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Antibiotic Resistance CRISIS
MISUSE and overuse of 
antibiotics has led to 
many strains of bacteria 
that cause illnesses (like 
urinary tract infections, 
pneumonia, TB, gonor-
rhea, blood and other 
bacterial infections) 
becoming resistant to 
antibiotics.

The failure of these 
antibiotics to cure bacte-
rial infections without 
the availability of new 
and safe antibiotics 
means that we may be 
losing our cures in our 
battle against the resist-
ant superbugs. 

There is also the risk 
that infections which 
have for many years 
been easily managed 
may once again become 
untreatable and uncon-
trollable. The superbugs 
are killing millions 
of people around the 
globe.

What are 
Antibiotics
ANTIBIOTICS are powerful 
medicines used to treat or 
prevent a wide variety of in-
fections or diseases caused by 
bacteria. They do this by kill-
ing or decreasing the growth 
of bacteria. 

Since their introduction 
into mainstream medicine 
after World War II, we’ve been 
relying on antibiotics to keep 
pathogenic bacteria at bay.

Doctors and society in gen-
eral have become excessively 
reliant on them to treat every-
thing from acne to tuberculosis 
to gonorrhoea. Antibiotics are 
also widely used for preterm 
babies and to support the im-
mune system before and after 
surgeries, cancer treatments 
and organ transplants.

When used correctly anti-
biotics save lives.  They have 
saved millions of lives since 
they were first introduced in 
the 1940s and 1950s. 

Unfortunately, because 
they have been overused and 
misused, many antibiotics 
today are no longer effective 
against the bacteria they once 
killed. When bacteria become 
resistant, it is more difficult to 
treat the infection they cause. 
Stronger, more expensive anti-
biotics are needed to overcome 
the same bacteria. 

But new antibiotics are 
expensive and take time to 
develop. In the meantime, 
“antibiotic resistance is grow-
ing and we are fast running 
out of treatment options,” Dr 
Marie-Paule Kieny, WHO’s 
assistant director-general for 
health systems and innovation 
warned in a recent report. 

What is 
Antibiotic 
RESISTANCE?
ANTIBIOTIC resistance hap-
pens when bacteria change 
(or mutate) to protect them-
selves from an antibiotic. At 
a molecular level these tiny 
organisms are finding ways to 
outsmart the drugs designed 
to kill them. 

The more we use antibiot-
ics, the more chance bacteria 
have to become resistant to 
them. Resistant bacteria (or 
“superbugs”) don’t just survive 
— they thrive.

Drug RESISTANCE – 
Bacteria’s NATURAL 
Defence System
Bacteria develop resistance to 
drugs quickly.  Disease organ-
isms have been developing 
defences against the antibiotics 
meant to kill them for as long 

as antibiotics have existed. 
l Even before penicillin 

was introduced in 1943, sta-
phylococcus germs had genes 
that would have made them 
resistant to its effects.  Resist-
ance to penicillin swept the 
world in the 1950s.

l Methicillin-resistant 
Staphylococcus aureus (MRSA) 
evolved just 2 years after me-
thicillin hit the market in 
1960. 

l After MRSA, there were 
the ESBLs (extended-spec-
trum beta-lactamases), which 
defeated not only penicillin 
and its relatives but also a large 
family of antibiotics called 
cephalosporins. 

l A n d  a f t e r  c e p h a -
losporins were undermined, 
new antibiotics were achieved 
and lost in turn.

Antibiotic ABUSE 
& MISUSE Creating 
Stronger Superbugs

As humans consume ever 
more antibiotics — either 
through prescriptions or agri-
culture and livestock products 
given medicines to stave off 
infection — strains of bacteria 
are developing that resist the 
effects of drugs designed to 
kill them.

How SERIOUS is 
the Problem?
Globally, over 2 million peo-
ple are infected by antibiotic 
resistant bacteria.

In low and middle-income 
countries, resistance is already 
high: In Indonesia, Brazil and 
Russia up to 60% of bacterial 
infections are already resistant 
to at least one antibiotic. 

The US Centers for Disease 
Control and Prevention calls it 
“one of the world’s most press-
ing public health problems”. 
It warned that bacteria that 
were once highly responsive to 
antibiotics have become more 

and more resistant. 
The World Health Organi-

sation (WHO) has identified 
antibiotic resistance as one of 
the greatest threats to human 
health today. “New resistance 
mechanisms are emerging and 
spreading globally, threatening 
our ability to treat common in-
fectious diseases,” says WHO.

It has warned that we’re 
“heading towards a post-an-
tibiotic era, in which many 
common infections will no 
longer have a cure and [will] 
once again kill unabated”. 

England’s Chief Medical 
Officer Dame Sally Davies 
has also recently warned of an 
impending “post-antibiotic 
apocalypse”. “If we don’t act 
now, any one of us could go 
into hospital in 20 years for 
minor surgery and die because 
of an ordinary infection that 
can’t be treated by antibiotics. 
And routine operations like 
hip replacements or organ 
transplants could be deadly 

because of the risk of infec-
tion,” she says.

Who’s at RISK?  
The Organisation for Econom-
ic Co-operation and Develop-
ment (OECD), which advises 
the WHO on public health ini-
tiatives, warned in November 
2018 that high resistance rates 
in healthcare systems “will 
create the conditions for an 
enormous death toll that will 
be mainly borne by newborns, 
very young children and the 
elderly”. 

 New Zealand’s Ministry 
of Health says: People most at 
risk of illness due to resistant 
bacteria are those with lowered 
immunity such as: hospital 
patients who are elderly or 
very sick; hospital patients 
who have an open wound (like 
a bedsore) or a tube going into 
their body (like a urinary cath-
eter); and people undergoing 
treatment for cancer.
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EACH year about 
700,000 people around 
the world die due to 
drug-resistant infec-
tions including tu-
berculosis, HIV and 
malaria.  

The actual figure 
could be much higher 
because there is no 
global system to 
monitor  deaths due 
to drug-resistant in-
fections. 

And there has been trouble 
tracking those deaths in places 
where they are monitored, 
like in the US, where tens of 
thousands of deaths have not 
been attributed to superbugs, 
according to a Reuters inves-
tigation. 

In Britain, currently there 
are 44,000 deaths from sepsis 
every year — many of which 
are due to antibiotic-resistant 
infections. 

According to a 2018 report 
published in the Lancet Infec-
tious Diseases, superbugs are 
killing about 33,000 people in 
Europe every year. 

Data cited in 2017 indi-
cate that each year, resistant 
bacteria claim the lives of 
23,000 people in the US and 
more than 63,000 babies in 
India. Beyond those deaths, 
bacteria that are resistant to 
antibiotics cause millions of 
illnesses — 2 million annually 
just in the US. 

According to the Organ-
isation for Economic Co-
operation and Development 
(OECD) — which advises the 
World Health Organisation 
(WHO) on public health ini-
tiatives — millions of people 
in Europe, North America and 
Australia will die from super-
bug infections unless countries 
prioritise fighting the growing 
threat posed by bacteria im-
mune to most known drugs.

The group, in a landmark 
report, warned that 2.4 mil-
lion people could die from 
superbugs by 2050 and the 
cost of treating such infections 
would balloon to an average of 
$3.5 billion (3 billion euros) a 
year in each country included 
in its analysis.

Previously, a UK Govern-
ment review into antimicrobial 
resistance commissioned in 
2014 had found that if left 
untreated, antibiotic resistance 
could lead to 10 million deaths 
a year worldwide by 2050 — 
costing the world roughly $1.3 
trillion.

GRAVE 
Implications for 
HEALTHCARE
THE rise of drug-resistant 
infections is outpacing the de-
velopment of new treatments, 
leading to a global shortage of 
effective antibiotics, according 
to the WHO.

A report by the WHO in 

2017 found that only 8 out 
of 51 new antibiotics identi-
fied in clinical pipelines will 
bolster today’s roster of treat-
ments. That shortfall means 
doctors will be less effective at 
combating antibiotic-resistant 
infections as resistance rises — 
an alarming trend given that 
drug-resistant tuberculosis 
alone kills around 250,000 
people per year, according to 
the report. 

Developing new antibiotics 
is scientifically challenging, 
time-consuming and costly, 
says Ed Whiting, OBE, Di-
rector of Policy and Chief of 
Staff at the global biomedical 
research charity Wellcome 
Trust based in London.   

“No new classes of anti-
biotics have been approved 
since the early 1980s. Between 
1940 and 1962 about 20 classes 
were produced ... The pipeline 
of new treatments is all but 
dry, the void fast exploited by 
resistant bacteria. A concern-
ing number are now resistant 
to drugs reserved as the last 
line of defence, and the most 
vulnerable are in greatest dan-
ger — the young, old and criti-
cally ill,” writes Whiting in The 
Guardian (19 May 2017).

Dr Suzanne Hill, director 
of the Department of Essential 
Medicines at the WHO, warns 
patients could be left with “no 
line of defence” without new 
treatments for certain types of 
“extremely serious infections 
that can kill patients in a mat-
ter of days”. 

A century’s worth of medi-
cal advancement is now under 
threat as antibiotics stop work-
ing. And this has grave impacts 
on public health — people who 
develop antibiotic-resistant 
infections are more likely to 
need hospitalisation and are at 
increased risk for death.

Health experts have cau-
tioned that resistance to anti-
microbial drugs could cause a 
bigger threat to mankind than 
cancer. 

