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ABSTRACT

Aim To synthesize evidence about the influence of individual an-
timicrobial stewardship programs (ASP) related to the prevention
of Clostridium difficile (C. difficile) infection on primary and se-
condary outcomes.

Methods Relevant databases such as Medline, PUBMED,
COCHRANE library and EBSCO were searched from 1 April to
27 April 2017. Additional studies were reached by the manual se-
arch for original articles in relevant journals. We included all ran-
domized controlled, quasi-experimental and observational studies,
published in the English language from 2007 onward, that evalua-
ted effectiveness of ASP in preventing and controlling C. difficile
associated disease (CDAD) among adult inpatients.

Results Implementation of ASP interventions was associated with
CDAD incidence reduction in 62.5% studies, but no significant
differences were reported for the duration of hospitalization, read-
mission and mortality rate. Improvements in prescribing patterns
(decreased antimicrobial use or increased rational use) and micro-
bial outcomes (decreased rates of selected antimicrobial-resi-
stant bacteria) were reported. Evidence on the effects of ASP is
mainly limited to the results of studies low in methodological qua-
lity with great heterogeneity of outcomes, interventions, and units
in which CDAD incidence data were reported.

Conclusion Despite the low strength of evidence of reviewed stu-
dies, consistency of findings suggest the positive impact of anti-
microbial stewardship programs on the prevention and control of
nosocomial CDAD. The significance of this problem imposes ran-
domized control trial use as the best instrument to provide high-
quality evidence. Further studies need to systematically analyse
changes in all antibiotic use and its outcomes.

Key words: Antimicrobial Stewardship Program, clostridium in-
fections, disease outbreaks, prevention
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INTRODUCTION

Clostridium difficile (C. difficile) is a Gram-posi-
tive, anaerobic bacterium sensitive in vegetative
form, which can survive for a long period of time
in an external environment (1). It is the well-esta-
blished causative agent of nosocomial diarrhoea
(1,2). In addition to asymptomatic carrying, C.
difficile toxin-producing strains (A, BI Binary
toxin) can cause different clinical manifestations
(ranging from mild diarrhoea to pseudomembra-
nous colitis and toxic megacolon) in individuals
with risk factors such as older adults in hospitals
and in long-term care facilities. Clostridium diffi-
cile—associated disease (CDAD) has become an
increasingly prevalent problem with pronounced
hospitalization costs and adverse outcomes (3,4).

According to a study conducted in 2013 in 482
hospitals from 20 European countries, incidence
rates for hospital-acquired CDAD ranged from
0.7 to 28.7, while the average incidence rate
was 7 per 10.000 hospital discharges (5).United
States’ hospitals reported approximately 453.000
cases of hospital-acquired diarrhea associated
with C. difficile in 2011.The estimated number
of first recurrences was 83.000 and the estimat-
ed number of deaths 29.300. The incidence was
higher among females, Caucasians and persons
older than 65 years of age (6). The CDAD was
more frequently diagnosed in internal medicine
and long-term care wards (7).

Over 90% of nosocomial CDAD occurs during or
after a broad-spectrum antibiotic therapy, (second
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Figure 1. Conceptual framework of antimicrobial stewardship
program

and third generation cephalosporins, fluoroqui-
nolone and clindamycin). Therefore, antimicrobial
stewardship programs (ASPs) could be the most
effective methods for the prevention and suppres-
sion of CDAD in the hospital setting (8).These
programs focus on the adequate antibiotics use
and the microbial resistance reduction (9).Their
implementation can be achieved through several
types of interventions. Restrictive interventions
involve rigorously limiting the choice of health-
care workers in prescribing antibiotics to patients.
Persuasive interventions are mainly focused on
counselling health workers to change their exist-
ing attitudes and practices related to prescribing.
Structural interventions refer to locating the source
of the problem and altering it through individual,
organizational and environmental levels (10).

The previous systematic review found low-qu-
ality evidence that ASPs could improve pres-
cribing policy and microbial outcomes without
significant adverse effects on patient outcomes
and healthcare expenditures. Very little is known
what would be the most cost-effective programs
for rationalizing antibiotic use at hospitals and
healthcare systems level (11).

