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Antibiotic stewardship interventions in hospitals in low-and middle-

income countries: a systematic review
Christophe Van Dijck,® Erika Vlieghe® & Janneke Arnoldine Cox-

Objective To review the effectiveness of antibiotic stewardship interventions in hospitals in low- and middle-income countries.
Methods We searched MEDLINE®, Embase®, Cochrane Central Register of Controlled Trials and regional indexes for studies of interventions to
improve appropriate prescribing and use of antibiotics for hospitalized patients in low- and middle-income countries. We included controlled
trials, controlled before-and-after studies and interrupted time-series studies published up to December 2017. We report prescribing, clinical
and microbiological outcomes using a narrative approach.

Findings We screened 7342 original titles and abstracts, assessed 241 full-text articles and included 27 studies from 2 low-income and 11
middle-income countries. We found a medium (11 studies) or high risk (13 studies) of bias. Generally, all types of interventions (structural,
persuasive and enabling) and intervention bundles were reported to improve prescribing and clinical outcomes. However, the studied
interventions and reported outcomes varied widely. The most frequent intervention was procalcitonin-guided antibiotic treatment (8 of
27 studies, all randomized controlled trials). The intervention was associated with a relative risk for patients receiving antibiotics ranging
between 0.40 and 0.87.

Conclusion The majority of studies reported a positive effect of hospital antibiotic stewardship interventions. However, we cannot draw
general conclusions about the effectiveness of such interventions in low- and middle-income countries because of low study quality,
heterogeneity of interventions and outcomes, and under-representation of certain settings. To strengthen the evidence base, action needs
to be taken to address these shortcomings.
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Introduction

Antibiotic resistance is a problem of global importance.’
Representative data on the extent of the problem in low-and
middle-income countries are relatively scarce, but high levels
of resistance are increasingly being reported worldwide.”™
Misuse and overuse of antibiotics in humans and animals is
one of the main drivers of antibiotic resistance.”® Antibiotic
stewardship, that is, interventions designed to optimize use
of antibiotics, is therefore one of the key actions of the World
Health Organization (WHO) Global Action Plan to contain
antibiotic resistance.”” Stewardship interventions are typically
classified as structural (such as the introduction of new diag-
nostic tests to guide antibiotic treatment), persuasive (such as
expert audit of prescriptions and feedback advice to prescrib-
ers), enabling (such as guidelines or education on antibiotic
use) or restrictive (such as expert approval for use of certain
antibiotics).® Often, different interventions are combined in
antibiotic stewardship bundles.

Several systematic reviews showed that antibiotic steward-
ship interventions for hospitalized patients increased compli-
ance with local antibiotic policies and improved clinical patient
outcomes.®'? These reviews included mainly or exclusively
papers from high-income countries. Whether these results
also apply to low- and middle-income countries is unclear.
The organization of health-care system, availability of diag-
nostic testing and appropriate antibiotics, infection preven-
tion and control practices and prescribing practices (such as
over-the-counter availability of antibiotics) differs markedly
between high-income countries and low- and middle-income

countries.'" These differences may affect the implementation
and effectiveness of antibiotic stewardship interventions in
these settings.

Many hospitals in low- and middle-income countries are
setting up antibiotic stewardship programmes.'” To better in-
form the selection of antibiotic stewardship interventions, we
systematically reviewed the literature for studies that describe
the effect of these interventions on clinical, microbiological
or antibiotic prescribing outcomes in hospitalized patients in
low- and middle-income countries.

Methods

The review protocol including the complete search strategy has
been registered at the PROSPERO international prospective
register of systematic reviews (CRD42016042019)."

We included studies on antibiotic stewardship interven-
tions for hospitalized patients in low- and middle-income
countries. Stewardship interventions were defined as any
intervention aiming to improve appropriate prescribing of an-
tibiotics. A summary of the search strategy is shown in Box 1.
Low- and middle-income countries were defined according
to the World Bank criteria.”* To be included, studies had to
report at least one prescribing outcome (such as defined daily
doses per 100 bed-days), clinical outcome (such as mortality)
or microbiological outcome (such as proportion of bacterial
isolates with antibiotic resistance). We included (non)random-
ized controlled trials, cluster randomized controlled trials,
controlled before-after studies and interrupted time-series
studies if these contained at least three points of comparison
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pre-and post-intervention. Studies were
excluded if they included residents
of long-term health-care or nursing
facilities; studied malaria, human im-
munodeficiency virus, mycobacterial
or fungal infections, Helicobacter pylori
eradication, or care pathways (such as
malnutrition bundles); compared antibi-
otic regimens; were written in language
other than English, Dutch, French, Ger-
man, Portuguese or Spanish; or had no
full-text article available.

Titles and abstracts were inde-
pendently screened for eligibility by
two authors. In case of disagreement,
consensus was sought after reading the
full-text article. The study selection was
piloted by screening 630 abstracts and
44 full-text articles. These results were
discussed among a panel of experts,
after which the eligibility criteria were
fine-tuned.

Two researchers extracted the data
using an electronic form. The authors
of original studies were not contacted
in cases of incomplete or missing data.
Data that were analysed inappropriately
in the original studies were excluded.
The quality of the studies was evaluated
at the study level by two researchers
independently. We used the 2017 qual-
ity criteria for randomized controlled
trials and quasi-experimental studies of
the Effective Practice and Organisation
of Care Review Group.'” Reporting was
done in line with the Preferred Report-
ing Items for Systematic Reviews and
Meta-Analyses guidelines.'® For con-
trolled trials, intention-to-treat analyses
were reported unless indicated other-
wise. If the original paper did not men-
tion a relative risk (RR), we calculated a
RR and 95% confidence interval (CI) if
the necessary data were available. Due
to the heterogeneity of the interventions
and their reported outcomes, we present
our findings using a narrative approach.
Because of the large number of reported
outcomes, we were unable to report all.
We therefore selected the outcomes that
were reported most frequently across
the studies. We grouped studies by in-
tervention type: structural, persuasive,
enabling or intervention bundle.

