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Background: Antimicrobial stewardship (AMS) programmes can improve the use of antimicrobial agents.
However, there is limited experience in the implementation of such programmes in low- and middle-income
countries (LMICs).

Objectives: To assess the effect of AMS measures in south-east Liberia on the quality of antimicrobial use in
three regional hospitals.

Methods: A bundle of three measures (local treatment guideline, training and regular AMS ward rounds) was
implemented and quality indicators of antimicrobial use (i.e. correct compounds, dosage and duration) were as-
sessed in a case series before and after AMS ward rounds. Primary endpoints were (i) adherence to the local
treatment guideline; (ii) completeness of themicrobiological diagnostics (according to the treatment guideline);
and (iii) clinical outcome. The secondary endpoint was reduction in ceftriaxone use.

Results: The majority of patients had skin and soft tissue infections (n=108) followed by surgical site infections
(n=72), pneumonia (n=64), urinary tract infection (n=48) and meningitis (n=18). After the AMS ward rounds,
adherence to the local guideline improved for the selection of antimicrobial agents (from 34.5% to 61.0%,
P<0.0005), dosage (from 15.2% to 36.5%, P<0.0005) and duration (from 13.2% to 31.0%, P<0.0005). In total,
79.7% of patients (247/310) had samples sent for microbiological analysis. Overall, 92.3% of patients improved
on Day 3 (286/310). The proportion of patients receiving ceftriaxone was significantly reduced after the AMS
ward rounds from 51.3% to 14.2% (P<0.0005).

Conclusions: AMSmeasures can improve the quality of antimicrobial use in LMICs. However, long-term engage-
ment is necessary to make AMS programmes in LMICs sustainable.

Introduction

In the wake of the 2014–16 West African Ebola outbreak in
Liberia, Guinea and Sierra Leone, the shortcomings of the nation-
al health systems became glaringly apparent.1 To improve the re-
silience to future health threats (e.g. epidemics, pandemics),
West African countries have developed national policies to

address health issues in line with the ‘Global action plan on anti-
microbial resistance’.2 For instance, the Government of Liberia in-
itiated their ‘Investment plan for building a resilient health
system 2015–2021’, ‘National action plan for health security
2018–2022’ and ‘National infection prevention and control
guideline 2018’.3 To avert the threat of antimicrobial resistance,
the ‘National action plan on prevention and containment of
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antimicrobial resistance in Liberia 2018–2022’ was developed
and numerous governmental and non-governmental health de-
velopment partners were invited to align with the planned activ-
ities.3 Among others, strategic objectives of this national action
plan on antimicrobial resistance are to improve awareness and
understanding of antimicrobial resistance, to strengthen knowl-
edge and evidence through surveillance and research and to op-
timize the use of antimicrobial agents.3

To address such objectives, antimicrobial stewardship (AMS)
programmes can be effective to optimize the use of antimicro-
bial agents by applying a bundle of measures such as empirical
therapy according to guidelines (e.g. if laboratory report is pend-
ing), bedside consultations/ward rounds with AMS teams and
narrowing of antimicrobial therapy when appropriate.4 The
Deutsche Gesellschaft für Internationale Zusammenarbeit
(GIZ) GmbH, funded by the Federal Ministry for Economic
Cooperation and Development (BMZ), assigned Health Focus
GmbH to set up an AMS programme in cooperation with
Partners in Health (PIH) in south-east Liberia as part of its
‘Post-Ebola health systems strengthening and epidemic preven-
tion’ and follow-on project ‘Health Systems Strengthening and
Epidemic Prevention’.

While AMS programmes are well established in high income
countries, there is limited experience in the implementation of
such programmes in low- and middle-income countries
(LMICs), particularly in Sub-Saharan Africa.5 However, studies
from South Africa, Kenya, Sudan, Tanzania and Egypt showed
that AMS programmes could be successfully implemented in
Africa.6 Challenges of these programmes are inadequate finan-
cing and capacity, lack of access to appropriate technologies,
overcrowded healthcare systems, limited knowledge and aware-
ness, and a shortage of trained workforce.7–10

To support AMS activities and to define prescription targets,
WHO developed a list of antimicrobials that were categorized
into three groups: Access, Watch and Reserve (AWaRe).11 The
Access group includes first- and second-line antimicrobials. The
Watch and Reserve antimicrobials include critically important
and last resort compounds, respectively. WHO has issued the tar-
get that at least 60% of antimicrobial consumption should be
Access group antimicrobials.11 Surveys from Africa revealed
that third-generation cephalosporins (Watch group) were the
most commonly prescribed compounds (14.5%–28%).12,13 The
reduction in use of these cephalosporins is therefore a common
target in AMS programmes.

