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Summary
Background

The available data on antimicrobial stewardship programmes in Africa are scarce. The aims
of this study were to assess the implementation of an antimicrobial stewardship programme
in a setting with limited infectious disease resources.

Methods

We implemented a pharmacist-driven, prospective audit and feedback strategy for
antimicrobial stewardship on the basis of a range of improvement science and behavioural
principles across a diverse group of urban and rural private hospitals in South Africa. The
study had a pre-implementation phase, during which a survey of baseline stewardship
activities was done. Thereafter, a stepwise implementation phase was initiated directed
towards auditing process measures to reduce consumption of antibiotics (prolonged
duration, multiple antibiotics, and redundant antibiotic coverage), followed by a post-



implementation phase once the model was embedded in each hospital. The effect on
consumption was assessed with the WHO index of defined daily doses per 100 patient—days,
and the primary outcome (change in antibiotic consumption between phases) was assessed
with a linear mixed-effects regression model.

Findings

We implemented and assessed the antimicrobial stewardship programme between Oct 1,
2009, and Sept 30, 2014. 116 662 patients receiving antibiotics at 47 hospitals during 104
weeks of standardised measurement and feedback, were reviewed, with 7934 interventions
by pharmacists recorded for the five targeted measures, suggesting that almost one in 15
prescriptions required intervention. 3116 (39%) of 7934 pharmacist interventions were of
an excessive duration. The antimicrobial stewardship programme led to a reduction in mean
antibiotic defined daily doses per 100 patient—days from 101-38 (95% Cl 93-:05-109-72) in
the pre-implementation phase to 83:04 (74-:87-91-22) in the post-implementation phase
(p<0-0001).

Interpretation

Health-care facilities with limited infectious diseases expertise can achieve substantial
returns through pharmacist-led antimicrobial stewardship programmes and by focusing on
basic interventions.

Funding

None.

Introduction

In September, 2015, the Center for Disease Dynamics, Economics & Policy published a
report into the state of the world's antibiotics, citing evidence that the overall effectiveness
of antibiotics has been decreasing globally and calling for strong antibiotic stewardship in its
broadest sense—specifically the reduction of antibiotic overuse in human beings. A
Cochrane meta—analysis2 confirmed that interventions to reduce excessive prescription of
antibiotics to inpatients can reduce antimicrobial resistance and improve microbiological
and clinical outcomes. However, few studies provide data about the key interventional
components and the effectiveness of antimicrobial stewardship programmes in resource-
limited settings.z; A global survey” of stewardship activities revealed that only 14% of
respondents in Africa and 53% in Asia had any form of antimicrobial stewardship
programme in place.*

Although many methods of improving prescribing practice have been studied, one of the
core strategies is the use of prospective audits and feedback.?* >’ ® In this approach,
investigators review current antimicrobial use and make recommendations with regard to
appropriateness in terms of several predefined measurements, all of which can be



implemented in health-care facilities irrespective of size.” 3’ ® The most obtainable targets in

low-resource settings are unknown. However, limitation of duration of antibiotic use and
use of multiple concurrent antibiotics, including redundant coverage, might represent such
targets.> /7% °

In South Africa, the main barriers to implementation of antimicrobial stewardship
programmes in almost all public and private hospitals have been inadequate infectious
diseases expertise and resources; additionally, in large hospital networks, the geographical
distribution of these institutions has also hindered implementation. The aim of this study
was to assess the reduction of overall antibiotic consumption across a diverse group of 47
urban and rural hospitals in South Africa through the implementation of an antimicrobial
stewardship strategy that uses existing resources.

Methods
Study design

In this study, an antimicrobial stewardship programme was implemented in 47 private
hospitals operated by Netcare (Johannesburg, South Africa) in seven of the nine South
African provinces. The study had three phases. The first phase was the pre-implementation
phase, done before formal introduction of the antimicrobial stewardship programme model,
followed by an implementation phase and a post-implementation phase.