Results

We screened 7342 abstracts, selected
241 full-text articles and included 27
studies:'"** 12 interrupted time-series,
9 randomized controlled trials, 3 cluster
randomized controlled trials and 3 non-
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Box 1.Search strategy for the review of antibiotic stewardship interventions in
hospitals in low-and middle-income countries

We searched the following databases from inception to 5 December 2017: Cochrane Central
Register of Controlled Trials, EMBASE", MEDLINE", regional databases of the Global Index Medicus
and the World Health Organization’s Virtual Health Library. The combination of the following and
related terms was used:“low- and middle-income country’,“antibiotic’,“stewardship’, “inpatient”
and terms related to study design such as‘clinical trial’,"randomized controlled trial’, “interrupted

time series’, “controlled before after”. Syntax and wording was adapted to the different libraries.
Moreover, we searched reference lists of selected studies and of relevant reviews and consulted

experts for additional literature. The full search strategy can be viewed online."

Fig. 1. Flowchart of the selection of studies included in the review of antibiotic
stewardship interventions in hospitals in low-and middle-income countries

9023 records identified
from database searching

21 records identified from
reference searching and experts

v v

| 7342 records screened after duplicates removed |

| 7101 records excluded

241 full text articles assessed for eligibility

| 214 full-text articles excluded:

\/

- 8nota primary study
« 37 not in low- or middle-income country
« 12 outpatient studies
« 26 not stewardship studies
« 3 care pathway studies
« 126 inadequate study design
-109 uncontrolled before after study
-16 cohort study
-1 unclear study design
« 2 outcome of interest not reported

27 studies included in qualitative synthesis

randomized controlled trials (Fig. 1).
The studies were performed between
1996 and 2015 in 13 different coun-
tries. Two countries were considered
low-income at the time of the study,
one country transitioned from low to
lower-middle income and the remaining
were middle-income countries. Nine
studies were conducted in multiple
hospitals (range 2-65) but the majority
was single-centre (18 studies). The in-
terventions were implemented hospital-
wide (10 studies) or on specific wards
(17 studies) and targeted therapeutic
prescriptions (20 studies), surgical pro-
phylaxis (3 studies) or a combination of
those (4 studies; Table 1).

Risk of bias assessment

For the 12 interrupted time-series stud-
ies the risk of bias was low (3 studies),
medium (8 studies) or high (1 study;
Fig. 2). The main risks of bias were that

Bull World Health Organ 201 8;96:266—280| doi: http://dx.doi.org/10.2471/BLT.17.203448

the intervention was not independent
of other changes (5 studies) and that
incomplete data were not adequately
addressed (5 studies). For the 15 (non)
randomized trials the risk of bias was
medium (3 studies) or high (12 studies).
The main risks of bias included the ab-
sence of baseline outcome measurement
(14 studies), lack of protection against
contamination (prescribers could have
been involved in treatment of both the
intervention and control group; 11 stud-
ies), non-random or unclear randomiza-
tion methods (8 studies) and incomplete
data not being adequately addressed (7
studies).

Structural interventions

Structural interventions were reported
by 12 studies,””-** eight of which were
randomized controlled trials of the effect
of using serum procalcitonin levels to
guide antibiotic treatment (Table 2).7-**
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Fig. 2. Assessment of risk of bias in studies included in the review of antibiotic stewardship interventions in hospitals in low-and

middle-income countries

Study design, authors

Risk of bias criteria®

Overall risk®
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Attal etal, 2017

Cluster randomized controlled trial
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longetal, 2014
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Unclear risk of bias

Low risk of bias

Not applicable to this study type

o

The criteria were: A: intervention independent of other changes; B: shape of intervention pre-specified; C: intervention unlikely to affect data collection; D:

knowledge of allocated interventions adequately prevented during study; E: seasonality taken into account; F:incomplete outcome data adequately addressed;
G: study free from selective outcome reporting; H: adequate allocation sequencing; I: adequate allocation concealment; J: baseline outcome measures similar; K:
baseline characteristics similar; L: any blinding reported; M: study protected against contamination.

o

criteria were scored as medium or high.”

Five of these studies reported antibiotic
use as the outcome. All of them found
a significant decrease in the percentage
of patients receiving antibiotics in the
procalcitonin group compared with rou-
tine care or C-reactive protein testing.
RR ranged between 0.40 and 0.87."7*!
Five studies reported patient deaths as
the outcome and found no significant
effect of procalcitonin-guided antibiotic
use on in-hospital or 30-day mortal-
ity.17,20,2272’1

A non-randomized controlled
trial among 97 patients in a Turkish
emergency department studied the
effect of introducing a rapid diagnos-
tic test for influenza-like disease.”® A
lower percentage of tested patients
were prescribed antibiotics compared

270

with patients given clinical examination
only (RR: 0.68;95% CI: 0.56 to 0.82). In
a randomized controlled trial among
201 patients in a Peruvian emergency
department, use of a rapid test for rota-
virus was associated with fewer patients
receiving antibiotics (RR: 0.59; 95% CI:
0.41 to 0.84).”

In a cluster-randomized controlled
trial in Mexico and Thailand health-care
staff were given access to the WHO’s
online Reproductive Health Library and
workshops on its use.”” Thereafter, it was
left open to the 22 participating hospitals
whether certain activities, including an-
tibiotic stewardship, were implemented.
After 10-12 months, no significant dif-
ference was found in the proportion of
caesarean sections in which antibiotic

The risk of bias was considered low if all criteria were scored as low, medium if one or two criteria were scored as medium or high, and high if more than two

prophylaxis was given, when comparing
the 22 intervention hospitals to the 18
control hospitals (difference in adjusted
rate in Mexico was 19.0%; 95% CI: —8.0
t0 46.0% and in Thailand was 4.6%; 95%
CI: -17.7 t0 26.9%).

Oneinterrupted time-series study eval-
uated the implementation of an antibiotic
treatment guide through a free-of-charge
mobile application (Table 3). Twenty-four
months after the intervention there were
significant increases in the defined daily
doses per 1000 bed-days of recommended
antibiotics (amikacin and cefepime) and a
significant decrease in non-recommended
antibiotics (piperacillin; P=0.02). Use of
other non-recommended antibiotics (me-
ropenem, ciprofloxacin and polymyxin)
did not decrease significantly.”