The objective of this study was to assess the effect of the AMS
programme in south-east Liberia on the quality of antimicrobial
use.

Materials and methods
Study sites
The AMS programme was launched in the south-east of Liberia in three
counties (River Gee, Grand Kru and Maryland) in 2019. One governmental
hospital from each of these counties was part of this multicentre imple-
mentation (Table 1). These three counties were chosen as priorities by the
Ministry of Health and GIZ to demonstrate how AMS implementation can
bring about improvement in clinical care in rural health-care settings. The
JJ Dossen Memorial Hospital (JJDH) in Harper City, Maryland County is the
regional referral hospital that receives patients from Fish Town Hospital
(FTH), Rally Time Hospital (RTH) and neighbouring Côte d’Ivoire.

A newly established microbiology laboratory at JJDH provides culture
and antimicrobial susceptibility testing from blood culture bottles, urine,
CSF, stool and swabs. This service is available for all three hospitals in this
AMS programme. The hospital receives technical, personnel and financial
support from BMZ through GIZ (Germany) and PIH (USA).

AMS programme and bundles
NoAMS structureswere in place in any of the participating hospitals at the
beginning of our programme. During a stakeholder planning workshop
(June 2019) we first identified the five most important clinical conditions
that should be the focus of the new AMS programme [i.e. skin and soft tis-
sue infection (SSTI), meningitis, urinary tract infection (UTI),
community-acquired pneumonia, surgical site infection]. These target
diseases were agreed between stakeholders, government representa-
tives and external advisors.

The AMS teams consisted of a pharmacist, nurse, physician, infection
prevention and control practitioners, laboratory scientists, technicians
and hospital administrators.

The AMS programme comprised a bundle of threemeasures: (i) imple-
mentation of a local treatment guideline for antimicrobial therapy; (ii)
training of prescribers (Table S1, available as Supplementary data at
JAC-AMR Online); and (iii) regular AMS ward rounds (e.g. thrice a week).

A local treatment guideline (Appendix S1), which aligned with the
national therapeutic guidelines of Liberia, was developed and
approved by all AMS teams of each hospital.14 This guideline included re-
gional antimicrobial resistance data fromSub-Saharan Africa and EUCAST
dosing recommendations (https://www.eucast.org/clinical_breakpoints/)
complementary to the national therapeutic guideline.15–21 Paediatric do-
sages were used as suggested.14 The local guideline defines a minimum
microbiological diagnostic workup for each target disease (Appendix S1).
The specimens are defined for meningitis (blood culture, CSF, swabs from
suspected sources), SSTI (swabs, aspiration from pus/abscess, blood cul-
ture, tissue), community-acquired pneumonia (sputum, blood culture),
UTI (urine) and surgical site infection (swabs, aspiration from pus/

Table 1. Hospitals participating in the AMS programme in south-east
Liberia

Name JJDH FTH RTH

Place, county Harper,
Maryland

Fishtown, River
Gee

Grand Cess,
Grand Kru

No. of beds 109 100 75a

Referral
hospital

Yes Yes Yes

Services Paediatrics,
internal
medicine,
surgery,

obstetrics/
gynaecology,
mental health,

eye care

Paediatrics,
internal
medicine,
surgery,

obstetrics/
gynaecology,
mental health,

eye care

Paediatrics,
internal
medicine,
surgery,

obstetrics/
gynaecology,
mental health

Pharmacy Yes Yes Yes
Microbiology
laboratory

Yes No No

aThe standard number of beds as defined by the Ministry of Health is 100
but was temporarily reduced due to refurbishments.
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abscess, blood culture). The guideline was handed over to all AMS team
members and prescribers in the three hospitals and workshops were
held to orientate the teams to the guidelines.