Research in context
Evidence before this study

We searched PubMed and Google Scholar for reports published in English between inception and Sept 1, 2015,

” u ” o u

using the terms “antibiotic or antimicrobial stewardship”, “pharmacist or specialized pharmacists”, “audit and
feedback” AND “antibiotic or antimicrobial stewardship”, “resource limited”, “multicentre”, “sustainability”.
We identified additional studies from the authors' personal reference lists and reference lists from articles that
were retrieved, including two systematic reviews of 126 eligible interventions. We excluded studies that did
not describe antibiotic stewardship interventions in inpatients, did not have complete key intervention and
outcome components, involved surgical prophylaxis, or did not refer to pharmacists. A global survey of reports
of antimicrobial stewardship programmes in hospitals in resource-limited circumstances revealed that data on
efficacy is sparse and a systematic review published in 2014 revealed that few data were available on
outcomes or on key interventional components. Notably, until 2013, no systematic evidence on sustainability
or applicability on a wider scale was available. Additionally, the search revealed three other important facts for
consideration regarding stewardship interventions. First, the impact of audit in conjunction with feedback to
enable self-monitoring as a stewardship strategy—particularly when it includes both goals and action plans—is
underestimated. This is supported by a Cochrane review. Second, of all the eligible antimicrobial stewardship
programme studies included in the two systematic reviews referred to earlier, only Weinberg and colleagues
reported the use of a quality improvement model, specifically an intervention to reduce infections in women
undergoing caesarean section in Colombia. Finally, there is a need for alternative stewardship models that use
available organisational infrastructure that is not necessarily dependent on or driven by clinical microbiology
or infectious disease specialties.



Added value of this study

Our antimicrobial stewardship model, as shown by a sustained reduction (18:1%) in antibiotic consumption in
the group as a whole, suggests that successful antimicrobial stewardship programmes can be implemented in
a range of geographical and socioeconomic settings by health-care workers without infectious diseases
training; that skills beyond infectious diseases are crucial in initiating and maintaining an antimicrobial
stewardship programme; that by applying the so-called Pareto principle or Law of the Vital Few (derived from
economic theory and implying that 80% of outcomes result from only 20% of potential causes) to antimicrobial
stewardship programmes and thus focusing initially on a vital few interventions such as excessive antibiotic
duration (>7 or >14 days) or prescription of antibiotics with overlapping or duplicate spectra, organisations can
yield substantial returns with the least effort; and that an alternative model for stewardship, dependent on
local context and resources, can become embedded within existing systems, a key goal that is often not
achieved by many other programmes.

Implications

The implications of the present evidence for antimicrobial stewardship programmes in resource-constrained
settings are that to accelerate change the incorporation of contemporary improvement methods and
behaviour change principles into a model might represent a core paradigm in which to practise stewardship. In
this scenario, we should not underestimate the role of the non-infectious diseases pharmacist in promoting
interdisciplinary engagement in stewardship programmes in hospitals or across health systems.

The private hospitals had 9424 registered beds, which included 1601 intensive care and
high-care beds. By contrast with the 64 pharmacists employed at the hospitals, the 4295
doctors are not their direct employees and are self-employed. The study covered a 5-year
period between Oct 1, 2009, and Oct 1, 2014.

The model was approved by the executive management and ethical approval was obtained
from Pharma-ethics, Johannesburg (registration number 150711996).

Antimicrobial stewardship model

The antimicrobial stewardship programme was implemented using an adaptation of the
Institute for Healthcare Improvement Model™ and the Breakthrough Series Collaborative™
under the guidance of the Netcare quality improvement director (figure 1). Briefly, initial
training sessions detailing the five process measures that would be audited by the
pharmacists (panel 1) were provided through face-to-face regional learning sessions with
doctors; hospital, pharmacy, and nursing managers; and clinical staff, including infection
prevention practitioners from each of the hospitals (learning session 1). Thereafter, in
accordance with the Breakthrough Series model, each pharmacist was required to do an
implementation process in their hospital by auditing the five measures in inpatients on
antibiotics, either in a stepwise manner or all at once.



