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Abstract

Background We aimed to identify interventions used to implement antimicrobial stewardship practices among hos-
pitalized patients in least-developed countries.

Methods The research team searched PubMed, EMBASE, and Cochrane Central Register of Controlled Trials for stud-
ies of AMS interventions in the least developed and low-income countries, published between 2000 and 2023.
Included studies had a population of hospitalized patients of all age groups in least-developed countries, imple-
mented an AMS intervention, and reported its impact on prescription practices, clinical outcomes, or microbiological
results. The risk of bias was assessed using the integrated quality criteria for review of multiple study designs. A total
of 443 articles were identified, 386 articles were screened, 16 full-text papers were reviewed, and 10 studies were
included in the analysis.

Results The ten studies included three controlled before and after, two qualitative, one controlled interrupted time
series, two non-controlled interrupted time series, one quasi-experimental study, and one randomized controlled
trial. Three studies implemented either enabling, persuasive, or structural interventions respectively. The rest used
bundled strategies, including a combination of persuasive, enabling, structural, and restrictive interventions. Bundled
interventions using enabling and persuasive strategies were the most common. These involved creating a prescrip-
tion guideline, training prescribers on updated methods, and subsequent review and feedback of patient files

by members of an AMS team. Improved microbiological surveillance was important to most studies but, sustained
improvement in appropriate prescriptions was dependent on enabling or persuasive efforts. Studies noted significant
improvements in appropriate prescriptions and savings on the costs of antibiotics. None evaluated the impact of AMS
on AMR.

Conclusion AMS practices generally involve multiple strategies to improve prescription practices. In the setting

of least-developed countries, enabling and persuasive interventions are popular AMS measures. However, meas-
ured outcomes are heterogeneous, and we suggest that further studies assessing the impact of AMS should report
changes in AMR patterns (microbiological outcomes), patient length of stay and mortality (patient outcomes),

and changes in prescription practices (prescription outcomes). Reporting on these as outcomes of AMS interventions

*Correspondence:

Grace Wezi Mzumara

gmzumara@mlw.mw

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13756-023-01335-8&domain=pdf

Mzumara et al. Antimicrobial Resistance & Infection Control

(2023) 12:131

Page 2 of 18

could make it easier for policymakers to compare which interventions have desirable outcomes that can be general-

ized to similar settings.

Keywords Antimicrobial stewardship, Infection prevention, Healthcare-associated infection, Antibiotic use

Introduction

Globally, over 5 million people die from diseases or com-
plications of conditions associated with a micro-organ-
ism that is resistant to the medication given to treat it
[1]. In Sub-Saharan Africa, AMR has been associated
with about 16,000 disability-adjusted life years (DALYs)
because many infections are resistant to first-line or
empirical antibiotics [2—4]. Despite differences in resist-
ance patterns across the world, AMR affects all people
because drug-resistant infections spread beyond geo-
graphical barriers and are becoming increasingly harder
to control [5].

Unfortunately, many low-income countries, lack the
resources to identify and monitor antimicrobial resist-
ance patterns [6-9]. In fact, over 40% of African coun-
tries have no data on antimicrobial resistance patterns,
and, with 78% of antibiotics in low and middle income
countries being self-medicated and unregulated, it is
increasingly harder monitor antibiotic use [8, 10-12].

Despite these challenges, many studies have shown that
it is possible to implement antimicrobial stewardship
programs to regulate antibiotic use in hospitals to curb
antimicrobial resistance.

Studies that have introduced antimicrobial stewardship
interventions have grouped them into enabling, persua-
sive, structural, and restrictive interventions [13]: ena-
bling AMS programs involve teaching clinical staff about
better prescription practices; persuasive AMS programs
allow for auditing of prescriptions and the duration of
treatment and constructively discussing these with the
prescriber; structural programs involve the judicious use
of diagnostics to ensure antibiotics are prescribed for the
right organism; and restrictive interventions involve hos-
pital or regional level policies that restrict availability of
antibiotics to specific groups, prescribers or organisms
[13].

Systematic reviews on antimicrobial stewardship have
highlighted methods to curb antimicrobial resistance
in different settings globally. Among low and middle
income countries, clinical decision making tools were
found to be efficient methods of improving prescription
practices [10].