“Without effective antibi-
otics, we could see an end to 
life-saving transplants, chemo-
therapy and routine operations 
such as Caesareans and hip 
replacements; and continued 
misuse and overuse of antibi-
otics could, within a genera-
tion, see the global death toll 
from drug-resistant infections 
rise from 700,000 today to 10 
million — more than currently 
die of cancer,” says Whiting.

A BBC News report puts it 
succinctly: “A terrible future 
could be on the horizon, a 
future which rips one of the 
greatest tools of medicine out 
of the hands of doctors.” 

Antibiotic resistance, if al-
lowed to fester, has disturbing 
repercussions on mankind, 
scientists have warned.  Here 
are some experts’ take on 
what can happen if superbugs 
continue to reign. 

END of Modern 
Medicine
In a drug-resistant world, 
many aspects of modern medi-
cine would simply become 
impossible. Without action 
on antibiotics, medicine will 
return to the dark ages. Eng-
land’s Chief Medical officer 
Prof Dame Sally Davies has 
repeatedly warned that if an-
tibiotics lose their effective-
ness it would spell “the end of 
modern medicine”. 

“The world is facing an 
antibiotic apocalypse. Unless 
action is taken to halt the 
practices that have allowed 
antimicrobial resistance to 
spread and ways are found to 
develop new types of antibiot-
ics, we could return to the days 
when routine operations, sim-
ple wounds or straightforward 
infections, could pose real 
threats to life, she says.

Simple Infections 
Can KILL
“You could be gardening and 
prick your finger on a rose 
bush, get a bacterial infection 
and go into hospital and doc-
tors can’t do anything to save 
your life. You live or die based 
on chance,” says Prof Neil 
Woodford, from the Britain’s 
Health Protection Agency’s 
antimicrobial resistance unit.

“My lab is seeing an in-
creasing number of resistant 
strains year on year,” he re-
vealed in a BBC News report 
(19 November 2015).  Most 
cases, he said, were resistant to 
some drugs, known as multi-
drug resistant strains, but there 
were a few cases of pan-drug 
resistant strains which no 
antibiotic can touch.

Antibiotic Resistance KILLS

Millions of people in Europe, North America 
and Australia will die from superbug 

infections unless countries prioritise fighting the 
growing threat posed by bacteria immune to most 

known drugs.
— Organisation for Economic Co-operation and Development (OECD) — which 

advises the WHO on public health initiatives

“If we don’t act now, any one of us could go into hospital 
in 20 years for minor surgery and die because of 

an ordinary infection that can’t be treated by 
antibiotics”

— England’s Chief Medical Officer Dame Sally Davies

“We’re heading towards a post-antibiotic era, in which 
many common infections will no longer have a cure and 

[will] once again kill unabated”
— World Health Organisation

CANCER 
Treatments Will 
be Affected
Cancer treatments such as 
chemotherapy and radiother-
apy can damage the immune 
system. A course of antibiot-
ics is prescribed to provide a 
much-needed boost alongside 
your body’s own defences.

Bacterial infection is one of 
the most common complica-
tions among cancer patients. 
A weakened immune system 
and infections can prove life-
threatening for patients with 
serious diseases. After surgery, 
many patients require antibiot-
ics to treat infected wounds. 

Radiation therapy and 
chemotherapy kill cancer cells, 
but also cells that are part 
of our defence mechanism 
against infections. This means 
that patients who receive ra-
diation or chemotherapy often 

develop infections that require 
treatment with antibiotics. 

It is estimated that 1 in 
5 cancer patients need anti-
biotics during their cancer 
treatment. Some cancer types, 
such as acute leukaemia and 
bone marrow cancer (multiple 
myeloma) for example, cannot 
be treated without effective 
antibiotics.

If antibiotic resistance per-
sists, for the patients, this may 
mean higher mortality, more 
difficult and more expensive 
treatment, and many side ef-
fects. Many treatment options 
will disappear entirely.

Antibiotic resistant bacte-
ria will thus set cancer treat-
ment back for decades, while 
the incidence of cancer cases 
will continue to rise in the 
years to come. 

Cancer diagnosis will also 
become more difficult. There 
are already major concerns 
that prostate biopsies will 
present high risks for patients 
with antibiotic resistant bacte-
ria in the bowels. 

SURGERIES Won’t 
be Possible
Surgery that involves cutting 
open the body poses massive 
risks of infection. Courses of 
antibiotics before and after 
surgery have enabled doc-
tors to perform operations 
that would have been deadly 
before.

If antibiotics lose their 
effectiveness, key medical 
procedures — including organ 
transplantation, Caesarean 
sections, and hip and joint 
replacements — could become 
too dangerous to perform.

During transplant surgery 
for example, patients’ immune 
systems have to be suppressed 
to stop them rejecting a new 
organ, leaving them prey to in-
fections. Anyone with an organ 
transplant faces a lifetime of 
drugs to suppress the immune 
system, otherwise it attacks the 
transplant, so antibiotics are 
used to protect the body. In 
future, however, these drugs 
may no longer be effective.

Take the example of more 
standard operations, such as 
abdominal surgery or the re-
moval of a patient’s appendix. 
Without antibiotics to protect 
them during these procedures, 
people will die of peritonitis or 
other infections. 

“Routine surgery, joint 
replacements, Caesarean sec-
tions ... depend on antibiotics, 
and will ... be at risk,” says 
Jonathan Pearce, head of infec-
tions and immunity at the UK 
Medical Research Council.

Prof Richard James from 
the University of Nottingham 
believes “It’s a pretty grim 
future, a lot of major surgery 
would be seriously threat-
ened.”  

In low and 
middle-income 
countries, 
resistance is 
already high: In 
Indonesia, Brazil 
and Russia up to 
60% of bacterial 
infections are 
already resistant 
to at least one 
antibiotic. 
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THROUGHOUT much 
of the world, antibiot-
ics are used without 
proper oversight, re-
sulting in their abuse. 

Examples include 
when humans take 
antibiotics to fight 
infections caused by 
viruses (like the flu), 
when humans start an 
antibiotic treatment 
but do not finish tak-
ing all the antibiotics, 
or when antibiotics 
are used as growth 
promoters in livestock. 
The cumulative results 
of these actions are 
ineffective medicines 
and persistent, un-
treatable infections.

HUMAN 
Misuse 

Antibiotic overuse in hu-
mans — inappropriately or 
unnecessarily prescribed by 
doctors as well as ignorantly 
misused by consumers — 
contributes to antibiotic re-
sistance. 

DOCTORS’ Fault

Many doctors wrongly 
prescribe powerful antibiotics 
to patients.  

In 2016, 2 studies published 
in the Journal of the American 
Medical Association’s JAMA 
Internal Medicine, reported 
substantial overuse of non-
first-line antibiotics for 3 of the 
most common conditions in 
ambulatory care. People with 
sore throats, ear infections and 
sinus infections get the wrong 
antibiotic at least half the time, 
it was found.

When an antibiotic is 
called for, it should be a basic 
one — usually amoxicillin, the 
research team said. But that’s 
not what people usually get. 

“Overall, only 52% of pa-
tients treated with antibiotics 
received the first-line treat-
ments recommended by pre-
scribing guidelines,” research-
ers reported.

“The most commonly pre-
scribed non-first-line antibiot-
ics for sinus infections, middle 
ear infections and pharyngitis 
were macrolides (such as azi-
thromycin), a class of broad-
spectrum antibiotics (which 
target a wide range of bacte-
rial pathogens) frequently 
prescribed in outpatient set-
tings,” the team wrote in their 
report. 

Similarly, in Australia, au-
dits of antibiotic use have 
indicated that 30-50% of anti-
biotic prescriptions are either 
not consistent with guidelines, 
unnecessary, or the incorrect 
drugs were prescribed. 

When people get the wrong 
antibiotic, not only are they 
often not cured, but it can 
help drug-resistant superbugs 
evolve.

But overuse is the primary 
issue. At a community level the 
primary issue was the overuse 
and inappropriate use, of an-
tibiotics. 

This includes people be-
ing prescribed antibiotics for 
mild bacterial infections that 
their bodies are capable of 
fighting without drugs — and 
also for viruses (like the flu), 
which cannot be fought with 
antibiotics.

A 2016 Centers for Dis-
ease Control and Prevention 
(CDC) report estimates that 
at least 30% of antibiotics 
prescribed in US outpatient 
settings are unnecessary.

The biggest problem with 
using antibiotics when they’re 
not needed is the development 
of antibiotic resistance, which 
is when bacteria survive by 
outsmarting the antibiotic. 
Common infections become 
difficult to treat, and when you 
really need an antibiotic, it may 
not work.

CONSUMERS’ Fault

Overusing antibiotics is 
a major cause of antibiotic 
resistance, as is incorrectly tak-
ing antibiotics you have been 
prescribed.  As such, don’t 
take antibiotics unless you’re 
certain you need them.  

In Australia, research sug-
gests 1 in 5 people expect 
antibiotics for viruses like a 
cold or flu, and that 57% of 

GPs will prescribe antibiot-
ics for an upper respiratory 
tract infection — just to meet 
patient expectations, reports 
ABC News, Australia (28 April 
2016). 

The problem is, just 1 pack-
et can have an impact on your 
body’s ability to fight disease 
the next time you get sick. 

It can also compound anti-
biotic resistance at a commu-
nity level, contributing to the 
creation of antibiotic resistant 
superbugs, which can be very 
hard — if not impossible — to 
treat.