Targeted process measures

Cultures rot done before cammencumnt of wipecal prtibticy
Morce than 7 days of
More than 14 days ¢

Defime colective antimicrobial stewaedship progranme goals foe the hospital group:

Keduction o overal| sibiotic consumpt tcoene goal)

K treatment
rrgdernentation m al imbeutions (spread gosd)

Define process measures on the basis of local and international guidelimes and best
practicn sdapted 1o the South African setting (paned 1)

ALt

3 conoumently

o antibiotic coverage

Sech endonement of the antimucrobxal stewardship progeamme

Farmm multidooplinary artinicrobil stewardship programime (omerttse

Prasentatian of the h ach particpating mstnuton by the guakty smpeoverment director
Adapt and modity

Sesd conueirsers and éndanement from docton, and hospad, pharmacy, and furing managemest

\

[ mmﬂ ] 371 Aima of the joint learning cpcles
- | Coltsboramive leaming betwesn hosprtaks
Clardy sequinements of antemicsobual stemard shep 2e0gramms splomentaton
Stepwise implempntation at each hospeeat | ] Bravmstoem idew 10 overcome otrt acie to srpdement aton

ormustency of data

i

Prowde comparative feedback on progress and improsssrents or otheradse

I: TRammacrst edourament aod data sutrmisseons§ I

Project manager feechack to hospitals

Aimns of Feodback by the project manager to hospitals
G Promide monthly feedback 10 phanmacists and their maragen to facltate

ad prt ety 00 hoapet

—

e plans falowing sedt ronitating, s thoally mgansng

PrOwde Support i hetween earreng sesvonm¥ I

\

sised goab
sodd by feedbiack 10 docto

ropital managernent, and the antsmicrobal

g progranmere ¢ rcfuding infection prevention practiones

I of each hosgutal

Figure 1. Netcare antimicrobial stewardship Breakthrough Series Collaborative model for group-wide
implementation and monitoring process (47 hospitals)

*Provide initial training for the five process measures through regional workshops. TQuality
improvement director and project manager host shared learning sessions with participating
institutions every 6—8 weeks initially and then as required, once the model is entrenched, either via
national teleconferencing with pharmacists and pharmacy managers or via regional or hospital
workshops (pending the need for on-site assistance). ¥Pharmacists audit the process measures either
in a stepwise manner or by adopting all five at once; similarly implementation could occur in the
hospital as a whole or initially in intensive care and high-care units, followed by wards pending time
and resources. §Pharmacists record interventions on a standardised template every week and submit
to a project manager every month. §|Project manager provides intensive support via email, telephone
consultations, regional workshops, and face-to-face site visits, if needed.

Panel 1. Definition of the process measures
Cultures not done before commencement of empirical antibiotics
Patients started on empirical antibiotics and no cultures done within 48 h before or on initiation of treatment.

More than 7 days of antibiotic treatment

Prolonged duration of treatment (continued for 8-14 days [inclusive])—ie, antibiotic treatment duration
exceeded the length deemed appropriate for effective treatment of that particular infection according to local
guidelines.



More than 14 days of antibiotic treatment

Prolonged duration of treatment (continued beyond 14 days)—ie, antibiotic treatment duration exceeded the
length deemed appropriate for effective treatment of that particular infection according to local guidelines.

More than four antibiotics at the same time

The unintentional overprescribing and concurrent systemic use of four or more antimicrobials in a given
patient on the same calendar day for at least 2 consecutive days.

Concurrent double or redundant antibiotic coverage*

The intentional® concurrent administration of two or more antibiotics with overlapping or duplicate spectra in
terms of Gram-negative, Gram-positive, and anaerobic cover, on the same calendar day for at least 2
consecutive days. Redundant coverage can be subdivided into three categories. First, redundant Gram-
negative coverage: defined as the concurrent administration of two or more of any of the following drugs in or
between groups: cephalosporins (cefuroxime, ceftriaxone, ceftazidime, cefotaxime, and cefepime),
fluoroquinolones (ciprofloxacin and levofloxacin), B-lactam plus B-lactamase-inhibitor combinations
(amoxicillin/clavulanate and piperacillin/tazobactam), aminoglycosides (amikacin, gentamycin, and
tobramycin), carbapenems (meropenem, ertapenem, doripenem, and imipenem), and tigecycline. Second,
redundant Gram-positive coverage: defined as the concurrent administration of two or more of any of the
following drugs in or between groups: B-lactams (amoxicillin, amoxicillin-clavulanate, cefazolin, and cloxacillin),
tigecycline, clindamycin, linezolid, and glycopeptides (vancomycin and teicoplanin). Third, redundant anaerobe
coverage: defined as the concurrent administration of two or more of any of the following drugs in or between
groups: metronidazole, B-lactam plus B-lactamase-inhibitor combinations (amoxicillin/clavulanate and
piperacillin/tazobactam), carbapenems (meropenem, ertapenem, doripenem, and imipenem), moxifloxacin,
clindamycin, cefoxitin, and tigecycline.

