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SUMMARY

The current trend of
antibacterial resistance has
been reviewed. In spite of the
continuous development in
modern medicine in terms of
diagnesis and ftreatment, the
rate of emergence of resistance
strains of microbes which are
untreatable by any known
antibiotics is very alarming.
Consequently, there is a serious
threat to the lives and health of
people. The basis and factors
that promote antimicrobial
resistance are highlighted and
various strategies were
suggested to successfully contain
the antibiotic resistance. It was
apparent that a pharmaceutical
strategy that entails rational use
of antibacterial agents and
preservation of microbial
communities is of great value in
reversing the resistance.

INTRODUCTION

The discovery and use of
antimicrobial agents and
immunization procedures
against infectious disease have
contributed immensely to the
average life span and health of
humans in developed countries.
However, evolution of antibiotic
resistance gave birth to killer
plagues and flesh - eating
bacteria.  For instance, the
antibiotic resistance strains of
staphylococcus and
streptococcus are putting  the
lives and health of people at risk.

Recently in America, in
B
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three geographically separate
patients, an often deadly
bacterium, Staphylococcus
avreus, responded poorly to a
once reliable antidote - the
antibiotic vancomycin (1).
Fortunately, in those patients, the
staph microbe remained
susceptible to other drugs and
was eradicated.  In Nigeria
(2,3,4) and most of Africa (5)
resistant to vancomycin is yet to
be recorded against Gram -
positive bacteria.  However,
vancomycin resistance
enterococci {6-9) and reduced
susceptibility to vancomycin by
Staph aureus {10-15) have been
reported in the US, Europe and
Japan.

Worldwide, many strains
of S. aureus are already resistant
to all antibiotics except
vancomycin.  Emergence of
forms lacking sensitivity to
vancomycin signifies that
variants untreatable by every
known antibiotic are on the way.
S. aureus, a major cause of
hospital acquired infections, has
thus moved one step closer to
becoming an unstoppablekiller.

The looming threat of
incurable S. aureus is just the
latest twist in an international
public health nightmare.

Antibiotics became
widely available in the 1940
and have been hailed as miracle
drugs, magic bullets able to
eliminate bacteria without doing
much harm to the cells of treated
individuals (16).  Antimicrobial
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agents (antibiotics and related
medicinal products) have
transformed our ability to treat
many infectious diseases that
were previously killers. They are
also used in agriculture to
stimulate growth in livestock and
to reduce incidence of disease
caused by crowded, factory-
farm conditions.

However, the misuse,
over-prescription and abuse of
antibiotics have allowed
resistant strains of bacteria to
develop and once again
threaten health and life.
Diseases that were virtually
eliminated with the introduction
of antibiotics are mutating,
gaining strength and resisting
treatment. We have come
almost full circle!

A “post antimicrobial
era” has been feared to be an
era whereby available drugs
may no longer be effective
against bacterial pathogens (16,
17,18). ,

Today, many deaths have
been attributed to antibiotic
resistant streptococcus
pneumonia.  Even with early
diagnosis and every treatment
option available to modern
medicine, physicians,
pharmacists, nurses and their
patients are helpless.

Bacterial resistance to
commonly used antimicrobial
agents in Nigeria was reported
as far back as the 1970s and
tetracycline, cotrimoxazole,
chloramphenicol, streptomycin
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and erythromycin were
implicated in  self-medication
(19,20).

It is glaring that now is
the time to review the usage of
antibiotics in each health
institution over time and
formulate policies that may
preserve the effectiveness of
antimicrobial chemotherapy

and protect the health and life of
people.

The objective of the
current study is to review the
basis of microbial resistance and
proffer strategies to reduce its
emergence and spread.

THE BASIS OF MICROBIAL RESISTANCE OF
ANTIBIOTICS

Most of the
microorganisms that produce
antibiotics are resistant to the
action of their own antibiotic.
However the organisms are
affected by other antibiotics and
their antibiotic and may be
effective against closely related
strains.  Generally speaking
how or why bacteria are
resistant to their own antibiotics
is unknown, but it may be worth
pondering or studying if we are
to understand the cellular and
molecular basis of resistance.