Allen Cheng, professor of 
infectious diseases and epide-
miology at Monash University, 
says when you take antibiotics 
to treat an illness the aim is 
to target the bacteria causing 
your illness. But the antibiotics 
may not kill off all the bacteria 
causing your illness.

According to Professor 
Cheng, most bacteria have a 
short lifecycle and the oppor-
tunity for genetic change and 
mutation is high.

“There’s a chance that 1, or 
2, or 10 or 50, have some sort 
of mutation that gives them 
resistance to antibiotics,” he 
explains.

“They grow up and that’s 
sort of like natural selection 
at work. So you’ve killed eve-
rything else off and what’s left 
over is stronger than what was 
there before. And so that’s how 
antibiotic resistance starts.”

Can 1 pack of antibiot-
ics make a difference?  The 
short answer is yes. 1 packet 
of antibiotics can affect the 
level of drug resistant bugs in 
your own body and can also 
contribute to the broader issue 
of antibiotic resistant disease, 
at a community level.

At an individual level, when 
you take antibiotics it is not 
just the bacteria that is making 

What Causes 
Antibiotic Resistance Although overuse of 

antibiotics in human 
medicine is part of 
the superbug prob-
lem, increasing scien-
tific evidence from a 
wide range of studies 
shows that the routine 
dosing of animals on 
intensive farms raised 
in disease-inducing 
conditions, is also an 
important contributor.  

Antibiotics are 
often used in food for 
animals to prevent, 
control and treat 
disease BUT ALSO TO 
PROMOTE GROWTH. 

Farm Animals 
Given MORE 
Antibiotics 
than Humans
The World Health Organisa-
tion (WHO) reported in 2017 
that in some countries, as 
much as 80% of antibiotic use 
is on farm animals. Even in 
some countries where routine 
use for enhancing growth 
is banned, more antibiotics 
are used on animals than on 
humans.

Almost 80% of all antibi-
otics in the US, for example, 
aren’t taken by people. They’re 
given to cows, pigs, and chick-
ens to make them grow more 
quickly or as a cheap alterna-
tive to keeping them healthy

In the United Kingdom, 
trimethoprim is commonly 
used to mass-medicate groups 
of animals via their feed or 
water, and significantly more 
trimethoprim is used in ani-
mals than is used in human 
medicine. Gentamicin is an 
aminoglycoside antibiotic, and 
about 20 times more aminogly-
cosides are used for mass 
medication in farming than in 
human medicine. 

Misuse of antibiotics in 
farm animals is said to be 
a greater cause of bacterial 
resistance than misuse of the 
drugs in humans.

Animal herds treated with 
antibiotics can develop bacte-
ria resistant to the drugs, and 
pass this on to humans direct-
ly, through contact with farm 
workers, or through food.

According to Dr Gail 
Hansen, a public health con-
sultant and veterinarian in the 
US, “Bacteria transfer their 
antibiotic-resistance genes to 
other bacteria they come in 
contact with in the environ-
ment and in the gastrointes-
tinal tract of people and ani-
mals, making it very difficult to 
effectively treat infections.”

MEGAFARMS, 
Overmedication & 
Antibiotic Resistance

Intensive farming of live-
stock — or concentrated 
animal feeding operations 
(CAFOs) — according to the 
United Nations, account for 
72% of poultry, 42% of egg, 
and 55% of pork production 
globally.

Such megafarms are “on 
the rise across the globe, and 
they have been linked with 
antibiotic resistance, as whole 
herds of many hundreds of 
animals are often treated at 
once”. 

Emma Slawinski, director 
of campaigns at Compassion in 
World Farming, said the prob-
lems of megafarms around the 
world included overmedica-
tion, where animals are given 
antibiotics whether they are 
needed or not. 

“Factory-farmed animals 
are regularly given antibi-
otics in their feed or water, 
because of the higher risk of 
disease when large numbers 
of animals are kept in these 
overcrowded conditions. 

“There is strong evidence 
that this overuse of antibiotics 
in intensive farming is contrib-
uting to antibiotic resistance in 
human medicine. If animals 
cannot remain healthy within 
the conditions in which they 
are placed, then it is time to 
take a closer look at our farm-
ing systems.” 

Kazuaki Miyagishima, di-
rector of food safety at the 
WHO, says the links between 
antibiotic use on farms and 
risks to human health are 
clear: “Scientific evidence 
demonstrates that overuse 
of antibiotics in animals can 
contribute to the emergence 
of antibiotic resistance. 

“The volume of antibiotics 
used in animals is continuing 
to increase worldwide, driven 
by a growing demand for 
foods of animal origin, often 
produced through intensive 
animal husbandry.”

In 2013, more than 131,000 
tons of antibiotics were used 
in food animals worldwide; 
by 2030, it will be more than 
200,000 tons. 

Resistant Germs 
SPREAD from Animals 
to Humans

In an interview with Sci-
ence magazine (28 September 
2017), epidemiologist Tho-
mas Van Boeckel of the Swiss 
Federal Institute of Technol-
ogy in Zurich reveals: “Most 
antibiotics are used either 
to prevent disease or to pro-
mote growth, and this means 
exposing healthy animals to 
antibiotics over long periods 
of time. 

you sick that are affected.
“If a particular person takes 

antibiotics and we might be 
targeting, say, a urinary infec-
tion ... The antibiotics don’t 
just go to the urine, they go to 
all parts of the body and can 
impact on the bacteria that are 
present in other parts of the 
body, like your gut and your 
nose and so on,” Professor 
Cheng says.

So you’re potentially creat-
ing a range of different drug 
resistant organisms.

Professor Cheng says stud-
ies have found that after just 1 
course of antibiotics, the risk 
of having antibiotic resist-
ant organisms increases by 
roughly 50%. Each time you 
take antibiotics, the level of 
resistant organisms in your 
system potentially increases.

Professor Lyn Gilbert, an 
infectious disease expert from 
the University of Sydney, says 
that antibiotic resistant or-
ganisms usually accumulate 
in the body over time.  “It’s a 
quantitative thing ... the more 
[antibiotics] you use, the more 
chance there is that a mutation 
will occur or a resistance gene 
will spread from one organism 
to another ... It’s a sort of slow 
incremental thing,” she says.

“It doesn’t happen dramati-
cally but it happens over a long 
period of time.” 

Once people become colo-
nised with antibiotic-resistant 
organisms, they can then 
spread them to others, which 
deepens the issue for the gen-
eral population. 

Dr Brad Spellberg, chief 
medical officer at the Los An-
geles County and University of 
Southern California Medical 
Center, cautions: “When one 
person or group misuses anti-
biotics, they cause resistance to 
the antibiotics to spread, hurt-
ing everyone in society.”

Graphic by World Health Organisation

ANIMAL
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“If the bacteria that colo-
nise these animals acquire 
[antibiotic] resistance genes, 
treatment becomes ineffective: 
That’s a threat for the livestock 
sector because you can’t keep 
your animals healthy. 

“But bacteria in the ani-
mals’ gut can also transfer the 
resistance genes to microbes 
harmful to humans. We don’t 
know the magnitude of this 
process, but given the large 
amount of antimicrobials used 
in animals we have good rea-
son to be concerned. [In 2013, 
researchers showed that people 
living near pig farms or crop 
fields fertilised with pig ma-
nure are 30% more likely to 
become infected with methi-
cillin-resistant Staphylococcus 
aureus (MRSA) bacteria.]”

Antibiotic RESIDUES 
Can Remain in MEAT

According to a recent study 
in April 2018 in the Journal of 
Food Protection, “Residues of 
… antibiotics (used) in poultry 
meat have been determined 
in many … studies globally 
and are considered one of the 
possible causes of antibacterial 

resistance in human patho-
gens. The presence of residues 
of antibiotics in poultry meat 
and meat products beyond 
maximum permissible limits is 
a matter of serious concern.” 

Another study published 
in the journal, Food Control 
(October 2017) indicated a 
high level of antibiotic residues 
in meat, milk and aquatic 
products.  

The study screened 20 
common antibiotic (3 tetra-
cyclines, 4 fluoroquinolones, 
3 macrolides, 3 beta-lactams, 4 
sulfonamides, and 3 phenicols) 
residues in 125 samples from 
common types of livestock and 
poultry meat, milk and aquatic 
products in Shanghai.

The result: 15 of 20 anti-
biotics were found with an 
overall detection frequency 
of 39.2%. 

Antibiotics were found in 
28.6% of livestock and poul-
try meat (35.3% for pork and 
22.2% for chicken), 10.6% of 
milk, and 52.1% of aquatic 
products. 

In aquatic samples, some 
fish (7.7% of carps and 8.3% 
of snakeheads) tested had the 
antibiotics enrofloxacin and 
trimethoprim which exceeded 

their MRLs (Maximum Resi-
due Limits) used in the study.

Do meats and aquatic 
products in Malaysia have 
antibiotic residues?  In May 
2016, the United States Food 
and Drug Administration 
banned shrimp and prawns 
from Malaysia because they 
contained 2 banned antibi-
otics, chloramphenicol and 
nitrofurans.

Ironically, these 2 antibiot-
ics have been banned for use 
in Malaysia since 1985. Yet 
they continue to pop up in our 
farmed fisheries — as well as 
farmed meat products.

In the late-1980s CAP’s in-
vestigations found commercial 
pig and poultry farms using 
chloramphenicol. In 2002, the 
Health Ministry Parliamentary 
Secretary revealed that nitro-
furan and chloramphenicol 
had been found in chickens 
tested.