Subsequently, learning cycles hosted by the quality improvement director and an
antimicrobial stewardship programme project manager were held every 6—8 weeks initially,
and then as needed once the model was entrenched, either via national teleconferencing
with pharmacists and pharmacy managers or through face-to-face hospital (pending the
need for on-site assistance) and regional workshops. In between these learning sessions,
support was provided by the project manager. After obtaining permission from the front-
line doctors, pharmacists recorded interventions weekly on standardised templates, which
were submitted monthly via email to the project manager who in turn provided monthly
feedback (improvements in compliance with the measures or otherwise), including
antibiotic consumption data and individualised goals to the pharmacists and their managers
of eachs institution. The pharmacists would then provide feedback on the progress of
implementation and changes in antibiotic consumption to doctors, hospital management,
and the antimicrobial stewardship programme committees, including infection prevention
practitioners of each hospital. The quality improvement director and project manager
obtained additional input from doctors during subsequent 12 monthly, face-to-face regional
learning sessions.

Antimicrobial stewardship interventions

We chose the five process measures on the basis of a previous survey of private and public
hospitals in South Africa, in which excessive antibiotic consumption was found to include



prolonged duration, multiple concurrent antibiotics, and redundant coverage.9 The quality
improvement director and local experts defined the measures according to local and
international guidelines and best practice adapted to the South Africa setting (panel 1).%

12; 13 For all interventions, pharmacists consulted the doctor before changes were made.
This consultation was done verbally or by written or mobile phone messages. Only systemic
(parenteral and oral) antibiotic use was audited. Exclusions from pharmacist audit included
surgical prophylaxis; disorders requiring protracted antibiotics such as infective
endocarditis, osteomyelitis, and septic arthritis; and treatment regimens in which multiple
antibiotics were used for prophylaxis or treatment of Pneumocystis jirovecii, mycobacteria,
Clostridium difficile, or combination treatment for carbapenemase-producing
Enterobacteriaceae, Pseudomonas aeruginosa, Acinetobacter baumanii, and Staphylococcus
aureus.

Procedures

The pre-implementation phase involved a quantitative, non-uniform survey of stewardship
activities, in which hospitals were requested to provide monthly details of stewardship
activities, if any, to the quality improvement director who monitored such activities
including individual hospital and overall group antibiotic consumption. During this period,
the quality improvement director recruited pharmacists by means of a “call for champions”
for those who wanted to develop stewardship skills. No incentives to participate were
provided.

In the implementation phase, the model was introduced in a stepwise manner under
executive group order and direction. The key components that were crucial to the
implementation of the model are described earlier and summarised in panel 2. We chose an
arbitrary conservative 10% reduction in overall group antibiotic consumption on the basis of
high pre-implementation consumption and in view of that many hospitals were being
introduced to an antimicrobial stewardship programme for the first time.

Panel 2. Key components of implementing the antimicrobial stewardship model

* Formalise measurable goals for the hospital group (quality improvement director). The aim was to achieve at
least a 10% reduction in antibiotic consumption and implement the antimicrobial stewardship programme in
33% or more of the institutions at 6 months, 66% of the institutions at 12 months, and 100% of the institutions
(n=47) at 24 months.

* Form antimicrobial stewardship programme committees (consisting of hospital, pharmacy, and nursing
managers; pharmacists; infection prevention practitioners; doctors; and, if available, clinical microbiologists)
and consult with prescribers to ensure endorsement of the antimicrobial stewardship programme.

