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Antibiotic resistance and the role of proteins as biomarkers in disease
Learning outcomes
Students should be able to:
•	demonstrate knowledge and understanding of the
consequences of antibiotic resistance in bacteria
and the importance to society and the economy of
discovering new antibacterials or antimicrobials;
•	understand the biology of resistance with factors
affecting spread epidemics and pandemics;
• animals as reservoirs of viruses, for example bats;
•	understand the importance to society and
the economy of discovering new sources of
antibiotics within natural environments;
•	understand the use of antibodies in the
detection of proteins as biomarkers of
disease processes, including: enzyme
linked immunosorbent assay (ELISA); and
the detection of cytokines as biomarkers of
inflammation.

destruction seen with disease. In the 19th century
the work of Ignaz Semmelweiss made connections
between hand washing and decreased death rates in
birthing mothers. However, he was shunned by the
scientific community for suggesting that it was the
doctors themselves causing the disease and died in
an asylum in 1865 of a blood borne infection. The
work of both Pasteur and Lister also acknowledged
that infection could be reduced by using heat or
carbolic acid, but as they could not explain their
findings, they too were ignored. The first scientist to
actually change opinion about the cause of disease
was Robert Koch (1843-1910). By the end of his
career he had established the cause of many diseases
including TB (which killed millions) and the science of
bacteriology became a well respected field.

History of Disease
As far back as the 17th century scientists had made
links between disease and other living organisms
like fleas and ticks. However the idea that ‘non
visible’ living things could cause and spread disease
was regarded as ridiculous. The belief was that
disease was a punishment from God or some other
supernatural body and that those infected were
being punished. Even when Lazaro Spallanzani
(1729 - 1799) proved that spontaneous generation
was not possible, scientists continued to believe
that life could appear out of nowhere and laughed
at the idea that tiny organisms could cause the

Ignaz Semmelweiss was institutionalised for suggesting
that ‘something’ on doctors’ hands was causing disease
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While Koch made some attempt to use his
knowledge to treat disease his success was limited
to preventative measures rather than treatment. It
was Paul Ehrlich (1854-1915) who created the first
antimicrobial drug. He used arsenic compounds to
treat syphilis and for the first time patients did not
die from the disease, though some were poisoned
by the arsenic!
The modern day antimicrobials stem from the work
of Fleming who discovered Penicillium could destroy
bacteria in 1928. However it was fellow scientists,
Florey and Chain (1945) who first produced penicillin
in large enough quantities for it to be used as
a treatment for bacterial infections. Since then
scientists have created many drugs for treating not
only bacterial infections but other microbes like
viruses and fungi. No longer do people need to worry
when contracting an infection...or do they?

Alexander Fleming in his laboratory in 1945

How do pathogens cause disease?
Before looking at the treatments for microbial
infections, it is important to understand how they
make us ill. There are three main groups of disease
causing microbe (pathogen):
• Bacteria
• Virus
• Fungi
Other microbes are known, such as protozoans,
but are not required to be studied here.

Fungi
Little is known about mechanisms of fungal
pathogenesis. However what we do know is that
disease causing fungi cause host cell damage. It
is believed this could be due to competition for
metabolites, production of toxins as a result of
metabolism, or the symptoms of disease may well
be due to the body’s own immune response.

Bacteria
Once bacteria have gained entry into an organism
they reproduce. As they go through their lifecycle
they produce poisons and toxins. It is these
toxins that destroy our body cells and give us the
symptoms of infection.

Viruses
Viruses have to invade our body cells to be able to
reproduce; this makes them difficult to treat as to
destroy them we need to gain entry into our own
cells. Once in host cells they use the cells’ own
protein making mechanisms to make multiple
copies of themselves. Once constructed, they will
burst out of the host cell in order to infect other cells.
It is this destruction of cells that causes illness.

E. coli O55 bacterium, TEM

Herpes simplex virus

Candida albicans fungus
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How do antimicrobials work?
The many antimicrobial drugs produced in the
last 70 years work in a number of different ways.
They can;
•	prevent cell wall production by attacking murein
(an essential component of cell walls),
•	interfere with protein synthesis by destroying
70S ribosomes,
• inhibit metabolic pathways,
•	destroy the cell membrane (only possible in gram
negative bacteria as other bacteria have a cell
membrane too similar to the host).

