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Antibiotic Stewardship

Victor Lim

Abstract: The discovery of antibiotics had been one of
the most significant events in the history of medicine.
Antibiotics had saved countless number of lives and
had contributed significantly to the health of mankind.
The emergence of resistance is however a major threat
to the continued usefulness of antibiotics. There are
now strains of bacteria which are resistant to virtually all
available antibiotics and these strains are increasingly
being encountered in clinical practice. The development
of new agents had not kept pace with resistance and
it is unlikely that there will be major breakthroughs
in the near future. The world needs to conserve and
prolong the useful lives of the existing agents. This can
only be achieved through good antibiotic stewardship
programmes. As antibiotic resistance is a global threat
all major stakeholders have to work together to meet
this challenge.
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Introduction

Stewardship is the conducting, supervising, or
managing of something; especially: the careful and
responsible management of something entrusted to
one’s care.! Antibiotic stewardship is the careful and
responsible management of our precious resource, the
antibiotics. Antibiotic stewardship involves using
antibiotics only when absolutely necessary, selecting
the most appropriate agent and using the right dosage
regimen and route of administration for the optimum
duration. Good stewardship will help improve patient
treatment outcomes, minimize adverse effects of the
agents, reduce cost of health care and most importantly
prevent or reduce emergence of resistance.

Resistance to antibiotics

The discovery of antibiotics was one of the most
significant event in medical history. After only 20 years
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in clinical use antibiotics had added a decade to the life
expectancy of man.’ Together with vaccination, clean
water and other public health measures mortality from
infectious diseases was dramatically reduced to the
extent that in the 1950s and 1960s, scientists thought
that infectious diseases were no longer a major challenge.
In 1967, the Surgeon General of the United States of
America, William Stewart was purported to have said
that “the time has come to close the book on infectious
diseases and declare the war against pestilence won.”
There is now some dispute as to whether Stewart actually
made this infamous pronouncement.’ Nonetheless such
optimism expressed at that time has unfortunately been
shown to be unfounded. This has been due to various
reasons, among which is the emergence of antibiotic
resistance.

Resistance is not a new phenomenon. Sir Alexander
Fleming in his Nobel Lecture delivered on the 11" of
December 1945, warned that, “It is not difficult to make
microbes resistant to penicillin in the laboratory by
exposing them to concentrations not sufficient to kill
them, and the same thing has occasionally happened in
the body”.* The resistome is defined as the collection of
all the antibiotic resistance genes and their precursors
both in pathogenic and non-pathogenic bacteria.’
Recent studies of the soil resistome have revealed the
presence of genes encoding for antibiotic resistance
to a wide variety of antibiotics including synthetic
compounds like quinolones and newer antimicrobials
like Synercid and daptomycin. It would appear that the
development of antimicrobial resistance had been going
on in nature long before antibiotics came into medicinal
use. The environment, in particular the soil is regarded
as an important reservoir of antibiotic resistance
determinants.

In a recent study, a library of 480 strains of soil bacteria
was screened against 21 antibiotics. The majority of
strains were resistant to 7-8 antibiotics. A wealth of
antibiotic inactivating enzymes was uncovered including
inactivating enzymes to rifampicin and Synercid.
Intrinsic resistance to quinolones was also seen despite
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no known prior exposure of the soil to these synthetic
antibiotics or their analogues.®

Soil bacteria are not just resistant to antibiotics.
Some strains of soil bacteria areas can utilize antibiotics
as their sole carbon source. These “antibiotic-eating”
bacteria have been found in pristine soil i.e. soil from
non-urban areas which have had minimal human
contact for the past hundred years.” Most of the strains
identified in this study were proteobacteria, and more
than 40% were Burkholderia spp. Pseudomonads were
also well represented. Catabolic pathways responsible
for antibiotic digestion in nature can therefore provide a
rich source of potential resistance determinants.

In a more recent study®, metagenomic analyses of
rigorously authenticated ancient DNA from 30,000-year-
old permafrost sediments revealed a highly diverse
collection of genes encoding resistance to P-lactam,
tetracycline and glycopeptide antibiotics. Structure and
function studies on the complete vancomycin resistance
element VanA confirmed its similarity to modern
variants. These results show that antibiotic resistance
is a natural phenomenon that predates the modern
selective pressure of clinical antibiotic use.

The Antibiotic Pipeline

Antibiotic resistance is a major challenge world-
wide. It is seen in gram positive as well gram negative
organisms; in health-care associated as well as community
acquired infections. The Infectious Diseases Society of
America had identified 6 organisms as being the most
problematic; the so-called ESKAPE organisms namely
Enterococcus faecium, Staphylococcus aureus,
Klebsiella ~ pnewmonia, Acinetobacter baumanni,
Pseudomonas aeruginosa and Enterobacter sp. In their
2008 Report on the pipeline of new antimicrobial
agents, the IDSA concluded that the number of new
agents in the pipeline is disappointing and there were
no pure anti-gram negative agent or agent to counter
the emerging carbapenemases. There was decreased
involvement of top pharmaceutical companies in the
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area of anti-microbial drug development and that it is
unlikely that there will be any major advance in ability
to treat antibiotic-resistant infections.’