In November 2012, the 
Sarawak State Veterinary Au-
thority banned the import 
of certain Ayamas processed 
food products into the state 
due to the detection of chlo-
ramphenicol in a sample of a 
chicken frankfurter.

FARM AntIbIOtIC AbuSE

CAP in its surveys have 
found the indiscriminate use 
of antibiotics in commercial 
poultry and pig farms and 
the sale of antibiotics in shops 
selling animal feeds. As recent 
as January 2016, CAP found 
the antibiotics erythromycin 
was widely available in shops 
selling animal feed in Kedah 
and Perlis. 

We were informed that the 
antibiotic is recommended to 
be routinely fed to animals as 
a growth promoter.

RESISTANT Bacteria 
Found in Meat

In the US, nearly 80% of 
meat sold in supermarkets 
contains antibiotic-resistant 
bacteria, according to the En-
vironmental Working Group, 
a non-profit environmental 
research organisation.

The bacteria were resistant 
to at least 1 of 14 antibiotics 
tested for in 2015 by the US 
National Antimicrobial Re-
sistance Monitoring System, 
a federal-public health part-
nership.

Antibiotic-resistant bac-
teria were found on 79% of 

ground turkey samples tested; 
71% of pork chops; 62% of 
ground beef; and 36% of chick-
en breasts, wings and thighs, 
the findings showed. (Source: 
medicalxpress.com)

In the United Kingdom, 
past investigations have found 
the superbug MRSA in a sig-
nificant sample of pork prod-
ucts on supermarket shelves, 
risking humans becoming 
infected with the strain.

In Malaysia, CAP’s tests on 
meats sold locally in the past 
have also indicated the pres-
ence of supergerms.  

In 1988, CAP tests found 
penicillin-resistant bacteria 
in chicken, mutton and pork. 
Several strains of bacteria were 
also resistant to neomycin and 
chloramphenicol. This shows 
the rampant use of antibiotics 
in Malaysian farms.

Our tests in 1995 found a 
majority of bacteria in many 
types of meat — chicken, 
beef, mutton and pork — were 
resistant to 2 types of antibiot-
ics, ampicillin and amoxycyl-
lin.  This demonstrates the 
existence of food-poisoning 
supergerms that could not be 
treated with some medicines.

If an animal is carrying 

resistant bacteria, it can be 
passed on to humans through 
meat that is not handled or 
cooked properly.

You can also encounter 
these bacteria by consuming 
food crops that have been 
sprayed with fertilisers con-
taining animal manure with 
resistant bacteria.

Once spread to humans, re-
sistant bacteria can stay in the 
human gut and spread between 
individuals. The consequences 
of consuming resistant bacte-
ria include: l infections that 
would not have happened 
otherwise l increased severity 
of infections, often including 
vomiting and diarrhoea l diffi-
culty in treating infections and 
higher chances that treatments 
will fail.

In the US, every year 
around 2 million people get 
infected with bacteria resistant 
to one or more of the antibiot-
ics normally used to treat the 
infections.  Of those people, 
at least 23,000 die each year. 
Many more die from other 
conditions made worse by the 
infection. (US Centers for Dis-
ease Control and Prevention 
report, 2013)
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How Resistance SPREADS 
in the Environment

THE environment sur-
rounding us is a huge 
bacterial reservoir, 
and antibiotic resist-
ance can be passed 
between bacteria in 
the environment (in 
people, animals, water 
and even soil).  

Antibiotic resist-
ance spreads as bacte-
ria themselves move 
from place to place; 
bacteria can travel via 
airplane, soil, water 
and wind. 

People can pass the 
resistant bacteria to 
others — for example, 
by coughing or con-
tact with unwashed 
hands. 

The spread of anti-
biotic resistance also 
occurs when resistant 
strains of bacteria are 
passed from food (eg: 
tainted meats).

“New antibiotic-re-
sistant strains of bac-
teria can cross interna-
tional borders easily, 
whether in packaged 
food products or with 
humans as their un-
knowing hosts,” says 
Professor Karin Thur-
sky, from the National 
Centre for Antimicro-
bial Stewardship in 
Australia.

Here are 5 ways 
resistant bacteria can 
spread to humans 
anywhere, and every-
where.

Through 
WATER

Bacteria can spread via 
drinking water or water sup-
plies that are used for example 
for irrigation, washing cook-
ing utensils or for hygienic 
purposes. 

Resistant bacteria have 
been found in many water 
sources such as drinking 
wells, rivers and effluents from 
wastewater treatment plants. 
Several bacterial diseases can 
spread via contaminated water, 
including typhoid fever and 
cholera. 

There are many ways re-
sistant bacteria can end up 
in the water; release of un-
treated waste from animals 
and humans is one important 
source. 

l WASTE Water. When 
antibiotics are used in humans 
or animals, approximately 80-
90% of the ingested antibiot-
ics are not broken down, but 
pass through the body intact 
and enter the environment as 

waste. That is why antibiotic 
resistance has been called an 
ecological problem.

Waste from large-scale ani-
mal farms, use in aquaculture 
and wastewater from antibi-
otic manufacturing, hospitals 
and municipalities are major 
sources of antibiotic resistance 
genes and antibiotic pollution 
in the environment. 

Parts of the antibiotics 
given to humans and animals 
are excreted unaltered in faeces 
and urine. In the case of waste 
from animals, manure is rich 
in nutrients and is often used 
as fertiliser on crop fields, 
leading to direct contamina-
tion of the environment with 
both antibiotic residues and 

resistant bacteria. 
Antibiotics retain their 

ability to affect bacteria and 
promote antibiotic resistance 
even after they enter the soil 
or water as a waste product.  

According to a recent study 
published in MicrobiologyO-
pen on 27 February 2018, both 
antibiotic-resistant bacteria 
and antibiotic resistance genes 
have been found in wastewater 
samples from China, Japan, 
Germany, Portugal, and the 
US among others. 

l Public Water SUPPLY. 
A 2011 study led by a Cardiff 
University team found that 
disease-causing bacteria car-
rying the then new genetic 

resistance to antibiotics, met-
allo-beta-lactamase-1 strain 
(NDM-1), were present in New 
Delhi’s drinking water supply.

The new strains of resistant 
bacteria found included spe-
cies which cause cholera and 
dysentery.

The findings were the first 
evidence of the environmental 
spread of NDM-1, which had 
previously only been found in 
hospitals.

Samples were taken in New 
Delhi from public water taps 
and from waste seepage, such 
as water pools in the street. 
Resistant bacteria were found 
in 4% of the water supplies and 
30% of the seepage sites. 

The researchers identified 

11 new species of bacteria car-
rying the NDM-1 gene, includ-
ing strains which cause cholera 
and dysentery. Antibiotics are 
used to reduce excretion of 
bacteria in cholera patients, 
and to reduce the duration 
and severity of dysentery. 
Worryingly, the identified 
Shigella isolate, which can 
carry dysentery, is resistant to 
all appropriate antibiotics.

Study leader Professor Tim 
Walsh, of Cardiff Univer-
sity’s School of Medicine, said: 
“These are extremely worrying 
results. We found resistant 
bacteria in public water used 
for drinking, washing and 
food preparation and also in 
pools and rivulets in heavily-

populated areas where chil-
dren play. 

“The spread of resistance 
to cholera and to a potentially-
untreatable strain of dysentery 
is also a cause for extreme 
concern.”

The study was published in 
The Lancet Infectious Diseases 
(6 April 2011). 

Through SOIL
Although antibiotic resist-

ance can occur naturally in soil 
bacteria, spreading manure on 
the ground as fertiliser can also 
spread antibiotic resistance to 
bacteria in the soil.  In fact, 
manure fertiliser increases 

Antibiotic Resistance Spreads Through the Environment

Graphic by UNEP

l See next page
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HOW exactly do bac-
teria become resist-
ant to antibiotics? 

Some bacteria are naturally 
resistant to certain types 
of antibiotics. However, 
bacteria may also become 
resistant in 2 ways: 1) by a 
genetic mutation or 2) by 
acquiring resistance from 
another bacterium.

MUTATIONS ,  rare 
spontaneous changes of 
the bacteria’s genetic mate-
rial, are thought to occur in 
about 1 in 1 million to 1 in 
10 million cells. Different 
genetic mutations yield dif-
ferent types of resistance. 

Some mutations enable 
the bacteria to produce po-
tent chemicals (enzymes) 
that inactivate antibiot-
ics, while other mutations 
eliminate the cell target that 
the antibiotic attacks.  

In November 2015, Chi-
nese scientists identified a 
new mutation, dubbed the 
MCR-1 — a gene that can 
make bacteria resistant to 
colistin, an old antibiotic 
that is the last-resort drug 
for some multidrug-resist-
ant infections. 

Although resistance to 
colistin had emerged be-
fore, the crucial difference 
this time is the mutation 
has arisen in a way that is 
very easily shared between 
bacteria.

TRANSFER of 
Antibiotic-Resist-
ant GENES 
The second way for a bac-
terium to gain resistance is 
for an existing antibiotic-
resistant gene to transfer 
from one bacterium to 

How bacteria Acquire & Build 
Resistance to Antibiotics

antibiotic resistance. 
In a 2016 study in the sci-

entific journal, Nature Scien-
tific Reports, scientists discov-
ered that soil fertilised with 
manure contains many more 
antibiotic resistant genes than 
soil treated with artificial fer-
tilisers.

The scientists analysed the 
DNA of soil samples from the 
Danish soil archive collected in 
the period 1923 to 2010. Sam-
ples came from fields fertilised 
with manure since 1894 and 
from fields treated only with 
artificial fertilisers.

