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CHAPTER ONE

OFf
MAGIC BULLETS
AND
RESISTANCE



ince the beginning
of 2020, the COVID-19
pandemic has travmatised
the entire planet.

Aroond the world
scientists and doctors have
token time to understand
the exact course of the
disease cavsed by the
SARS-CoV-2 virvs and
stroggled to find svitable
treatments.



COVID-19 is a grim reminder of the terrible toll taken
by infectious diseases throvghoot homan history.

From smallpox and tobercolosis, to the plague and
measles, a variety of diseases that are easily
transmitted from person to person have killed
innumerable people over the centories.

In the past, there was no effective treatment at all
for all these diseases nor even an onderstanding of
their cavse and how to prevent them.






It was only in the late

Antonie uan
i bectorinand ooy, Lecuwennosk
at bacteria and other (1e32—1323)

very tiny living organisms
were discovered by
Antonie van Leevwenhoek |
a Dutch scientist and
businessman vsing a

of his own design.

Louis It took another
Pasteuvr centory though for
(1822—89S)

the French scientist
Lovis Pasteor to confirm
the link between
bacteria and
infectiovs
diseases with his



Pavu)
ehlvich

(18S54—91S)

Once Pasteor's theory

became established the

search also began for a

way to disable or kill all

disease cavsing bacteria.

Paol Ehlrich, the German

chemist envisioned that

just like a bollet fired from a gon to hit a specific
target, there could be a way to specifically target

invading microbes, vsing special chemical compounds,
which he called

DeEhelichs Solvarsan, an arsenic-based
MAGIC chemical discovered by

BULLE'T Ehrlich and his team in

Sﬁ%ﬁfmﬂ 1909, proved an effective

OF ITOTHER treatment for syphilis and

WA MICROBE
| ~ was probably the first troly
\" \HU NTES 8 modern antimicrobial agent.




Alexandey
FTleming
(1881—qsSs)
n1928
Alexander Fleming
discovered that certain
fongi natorally prodoce
on antibiotic to
ward off bacteria.

The actoal prodoction of the antibiotic, called

in o manner and scale svitable for wider
use, was worked ovt by Howard Florey and Ernst
Chain in 1942, Both of them shared the Nobel Prize
in Physiology or Medicine with Fleming in 1945.

The discovery of Penicillin
and many other antibiotics
have saved millions of lives
and for several decades

it was believed by many
health officials that
infectious diseases had
been congquered once and
for all.



They had all spoken too soon and not accovnted for
the phenomenon of antibiotic resistance, which is
when bacteria manage to escape the effect of
antibiotics and continve to thrive,
resolting in failore of treatment.

There are many complex factors that drive antibiotic
resistance, ranging from industry incentives and
competition, to lack of public awareness and
inappropriate prescriptions.

In this illustrated book we follow the antibiotic on its
long and adventorous joorney, from the cradle of a
research lab to its oltimate abode in the gots of a two
or four legged animal, that includes vs human beings.



It is only by understanding antibiotics in all their
moltiple dimensions that we can begin to start
vsing them correctly and find solutions to the
growing threat of antibiotic resistance.



CHAPTER TWO

ALL ABOUT
ANTIBIOTICS



[_et 0s toke a few steps back
now and ask — why on Earth
shoold anyone be interested
in antibiotics at all? =)

Especially if one is not a
stodent of medicine, a doctor,
or at least a patient in need
of a cure for their

bacterial disease?

Well the last bit in the above sentence gives
 big hint
— like it or not, you or someone close to you is

going to need an antibiotic desperately at one point
in time.

Besides...



..whether you need it or not,
these drugs are vsed so widely, from homan to
animal health, that they have become the very
foundation of all modern medicine.



Toke

away antibiotics,

and most sophisticated

but routine medical procedores

will collapse like a pack of cards. And
as o matter of fact treatment failore is
already common, with patients having
complication or sometimes dying or
spending many extra days in hospitals
doe to lack of effective antibiotics .

All that is troly terrifying. However, the purpose
of what we are trying do in this book is
not to try and scare yoo at all!

Fear and anxiety are not the best way forward
while trying to find solutions —
especially something as complex as



A better way is to try and vnderstand the world of
antibiotics, as well as that of bacteria,
is to get a good pictore of how exactly
the dynamic between the medicine and microbe
works.

With some rich insights
we may finally begin to figure out
what is the best way to
slow down antibiotic resistance
and keep antibiotics working.



Where do antibiotics come from?

How do they work?

Why are they important?

How many kinds of antibiotics are there?
How does antibiotic resistance lower their
effectiveness?

And... if you are not already exhavsted by that long
list of questions - let vs also ask how are they
produced, distributed and consumed?

Ok. We will do this one at a time - step by step.
First, we will start with

the meaning of the term : o
n 2
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what's \n a name. ..

Antibiotics is a somewhat
onfortunate label for a drog that
has saved millions of homan lives
over the decades. The word comes
from the Greek words ‘anti’,
meaning ‘against’, and 'biotikos'
meaning ‘concerning life’,

Of course in this case, the reference is to

Bot taking the lives of even mere bacteria
comes with a big tag.

Bacteria are essential for the sustenance of many
forms of life on Earth, incloding vs human beings.
Killing them withoot thooght is bound to hort all of vs.



More on all this later though. For now let vs
clear vp some confusion arovnd terms such as:

While ‘Antimicrobials’, ‘antibacterials' and
‘antibiotics' are commonly vsed terms that can
sometimes be vsed interchangeably, there are

important differences between these words:

Against bacteria, Against viruses, Against parasites, Against fongi,
e.g. drugs for e.9. drugs for e.g. drugs for e.g. drugs for
bacterial herpes and malario tinea

pneuvmonia HIV
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Antimicrobials

Antimicrobials is a wider term that includes all
agents that act against microorganisms, namely
bacteria, fungi, virus, and protozoa.

Antibacterials

Antibacterials act only on bacteria. This term
encompasses all compoonds that act against bacteria,
including antibiotics.