All of these drugs work on the basis that they will
damage the pathogen but not the host. Research
concentrates on looking for differences in either cell
structure or cell metabolism between the pathogen
and the host.
The use of antimicrobials, alongside a vaccination
programme, has seen a decrease in the occurrence
of many previously deadly diseases across the
world in a very short period of time. For the past
70 years antimicrobial drugs, such as antibiotics,
have been successfully used to treat patients with
bacterial and other microbial diseases.

The Current Problem
While the advances of antimicrobial medications
have been vast, scientists are concerned that strains
of bacteria resistant to some of these medications
are already being recorded world wide. In June
2014 the UK government called for a review of
antimicrobial resistance to be completed by June
2016.
According to an initial review on Antimicrobial
Resistance (AMR), ‘Antimicrobial Resistance:
Tackling a Crisis for the Health and Wealth
of Nations’, 2014, chaired by Jim O’Neill, ‘the
damaging effects of antimicrobial resistance (AMR)
are already manifesting themselves across the
world. Antimicrobial-resistant infections currently
claim at least 50,000 lives each year across Europe
and the US alone, with many hundreds of thousands
more dying in other areas of the world. But reliable
estimates of the true burden are scarce.’

The World Health Organisation (WHO) reported in
2013, that there were about ‘480,000 new cases
of multidrug-resistant tuberculosis (MDR-TB)’ and
that ‘extensively drug-resistant tuberculosis (XDRTB) has been identified in 100 countries.’ These
strains of the disease are much more difficult to
treat than the initial non resistant strain. They
also reported that ‘there are high proportions
of antibiotic resistance in bacteria that cause
common infections (for example, urinary tract
infections, pneumonia, bloodstream infections) in
all regions of the world’ and that ‘a high percentage
of hospital-acquired infections are caused by highly
resistant bacteria such as methicillin-resistant
Staphylococcus aureus (MRSA) or multidrugresistant Gram-negative bacteria.’

In the report, information from the ‘European
Centre for Disease Prevention and Control
Antimicrobial Resistance Interactive Database’,
shows that ‘in 15 European countries more than
10% of bloodstream Staphylococcus aureus
infections are caused by methicillin-resistant
strains (MRSA), with several of these countries
seeing resistance rates closer to 50%.’

3

FACTFILE: GCE BIOLOGY / IMMUNITY

The following diagram taken from the UK government report shows the predicted numbers of disease due
to AMR in 2050, if the resistance progresses as it is currently. Clearly this is cause for concern and the
government intends to produce policy to prevent this ‘return to the dark days of medicine.’

AMR in 2050
10 million
Tetanus
130,000

Road traffic
accidents
1.2 million

Cancer
8.2 million
AMR Now
700,000
(low estimate)

Measles
130,000

Diarrhoeal
disease
1.4 million

Cholera
100,000 120,000

Diabetes
1.5 million
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What causes resistance?
Antibiotic resistance is an example of directional
selection. Scientists have recorded evidence of
directional selection in many species such as the
peppered moth and this is the basis of bacterial
resistance.
A non resistant strain of the bacteria reproduces
many offspring. During cell division there is a
mutation in the genome of the bacteria.

When treated with antibiotics those bacteria with
the mutation (which could be a change in cell wall
structure or a change in the metabolic pathways)
survive. The non resistant strain is killed.

The drug resistant strain now reproduces and over
time the population will all become resistant to
the antibiotic. These resistant strains can now
be passed from one individual to another or even
from one country to another. Some bacteria have
become resistant to several antibiotics.
This process is called Natural Selection – survival
of the fittest.

Graph showing directional selection in the
population:

Note: Antibiotic resistance refers specifically to the
resistance to antibiotics that occurs in common
bacteria that cause infections. Antimicrobial
resistance is a broader term, including resistance to
drugs to treat infections caused by other microbes as
well, such as parasites (for example malaria), viruses
(for example HIV) and fungi (for example Candida).
Please note directional selection is covered in A2
5.6.4 and will not be examined in this unit.
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What factors have contributed to antimicrobial resistance?
There is no one factor that has lead to an increase
in antibiotic resistance. In reality it is a complex
issue which has risen for a number of reasons;
•	over prescribing of antimicrobials for infections
that the body could naturally fend off,
•	patients not completing a course of antimicrobials,
•	poor drug quality – in some parts of the world
drug production is poor or drugs are stockpiled
and not used for a long time,

•	urbanisation – more people living in close proximity,
•	global trade and travel makes it easier for disease
to spread,
•	use of antimicrobials in veterinary medicine – it
is believed that flies living on or near animals can
then act as vectors for the resistant disease.