INHERENT (NATURAL) RESISTANCE

Bacteria may be
inherently resistant to an
antibiotic.  For example,
streptomycetes has some gene
that is responsible for resistance
to its own antibiotic, or a Gram-
negative bacterium has an outer
membrane that establishes a
permeability barrier against the
antibiotic, or it lacks the target or
reaction that is hit by the
Gﬂl‘ib;nfi(‘, {(?1) Some bgd‘eriq

may have multidrug afflux
systems such as AcrE in E. coli,
MexB in P cerogenous or
presence of a drug inactivation
enzyme such as AmpC
cephalosporinase in klebsiella

(22).

ACQUIRED RESISTANCE
Bacterial populations,
previously sensitive to antibiotics
can become resistant through
changes in the bacterial
genome. Two genetic processes
in bacteria (23) are responsible
for acquired resistance:

(i) Mutation and selection {vertical evolution)

This is strictly a matter of
Darwinian evolution driven by
principles of natural selection. A
spontaneous mutation in the
bacterial chromosome imparts
resistance to a member of the
bacterial population.  In @
selective environment of the
antibiotic, the wild type (non-
mutants) is killed and the
resistant mutant is allowed to
grow and flourish. The mutation
rate for most bacterial genes is
approximately 10-8(21). This
implies that if a bacterial
population doubles, there is
likely to be a mutant present for
any given gene. Examples are
target site modification, reduced
permeability or uptake,
metabolic by-pass and
depression of multidrug efflux
systems.

(ii) Exchange of genes between strains and
spedies {horizontal evolution)

Frequently, bacteria will
gain a defense against an
antibiotic by taking up resistant
genes from other bacterial cells
in the vicinity. Indeed the

exchange of genes is so
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pervasive that the entire
bacterial world can be thought
of as one huge multicellular
organism in which the cells
interchange their genes with
ease. These resistant genes
usually are carried on plasmids,
atiny loops of DNA that can help
bacteria survive various hazards
in the environment. They may
also occur on the bacterial
chromosome. One bacterium
will pass resistant traits to others
by giving them a useful plasmid.

However, viruses that
occasional extract a gene from
one bacterial cell and inject it
into a different one (24) can also
transfer resistant genes. In
addition, after a bacterium dies
and releases its contents into the
environment another will take up
a liberated gene for itself. The
mechanisms also involve drug
inactivation, efflux system,
target site modificafion and
metabolic by-pass.  The
possibility of passive acquisition
of antibiotics resistant organisms
from one patient to another has
been reported to be higher in
developing countries where the
standard of environmental
hygiene is very low (25).

The combined effects of
fast growth rates, high
concentrations of cells, genetic
processes of mutation and
selection, and the ability to
exchange genes, account for the
extraordinary rates of
adaptation and evolution that
can be observed in the bacteria.
For these reasons  bacterial
adaptation (resistance) to the
antibiotic environment seems to
take place very rapidly in
evolutionary time,
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FACTORS THAT PROMOTE ANTIBIOTIC
RESISTANCE

Although many factors
can influence antibiotic
resistance, the two main factors
are the prevalence of resistance
genes and the extent of antibiotic
use. If the collective bacterial
flora in a community has no
genes conferring resistance to a
given antibiotic, the anfibiotic
will successfully eliminate
infection caused by any of the
bacterial species in the
collection. On the other hand, if
the flora posses resistance gene
and the community uses the drug
persistently, bacteria able to
defy eradication by the
compound will emerge and
multiply.

IRRATIONAL PRESCRUPTION AND USE OF
ANTIBIOTICS

There is generally an
unjustified faith in the “healing
power” of antimicrobials.
Physicians out of sympathy or
pressure by patient expectations
of treatment may prescribe
antibiotics even in the absence of
appropriate indications. Many
physicians agree to misguided
patients who demand antibiotic
to treat colds and other viral
infections that cannot be cured
by the drugs. Researchers at the
Center for Disease Control and
Prevention have estimated that
some 50 million of the 150
million outpatient prescriptions
for antibiotics in the US every
year are unnecessary (1).