Antibiotics

Antibiotics are produced natorally by microorganisms
and kill or inhibit the growth of other
microorganisms, mainly bacterio.

Strictly speaking, antibiotics do not include agents
that are prodoced by chemical or biochemical
synthesis. However for simplicity, synthetic or
semi-synthetic variants (such as guinolones) are
osvally incloded vnder the term antibiotics.
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Bacterial infection Viral infection
(Antibiotics work) (Antibiotics do not work)
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The discovery of antibiotics was one of the most
significant medical achievements of the 20th centory.

In the pre-antibiotic era of the early 1900s, people had
no medicines against bacteria and as a resolt, human
suffering was enormous. Even though the body's
disease-fighting immone system can often

successfolly fight off bacterial infections, sometimes
the microbes are too strong. For example,

e Before the advent of antibiotics, 0% of children
with bacterial meningitis died. Among those children
who lived, most had severe and lasting disabilities, from
deafness to mental retardation.

® Throat infections due to a bacteria called
streptococci was at times a fatal disease, and ear
infections sometimes spread from the ear to the brain,
covsing severe problems.

® Tobercolosis, Typhoid fever, Gonorrhea are
treated with antibiotics today. Imagine what woold
happen if they become vntreatable.



For most people, taking an
antibiotic means popping a pill in
the mouth and then completely
forgetting about it once it is
washed down the throat with a

olass of water.

Bot what does an antibiotic really do
inside the homan body?

Very broadly speaking different classes of
antibiotics deal with bacteria in
different ways.

Some kill bacteria outright —
no prisoners taken!



Others work by merely  preventing bacteria from
growing in numbers. In this  case the homan immone
system swings into actionto  clear the infection.

While antibiotics vsvally do not harm homan cells
and target only bacteria, in some cases they can have
onpleasant side effects for homans too.
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Other less common side effects inclode:

- diarrhoea cavsed by an intestinal infection, which
may be seriovs and require further investigation and
treatment

- allergic reactions, such as hives (large, red, raised
areas on the skin), fever and breathing problems.



Antibiotics can either have a narrow or broad
spectrom of action.

- Antibiotics that affect a wide range of bacteria are
called broad spectrom antibiotics (e.g., tetracycline).

« Antibiotics that affect only a few types of bacteria
are called narrow spectrom antibiotics (e.g., benzyl
penicillin).



Narrow spectrom antibiotics are more specific and
only active against certain grovps or strains of
bacteria. Broad spectrom antibiotics instead inhibit a
wider range of bacterio. Narrow spectrom
antibiotics are preferred since their impact on other,
non-disease cavsing bacteria are more limited.

Unfortunately broad spectrom antibiotics are vsed
more often as it can be difficolt for doctors to
diagnose the correct bacteria in time or the
knowledge about how to correctly treat an infection
may be lacking. This is one of the reasons for the
emergence of antibiotic resistance. We will find oot
exactly why soon.

< Back to Content Q Chopter 3>



CHAPTER THREE

THE BACTERIA- HUMAN
EQUATION
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Before we go any forther to learn more about
antibiotics, it is time to take a pavse and ask some
guestions aboot their prime target — the bacteria.

Instead of assuming we know w
everything about them (evil, disease- ho am gy
cavsing microbes') what if we started -
with a completely open mind

and asked — so what exactly are

bacteria supposed to be?

When they were discovered by Antonie van
Leevwenhoek in 1676, he thought of them as
onimolcules, meaning tiny animal in Latin.

For a long time bacteria were classified according to
their basic shapes into five groups: spherical (cocci),
rod (bacilli), corkscrew (spirochaetes), comma (vibrios)
and spiral (spirilla).’

Cocci Bacllh  Spivothaeres brios  Spivilla



fream-pos\hive and fram-neaaive baceria

Bacteria are generally classified
into two broad categories:
Gram- positive and Gram-negative.

The term "Gram' here comes from
Hans Christian Gram - the name
of the person who developed the
method for distinguishing

between these two types of
bacteria.

The differences between
Gram positive and Gram
negative bacteria are primarily
related to their cell wall
composition.



The staining method that Dr Gram introdoced
identifies bacteria based vpon the reaction of their
cell walls to certain dyes and chemicals. Gram-
positive bacteria stain purple after Gram staining.
Gram-negative bacteria stain red or pink.

Some common Some common

bacteria that cavse bacteria that cavse

infections are: infections are:

+ Klebsiella - Staphylococcus

- Acinetobacter aureus

- Psevudomonas - Streptococcus
0eruginosa pyogenes

- E. coli. -+ Streptococcus

pneumonioe
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In the last covple of decades new methods of
stodying bacteria have emerged, suoch as polymerase
chain reaction or PCR, also sometimes called
molecvlar photocopying.

The process involves rapidly making billions of
copies of a specific DNA sample and amplifying them
to allow scientists to and stody them in detail and
onderstand their origins and characteristics. This
has completely revolotionized ovr vnderstanding of
these invisible organisms.



First of all it torns out there are a vastly greater
nomber of species of these invisible organisms than
anyone imagined even a couple of decades ago.”

whadt's Ahe big deall
we've invisible, riaghd?

Secondly, they are found everywhere on the planet -
from flaming hot volcanoes to the
permafrost in Siberio.** They also
exist in a very large nomber

inside the human body

and are critical to

not just our

survival but

that of all

life forms

on earth.
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Till not too long ago scientists believed there were
about 30,000 formally named species that could be
coltored in the laboratory and for which the
physiology had been investigated.” Now they are not
sure any more and thanks to newer diagnostic
technigues, estimates for the nomber of bacterial
species ron from aroond half a million to a billion plus.®

There is also a continvous debate on whether bacteria,
many of which constantly exchange genetic material
between themselves, can even be classified in terms of
many distinct species. Some have svggested bacterial
cells are simply holding vessels for the genetic
variation available in the bacterial gene pool, which
change according to different environments.’



The point here is that the world of bacteria is quite
compley, diverse and not redocible to simple black and
white type of characterisation.