Other systematic reviews on interventions to improve
antimicrobial prescribing in hospital inpatients found
that; antimicrobial stewardship programs decreased the
duration of treatment and reduced length of stay, AMS
improved adherence to prescription recommendations,

restrictive interventions were associated with increased
compliance, and that enabling interventions of audit and
feedback and were highly effective [14—17]. In these stud-
ies, reduction in duration of treatment was not associ-
ated with an increase in mortality and this represents an
economic incentive to control antibiotic use in resource
constrained settings.

However, the gap in these studies is that systematic
reviews on low- and middle-income countries focus on
middle income countries of China, Indonesia and south
Africa, which represent middle income countries [9, 10,
14, 17].

In this systematic review, we aim to identify the proto-
cols, policies and practices used for antimicrobial stew-
ardship in hospitalised patients of all ages in the least
developed and low-income countries and to provide
comprehensive information on how AMS can be carried
out in these settings.

Methods

We conducted a systematic review of AMS practices in
least developed and low-income countries. The proto-
col for this review was registered and published with the
international prospective register of systematic reviews
(PROSPERO): CRD42020210634 [18].

Search strategy

Between November 2020 and 11th September 2023,
two reviewers (GM and MM) independently identified
studied studies by searching PubMed, EMBASE, and
Cochrane Central Register of Controlled Trials (CEN-
TRAL). Records were screened for the inclusion and
exclusion criteria at abstract, and full-text review as
demonstrated in the Prisma Flow Chart in Fig. 1. Search
terms and databases used are described in Additional
file 1.

Inclusion and exclusion criteria

We included original research from studies that imple-
mented AMS interventions in hospitalized patients pub-
lished in English between 2000 and 2023, conducted in
a least developed or low-income country based on the
Development Assistance Committee (DAC) classifica-
tion [19]. We extracted data from randomized controlled
trials, controlled before and after trials, interrupted time
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Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n = 57)
Records marked as ineligible by automation
tools (n = 0) * No Automation tools were
used
Records removed for other reasons (n = 0)

Total Excluded Records: 370

Animal Studies =12

High- or Middle-Income country = 166

Protocol papers = 42

Systematic review, meta-analysis, or review paper = 29
Full paper not available = 4

Outpatient care, dispensary or long-term care = 12

Not in English =4

Study on viral infections = 4

Study on AMR surveillance or prevalence only without
implementation of AMS strategy = 98
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Fig. 1 Antimicrobial Stewardship in Least-Developed and Low-Income Countries — Prisma Flow Diagram. *Consider, if feasible to do so, reporting
the number of records identified from each database or register searched (rather than the total number across all databases/registers). **If
automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. From: Page
MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ 2021,372:n71. https://doi.org/10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/

series studies, cohort, and qualitative studies. Our study
population was hospitalized children and adults of all
ages with bacterial infections, including patients with
surgical and obstetric conditions.

We included structural, enabling, persuasive, and
restrictive interventions and searched for behavio-
ral, clinical, and microbiological outcomes. Structural
interventions are those where the intervention was
technology to guide antibiotic treatment [13]. These
include new laboratory equipment, mobile phone
applications or algorithms used to discern bacterial
infections and their levels of antibiotic susceptibility.

Persuasive interventions mostly involve reviewing pre-
scriptions and providing feedback to the prescriber on
how they could improve the appropriateness of the drug
chosen and the duration of treatment [13]. Enabling
interventions implement ways to educate prescrib-
ers but do not review their prescriptions. This can be
done through treatment guidelines, classes or seminars
on antimicrobial resistance and prescription guidelines
[13]. Restrictive interventions are those that require
approval for certain antibiotics. This can be from the
pharmacy level, infectious disease specialist level or
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AMS team level. We also included studies which used a
combination of any of these types of interventions.

The exclusion criteria were interventions on patients
in communities, pharmacies, and dispensaries. We
also excluded studies that only reported on prevalence
of AMR, hospital related infections or prescription
practices without implementing an intervention. We
documented whether AMR was an endpoint and how
that was measured.

The studies were assessed for microbiological, clini-
cal, behavioral, and prescriptive outcomes. Micro-
biological outcomes include changes in resistance
patterns. Clinical outcomes included changes in length
of stay, days of treatment, hospital related infections
(including surgical site infections). Prescriptive out-
comes are changes in prescription practices. Other
outcomes that were identified from the studies include
the costs of treatment.

