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ABSTRACT
Antimicrobial resistance (AMR) is an emerging public threat. There is a
need to develop antimicrobial treatment guidelines, including a plan to
reduce AMR at the community and hospital level. We present a literature
review to study the strategies used and the effectiveness of antimicrobial
stewardship programmes (ASPs). ASPs are cost-effective, reduce antimicrobial
resistance, improve clinical outcomes, and alter prescribing behaviour without
compromising short-term outcomes. They not only help reduce hospital stay
but also the duration of antibiotic therapy thus leading to significant cost
savings and reduction in infection by resistant organisms like Clostridium
difficile and Acinetobacter baumannii. Prospective audit with intervention and
feedback to physicians and restriction or prior approval of antibiotics are the
two most effective strategies commonly used in most ASPs. Thus, ASPs lead
to an overall reduction in the antimicrobial consumption.
Introduction
Antimicrobial resistance (AMR) has caused immense
harm to the health of the population thereby affecting
global economy.1 Four ways of fighting antimicrobial
resistance could include preventing infections, tracking
data on resistant organisms, antimicrobial stewardship
programmes (ASPs) and developing new drugs and
diagnostic tests.2 Studies have shown an increasing
trend in the development of resistance to commonly
used antimicrobials in pathogens e.g. ciprofloxacin
and fluoroquinolone resistant Salmonella enteric
serovar Typhi, Methicillin resistant Staphylococcus
aureus (MRSA), extended spectrum β-lactamase
(ESBL) producing Klebsiella pneumoniae, multi-drug
resistant (MDR) Mycobacterium tuberculosis among
others.3
Antimicrobial stewardship programs (ASPs)
ASPs are programs that help in appropriate use of
antimicrobials. Thus, they reduce the incidence of
drug-resistance, improve outcome, and decrease the
spread of MDR organisms. The core aspects of ASPs
include multidisciplinary team meetings, antimicrobial
policies with optimization of dose, rotation of antibiotic
use to prevent resistance, antibiotic restriction policy
and quick and safe conversion to oral antibiotics from
parenteral antibiotics.4,5 There are some strategies that
could provide the basis for an ASP. These strategies can
be used alone or in combination.
A)Prospective audit with intervention and feedback:
A review of antimicrobial therapy by an infectious
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diseases (ID) physician or a clinical pharmacist with/
without training in antimicrobial stewardship who is
not a part of the treatment team with face to face
interactions and feedback given to the treatment
team, who can suggest changes to the antimicrobial
prescription in comparison to hospital guidelines.
B)Preauthorization: Preauthorization requires obtaining
approval prior to the use of certain antibiotics.
This requires expertise and staff to complete the
authorizations in time. This can optimize the initiation
of antimicrobial therapy and avoid unnecessary use of
antibiotics.
C)Facility-specific treatment guidelines can optimize
and help establish recommendations for antimicrobial
selection especially for common conditions such
as community acquired pneumonias, urinary tract
infections and surgical prophylaxis. These could be
based on local antibiotic susceptibilities, patient mix,
and drug formulary options available.6
A Cochrane review by Davey P et al7 studied two broad
interventions to improve antibiotic policy: restrictive/
preauthorization techniques, which requires preapproval and enables physicians optimize initiation of
antibiotic therapy, and enablement techniques, which
provides advice and feedback to physicians to optimize
antibiotic therapy after it has been started. Evidence was
found that interventions especially enabling techniques
led to increased compliance with hospital antibiotic
policy and a decrease in the duration of antibiotics and
length of stay in hospital without increasing patient
deaths. Both techniques were successful in achieving
appropriate antibiotic stewardship although enablement
techniques helped increase the effect of interventions
including the restrictive techniques.
Effectiveness of ASPs
We discuss the evidence to show that ASPs are costeffective, improve clinical outcomes, alter prescribing
behaviour, and reduce antimicrobial resistance.
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Antimicrobial resistance
In a study done in Taiwan by Chang et al 8 , an
educational programme targeting the major prescribing
clinicians was conducted and implemented for the
use of imipenem, meropenem and glycopeptides.
