptimal antimicrobials in the outpatient settings as well as their use in agriculture. 
 
 
CDC ESTIMATES OF INCORRECT ANTIBIOTIC PRESCRIBING[17] 
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The above graph serves to highlight the problem of incorrect antibiotic prescribing practices 
by physicians. These figures are based on findings in the USA covering 2 years between 
the periods 2010-2011 - CDC Annual stats and data collection - 2012, but one can easily 
relate these figures and extrapolate the findings to our own healthcare system. The use of 
antibiotics for the influenza virus, and viral upper respiratory tract infections is one we can 
relate with, but unfortunately even in this day and age, despite medical school teachings 
and vociferous protestations from many, it seems that the pressure exerted from the patient 
themselves in their belief that ‘antibiotics cures all’ is far too strong and thus results in many 
physicians going against their better judgement.[17] 
 
 
STRATEGIES FOR PREVENTION AND CONTAINMENT 
 
Antimicrobial resistance may very well be as a result of selection pressure, but it is also 
perpetuated by a diverse and varied set of risk factors inextricably linked to very poor 
infection control practices. Drug pharmacokinetics and pharmacodynamics endemic to 
specific regions may also very well play a part. The WHO, CDC and many other medical 
faculties have initiated strategies for the containment of resistance, with surveillance and 
delineation of the cause(s) cited as essential.  
 
A review article Strategies for the Prevention and Containment of Antibiotic Resistance, Dr 
S Y Essack - SA Fam Pract 2006;48(1), made mention to the fact that surveillance is key 
and that antimicrobial efficacy should be disease based, establishing sensitivity profiles of 
common causative organisms to inform the development of or amendment of standard 
treatment guidelines(STGs) and essential drug lists(EDLs).[18] 
 
A recent study(quoted from the same article) evaluated the appropriateness of national 
standard treatment guidelines(STGs) and the essential drug list(EDL) for infections within 
the public sector in KZN in the context of AMR. It was a multi-centre surveillance study 
carried out in 16 hospitals at 3 levels of healthcare(district, regional, and tertiary). Each 
hospital was required to submit 100 consecutive non-repetitive isolates. Identification and 
susceptibility testing were done using appropriate tests. Isolates were grouped according to 
their natural resistance profiles and percentage sensitivity to each antimicrobial stratified to 
each hospital level.  
 
A total of 1270 isolates consisted of 24 different species were identified. Sensitivities ranged 
from 14-100% with a general trend of highest sensitivity seen at the district level, followed 
by regional, then tertiary, consistent with the referral system where health conditions 
become increasingly severe/complex, thus requiring greater antimicrobial use and broader 
spectrum agents at progressive hospital levels.   The study concluded that resistance 
profiles amongst bacteria vary too much to allow for a national antimicrobial policy as 
proposed in the STGs and EDL. Rather, such guidelines should be directed to specific 
profiles found at different levels of healthcare. Regular surveillance to adjust such guidelines 
is essential - Strategies for the Prevention and Containment of Antibioticc Resistance, S Y 
Essack, 2006 - SA Fam Pract 2006;48(1)[18] 
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Surveillance:[18] 
 
The WHO cites AMR surveillance as a pivotal and critical tool against resistance citing the 
data collected as essential in updating national policies, STGs, and EDLs. Taking the point 
of data collection even further, it is only with precise, specific and highly sensitive high quality 
data that we will be able to formulate trends, generate protocols and ultimately strategise 
and implement solutions to defeating the problem of AMR.  For the starter, perhaps priority 
should be given to hospitals where there are increased numbers of patients, antimicrobial 
prescribing, and overcrowded/under-resourced facilities i.e. the majority of our public 
healthcare sector.  
 
These factors are thought to drive the emergence of multi-resistant pathogens and thus data 
collection will prove invaluable in charting and modifying antimicrobial guidelines relative to 
the specific sector/hospital. Thus the objective of surveillance is to facilitate the containment 
of AMR by forming different strategies such as improved prescribing (rational drug use, 
implementation of dosing regimens based on pharmacokinetic/dynamics in different patient 
populations), the implementation of infection control policies and procedures, the 
appropriate and sector-specific STGs, and due vigilance in patients exhibiting classical risk 
factors for the acquisition of or colonisation with AMR pathogens. 
 
