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Microbial resistance to drugs-A universal problem in urgent
need of a comprehensive approach
ASHIR KUMAR

ABSTRACT
The last two decades have seen an increase in bacterial
resistance to commonly used antibiotics all over the wor1d. In
the past five years the emergence of vancomycin-resistant
Enterococcus and multidrug-resistant Streptococcus pneu-
moniae was particular1y notable.

Several factors have contributed to this, including inappro-
priate use of readily available antibiotics, survival of high-risk
patients in critical care units, bum wards and cancer centres
following treatment with multiple antibiotic combinations,
increasing poverty and worsening of living conditions. The
data available from South-east Asia, albeit limited, indicate
that prevalence of antibiotic resistance in bacteria isolated
from human and animal sources is higher than that reported
from westem countries.

To combat this global problem, a multi-pronged approach
isneeded. Accurate antibiotic susceptibility data will be required
to define the extent of the problem. Medical experts and scien-
tific organizations will have to develop guidelines for the use of
antibiotics in ambulatory, inpatient and animal husbandry
areas. Cooperation between the medical community, regulating
agencies and pharmaceutical industry will be needed to define
policies goveming the sale of antibiotics, drug promotional
materials, physician education programmes and consumer
education regarding the hazards of inappropriate antibiotic
use. Forlong term control of infectious diseases, it is imperative
that existing vaccines be appropriately utilized and new vaccines
developed.
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INTRODUCTION
Microbial resistance to drugs preceded the development of mod-
em antimicrobials. Ehrlich, 90 years ago, noted that when mice
infected with Trypanosoma brucei were treated with the dye
fuchsin or arsenic, they became resistant to the chemical used; this
was termed drug fastness. I In the 1930s and I940s, following the
discovery of sulpha drugs and penicillin, it became known that all
bacteria were not susceptible and strains of Staphylococcus aureus
and Escherichia coli developed resistance rapidly. Significant
resistance to streptomycin was reported for isolates of Mycobac-
terium tuberculosis within two years of its use. The last two
decades have seen an increase in resistance for commonly used
antibiotics in nearly all bacteria; for example, ampicillin-resistant
Haemophilus influenzae, first- and second-generation cephalo-
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sporin-resistant Enterobacte riaceae, methici Jlin-resistant Staphy-
lococcus aureus, and antipseudomonal penicillin-resistant
Pseudomonas species. The emergence of vancomycin-resistant
Ente rococcus and multidrug-resistant Streptococcus pneumoniae
in the past five years has suddenly brought the issue of microbial
resistance into focus, demanding urgent action.!:'

REASONS FOR TIlE EMERGENCE OF RESISTANCE
The reasons for resistance are many and are related to antimicro-
bial use, availability of the appropriate host and complex bio-
chemical/genetic mechanisms either newly acquired by the
microbes or those simply being 'turned on' as the need arises, i.e.
on exposure to antimicrobials.>?

Inappropriate use of antibiotics
The antibacterial market is estimated to have worldwide sales of
more than US$ 20 billion. The World Health Organization reports
that 'the antimicrobial agents are used by too many people to treat
the wrong kind of infection, in the wrong dosages and for the
wrong period of time in both industrialized and developing
countries".' Even though use of antimicrobials has increased
tremendously in the western world, antibiotics are usually avail-
able only on prescription (except for a few selected ones in the
United Kingdom). In contrast, in developing countries there is
unregulated 'over-the-counter' sale of antimicrobials and their
combinations. Survival of the immunocompromised host, e.g.
patients with malignancy on aggressive chemotherapy regimens,
patients following solid organ or bone marrow transplant, was to
a great extent possible because of aggressive use of multiple anti-
microbials both for treatment as well as for prophylaxis of infec-

.tions. Similarly, with the advent of intensive care units, trauma
centres and bum care units extending the life of critically ill
patients on multiple antibiotics, conditions were ripe for the
development of resistance to antimicrobials. The increase in
hospital stay of compromised patients also resulted in an increase
in the nosocomial infection rate by drug-resistant bacteria.P"

Overcrowding and breakdown of infection control measures
Strict adherence to infection control measures is a time-honoured
way of reducing the transmission of pathogens. Nevertheless,
medical literature continues to report the spread of drug-resistant
pathogens from health care workers to patients, between patients,
from patients to health care workers and from animals to humans.
Instances of the spread of multidrug-resistant myco-bacteria have
increased over the past decade, often from patients with severe
immunodeficiency where the bacterial load may have been par-
ticularly high. Increase in poverty, overcrowded living areas,
crowded day care centres, water supply contaminated with human
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and animal waste have also contributed to the spread of bacteria.
Lack of adequate hand-washing by al\ health care workers,
particularly physicians, remains a universal problem. Lack of
medical services to the poor and mental\y incompetent who may
be at the greatest risk of receiving as well as spreading infection
is a factor both in developing and industrialized countries.>'