Bull World Health Organ 201 8;96:266—280| doi: http://dx.doi.org/10.2471/BLT.17.203448
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Table 2. Outcomes of interventions to improve appropriate prescribing and use of antibiotics in hospitals in low-and middle-income

countries: controlled trials

Intervention type and Study No. of Data summary Outcome measure Effect size P
study design duration, patients
weeks
Structural intervention
Procalcitonin guidance
Randomized controlled 201 172 No. of patients receiving RR of receiving 0.87 (0.79 to 0.96) 0.01
trial®® antibiotics: 72/86 in antibiotic (95% Cl)
procalcitonin group; 79/86 in
routine care group
Randomized controlled NR 205 No. of patients receiving RR of receiving 0.40 (0.25 t0 0.63) 0.01
trial® antibiotics: 19/102 in antibiotic (95% Cl)
procalcitonin group; 48/103 in
routine care group
No. of deaths: 3/102 in RR of in-hospital 0.88 (0.33 to 2.35) 0.80
procalcitonin group; 3/103 in death (95% Cl)
routine care group
Randomized controlled 154 78 No. of patients receiving RR of receiving 0.74 (0.58 t0 0.95) 0.01
trial'” antibiotics: 26/39 in antibiotic (95% Cl)
procalcitonin group; 35/39in
routine care group
No. of deaths: 21/39 in RR of death after 30 1.11(0.76 to 1.64) 042
procalcitonin group; 20/39 in days? (95% Cl)
routine care group
Randomized controlled 133 71 No. of deaths: 7/35 in RR of in-hospital 0.90(0.37 t0 2.22) 0.99
trial*” procalcitonin group; 8/36 in death (95% Cl)
standard 14 days of antibiotics
group
Randomized controlled 141 97 No. of deaths: 21/50 in RR of in-hospital 0.92 (0.59 to 1.44) 0.84
trial”® procalcitonin group; 21/47 in death (95% Cl)
routine care group
Randomized controlled 283 265 No. of patients receiving RR of receiving 0.63 (0.50t0 0.78) 0.01
trial”! antibiotics: 59/132 in antibiotic (95% Cl)
procalcitonin group; 95/133 in
routine care group
Randomized controlled 133 180 No. of patients receiving RR of receiving 0.56 (0.44 t0 0.70) 0.01
trial™ antibiotics: 44/90 in antibiotic (95% Cl)
procalcitonin group; 79/90 in
routine care group
Randomized controlled 52 60 No. of deaths: 5/30 in RR of in-hospital 1.25(0.37 t0 4.21) 0.71
trial” procalcitonin group; 4/30 in death (95% Cl)
routine care group
Rapid diagnostic testing
Non-randomized 21 97 No. of patients receiving RR of receiving 0.68 (0.56 t0 0.82) 0.01
controlled trial® antibiotics: 34/50 in influenza antibiotic (95% Cl)
rapid diagnostic test group;
47/47 in routine care group
Randomized controlled 26 201 No. of patients receiving RR of receiving 0.59 (0.41 t0 0.84) 0.03
trial25 antibiotics: 29/100 in faecal antibiotic (95% Cl)
leukocyte + rotavirus rapid
test group; 50/101 in faecal
leukocyte test only group
Library access plus workshops
Cluster randomized 4310 52° 1000to  Mean % of operations with % of operations with Mexico: 19 (—8to 46)  0.12
controlled trial*’ 1022 per  antibiotic prophylaxis: antibiotic prophylaxis:  Thailand: 5 (~18t027) 066
hospital ~ Mexico: 25.8 in intervention difference in adjusted
group; 6.5 in control group rate (95% Cl)

Thailand: 26.0 in intervention
group; 14.7 in control group
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Intervention type and Study No. of Data summary
study design duration,  patients
weeks

Outcome measure

Effect size P

Persuasive intervention
Audit and feedback on individual patient cases

Non-randomized 17 948

controlled trial*’

Cluster randomized 43 436

controlled tria*

Non-randomized 9 874

controlled trial*®

Intervention bundle

Mean no. of days of
hospitalization: 30.4 in
intervention group; 30.7 in
control group

Mean no. of days of treatment:
12.7 in intervention group; 16.4

in control group days

Treatment guidelines plus education plus audit and feedback

Cluster randomized 77
controlled trial*”

1160

Mean difference in
hospital length of
stay (95% Cl), days

Mean difference in
treatment duration,

—0.3 (-3.3t0-3.0) 0.80

—3.7 (-5.2t0-2.2) 0.01

Mean no. of days of Mean difference in -1.6(=291t0—-0.3) 0.03
hospitalization: 14.2 in hospital length of

intervention group; 15.8 in stay (95% Cl), days

control group

Median no. of days of Difference in median 1.0 0.03
treatment: 4.0 in intervention no. of days of

group; 5.0 in control group treatment

No. of patients receiving Absolute risk 41 (-6 10 898) 0.08

antibiotics for inappropriate
indication: 313/594 in
intervention group; 437/566 in
control group

reduction for
receiving antibiotic
for inappropriate
indication (95% Cl)

Cl: confidence interval; DDD: defined daily doses; NR: not reported; RR: relative risk.

@ Per protocol analysis.
® Different collection periods in different hospitals.

Note: Intention-to-treat analysis results are reported unless indicated otherwise. When significant P-values were not specified, we assumed P < 0.05 as significant.

Persuasive interventions

Four studies evaluated the effect of
audit and feedback to prescribers on
individual patient cases by pharmacists
(3 studies) or infectious diseases special-
ists (1 study):******** A non-randomized
controlled trial including 577 patients
in eight intensive care units reported a
decrease of duration of antibiotic treat-
ment of —1.0 day (P=0.03) (Table 2).*°
Another non-randomized controlled
trial of 948 patients in a public university
hospital reported a decrease of duration
on antibiotic treatment of —3.7 days
(P<0.01) and a decrease in mean length
of hospital stay of 1.6 days (P=0.03).”
A cluster randomized trial found no
significant difference in mean length
of hospital stay among 436 patients
(0.3 days; P=0.8).”* An interrupted
time-series study in 47 private hospitals
in South Africa found a decreasing trend
of antibiotic use during the implemen-
tation phase of the intervention (—0.56
defined daily doses per 100 bed-days
per month; P<0.01; Table 3).” The
trend was sustained in the 20 months
post-implementation (-0.20 defined
daily doses per 100 bed-days per month;
P<0.05).
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An interrupted time-series study
evaluated the effect of audit and feed-
back at the departmental level in 35
surgical wards. Three months after the
intervention a significant decrease in
defined daily doses per 100 bed-days
was reported in 3 out of 35 wards (im-
mediate decreases of —66.5%, —46.1%
and —26.4% respectively; P < 0.05).”