We adapted the Cochrane collaboration data collec-
tion form to extract data and used the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to present our findings
[20-22]. Reviewers independently used the Integrated
Quality Criteria for Review of Multiple Study Designs
(ICROMS) to assess for risk of bias and consolidated
findings with a third reviewer [23]. The Prisma 2020
checklist for this study is presented in Additional
file 2. No automation materials were used during the
entire process of this study.

Results

We identified 443 articles, and after 57 duplicates
were removed, we screened 386 records (Fig. 1). The
included studies were published between 2015 and
2022, and were from Malawi, Tanzania, Nepal, Cam-
bodia, Ethiopia, Uganda, Liberia, Bangladesh and Mali
and involved a total of 3295 patients (Table 1). Two
studies focused on obstetric patients, two on pedi-
atric patients only, three on adults over 15 years, and
three on patients of all ages. Among the study designs
included were two were controlled before and after, two
were qualitative, one was a controlled interrupted time
series, one non-controlled interrupted time series, and
one non-controlled before and after study. Enabling
interventions were the most common type of interven-
tion used and were present in eight of the ten studies.
Three studies used one type of intervention; enabling,
structural or persuasive respectively; other studies used
bundled interventions involving at least two types of
interventions. All outcomes from the included studies
are reported in Table 1. Due to variation in how out-
comes were reported, a meta-analysis was not done.
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Single interventions

Enabling intervention

Clinicians and researchers at a referral hospital in Mbeya,
Tanzania created an antimicrobial prescription guide-
book to ensure good prescribing practices among clini-
cians between 2017 and 2019 [24]. Before creating the
book, they conducted comprehensive baseline studies to
understand the state of AMR and prescribing practices
in their area. They conducted clinician surveys to under-
stand the knowledge of AMR and AMS at the hospital,
chart reviews to assess prescribing patterns, culture and
sensitivity reviews to understand resistance patterns at
the hospital, and pharmacy surveys to assess the avail-
ability of over-the-counter antibiotics in the region. The
study found that 7 of 38 junior clinicians did not know
about AMS, 50% of empirical treatments were not
aligned to national guidelines, about 66% of in-hospital
antimicrobial courses were not completed, and, there
was high resistance of Escherichia coli to cotrimoxazole
[24]. Using this information, the antimicrobial prescrip-
tion book was made available physically and electroni-
cally to enable access during clinical work. The impact
of these interventions on prescribing practices and AMR
was not measured.

Persuasive intervention

Nauriyal et al. [25] conducted a post-prescription review
and feedback program in three hospitals to improve anti-
biotic prescribing for in patient adults (over 15 years)
with wounds or burns in Nepal. Infectious disease spe-
cialists trained physician champions and updated the
antibiotic guidebook to cover treatment for wounds and
burns. Baseline chart reviews were done for 6 months
(January 2018-June 2018), followed by a one-month (July
2018) implementation, and a six-month post-interven-
tion chart review phase (August 2—18 to January 2019).
The result of this intervention was that days of treatment
with intravenous antibiotics were reduced (10.1 days
at baseline and 8.8 days post-intervention, t=3.56;
p<0.001) [25]. There was significant improvement in pre-
scription practices through appropriate prescriptions,
improved documentation, de-escalation, and adherence
to prescribing guidelines.

Structural intervention

A smart-phone based diarrheal etiology prediction tool
(DEP) was developed to help prescribers differentiate
between viral and bacterial causes of diarrhea in children
[26]. A randomized cross over study was then conducted
to determine if this reduced antibiotic prescriptions in
children under five in Bangladesh and Mali. There was no
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statistically significant difference in antibiotic prescrip-
tion between children with the DEP arm and the control
arm (RD —4.2%, 95% CI —10.7 to 1.0%) [26].

Bundled interventions

Persuasive and enabling interventions

At a hospital in Nepal, a joint persuasive and enabling
intervention involved creating an antimicrobial prescrib-
ing guideline and post-prescription review and feedback
[27]. Pre-intervention screening was done for 221 patient
charts which revealed that 31.6% of antibiotic prescrip-
tions were unjustified [27]. The guideline included
empirical and definitive antibiotic therapy and was based
on a hospital antibiogram created using hospital antibi-
otic sensitivities. After the intervention, 230 charts were
reviewed and 78% of prescribers followed recommenda-
tions made by prescription champions to improve pre-
scriptions, de-escalation and documentation of antibiotic
use [27].