GLOBAL NATURE OF THE PROBLEM
Scientific literature over the past decade has testified to the global
nature of the problem.I-J•8 Resistant Streptococcus pneumoniae
isolates were first reported in the 1960s fol1owing the extensive
use of tetracycline. Streptococcus pneumoniae isolates, highly
resistant to penicillin, were first isolated from miners in Durban,
South Africa in 1977.9 Penicillin and multidrug-resistant Strepto-
coccus pneumoniae isolates have now been documented from al\
parts of the world; the percentage of resistant isolates is particu-
larly high from various countries in Europe, South America and
South-east Asia. In 1994, multiple antibiotic resistance in the
Klebsiella and Enterobacteriaceae species was reported from the
National University of Singapore. tn Analysis of antibiotic resistance
over a five-year period (1986-91) in over 2000 isolates of
Salmonella from stool cultures of Spanish patients with diarrhoea
demonstrated an increase in the incidence of multidrug-resistance
from 22% to 35%-a finding similar to reports from India,
Copenhagen, the United Kingdom and other countries.I-5.8-16

Ansari and Khatoon in 1994 reported that up to 70% of gram-
negative bacteria isolated from poultry were resistant to several
commonly used antibiotics." Lim in 1994, Ansari in 1995 and
Baquero in 1996 have discussed various strategies for the
prevention of antibiotic resistance.v+":"

BIOLOGICAL BASIS FOR ANTIBIOTIC RESISTANCE
Bacteria develop resistance to antimicrobials by a variety of
mechanisms which are either mediated by chromosomes or plas-
mids.2.5-1OResistance develops when the antibiotic is inactivated
by enzymes, its uptake into the cel\ is diminshied (reduced
permeability), it is rapidly removed from the cel1 (efflux) or the
target site within the cell is altered. Several comprehensive
reviews discussing various mechanisms for antibiotic resistance
have been published.P-' Tables I to IV list the biological basis of
resistance to various antibiotics by bacteria.

CONTROllING ANTIBIOTIC RESISTANCE
Accurate data on antibiotic resistance
To combat the problem of antibiotic resistance it is imperative that
up-to-date data be available froni different parts of the world.
These data should include antibiotic susceptibility patterns of
bacterial isolates of human and animal origin and environmental
isolates.t" Recently, the Expert Group on Antibiotic Susceptibil-
ity Tests (EGASTs) published a multicentre study on antibiotic
susceptibility patterns of bacterial isolates from hospitalized
patients in India. 17 A continuous surveillance for antibiotic sus-
ceptibility patterns of bacteria by microbiology laboratories using
standard methods (MIC by tube dilution or E-test) is essential to
define the extent of the problem.'-"

Data on antibiotic consumption
As antibiotic consumption is an important factor in the develop-
ment of resistance, it is essential that the type of antibiotics and
their use in ambulatory, hospital or animal husbandry areas be
known. For developing countries, including India, this will pose
a significant challenge. The cooperation of the pharmaceutical
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industry in providing data regarding geographical use of various
antibiotics by practitioners and sales by pharmacies will also be
critical.

Sale and promotion of antibiotics
The issue of indications and proper use of antibiotics cannot be
addressed as long as the sale of antimicrobials and other prescrip-
tion drugs is not strictly control1ed at the local pharmacy level. In
India, prescribing/dispensing of medication is not wel1controlled.
Pharmacies in small cities and rural areas often do not require a
prescription and 'the pharmacist' often dispenses drugs to people
who seek his opinion regarding various ailments or simply demand
a specific product. The regulating agencies and licensing boards
will have to be strict in defining policies, informing the users (the

TABLEI. Biological basis of resistance to ~-lactam antibiotics

Biological basis Genetic mediation Bacteria showing resistance

Modification of
the penicillin-
binding protein

Chromosomal S. pneumoniae
S. aureus
S. epidermidis
H. influenzae
N. gonorrhoeae
E. coli
P. aeruginosa

P. aeruginosu
E. cloacae
Klebsiella species

S. aureus
S. epidermidis
Enterococcal species
Haemophilus species
N. gonorrhoeae
N. meningitidis
Moraxella species
Salmonella species
Shigella species
Enterobacteriaceae
Bacteroides species

Reduced antibiotic
permeability

Chromosomal

Inactivation
of antibiotic

Plasmid,
chromosomal

TABLEII. Biological basis of resistance to aminoglycosides and
tetracyclines

Biological basis Genetic mediation Bacteria showing resistance

Aminoglycosides

Decreasing Chromosomal
ribosomal binding

Reduced antibiotic Chromosomal
uptake

Inactivation by Plasmid
enzymes

Streptococcal species

Pseudomonas species
Enterobacteriaceae

Staphylococcal species
Streptococcal species
Enterococcal species
Pseudomonas species

Tetracyclines

Increased antibiotic Plasmid
removal (efflux)

Staphylococcal species
Streptococcal species
Enterococcal species
V. cholerae
Bacteroides species
N. gonorrhoeue
Mycoplasma