A similar European report came to the same
conclusions. A gap exists between multidrug-resistant
bacteria and the development of new antibiotics.
Resistance to antibiotics is high among bacteria that
cause serious infections in humans. Resistance is
increasing among certain Gram-negative bacteria. Very
few antibacterial agents with new mechanisms of action
are under development to meet the challenge and there
is a particular lack of new agents for multidrug-resistant
Gram-negative bacteria.'®

There is overwhelming evidence that the overuse of
antibiotics is the main driver of resistance.!! Resistance
is most prevalent in settings where antibiotic use is
high eg intensive care units.!? There is an association
between the prevalence of resistance in a country with
the amount of antibiotics consumed." Resistant mutants
are also selected for during therapy.'4

Furthermore surveys conducted worldwide point
to a high prevalence of inappropriate antibiotic use.
Inappropriate use is rampant in both hospital and
community practice and occurs in both developed and
developing countries. The studies also indicate that
there has been no improvement in antibiotic usage over
the years."”

International initiatives

In 1998, a World Health Assembly resolution
(WHA 51.17) urged Member States to develop
measures to encourage appropriate and cost-effective use
of antimicrobials.!® In 2010 the Third Global Patient
Safety Challenge 2010 adopted “Tackling antimicrobial
resistance” as its theme. In 2011 the WHO also
adopted the issue of antibiotic resistance as the focus of

World Health Day.'
The World Health Organization has published a

document entitled “Global strategy for Containment
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of Antimicrobial Resistance”.’® It describes

comprehensive, multi-faceted strategy which may be
adopted by nations to contain antimicrobial resistance.
Nonetheless it is the onus of the individual nation to
implement the strategy. The important components
of the strategy include interventions in the areas of
education, resistance surveillance, health care associated
infection control, antibiotic use monitoring, diagnostic
laboratories, the non-medical use of antibiotics and
research.

a

National initiatives

The containment of antibiotic resistance should be a
matter of national policy. An inter-sectoral task force
which includes all stake-holders should be established.
This task force should be represented by members
from government, the health sector, the agricultural
sector, the pharmaceutical industry, and the consumers.
The government should be involved as resources need
to be allocated for the various activities. The task
force should also establish specific outcome measures
to determine the effectiveness of the interventions
undertaken.

The national strategy will require a governance and
management framework. In Malaysia, Infection and
Antibiotic Control Committees have been established
at national, state and hospital levels. The National
Committee is chaired by the Director General of
Health and comprises all state representatives and
selected technical experts. The Committee meets
regularly to reviews reports on antibiotic resistance
monitoring, nosocomial infection rates, antibiotic
utilization rates and other outcome measures.
The committee makes policies and recommendations
based on the data presented.

An important component of the national strategy
would be a national antibiotic resistance surveillance
programme. All participating laboratories should employ
a standardized method of testing, a predetermined
panel of antibiotics to be tested and a uniform method
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of expressing the data. The WHO Net software
programme!® which is available free of charge would
be a suitable software for entering and analyzing the
data. A national coordinating centre would have to be
established to collect and collate the data from the various
hospitals and to produce and disseminate regular reports.
In addition to the national surveillance programme,
there can also be established monitoring programmes for
specific alert organisms. These organisms are those that
pose significant challenges in resistance and may include
MRSA, ESBL producing organisms, pan-resistant
Acinetobacter and carbapenamase producers e.g. NDM1-
producing bacteria. Such information should not only be
disseminated nationally but also shared internationally
as resistant organisms can spread widely throughout the
world.? Some of the data collected e.g. MRSA incidence
rate can also serve as outcome measures to determine
effectiveness of interventions.

Good infection control is crucial to the containment
of antibiotic resistance.?! Patients infected by resistant
organisms need to be identified early and measures
taken to prevent the spread of these resistant organisms
to other patients. Every country needs to put in place
a policy pertaining to infection control. Education and
training in infection control should be an integral part
of all health-related programmes as infection control
is an important patient safety issue. There should
be nosocomial infection surveillance programmes
complemented by audits of infection control practices
like hand disinfection.