In the context of human or animal
b health too, scientists are finding

Uy, thatitis difficult to brond
b, bacteria as permanently
Sriq, ‘bad’ or ‘good"

Yes, a small nomber of them do cavse deadly diseases,
onder specific circomstances, bot the vast mojority
form the very basis of all life and living processes on
Planet Earth. The insight being expressed by a range
of researchers — from microbiologists

ond chemists to ecologists and

origin of life specialists - is very clear,

that we live on a planet that is ron by

millions of bacterial species.

They were among the first forms of
life on Earth, and are its most
nomerous living organisms.



0) Bacteria have been aroond for roughly 4 billion
years on a planet that is 4.5 billion years old. They
have not only survived the harshest weather,

toxicity and abropt shifts in environment, but have
time and again contriboted to mitigating these factors
and making them condocive to the flourishing of life.

It is time we paid some respect to bacteria
and stopped demonizing them!
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b) Collectively bacteria account for aroond 70
gigatons of carbon in biomass distriboted among all
of the kingdoms of life. This is much greater the
carbon in biomass of all the animals on the planet
(including humans) put together, which constitote
only 2 gigatons. (Plants still dominate the planet with
450 gigatons of carbon.)

In other words, humans and other animals
are essentially swimming in an ocean of

bacteria — we have to learn to live with
that reality.



¢) The amoont of microbes in the homan microbiome
is higher than the nomber of cells in the homan body.
The total microbial biomass in an average adolt is
approximately 0.2 kg.” The microbiome today is
considered another organ of our bodies.

So trying to destroy all the bacteria in
your body is nothing less than trying to
willingly injore yoorself!

d) More importantly, bacteria in the homan
microbiome contribute arovnd 600,000 genes, way
more than the human genome's 23 000."° We are yet
to figure out how all this bacterial genetic material
affects our health and lives. And while scientists are
still trying to figure out this

mystery it is best that the

rest of us go a bit slow on

popping those colovred

pills whenever we
feel like!

Backeria in
Human jenome human microbiome
44,000 aenes €00,000 jenes
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To summarize, bacteria are phenomenally diverse,
essential for sorvival of all life forms, and highly
flexible and adaptable in the face of all challenges.
These are all remarkable traits that we homans
woold do well to emolate.

Main fonctions of bacteria in the human body”

< Back to Content Q Chapter 4 >



CHAPTER FOUR

WHERE DO
ANTIBIOTICS
COME FROM?



\/De live in an age where prodocts of modern medicine
are all aroond vs, in the form of pills, capsules, vials of
injectable liguid and ointments. 4, P

(7)
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However, not many people are aware how these
drugs are produced, distributed, prescribed or even
how they actually work.

Most folks who are not trained as pharmacists or
doctors (i.e. the majority of humans) jost vse these
precious products without thinking twice aboout
their origins . As long as these colourfol pills work
they are happy to keep vsing them.

Whad, Me Worry?



As we see in the case of antibiotics, this
casval and almost blind faith in popping pills has
resolted in the slow erosion of the very
effectiveness of these medicines .

So, at least now, let vs figure out the answer to the
guestion — how exactly are antibiotics produced?



Sorprising as it may sovnd, antibiotics have
been produced in nature for millennia by
microbes themselves, mostly for vse against
their fellow microbes!

Thou Voo Badllus!

Analysis of the lineage of several antibiotic resistance
genes in bacteria has revealed that some of them have
been aroond for nearly two billion years!'

So show us some
respedy, will ya'?



And much before the modern era of antibiotics, there

is evidence that ancient civilizations too had discovered
o variety of such naturally available antibiotics for
treating variovs infections.”

One such successfol treatment was the topical
application of mouldy bread, with many references to
its beneficial effects from ancient Egypt, China, Serbia,
Greece and Rome.



Muoch later, in 1928 this is exactly the
phenomenon that Dr Alexander Fleming
stumbled vpon in his lab when he
discovered that colonies of the common
staphylococcus avrevs bacteria were
worn down or killed by the mold (fongus)
growing on the same plate or petri dish.
Fleming experimented forther and
determined that the mold made a
substance that could dissolve the
bacteria. He called this substance
penicillin, named after the Penicilliom
notatom mold that made it.

The discovery of penicillin marked the beginning of the

so-called golden era of antibiotics, which losted

till the early sixties, when many microorganisms were

collected and studied for their potential antibiotic

properties. Most of the antibiotic classes we vse as
medicines today
were discovered
and introduced to
the market in this
period.



2ené DUbos In 1939 for example the French
(1901—982) microbiologist René Dubos isolated
the substance from the

microbe Bacillus Brevis and

later showed that it was

composed of two substances,

gramicidin and tyrocidine.’

These were the first
antibiotics from soil bacilli to
be produced commercially*

In 1944 Selman Waksman isolated the Selman
antibiotic from waksman
Streptomyces grisevs, an organism foond ~ 18883
in soil.”> He received the Nobel prize
in 1952 for discovery of the first
antibiotic effective against
tobercolosis. Similarly, in 1948
one of the most
important drogs for treatment of
bocterial infectiovs diseases, were
produced from Acremoniom
chrysogenum, a slow growing fongus.



A soil sample from Borneo in 1952 had the bacteria
Streptomyces orientalis, from which vancomycin,
another very important antibiotic, was eventoally
extracted and became available for patient vse in
1958.7 Streptomyces are the largest antibiotic-
prodocing family of bacteria, prodocing over
two-thirds of the clinically vsefol antibiotics of
natoral origin.®

The remarkable richness of microbial natoral
prodocts as sources of antibiotics reflects the fact
that they are prodoucts of evolotion, selected over
millennia for interaction with biological targets.



Strictly speaking:
antibiotics are organic anti-infective agents
that are derived from bacteria or molds
that decrease moltiplication
or kill other bacteria.

However, the term antibiotic is now vsed loosely to
include anti-infectives prodouced from manmade
synthetic and semi-synthetic compoonds.