¢ Mandate so-called protected pharmacist stewardship time to do antibiotic audit rounds.

¢ Audit the five process measures (panel 1) either in a stepwise manner or all five at once.

¢ Develop and launch (through regional training workshops) a toolkit consisting of a standardised template
using Microsoft Excel to facilitate uniform process measurement and data recording.

¢ Record the pharmacist's interventions every week for all inpatients on antibiotics either initially in the
intensive care and high-care units and thereafter in selected wards or in all units at once.

¢ Submit data every month to an antimicrobial stewardship programme project manager via email.”



* Provide feedback to the pharmacists regarding progress of implementation, improvements (or otherwise) in
the five measures, and antibiotic consumption delivered in both written (monthly emails) and verbal format
during learning cycles.

e Concurrently, define and provide individualised hospital implementation progress, process improvement,
and antibiotic consumption goals on the basis of historical trends.

* Regular (every 1-3 months) verbal and written feedback to doctors, hospital managers, and the antimicrobial
stewardship programme committees, including infection prevention practitioners, of each hospital.

¢ Adapt action plans following hospital self-monitoring according to how many of the targeted interventions
had been implemented, what improvements had taken place, and what the effect on individual hospital
antibiotic consumption had been.

e Stimulate further improvement by providing feedback on the progress of the antimicrobial stewardship
programme and its effects on compliance with the measures and antibiotic consumption via monthly emails to
all hospitals in the form of comparative tables and graphs.+

The post-implementation phase commenced with the completion of the implementation
phase and an audit of all of the process measures in place in all units of each hospital. In this
phase, monthly submission of data to the project manager for group-wide monitoring was
made compulsory as part of the performance management assessments. Learning cycles
every 6—8 weeks via teleconferences and on-site face-to-face meetings (pending need for
support) were continued in this phase. Regular feedback and individualised process
improvement and consumption goals were also continuously provided during this phase to
facilitate adaptation of hospital action plans following self-monitoring. To stimulate further
improvements, the project manager provided feedback to all hospitals on their compliance
with the measures and the subsequent effect on antibiotic consumption by means of
comparative tables (47 hospitals) and multiple graphs (47 hospitals).

We calculated hospital and group antibiotic consumption from hospital dispensing data
using WHO's Anatomical Therapeutic Chemical index; the primary parameter was defined
daily doses (DDDs) per 100 patient—days. Additionally, we analysed 104 weeks of
standardised data for the five measures, for each hospital. We calculated all percentages
relative to the number of patients seen on pharmacy rounds. We calculated the percentage
of patients using the number of patients in whom the targeted interventions had been
implemented as the numerator and the number of patients on antibiotics as the
denominator. The project manager measured improvements in the five process measures
according to the run chart rules described by Langley and colleagues'® and Perla and
coIIeagues,14 and feedback was provided as described previously (figure 1, panel 2).

Statistical analysis

For the primary analysis, we assessed change in antibiotic consumption between pre-
implementation and post-implementation of the antimicrobial stewardship programme. We
compared monthly DDD per 100 patient—days for the 16 months' pre-implementation phase
with that for the 20 months' post-implementation phase. Data collection, within each of the
47 participating hospitals, was prospective and at fixed-time intervals. We used a linear
mixed-effects regression model to assess the relation between the response variable (DDD
per 100 patient—days) and the fixed-effects (pre-implementation and post-implementation),
time, and their interaction. We specified hospitals as the random-effects component with
an intercept and time as a covariate, using an independent covariance structure. We did
testing at the 0-05 level of significance.



For the secondary analysis, we described the progression with implementation of the model
and the improvement in antibiotic consumption during the 60 month study period in three
phases (pre-implementation, implementation, and post-implementation of the
antimicrobial stewardship programme). We fit a linear piecewise regression with nodes at
16-5 and 40-5 months to monthly DDD per 100 patient—days to quantify the rate of change
in monthly antibiotic consumption during these three phases. We used a linear mixed-
effects regression model to assess the relation between the response variable (monthly
DDD per 100 patient days) and the fixed-effect time, reparameterised to the three phases.
We specified hospitals as a random-effects component with an intercept, reparameterised
times as covariates, and used an independent covariate structure.