What do we need to do now?
It is the responsibility of governments all over
the world to tackle the problem of antimicrobial
resistance. In the modern day where people
frequently travel from one country to another it is no
longer acceptable to only look at what is happening
in our own country. If there is no global agreement
on this issue then we are likely to see outbreaks
of disease not only at epidemic levels but likely at
pandemic levels.
Authorities like the UK government are being urged
to reduce the usage of antimicrobials for minor
infections and to treat them conservatively before
using antibiotics, antimicrobials or antiviral drugs.
In 2013, the UK government produced a five year
Antimicrobial Resistance Strategy which aims to
meet the following targets by 2018;
•	good infection prevention and control
measures will be put in place to help prevent
infections occurring in all sectors of human and
animal health,

•	quick diagnosis of infections so the right
treatment can be used,
•	educate patients and animal owners to the
importance of antibiotic treatment regimes and
make sure they adhere to them, for example
finishing a course of antibiotics,
•	surveillance is in place which quickly identifies
new threats or changing patterns in resistance,
•	production of a sustainable supply of new and
effective antimicrobials, better diagnostic tests
and novel treatment plans for infections.
Note: Epidemic; when a disease spreads among
a population in greater numbers than expected,
usually within one country.
Pandemic; when a disease spreads over a
larger geographical area and can be world wide.
The social disruption and economic loss of a
pandemic are generally much higher than that
caused by an epidemic.
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New sources of antibiotics
Scientists the world over are researching new
sources of antibiotics. Some of the new drugs being
tested have come from the strangest of sources.
According to the Medical Daily website:

Fungi in Pacific Ocean – Fungi found in sediment
previously thought to be ‘dead’ are related to the
penicillin antibiotic, and could help kill bacteria in
a new way.

Cockroach Brains – contain antibiotics that can kill
E. coli and MRSA.

Panda DNA – Researchers in China have discovered
within a panda’s DNA a powerful antibiotic
compound called cathelicidin-AM. It is so potent, it
can kill bacteria in less than one hour.

Alligator Blood – White blood cells have antibiotic
compounds capable of killing MRSA, Salmonella,
Staphylococcus, E.coli, Strepococcus, and a strain
of HIV.
Old Televisions – The liquid crystal display in old
televisions has been proven to destroy E.coli and
certain strains of MRSA by heating, cooling, and
dehydrating it with ethanol.

Underground Cave – The Lechuguilla Cave lies
1,600 feet below New Mexico’s Carlsbad Caverns,
making it the deepest limestone cave in America.
The rock-eating bacteria that thrive off the sulfur,
iron, and manganese deposits found inside the cave
can kill MRSA.

The role of animals in spreading disease
The government is not only looking at the spread of
disease in the human population but veterinarians
and zoologists also have a role to play. The reason
for this research is that animals have in the past
acted as ‘reservoirs’ of disease, which then spreads
to the human population, or to the domestic
animals we depend upon for food.
Some mammalian species such as rats, mice, bats
and primates are recognised as ‘disease reservoirs.’
While they seem to carry a number of deadly
infections, it is relatively rare that these ‘reservoirs’
burst their banks and disease leaks out to the
human population. However the potential threat of
these deadly diseases living so close to the human
population has lead to vast research into how these
‘leaks’ occur.
The source of HIV infection in humans has been of
great interest to scientists since it first emerged
in 1981. Some researchers believe that the virus
originated in a form they name SIV, in Cameroonian
chimpanzees. Research suggests that vaccines
given to humans in the Congo to prevent polio in
the 1960s were grown in chimpanzee cells and that
the cells, and therefore the vaccine, contained the
virus we now call HIV. Others believe the chimps
were hunted for food and whilst being butchered

the hunters, who may have had cuts and scratches,
came in contact with the HIV infected blood of
the chimp.
More recently the role of bats as reservoirs for
disease has become apparent. Bats have been proven
to be a source of SARS, Ebola, rabies and many other
potentially life threatening diseases if they spread
to humans. If bats are carrying all these pathogens
then we have to ask how they themselves have
not been subject to the disease. It is now widely
accepted among the scientific population, that the
Ebola outbreak in West Africa, which killed more
than 11,300 people was linked to bats.