In Ethiopia, an audit feedback intervention that
recruited 1264 patients over 10 months was used for
prescriptions for sepsis, febrile neutropenia, and hos-
pital- and community-acquired pneumonia, in gen-
eral medicine and pediatric wards [28]. The enabling
intervention was antimicrobial prescribing guidelines
made into an accessible app, and the persuasive inter-
vention was reviews of the treatment of 25% of admit-
ted patients. Following the discussion of these cases, the
antibiotic therapy was either stopped, changed, adjusted
for the duration of treatment or a consult with an infec-
tious disease specialist was recommended [28]. After
the intervention, there was an increase in days of anti-
biotic treatment from 8.7+6.9 days to 12.8+11.7 days,
and the mean days of therapy per 1000 patient days
(DOT/1000) doubled from 754+99.8/1000 patient days
to 1549+ 175.2/1000 patient days [28]. There was a 20%
increase in length of stay from 19.8 +12.0 days during the
intervention period, to 24.1+13.9 days after the inter-
vention (p<0.001) and an increase in all-cause mortality
from 6.9 to 14.7% post-intervention (p<0.01) [28]. The
authors attributed these findings to an increased knowl-
edge of second-line antibiotics, and their increased use
leading to longer hospital stays. The increase in all-cause
mortality was attributed to the absence of infectious
disease specialist involvement during the intervention.
These specialists likely provided critical treatment advice
to reduce mortality during the intervention [28].

In Cambodia, bundled AMS interventions were
implemented in a paediatric hospital [29]. The enabling
intervention was transforming antimicrobial prescrip-
tion guidelines to a mobile phone app and the persua-
sive intervention was using point prevalence surveys to
inform antibiotic prescriptions [29]. The most common
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hospital-acquired infections were hospital-acquired
pneumonia, ventilator-associated pneumonia, lower and
upper respiratory tract infection, and necrotizing entero-
colitis in neonates [29]. This study noted a 75% increase
in appropriate antibiotic prescriptions and a down-
ward trend in mortality after antimicrobial surveillance
started.

In Malawi, a quasi-experimental study was done to
reduce cephalosporin use in adults at a tertiary hospi-
tal [30]. A multidisciplinary team supervised the inter-
vention which involved a baseline prescription survey,
creating an antibiotic treatment guideline available as a
mobile application, a post-implementation survey, and
prescription feedback given by infectious disease spe-
cialists. Blood cultures were done to monitor sensitivity
patterns and Salmonella Typhi, Salmonella Typhimu-
rium and Klebsiella pneumoniae were the most isolated
pathogens. The outcome was a 27% reduction in the use
of third-generation cephalosporins and a 9% decline in
prescriptions that were made without an indicated focus
of infection among 203 patient charts that were screened
[30]. Although there was no difference in mortality and
length of stay, the intervention was estimated to have
saved about $15,000 in the costs of antibiotics [30].

Structural and restrictive interventions

A study in Uganda that used structural and restric-
tive interventions targeting surgical site infections from
cesarean sections highlighted the value of wound care as
part of IPC to prevent AMR [31]. The structural inter-
vention was swabbing post-cesarean section wounds for
culture and sensitivity to guide antibiotic prescription.
Following a year of the intervention, 90% of patients
suspected to have sepsis had culture and sensitivity per-
formed on wounds from their wounds [31]. This was
attributed to a new policy that restricted the prescription
of high-end antibiotics to those necessitated by culture
and sensitivity. Apart from clinical outcomes, the study
reported improved care of surgical wounds and collabo-
ration between clinicians, nurses, laboratory staff, and
pharmacists as important outcomes which contributed to
AMS in the post-natal ward [31]. Another outcome was
that the procurement of antibiotics changed to reflect
reported antibiotic sensitivities [31].

Structural and enabling interventions

In Tanzania a tertiary hospital combined IPC and
AMS programs for post-caesarean section and surgical
site infections for 1377 patients [32]. The intervention
involved appropriate pre and post-operative antibiotic
administration, infection prevention measures during
surgery, and training in AMS and IPC [32]. The result
was a decrease in overall surgical site infections during
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the post-intervention survey, with a decrease in gram-
positive infections (OR 0.263; 95% CI 0.126-0.548;
p<0.001) and a decrease in the prevalence of methicil-
lin-resistant S. aureus (MRSA) from 79 to 21.4% (OR
0.072; 95% CI1 0.016-0.314; p <0.001) [32].

