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Antibiotic resistance: A Crisis needs to be
encountered
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Abstract

Bacteria are said to be resistant if their growth is not halted by the maximum level of an antibiotic that is tolerated by the host. Antimicrobial agents among the
most frequently prescribed and inappropriate use are associated with allergic reactions, toxicities, super infection and more importantly the development of
antimicrobial resistance. Antibiotics are frequently prescribed inappropriately in terms of type, dose, duration and indication. The excessive and inappropriate use
of antibiotics add unnecessary economic burden to the healthcare system and cause increasing antibiotic resistant organisms which result use more of expensive
and toxic drugs. It is known that patients infected with drug-resistant organisms are more likely to require hospitalization, have a longer hospital stay and death.
And all efforts to contain the problem must include manufacturers, prescribers, dispensers and consumers of antimicrobial agents to work in a group for

prevention of antibiotic resistance.
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Introduction

Antibiotic resistance is a worldwide problem. New forms of
antibiotic resistance can cross international boundaries
and spread between continents with ease. Many forms of
resistance spread with remarkable speed. World health
leaders have described antibiotic resistant microorganisms
as “nightmare bacteria” that “pose a catastrophic threat” to
people in every country in the world'. We are enjoying the
benefits of some wonder drugs from their discovery. And
those wonder drugs are nothing but antibiotics. For the
last 60-65 years since the antibiotic penicillin was first used,
bacterial assaults on us have been controlled, diminished,
and cured. The great power of the antibiotic, however, is
failing. This failure is due to what has been called an
international public health nightmare that is increasing
bacterial resistance to many antibiotics that once cured

1. Assistant Professor & Head, Department of Pharmacology &
Therapeutics, and PhD fellow, Bangladesh University of Professionals,
Dhaka, Ad-din Sakina Medical College, Jessore

1. Professor & Head, Department of Forensic Medicine, Ad-din Sakina
Medical College, Jessore

1. Assistant Professor & Head, Department of Medicine, Ad-din Sakina
Medical College, Jessore

2. Assistant Professor, Department of Forensic Medicine, Ad-din Sakina
Medical College, Jessore

3. Associate Professor & Head, Department of Physiology, Khulna City
Medical College, Khulna, Ad-din Sakina Medical College, Jessore