The aim of this systematic review was to synthe-
size evidence about the impact of individual anti-
microbial stewardship programs (ASP) related to
the prevention of C. difficile infection on primary
and secondary outcomes.

MATERIALS AND METHODS

Selection criteria

The conceptual framework for content analysis
illustrated interventions and outcomes of ASP
(Figure 1). The ASP was defined as a continuing
procedure in a health care institution to optimize
antimicrobial use among patients in the hospital
setting, improve patient outcomes, reduce anti-
microbial resistance and provide cost-effective
treatment. The effective inpatient ASPs are asso-
ciated with the key, coordinated specific inter-
ventions and aimed at improving the practice of
prescribing antibiotics either by increasing effec-
tive or by reducing unnecessary treatment. The
restrictive interventional techniques included
banning or restricting medically important anti-
biotics use in hospital and obtaining the approval
of clinical pharmacologist or infective disease
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specialists before administering an antibiotic.
The persuasive interventional techniques consi-
dered guidelines, clinical pathway development,
and education. The structural interventions were
prospective audit and intervention, antimicro-
bial order forms, electronic monitoring system
for prescribing therapy to hospitalized patients,
maintaining e-mail consultation or using modern
rapid laboratory tests (10,13).

The outcome variables included in this paper
were patient-centred or primary (incidence of C.
difficile infection, mortality, duration of hospita-
lization, adverse effects) and secondary outco-
mes (antibiotic prescribing, microbial resistance
and healthcare costs).

The first three authors discussed and reached
an agreement about the selection criteria. All
randomized, control, quasi-experimental, con-
trolled clinical trial, controlled before/after stu-
dy and observational studies from 2007 onward,
with available abstracts and data on the effecti-
veness of ASPs in preventing and controlling C.
difficile infection outbreaks among adult hospita-
lized patients, were included. In addition to adult
hospitalized patients, all health workers licensed
to prescribe antibiotics to hospitalized patients
are considered research participants. Full-text
language was limited to English. The researchers
(authors) applied no restrictions on the country.

The studies carried out in nursing home or long-
term care settings involving only the elderly or
paediatric population, describing an interventi-
on with no assessment of the effect of the interven-
tion and analysing antimicrobials for medical or
surgical prophylaxis or the impact of antibiotic rati-
oning programs on outcomes that were not associa-
ted with the incidence of CDAD, were excluded.

Search strategy

Key words and Medical Subject Headings
(MeSH) used for research strategy were: C. diffi-
cile pseudomembranous colitis; antibiotic/anti-
microbial; stewardship/ restriction/ guideline/
policy; prevention and control; hospital setting.
Medline, PUBMED, COCHRANE library and
EBSCO were searched from 27 April to 1 April
2017. A combination of terms was adapted to
each database; Boolean AND/OR operators used
to establish the logical relations among concepts.
Additional relevant studies were identified accor-

ding to the correspondence of the title with the
question of systematic review. The authors per-
formed the manual search for original studies in
relevant journals (International Journal of Epide-
miology, The Journal of Clinical Epidemiology,
Journal of Hospital Infection, Antimicrobial Re-
sistance and Infection Control).

Study selection

The first two authors independently identified
and screened the articles against the inclusion
and exclusion criteria. The content analysis was
conducted on articles that met inclusion criteria.
The authors discussed the results, and, in case of
disagreement, the opinion of a third author was
considered for the final decision.

Data extraction and analysis

Secondary synthesis involved abstraction of data
and appraisal of their quality. Second author
extracted data from each full-text article using
data extraction forms. Extracted data focused on:
study characteristics (region, intervention, desi-
gn, hospital type description), patient outcomes
(C. difficile infection, mortality, duration of hos-
pitalization, morbidity, adverse effects), microbi-
al outcomes (resistance), prescribing outcomes
(use, selection, duration), and costs. The first,
third or fourth author checked if extracted data
fitting the descriptions of the outcomes. The qu-
ality of the studies being reported was assessed
using the Best Evidence Medical Education
(BEME) Collaboration Guide (14). The first three
authors independently scored on a BEME scale
of 1-5 for the strength of the findings as follows:
Grade 1: No clear conclusions can be drawn; not
significant; Grade 2: Results ambiguous, but the-
re appears to be a trend; Grade 3: Conclusions
can probably be based on the results; Grade 4:
Results are clear and very likely to be true; Grade
5: Results are unequivocal.