The programme resulted in a significant reduction in
antibiotics consumption. The reduction in the total
inpatient antibiotics was 13%, in carbapenems 29.8%, in
imipenem and meropenem 34.9%, and in glycopeptides
27%, in the 3-month post educational and 6-month
post-ASP period. The prescription of antibiotics for
inpatients decreased significantly by 16.2%. Besides,
the rate of carbapenem-resistant Acinetobacter
baumannii reduced from 70.8% in the pre-ASP period to
29.6% in the post-ASP period. It showed that a focused
educational program can significantly reduce the
prescription of specific antibiotic classes. It also proves
that ASPs have the potential to reduce antimicrobial
resistance and alter physician prescribing behavior
thereby reducing the incidence and cost of treating
infections caused by MDR organisms.
Altering prescribing behavior and cost-effectiveness
In a study done by Malani AN et al 9, an ASP at
community teaching hospital targeting 8 antimicrobials
caused a 50% reduction in the chances of developing
infection with Clostridium difficile infection (CDI).
Besides the reduction in CDI, there was not only a
13.3% reduction in antimicrobial cost per patient day
but also a 15.2% decrease in the antimicrobial budget
and a 25.4% reduction in the daily doses of these
antimicrobials. These 8 target antimicrobials were
namely voriconazole, tigecycline, meropenem, linezolid,
ertapenem, daptomycin, caspofungin and aztreonam.
Thus, a community ASP can be made successful with
limited but dedicated resources, such as a pharmacist
and ID physician.
Clinical outcomes
In a systematic review and meta-analysis by Schuts
et al 10, the following strategies were found most
useful in ASPs - namely bedside consultation by an
infectious disease physician (most useful in cases of
bacteremia due to Staphylococcus aureus), use of
preauthorization for a list of restricted antibiotics,
conversion from intravenous to oral treatment,
therapeutic drug monitoring, de-escalation of therapy
and the use of guidelines based empirical therapy.
These objectives showed significant benefit for one
or more of the following patient outcomes – namely
clinical outcomes, adverse events, costs, and bacterial
resistance rates. Guideline – adherent empirical therapy
and de-escalation reduced risk of mortality by 35% and
56% respectively. Restrictive antibiotic policies were
associated with reduced rate of drug-resistance. These
objectives can help guide hospitals stewardship teams
to enhance the quality of antibiotic use.
Another systematic review by Kaki et al11, to study the
evidence for antimicrobial stewardship interventions
in the intensive care unit (ICU), identified six
intervention types: studies pertaining to antibiotic
restriction or pre-authorization; infectious diseases
physician consultation; implementation of de-escalation
protocols; the use of guidelines for antibiotic prophylaxis
or treatment in the ICU; reassessment of antibiotics

used on a pre-specified day of therapy; as well as the
implementation of computer assisted decision support.
Stewardship interventions were associated with a
total decrease in the use of anti-microbials, a lower
antimicrobial cost to patients and shorter duration of
antibiotic therapy. Besides these, inappropriate use
of antibiotics decreased, and fewer adverse events
were seen. Stewardship interventions when continued
beyond the 6-month period showed a reduction in
antimicrobial resistance rates. These interventions were
not associated with an increase in nosocomial infection
rates, length of stay or mortality. This review concluded
that antimicrobial stewardship efforts are associated
with improved use of antimicrobials especially in the
intensive care unit, with improvement in the rates of
antimicrobial resistance and adverse events without
seeing a compromise in short-term clinical outcomes.
There is paucity of data studying the importance of
ASPs in pediatric and neonatal intensive care units.
However, Mukhopadhyay et al12 have suggested that
promising strategies do exist despite the challenges
of implementing AMS in the premature infant. Some
strategies could include stopping antibiotics after 36
hours of incubation of blood culture, using ampicillin
and gentamicin for early onset sepsis, restricting
the use of vancomycin in late-onset sepsis to avoid
adverse events related to its use and using strategies
to administer empirical antibiotics in culture negative
infection in very low birth weight preterms.