Selection Pressure:[19,20] 
 
When perusing through the many articles on AMR, it becomes obvious that resistance is 
one of the inevitable consequences of selective pressures imposed by the widespread use 
and sometimes misuse of antimicrobials. In a specific population exposed to antimicrobials, 
susceptible pathogens will be eradicated, whilst the resistant ones persist and pass on their 
genes to offspring or to other species through horizontal gene transfer.  
 
Several epidemiological studies show that type and frequency of resistance mechanisms 
vary with the environment. Such differences are related to qualitative and quantitative 
differences in antimicrobial use, and, conversely the evolution of a multitude of resistant 
mechanisms may very well influence future use of antimicrobials within a specific community 
and/or hospital. 
 
Within the SA context, the inequitable distribution of health resources has manifested in the 
under-resourced, and the seemingly broken public healthcare sector we currently find 
ourselves in. This situation lends itself to a multitude of problems of which one extremely 
important and still unresolvable one is the availability of drugs, and antimicrobials in 
particular. This results in the use of suboptimal antimicrobial prescribing, and the use of 
either the incorrect antimicrobial or common broad-spectrum drugs that are non-specific for 
the active infection and thus the festering of specific AMR mechanisms specific to our 
centres. 
 
If resistance is attributed to selection pressure as a result of excessive antimicrobial use, 
then it makes sense that judicious antimicrobial use needs to be the strategy employed. 
Resistance may be minimised by controlling antimicrobial use by means of policies 
formulated from the evaluation of susceptibility patterns of organisms prevalent in the 
different institutions(again, the importance of surveillance!!!). These policies are thus 
surveillance based and will have an important impact on the rational use of antimicrobials. 
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So what exactly does it mean when one speaks about the ‘rational use of 
antimicrobials?Rational use encompasses the following: 
- Restricting use of particular agents, especially those to which resistance emerges rapidly  

- Definition of optimum dosage to maximise cure rates and minimise selection of resistant 
genes 

- Optimum duration of courses of antimicrobials specific to the infection, and the 
subsequent stopping of antimicrobials once the infection has passed i.e. not the old-
school teaching of completing the course of antibiotics. 

- Cost vs benefits weighting and the subsequent development of a pragmatic mindset i.e. 
withholding antimicrobials in cases of non-life-threatening infections 

- The value of cycling a regimen in an effort to prevent the emergence of resistance  

- Choosing of agents with a narrow spectrum when the pathogen is known 

 
Ultimately, we must concede that we will never truly defeat microbial resistance; we can only 
keep pace with it and hopefully through persistence and policy regulations, knowledge and 
education, will we somehow slow this ever-rising tide of AMR. The only viable, long term 
solution to the problem of microbial resistance is to have in place perpetuity a continuing, 
steady development of new antimicrobials, along with other possible strategies.  
 
These other strategies should include: 
- Immunotherepeutics and vaccines 

- Antimicrobial stewardship programs to improve targeted therapy 

- Well coordinated and funded monitoring, tracking, prevention and control plans 

 
The Dire Need For New Antimicrobials:[20] 
 
The initial public alert to the medical community about the growing crisis in antimicrobial 
development was first published in 2002 by IDSA members David Schales and Robert 
Mouldering. In July 2004, the IDSA released its “Bad bugs, no drugs” report, which 
documented the magnitude of the problem and made recommendations to address the 
complex issues underlying the lack of antimicrobial development. 
 
The discovery of penicillin ushered in the ‘antibiotic era’ and the ability to cure infections that 
were previously thought to be fatal. However, the antibiotic development pipeline seems to 
have run its course and is currently dried up, as the production of new antimicrobials has 
greatly declined over the past few decades; and there are very few effective drugs available 
to treat recently emerged MDR infections. In a field which offers little in the form of financial 
incentive to the major pharmaceutical companies with regards to antimicrobials/antibiotics, 
innovations are urgently needed to stimulate the research and discovery of antimicrobials, 
vaccines, and to devise funding arrangements and partnerships to support research and 
development. In addition, there is also the need for new technologies in other areas such as 
point-of-care diagnostic tests and infection prevention and control, which are also important 
for effective control of AMR. 
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Infection Prevention And Control:[20] 
 
As the centres where the most serious illnesses are treated, hospitals are a haven for 
breeding ‘superbugs’ and unfortunately also where antimicrobial resistance is likely to 
develop and spread. Infections acquired in hospitals and other health-care facilities caused 
by resistant bacteria exert a heavy toll in terms of illness and mortality, as well as added 
direct and indirect costs. The key to limiting the risk lies in the meticulous application of 
measures for the prevention and control of infection. 
 