Enabling interventions

Two interrupted time-series studied the
effect of enabling interventions on anti-
biotic prescribing (Table 3).*% A study
in an Indonesian hospital subsequently
studied the development of treat-
ment guidelines which were officially
presented, followed by education and
then refresher education. The authors
reported a significant decrease of =31.9
defined daily doses per 100 bed-days
(P = 0.03) after guideline development
and a significant increase of +38.2 de-
fined daily doses per 100 bed-days (P
< 0.05) after education. The net effect
of the intervention remains unclear.”
Another study in an Indian hospital
evaluated the effect of an antibiotic pol-
icy guideline which was first developed
and introduced, then revised and made
available as booklet and lastly revised

and made available through the intranet.
The authors initially reported a baseline
rising trend in antibiotic use of +0.95
defined daily doses per 100 bed-days
per month (P < 0.01) which levelled
off after the first two interventions and
declined by —0.37 defined daily doses
per 100 bed-days per month (P < 0.01)
after the last intervention.”

Intervention bundles

Eight studies evaluated bundles combin-
ing different interventions.”*** A cluster
randomized controlled trial in eight
Kenyan hospitals compared a bundle
containing guidelines, education and
face-to-face feedback to prescribers with
a similar, but less intensive bundle (few-
er hours of training, written feedback;
Table 2).”” Comparing prescriptions for
594 children in intervention hospitals
and 566 children in control hospitals
showed that the intensive bundle was
associated with a non-significant abso-
lute risk reduction in inappropriate use
of antibiotics for non-bloody diarrhoea
of 41% (95% CI: -6 to 88%).

The other seven studies all used an
interrupted time-series design (Table 3).
One study in two Colombian hospitals
implemented antibiotic prophylaxis
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Table 3. Outcomes of interventions to improve appropriate prescribing and use of antibiotics in hospitals in low-and middle-income
countries: interrupted time-series studies

Intervention Study segments (dura- No. of data points Outcome Effect size® P
tion in weeks) per segment (no. of measure
observations per data
point)
Structural interventions
Mobile phone S1: Pre-intervention 12 (NR) DDD per 1000 Baseline trend NR N/A
application” (52) bed-days
S2: Post-intervention 12 (NR) Trend increased for amikacin® 0.02
(52) Trend increased for cefepime® 0.01
Trend decreased for piperacillin® 0.02
Trend decreased for meropenem® 0.44
Trend decreased for polymyxin® 0.34
Trend decreased for ciprofloxacin® 0.08
Persuasive interventions
Audit and S1: Pre-intervention 16 (NR) DDD per 100 Baseline level NR N/A
feedback on (70) bed-days Baseline trend +0.064/month 0.62
g(ilevslgual Nt S2: Implementation 24 (NR) Level change NR N/A
(104) Trend change —0.56/month 0.01
S3: Post-intervention 20 (NR) Level change NR N/A
(86) Trend change —0.20/month 0.05
Audit and S1: Pre-intervention 12 (NR) DDD per 100 Baseline level: NR N/A
feedback at (52) bed-days Baseline trend: increasing in 1/35 wards® 005
department level* S2: Post-intervention 3 (NR) Level decreased in 3/35 wards® 0.05
(13)
Enabling interventions
Treatment S1: Pre-intervention 9(14) DDD per 100 Baseline level: NR N/A
guidelines™ (16) bed-days Baseline trend: —1.0 per 14 days 0.53
S2: Guideline 6 (14) Level change: =319 0.03
development (14) Trend change +2.1 per 14 days 0.52
S3: Guideline 4(26) Level change: —29.2 0.1
declaration (8) Trend change: —=9.5 per 14 days 0.14
S4:Teaching sessions 4(27) Level change: +38.2 0.05
® Trend change: +10.0 per 14 days 0.21
S5: Refresher course (8) 5(15) Level change: —2.4 0.88
Trend change: —9.8 per 14 days 0.15
Treatment S1: Pre-intervention 20 (NR) DDD per 100 Baseline level: 56.9 N/A
guidelines” (86) bed-days Baseline trend: +0.95 per month 0.01
S2: Guideline 22 (NR) Level change: NR N/A
preparation and Trend change: +0.21 per month 0.03
booklet dissemination
(94)
S3:No new 24 (NR) Level change: NR N/A
intervention (104) Trend change: +0.31 per month 0.01
S4: Guideline 24 (NR) Level change: NR N/A
revision and booklet Trend change: +0.05 per month 0.64
dissemination (104)
S5: Guideline 20 (NR) Level change: NR N/A
revision and booklet Trend change: —0.37 per month 001

with electronic
dissemination (86)
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(.. .continued)