The first-of-its kind microbiology laboratory at the JJDH was imple-
mented in October 2019 and has been serving the far south-east region
of Liberia. The laboratory is able to perform culture, identification and
antimicrobial susceptibility testing apart from other analyses.
Antimicrobial susceptibility testing is done using disc diffusion and
EUCASTclinical breakpoints. The laboratory is not yet enrolled in an exter-
nal quality assurance programme. Specimens for microbiology analyses
from FTH and RTH were transported to JJDH microbiology laboratory for
further analysis through thrice-weekly shuttle (on Mondays,
Wednesdays and Fridays, Table 1).

Evaluation
The AMS programme was evaluated from December 2019 to December
2021. Eligible patients (i.e. those receiving antimicrobial therapy) were
identified by antimicrobial prescription chart reviews.

The inclusion criteria were (i) admission to any of the three hos-
pitals and (ii) antimicrobial treatment for SSTI, meningitis, UTI,
community-acquired pneumonia or surgical site infection. No exclu-
sion criteria were applied. Primary endpoints were (i) adherence to
the local treatment guideline; (ii) completeness of the microbiologic-
al diagnostics (according to the treatment guideline, Appendix S1);
and (iii) clinical outcome.6 The secondary endpoint was reduction
of ceftriaxone use.22

A standardized questionnairewas designed to record the prescriptions
of the physicians in charge and the recommendation of the AMS team as
well as medical data (infection, samples taken, outcome; Appendix S2).

The indication for antimicrobial treatment was based on the physi-
cian’s judgement. The selection of compounds was rated as ‘correct’ if
compounds were prescribed (e.g. ceftriaxone and ampicillin in the empir-
ical treatment of meningitis) according to the guideline (empirical treat-
ment) or the microbiological laboratory report (targeted treatment).
Empirical treatment was defined as a treatment without supporting
microbiological laboratory results at the time of the ward round.
Targeted treatment was defined as a treatment based on species identi-
fication and antimicrobial susceptibility testing for the individual patient.
If one compound of a recommended combination for empirical treat-
ment was not prescribed, it was rated as ‘incorrect’. Similarly, the dosage
or duration were classified as ‘incorrect’ if one compound of a combin-
ation therapy was wrongly dosed or the duration of one compound
was incorrect. An external advisor (F.S.) assessed both the prescribers
and the AMS team for the adherence to the guideline.

At least one of the recommended specimens had to be sent for culture
and susceptibility testing to consider the recommendation as fulfilled.

The outcome was assessed on Day 3 post-enrolment into the study
(e.g. no change, improvement/discharge, deterioration, death, referral).

Two months after the start, the AMS programme was further evalu-
ated using the seven core elements for the evaluation of AMS pro-
grammes that are applicable also in resource-limited settings.23 This
checklist includes ‘leadership’, ‘accountability and responsibilities’, ‘ex-
pertise’, ‘education and practical training’, ‘responsible antimicrobial
use’, ‘monitoring and surveillance’ and ‘reporting and feedback’.

Statistical analysis
The design of the study was a case series analysis. Proportions (e.g. cor-
rect use of antimicrobial agents before and after a ward round) were

compared with the two-proportions z-test as implemented in R (version
3.6.1) and the package epiDisplay.

Ethical approval
Ethical approval was granted by the University of Liberia, Pacific Institute
for Research and Evaluation Review Board (17-06-048).

Results
In total, 310 patients were included in the analysis (JJDH, Harper:
n= 249; FTH, Fishtown: n=39; RTH, Grand Cess: n=22). The ma-
jority of patients were admitted to internal medicine (n=101,
32.6%) followed by paediatrics (n=100, 32.3%), surgery
(n=61, 19.7%) and obstetrics/gynaecology (n=48, 15.5%). The
majority of patients was female (n=172, 55.5%) and themedian
age of all patients was 27.5 years (range: 0.01–95).

The majority had SSTI (n=108, 34.8%) followed by surgical
site infections (n=72, 23.2%), pneumonia (n=64, 20.7%), UTI
(n=48, 15.5%) and meningitis (n=18, 5.8%).