In Nigeria,
antimicrobials can easily be
purchased in pharmacies and
markets without prescription.
Patients often comply poorly
with the prescription, they forget

or interrupt their treatment
prematurely or may be unable to
afford a full course, thereby
creating an ideal environment
for microbes to adapt rather
than be killed.

Further, low quality
antibiotics (fake, counterfeit or
expired) are still sold and used
for self-medication or
prophylaxis.

It is common knowledge
that when @n antibiotic attacks a
group of bacteria, cells that are
highly susceptible to the drug
will die. But cells that have some
resistance from the start, or that
acquired it later may survive,
especially it too litle drug is
given fo overwhelm the cells that
are present. Those cells, facing
reduced competition from
susceptible bacteria will then
proliferate. ~ When the drug
attacks disease-causing
bacteria, they also affect benign
bacteria in their path thus
eliminating drug-susceptible
benign bacteria that could
otherwise limit the expansion of
pathogens. They simultaneously
encourage the growth of
resistant benign bacteria
thereby increasing the reservoir
of resistance ftraits in the
bacterial population,

For example, the
widespread of
cephalosporin  antibiotic has
promoted the proliferation of the
once benign intestinal bacterium
E. faecalis, which is naturally
resistant to those drugs. In most
people the immune system is
able to check the growth of even
multidrug-resistant E. faecalis,
so that it does not produce
illness.  But in hospitalized

use

patients with compromised
immunity, the enterococcus can
spread to the heart valves and
other organs and establish
deadly systemic disease (1). The
benign effect has also enabled
multidrug-resistant strains of
Acinetobacter and
Xanthomonas to emerge and
become agents of potentially
fatal blood-borne infections in
hospitalized patients (26).

ANTIRIOTICS BISUSE/ABUSE

If administered correcily,
perhaps only half of the
antibiotics consumed every year
in Nigeria would have been
appropriate fo cure bacterial
in Nigeria, there is
easy access to all classes of
antimirobials as they can be
readily bought from
pharmacies, drug sfores, street
hawkers and in the open
markets (26, 27).  This
unrestricted (over-the-counter)
accessibility to antimicrobial
ogents enhances the selection
and spread of resistant bacteria

(28,29, 30).

infection.

SHF MEdICAON

In the industrialized
world, most antibiotics are
available only by prescription,
but this restriction does not
ensure proper use. People often
fail to finish the full course of
treatment.  Patients then
stockpile the left over doses and
medicate themselves, or their
family and friends in less than
therapeutic amounts.  In both
circumstances, the improper
dosing will fail to eliminate the
disease agent completely and
will furthermore encourage
growth of the most resistant
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strains, which may later produce
hard-to-treat disorders.

In o developing nation
like Nigeria the use of antibiotics
is grossly out of control. Many
antibiotics are available over the
counter and when resistance
becomes a clinical problem,
there may not be any substitute
because there is no access to
new generation antibiotics,
which are of course very
expensive.

FANING AND ADULTERATION

The usually high cost of
antibiotics renders them
unaffordable to the majority of
the developing world
population.  This leadS to the
proliferation of cheaper, but
substandard or fake drugs.
Continuous use of such
suboptimal doses of antibiotics
usually results in development of
drug resistance.

VETERINARY AND AGRICULTURAL MISUSE

Antibiotics are also used
in freating or preventing
infection or mixed with feed to
promote the growth of livestock.
However, the amounts used to
promote growth are too small to
combat infection and may be
used for weeks or months at a
time. No one is entirely sure
how the drugs support growth.
However, the long term exposure
to low doses selects increasing
numbers of resistant bacteria in
the treated animals which may
then pass the microbe to
caretakers and, more broadly, to
people who prepare and
consume undercooked meat.
Imported frozen foods or meat
have been speculated to
harbour some resistant strains of

Staphylococcus aureus.
Similarly, in mechanized
agriculture especially in
developed worlds, antibiotics
are applied as aerosols to acres
of fruit trees, for controlling or
preventing bacterial infections.
High concentrations may kill all
bacteria on the trees at the time
of spraying, but lingering
antibiotic residues can
encourage the growth of
resistant bacteria that later
colonize the Fruit during
processing and shipping of
imported fruits. The amount of
resistant bacteria people
acquired from food is
apparently nottrivial.