The levels of antibiotic re-
sistance increased significantly 
over time in the soil samples 
taken from fields treated with 
manure. This increase accom-
panied the emergence of anti-
biotic resistance in healthcare 
and agriculture. But antibiotic 
resistance remained low in soil 
samples from the artificially 
fertilised fields. (Source: Sci-
ence Nordic, 10 March 2016)

In China, approximately 
58% of the veterinary antibi-
otics consumed are excreted 
into the environment, more 
than half of which end up in 
the soil. 

 “The overuse of veterinary 
antibiotics in animal pro-
duction and the subsequent 
land applications of manures 
contribute to the elevated 
antibiotic resistance in the soil 
environment,” says a Chinese 
study published in the Euro-
pean Journal of Soil Science (20 
November 2017).

 A 2016 study reported 
that after manure from hog 
and dairy farms was applied 
to soil, the relative abundance 
of antibiotic-resistance genes 
in the dirt shot up by a factor 
of 4. In a study conducted in 
Pennsylvania in the US, people 
who were the most heavily 
exposed to crop fields treated 
with pig manure — for in-
stance, because they lived near 
to them — had more than 30% 
increased odds of developing 
MRSA infections compared 
with people who were the least 
exposed. 

Through AIR
Antibiotic resistance genes 

are spreading through the air, 
says a new study (“Global 
Survey of Antibiotic Resist-
ance Genes in Air”) published 
in Environmental Science and 
Technology (25 July 2018).

An international collabora-
tion led by researchers from 
Peking University in Beijing, 
wanted to take a survey of just 
how prevalent and varied these 
airborne genes are, Science 
Alert (26 July 2018) reported.

The bad news: They’re eve-
rywhere.

Between 2016 and 2017, 
the team surveyed 30 different 
types of airborne antibiotic re-
sistance genes across 19 cities 
around the world, including 
San Francisco, Paris and Mel-
bourne, even Singapore.

They found that Beijing, 

China and Brisbane, Australia 
had the most different types of 
airborne antibiotic resistance 
genes, but San Francisco had 
the highest level overall.

Researchers believe that in-
haling the airborne antibiotic 
resistance genes could lead to 
the spread of this resistance in 
our lungs and end up affecting 
our immune system.

“Due to aerial transport, 
remote regions even without 
using antibiotics could be ex-
posed to the ‘second hand’ an-
tibiotic resistance genes, which 
are initially being developed in 
other regions but transported 
elsewhere,” the team wrote.

Even more worrying, low 
levels of genes resistant to 
vancomycin, an antibiotic of 
last resort for MRSA treat-
ment, were found in the air 
of 6 cities.

So how do areas with rela-
tively low air pollution end up 
with so many bacterial genes in 
the air? The researchers think 
it has to do with wastewater 
treatment plants, hospitals or 
animal feeding operations.

Wastewater, specifically, 
can be treated with antibiot-
ics that can lead the surviving 
bacteria to pass on their anti-
biotic resistance genes. Waste-
water is also likely to become 
aerosolised, which could be a 
problem if it then spreads to 
neighbouring areas. 

Through FOOD
All animals have bacteria 

living in and on their bodies. 
In many animal farms, antibi-
otics are used to prevent and 
treat infections as well as for 
growth promotion, and the 
animals may become colo-
nised with antibiotic resistant 
bacteria. During slaughter or 
when processing the meat, 
these bacteria can potentially 
be transferred to the product. 

Furthermore, fruits and 
vegetables can become con-
taminated with animal faeces 
directly from the animals or 
via water contaminated with 
human or animal waste that 
is used for irrigation of the 
crops. 

Eating food contaminated 
with bacteria may directly 
cause an infection, such as di-
arrhoea caused by Salmonella, 
Campylobacter and Entero-
haemorrhagic E. coli (EHEC). 

Resistant bacterial strains, 
or genes encoding resistance, 
may also be transferred to 
the normal gut flora of the 
consumer without causing 
an infection. The resistant 
bacteria can potentially cause 
infections later on and spread 
to other people. 

Increasing international 
food trade has also acceler-
ated the transfer and spread 
of resistant strains of bacteria, 
turning them into a global 
concern. 

Meat, fruits, vegetables, 
seeds, grain, and animals — 
there’s a long list of goods 
that are being imported and 
exported to and from different 
countries all over the world.  
Bacteria can potentially spread 

with any.
According to Anna George, 

adjunct professor with Mur-
doch University in Australia, 
“most governments have not 
set in place systematic regula-
tory mechanisms to detect 
antibiotic resistance entering 
the food consumption chain at 
the border or in domestically 
produced food” and consum-
ers are generally unaware of 
this.

Through Global 
TRAVEL

More and more people are 
travelling internationally for 
work, holidays, to visit family 
and friends, or to have medi-
cal procedures. This can mean 
greater contact with antibiotic-
resistant infections from over-
seas that can be brought home 
and spread to others.

One Swedish study fol-
lowed a group of young back-
packers who went off on holi-
day to different parts of the 
world. None had resistant 
bacteria in their guts when 
they left. When they returned 
a quarter of them had picked 
up resistant bugs. 

Environmental spread of 
bacteria is now an interna-
tional issue.  

In Australia for example, 
antibiotic-resistant bacteria 
previously reported in other 
countries are now being seen 
to cause infections in the coun-
try. 

The New Delhi NDM-10 
strain often found in health-
care settings in India has found 
its way to Australia, as well as 
some parts of Europe, the US, 
Canada and Japan. 

Resistant strains of Es-
cherichia coli, which often 
infect the urinary tract, have 
been found in travellers re-
turning from the Indian sub-
continent, South East Asia and 
China.

Australia has also seen a 
rise in typhoid fever caused 
by multi-resistant Salmonella 
enterica subspecies (S. Typhi 
and S. Paratyphi). Increased 
travel to countries where this 
bacterial infection is endemic, 
particularly in India and In-
donesia, has been identified 
as a cause. Increased cases 
of typhoid fever have also 
been seen in the US, UK and 
Canada.

Bacterial infections com-
mon to Australia, such as 
gonorrhoea and MRSA, have 
also been acquired by over-
seas travellers. Major cities 
in Australia have seen a rise 
in multi-resistant strains of 
Neisseria gonorrhoeae, often 
in travellers returning from 
the Western Pacific and South 
East Asia, but from countries 
further afield too, including 
the US, Hong Kong, Ireland 
and South Africa. 

In 2011, Professor Tim 
Walsh of Cardiff University’s 
School of Medicine revealed: 
“We have discovered patients 
in the UK and Europe carrying 
NDM-1 who did not visit hos-
pitals while in India.” (NDM-1 

first emerged in India — it 
was found to be widespread 
in India, and by 2015, it had 
been detected in more than 70 
countries worldwide.)

“International travellers 
spread resistant bacteria across 
the world. Any given day 
several million people will 
catch a flight, and if someone 
carries a resistant bacterium 
they will bring it along. Many 
studies have demonstrated 
that a large proportion of in-
ternational travellers acquire 
resistant bacteria during visits 
in areas with a high prevalence 
of resistant bacteria,” says the 
ReAct group, an independent 
global network focussed on the 
antibiotic resistance problem. 

A 2018 study led by Public 
Health England and the Uni-
versity of Birmingham and 
published in the Journal of 
Antimicrobial Chemotherapy 
found that people who have 
travelled to areas of the world 
with high rates of antibiotic 
resistant bacteria such as South 
Asia and the Middle East are 

more likely to carry super-
bugs.

The study found that liv-
ing with someone who had 
visited a high risk country, sig-
nificantly raises the chance of 
carrying resistant gut bacteria 
called ESBL producing En-
terobacteriaceae.  People with 
a housemate who had travelled 
to the Indian subcontinent in 
the last year had a prevalence 
of 22.7%, while those living 
with someone who had visited 
the Middle East had a preva-
lence of 16.9%.

“The findings show the 
problem of antibiotic resist-
ance is global and that bugs 
bred in one country quickly 
spread to another due to glo-
bal travel,” Professor Peter 
Hawkey, a microbiologist at 
the University of Birmingham, 
who carried out the research, 
told the Bureau of Investigative 
Journalism. 

“We can’t think that antibi-
otic resistance is someone else’s 
problem; it isn’t. Poor sanita-
tion and antibiotic control in 

one country affects another. 
We’re all interconnected, we’re 
all travelling more,” he cau-
tions. 

(NOTE: Resistant bacteria 
not only occur in the environ-
ment, but also in healthcare 
institutions, such as nursing 
homes and hospitals — stud-
ies have found that doctors 
are more likely to carry the 
superbugs than the general 
population. 

Besides farm animals, su-
perbugs are also found in 
household pets. Dr Nigel 
French, Professor of Food 
Safety and Veterinary Public 
Health at Massey University 
of New Zealand cautions that 
animal contact may cause the 
transmission of antibiotic re-
sistant infections to humans.  

“Animals clean their back-
side by licking it, so they can 
get faecal contamination in 
their mouth and then lick 
humans. That’s how the infec-
tion could be transmitted,” says 
Professor French.) 

another bacterium.  In other 
words, they literally borrow 
their resistance genes from 
neighbouring bugs. 

Resistance genes — chunks 
of DNA that allow bacteria to 
avoid the effects of antibiot-
ics — can be passed around 
bacterial populations at an 
alarming rate.