Overall, 96.5% of patients (n=299) received empirical therapy,
while 11 patients (7 SSTI, 4 surgical site infection) had targeted
therapy based on microbiological analyses and antimicrobial
susceptibility testing (i.e. 3 MSSA, 2 Pseudomonas aeruginosa,
2 Klebsiella pneumoniae, 1 ESBL-producing Escherichia coli, 1
Acinetobacter sp., 1 Enterobacter cloacae, 1 Burkholderia cepacia).
Recommended samples were taken and sent for microbiological
analyses in 79.7% (n=247) of patients.

We assessed the quality of antimicrobial use (correct sub-
stances, dosage and duration) of prescribers and the recommen-
dation of the AMS team in a structured case report from
(Appendix S2). Overall, the selection of appropriate antimicrobials
according to the guideline or laboratory reports improved after
the AMS ward round from 34.5% (107/310) to 61.0% (189/310,
P<0.0005). The selection of antimicrobial compounds improved
after the AMS round for each type of infection excluding pneumo-
nia where there was still a low prescription rate of azithromycin
(36%, 23/64) even after the AMS ward round (Figure 1).

The dosagewas correct as prescribed by the treating physician
in 15.2% of patients (47/310) prior to AMS ward rounds and im-
proved to 36.5% (113/310, P<0.0005) after the recommenda-
tion of the AMS team. Correct dosing was particularly
challenging in cases with meningitis where the proportion of
correct dosage dropped after the AMS visit. The major error
was underdosing.

The documented duration of antimicrobial treatment was
appropriate in only 13.2% of cases (41/310) before AMS rounds
and improved to 31.0% (96/310, P<0.0005) after the AMSward
rounds. In cases with pneumonia, the recommended duration
was incorrect in 72% (46/64). In the majority of cases (before
and after the AMS ward round), antimicrobial agents were pre-
scribed for longer periods compared with the guideline recom-
mendation. For instance, although the guideline recommends
treatment for 5–7 days, ceftriaxone was prescribed for
>7 days in 32.4% (56/173) or cloxacillin >7 days in 52.0%
(118/227) of cases.

Overall, prescribers most frequently used ceftriaxone (51.3%,
159/310), followed by metronidazole (50.3%, 156/310) and clox-
acillin (24.2%, 85/310, Table 2).
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The proportion of patients receiving ceftriaxone was signifi-
cantly reduced after the AMS ward rounds from 51.3% (159/
310) to 14.2% (44/310, P<0.0005). Similarly, a reduction was
also observed for gentamicin (22.9% versus 5.2%, P<0.0005)
and metronidazole (50.3% versus 36.5%, P<0.0005). While
ampicillin was equally used before and after the AMS visit
(19.0% versus 15.5%, P=0.3), usage increased for oxacillin
(24.2% versus 45.8%, P<0.0005) and ciprofloxacin (13.9% versus
20.3%, P=0.04).

In general, the majority of the recommendations of the AMS
team were followed (84.2%, 261/310, Table 2); only a small pro-
portion of recommendations could not be followed due to non-
availability of drugs. The majority of patients improved on Day
3 (92.3%, 286/310, Table 2). Death (n=10) was not associated
with incorrect recommendation nor with not following the re-
commendations (P>0.5).

Seven months after preparing the infrastructure for the
project and 2 months after starting the AMS ward rounds,
the AMS programme at JJDH was systematically assessed in
the context of established core elements of hospital AMS pro-
grammes.23 While accountability and responsibility were
clearly defined including a written AMS programme strategy
and formal organizational multidisciplinary structure, we
identified major challenges. These refer to senior hospital
management leadership towards AMS (e.g. insufficient sus-
tainable financial support), available expertise on infection
management (e.g. limited access to experienced healthcare
professionals), education and practical training (e.g. limited
educational resources and regular training), monitoring and
surveillance (e.g. compliance with one or more of the specific
interventions, susceptibility rates and antimicrobial use are
not regularly monitored) and reporting and feedback (e.g.

Figure 1. Quality of antimicrobial use before and after the ward round by the AMS team. The correct substance based on the local guideline (empirical
treatment) ormicrobiological laboratory reports (targeted treatment), correct dosage and correct durationwas rated for all patients (n=310) or strati-
fied to cases withmeningitis (n=18), SSTI (n=108), community-acquired pneumonia (n=64), urinary tract infection (n=48) and surgical site infection
(n=72). The numbers on the bars represent the total number of patients with correct substances, dosage or duration.
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reports on antibiotic susceptibility rates and antimicrobial use
were not shared with prescribers).