Alteration of Plasmid
ribosomal protein
(target site)
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TABU;III. Biological basis of resistance to fluoroquinolones,
macrolides and glycopeptides

Biological basis Genetic mediation Bacteria sharing resistance

Fluoroquinolones
Alteration of Chromosomal S. aureus
DNA gyrase S. epidermidis

Pseudomonas species
Enterobacteriaceae

Redpc:ed antibiotic Chromosomal Pseudomonas species
uptake Enterobacteriaceae

Macrolides

Inactivation by Chromosomal S. uureus
enzymes Streptococcal species

Acetyltransferase Plasmid S. pneumoniae
Ente robacteriaceae
Streptococcal species

Methylating Chromosomal S. pneumoniae
enzymes S. aureus

Plasmid Enterococcus

Glycopeptides

Alteration of Chromosomal Enterococcus
turget site S. haemolyticus

Plasmid S. aureus
Leuconostoc
Lactobacillus

practitioners, who may not necessarily be allopathic physicians or
licensed pharmacists) and then implementing them with the force
of law.

In medical centres and hospitals there is need for a decision-
maltingprocess regarding availability of antibiotics and identifi-
cation of physicians who have expertise in prescribing selected
antibiotics, and developing criteria for antibiotic use, especially
prophylactically in clean surgical procedures. This will require
physician education regarding the appropriate use of antibiotics,
anopen dialogue between infectious disease experts/microbiolo-
gists and physicians and surgeons. It has been shown that regulat-
ing antibiotic use significantly reduces hospital costs as well as
the development of resistant bacteria. For these programmes to
succeed it is essential that they receive full support of administra-
tors and the mechanisms for rewards and reprimands are built into
thesystem. Such policies need frequent reviews and are meaning-
ful if they are based on reliable data from the microbiology
laboratory, the pharmacy and the medical records regarding the
current susceptibility patterns, use of antibiotics in various ser-
vices and 'indications for antibiotic use.

Education of consumers
Demand for antibiotics by a patient often forces a physician to
prescribe as they do not want to lose their patients to another
physician or pharmacy where antibiotics may be readily avail-
able. To combat this and provide information regarding the
inappropriate use of antibiotics in viral illnesses and appropriate
use of antibiotics in defined conditions, consumer-oriented edu-
cation programmes through all means of mass communication
(television, newspapers, radio, informative advertisement in cin-
ema halls, distribution of posters/pamphlets) should be under-
taken. As the government has considerable control over the media
in India and in many other countries, this should not be difficult.
Various medical organizations and physicians' groups must play
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TABLEIV. Biological basis for resistance to folate inhibitors and
rifampin

Biological basis Genetic mediation Bacteria showing resistance

Folate inhibitors
Alteration of Chromosomal
target site

S. aurtus
S. pneumoniae
Streptococcal species

Campylobacter species
Pseudomonas species

Plasmid

Reduced antibiotic Chromosomal
permeability

Rifampin
Reduced DNA Chromosomal
polymerase binding

S. aureus
S. epidermidis
Enterococcal species
Streptococcal species
Mycobacteria species

a pivotal role in convincing and educating the responsible officials
regarding the urgent need for these efforts.

Responsible advertisement by the pharmaceutical industry
In the USA, it takes US$ 300 million to bring a new antibiotic into
the market. Therefore, once the drug is approved the industry
wants to recoup the cost as well as provide profits to their
shareholders. The scientists working in the industry are deeply
aware of the extent and implication of problems arising due to
bacterial resistance (financial burden as well as increased morbid-
ity and mortality) resulting from the inappropriate use of antibi-
otics." The need for new antibiotics will always exist and a
dialogue between medical leaders, government regulating agencies
and the pharmaceutical industry is essential. Regulating agencies
can also follow a 'carrot and stick' approach in monitoring what
claims can be made in advertisements and what incentives are
offered by the industry to physicians, pharmacists and other
dispensers to sell their products. Even though drug advertise-
ments are well regulated in the USA, regulations alone have not
solved the problem of inappropriate use of medications, thus
pointing to the complexities of this issue.

Long term goal-Prevention of infectious diseases
The prevalence of infectious diseases can be reduced by develop-
ing effective and inexpensive vaccines and implementing na-
tional programmes for immunization. The widespread use of the
Haemophilus influenzae type b (Hib) vaccine in the USA has

. virtually eliminated Hib infections. A protein-conjugated pneu-
mococcal vaccine is currently being evaluated and it is anticipated
that it will be approved for routine use within two years. Use of the
influenza vaccine in the elderly and other high-risk populations
significantly reduces complications including secondary bacte-
rial pneumonias and should be appropriately used.)·~·lvDevelop-
ing safe water supply and sanitary services has contributed
significantly in reducing infectious diseases in industrialized
countries. These preventive measures require foresight, financial
resources and determination. The old proverb that 'an ounce of
prevention is better than a pound of cure' , is true but we should
also remember that an ounce of prevention is a ton of work.
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