Bats inside Ankarana Cave
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Features that make bats good disease hosts
Research by two of the world’s most respected
zoologists, Wynne and Wang, in 2013, stated that
bats are unique mammals and therefore have
unique immunology. Their unique behaviour, social
interaction and biology make them an excellent
‘disease reservoir.’ They discuss the ‘array of unique
and specialised adaptations’ that have allowed bats
to ‘occupy distinct ecological niches.’ They discuss
the unique ability of bats to ‘echolocate, hibernate,
and fly.’ They also discuss their unique biology
which in some cases is ‘seemingly incompatible
with their high heart rate and metabolism’ such as:
•	long life span – unusual for such a small mammal,
•	low rate of developing tumors – compared with
rats who develop tumors easily,
•	ability to carry disease without themselves,
suffering symptoms (asymptomatic) - therefore
the bat population is unharmed,
• live in large colonies so spread of the virus is easy,
•	travel large distances when flying therefore can
disseminate disease over a wide area.

Wynne and Wang (2013) believe that these traits
have been present in bats for many generations
so therefore we have to ask why we are seeing
more of these zoonotic transmissions of disease
now? The answer is us! Humans are forcing bats
into ‘urban and farming areas’ therefore our own
anthropological activity has ‘heightened the chance
of a negative interaction between bats, humans,
and other animals.’ The loss of habitats for bats due
to human activity has forced them into other areas
where they now live closer to human populations.
We need to develop areas where bats can live in
their natural habitat to reduce human interaction
and hopefully reduce the spread of the diseases
they carry.

Diagnosing Infection
When our body is subjected to infection it produces
an immune response. Better understanding of this
response has allowed scientists to develop better
diagnostic techniques for identifying infection in
our blood even at the early stages.

ELISA – Enzyme Linked
Immunosorbent Assay
As part of the strategy to decrease AMR, better
diagnostic tools are required that will allow
identification of specific infections so that rather
than using broad spectrum drugs doctors can

prescribe the correct drug and hopefully fight off
the infection quickly and effectively.
ELISA is a laboratory technique that uses enzymes,
antibodies and antigens to detect and quantify
substances such as peptides, proteins, antibodies
and hormones which can be indicators of infection.
An ELISA is carried out in a laboratory using a 96 well
plate and centrifuged blood. The blood is centrifuged
to remove red blood cells as any antibodies present
in a person’s blood will be in the plasma. The removal
of the red blood cells allows detection of the colour
change seen in a positive test.

An ELISA
plate usually
has 96 wells
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The diagram shows the steps of a one wash ELISA:
• the solution to be tested is added to the wells,
• capture and detection antibodies are then added,
•	the capture antibodies adhere to the bottom of
the well and trap any antigen that is present,
•	the detection antibody will then adhere to the
antigen (the detection antibody will have an
enzyme bonded to one end),
•	the wells are washed to remove any excess
antibodies,

•	a substrate is then added to the well and left for
approximately 15 minutes,
•	the enzyme on the detection antibody will react
with the substrate causing a colour change,
•	those wells that display a colour change will alert
the lab technician to which antigens were found.
This fast method allows not only early diagnosis of
infection but it gives information about the specifics
allowing doctors to prescribe the correct medication.

2

1

Add capture and
detection antibodies
to assay plate

Add analyte to
assay plate

incubate at RT for 1
hour with shaking
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4
Develop substrate for
10–15 min and read plate

Cytokines – the future of
disease diagnostics
Cytokines are chemicals released by lymphocytes
which are actively trying to fight infection
following exposure to an antigen. Cytokines are
easily accessible via a blood sample and so are
fast becoming a ‘novel’ diagnostic tool. Only a
few diseases are currently detected this way but
scientists are identifying new cytokine biomarkers
regularly making this a growing field of diagnostics.

Wash plate to remove
unbound components,
and add HRP substrate

Cytokines are attractive as biosensors because they
can be detected from whole blood avoiding the
processing of blood prior to testing. This means not
only are they specific and highly sensitive but the
time required to complete this test is much faster
than other traditional diagnostic tests.
Diseases currently being diagnosed by cytokines
include TB and rheumatoid arthritis where
traditional diagnostic tests took time and could
give false positives.
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