Ant ibiot ic  res is tance 
spreads through bacteria pop-
ulations both “vertically” when 
new generations inherit antibi-
otic resistance genes, and “hor-
izontally”, when bacteria share 
or exchange sections of genetic 
material with other bacteria. 
Horizontal gene transfer can 
even occur between different 
bacterial species. 

Here’s how it happens.  
Antibiotics increase what sci-
entists call “selective pressure” 
or “evolutionary pressure” in 
bacterial populations, causing 
vulnerable bacteria to die; this 
increases the percentage of re-
sistant bacteria which continue 
growing (a process known as 
“natural selection”). 

Drug resistance in bacteria 
is an example of an outcome of 
natural selection. When a drug 
is used on a species of bacteria, 
those that cannot resist die 
and do not produce offspring, 
while those that survive po-
tentially pass on the resistance 
gene to the next generation 
(vertical gene transmission). 

The resistance gene can 
also be passed on to one bac-
terium by another of a differ-
ent species (horizontal gene 
transmission). 

Because of this, the drug 
resistance increases over gen-
erations. 

Any bacteria that acquire 
resistance genes, whether by 
spontaneous mutation or ge-
netic exchange with other 
bacteria, have the ability to re-

sist one or more antibiotics. 
Because bacteria can collect 
multiple resistance traits 
over time, they can become 
resistant to many different 
families of antibiotics.

Gene EXCHANGE – 
A Simple ANALOGY

Bacteria contain small 
DNA molecules known as 
plasmids. These plasmids 
are separate from the bac-
teria’s actual DNA, and can 
pick up and exchange genes 
between bacteria. 

Picture a group of peo-
ple staying in your house, 
cooking their own food and 
taking care of themselves 
independently of what the 
family is doing. That’s the 
relationship plasmids have 
to bacteria’s DNA. 

Then picture these plas-
mid “houseguests” shipping 
items that they select from 
your house to your neigh-
bour’s house, and receiving 
packages in return. 

Essentially, that’s what 
the plasmids are doing 
with genes — including 
genes that give the bacteria’s 
“home” the ability to be-
come resistant to antibiotics. 
(Source: North Carolina 
State University)

“HUMANS only mix 
their genes when they pro-
duce offspring, but bacteria 
regularly exchange genes. 
This ability is a contributor 
to the rapid pace of bacterial 
evolution. When a bacterial 
strain develops a new way to 
beat antibiotics, it can share 
the strategy not only with its 
descendants but also with 
other bacteria.” 

~ Washington Univer-
sity School of Medicine

l From previous page
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THEY were the miracle 
drugs of the 20th cen-
tury, but now many 
forms of antibiotics 
are no longer effec-
tive against strains 
of bacteria that have 
generated resistance 
to the drugs. 

Overuse of antibi-
otics in animals and 
humans is contributing 
to the rising threat of 
antibiotic resistance, 
with some types of 
bacteria already hav-
ing developed resist-
ance to most or all of 
the available treat-
ments.

SOME bacteria can natu-
rally resist certain kinds 
of antibiotics. Others can 

become resistant if their genes 
change or they get drug-resist-
ant genes from other bacteria. 
The longer and more often 
antibiotics are used, the less 
effective they are against those 
bacteria. 

Antibiotics kill bacteria, 
but the bugs are incredibly wily 
foes. Once you start treating 
them with a new drug, they 
find ways of surviving. New 
drugs are needed, which they 

then find ways to survive.
Bacteria have the ability 

to pass antibiotic resistance 
genes to other bacteria and can 
develop the resistance them-
selves. So it’s likely a bacteria 
resistant to all but one antibi-
otic will develop resistance to 
that final one over time.

COLISTIN. Colistin is 
an antibiotic that became avail-
able for clinical use in 1959.  It 
is toxic to the kidney and to the 
brain and is considered a drug 
of last resort in human medi-
cine and is usually reserved to 
treat bacteria, for example E. 
coli, which are resistant to all 
other antibiotics.

In 2015, a new colistin 
resistance gene (mcr-1) was 
found in several types of bacte-
ria from raw meat and people. 
The gene is found on a circular 
piece of DNA called a plas-
mid, which is able to transfer 
between one bacterium and 
another. This is important be-
cause it is more likely to spread 
to other bacteria (including 
different types) than genes 

located on chromosomes. 
In January 2016, an E. coli 

strain that was resistant to 
colistin, and to another group 
of antibiotics of last resort 
(carbapenems), was discov-
ered in chicken meat on sale 
in China. 

This finding is of concern 
as the spread of bacteria with 
this combination of resistances 
to many critically-important 
antibiotics increases the risks 
of untreatable infections in 
people.

Since its discovery, occur-
rence of the mcr-1 colistin 
resistance gene has been re-
ported in E. coli, Salmonella, 
and Klebsiella throughout the 
world, including several Eu-
ropean countries. It has been 
found in people, pigs, poultry 
and other raw foods.

In 2017, scientists attend-
ing a meeting of the American 
Society for Microbiology re-
vealed that the mcr-1 gene  had 
spread round the world at an 
alarming rate since its original 
discovery 18 months earlier. In 
one area of China, it was found 

that 25% of hospital patients 
now carried the gene.

(Malaysia is not spared 
either — it was one of the 
first countries where scien-
tists found colistin-resistant 
bacteria.)

FALL of Colistin — What 
Causes It.  Scientists have 
called for colistin to be with-
drawn from use in livestock, 
as resistance to the antibiotic 
in human infections has been 
linked to its use in farming.

According to a recent re-
port by the Bureau of Inves-
tigative Journalism (BIJ), this 
powerful antibiotic described 
as a drug of last resort is being 
used on an industrial scale 
by farmers around the world, 
often on healthy animals — a 
practice that poses risks to hu-
man health.

Colistin is given to chick-
ens and other farm animals to 
make them gain weight faster 
and as pre-emptive protection 
against disease.

A 30 January 2018 report 
by the BIJ found 2,800 tonnes 

Resistance in LAST-
RESORT Antibiotics

of the drug were shipped to 
developing countries includ-
ing India, Vietnam, Russia, 
Mexico, Colombia and Bolivia 
for use on animals in 2016.

The bureau said the total 
was likely to be higher as the 
product could be delivered 
under a different name, and to 
countries which do not make 
their customs data public.

However, the problem is 
not just limited to chickens, or 
farms outside Europe.

Resistance to colistin has 
been found in 2% of E. coli 
from retail pork in a UK Food 
Standards Agency survey 
of retail meat published in 
September 2018. One of the 
colistin-resistant E. coli was 
resistant to 9 different families 
of antibiotics.

CARBAPENEMS.  
Carbapenem antibiotics are 
the last line of defence against 
drug-resistant Gram-nega-
tive bacteria. But resistance is 
emerging. “Data from many 
parts of Europe are already 

showing that defence is crum-
bling at an alarming rate,” 
the Pharmaceutical Journal 
reported on 21 June 2014.

Between 2009 and 2012, 
carbapenem resistance in 
blood culture isolates of Kleb-
siella pneumoniae in Italy rose 
from less than 5% to over 25%. 
Resistance levels in northern 
Europe, including the UK, 
remained low (<1%) during 
the same period. 

But, in her annual report 
for 2013, the Chief Medical 
Officer for England drew at-
tention to the growing number 
of isolates of enterobacte-
riaceae (mainly Klebsiella and 
Enterobacter spp, and E. coli) 
in the UK that produced car-
bapenemases — enzymes that 
destroy carbapenems.

“In the UK, there is noth-
ing like the disastrous problem 
seen in Italy, Greece or India, 
but numbers of resistant iso-
lates are continuing to rise,” 
says David Livermore, profes-
sor of medical microbiology at 
the University of East Anglia. 

“In the whole of 2008, the 
Public Health England refer-
ence lab in London only saw 
20 carbapenemase-producing 
enterobacteriaceae, but now 
they can expect to confirm 20-
30 a week. Some of that is due 
to better detection, but most is 
due to a real increase in num-
bers of cases.” (Pharmaceutical 
Journal, 2014)

THE World Health Organisation (WHO) warned 
in 2017 that new antibiotics urgently need to be 
developed to combat 12 families of bacteria posing 

a threat to human health. 
The WHO says the world is fast running out of treatment 

options to combat bacteria as many of the bacteria have 
evolved into superbugs that are resistant to antibiotics.

The world health agency said governments need to 
invest in research if new drugs are to be found in time to 
control the superbugs, as market forces do not respond fast 
enough to the threat.

Strains of E. coli and Salmonella, which live in the human 
gut, have also become resistant to first-line antibiotics.

There are fears even 3rd-line emergency antibiotics, saved 
for the most resistant life-threatening infections, will no 
longer work.

The OECD predicts that resistance to so-called 2nd- and 
3rd-line antibiotics will balloon by 70% by 2030.

Can NEW Antibiotics be DEVELOPED? 

The process of producing a new antibiotic is long and 
expensive, requiring approximately 10 years and $300 
million to bring a new antibiotic to market. Over the last 
several decades, only 2 new classes of antibiotics have been 
developed and brought to market.  

Even if development work on new medicines were to 
begin today, experience suggests that their availability for 
treating patients would be at least a decade away.

However resistance will eventually develop to these new 
antibiotics. Heavy use of the latest antibiotic can lead to the 
emergence of resistance in as little as 2 years. 