4. Lecturer, Department of Pharmacology & Therapeutics, Ad-din Sakina
Medical College, Jessore

Correspondence : Sanjoy Saha
email : dr.sanjoysahammc @gmail.com

bacterial diseases readily® In other words, the antibiotic is
unable to destroy the bacteria. Since antibiotics were first
introduced, it was noticed that some bacteria would not
respond to them. Bacterial resistance has always been
around. Resistance genes preexisted in nature, in soil, and
water, and their presence was probably related to the
production of antibacterial agents, synthesized naturally
in the environment?. The excessive and inappropriate use
of antibiotics adds in an unnecessary economic burden to
healthcare system and coincides with an increase in drug
resistant organisms, which has resulted in the use of more
expensive and toxic drugs. It is known that patients
infected with drug-resistant organisms are more likely to
require hospitalization, have a longer hospital stay and
die*. In Bangladesh, misuse and waste of antibiotics
appear to be frequent. Over the-counter availability of all
types’ antibiotics makes the situation worse. The
widespread and inappropriate use of antibiotic results in
the development of a progressively antibiotic-resistant
microbial ecosystem in Bangladesh. This is clearly
indicated by the high prevalence of antibiotic resistance
among community- acquired Shigella, Salmonella, Vibrio
cholerae, Escherichia coli, Neisseria gonorrhoe,
Mycobacterium tuberculosis, Sptreptococcus
pneumoniae and Haemophilus influenzae infections in
Bangladesh*. Penicillin was first discovered in 1928°. In
1969, the US Surgeon General summarized this
enthusiasm with the following historical words to the
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Congress "The time has come to close the book on
infectious disease." While many praised this vision, the
realities of infectious diseases were to take an unexpected
and completely different course in the following period.
Even before penicillin was used clinically, Abraham and
colleagues had discovered an enzyme capable of
destroying penicillin®’. By 1950, half of the S. aureus
isolates were resistant to penicillin®. Penicillin-resistance
first became prevalent among hospital-acquired
staphylococci®, but by the late 1960s also in community
acquired infections'. However, the implications of
antimicrobial resistance were seriously underestimated
and there was widespread confidence that science would
find new solutions to this problem. Methicillin,
introduced in 1959, offered a solution for treating
penicillin-resistant staphylococci, however, already in
1961 Jevons described the first methicillin-resistant S.
aureus (MRSA)'". Vancomycin was approved for clinical
use in 1958 and was suitable to treat MRSA, and
unfotunately by 1986, vancomycin-resistance started to
emerge in enterococci in Europe’. The infectious disease
experts feared that the much more virulent S. aureus
would acquire resistance to vancomycin too. In 1997,
vancomycin-intermediate resistant S. aureus (VISA) was
discovered in Japan®™. In 1948, Guiseppe Brotzu
discovered that a substance produced by Cephaloporium
acremonium effectively killed Salmonella typhii, laying
the foundation for a whole new group of beta-lactam
antibiotics, the cephalosporins. Starting with the use of
cefalotin in 1964, the first-generation cephalosporins
were succeeded by second-generation cephalosporins
such as cefuroxime, and later on the third-generation
oximino-cephalosporins, such as cefotaxime and
ceftriaxone, which became fundamental in the treatment
of Gram-negative bacteria, and ceftazidime, which had
additional anti-pseudomonas effect. Ampicillin, the first
penicillin with a broad-spectrum and activity against
Gram-negative bacteria, was introduced in the early
1960s. Shortly after, Datta and colleagues in Greece
described in a strain of E. coli a plasmid-mediated
ampicillin-hydrolyzing  beta-lactamases, which was
named TEM-1 after the patient, whose name was
Temoniera'. In the coming years, mutations have lead to
the emergence of a large number of ESBL enzymes'. The
optimism of the “golden age” of antibiotics, has given way
to a reserved feeling, as bacteria have generated
resistance against virtually any antimicrobial agent that
humans have developed. While the pharmaceutical
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industry has largely been passive in developing new
antimicrobials the last few decades seem to herald that
we may be entering what Cohen called the
post-antibiotic area'.

Types of resistance

1. Primary resistance : Some bacteria posses an innate
property to certain drug.

2. Acquired resistance : Either from mutation or gene
transfer.

Causes of antimicrobial resistance

1) Indiscriminate use of antimicrobials.

2) Use of wrong antimicrobials.

3) Right antimicrobials-but not given in right doses,
interval & duration.

4) Use of less quality antimicrobials.

5) Overuse or abuse of antibiotics in non-humans.

Brief mechanism of development of Resistance
a) Genetic alterations leading to drug resistance
1) Naturally resistant strains.
2) Spontaneous mutation
3) Transmission of genes from other organisms by:
— Plasmids (extra-chromosomal genetic elements)
- Bacteriophages (virus infected bacteria)
b) Altered expression of proteins in drug resistant
organism
+ Bacteria produce enzyme that inactivate drug.
+ Bacteria synthesize modified target against
which drug has no effect.
« Bacteria reduce permeability of a drug.
+ Bacteria actively export drugs using “multidrug
resistance pump” (MDR pump or efflux pump)