Researchers in Liberia used structural and enabling
interventions to introduce AMS to three hospitals [33].
The structural intervention was establishing a micro-
biology laboratory for culture and sensitivity, available
to the three hospitals. The enabling intervention was
the creation of a multidisciplinary AMS team to create
prescription guidelines, and train prescribers during
AMS ward rounds that occurred three times a week.
Despite high use of empirical antibiotics and chal-
lenges in adopting prescribing practices, the structural
changes meant that a blood culture was conducted for
79.7% of patients suspected to have an infectious dis-
ease [33].

Resources for antimicrobial stewardship practices
Antimicrobial surveillance was key to formulating
locally relevant AMS protocols. In Tanzania, surveil-
lance revealed high E. coli resistance, particularly
against trimethoprim-sulfamethoxazole and penicillin’s
[32, 34]. In Nepal, the majority of isolates were E. coli
(42%), and Klebsiella spp. (16%) and were highly resist-
ant to penicillin’s and third-generation cephalosporins
[27]. Third-generation cephalosporins were antibiotics
with high resistance to 75% of clinical isolates [29].
Three studies described creating a multidiscipli-
nary team as a key feature of the AMS intervention.
Hall et al. described a team of physicians and nurses
selected to monitor the implementation of AMS prac-
tices [24]. In Joshi et al. physician champions, who were
doctors in medical, surgical, and obstetric specialties,
were trained to monitor prescription patterns within
their respective wards [27]. In one study in Ethio-
pia, pharmacists led the surveillance and production
of AMS protocols together with an infectious disease
specialist [28]. Our findings complement a systematic
review which showed that pharmacist led intervention
improved adherence to prescription guidelines [18].

Risk of bias assessment

Table 2 shows the risk of bias scoring according to the
Integrated Quality Criteria for review of Multiple Stud-
ies (ICROMS). Two studies did not meet the ICROMS
criteria. One qualitative study did not demonstrate the
outcomes of the study, and one non-controlled before
and after did not sufficiently describe its baseline
assessment group [24, 33].
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Discussion

This systematic review of AMS practices in least devel-
oped and low-income countries showed that only a hand-
ful of countries have evaluated AMS in their settings; and
that of these practices, bundled interventions includ-
ing an enabling approach are the most studied. Enabling
interventions, where teaching tools are used to guide the
choice of antibiotic prescribed, were the most common.
Microbiological surveillance revealed the presence of
hospital acquired infections and resistance patterns that
needed to be addressed and was an important tool to
provide feedback to clinicians and policymakers at hos-
pital level. None of the studies evaluated the impact of
AMS on AMR.

These results showed that multidisciplinary involve-
ment reinforced judicious prescription practices among
clinicians, when pharmacists and nurses were involved
in developing AMS protocols. Feedback on prescription
practices can occur at ward, laboratory, and pharmacy
levels and can be provided by nurses, clinical officers,
pharmacists, or doctors [35, 36]. Pharmacy-led inter-
ventions, when pharmacists participated in patient care
during ward rounds and in formulating AMS protocols,
have demonstrated a reduction in inappropriate prescrib-
ing and better adherence to AMS protocols [36]. This
demonstrates the importance of multi-disciplinary AMS
teams to improve patient care and can be of particular
benefit in settings with staff shortages [37, 38]. Dedicated
AMS team members, like “AMS champions’, at criti-
cal levels of health care in low-resource settings can be
used to advocate for, and implement measures that can
improve the practice of AMS protocols in these settings
[27, 39].

Several studies incorporated IPC measures into their
AMS programs to reduce hospital-acquired infections
[29, 31]. Incorporating IPC in surgical care is a recurring
theme in curbing AMR that resulted in reduced surgical
site infections and MRSA infections [32, 40]. In surgical
settings, enabling AMS interventions were combined
with structural changes to patient management, leading
to improved wound care and reduced recurrent hospital
infections. Similarly, studies in Kenya, Uganda, Zambia
and South Africa used antiseptic pre- and post-operative
antiseptics for patients to decrease the likelihood of post-
operative surgical site infections [41, 42]. The COVID-19
pandemic demonstrated how important IPC measures
are for both medical and surgical patients, and should
form an important part of any AMS program [37, 43, 44].