We recorded standardised measurement of the five measures targeted for improvement,
aggregated for the group of hospitals, for 104 weeks and graphically illustrated the data
using local polynomial smoothing. We applied the default bandwidth, determined by Stata
Release 13 statistical software, to each intervention (5:129 for no cultures done before
empirical treatment; 5-749 for antibiotic treatment duration of more than 7 days; 4-531 for
more than 14 days of antibiotic treatment; 5-126 for patients on four or more antibiotics;
and 6:324 for concurrent redundant antibiotic cover).

Role of the funding source
There was no funding source for this study. The quality improvement director, the project

manager, and all authors had full access to all the data in the study and the corresponding
author had final responsibility for the decision to submit for publication.

Results

Figure 2 displays the mean monthly antibiotic consumption (DDDs per 100 patient—days)
during the three phases of the stewardship model.



Figure 2. Longitudinal cohort survey of mean antibiotic consumption for three phases of the Netcare
antimicrobial stewardship model

The entire study took place between Oct 10, 2009, and Sept 30, 2014, in 47 hospitals. Mean antibiotic
consumption is measured in defined daily doses (DDDs) per 100 patient days.

During the pre-implementation phase (Oct 1, 2009, to Jan 31, 2011), no stewardship
activities were practised in 41 (87%) of the 47 hospitals. In six of the hospitals (13%),
stewardship consisted of one or more of the following: occasional multidisciplinary rounds
(n=4) orirregular didactic lectures (n=5), or both, and prospective audit and feedback
rounds (n=2) including inconsistent use of antibiotic prescription charts (n=2). None of the
hospitals had local antibiotic policies or guidelines. Hospital managers were not involved,
antimicrobial stewardship programme committees did not exist, and reporting and feedback
of data were haphazard. Measurement of antibiotic data showed stagnant or increasing
consumption (figure 2). The overall mean consumption of antibiotics was 101-:38 DDD per
100 patient—days (95% Cl 93-05-109-72).

During the implementation phase (Feb 1, 2011, to Jan 31, 2013), we revised goals to
increase implementation and to reduce individual hospital consumption throughout 31
learning cycles. By September, 2011, 17 (36%) of the 47 hospitals had implemented the
model and by February, 2012, 32 (68%) were doing the targeted stewardship interventions.
A staggered approach to implementation of the five interventions took place and by
September, 2012, 40 of the hospitals (85%) were auditing all five.

By the post-implementation phase (Feb 1, 2013, to Sept 30, 2014), the model had been
embedded in pharmacist practice, with daily auditing of the five targets for improvement,
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becoming the routine standard of care for inpatients receiving antibiotics. 22 learning cycles
were held and benchmarking, by means of comparative tables and multiple graphs
describing the success or otherwise of each hospital or region, led to competitiveness,
particularly among pharmacists and doctors. Mean consumption during this phase was
83-04 DDD per 100 patient—days (95% Cl 74:-87-91-22).

During 104 weeks of standardised measurement, 116 662 patients on antibiotics were
reviewed with 7934 interventions recorded for the five targeted variables, suggesting that
one in 14-7 prescriptions required an intervention. As depicted in the table, the greatest
improvement was seen in the duration of treatment.

Table. Proportion of patients needing pharmacist interventions for each of the five targeted areas of
improvement

Pharmacist interventions (N=7934)

Cultures not done before commencement of empirical antibiotics 2971 (37%)

More than 7 days of antibiotic treatment’ 2615 (33%)
More than 14 days of antibiotic treatment’ 501 (6%)
More than four antibiotics at the same time 739 (9%)
Concurrent double or redundant antibiotic coverage 1108 (14%)

*Collectively prolonged duration represented the majority of pharmacist interventions (3116 [39%] of
7934).