Political Commitment And Collective Mindset:[20] 
 
It is only through the help, guidance, and funding of government that we will only ever make 
any progress with regards to stemming the tide on AMR. Despite the knowledge gaps, the 
strategies and practical measures that work are well known and could be applied more 
widely. Mobilising the necessary expertise and resources to mount a concerted effort to 
prevent and control AMR will depend on the commitment of policy decision-makers across 
the globe. Most importantly, we must educate each other, our patients, the media, and 
politicians about this problem. It is only with a change in our collective mindsets that we will 
prevent ourselves from falling back into the dark ages of medicine!!! 
 
 
GLOBAL IMPACT OF AMR 
 
The global impact of AMR should never be underestimated. We have made the mistake of 
resting on our laurels for half a century now. We can no longer afford to do so. Already there 
are numerous reports across the globe of outbreaks that are seemingly resistant to our 
current stash of antimicrobials. To a large extent, inaction, lethargy and procrastination 
together with ignorance characterises our past, but it should not describe the present or the 
future. We need to act on the knowledge we have already gained regarding antibiotic 
resistance. The medical community itself has got to lead by example and be stringent, firm 
and demanding on strict regulations regarding antimicrobial use, and just as importantly we 
need to make concerted efforts to impart our knowledge to everyone and anyone through 
education and communication.  
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Initially it was difficult to mobilise action because few accepted that the problem existed. 
Fortunately, awareness has increased recently, but behavioural change is what is needed.  
Infectious diseases remain among the leading causes of morbidity and mortality on our 
planet. The development of resistance in microbes—bacterial, viral, or parasites—to 
therapeutics is neither surprising nor new. However, the scope and scale of this 
phenomenon is an ever-increasing multinational public health crisis as drug resistance 
accumulates and accelerates over space and time.  
 
Once treatable infections are becoming difficult to cure, raising costs to healthcare facilities, 
and patient mortality is rising, with burgeoning costs to both individuals and society. 
Decreasing antimicrobial effectiveness has risen from being a minor problem to a broad 
threat, regardless of the country’s income or sophistication of the their healthcare system. 
Many pathogens are resistant to more than one antimicrobial, and new last-resort 
antimicrobials are expensive and often out of reach for those who need them. 
 
Resistance is a direct result of antimicrobial use. The greater the volume of agents used, 
the greater the chances that resistant populations of bacteria will prevail in the contest for 
“survival of the fittest”. Two trends are essentially contributing to the global scale-up in 
antimicrobial consumption. First, rising incomes are increasing access to antimicrobials and 
previous superstition and the subsequent societal pressure thereof ‘that antibiotics cures all’ 
is still very much present in many parts of the globe, thus the inadvertent physician 
prescribing and incorrect management.  
 
In some cases, antimicrobials will no doubt save lives but also increasing use - both 
appropriate and inappropriate - inevitably drives resistance. Second, the increased demand 
for animal protein and resulting intensification of food animal production is leading to greater 
use of antimicrobials in agriculture, again driving resistance.[21]  Trying to obtain information 
on the cost of AMR is difficult seeing that there is very little data on the actual cost-figures 
on antimicrobials. Evidence though from around the world does indicate an overall decline 
in the total stock of antimicrobial effectiveness: resistance to all first-line and last resort 
antimicrobial agents are rising.  
 
The patterns of which bacteria are resistant to specific antibiotics differs regionally and by 
country, mirroring patterns of infectious disease and antimicrobial use. The US Centres for 
Disease Control and Prevention(CDC) estimates that AMR is responsible for more than 2 
million infections and 23 000 deaths each year in the United States, at a direct cost of 
$20billion additional productivity losses of $35billion(CDC Annual review - 2013). In Europe, 
an estimated 25 000 deaths are attributable to AMR infections, costing 1.5billion euros 
annually in direct and indirect costs(Jirka Taylor et al, Estimating the economic costs of AMR 
- Model and Results, 2014). Unfortunately there are no reliable estimates of economic losses 
in RSA and most of the developing world.  
 