CONTAINMENT OF ANTIMICROBIAL
RESISTANCE: A PHARMACEUTICAL
STRATEGY

Antimicrobial resistance
is not an infectious disease, like
smallpox or poliomyelitis thatwe
can eradicate. It is a natural
response of microbes to
exposure to antimicrobial
agents. Therefore the approach
has to be one of containment,
aiming to reduce the rate of
emergence and spread of
resistance. It is important fo
recognize that bacteria are a
natural and needed part of life.
Bacteria, which are microscopic,
single-cell entities, abound on
inanimate surfaces and on parts
of the body including the skin,
mucous membrane and the
lining of the intestinal tract. In
fact they often protect us from
disease because they compete
with and thus limit the
proliferation of pathogenic
bacteria. It should also be
realized that although
antibiotics are needed to control

bacterial infections, they could
have broad, undesirable effects
on microbial ecology. That is,
they can produce long lasting
change in the kinds and
proportions of bacteria suchasa
mix of antibiotic-resistant and
antibiotic-susceptible types.
Antimicrobials should therefore
be used only when they are truly
needed and they should not be
administered for viral infections,
over which they are not effective.

It is important to
determine the magnitude and
trends of resistance and to define
the relative importance of
different contributing factors
such as therapeutic,
behavioural, economic, social
and health system factors, and
veterinary and agricultural
misuse.  Based on this
understanding, it should be
possible to develop effective
methods to contain antimirobial
resistance in Nigeria in
oarticular and the world over in
general.

RATIONAL PRESCRIPTION AND USE OF

ANTIMICROBIALS

It is obvious that there is
an urgent need for a policy by
the government, to enforce
rational prescription and use of
antibiotics, restrict the sales and
distribution of antibiofics to
registered pharmacies and
hospitals as prescription
products.  When patients
receive prescriptions for
antibiotics, they should complete
the full course of therapy.
Physicians, when possible,
should try to identify the
causative pathogen before
beginning therapy so that they
can prescribe an antibiotic
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targeted specially to that
microbe.

CONFORMING TO WHO POLICIES

Through its antimicrobial
resistance monitoring (ARM)
activities, WHQO assists
developing countries, by the
provision of training, quality
assurance laboratory reagents
and computer software
(WHONET), to detect and
monitor resistance by
establishing laboratory-based
surveillance networks. WHO
also sponsors national policy
workshops which aim to
improve collaboration between
decision makers in developing
strategies for monitoring
resistance and improving
rational use of antimicrobials,
including educational
programmes for prescribers and
users. Other strategies include
identifying human medical
resistance problems resulting
from antimicrobial use in
livestock production and
improving resistance monitoring
in food borne bacteria. It is time
for cur health ministry fo create
divisions like Drug Management
and Policy whose major
responsibility would be to
develop and implement
strategies for the containment of
antimicrobial resistance.

IMPROVED HYGIENE

Cleanliness people say is
next to Godliness; personal and
environmental hygiene is very
important.  The public should
wash raw fruit and vegetables
thoroughly to ‘clear off both
resistant bacteria and possible
antibiotic residues. Washing

hands after seeing each patient
is a major but too often
overlooked precaution by health
workers.

INTRODUCTION OF HEWY ANTIBIOTICS

New antibiotics could
provide more option for
treatment. However, because of
the technical and regulatory
hurdles involved in gefting a new
product to the market and the
structural similority that exists
between the new and the
existing antibiotics, researchers
should work on strategies that
will give new life to existing
anfibiotics. Levy (1) is already
developing a compound to jam
a microbial pump that ejects
tetracycline from bacteria.
When the pump is inactivated,
tetracycline can penetrate

bacterial cells effectively.