The authors sought external comments from
other experts in ASPs (SS and DBL) on their ide-
as and work, who also conducted BEME grading
process and scrutiny of final reports.

Meta-analysis was not possible due to the he-
terogeneity of measured outcomes, methods,
instruments, quality of methodology and stati-
stical analysis of included studies. Analysis and
synthesis of results were provided using narrative
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synthesis (15). For each study, description, study
design, sample, outcomes and statistical test and
results were reported.

RESULTS

The initial database and manual search identifi-
ed 857 articles. Following de-duplication, 719
articles were excluded. After the screening of
titles and abstracts, additional 47 articles were
excluded. Ninety-one articles were retrieved
for full-text review. Systematic reviews, studies
with poorly defined outcomes and interventions
(grade 1 and 2) were further removed. Twenty-
four studies were selected for data extraction and
analysis (Figure 2).

Abstracts reviewed against
inclusion criteria (n=138)

Abstracts excluded (n=47)]

Articles included for full
text review (n=91)

- Systematic reviews

Articles excluded (n=64):
- Studies grade 1 and 2

Articles included in narrative
analysis and synthesis (n=24)

Figure 2. Flow diagram of articles selection process

Study characteristics

Majority of the studies (54%) were published in the
USA (9, 17-24) and Canada (25-28). Five studies
were carried out in the UK (29-33), one in Sweden
(34), one in Germany (35), one in Austria (36) and
one in Spain (37). The remaining two (8.5%) were
conducted in Mexico (38) and Taiwan (39).

Eleven studies (45.8 %) were interrupted time
series, and the same number of the studies also
had the pre-post design. Due to the lack of ran-
domization, these studies were more susceptible
to bias and a lower degree of quality compared
to the randomized experimental design. High-qu-
ality quasi-experimental design (controlled) had
three studies (17,20,28). Only two studies (8.3%)
were randomized controlled (26,37).

All quasi-experimental studies without the con-
trol group were grade 3, and randomized con-
trol grade 4.

Type of interventions

In twenty studies (80%), the impact of interven-
tion implementation was only investigated in one
hospital, while 20% of the studies were conduc-
ted in multiple hospital settings. Authors inclu-

ded all hospital wards in eighteen studies.

Eight studies investigated the impact of only
one intervention, respectively, two examined the
application of restrictive interventions (32, 38)
and four studies of the persuasive intervention
(17-19, 25,27,28,34,37). Sixteen studies analysed
the effects of the implementation of combined
programs, of which nine studies referred to a
combination of restrictive and persuasive inter-
ventions (20-22, 29,30,31,33,35,36). One study
included all three interventions (23).

Aims of intervention

In three studies (12.5%), the aim was to analy-
se the impact of the intervention on C. difficile
infection incidence (21,32,38). In addition to
CDI incidence analysis, eighteen studies (75%)
evaluated antibiotics administration, and eight
studies (33.3%) the impact of the interventi-
ons on financial aspects, mainly hospital costs
associated with the use of antibiotics (9, 17-19,
22,24,27,37). Four studies addressed the evalua-
tion of secondary outcomes (9,22,28,37). Seven
studies analysed the effect of intervention on the
incidence of several hospital infections caused by
multi-resistant agents (9,23,26,28,30,34,39).

Primary (patient) outcomes

Incidence of CDAD decreased in 15 of the 24
extracted studies (62.5%) (9,18,21, 23-25, 28-
33, 36-38). Both of the studies implementing
restrictive interventions solemnly, recorded a
CDAD incidence reduction (32,38), while 50%
of the studies using persuasive intervention
(18,25,28,37) detected the same impact. Imple-
mentation of combined interventions has yielded
heterogeneous results (21,29,31,33,36).

No differences were reported for readmission
and mortality rate (26-28, 34,37). In one study,
length of hospitalization was reduced (26).

Secondary outcomes

ASPs decreased the use of targeted antibiotics
in 17 studies and overall antimicrobial use in 4
studies (22.2%). Majority of the studies included
the administration of high-risk antibiotics such as
the second and third generation of cephalosporin,
fluoroquinolones, and clindamycin. Eight studies
reported cost outcomes with seven founding de-
creased drug costs (9, 17-19, 22,27,37).
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Following implementation of ASPs, several stu-
dies recorded decreased rates of selected anti-
microbial-resistant bacteria.