In the primary analysis, the linear mixed-effect regression model detected a significant
(p<0-0001) reduction of 18:34 (95% ClI 15-92-20-76) in mean DDD per 100 patient—days
after implementation of the antimicrobial stewardship programme. The interaction
between the fixed effects and time was also significant (p=0-004), as shown by the different
slopes in figure 3.
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Figure 3. Predicted mean antibiotic consumption for the pre-implementation and post-
implementation phases. Mean antibiotic consumption is measured in defined daily doses (DDDs) per
100 patient—days. More detail is available in the appendix.
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By contrast with the implementation phase, in which the rapid reduction in monthly
antibiotic consumption was significant (B, —0-559; p<0-:0001), the rate of change during the
pre-implementation phase was not significant (B; 0-064; p=0-622), and during the post-
implementation phase the change in DDD per 100 patient—days per month was slower (Bs—
0-203; p=0-054; appendix). Figure 4 shows the polynomial smoothed plots for the five main
areas targeted for improvement. Limited pharmacist intervention was necessary or required
after 60—72 weeks and this was sustained until the end of the study (Figure 2 ; Figure 4).

8 —— No cultures done before empirical treatment
Duration of antibiotics more than 7 days
Concurrent redundant (double) coverage
Patients on four or more antibiotics

—— Duration of antibiotics more than 14 days

Patients per week (%)

T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110

Week of standardised measurement
Figure 4. Local polynomial smoothed curves for the five parameters targeted for improvement (weeks

1-104). More detail is available in the appendix.

Discussion

This multicentre antimicrobial stewardship initiative, led by non-specialised pharmacists,
reduced antimicrobial prescribing across a large network of urban and rural hospitals in an
infectious diseases resource-limited setting. The significant overall reduction in antibiotic
DDD per 100 patient—days (of 18:1%, 95% Cl 15-71-20-4) confirmed that antimicrobial
stewardship is possible despite most hospitals never having practised stewardship before,
the wide geographical distribution, the large number of hospitals involved, and the
necessity to coordinate the interventions throughout all the hospitals simultaneously.

Very few data are available for the implementation of antimicrobial stewardship
programmes on the African continent.” A study’ from an academic teaching hospital in
South Africa introduced an antibiotic prescription chart and a weekly stewardship ward
round that led to a 19-6% reduction in consumption. This programme required intensive
infectious diseases resource input and is not representative of present infectious diseases
resourcing in South African hospitals. An alternative model, in which doctors, pharmacists,
and nurses without specialised training in infectious diseases, and other health-care



providers such as infection prevention practitioners, lead and support the delivery of
stewardship activity is perhaps more relevant. This view is exemplified by the effect of
another pharmacist-driven process improvement intervention in the same hospitals, which
resulted in a significant change in the timing of administration (“hang-time”) of intravenous
antimicrobials in more than 32 000 patients.16 The increasing role of pharmacist-led
antimicrobial stewardship activities has also been substantiated by implementation in
English hospitals.17 The creation of such alternative models for stewardship that can be
embedded within existing systems is dependent on local context and resources and is key to
success across diverse settings.18

Our study findings support the creation of alternative models to decrease antibiotic
overprescribing as a possible approach in South African hospitals. Although some people
might question the applicability of our findings to the public sector where most of the
population in South Africa receive health care, we would contend that, despite insufficient
infectious diseases expertise, this model could be valuable in view of the similar
documented overprescribing practices.9 Successful implementation of the model would
require commitment from organisational leadership and tailoring of systems and resources
to support the key role of pharmacists in the monitoring, implementation, and feedback
process. The crucial role of the development and use of a range of behavioural and
improvement science skills beyond those of infectious diseases and microbiologyle; 19; 20
cannot be underestimated if sustainable success is to be achieved. Our study findings
suggests that this antimicrobial stewardship model not only had an effect during the
implementation phase but also a sustained benefit once the process was embedded within
the existing system.