Intervention Study segments (dura- No. of data points Outcome Effect size® P
tion in weeks) per segment (no. of measure
observations per data
point)
Intervention bundles
Treatment Hospital A
guidelines S1: Pre-intervention 3(308) % of operations  Baseline level: 13.9 N/A
pLus struitural (13) with surgical Baseline trend: NR° NR
changes’ f@i i
J 52 Géjideline h 7072) siteinfection | o el change: ~98 001
introduction wit Trend change: NR¢ NR
structural changes (30)
S3: Post-intervention 5(217) Level change: NR¢ NR
21 Trend change: NR¢ NR
Hospital A
S1: Pre-intervention 3 (308) 9% of caesarean  Baseline level: 47.5 N/A
(13) sections with Baseline trend: NR® NR
$2: Guideline 7072) administration | oo/ change: 4316 001
introduction with of antibiotic Trend ch - NRC NR
structural changes (30) prophylaxis rene chenge
S3: Post-intervention 5(217) Level change: —4.9 0.01
(21) Trend change: NR¢ NR
Hospital B:
S1: Pre-intervention 3 (396) % of caesarean  Baseline level: 5.1 N/A
(13) sections with Baseline trend: NR° NR
S2: Guideline 9 (1026) SIS e Level change: NR° NR
introduction with ofantibiotic Trend change: +5.4 per month 0.01
structural changes (39) prophylaxis T '
S3: Post-intervention 12 (709) Level change: +7.1 0.05
(52) Trend change: —4.1 0.01
Hospital A
S1: Pre-intervention 3 (308) 9% of caesarean  Baseline level: 32.5 N/A
(13) sections with Baseline trend: NR¢ NR
52: Guideline 7072) administration ) | change- 622 001
introducti ith of antibiotic
Introduction wit hylaxi Trend change: NR¢ 0.01
structural changes (30) \?vrict)rﬁ)inywarfgur of
S3: Post-intervention 5(217) delivery Level change: NR¢ NR
(21) Trend change: NR¢ NR
Hospital B
S1: Pre-intervention 3 (396) 9% of caesarean  Baseline level: 30.8 N/A
(13) sections with Baseline trend: +18.4 per month 0.01
$2: Guideline 9(1026) administration | o change: NRe NR
introducti ith of antibiotic
Introauction wit hylaxi Trend change: —18.7 per month 0.01
structural changes (39) Svri(t)fﬁ)inyf;:gur of
S3: Post-intervention 12 (709) delivery Level change: +15.2 NR
(52) Trend change: NR¢ NR
Prescription form  S1: Pre-intervention 103 (NR) 9% of operations ~ Baseline level: NR N/A
plus education (103) with incorrect Baseline trend: NR N/A
; 0 o
plus reminders S2: Post-intervention 42 (NR) ;';?:g%gi Level change: —20 0.01
(42) prophylaxis Trend change: NR NR
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Intervention Study segments (dura- No. of data points Outcome Effect size® P
tion in weeks) per segment (no. of measure
observations per data
point)
Antibiotic S1: Pre-intervention 30 (NR) Antibiotic use, Baseline level: NR N/A
restrictions (129) DDD per 100 Baseline trend +1.2 per month 0.01
ggé;:ﬁé}and S2: AAnt‘ibiotic ' 22 (NR) bed-days Level change: —1.3 0.8
restrictions plus audit Trend change: —2.7 per month 0.01
and feedback by
infectious diseases
specialist (94)
S3: Antibiotic 20 (NR) Level change: +4.7 04
restrictions plus audit Trend change: +1.2 per month 007
and feedback by
pharmacist (86)
Treatment Timing study
guidelines S1: Pre-intervention 26 (NR) % of operations  Baseline level: 99% N/A
plus education (26) withincorrect  Baseline trend: NR N/A
plus aud|t'and S2: Post-intervention 40 (NR) timing of Level decreased® 0.01
feedback*® : antibiotic ‘
(40) prophylaxis Trend decreased® 0.01
Infection studly
S1: Pre-intervention 6(223) 9% of operations ~ Baseline level: NR N/A
(26) with surgical Baseline trend: —0.5 per month 049
S2: Post-intervention 9(223) site infection Level change: NR 0.05
(39) Trend change: —0.7 per month 0.03
Multifaceted Outcome A
antibiotic S1: Pre-intervention 12 (NR) % of patients Baseline level: NR N/A
stewardshipﬁ (52) receiving Baseline trend +0.3 per month >0.05
HECIEITISS S2: Implementation 12 (NR) antibiotic Level change: —2.3 >0.05
p g
(52) Trend change: —2.3 per month 001
S3: Post-intervention 24 (NR) Level change: —2.7 0.05
(104) Trend change: +1.9 per month 001
Outcome B
S1: Pre-intervention 12 (NR) Antibiotic use, Baseline level: NR N/A
(52) DDD per 100 Baseline trend: —0.4 per month 0.2
S2: Implementation 12 (NR) bed-eays Level change: +2.8 >0.05
(52) Trend change: —2.2 per month 0.01
S3: Post-intervention 24 (NR) Level change: =7.1 0.01
(104) Trend change: +2.4 per month 0.01
Multifaceted S1: Pre-intervention 26 (58) % of patients Baseline level: 74.7 N/A
antibiotic (334) receiving Baseline trend: —0.3 per quarter 0.01
USRI S2: Post-intervention 6 (750) antioiotic Level change: 7.3 0.04
programme (78) Trend change: —1.5 per quarter 0.07
Treatment S1: Pre-intervention 4 (375 985) % of patients Baseline level: 59.0 N/A
guidelines (17) receiving Baseline trend: —3.0 per month 0.01
plus_aqtibiotic S2: Guidelines and 5 (424 702) ATl Level change: +3.0 0.2
restrictions restrictions (21) Trend change: —0.4 per month 06
plus audit and g p
feedback® S3: Financially 14 (446 727) Level change: —9.0 0.01
punished auditand Trend change: +3.0 per month 0.01
feedback (60)

DDD: defined daily doses; N/A: not applicable; NR: not reported; RR: relative risk; S: segment.

¢ Ininterrupted times-series studies the linear curve which summarizes the outcome data in each study segment can be defined by its level (y-intercept) and

trend (slope). Level change reflects the difference of the level of the current segment compared with the level of the previous segment. Trend change reflects the
difference of the trend of the current segment compared to the trend of the previous segment.
® The authors reported no values for level or trend changes.
¢ The authors reported that there were no significant changes but with no values for levels or trend changes.
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guidelines for caesarean sections, im-
mediate availability of antibiotics in
the operating theatre and feedback
to surgeons about surgical site infec-
tions.” The study reported a significant
increase in the percentage of caesarean
section births in which prophylaxis
was administered (immediate increase
by +31.6% in hospital A; P< 0.01 and
gradual increase by +5.4% per month
in hospital B; P< 0.01), an increase in
antibiotic administration within 1 hour
of delivery (immediate increase by
62.2% in hospital A only; P< 0.01) and
a significant decrease in the monthly
rate of surgical site infections with 9.8%
(P< 0.01) in hospital A.