The monitoring of antibiotic use is another important
strategy. In  many national antibiotic
utilization studies are conducted regularly. It has
been shown that countries that have high antibiotic
consumption rates also have high levels of resistance."
To improve prescribing practices, national antibiotic use
guidelines and national formularies may be established.
The professional societies can also issue evidence-based
clinical practice guidelines for the more commonly
encountered infections.

countries
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The education of the public through the mass media
will help create awareness of the serious challenges
posed by antibiotic resistance.?? Legislation to control
prescriptions, dispensing and sales of antibiotics for
medicinal use should be introduced. Similar legislation
to control antibiotic use in agriculture and for other
medicinal purposes is also required.?”? A major stakeholder
is the pharmaceutical industry and it is important that
the health profession work with industry to ensure
ethical marketing and promotional activities.

Institutional initiatives

At the level of the institution stewardship programmes
are also very important. There are good published
guidelines on establishing institutional stewardship
programmes but the institution may have to tailor the
programme to meet its own specific requirements.***
There are four main areas in an institutional programme:
(i) Education and Feedback (ii) Strategies to improve
prescribing (iii) Dealing with forces that influence
prescribing (iv) Audit and quality improvement
activities.

Education and Feedback is probably the most
important element in an institutional programme.
The primary aim is to optimize prescriber behavior and
a variety of educational strategies may be employed.
A targeted rather than a universal strategy is preferred.
The institution should identify the most acute problems,
define desired outcomes which should be measured,
plan and implement the intervention and give feedback
to prescriber. Immediate concurrent feedback which
is individualized has been shown to be effective in
reducing antibiotic consumption without compromising
on clinical outcomes and resulting in considerable cost-
savings.%¢

Many hospitals also issue institutional antibiotic usage
guidelines. The development of these guidelines must
involve all major stakeholders to achieve a sense of
ownership of the guidelines. The guidelines have to be
evidence based, updated regularly, tailored to the local
situation taking into account local patterns of infections
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and resistance. Emphasis should be given on major areas
of deficiencies. Guidelines should also consider local
constraints in supporting facilities, the availability of
antibiotics and financial matters.

Good microbiology facilities are essential for the
stewardship programme. Results generated by the
laboratory should be accurate, reliable and timely.
Antibiotic resistance surveillance should be performed
regularly and the results disseminated to those who
need to know in a timely fashion. Laboratories should
practice restricted susceptibility reporting, provide some
interpretation of culture reports to assist clinicians in
distinguishing between pathogens and colonisers. There
should be a close working relationship between the
laboratory and the clinicians. The specialist antibiotic
pharmacist can contribute to the stewardship programme
by introducing strategies to improve prescribing.?’
They include modified antibiotic prescribing forms
and automatic antibiotic stop orders. The antibiotic
pharmacist should also undertake the monitoring of
antibiotic use and feedback the information to clinicians.
The antibiotic pharmacist should participate in ward
rounds and assist the clinicians in making decisions on
antibiotic use. Other pharmacy strategies would include
restriction of antibiotics and making formulary changes.

The institution should have a policy on its interactions
with the pharmaceutical industry. There should be
some form of regulation of promotional activities in
hospitals. Doctors should also learn how to cope with
patient demands for antibiotics and appreciate the need
to counsel patients on the negative consequences of
unnecessary antibiotic use.

There should be regular audit and quality improvement
activities in the institution. It is important to explain
to the staff the purpose of quality activity; namely to
improve practices and not a fault finding exercise.
Monitoring of compliance with the stewardship
programme is essential. Measuring outcomes to assess the
effectiveness of interventions is necessary to complete
the quality cycle.
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Conclusion

The emergence of resistance is threatening the
usefulness of antibiotics and there is an urgent need to
conserve this precious resource. Antibiotic stewardship
is crucial to contain resistance. A concerted effort
employing a multifaceted strategy is essential at
international, national and institutional levels is
required and we need to work together to meet this
challenge.

REFERENCES

1. Merriam-Webster Dictionary online. Available at http://www.merriam-
webster.com/dictionary/stewardship. Accessed: 20" October 2011.

2. McDermott,W. & Rogers,D.E. Social ramifications of control of
microbial disease. The Johns Hopkins Medical Journal 1982; 151:
302-312.

3. Spellberg B. Dr William H. Stewart : Mistaken or maligned? Clin
Infect Dis 2008; 47: 294.

4. Fleming A. Penicillin. Nobel Lecture, December 11, 1945. Available
at  http://www.nobelprize.org/nobel prizes/medicine/laureates/1945/
fleming-lecture.html. Accessed : 20™ October 2011.

5. Wright GD. The antibiotic resistome : the nexus of chemical and
genetic diversity. Nature Reviews Microbiology 2007; 5: 175-186.

6. D’Costa VM, McGrann KM, Hughes DW, Wright GD. Sampling the
Antibiotic Resistome. Science 2006; 311: 374-377.

7. Dantas G, Sommer MOA, Oluwasegun RD, Church GM. Bacteria
subsisting on antibiotics. Science 2008; 320: 100-103.

8. D'Costa VM, King CE, Kalan L, Morar M, Sung WWL et al.
Antibiotic resistance is ancient. Nature 2011; 477: 457-461.

9.  Boucher HW, Talbot GH, Bradley JS, et al. Bad bugs, no drugs: no
ESKAPE! An update from the Infectious Diseases Society of America.
Clin Infect Dis 2009; 48: 1-12.