Common Antibiotic resistant pathogens in Bangladesh
In Bangladesh, misuse and waste of antibiotics appear to
be frequent. Over the-counter availability of all types of
antibiotics makes the situation worse. Antibiotic
prescribing by the physicians appears to be less than
ideal. The widespread and inappropriate use of antibiotic
results in the development of a progressively
antibiotic-resistant microbial ecosystem in Bangladesh.
This is clearly indicated by the high prevalence of
antibiotic resistance among community- acquired
Shigella, Salmonella, Vibrio cholerae, Escherichia coli,
Neisseria gonorrhoe, Mycobacterium tuberculosis,
Sptreptococcus  pneumoniae  and  Haemophilus
influenzae infections in Bangladesh. Antibiotic resistance
is also frequent in human gut flora in Bangladesh. A high
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prevalence of resistant gut flora in healthy human and
probably in animals appears to be the source of
antimicrobial resistance genes, the dissemination of
which is enhanced by extensive use and misuse of
antimicrobial pathogens agents and by environmental
conditions such as crowding, poor sanitation or
contamination of food.

Emergence and spread of Antibiotic Resistance

There are many factors that contribute to the emergence,
persistence and spread of resistant bacteria. Selective
pressure on microorganisms resulting from imprudent
indiscriminate use of antibiotics in humans and animals is
the key factor for the emergence of antibiotic resistance
gene among bacterial population.Mobile genetic
elements such as plasmid or transposon arries and
transports antibiotic resistance gene from one bacterium
to another bacterium of the same or different species or
genus. The intensive use of antibiotics, for treatment and
prophylaxis, make hospital a prime site for the
emergence, maintenance and spread of resistant
pathogens. After discharge of patients from the hospital,
resistant pathogens establish in the community and are
transmitted from persons to persons or persons to
household pets or vice versa17. More than half of the total
production of antimicrobials in the world is used in farm
animals and in agriculture. All of these uses contribute
significantly to the emergence, maintenance and spread
of resistant pathogens in the community.

Detection of Antibiotic Resistance

Antibiotic resistance in bacteria is commonly detected as
a part of standard clinical microbiological procedure for
the identification of cause of infection and appropriate
treatment. Detection depends on the collection of clinical
samples from the patient, and on the isolation,
identification and susceptibility testing of the pathogens
in good Clinical Microbiology Laboratory by trained
personnel in a cost- effective way. A good representative
database on the current status of antibiotic resistance
among common and important pathogens is essential for

the proper treatment of infectious diseases in the country.

Measures to be encountered against antimicrobial
resistance

Energetic measures to slow down the emergence and
spread of antimicrobial resistance should include
programs on surveillance, education and research on
antimicrobial resistance, and regulation of use of
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antimicrobials in the hospitals and in the community. The

efforts include:

« Detection and awareness of problem of antimicrobial
resistance by microbiology laboratory and public
media.

« Surveillance (local, regional and international) on
antimicrobial resistance should be established in
collaboration with WHO18.

« Antibiotic use guidelines and committee should be
developed for each country.

« Antibiotic use in hospitals should be regulated and
rationalized.

« Detection and targeting the resistance

« Education on antibiotic resistance to manufacturers,
prescribers, dispensers and consumers through
continuing education and other means.

« Vaccines for preventing infectious diseases should be
encouraged in all circumstances.

« Hygiene and sanitation should be improved and
practiced.

« Nutritional
improved.

status should be maintained and

Guidelines for using antibiotics

1. Diagnose infections first - whether community or
nosocomial in nature

2. lsolate or predict infecting pathogen

3. Knowledge about antibiotic susceptibility of the
pathogen in the locality, country and region.

4, Consult Clinical Microbiologist for opinion, if
necessary

5. Select an appropriate narrow spectrum, low- cost,
1st-choice bactericidal drug

6. Prescribe for appropriate duration

7. Ensure adequate concentration at the site of infection

8. Inform patient about potential side-effects

Conclusion

An all through collaboration significantly national and
international is urgently needed for prudent and rational
use of antimicrobials in human and animals through more
stringent regulations of marketing, sale, use and
consumption is essential for the prevention and control of
antimicrobial resistance. And all efforts to contain the
problem must include manufacturers, prescribers,
dispensers and consumers of antimicrobial agents to
work in a group for prevention of antibiotic resistance.
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