Nonetheless, scientists are still searching for new antibi-
otics by looking in unusual places such as in bacteria living 
deep below the earth’s surface, in the skin of frogs and in 
certain insects. 

nEW Antibiotics 
URGENTLY 

NEEDED
ANTIBIOTICS (the word antibiotic means “against life”) 

are actually a type of antimicrobial designed to target bac-
terial infections within (or on) the body. All antibiotics 

are antimicrobials, but not all antimicrobials are antibiotics. 
Most people use the term antibiotic when they’re talking 

about medicine that is meant to kill bacteria. Any drug that kills 
germs in your body is technically an antibiotic (this medicine 
targets bacteria — ie it stops the bacteria from copying themselves 
or reproducing, or kills it outright). 

Antimicrobial is a broader term for anything that inhibits or 
kills microbial cells including antibiotics, antifungals, antivirals 
and chemicals such as antiseptics.  Antiseptics are used to sterilise 
surfaces of living tissue when the risk of infection is high, such 
as during surgery. Disinfectants are non-selective antimicrobials, 
killing a wide range of microorganisms including bacteria. They 
are used on non-living surfaces, for example in hospitals.

Antibiotics are thus subtly different from the other main 
kinds of antimicrobials.  Because it is active against bacteria, 
antibiotic is the most important type of antibacterial agent for 
fighting bacterial infections.

Antibacterials Should Be Used Sparingly. Use antibacte-
rial products sparingly and only when appropriate. Regular soap 
is a natural antibiotic, and experts say proper hand washing is 
enough to keep people safe.

“(P)lain soap and water works really well for almost every-
thing. Using it constantly is a good thing,” says Dr Michael Bell, 
deputy director of the US Centers for Disease Control and Pre-
vention (CDC)’s Division of Healthcare Quality Promotion.

Bell recommends using alcohol-based hand sanitiser when 
travelling through the airport to prevent spreading disease. 
Antibacterial soaps, he says, are useful for cleansing your body 
before surgery.

According to the CDC, studies have shown there’s no added 
health benefit to using antibacterial soap in everyday situations. 
And lab studies have linked antibacterial chemicals in cleaning 
products to bacterial resistance. 

Use RESPONSIBLY
“ALL humans and ani-

mals have bacteria in their 
gut. When they are given 
antibiotics, many of these 
bacteria are killed, but the 
resistant ones may survive 
and multiply. This is why the 
responsible use of antibiot-
ics is so important in both 
humans and animals.

Wh e n  a n i m a l s  a re 
slaughtered and processed 
for food, the bacteria from 
the animal can contaminate 
meat or other products. 
Bacteria also can spread 
from animal faeces (poop) 
to the environment, which 
can then contaminate soil 
and water used to grow 
fruits and vegetables. Food 
and the environment can get 
contaminated with bacteria 
in these ways, including 
with bacteria that are resist-
ant to antibiotics.

People can get resistant 
infections by handling or 
eating raw or undercooked 
meat or produce contami-
nated with resistant bacte-
ria. They can also get sick 
from contact with animal 
poop, either through contact 
with animals and animal 
environments, or through 
contaminated drinking or 
swimming water.”

~ US Centers for Dis-
ease Control and Preven-
tion

AntIbIOtICS & 
ANTIMICROBIALS

What’s the Difference?

How to USE 
Antibiotics

Use SPARINGLY
“THE development of 

resistance is inevitable fol-
lowing the introduction of 
a new antibiotic. Initial rates 
of resistance to new drugs 
are normally on the order of 
1%. However, modern uses 
of antibiotics have caused a 
huge increase in the number 
of resistant bacteria. 

In fact, within 8-12 years 
after widespread use, strains 
resistant to multiple drugs 
become widespread. Multi-
ple drug resistant strains of 
some bacteria have reached 
the proportion that virtually 
no antibiotics are available 
for treatment.” 

~ Todar’s Online Text-
book of Bacteriology by 
Kenneth Todar, PhD

LESS is Best
“WE tend to look at anti-

biotics as just another prod-
uct that needs to be pro-
duced and used as cheaply 
as possible. But antibiotics 
are different. They’re non-
renewable resources — the 
more you use them the less 
they last.”

~ Associate Professor 
Peter Collignon, Director 
of Infectious Diseases and 
Microbiology at the Can-
berra Hospital, Australian 
Capital Territory
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CONSUMERS, patients, 
healthcare providers 
(doctors, nurses, etc) 
— and the farming in-
dustry — can all help 
stop the creation of 
super-powered germs 
and slowing antibiotic 
resistance.  

CONSUMERS
TO help fight antibiotic re-
sistance and protect yourself 
against infection:

l DON’T take antibiotics 
unless you really need them. 
For illnesses caused by viruses 
— common colds, bronchitis, 
and many ear and sinus infec-
tions — they won’t.

l FINISH your pills. Take 
your entire prescription ex-
actly as directed. Do it even if 
you start feeling better. If you 
stop before the infection is 
completely wiped out, those 
bacteria are more likely to 
become drug-resistant.

l GET vaccinated. Im-
munisations can protect you 
against some diseases that are 
treated with antibiotics. They 
include tetanus and whooping 
cough.

l STAY safe in the hospi-
tal. Antibiotic-resistant bac-
teria are commonly found 
in hospitals. Make sure your 
caregivers wash their hands 
properly. Also, ask how to keep 
surgical wounds free of infec-
tion. (webmd.com)

3 Important Measures

1.  KEEP Your Hands Clean 
50% of men and 25% of wom-
en don’t wash their hands 
after using the restroom. Do 
you know:

l We have between 2 and 
10 million bacteria between 
fingertip and elbow.

l Damp hands spread 
1,000 times more germs than 
dry hands.

l The number of germs on 
your fingertips doubles after 
you use the toilet.

l Germs can stay alive on 
hands for up to 3 hours.

l Hand washing should 
occur at least 10 times a day.

2. TAKE Antibiotics as 
Directed

l Don’t stop treatment a 
few days early because you’re 
feeling better.

l Taking the full course 
of antibiotics is the only way 
to kill all of the harmful bac-
teria.

l A shortened course of 
antibiotics, on the other hand, 
often wipes out only the most 
vulnerable bacteria while al-
lowing relatively resistant bac-
teria to survive.

l Never take antibiotics 
without a prescription.

l Never share antibiotics 
with others.

l Never use leftover pre-
scriptions.

3.  EAT for Wellness 
l Yoghurt contains pro-

biotics, one probiotic supple-
ment a day reduces sick days 
by 33%.

l Oats and barley con-
tain beta-glucan, a fibre with 
antimicrobial and antioxidant 
effects — these help antibiotics 
work better.

l Watermelon and broc-
coli contain glutathione, which 
stimulates your immune sys-
tem.

l Sweet potato contains 
beta-carotene (which convert 
to Vitamin A) and builds 
healthy skin (first defence 
against bacteria and viruses).

l Green tea can help an-
tibiotics to be 3 times more 
effective in fighting drug-
resistant bacteria, even super-
bugs.

When Not to Take 
Antibiotics

THERE are 2 major types 
of germs that can make people 
sick: bacteria and viruses. 

Bacteria are living organ-
isms existing as single cells. 
Bacteria are everywhere and 
most don’t cause any harm, 
and in some cases may be 
beneficial. Lactobacillus, for 
example, lives in the intestine 
and helps digest food.

But some bacteria are 
harmful and can cause illness 
by invading the human body, 
multiplying, and interfering 
with normal bodily processes. 
Antibiotics are effective against 
bacteria because they work 
to kill these living organisms 
by stopping their growth and 
reproduction.

Viruses, on the other hand, 
are not alive and cannot ex-
ist on their own — they are 
particles containing genetic 
material wrapped in a protein 
coat. Viruses grow and repro-
duce only after they’ve invaded 
other living cells.

The body’s immune system 
can fight off some viruses be-
fore they cause illness, but oth-
ers (colds, for example) must 
simply run their course. An-
tibiotics do not work against 
viruses.  

HEALTHCARE 
PROVIDERS
HEALTHCARE providers 
can greatly help prevent the 
spread of antibiotic resistance 
as doctors who over-prescribe 
antibiotics are a big part of the 
problem. 

The US Centers for Disease 
Control (CDC) estimates that 
roughly 30% of antibiotics (47 
million prescriptions per year) 
are prescribed unnecessarily in 
doctors’ offices and emergency 
departments in the US. 

One of the most common 
abuses of antibiotics is for the 
treatment of respiratory symp-
toms that are often caused by 
viruses, which do not respond 
to antibiotics. Antibiotics only 
work against bacteria.

Based on the CDC’s es-
timates, most antibiotics are 
prescribed inappropriately to 
treat viruses that cause colds 
and other viral illnesses, espe-
cially in infants and children. 
Doctors continue to prescribe 
unnecessary antibiotics for 
people with bladder infections 
that don’t cause any symptoms, 
particularly in residents of 
nursing homes. 

A lot of antibiotic prescrip-
tions are also being written 
in the dentists’ office. A 2016 
study found that the prescrib-
ing of antibiotics by dentists in 
Canada and the US is up over 
62%, much of it unnecessary.

The World Health Organi-
sation (WHO) has the follow-
ing prescription for action to 
doctors, nurses, veterinarians 

and other health workers:
l DON’T prescribe or dis-

pense antibiotics unless they 
are truly necessary and you 
have made all efforts to test and 
confirm which antibiotic your 
human patient or the animal 
you are treating should have. 

l ENSURE your hands, 
instruments and environment 
are clean.

The Missouri Department 
of Health & Senior Services 
recommends the following:

l ONLY prescribe antibi-
otic therapy when likely to be 
beneficial to the patient.

l USE an agent targeting 
the likely pathogens.

l USE the antibiotic for 
the appropriate dose and dura-
tion.