In another study in a Kenyan hos-
pital, surgical antibiotic prophylaxis
guidelines were implemented, combined
with training, personal feedback to
prescribers and patient information
posters.’® The proportion of operations
with incorrect timing of antibiotic
prophylaxis significantly decreased (no
values reported) and the percentage of
surgical site infections decreased after
the intervention by —0.7% per month
(P = 0.03).

Another Colombian study intro-
duced an antibiotic prescription form
containing a list of restricted antibiot-
ics with information on dosing inter-
vals and an educational campaign.*’
The study found a decrease of 20% (P
< 0.01) in the proportion of opera-
tions with incorrect timing of surgical
prophylaxis.

In a Chinese study, guidelines and
antibiotic restrictions were introduced,
followed by individual prescriber audit
and feedback, with financial penalties
and revocation of prescribing privileges
in case of non-compliance.*® Before the
intervention the proportion of patients
on antibiotic treatment was decreasing
significantly by —3% per month from a
baseline level of 59% (P = 0.01). After
the first intervention, no significant
changes were reported. After the second
intervention, a sudden drop of —9%
(P = 0.01) was observed, followed by
a steady increase of +3% per month
(P = 0.01) in the next 14 months. The
net effect of the intervention bundle
remains unclear.

A study in a Brazilian cardiology
hospital first introduced restriction of
certain antibiotics with individual
audit and feedback to prescribers by
an infectious diseases specialist and
subsequently more comprehensive audit
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and feedback by a pharmacist. Before the
intervention, the total antibiotic con-
sumption significantly increased during
30 months (+1.2 defined daily doses per
100 bed-days per month; P < 0.01). This
trend decreased after the first interven-
tion (-2.7 per month; P < 0.01) and
increased after the second (+1.2 per
month; P < 0.01). The net effect of the
intervention bundle remains unclear.*

Two Chinese studies looked at
the implementation of a multifaceted
national antibiotic stewardship pro-
gramme, containing structural changes,
antibiotic restriction, education, guide-
lines, and audit and feedback, in 65
and 15 secondary and tertiary public
hospitals respectively.”>** Participation
was compulsory and financial punish-
ment for hospitals and disciplinary
actions for individual prescribers could
be imposed. Both studies reported a sig-
nificant decrease in antibiotic use after
the intervention. One study reported a
decreasing trend of —2.2 defined daily
doses per 100 bed-days per month (P
< 0.01).* The other study reported a
decrease in the proportion of patients re-
ceiving antibiotics (=7.3%; P = 0.04).”

Discussion

In this systematic review the major-
ity of the included studies reported a
positive effect of antibiotic stewardship
interventions for hospitalized patients.
This is in line with previously published
systematic reviews on stewardship in-
terventions in hospitals, which did not
focus specifically on low- and middle-
income countries.*”'° However, we
cannot make general recommendations
to guide the selection of antibiotic stew-
ardship interventions due to limitations
of the included studies, including the
low quality of methods, variations and
shortcomings in outcome reporting,
under-representation of certain set-
tings, heterogeneity of the interven-
tions and variations in implementation
strategy.

When screening titles and abstracts,
we found 153 articles that reported on
stewardship activities in a hospital set-
ting, but 126 of those were excluded
because of the study design (mainly bi-
as-prone uncontrolled before-after stud-
ies). So, although antibiotic stewardship
is taking place and is being studied in
low- and middle-income countries,
most studies fall short methodologi-
cally. The studies we did include were
also generally of low quality. For those

Christophe Van Dijck et al.

with a randomized study design, a major
risk of bias was contamination, meaning
that prescribers could be involved in
treatment of both the intervention and
control groups. Because it may not be
feasible to randomize individual pre-
scribers, wards or hospitals to overcome
this bias, interrupted time-series design
has been recommended as an alterna-
tive. In interrupted time-series, data are
collected continuously, and trends and
outcome levels are compared before and
after the intervention. To minimize bias
and confounding, interrupted-time-
series should meet certain requirements:
aminimum of 12 data points before and
after intervention, 100 observations
per data point and the use of analytic
techniques or models.”” These require-
ments were seldom met by the included
studies. Poor quality of methods is a
consistent theme among reviews of
antibiotic stewardship in countries of
all income levels and this issue needs to
be addressed to strengthen the evidence
base. 5%

Many of the included studies fo-
cused on a quantitative reduction in
antibiotic prescribing. However, stew-
ardship is not merely concerned with a
reduction in antibiotic use, but in find-
ing the balance between the potency of
antibiotics and their potentially hazard-
ous effects. The goal is to improve patient
outcomes, decrease antibiotic resistance
and increase cost-effectiveness of care.
Therefore, it is recommended that clini-
cal outcomes (including adverse events),
microbiological and cost-effectiveness
outcomes are reported in all stewardship
studies.*"” Most of the studies included
in this review failed to do so. There is an
ongoing debate about which parameters
should be reported to accurately reflect
the above-mentioned outcomes.*®*
This generally leads to a wide variety
of reported parameters, as we observed
in our review. This lack of uniformity
limits comparison and aggregation of
data. Also, for low- and middle-income
settings, the measurement of certain
clinical or microbiological outcomes,
for example infection with Clostridium
difficile, may be challenging if not
impossible. Defining feasible outcome
measures that can be uniformly applied
in low- and middle-income countries
should be prioritized. In the meantime,
parameters that are easy to assess, such
as mortality or hospital length of stay,
should be reported by every steward-
ship study.
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The majority of studies were per-
formed in tertiary care centres in urban
areas in middle-income countries,
which limits the generalizability of the
results. Large differences exist in terms
of resources, organization, prescrip-
tion practices and financing between
countries and between facilities within
countries.'" The intervention most fre-
quently studied in our review was the
implementation of procalcitonin test-
ing. Although this intervention showed
promising results, it may not be feasible
to implement in many health-care set-
tings in low- and middle-income coun-
tries. In addition, good quality evidence
from non-tertiary or rural hospitals in
low-income countries is lacking. Stud-
ies focusing on these settings should
therefore be prioritized.