In fact, the earliest two antimicrobials of clinical vtility
were synthetic molecules.

r o
" bq Sy seni(‘ " o q,\.)\? \ooﬁ>e’
< we i ik
Firsy oo e S ece SN,
any bio.\“( "\lﬂ)‘m\\ﬁ
S3es Qver

In synthetic or semi-synthetic antibacterials vsvally
chemicals related to natoral antibiotics are vsed to
accomplish comparable tasks. Apart from sulphonamides
other synthetic antibacterials include quinolones.



Typically, the production of antibiotics from natural
sources is done through a fermentation process. The
source microorganism is grown in large containers —
with capacities of 100,000 to 150,000 litres —
containing a liquid that facilitates their rapid growth.

The size of the bacterial
population is controlled very
carefolly to ensure that
maximom yield is obtained before
the cells die. Then the antibiotic
is extracted and porified

into a crystalline prodoct,

for forther processing before
packaging into pills, capsules or
vials for medical vse.”

ws'WoCr00 W Uy CUitioaC 203 A3uvoxuo)

Microorganisms vsed in fermentation are often not
the same as their covnterparts in the wild. They are
genetically modified to yield the maximom amoonts of
antibiotics. The development of higher yielding strains
over many generations can raise antibiotic yields by
20-fold or more.



How Aid Mheyy mar e peniailhn?

() Penicilliom (2) Scientists learned to  (3) Then, scientists  (4) Finally,
mold natorally grow the mold indeep  separated the penicillin is
produces the fermentation tanks by penicillin product  purified for vse
antibiotic adding a kind of sugar from the mold. as an antibiotic
penicillin and other ingredients. medicine.

This process increased

the growth of penicillin.

<

%,
\9/\0@/0//40
% %
Microscopic view Fermentation Penicillin Antibiotic
of penicilliom tank molecule medicine

< Back to Content Q Chopter 5>



CHAPTER FIVE

DISCOVERING
NEW
ANTIBIOTICS



ntibiotics present an interesting paradoy :

The more we vse them, the less effective they become.
And the less effective they become,
higher the dosage in which we are forced to vse them!

Antibiotics are just like fossil fuels - a non-renewable
and finite resovrce. Just as the borning of these fuels
has contributed to global warming and impending
climate catastrophe — the vse and abuse of antibiotics
is spreading bacterial resistance...

...with all its

for homan health!



Yes, it is essential to vse antibiotics to save the lives
of people affected by severe bacterial infection. It

is important to keep in mind though, that sooner or
later, bacteria will evolve to defeat the antibiotics
we have. This means that we will always need to find
new drogs to fight bacterial infections.

In the early years after antibiotics were introdoced
on a mass scale, bacterial resistance did emerge as a
threat. However, this was also a time when many new
classes of antibiotics were being discovered and
existing ones modified to make them more powerfol.
So it was convenient to ignore antibiotic resistance.
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However, today there are too few antibiotics being
developed to meet the growing need. The last time
scientists discovered a troly new class of antibiotics
that made it to market was in 1987.

At the same time resistant bacteria that survive
antibiotic treatment are becoming more and more
common, making available antibiotics ineffective. We
have reached a point where there are hardly any
treatment alternatives left for some bacterial
infections.

Especially worrisome is the lack of antibiotics against
Gram-negative bacteria, which cavse some deadly
infections such as pnevmonia and meningitis.



Why cop
t we find ney antibiotic‘s:;

Here are some of the

&
Q
%)
Oy
<

It is extremely difficolt to develop an antibiotic. First,
like all drugs, it needs to get to the right place in the
body at a high enovgh concentration without being
toyic to the patient.

Then, it also has to enter and stay in the bacterial
cell, which has proven very problematic. Efforts to
screen large existing libraries of small molecules or
vse genomic sequencing have failed to find new
antibiotics.



Moch of the problem seems to lie in the early stoges
of antibiotic development.

For example, we,
Ahe andibacdderial druas
are eshimaded Ao have a den-fold
lower vield \n Ahe distovery shane
o€ \den\ifyiNg promising New
compounds when compared Ao
all devry dasses.

These scientific difficulties have been compounded
by several external factors. This includes the reality
that most moltinational pharmaceotical companies
have exited the anti-infective field due to commercial
retorns being less than other therapeotic areas.

Quer Ahe lash Ahree
decades, Ythe number ot
mulinadional companies

with acdive andi-intechve
proagrams has fallen
from 13 X0 YUSN € \N 20D,



There is a mismatch between the infectiovs
diseases which most vrgently need new antibiotics
and the drugs that are corrently being developed.

A recent analysis showed that of the 50 candidates
in clinical development only two are targeting high
priority molti-drog resistant Gram-negative
bacteria, which are spreading at worrying speed and
vrgently reguire novel treatment options.

In other words, the pharma indostry has a business
model which ensures higher retorns on investment.
The collateral damage to this approach is the lack of
R¢D in newer antibiotics which is the real need of mil-
lions of patients

who require effective

antibiotics ina

sitvation of

rising bacterial

resistance.



It is very expensive and often takes ten years or more
to develop an antibiotic. The market-based model

for financing late stage clinical development of
pharmaceuticals relies on companies recovping their
R¢D costs through sales of the end-prodouct.

This means the model relies on charging high prices
and an incentive to sell as moch as possible within 20
years before patent protection rons oot.

Both features are undesirable for new antibiotics
given that both affordable access and stewardship
are required to preserve the drug's effectiveness.
For these reasons, the "traditional” market model
has not brought forward novel antibiotics for
decades. Overcoming all these challenges is not
going to be easy. A good beginning would be however
for policy makers to encovrage policies which
prioritize public health and the needs of the
population.



CHAPTER SIX

DRUG MAKER
HEAL THYSELF



One of the great ironies in the story of how
antibiotic resistance emerges and spreads arovnd
the world involves the role of drug manvfactorers
themselves.

Yes, believe it or not, the same companies that
produce life-saving antibiotics contribute towards
polluting the environment with antibiotic residves
from their manofactoring plants.

One reason for this is of
course, that the manvfactoring
of antibiotics on an indostrial
scale, particolarly through the
fermentation process can be...

..with

discharge

of waste into

nearby water bodies.