FARMING 
INDUSTRY
AROUND 130,000 tonnes of 
antibiotics are given to food 
animals annually, according to 
a 2017 analysis of global sales 
data. China alone accounts for 
78,000 of these, New Scientist 
reported on 28 September 
2017.

“This means the use of 
antibiotics in animals now 
outstrips that in humans, as 
was predicted to happen this 
year,” the report says. 

The team behind the analy-
sis, which includes Thomas 
Van Boekel of the Swiss Fed-
eral Institute of Technology 
in Zurich, says this means 
that new resistance mutations 
are now more likely to arise 
in other animals than in hu-
mans, and calculate that if we 
continue on the current trajec-
tory, by 2030 we may be giving 
200,000 tonnes of antibiotics to 
animals every year.

Antibiotics used in ag-
riculture can be ingested by 

humans through food con-
sumption.  Furthermore, it’s 
estimated that up to 90% of an-
tibiotics consumed by animals 
are excreted — releasing them 
into the natural environment 
for dispersal in ground and 
surface waters.

In 2016, the UN General 
Assembly recognised the use 
of antibiotics in the livestock 
sector as one of the primary 
causes of antimicrobial resist-
ance.

Experts believe the anti-
biotic resistance crisis cannot 
be resolved by only addressing 
antibiotic use in people, given 
the extensive use of the drugs 
in food animal production.

WHO ’s advice.  Ne w 
guidelines from the WHO 
suggest farmers should stop 
using any antibiotics routinely 
to promote growth and pre-
vent disease in animals that 
are otherwise healthy, a com-
mon practice in some parts 
of the world, including Asia 
and the US. Such routine use 
is banned in Europe, though 
campaigners fear the rules are 
sometimes flouted.

The use of the strongest 
antibiotics, a last resort for 
the most deadly infections 
affecting humans, should be 
banned altogether in animals, 
the guidelines advise. 

New research, published in 
The Lancet Planetary Health, 
showed that restricting antibi-
otic use on farms reduced the 
antibiotic-resistant bacteria in 
farm animals by up to 39%. 

Some Steps 
Taken Overseas

l HEALTH officials in 
England have launched a cam-
paign to persuade people with 
minor ailments not to ask 
for the drugs. Public Health 

England said antibiotics are 
essential for treating serious 
bacterial infections, but the 
drugs are frequently used to 
treat coughs, sore throats and 
ear aches.

l Epidemiologist Thomas 
Van Boeckel has proposed 3 
different strategies to reduce 
antibiotic use worldwide. He 
told Science magazine (28 Sep-
tember 2017) the following:

The first one is cutting 
down meat consumption: In 
the US, people eat on average 
260 grams of meat per day. 
Reducing the meat consump-
tion to 165 grams of meat 
per day — or 4 standard fast 
food hamburgers per person 
— would reduce the global 
consumption of antimicrobials 
by more than 20%. 

In 2016, the O’Neill Re-
view, a report on antimicrobial 
resistance, proposed a cap of 
50 milligram of antimicrobials 
per year per kilogram of ani-
mal product. [At the moment 
there is no cap on antibiotic 
use.] 

The 3rd strategy: Taxing the 
antibiotics used in agriculture 
when they come out of the fac-
tory or at the point of import. 
The idea — which is not new 
— is to make antibiotics more 
expensive so that farmers and 
veterinarians would only use 
them when necessary. 

“If the 3 measures were 
combined and fully imple-
mented, we could reduce the 
antibiotic consumption up to 
80%,” he says.

l SEVERAL fast food 
chains have also announced 
that they would be phasing out 
antibiotic use in their meats. 

 —  McDonalds announced 
it will start globally rolling 
back the use of antibiotics 
in its chicken products from 
2018 as part of efforts to curb 
microbial resistance to drugs 
and the rise of superbugs. It 
had undertaken this move in 
the US market in 2016.

In December 2018, it an-
nounced a plan for a phased 
reduction of antibiotics in beef 
as well.  

— In 2016, Papa John’s and 
Papa Murphy’s announced 
they had transitioned to poul-
try raised without antibiotics 
in their pizzas. 

— In 2017 KFC said its 
poultry suppliers had been 
given until the end of 2018 to 
stop raising chickens using an-
tibiotics important to human 
medicines.

The latest to join the band-
wagon is Pizza Hut which has 
pledged to serve chicken raised 
without antibiotics important 
to human medicines in the US 
by 2022.

This is commendable but 
it is still left to be seen wheth-
er consumers in Malaysia will 
enjoy antibiotic free meats 
in their food from these fast 
food chains.

What Should Be DONE
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by Martin Khor*

Developing countries 
face many challenges 
in addressing Antimi-

crobial Resistance (AMR). There 
is a lack of awareness, expertise, 
funds, technical equipment and 
personnel to take the range of 
multiple actions required to 
tackle the AMR problem.  Un-
less these factors are resolved, 
they will remain obstacles to 
concrete implementation of 
AMR action plans. 

The developing countries 
also have other problems that 
compete with AMR for atten-
tion.  Although it is a major 
problem, AMR is more like a 
ticking time bomb that gradu-
ally builds up and is not such an 
obvious problem as compared 
to other issues in the health 
sector (such as malnutrition) as 
well as outside the health sector 
(such as violence and terrorism; 
floods, drought, water scarcity 
and climate change; unemploy-
ment, poverty, migration and 
refugees).  

In the competition for scarce 
funds and personnel, it is dif-
ficult for AMR to obtain the 
resources and attention it de-
serves. 

Boosting the capacity of de-
veloping countries to take re-
quired actions is therefore of 
key importance.  The actions 
that need to be taken at national 
level include:
l  Research in science, ana-

lysing bacteria mutation, gene 
transfer, rates and ways of spread 
of resistance, and AMR in the 
food chain
l  Vastly improving sur-

veillance and data collection on 
resistance in various pathogens 
and drugs, and resistance of bac-
teria in food-related animals, in 
food, and in the environment
l  Upgrading equipment 

and technology, including diag-
nostic tools  
l  Infection control in hos-

pitals, including hygiene, up-
grading of rooms and theatres, 
equipment, air-flow systems 
etc. 
l  Formulating and imple-

menting a national policy for 
rational and appropriate use 
of antibiotics and other anti-
microbials
l  Regulation and enforce-

ment in the sale, prescription 
and dispensing of antibiotics 
l  Guidelines or regulations 

for medical personnel, hospitals 
and clinics on the appropriate 
use of antibiotics, and on rela-
tions with industry sales repre-
sentatives
l  Regulating drug com-

panies in marketing practice to 
improve their role in appropriate 
drug use, and address incentives 
to sales personnel and to medi-
cal and veterinary personnel 
linked to volume of antibiotic 
sales.  
l  Regulation of the agri-

culture and livestock sector to 
phase out the non-therapeutic 
use of antibiotics, as this inap-
propriate use is a major factor 
in the AMR crisis. As a first 
step, antibiotics that are used 
for treatment of life threatening 
diseases in humans should be 
prohibited for use in animals as 
growth promoters, and the list 
should be extended.    
l  Addressing the contami-

Actions Needed by 
Developing Countries 
to Address AMR Comprehensively 

at national Level
nation of the environment by 
residues of antibiotics.
l  Educating the consumer 

and community on the appro-
priate use of antibiotics.
l  Establishing a national 

action plan on AMR and the 
institutional framework for 
implementation, including co-
ordination within the health 
sector and with other Ministries 
including Ministries of Agricul-
ture, Education, Information.
l  Boosting the capacity of 

health related NGOs, the media 
and educational institutions to 
take on AMR issues as a prior-
ity.  

Recommendations 
Regarding 
Meeting the Needs 
of Developing 
Countries
Future programmes dealing 
with implementing actions on 
AMR should include the follow-
ing points:
l  Fully take into account 

the challenges and needs of de-
veloping countries
l  Strong international co-

operation for building capacity 
of developing countries to ad-
dress AMR
l  Mobilising of financial 

resources to support capacity 
building and implementation of 
AMR action plans in developing 
countries. 
l  Establish a fund for ca-

pacity building in developing 
countries on AMR issues, to be 
based in WHO, and linked to 
implementing the Global Action 

Plan on AMR.
l  Technology transfer and 

the provision of technical equip-
ment including diagnostics and 
knowhow to developing coun-
tries on grant or concessional 
terms.
l  Ensuring affordable ac-

cess to existing and new anti-
microbials, especially to people 
in developing countries;  also, 
affordable  access to vaccines 
and diagnostics.
l  Developing and encour-

aging R&D models which delink 
the price of anti-microbials and 
other products from the cost 
of R&D; including where the 
innovation costs are financed 
through public funds and chari-
ties, and the license to produce 
the new products is available 
cheaply or at low cost, at least 
to companies and institutions 
in developing countries.
l  Support to developing 

countries for capacity building 
and financing of the compre-
hensive range of activities in 
addressing AMR at national 
level, including prevention of 
infections, appropriate use of 
antibiotics, new regulations in-
cluding on marketing, prescrip-
tion and dispensing of drugs 
and their enforcement, reform 
of antibiotic use in agriculture, 
improvement of practices in 
hospitals and clinics, educating 
the public, etc.

* Martin Khor is Advisor to the 
Third World Network. Article is 
excerpted from his book,  When 
Medicines Don’t Work Anymore, 
Third World Network, 2018