The effectiveness of the interven-
tions varied across the studies, even
those that implemented similar inter-
ventions. This is likely due to differences
in the intervention or the implementa-
tion strategy, which may have been
adapted to fit local circumstances. A
detailed description of the interven-
tion and the implementation strategy
is therefore mandatory to interpret the
study findings. Stewardship interven-
tions in hospitals usually aim to change
individual prescriber’s behaviour. This
behaviour is influenced by social norms,
attitudes and beliefs.” These are there-
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fore important determinants of the
effectiveness of the intervention and
should be an integral part of studies
of stewardship interventions. For this
reason, collaboration with behavioural
scientists has been recommended.*
None of the included studies reported
behaviour determinants.

Our review has several limitations.
We defined a broad search strategy, al-
lowing different settings, participants,
interventions and outcomes to be in-
cluded. This strategy provides a good
overview of what evidence is available,
but limits the generalizability of the
findings. Moreover, to ensure the valid-
ity of the results, studies had to fulfil
high methodological standards to be
included. This led to discarding numer-
ous lower quality studies. Also, we did
not include studies that only reported
cost (effectiveness) as an outcome, as
these require a different analysis model.
Lastly, due to publication bias (not re-
porting negative results) and language
restrictions we may have missed certain
studies.

We conclude that, based on the cur-
rently available evidence, general recom-
mendations regarding the effectiveness
of antibiotic stewardship interventions
in low- and middle-income countries
cannot be made. As many hospitals
in low- and middle-income countries
are setting up antibiotic stewardship

programmes, what should be the way
forward? On the basis of our findings,
we suggest the following actions should
be prioritized to strengthen the evidence
base: (i) provision of methodological
and statistical support for commonly
used, complex study designs such as
interrupted-time-series; (ii) seeking
consensus on relevant and feasible
outcome measurements for low- and
middle-income countries; (iii) perform-
ing methodologically solid studies in
settings such as non-tertiary, rural and
public hospitals in low-income coun-
tries; and (iv) accurate descriptions of
interventions, implementation strategies
and inclusion of behavioural aspects.
While awaiting the effect of these ac-
tions, the current lack of evidence
should not prevent health-care workers
from engaging in stewardship. Evidence
and examples both from high- and
low-and middle-income countries can
inspire and provide guidance in the
meantime.*"' W
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Résumé

Revue systématique des interventions visant a promouvoir une utilisation rationnelle des antibiotiques en milieu hospitalier,

dans les pays a revenu faible et intermédiaire

Objectif Etudier I'efficacité des interventions visant un usage plus
rationnel des antibiotiques dans les hopitaux de pays a revenu faible
et intermédiaire.

Méthodes Nous avons consulté MEDLINE®, Embase®, le registre
central Cochrane des essais controlés ainsi que des index régionaux
afin de rechercher des études portant sur des interventions menées
pour améliorer la prescription et I'usage des antibiotiques pour les
patients hospitalisés, dans des pays a revenu faible et intermédiaire.
Nous avons inclus des essais controlés, des études controlées avant/
apres et des études en séries temporelles interrompues, publiés jusqu’a
décembre 2017.Nous évoquonsici, en adoptant une approche narrative,
les résultats obtenus en termes de prescription et aux niveaux clinique
et microbiologique.

Résultats Nous avons sélectionné 7342 résumés et titres originaux,
évalué 241 articles dans leur version intégrale et inclus 27 études, pour
2 pays a faible revenu et 11 pays a revenu intermédiaire. Nous avons
identifié un risque de biais moyen (11 études) ou élevé (13 études).
En régle générale, ces publications indiquent que tous les types

d'interventions (structurelles, persuasives et capacitantes) ainsi que
toutes les interventions combinées ont permis d'améliorer les résultats
en termes de prescription et au niveau clinique. Cependant, les
interventions étudiées et les résultats publiés sont extrémement variés.
Lintervention la plus fréquente a consisté a guider les antibiothérapies
en utilisant la procalcitonine (8 études sur 27; toutes correspondent a
des essais controlés randomisés). Pour les patients, cette intervention a
été associée a un risque relatif de prescription d'antibiotiques compris
entre 0,40 et 0,87.

Conclusion La majorité des études font état d'un effet positif des
interventions visant a promouvoir I'usage rationnel des antibiotiques
en milieu hospitalier. Néanmoins, nous ne pouvons pas tirer de
conclusions générales sur l'efficacité de ces interventions dans les pays
a revenu faible ou intermédiaire, compte tenu de la mauvaise qualité
des études, de I'hétérogénéité des interventions et des résultats ainsi
que de la sous-représentation de certains contextes. Pour consolider
les données disponibles, des actions doivent étre entreprises afin de
combler ces lacunes.

Pesiome

BeepeHue CTpaternn paumoHanabHOro NCNoib30BaHNA aHTI/IGaKTepI/IaﬂbeIX npenapartoB B 6011bHI/|L|,aX B
CTPaHaxX C HU3KUM 1 CcpeaHM YpOoBHEM A0X0[40B HaceNneHnA: cMcTeMaTyeckui 0630p

Lenb MposecTn aHanu3 3dGeKTUBHOCTY BBEAEHUA CTpaTerum
PaLMOHaNbHOIO UCMONb30BaHWA aHTOaKTepHanbHbIX MpenapaTos
B 6ONbHMLAX B CTPaHaX C HU3KMM U CPefHVM YPOBHEM [JOXOA0B
HaceneHus.

Metopapbi ABTOpEI NpoBen Nonck B 6asax AaHHbix MEDLINE®, Embase®,
LleHTpanbHoM KOKpaHOBCKOM peecTpe KOHTROMMPYEMbIX UCTbITaHNIA
1 PETVIOHANbHBIX MPEAMETHBIX YKa3aTenax Ha npeaMeT UCCNeA0BaHNI
BMELLATENbCTB C LIEbIO OMTUMM3ALIMN Ha3HaYEH WA 1 UCMOMNb30BaHWA
AHTUOVOTVKOB [/ FOCMTANN3MPOBAHHBIX MaLMEHTOB B CTPaHax C
HV3KIM V1 CDEAHWM YPOBHEM IOXOLI0B HaceneHwiA. ABTOPbI BKIOUMIN
KOHTpOMNMpYyemble NCMbITaHWA, KOHTPONVPYeMble UCCefoBaHNA A0
1 1OCTIe BMeLLIaTeNbCTBA U MCCIEA0BaHYA MPepPBaHHbIX BPEMEHHDBIX
PAAOB, ONybVIKoBaHHbIE [0 Aekabps 2017 roaa. ABTOpbI COobLLaoT
0 Ha3HauYeHnAX, pe3ynbTaTax KINMHUYECKMX 1 MUKPOOKONOTrMYeCKIxX
NCCNeAoBaHN, UCNONb3yA ONMcaTeNbHbIN NOAXOA.