The concentration of antibiotics in effloents from
antibiotic-manofactoring sites can reach
extremely high levels.

Apart from the toyic effects of such antibiotic
concentrations on living organisms, such unchecked
discharge of antibiotics also leads to an increase in
bacterial resistance genes in the environment.



And in the end, it is these resistant bacteria that
often retorn to haont homan popolations
in the form of untreatable infections.

The message here is simple:

Polluiing Ahe Farih

1% dhe same as
POSONINY our own bodies!



In response to growing worldwide concerns aboout
antimicrobial resistance, in 2018,
the AMR Industry Alliance, a global coalition of
private pharma manofactorers, developed

The Antibiotic

Manofactoring Framework
to ensure
adequate control of
manvfactoring effloent emissions’

It sets out minimom standards for companies to
adhere to environmental compliance and appropriate
antibiotic discharge management. The focus is on

® Setting vp minimom requirements for water
manogement,

® Solid waste management programs as well as
conducting avdits of antibiotic manvfactorers.



Among the measures suggested was calcolating API
discharge amounts, called the Predicted-No-Effect
Concentration (PNEC) or antibiotic concentrations
at which, the Alliance believes, the selection pressure
is minimal on microbes in the environment to motate
and develop drog resistance.

One woay to tackle pollution at antibiotic
manvfactoring plants while ensoring access to low
cost medicines is to tackle the problem throvgh

a global process instead of leaving it to individual
countries or companies alone.

Global standards are needed that guide and regulate
the production of antibiotics to discovrage
environmentally damaging practices. Such regolation
can be accomplished throvgh restrictions on
procurement from polluting factories covpled with
subsidies and incentives for implementing
environmentally safe practices.



For example there could also be investments, in
improving the supply chain or through preferential
procurement of appropriate end prodocts. For
smaller manvfactorers, which may have neither the
financial capacity nor the technology to adjost to
such reguirements, an international system or Fond
that would subsidize adjustments and provide access
to technology should be considered. This is especially
so, if such producers are committed to manvfactoring
good quality antibiotics needed in low and middle-
income countries.

< Back to Content Q Chapter 7 >



CHAPTER SEVEN

ACCESS
TO
ANTIBIOTICS



/nglocing overuse of antibiotics is key to tackling
antibiotic resistance worldwide. Lesser the amount
of antibiotics vsed, the smaller the chance of bacteria
becoming resistant to them.

However, this important goal has to be seen in the
context of how even eight decades after their
discovery, a vast number of people do not have
access to these life-saving medicines.

Every year there are over 5.7 million deaths that
coold be averted with access to antibiotics.
Yes, that is a huge

nomber and one

that is moch

bigger than the

estimated

1.27 million lives

lost annoally

doe to

antimicrobial-

resistant

infections."”



Poge 68

Not surprisingly, the mojority of these deaths dve to
lack of access to antibiotics occor in low and
middle-income countries.

Ensouring vniversal appropriate access to
antimicrobials is not only a critical part of realizing
the RIGHT TO HEALTH, but is necessary

for mobilizing effective collective

action against the development

and spread of antibiotic

resistance.

In other words the
challenge of dealing with
the growing problem of
antibiotic resistance is
not just about restricting
inappropriate vse of these
valvable drugs. It is also
about providing them to
people who cannot get
them when they

really need them.



The COVID-19 pandemic has exposed many
systemic and deeply vnacceptable global health
inequalities. The most glaring example is the way
some rich countries get access to vaccines and other
important medicines first, and poor covntries are

left depending on charity.



The sitoation is not very different in the context of
antibiotics. Poorer countries, with a high borden of
bacterial infections, are often the last to gain
access to effective antibiotics.

According to the OECD, 50% of prescriptions for
antibiotics in high income countries are
onnecessary and antibiotic consumption in HICs,
os depicted in the charts below, is more than
double that in low-income covntries measvred in
defined daily doses per 1000 inhabitants per day.**



In many low and middle-income
countries, even when antibiotics are available, patients
are often vnable to afford them.®

This could be dve to high levels of poverty in general
but also limited government spending for health
services.

The absence of

oniversal health care

or even reasonably priced
health services resolts in high
out-of-pocket medical

costs to the patient.



For example, in India,
o . []
63 A) of health expenditure is out-of-pocket,

versus

13% in Germany.”

Such expenditores push some 38 million people into
poverty each year in India alone.” A decade ago in
India, the median overall additional cost to treat a
resistant bacterial infection was US$ 700, which
equalled 442 days of work pay for the average roral
male worker.® Corrently, the borden may be worse.

Shortages in public health facilities force patients
to go to private pharmacies to buy medicines that
should have been provided free in the first place.
Individuals may also self-medicate with antibiotics
sold over-the-counter at the pharmacy or in the
informal market. Others forego medication
altogether, worsening the burden of bacterial
infections in these countries.



The responses sparked by the COVID-19 pandemic
involved collaboration for rapid innovation of diagnostics
and vaccines to implementation of preventive measores
and equitable access to essential medicines and basic
supplies. The same perspective needs to be applied to
antibiotic resistance.

In other words, a more holistic health systems approach
for sustainable access to antibiotics is required.” A
fragmented approach is ineffective This implies, among
other things, concerted efforts towards human
resources, vniversal health care, and optimal health-
care infrastroctore.

For example, a third of health-care facilities in low-
resource settings have little access to ronning water
and soap for handwashing.”

Health facilities in many low and middle-income
countries are substandard and lack staff who are
properly trained in administering antibiotics. Inadequate
staffing makes it difficolt to administer medicines and
patients miss antibiotic doses, once again compounding
the problem of resistance.



Source: Global Health Observatory WHO"

Just the mere existence of an effective antibiotic does
not mean that they are available in covntries where
they are most needed. Most new antibiotics emerge
from public or private labs in high income countries that
have the skills and resovrces needed for the research
and development required. While these new antibiotics
are registered for vse in these countries, they often

do not reach low and middle income countries.” ™ This
could be becavse these markets are seen as not being
locrative enough or 'difficolt’ to operate in.