Cost – effectiveness
Karanika et al13 in their systematic review and metaanalysis found that implementation of ASPs caused
a decrease in total antimicrobial consumption and
the use of restricted antimicrobial agents by 19.1%
and 26.6% respectively. Besides, in intensive care
units, the antimicrobial consumption was reduced
by 39.5%. The implementation of ASPs not only
brought about a decrease in the use of broad
spectrum antibiotics such as carbapenems and
glycopeptides by 18.5% and 14.7% respectively
but also a decrease in the overall antimicrobial
cost by 33.9%, and the length of hospital stay. The
implementation of ASPs led to a decrease in infections
due to methicillin-resistant Staphylococcus aureus,
imipenem-resistant Pseudomonas aeruginosa and
extended-spectrum beta lactamase Klebsiella spp. Thus
hospital ASPs not only resulted in an overall reduction
in infections due to specific antimicrobial-resistant
pathogens and length of hospital stay but also a
significant decrease in antimicrobial consumption and
cost, the benefit of which was seen more in the critical
care setting.
Clostridium difficile infection
Antimicrobial stewardship intervention (ASi) should
decrease healthcare-associated C. difficile infection
(HA-CDI).14 In a study conducted by DiDiodato and
McArthur14, ASi as a prospective audit and feedback done
daily resulted in a significant reduction in the risk of C.
difficile infection on the medicine wards as compared
to the surgery wards, besides having an independent
effect of overall reduction in antibiotic utilization.
Most of the ASi consults resulted in discontinuation
of antimicrobials especially the quinolones and
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cephalosporins and the overall acceptance rate of ASi
recommendation was 67.4%. This study shows us
that a similar ASi along with hand hygiene practices
could be implemented in most hospitals globally thus
reducing unnecessary antimicrobial exposure, the risk
of HA – CDI and antimicrobial resistance.
In a systematic review and meta-analysis by Baur et
al15 aimed to study the evidence of the effect of ASPs
on the incidence of infection and colonization with
antibiotic-resistant bacteria showed that ASPs helped
reduce the incidence of infections and colonization with
MDR gram negative bacteria by 51%, ESBL producing
gram negative bacteria by 48%, MRSA by 37% and C.
difficile infections by 32%. ASPs along with infection
control measures such as hand-hygiene interventions
were more effective than when implemented alone. The
reduction in the incidence of infections and colonization
with resistant bacteria and C. difficile infections was
seen more in hemato-oncology patients. These results
provide governments and hospital administrators, with
the necessary evidence for implementing ASi such as
antibiotic cycling, audits, and prospective feedback to
reduce infections from antibiotic-resistant bacteria.
ASPs may prevent C. difficile infections by limiting
exposure to certain classes of antibiotics. In a
systematic review and meta-analysis by Feazel
et al 16 restrictive ASPs (either prior approval or
removal from pharmacy) of certain antibiotics such
as cephalosporins or fluoroquinolones helped reduce
the incidence of C. difficile infections especially in the
geriatric population. Reduction in CDI incidence through
restrictive ASPs can result in significant reduction in
costs and increase savings for hospitals, insurers, and
society.
In a study by Del Arco et al17, compliance with the
ASP intervention led to treatment optimization. This
was attained by reducing the antibiotic spectrum
and adjusting the dose, dosing interval and the
duration of therapy. Overall, 93% of the treatment
recommendations were accepted after the intervention
period as compared to 89% before the intervention.
Empirical antibiotic treatment evaluated fell from 46%
to 31%. The main drugs assessed were imipenem/
meropenem, cefepime, ertapenem, linezolid and
aztreonam in that period. The use of these restricted
antibiotics decreased from 37% to 21% in that
time. The rate of imipenem sensitivity of the P.
aeruginosa strains isolated increased by 10% and the
strains of ESBL producing K. pneumoniae decreased
by 13% over three years. Significant savings in annual
costs were obtained. Thus, ASPs not only contribute
to preventing antimicrobial resistance but also to the
financial cost of antibiotic treatment.
ASPs prevent antimicrobial resistance and reduce the
resistance of gram-negative bacilli thus leading to huge
savings in cost of treating drug resistant infections.
Conclusion
We conclude that ASPs are cost-effective, reduce
antimicrobial resistance, improve clinical outcomes,
and alter prescribing behaviour without compromising
short-term outcomes. They also help reduce length of
hospital stay and duration of antibiotic therapy thus
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leading to significant cost savings and reduction in
infection by resistant organisms like C. difficile and A.
baumannii. Prospective audit with intervention and
feedback worked well in most studies and restriction
of antibiotics led to a reduction in C. difficile infection.
These programmes led to an overall reduction in the
antimicrobial consumption.
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