What we can clearly say is that resistance is costly and no doubt adds to the burden of any 
healthcare setting. The effects in SA will no doubt be even more severe seeing that our 
public healthcare sector which supports approximately 80% of our population is already in 
a precarious and dire situation. Ultimately we need data on costs to convince government 
authorities to put more funds into confronting this problem. It is only then that any real 
inroads can be made in this war against these superbugs. There has been action, but 
unfortunately too little!!![22,23] 
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The capture below taken from the The Review on Antimicrobial Resistance 2014, Chaired 
by Jim O’Neill serves to highlight the reality of the situation if we continue down this path of 
increasing resistance, and decreasing innovation. It shows how in a few years AMR WILL 
BE THE LEADING CAUSE OF DEATHS WORLDWIDE!!![24] 
 

 
 
The above depicts a considerable human and economic cost. In A Review on Antimicrobial 
Resistance 2014, they commissioned two multidisciplinary teams from RAND Europe and 
KPMG each to provide their own high-level assessments of the future impact of AMR, based 
on scenarios for rising drug resistance and economic growth to 2050.  Both research teams 
estimated how this rise would affect the labour force through mortality and morbidity, and 
hence its overall impact on economic production.  
 
Their results projected that if resistance is left unchecked, the loss of world output will be 
bigger through time, so by 2050, the world will be producing 2 - 3.5% less than it otherwise 
would. Financially speaking, a decrease in Gross Domestic Product (GDP) of 2 - 3.5% would 
cost approximately $100trillion. Furthermore, 10 million more people would be expected to 
die every year than would be the case if resistance were kept at todays level.[24] 
 
 
GLOBAL PATTERNS AND EMERGING THREATS:[25] 
 
The most recent worldwide estimates of global AMR, published by the WHO in their Global 
Surveillance Report in 2014, listed Escherichia coli, Klebsiella pneumonia, and 
Staphylococcus aureus as the three agents of greatest concern, associated with both 
hospital and community acquired infections. 
 
In five of the six WHO regions, some countries reported E.coli resistance of more than 50% 
to quinolone and 3rd generation cephalosporins. K.pneumoniae resistance rates to 3rd 
generation cephalosporins are above 30% in most countries, and in some cases greater 
than 60%. MRSA resistance rates exceed 20% in ALL WHO regions and are above 80% in 
some regions. Streptococcus pneumonia, nontyphoidal salmonella, Shigella spp, and 
N.gonorrhoea were also identified as community-acquired infections of high global concern. 
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SA detected a high prevalence of intermediate resistance in S.pneumoniae isolates to 
penicillin, and resistance of H.influenza isolates to penicillin were more than 45% in some 
settings. Resistance declined among nontyphoidal Salmonella isolates from 2003 to 2010. 
Resistance in Shigella isolates was stable from 2003 to 2010 in older antibiotics, at more 
than 50%, and it was below 1% for newer antibiotics.  
 
Laboratory surveillance data also revealed that from 2012-2014, vancomycin resistance 
among E.faecium isolates decreased from 25% to 7%. Among E.coli isolates, 3rd generation 
cephalosporin resistance remained stable at 19%, and quinolone resistance also remained 
stable at 28%. Among K.pneumoniae isolates, 3rd generation cepaholosporins remained 
stable at 32%, but quinolone resistance increased from 28% to 30%. In 2013, carbapenem 
resistance was 2% and 0.8% among K.pneumoniae, and E.coli respectively. 
 
 
BRIEFLY A WORD ON CARBAPENEM RESISTANT ENTEROBACTERIACEAE 
 
In 2008, it was stated the ‘the die was cast’ regarding the emergence and nationwide spread 
of extensively resistant (XDR) and pan-drug-resistant (PDR) Gram negative fermentative 
bacteria such as E.coli and K.pneumoniae. This prediction was based on many of the 
variables mentioned above, but particularly due to suboptimal antibiotic management as a 
whole(excessive duration, use of multiple often inappropriate agents, and a virtual absence 
of de-escalation) which was and still is rife in clinical practice here in SA. Subsequently, 
carbapenem-resistant Enterobacteriaceae(CRE) have indeed become our worst nightmare,  
both locally and internationally, and pose a major threat to the viability of all currently 
available antibiotics. These Gram negative bacteria (GNB) are resistant to all standard 
antimicrobial agents. It seems that salvage therapy with tigecycline, colistin, and/or 
fostomycin has become the last resort in life-threatening infections. Numerous outbreaks 
and epidemics have been reported thus far, as they have become endemic in several 
institutions, and increased mortality has been ascribed to them. 
 