For example, among novel antibiotics entering the global
pharmaceutical market between 1999 and 2014,
registration was mostly concentrated in high income
countries."



Only 12 of 21 products were
registered in more than ten
countries.” For novel antibiotics
introduced since 2014, registration
has been filed in fewer than five
countries per year, slowing down
approval and vse.”

Stodies have also found that older
off patent products are also vnlikely to be widely
available.” More than 10% of older antibiotics were
not registered in even one of the 102 countries
assessed. The so-called ‘forgotten antibotics'- old,

bot still clinically vsefol antibiotics — were also found
to be in short supply in LMICs.

Even where there is a

commitment by a

product developer to

register and supply a

country, significant resovrces from both
the product developer and regolatory
avthority are still required before
approval which can lead to lengthy delays.



The current global supply chain is fragile and relies on
only a few producers of active pharmaceotical
ingredients and manufactorers based in a few coovntries
such as India and China. For some antibiotics, there are
just one or two major producers and disruptions
therefore lead to global stockouts and shortages.'”
The entire chain of producers, suppliers and marketers
are also not transparent making it difficolt to get an
accorate pictore of specific ways to resolve problems.

In low and middle-income
countries, weak drug supply
chains make the consistent
availability of antibiotics a
problem. Maintaining quality
of medicines is also a problem,
with researchers finding
that many prodocts were
stored and transported long
distances without cold-chain
temperature control.



Lack of oversight and regolation in the drug
manufactoring and supply chain leads to poor drug
guality and falsified medicines.”

According to a review
of 100 scientific articles
conducted by WHO:*°

21

Many national dirog
regulatory avthorities are
also unable to assess the
guality, safety, and efficacy
of older antibiotics that are
registered, and which

may be substandard or
folsified.



Limiting the sale of antibiotics to prescriptions seems
like an easy solution and fonctions well in some
countries. However, enforcing prescription-only laws
may cut off access to antibiotics for parts of the
popolation. This is particolarly so in roral areas
and in resovrce-limited settings that lack
access to prescribers.””

As is evident from all that we have discussed so far
the issve of access to antibiotics is a complex one,

shaped by moltiple factors.

Improving access to antibiotics
worldwide will require efforts from:

National  Pharmacevtical ~ Public and International
governments, companies private healthcare poblic health
policymakers institotions bodies



This is not an exhavstive list of course, but...

some of the steps needed to address
key barriers to accessing antibiotics include:

 Encouraging research and development of new or
improved antibiotics, diagnostic tests, vaccines, and
alternatives to antibiotics for bacterial infections;

» Supporting the registration of antibiotics in more
countries according to clinical need;

* Developing and implementing national treatment
guidelines for the vse of antimicrobials;

* Exploring innovative fonding for essential
antibiotics;

* Ensuring the guality of antibiotics and
strengthening pharmaceutical regulatory capacity;

* Encouraging local manufactoring for cost-
effective antibiotics;

* Developing a system of global rules-based
governance as o framework for solutions to all these
challenges
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CHAPTER EIGHT

ANTIBIOTICS
IN OUR
FOOD!



Poge £1

Tor most people, the term ‘antibiotics' vsvally evokes
the idea of medicines vsed for treating human beings
with bacterial infections. Bot many would be
surprised to know that -

antibiotics are vsed in even larger gquantities in
the world of food animals — cows, chicken, pigs,
sheep and aguacoltore.

For example...
... according to ... and globally, some
the U.S. Food 131,000 tonnes of
and Drug antibiotics are vsed

Administration: annoally in farming.’
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The main reason is simply that the vse of antibiotics
in animals and the meat indostry is also a major
driver of antibiotic resistance, which then has
consequences for both homan and animal health.

Use of antimicrobials, in both homan and non-homan
sectors, drives selection for resistance among
bacterial pathogens. Repeated exposure to low
doses of antibiotic agents, creates ideal conditions
for the emergence and spread of resistant bacteria
in animals. Many classes of antibiotics that are vsed
for homans are also being vsed in food-animals.
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Transmission of resistance from animals to homans
can take place through a variety of rouvtes. These
include through direct contact, contamination of the
environment and throuvgh food.

For example, farm and slavghter-
house workers, and veterinarians,
who come in close contact with
colonized or infected animals, are
at risk of carrying resistant
bacteria and passing them on to
others.

Though the route of transmission
is more compley, consumers moy
also be exposed to resistant
bacteria via contact with or
consumption of animal products.

The extensive vse of antibiotics in
farming of food animals on a
rovtine basis produces antibiotic
resistant bacteria that may lead
to therapy failore for humans

and animals.



The broad purposes for which antimicrobials are
vsed in food-animal production are:

® For therapeutic vse i.e. treatment of disease;
® For non-therapeutic vse, including prevention of

disease;

® For ‘growth I'm s\t of
promotion’, as theyare  beiny preveried
believed to "help Grom beiny sict ...

growing animals digest
their food more
efficiently

and allow them

to develop into
healthy

individoals.



Of all these, ‘growth promotion' is the | ceel
most problematic as lot of antibiotics
are vsed for helping the food-animals
gain weight. The logic is simple -
bigger and heavier the food-animal,
more the income for producers.

This drive for profit ignores the
larger health consequences to
everyone due to increased

bacterial resistance.

Ahe same. ..

Me ‘oo, While such vse for growth
promotion has been banned or

restricted in many countries,

prodocers often find other ways of

giving antibiotics to their animals,

incloding in guise of ‘prophylayis’

or preventive treatment.

In the modern industrialized

food-animal prodouction, feed for

growing animals often gets

supplemented with antibiotics in various doses.



This rising tide of antimicrobial use is propelled, in
part, by the growing demand for animal protein and
anticipated increases in industrial food-animal
prodoction. Such production involves factory-style
farming, in which thovsands of animals of one breed
and for one purpose are raised vnder highly
controlled conditions.

They are often kept in confined housing, given
medicated feeds, and denied access to forage crops.
Among the food-animals bred in this manner are
pigs, layer hens, broiler

chickens, ducks, torkeys,

beef or dairy cattle,

finfish, or

crostaceans.