USE OF NATURAL REMEDIES

Nature offers remedies
for several microbial infections,
although the mechanisms of
their activities have not been
elucidated.  More scientific
investigations should be carried
out on natural plants with
antimicrobial activity with a view
to formulating natural remedies
for the resistant microorganisms.

PUBLIC ENLIGHTENMENT

In order to contain
bacterial resistance effectively,
there is on urgent need fo
educate people especially in the
rural areas on the implications of
antibiotic misuse or abuse.
People must realise that they all
have a role to play in reversing
the looming danger of “absolute
bacterial resistance”.

ENVIRONMENTAL MONITORING

Correcting a resistance
problem requires both improved
management of antibiofic use
and restoration of the
environmental bacteria
susceplible to these drugs. If all
reservoirs of susceptible
bacteria were eliminated,
resistant forms would face no
competition for survival and
would persistindefinitely.

In the ideal world, public
health officials should know the
extent of antibiotic resistance in
both the infectious and benign
bacteria in a community. To
treat a specific pathogen,
physicians should favour an
antibiotic with little or no
resistance from any bacteria in
the community.  And the
pharmacist should deliver
enough antibiotics to clear the
infection completely without
destroying all competing
susceptible microbes in the
body. However, the problem, of
course, is that no one knows yet
how to determine the “antibiotic
threshold” which is a level of
antibiotic usage able to correct
the infection within a community
or hospital without encouraging
propagation of resistant strains.
Furthermore, most hospitals and
communities lack detailed data
on the nature of their microbial
populations.

INTERNATIONAL COOPERATION /ALLIANCE

Control of antibiotic
resistance on a wider,
international scale will require
cooperation among countries
around the globe and concerted
efforts made to educate the
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world’s popubtigﬁs about drug
resistance and the impact of
improper antibiotic use. As a
step in this direction, various
groups are now aftempting to
track the emergence of resistant
bacteria strains.  For example,
an international organization,
the Alliance for the Prudent Use
of Antibiotics, in Boston, with
Professor Stuart levy as the

president, has been monitoring
the worldwide emergence of
such strains since 1981. The
Nigeria chapter is headed by
Professor Adebayo Lamikanra.

CONCLUSION

The time has come for global

society to accept bacteria os
normal, generally beneficial
component of the world and not

when they give rise to disease.
Reversal of resistance requires a
new awareness of the broad
consequences of antibiotic use, a
perspective that concerns not
only the curing of bacterial
disease but also the preservation
of microbial communities. In
that way bacteria susceptibile to
antibiotics will always be there to
outcompele resistant strains.

