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Development of Antibiotic Resistance and Misuse

Prof. Dr. Abhipsa Sinha, Prof. Dr.Durgesh Ranjan Kar
BCDA College of Pharmacy & Technology, CAMPUS-2,
Ghosh Para, Madhyamgram, Kolkata-700129 West Bengal.

What are antibiotics?

Antibiotics are substances that work by killing bacteria or preventing their reproduction. Chemical
synthesis, naturally occurring or engineered organisms, or both can produce them. The introduction
of antibiotics into clinical use was possibly the greatest medical breakthrough of the 20th century. The
first antibiotic, salvarsan, was invented in 1910. Because of their effectiveness, antibiotics can stop
the spread of disease and reduce the severity of its consequences. Antibiotics not only cured
infectious diseases, but they also paved the way for numerous contemporary medical procedures,
such as the treatment of cancer, the transplantation of organs, and open-heart surgery.

Brief history of antibiotics :

The development of antibiotics has a long established history. It has recently been shown that
MRSA (methicillin-resistant Staphylococcus aureus) can be eliminated using an Anglo-Saxon recipe
from a millennium ago. Paul Ehrlich developed the synthetic arsenic-based pro-drugs salvarsan
(salvation arsenic) and neo-salvarsan approximately a century ago to treat Treponema pallidum, the
causative agent of syphilis. Later, a prodrug called Prontosil, discovered by Gerhard Domagk,
proved to be more effective than Salvarsan. Louis Pasteur proposed that bacteria could secrete
chemicals that could kill other bacteria before penicillin was discovered. Emmerich and Low used an
extract of Pseudomonas aeruginosa-later known as pyocyanase-to treat hundreds of patients in the
1890s.Waksman discovered that a large range of antibiotics are produced by actinomycetes that live
in the soil.

Antibiotic resistance:

It refers as unresponsiveness or decreased sensitivity to drug of a micro-organism. The
emergence of drug resistance to bacteria is showing a major problem in antimicrobial therapy
throughout the World.

Type of bacterial resistance :

Natural resistance: Some microbes are naturally resistant to certain antibiotics. For example,
gram negetive bacilli are normally unaffected by penicillin G. and Mycobacterium tuberculosis is
insensitive to tetracycline.

Intrinsic resistance :When bacterial species are naturally resistant to certain classes of antibiotics itis
independent of previous antibiotic exposure (e.g. vancomycin is resistantto Escherichia coli)

Acquired Resistance: It is the development of resistance by micro-organisms (which was
sensitive before) due to use antibiotics over a period of time. Example: staphylococci, Gonococci
quickly develops resistance to sulfonamides.

Causes of aquired Resistance:
1.Antibiotic Modification or Degradation :
Antibiotic modification is a commonly used strategy for rendering an antibiotic ineffective,

especially in the case of aminoglycoside antibiotics (e.g. gentamycin, and streptomycin),
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chloramphenicol, and ?-lactams.

Streptomycin resistance in the producer S. griseus involves the function of the modification
enzyme streptomycin 6-phosphotransferase that converts streptomycin to an inactive precursor
streptomycin- 6-phosphate.

Some enzymes can be prepared by some strain of bacteria. The enzymes provided the ability for
drug resistance. ?-lactamase enzyme commonly called as penicillinase, converts the antibiotic to
inactive penicilloic acid.

2. Efflux Pump : Bacteria can synthesize an enzymes that is placed in its own cell membrane. It
pumps out the antibiotic molecules from the bacterial body. For example Terramycin is pumped out
by Gram(-) bacteria. S. peucetius relies on DrrAB to efflux doxorubicin. DrrAB is a pump assembled
system consisting of ABC subunit protein.

3. Antibiotic : Sequestration:Sequestration involves the function of drug-binding proteins,which
prevent the antibiotic from reaching its target. Each bleomycin-family producer member has one or
more genes for such protein biosynthesis, which may be used to remove the antibiotics bound to
binding proteins.

4. Target Modification: Target modification acts as a self-resistance mechanism against
several classes of antibiotics, including ?-lactams, glycopeptides, macrolides. The 7?-lactam
antibiotic has a similar structure to PBP (penicillin binding protein) substrates, thus allowing the
antibioticin its inhibition.

5.Chromosomal Mutation: Whenever there are changes in the DNA sequence that affect
chromosomal genes, antibiotic resistance can develop.

6. Gene Transfer:

Conjugation: Bacteria possess an additional circular elements of DNA known as plasmid and
can code for a number of properties including antibiotic resistance. This process involves transfer of
plasmid DNA from one bacteria to another bacteria during reproductive contact through bridge. eg.
Chloramphenical resistant of typhoid bacilli, Streptomycin resistant of E.coli.

Transduction : It is the transmission of a plasmid DNA from one cell (doner) to another
(recipient) by bacteriophase. eg. erythromycin & chloramphenicol resistance.

Transformation : It is a process in which free or naked DNA is transferred from donor cell to
recipient cell. eg. Pneumococeal resistant to penicillin G due to altered penicillin binding protein.
7 .Biofilm production: Biofilms are groups of microorganisms that are closely connected to each other
and often stick to an inanimate surface. They are wrapped in a slimy substance that is difficult to
remove. Infections caused by this type of bacteria are some of the hardest to get rid of. Biofilms can
be made by Staphylococcus aureus and Pseudomonas aeruginosa.

Overuse of antibiotics :
Antibiotics treat infections caused by bacteria. But they don't treat infections caused by
viruses (viral infections).

Some viral conditions where antibiotics are used unnecessarily.
v Coldorrunny nose
v Flu(influenza)
v Bronchitis
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v
v
v

Most coughs

Some ear infections
Some sinus infections
Stomachflu

Complications of antibiotic resistance
Otherresults of drug-resistantinclude :

v
v
v
v
v

More-serious illness

Longer recovery

More-frequent or longer hospital stays
More health care provider visits
More-expensive treatments

Antibiotic stewardship :

Antibiotic stewardship tries to track and improve how doctors and patients use antibiotics. The

CDC (Centers for Disease Control and Prevention) released the main parts of Antibiotic Stewardship for
healthcare settings. These parts include suggestions for how programmes should be set up and runin
order to be effective.

Role of publicin antibiotic stewardship:

v

Avoid pressuring your health care provider to give you an antibiotic prescription. Ask your health
care provider for advice on how to treat symptoms

Wash your hands regularly with soap and water for at least 20 seconds. Clean any cuts or
wounds to avoid bacterial infections that need antibiotic treatment.

Get all recommended vaccines. Some vaccines protect against bacterial infections, such as
diphtheria and whooping cough (pertussis). Check to see if you need any vaccines before travel.

Lower your risk of getting a bacterial infection spread by food. Don't drink raw milk. Wash your
hands before making food and before eating. Cook foods in a safe internal temperature.

Use antibiotics only as prescribed by your health care provider. Take the prescribed daily dose.
Tell your health care provider if you have any side effects.

Never take leftover antibiotics for a later iliness. They may not be the correct antibiotic.
Never take antibiotics prescribed for another person or let anyone else take your antibiotics.
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