Antimicrobial
vsein
factory-style
farming



A study by the
Organisation for Economic
Co-operation and Development (OECD)
attributes one-third of the global increase in antibiotic
consumption to the shift towards intensive farming
systems and two-thirds as a result of the
larger nomber of food-animals in production.?

Rising meat consumption is a major driver of antibiotic
vse. Growth in global consumption of meat proteins over
the next decade is projected to increase by 14% by 2030

compared to the base period average of 2018-2020,

driven largely by income and popolation growth.’

The consumption of antimicrobial drugs in the
food-animal sector is however not oniformly
distriboted throughoot the world.*

Couniry-wise consumpiion
ot anhmicrobial druays
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Antibiotic consumption is also expected to rise
significantly in several developing countries by 2030
dve to increasing meat consumption.

By then, the BRICS countries — Brazil, Russig,
India, China and South Africa — alone will witness
a projected increase of antibiotic consumption by
99 percent.”

Total growth in use of antimicrobials in farming and food-animals
between 2010 and 2030

When it comes to antibiotic use, aguacultore, which
is growing faster than any other food-animal
sector, also seems to be a significant contributor to
the spread of antimicrobial resistance.



While many producers and farmers justify antibiotic

vse in their food-animals as being 'vnavoidable’ there
is considerable research that shows the prodoction

gains can be achieved by other means too.

Alternatives to non-therapeutic antimicrobial vse range
from changing production practices to using various
substitutes. These include more environmentally
sustainable systems, where a higher emphasis is placed
on animal welfare and disease prevention throvgh
hygiene, vaccination and intelligent herd management.

Changes in prodoction practices that reduce the need
for non-therapeutic antimicrobials might inclode altering
the weaning period, lengthening the feeding time, or
improving sanitary and hygienic conditions. Substitutes
for antibiotic therapies include vaccines, micronotrients,
and other non-antimicrobial fortified feed such as for
example, fish oils. One of the commonly considered
strategies, drawing from the experience in Denmark is
improvement in hygiene and redoction in stress through
changes to the prodoction methods, density of animals in
each farm and better sanitation.®



Other changes to
production practices
include cleaning
facilities, improving
ventilation and
switching from
gestation crates

to pen system

for swine.

By changing the environment and by decreasing the
stocking density, producers can reduce the stress
and disease transmission as well as improve control
of temperatore, homidity and hygiene in ways that
benefit animal health. A combination of compulsory
and voluntary actions with clear redoction goals
resolted in a 56% redoction in antimicrobial vse in
farm animals in the Netherlands between 2007 and
20127

While such changes may require initial high capital
investment costs and moderate resource inpots
over time, they are among the most effective of the
alternative strategies and help decrease the
selective pressure to vse antimicrobials for
prodoction or prophylactic purposes.



Unregolated and excess vse of antimicrobials in the
animal sector often means that withdrawal times, i.e.,
the time between last antimicrobial treatment and
marketing of food from the treated animal, are not
respected. This can lead to higher than acceptable
levels of antimicrobial residves in the food product.

For example, a study in Ghana showed that the
prevalence of drug residves in animal sovrce food
was 20%.2 In fish and shrimp bought at a regional
market in Vietnam, antimicrobial residves were foond
in 25% of the screened samples.” In these cases,
antimicrobial vse is also a food safety issve.

”"-\ib‘.o,\-‘“
However, while residves Hoc, O 0 34y,
con be detected even in Cishp . some
very small guantities, el
they are not inevitably

toxic. The amount of

residves needs to be

related to evidence-

based threshold limits to

evaloate their potential

impact on our health.
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A One-Health
approach to
antibiotic
resistance
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CHAPTER NINE

A STITCH IN TIME
SAVES NINE



ne of the key goals of global efforts to reduce
antibiotic resistance is to lower the misvse and
needless vse of these life-saving medicines.

Lesser the amount of antibiotics consumed,
among both humans and animals, lesser the chance
of bacteria becoming resistant. Voila!

The arjumens is
simple — vighd?



The argument is correct, except that it torns out, for

all this focus on the medicines themselves, there is
another important

driver behind the spread Unided we stand!
and emergence of

antibiotic resistance.

And this is none

other than the

high nomber

of bacterial

infections
itself.

It has been found that

Therefore, the prevention or redoction of
bacterial infectiovs diseases
is very important to lowering antibiotic resistance.
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Prevention though

is not as easy as it
may sound. The drivers
of infectious diseases
are both diverse and
nomerous, incloding
malnotrition, lack of
safe drinking water,
poor sanitation,
pollution and lowered
immonity of people
dve to other diseases.

One-third of the
world's popolation do not
have a safe toilet; more than
660 million people
do not have access to
clean drinking water,
and 1in every 8 people
corrently defecates

in the open.



People living in poverty, due to their circomstances,
often engage in practices that drive antibiotic resistance
such as irrational vse and setf-medication for
themselves or their family and children. In fact, it may not
be a coincidence, but many poor countries arovnd the
world are more susceptible to the cavses and
consequences of antibiotic resistance.

So, one of the important strategies towards tackling
antibiotic resistance globally could be for richer parts of
the world to provide poorer parts, with the material and
technical resources needed to provide their citizens with
sufficient food, sanitation and clean habitats. This will
require not only stepping vp of worldwide efforts at
poverty alleviation but also ensuring a greater role for
LMICs in global institutions and decision making bodies.
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Given that tackling antibiotic resistance has been
recognized as a challenge involving a wide range of
sectors, attention in recent years has focused
on implementing

The WHO defines UHC as:



In a. good UHC system all citizens are provided the
foll spectrom of essential, quality health services,
from health promotion to prevention, treatment,
rehabilitation, and palliative care.

According to the WHO,

most of them living in Low
and Middle Income Countries (LMIC).

While a VHC system, to be troly successfol has to
address AMR and related issves, strengthening
health systems can contribute to tackling bacterial
resistance.

Some of the benefits of UHC include:

Greater breadth and depth in the popolation
coverage of health services.