Statistically significant reduction in the incidence
of MRSA-induced infections was observed in 4
of 6 studies (66.7%) (9,23,30,39).

DISCUSION

Summary of main findings and comparison with
previous reviews

This systematic review found low-level evidence
that ASPs may be associated with the reduction
in the incidence of C. difficile infection. None
of the reviewed studies achieved grade 5 of the
BEME’s strength of findings nor directly com-
paredone intervention with another. The results
included in the report corroborate previously pu-
blished systematic reviews (10,11).

A statistically significant decline in CDAD inci-
dence was observed in all studies using solemnly
restrictive interventions and several studies com-
bining restrictive with persuasive or structural in-
terventions. Majority of studies evaluated an effect
on prescribing, microbial resistance or hospital
cost rather than an impact on the mortality and cli-
nical outcomes. Rationalization of antibiotic pres-
cribing was not accompanied by increased morta-
lity, duration of hospitalization, CDAD outbreaks
and hospital costs. The data on specific elements,
sustainability and scalability are lacking.

Evidence on the effects of ASPs is principally
limited to the results of quasi-experimental stu-
dies. This study design is used to compare the
effectiveness of alternative interventions and
aims to analyse causal relationship between the
intervention applied and the possible outcomes
in situations when randomization cannot be per-
formed (40). Due to the non-randomized distri-
bution of the respondents in the groups and une-
ven distribution of outcome variables, the risk
of interpretation bias and number of hypotheses
observing causality increase. Inadequate control
of confounding variables could be partially over-
come by multivariate regression, while the only
efficient way of controlling nonresponsive varia-
bles remains to apply randomization (40). The
risk of bias could be minimized by a good design
of quasi-experimental research involving control
group and time series with multiplicity measure-

ments in the non-intervention and intervention
period (41).

The rigor of research on the ASPs has been pre-
viously reported as weak, especially in regard
to limited quality of studies and heterogeneity
of outcomes, interventions and units in which
CDAD incidence data were reported. Current re-
search shows that quality of studies is still weak
even though research instruments and strategies
have been growing rapidly in the past decade.
Antimicrobial stewardship interventions are seen
as opportunities to reflect on prescribing patterns,
to decrease uncertainty, conduct audit and facili-
tate patient-oriented care (42,43).

Despite aforementioned methodological pro-
blems and differences in the design of the re-
viewed studies, the overall consistency of fin-
dings supports the hypothesis that antimicrobial
stewardship programs could have the positive
impact on the prevention of nosocomial C. diffi-
cile infection outbreaks.

Strengths and limitation

This systematic review was conducted following
PRISMA guidelines and integrated the major
databases for epidemiological research. The se-
arch strategy included only the English langua-
ge, so we possibly missed some relevant articles
in other languages. The inclusion of the articles
was largely based on publication in electronic
journals and important printed articles may be
omitted. It was not possible to carry out meta-
analysis as study designs, tools, outcomes asse-
ssed, and the nature of reported results was diver-
se. Uncharacterized or unreported characteristics
of the study setting might have influenced inter-
ventions effectiveness and generalized applicabi-
lity of findings.

Implication for practice and research

Antimicrobial treatment is continuously develo-
ping; newer antibiotics are marketing (43). An-
tibiotic resistance is increasing and becoming a
major public health crisis. The single strategy co-
uld not have resolved the problem because resi-
stance has the multifactorial background (44). In-
tegrating ASP into patient safety procedures will
help bring new support and useful actions, while
research on its implementation and outcomes will
provide a roadmap for hospitals management and
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healthcare systems. A system for evaluating the
effectiveness of the implemented ASP and antibi-
otic monitoring should be integrally involved in
the infection control activities of every hospital.
The factors to be addressed are CDI prevention
programs, hospital pharmacies, microbiology
laboratories, hospital staff, continuous medical
education, electronic medical record systems,
training and certification.

The benefits, hindering factors, adverse effect,
sustainability, and costs-effectiveness of ASPs
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