10. ECDC/EMEA Joint Technical Report. The bacterial challenge: time
toreact a call to narrow the gap between multidrug-resistant bacteria in
the EU and the development of new antibacterial agents. Available at:
http://www.emea.europa.eu/docs/en GB/document library/Report/
2009/11/WC500008770.pdf. Accessed 20™ October 2011.

11. Livermore DM. Minimising antibiotic resistance. Lancet Infect Dis
2005; 5: 450-459.

12. Chen HY, Yuan M, Ibrahim-Elmagboul IB, Livermore DM. National
survey of susceptibility to antimicrobials amongst clinical isolates of
Pseudomonas aeruginosa. ] Antimicrob Chemother 1995; 35: 521-534.

13. Goossens H, Ferech M, Vander Stichele R, Elseviers M. Outpatient
antibiotic use in Europe and association with resistance: a cross-
national database study. Lancet 2005; 365: 579-587.

14. Zhao X, Drlica K. Restricting the selection of antibiotic resistant
mutants : A general strategy derived from fluroquinolone studies. Clin
Infect Dis 2001; 33: S147-156.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

le]JSME 2012: 6 (Suppl 1): S75-S79

Centers for Disease Control and Prevention. Office-related antibiotic
prescribing for persons aged 14 years and below — United States,
1993-1994 to 2007-2008. MMWR 2011; 60: 1153-1156.

World Health Organisation. WHA 51.17 Emerging and other
communicable diseases. Available at: http://apps.who.int/medicine
docs/index/assoc/s16334e/s16334e.pdf. Accessed on 24* October 2011.
World Health Organisation. WHO efforts to contain antimicrobial
resistance. Available at: http://www.who.int/drugresistance/activities/
en/. Accessed on 24" October 2011.

World Health Organisation. WHO global strategy for the
containment of antimicrobial resistance. Available at : http://
www.who.int/drugresistance/ WHQO Global Strategy English.pdf.
Accessed on 24" October 2011.

WHO Collaborating Centre for Surveillance of Antimicrobial
Resistance. WHONET. Awvailable at: http://www.whonet.org/dnn/
Software/Tutorials/ WHONETGettingStarted/tabid/105/language/
en-US/Default.aspx. Accessed on 24™ October 2011.

Hawkey, PM, Jones AM. The changing epidemiology of resistance. ].
Antimicrob. Chemother 2009;64(Suppl. 1): i3-i10.

Siegel ]D, Rhinehart E, Jackson M, Chiarello L, for the Healthcare
Infection Control Practices Advisory Committee, Centers for Disease
Control and Prevention. Management of Multidrug-Resistant
Organisms in Healthcare Settings, 2006. Atlanta, GA: Centers
for Disease Control and Prevention, Healthcare Infection Control
Practices Advisory Committee (HICPAC), 2006. Available at:
http://www.cdc.gov/ncidod/dh. df/ar/MDROGuideline2006.pdf.
Accessed 24 October 2011.

Nweneka CV, Tapha-Sossey N, Sosa A. Curbing the menace of
antibiotic resistance in developing countries. Harm Reduction
Journal 2009; 6 : 31. Available at: http://www.harmreductionjournal.
com/content/6/1/31. Accessed 24® October 2011 Accessed on
24™ October 2011.

Smith DL, Dushoff J, Morris G Jr (2005). Agricultural antibiotics
and human health. PLoS Med 2005;2:e232. Available at: http://www.
plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020232.
Accessed on 24" October 2011.

Dellit TH, Owens RC, McGowan JE, Gerding DN, Weinstein RA
et al. Infectious Diseases Society of America and the Society for
Healthcare Epidemiology of America Guidelines for Developing
an Institutional Program to Enhance Antimicrobial Stewardship.
Clin Infect Dis 2007; 44: 159 — 177.

Keuleyan E, Gould IM. Key Issues In Developing Antibiotic Policies:
From Institution to Europe-wide. Available at: http://www.escmid.
org/fileadmin/src/media/PDFs/3Research Projects/ESGAP/esgap
antibiotic_policies.pdf. Accessed on 24™ October 2011.

Seto WH, Ching TY, Kou M, Chiang SC, Lauder 1] et al. Hospital
antibiotic prescribing successfully modified by ‘concurrent immediate
feedback’. Br ] Clin Pharmacology 1996; 41: 229-234.

Hand K. Antibiotic pharmacists in the ascendency. ] Antimicrob
Chemother 2007; 60 (Suppl 1): i73-6.

S 79