Discussion
We used a case series to analyse the quality of a newly imple-
mented AMS programme in an LMIC. Our focus was not to meas-
ure the effectiveness (e.g. reduced length of stay, reduction of
colonization or infection with drug-resistant bacteria) but to as-
sess the quality of antimicrobial use and to identify challenges.

The total number of 310 documented cases during a 2 year
observation period may appear small but should be interpreted
against the background of the ongoing SARS-CoV2 pandemic
(e.g. AMS activities needed to be reduced, on-site training by ex-
ternal experts was cancelled).

The good use of the microbiology laboratory on the one hand
(79.7% of patients had a sample sent for culture/susceptibility)
and the high proportion of empirical therapy on the other hand
(96.5%, Table 2) could point towards two issues. Either results
do not reach prescribers (due to excessive turnaround time) or
are not used tomodify the antimicrobial treatment despite being
available. A Gabonese laboratory with a quality management
system also observed that laboratory reports were rarely used
to change antimicrobial treatment of SSTI pointing towards post-
analytical errors.24 These findings underline the perception that
clinicians may not be appreciative of the value of microbiological
testing; hence, education on the use of microbiological data and
communication between clinicians and the microbiology labora-
tory need to be improved.

Although the AMS ward rounds improved the quality of anti-
microbial prescriptions in terms of agent, dose and duration,
therewas still a high proportion of wrong selection of compounds
(39%, 121/310), incorrect dosage (63.5%, 197/310) and incorrect
duration (69%, 214/310) after the AMS review (Figure 1). This is in
line with a high proportion of wrong choice of antimicrobials for
the treatment of pneumonia in Ghana (67.5%).25 There is now
agreement that only long-term and multifaceted interventions
can lead to behaviour changes an improvement in prescribing.26

These long-term engagements should be flanked by regular edu-
cational activities and point-prevalence studies to identify areas
for improvement.27

Short-term achievements in appropriate antimicrobial use can
be turned back or even return to baseline if the intervention is too
short or does not effectively involve local prescribers, as shown in
Sierra Leone.28

AMS is only one tool to stem the tide of antimicrobial
resistance. Another powerful tool in resource-limited settings is
improved diagnostics. For instance, the implementation of
point-of-care testing for common viruses (influenza, SARS-CoV)
in combination with biomarker assays (PCT, CRP) could reduce
the use of antimicrobial agents by 83%–35%.29

When reducing antibiotics, one must not lose sight of the
quality of medical care. This becomes even more complicated
in settings such as LMICs where access to antimicrobials is a big-
ger challenge as the non-availability of antibiotics most likely
causes more deaths than antimicrobial resistance.30 Thus, AMS
‘is not only about reducing inappropriate use but also about as-
suring access to effective treatment’ as Cox et al. bring it to the
point.5

Our study has limitations. First, the evaluation of the adher-
ence to the guideline depends on the quality of the guideline.
Such a local guideline is in many aspects a compromise of (differ-
ing) national and international recommendations (e.g. dosage,
duration or selection of compound). Therefore, non-adherence
to the guideline could be ultimately positive for patients if the
guideline is not tailored to the local needs. Second, our case series
might not be representative for all LMICs, as all prescribers had
access to a microbiology service; an advantage that is not avail-
able for many working in LMICs. Third, the study could be biased.
We relied on provider diagnosis/classification of the five condi-
tions (SSTI, UTI, pneumonia, meningitis and surgical site infec-
tion) without any secondary verification (reporting bias); we
also relied on ward teams to identify all of the cases for AMS
rounds so it is possible that some cases were missed (selection
bias). Fourth, we focused on the evaluation of antimicrobial treat-
ment and omitted prescriptions for prophylaxis. The latter was
the main reason for antimicrobial use (e.g. in obstetric or gynae-
cological surgery) and could be a target of future interventions.31

In conclusion, AMS programmes can improve the quality of
antimicrobial use in LMICs. In addition to changing prescribing
behaviour, AMS programmes face the challenge of underfunding
and limited access to experts, expertise and training. Long-term
engagement is therefore necessary to make AMS programmes
in LMICs sustainable.
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