The study has several limitations. First, we did not record patient outcomes as a means of
defining the success of the model. Although the optimum measure of the success of an
antimicrobial stewardship programme includes the assessment of both process and
outcome, comparison of DDDs of one hospital or region with another was an important
stimulus to quality improvement, particularly among doctors and pharmacists, for whom
comparisons had the potential to trigger change. Second, we did not have knowledge of the
patient location, such as whether they were in an intensive care unit or not, and therefore
we could not determine in which environment the model had the biggest effect. However,
our aim was merely to implement the antimicrobial stewardship programme model in all
participating hospitals. Nonetheless, data about patient location are now being recorded in
the study hospitals where the antimicrobial stewardship programme is ongoing. Third, the
low-hanging fruit concept used in this study represented only the most basic interventions,
but their implementation could nevertheless make a difference.’

One of these interventions was to ensure that cultures were taken before initiation of
empirical antibiotics, a practice that is poorly performed in South Africa and elsewhere.’’ 2
Although not a target in the present study, increased compliance with this intervention
facilitates de-escalation and reassessment of treatment.*®*’ 2% In a survey® in South African
ICUs, antibiotic duration was inappropriate in 53:2% of patients in the public sector and
81:7% of patients in the private sector. As such, excessive duration unsurprisingly
represented most (39%) of our pharmacist interventions. In support of the choice of this
intervention, several studies have shown that a shorter duration of antibiotic treatment is

1
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equivalent to the traditional longer durations.”® We made the decision to restrict the
number of concurrently administered antimicrobials mainly because previous treatments
are not necessarily discontinued on initiation of a new antibiotic.

Unnecessary combinations of antibiotics with overlapping spectra also represent a form of
overprescribing. Redundant antibiotic combinations, used mainly for Gram-positive and
anaerobic organisms, constitute a substantial proportion of antimicrobial regimens.** The
reasons for this overprescribing are unclear although a potential explanation is that many
prescribers provide broad coverage “to get it right the first time” without the requisite
knowledge of the overlapping spectra of activity. In our experience, redundant
combinations are an easy target for stewardship because they are fairly straightforward to
identify without time-intensive audits.

Future research should investigate the behavioural determinants that influence local
antibiotic prescribing practices and whether compliance with antimicrobial stewardship
programme measures would be enhanced by including the prescribing doctors in the design
of more complex pharmacist-driven interventions. This inclusion might be of particular
importance in settings where doctors are not employed by the hospitals. Additionally, as
shown recently in a systematic review,?* sparse information is available on the financial
impact and cost-effectiveness of stewardship interventions in different resource settings—
potentially a promising topic for research.

In conclusion, although the implementation of a successful antimicrobial stewardship
programme is a challenge in any health-care setting, non-academic and rural hospitals
present unique challenges. We believe stewardship should be approached by means of a
stepwise implementation of process improvement initiatives and principles targeted to
institutional needs. By focusing on the so-called vital few (interventions),?* health-care
facilities with limited resources and infectious diseases and microbiology expertise can have
a substantial effect on antibiotic use with less effort, while embedding antimicrobial
stewardship practices within existing resource structures and systems. This focus on key
interventions ensures sustainability and provides a platform for targeting more complex
stewardship interventions in the future.
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Notes

* Netcare Antimicrobial Stewardship Study Alliance members are given in the appendix

* For all process measures, doctors were consulted before any changes were effected.

t We defined unintentional prescribing errors by doctors as inadvertent prescription of
multiple antibiotics, incomplete knowledge of the patient's antimicrobial regimen (eg,
multiple doctors' prescriptions for the same patient), or failure to discontinue previous
treatments on initiation of a new antibiotic.*?

¥ In consultation with the doctor, ascertainment of the clinical indications for each episode
was necessary to determine the appropriateness of the potentially redundant antibiotic
combination.

§ We defined intentional prescribing errors by doctors as antibiotic combinations prescribed

with intended overlap but which, according to local best practice and guidelines, are
insufficiently proven or provide likely clinical benefit.*?

* In the post-implementation phase, submission of monthly data to the project manager
was compulsory.

t Comparative graphs and tables were introduced in the post-implementation phase (n=47).
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Supplementary material

Figure 5: Piecewise linear regression of monthly antibiotic DDDs/100 patient days over 60

months
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Figure 6: Individual graphs displaying data points and 95% CI of local polynomial
smoothed curves for the five process measures targeted for improvement
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