The included studies created their own AMS proto-
cols based on a biogram from their own surveillance
data to understand local resistance patterns [24, 27, 31].
Although microbiology is important so that hospital-
specific organisms can be targeted, many low-income
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settings lack the laboratory infrastructure to support this
[45] and more than 40% of African countries have no
data on AMR [8]. The WHO Access, Watch, and Reserve
(AWaRe) protocol guides antibiotic prescribing according
to the risk of resistance, and this can be used to develop
hospital-level AMS protocols [46], and be incorporated
into mobile apps like those used in Ethiopia and Cambo-
dia [28, 29]. In the absence of a biogram, this could be an
accessible, evidence-based way to guide prescriptions.

Although all studies reported positive outcomes of var-
ying degrees, after applying AMS strategies, it is difficult
to extrapolate the impact on large populations because of
the varying nature of the interventions. A 2022 system-
atic review involving high and middle-income countries
found that AMS interventions reduced the length of stay,
and days of antibiotic treatment [17]. In resource-limited
settings, the lack of data on improvements in mortality
and length of hospital stay reflect the complex nature of
the diseases that occur [24, 30]. To make studies compa-
rable and generalizable to large populations, outcomes
from AMS interventions should not be limited to judi-
cious antimicrobial use alone, but could also include clin-
ical, microbiological, and cost-effectiveness data [13].

Incorporating feedback on prescriptions was a key
mechanism in AMS practices. In all settings, providing
constant feedback to prescribers about the appropri-
ateness of their prescriptions was important to achieve
sustained appropriate prescribing and improvement
of clinical outcomes. In Nepal, 78% of prescription rec-
ommendations were adopted and feedback had a posi-
tive impact on patient outcomes [27]. While there were
reported decreases in hospital-acquired infections and
surgical site infections in Cambodia and Tanzania [29,
32], studies in Nepal and Ethiopia reported an increase in
days of antibiotic use and hospital stay after prescription
training [27, 28]. This indicates the need to create mecha-
nisms for constant feedback on prescription practices at
all levels of health care. This also shows that even without
microbiological surveillance, reporting on new infections
and complications might inform health institutions on
the effect of AMS practices.

At national and regional levels, feedback mechanisms
should include reporting AMR patterns as the lack of
these data has impeded the development of interventions
to address AMR [8]. The WHO Global Antimicrobial
resistance and use Surveillance System (GLASS) can be
used by researchers and policymakers to monitor AMR
trends and guide AMS protocols at national policy level
[1].

This systematic review was limited by the paucity of
data on AMS in least developed and low-income coun-
tries. The included studies did not use standardized
metrics or report on patient outcomes consistently and
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few provided quantitative data on outcomes, includ-
ing AMR, as has been discussed extensively in other
reviews [10, 42]. Therefore, we were unable to quan-
tify the impact of AMS protocols on the populations
studied. To address this in future studies, we suggest
standardized reporting of outcomes of AMS inter-
ventions. This means reporting on a minimum set of
outcomes such as baseline and follow-up patterns of
AMR (microbiological outcomes), reporting clinical
outcomes reflected by patients’ baseline and follow-up
length of stay and mortality rates (patient outcomes),
and reporting changes in prescription practices (pre-
scription outcomes). This would make it easier to
compare results from different studies and help deci-
sion-makers in health institutions to decide on which
interventions would benefit their population.

Conclusion

In conclusion, AMS has been demonstrated to be effec-
tive in high-income countries in addressing AMR, but we
identified only a handful of studies evaluating AMS inter-
ventions in least developed and low-income countries.
None evaluated the impact of AMS on AMR. Clinicians
and policymakers looking to implement AMS interven-
tions in resource-constrained settings could consider
firstly, creating multidisciplinary AMS teams incorporat-
ing infection prevention strategies in clinical wards and
surgical theatres. Secondly, where possible, it is impor-
tant to have antimicrobial surveillance. This could be
done continuously where resources are available or at
pre-specified time points to guide formulation of AMR
guidelines which should be available physically and elec-
tronically. Regular and constructive feedback from the
health care team, nurses and pharmacists included, could
improve the performance of the clinical team. Informa-
tion on clinical complications and the cost of changing
antibiotics could be included in reports of AMR patterns.
Lastly, we suggest that studies on AMS interventions
should have standardized reporting on microbiologi-
cal, clinical, and prescription practice outcomes. This
would make results comparable and help policymakers
to decide on which interventions would suit their setting.
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