try to eliminate them except

2. National Cemmittee fer Clinical Loboratory Standards {1993).  Antimicrobic| Susceptibility Testing: Performance Standards for
anfimicrobial disc susceptibility tests. NCCLS Document M2-A5, Villanova, PA.
3 Odugbemi T, Animashaun T, Kesah K and Oduyebe O {1995], Une etude de la sensibilite antimicrobienne in vitro d'isolats bacteriens
cliniques alagos, au Nigeria. Medecine Digest, B - lactamase survey (Africa Team]: XXI: 39 - 54.
4. Iroha EO, Kesah CN, Egri-Okwaji MTC and Odugbemi TO (1994). Multiresistance Klebsiella pneumenia cutbreck in an in-born intensive
care unit onapproach to detection and control. Nigerian Medical Journal 30: 111-114
5 Beto-Lactemase Survey {African Team| In: Medicine Digest 1995 %XI: 1 - 65
8. CDC Nucleosomal enteracace resistant to vancarmyein - United States 1984 - 1 293, MMWR 1993 42 697 - 699,
Z. Leclera R, Dutka-Malen S and Brisson-Moel A [1992), Resistance to aminonlycosides and glycopeptides. Clin. Infect, Dis. 15 495-501.
8. Fraimow AS and Arutyn E {1995). Pathogens resistant to antimicrobial agents - Epidemiology, molecular mechanisms and clinical
management. Infect. Dis Clin. North Am. 9- 497 - 530,
2 Cohen ML{1997). Emerging problems of antimicrabiol resistance. In: Regional seminars on bacterial resistonce: Coursenoles 454 - 456
10.  Hiramatsu K, Hanaki H, Ine T, Yabuta K, et al (1997). Mehticillin - resistant Staphylococcus aureus clinicol strain with reduced vancomyein
ﬂusceplibi]ity.
11.  CDC Reduced susceptibility to vancomycin-Japan 1996, MMWR 1997, 46: 642 - 645
12 Martin R and Wicox KR. Staphylococcus aureus with reduced susceptibility to vancomyein - United States, 1997, MMWR 1997; 4&: 765 -
766
12, Hiramaotsu K, Aritaka N, Henoki H, Kawasaki 5, Hoseda Y etal [1997) Dissemination in Jopanese hospitals of strains of Staphylococcus
aureus heterogeneously resistantto vancomyein. Lancet 350: 1670 - 1673
14, Euvrosurveillance Waekly: E Test Reference number 904, January 8, 1998
15.  TenoverFC, Lancaster MV, Hill BC, Stewards CD, Stacker SA et al [1998). Characterizafion of Staphylecaccus with reduced susceptibilities o
voncomycin and other glycopeptides ). Clin. Microbial. 34: 1020 - 1027
16, Lamikanra A (1999). Essential Micrabiclegy for students and Practitioners of Pharmacy, Medicine and Microbiclogy (2nd edition]. Amkra
Books, Lagos, pp. 269 - 336.
17.  Dismuke WE[1796). Emerging and re-emerging infections. Am. J. Med. 100:12- 14
18.  Sunders CC, Thompson KS and Bradford PA[1993). Problems with detection of betalactam resistance among non-lastidious Gram-negative
| . bacilli Infect. Dis. Clin. North Am . 7: 411 - 424,
12.  Alausa CK, and Montehore D [1978). Bacterial infections, sensitive patterns and chemotherapy among hospitel patients in the tropics.
Scandinavian Journal of Infectious Disecse 10: 295 - 302.
20.  Monteliore D, Rotimi VO, Adeyemi-Doro FAB {1287} The prol:-'ems of bacterial resistance to antibiotics among strains isolated from
hospital patients in Lagos and lbadan, Migeria. Nig, . Anlimicreb. Chemother. 23: 641 - 451,
21.  TodayK[1995). Bacterial Resistance to Antibiotics. Bacteriology 330: 1-4
22, Collard, }(1999) Typesofontibictics and reloted resistance genes. Services of Biosofety and Bistechnology: Augustedition, pp3-5
23. Chadwick D) and Goode J (editars] (1997). Antibiotic Resistance Ongins, evalution, selection and Sp'mIJ John W |f;\>rr and sons, chapter
one
24.  Miller RV {2000). Bacterial gene swopping innature. Scientific American, January edition, pp 3-5.
25.  Lomikanra A and Ndep R (1993). The incidence of multiple antibistic resistance in urinary Irack pathogens isolated from Nigerian patients
| The Nigerian Journal of Pharmacy
26, OdugbemiT{1981). Theuseand abuseofantibiotics Nigerian Medical Practitioner 1: 4-8
27.  Kesoh CN, Egri-Okwaji MTC, Odugbemi TO and Iroha EQ {1999). Resistance of Nosocemial Bacterial Pothegens to commonly used
[ antmicrebial agents. The Nigerian Postgraduate Medical Journal 6 (2); 60 - 65.
| 28 Oyewols ATM, Akinwaolere OAO and Akinkughe FM (1987). Use and misuse of drugs in Nigerian infants. Migerian Medical Joyrnal 17,
2129,
29 Ogunsola FT, Kesah CN and Odugbemi T(1997). Antimicrobial resistance in Nigeria: An overview. Nigerian Quarterly Journal of Hospitol
! Medicine 757 - 61
30.  Murray GE, Alverade T, Kim KH, Vorchit M, Elwell L ond MecGaken GH (1986). Increasing resistance fo trimethaprim - sulfomethexazole
among isclates of £, coli in developing countries. Journal of Infectious Diseases 152: 1107 - 1113,
L

I he Nigerian Journal of Pharmacy - Volome 33 Lo