Improved access to services like vaccination,
preventative care and hygiene measores that lower
the need for antimicrobials and thus slow the spread
of AMR.

More efficient and equitable financing to help close
existing access gaps for treatable infections.



Another key resource needed to prevent bacterial
infections is knowledge of health systems, medicine
and diseoses.

Quite often, people think that the field of medicine is
so specialised or complicated that there is no point in
trying to learn moch about it themselves. As long as
they have a good doctor or hospital to go to,
everything will be all right.

This attitude of blind faith
odopted by many patients

leads to a sitoation that puts

a lot of pressure on doctors

to solve all the patient's medical
problems quickly. It becomes
difficolt for them to explain

to patients that in reality, there
are no easy solotions available.



If patients were more knowledgeable about the
basics of health, medicine and disease, and less driven
by anviety and fear, this empowerment coold enable
patients to be contribote to their own health in
partnership with medical professionals.

Health literacy of the popolation is critical to ensvre
success of any health intervention, whether it be
avoiding disease or vsing medicines appropriately.
An alert and informed patient can help doctors do
their job better and contribute to the overall health
of the society by spreading the right message all
around.



CHAPTER TEN

A NEED FOR
HOLISTIC SOLUTIONS



Dealing with patients or members of the public constantly
brings in various other factors into the actoal proctice of
medicine. In other words, the story of medicine is a
combination of findings from variovs

natoral sciences along with

that of social sciences

such as communication,

psychology, sociology,

anthropology and even

political knowledge.

Much of antibiotic resistance, whether in the homan
or health sector, is driven by the 'inappropriate’ vse
of these critical medicines - which in torn is the
ovtcome of variovs powerfol factors shaping
prescription or health seeking behaviour. Withoot a
good understanding of these myriad factors, ranging
from medical science to anthropology, it will be
difficolt to design effective policies or interventions
to tackle the problem.



It cannot be assumed that a single conception of what
'health, 'disease’ or 'medicine’ mean — even if it is the
most 'rational’ and ‘evidence based' — would be whole
heartedly accepted by the vast and diverse
populations of the world. The infant, the young,

the elderly, men, women, rich, poor, the

indigenous, the urban or roral and those

who come from different personal and

social histories cannot be all put vnder

the same petri dish to be examined

onder a lens with the hope of arriving

at one general formola for

intervention,



This means that there cannot be one common
standard set of criteria to define what constitutes
‘go0d health’ imposed on this diversity of worldviews.
What people choose to do with their bodies and how
they look after them is closely related to the context,
colture and traditions they come from.

The only way to work on anything to do with
health and medicine then is with the
foll participation of commonities and
individoals in a patient, respectfol and organic
process to arrive at common goals and
objectives through consensus.

While there has been recognition of the role of
social, coltural and economic determinants that shape
the health of all populations for guite some time now,

there is also growing acknowledgment of planetary
processes involved. As the Rockefeller
Foundation-Lancet Commission on planetary health
says in its 2015 report':



"Changes to the stroctore and fonction of
the Earth's natural systems are a growing
threat to homan health.Expect fotore
substantial health effects from the
degradation of Natores' life
support systems." »

Climate change is an obvious example of a
phenomenon that, if not brovght vnder control, can
create conditions that bring the very existence of the
homan and other species itself into question. Mother
Earthitselfis sick today dve to homan actions over
the last several centuries following the industrial
revolution,



It is time to recognize that at the planetary level itself
there is disease all around, all of which are intimately
connected to the well-being of individual humans.

While there are numerovs problems to be dealt with at
the level of individual humans and their bio-medical needs
no satisfactory outcomes can be expected without first
onderstanding these problems in larger context of
planetary or even social health. The fate of each one of
us is connected intimately to the fate of rest of humanity
as well as other forms of life and the planet.



There are countless ways how 'big picture’ phenomenon
impacts each of us as individuals. Air, water and soil
pollution, declining nutrient content of available food,
growing population density of cities, loss of biodiversity,
lack of occupational safety, loss of income and jobs dve to
economic crisis, increased mortality and morbidity doe to
conflict — these are all planetary level diseases which
need to be addressed as an integral part of any national
or global policy on health and medicine.

The implication of this planetary approach is very
straightforward. The primary medicines all homans troly
need are good nutrition, clean air, clean water, safe
environments, ability to live with dignity and a peacefol
social miliev.

It is only on this sound foundation that the problem of
antimicrobial resistance will vltimately become truly
manageable.

It is therefore imperative that we imbibe the lessons that
the post and the present have taught us, to ensure that
the journey of the antibiotic continves into the future!
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This illustrated book traces the journey of a typical antibiotic from birth to death.
Through its childhood, teens, middle-age, all the way as it goes from conception
ina lab to sale in a drug shop somewhere.

After which, it is either vsed to help core a bacterial infection — as
originally meant to- or becomes another wasted shot of a powerfol medicine —
destined for the graveyard of antibiotic resistance.

Surely you have heard of antibiotic resistance? Well, if you haven't then yoo are
in the right place to learn all about this phenomenon that threatens, if unchecked,
to damage the very foundations of modern medicine.

And if you have heard of it you there is even more reason for you to stay on. We
will open your eyes to the secret working of many players — yov may have never
heard about — who determine the fate of antibiotics.

The world of research and development -that has been struggling for decades to
produce new classes of antibiotics. Find out why this is a problem and what are
the barriers involved.

Why is the manofactore of antibiotics globally today almost entirely
concentrated in China and India? Torns out they are among the few countries
willing to tolerate the hidden costs involved in making antibiotics. Bot is this
really a good thing for everyone globally?

Once oot in the marketplace how are antibiotics prescribed and consumed? This
will determine the amoont of antibiotic resistance they generate and how long
the antibiotic itself will live as a vsefol medicine. And here we are not talking
about antibiotics in human health alone bot also in food-animal farming and
agricoltore— where the volomes involved are vastly greater.

Well, this story does not end with only the negatives bot also shines light on the
potential for change and improving the way the world handles antibiotics.

Just jump on board — we will take yoo for a ride you will never forget!
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