Carbapenem resistance can be conferred by several genetic mechanisms, but 
epidemiologically the most important of them results in the production of beta-lactamases 
(carbapenemases), which hydrolyse carbapenems and most other beta-lactams. These 
genes mostly reside in the large plasmids which frequently contain other resistant 
determinants, such as those that confer specific resistance to aminoglycosides, and reduced 
susceptibility to the fluoroquinolones. The carbapenemases belong to different classes and 
include: 
- Class A: K.pneumoniae carbapenemases(KPCs) and Guiana extended-spectrum B-

lactamases(GESs) 

- Class B: Metallo-B-lactamases(MBLs) such as Verona integron-encoded MBLs(VIMs) 
and the recently described New Delhi metallo-B-lactamases(NDM-1) 

- Class D: oxacillinase-type carbapenemases such as OXA-48 and its derivates, which also 
occur in Enterobacteriaceae[26] 

 
Since March 1, 2010 the Ampath National Reference Laboratory has been screening 
Enterobacter for the presence of these novel genes. Recently the emergence of the NDM-
1 and KPC-2 have been identified for the first time here in SA. They were documented 
among clinical isolates of K.pneumoniae and E.cloacae in hospitalised patients in 
Johannesburg and Pretoria, respectively.[27] 
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As depicted in the following figure, the emergence of the broad-spectrum antibiotic-
inactivating enzyme, OXA-48 and its derivatives among Enterobacter has been confirmed 
in Johannesburg, Cape Town, and Port Elizabeth.[27] 
 
Some of the associated risk factors with CRE include exposure to antibiotics. This includes 
carbapenems, cephalosporins, fluoroquinolone, aminogycosides, and B-lactam/B-
lactamase inhibitors. An interesting point of note, is that studies have shown that prior 
carbapenem therapy is not a prerequisite for CRE amongst E.coli or K.pneumoniae. The 
plasmids that confer such resistance frequently carry additional resistance determinants that 
confer cross-resistance to most other antibiotic classes. Consequently, prior antibiotic use 
may select for a carbapenemase-producing GNB.[28]    The major risk factors for acquiring 
KPCs are similar to those for extended-spectrum B-lactamases (ESBLs), the prevalance of 
which is extremely high in SA.  
 
These risk factors include: 
- ICU admissions 

- Poor functional status 

- Severe illness 

- Mechanical ventilation 

- Prolonged hospitalisation 

- Organ pt stem cell transplantation 

- Surgery[29] 

 
Similar to ESBLs, it appears that long-term care facilities are reservoirs of KPCs because 
they act as a point of convergence of patients at high risk, amplified by cross-contamination, 
and this facilitates regional dissemination. There is also emerging evidence suggesting that 
the presence of high ‘invasive device scores’ is also a predictor of CRE. Prevention will no 
doubt only be possible by addressing the above-mentioned risk factors, and/or increased 
innovation through new antibiotic therapies. 
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CONCLUSION 
 
 

 
 
The above graph highlights the key issue of AMR. It shows the increasing trends of AMR, 
together with the worryingly low level antibiotic/antimicrobial productions.  
 
AMR may very well be one of the world’s biggest problems, but it certainly does not need to 
be the most difficult. We as Human Beings and healthcare personnel need a steely 
conviction in the belief that we can preserve and further support the huge progress in 
medicine and poverty alleviation that has taken place over the past half century. It would be 
unforgivable if the great progress made in fighting infectious disease were to be threatened 
by a lack of new drugs, or for a lack of common sense investment in infrastructure that keeps 
us safe from avoidable infections. 
 
Many issues related to AMR are complex and inter-related. Coordinated action among many 
different countries is by nature more difficult to agree than individual initiatives, yet it is 
necessary: AMR knows no boundaries. We need coherent international action that spans 
drug regulation and antimicrobial drug use across all spheres from humans, to animals and 
the environment. AMR is a looming crisis, and we are at the precipice of a tipping point; and 
we need to act soon, in a well structured, financially fiscal, and intelligent manner if we are 
prevent ourselves from reverting back to the dark ages of medicine!!! 
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