Pesynbtatbl ABTOPbLI NpocmoTpenun 7342 OpUrmHanbHbIX
NEePUOANYECKIX M3LAHVA 1 pe3toMe, MPOBEPWM 241 MONHOTEKCTOBYIO
CTaTbIO Y BKIKOUMAN 27 NCCNEAOBAHNI 3 2 CTPAH C HU3KNM YPOBHEM
JIOX00B HaceneHvAr 11 cTpaH co cpefHmM ypoBHeM. bbin obHapyskeH
cpenHni (11 nccnenoBaHunin) 1 BbICOKNIA pycK (13 UccnenoBaHnin)
CMCTeMaTMYECKON OWWOKK. B Lienom 6bino oTMedeHo, UTo Bce
BUIbI BMELATENbCTB (CTPYKTYPHbIE BMELIATENbCTBA, YoexaeHue
1 co3faHne 6NaronpUATHBIX YCIOBWI), @ TakKe WUX KOMMIEKCh
ONTUMM3NPOBANN HazHaueHVe aHTMOaKTePManbHbIX MPEenapaToB U
KNMHWYeCKre pesynbTaThl. Tem He MeHee 13yyeHHble BMeLllaTe1bCTBa
11 33PErvCTPUPOBAHHbBIE Pe3yNbTaThl CUIbHO Pasnudanice. Hanbonee
YaCTbIM BMELLIATeNbCTBOM ObI10 YpaBeHvie aHTMOUOTUKOTepanmel
Ha OCHOBE YPOBHA MPOKANbLIMTOHVHA B KPOBM (813 27 UCCNe[OBaHMN,
BCE — PAHAOMM3MPOBAHHBIE KOHTPONMPYEMbIE NCCNEA0BAHNA).
BmewaTenbCcTBO ObINO CBA3AHO C OTHOCUTENbHBIM PUCKOM ANA
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nony4YaBlWMX aHTUOMOTUKM NMaUMEHTOB, MOKasaTeNb KOTOPOro
Haxoaunca B ananasoHe ot 0,40 0o 0,87.

BbiBog B OonbwuHCTBE MccnegoBaHnin coobuanocb o
NONOXNTENBHOM dhdeKTe BBeEHNA CTpaTernv paLVoHanbHOro
MCMOMb30BaHWA aHTMBaKTePHanbHbIX NPEnapaToB B OOMbHMLAX.
OnHako aBTOPbI HE MOTYT CLIeNaTh OOLLVIX BbIBOLOB 06 3GOEKTUBHOCTY

Systematic reviews I
Antibiotic stewardship in low- and middle-income countries

TaKMX BMELIATENbCTB B CTPaHax C HU3KUM U CPEAHUM YPOBHEM
JIOXO[JOB HaCeNeHWA 13-3a HM3KOro KauecTBa UCCeA0BaHNA,
HEOAHOPOAHOCTY BMeLIaTeNbCTB U Pe3yNbTaToB 1 HeAOCTaTOYHOrO
npeacTaBsneHna onpeaeneHHbIX napameTpos. na ykpenneHus
JlO0Ka3aTenbHoV 6a3bl HEOOBXOAMMO MPUHAT MEPbI AN YCTPaHEeHMA
STVX HE[OCTATKOB.

Resumen

Intervenciones de administracion de antibidticos en hospitales de paises con ingresos bajos y medios: una revision sistematica

Objetivo Revisar la eficacia de las intervenciones de administracién
de antibidticos en hospitales de paises con ingresos medios y bajos.
Métodos Se realizaron busquedas en MEDLINE®, Embase®, en el Registro
Central de Ensayos Controlados Cochrane y en indices regionales en
relacion a estudios de intervenciones para mejorar la prescripcion y el
uso adecuado de antibidticos para pacientes hospitalizados en paises
con ingresos medios y bajos. Incluimos ensayos controlados, estudios
controlados de tipo antes y después y estudios de series de tiempo
interrumpido publicados hasta diciembre de 2017. Informamos acerca
de los resultados de prescripcion, clinicos y microbiolégicos usando un
enfoque narrativo.

Resultados Revisamos 7342 titulos originales y resimenes, evaluamos
241 articulos de texto completos, incluidos 27 estudios de 2 paises con
ingresos bajos y 11 con ingresos medios. Encontramos riesgo medio
de sesgo (11 estudios) o riesgo alto (13 estudios). Por lo general, se
informé de que todos los tipos de intervenciones (estructurales,

persuasivas y permisivas) y conjuntos de intervenciones mejoran los
resultados de prescripcion y los resultados clinicos. Sin embargo, las
intervenciones estudiadas y los resultados sobre los que se informé
varfan considerablemente. La intervencion mas frecuente fue el
tratamiento antibiotico guiado de procalcitonina (8 de 27 estudios,
todos ellos ensayos controlados aleatorizados). La intervencion se
asocio a un riesgo relativo para pacientes que recibfan antibioticos que
oscilan entre 0,40y 0,87.

Conclusion La mayoria de los estudios informaron sobre un efecto
positivo de las intervenciones hospitalarias con administracion de
antibidticos. Sin embargo, no podemos extraer conclusiones generales
acerca de la efectividad de tales intervenciones en paises con ingresos
medios y bajos debido a la baja calidad del estudio, a la heterogeneidad
delasintervencionesy los resultadosy a la baja representacion de ciertas
regiones. Para fortalecer la base de las evidencias, es necesario tomar
medidas para abordar estas deficiencias.
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