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Abstract

Antimicrobial resistance concerns have created a re¬

newed interest in antimicrobial stewardship programs in
both human and veterinary medicine. Due to the associated
logistical and administrative burdens, formal antimicrobial
stewardship programs have seen limited adoption outside
of large institutional care centers. However, one of the key
components of these programs is to optimize antimicrobial
therapy - administration: of the right drug, to the right pa¬
tient, at the right dose, by the right route, for the right dura¬
tion. Optimizing dosing regimens does not have the same

logistical burdens as a formal program, it simply requires
evidential support and implementation by individual clini¬
cians; which begs the question, "what is the basis for our
current duration of antibiotic therapy recommendations?".
To answer this question, a literature search was conducted
to evaluate the scientific basis to support current recom¬
mendations for duration of therapy in veterinary medicine.
Overall, the quantity and quality of scientific studies to sup¬

port a specific duration of therapy for a specific antimicrobial
was underwhelming. However, the limited data generally
supports the assumption that shorter durations of therapy
can be effective and should be more thoroughly investigated.

Key words: antimicrobial regimen, duration of therapy,
antimicrobial stewardship

Resume

La preoccupation a l’egard de la resistance anti-
microbienne a relance l’interet pour les programmes
d'antibiogouvernance a la fois en medecine humaine et
veterinaire. En raison de la lourdeur administrative et

logistique qui leur sont associes, les programmes officiels
d'antibiogouvernance ont ete peu adoptes au-dela des grands
centres de soins institutionnels. Toutefois, l’une des com-

posantes majeures de ces programmes estl’optimisation des
therapies antimicrobiennes et leur administration : donner
la bonne drogue aux bons patients, a la bonne dose, par la
bonne voie et pour la bonne duree. L’optimisation des regimes
posologiques ne rencontre pas les memes embuches logis-
tiques qu’un programme officiel. L'optimisation doit quand
meme reposer sur des preuves et requiere une mise en place
par des cliniciens. Cela nous amene a nous poser la question:
sur quoi base-t-on les recommandations actuelles concernant

la duree de la therapie antibiotique? Afin de repondre a cette
question, une recherche bibliographique a ete menee afin
d’evaluer la base scientifique des recommandations actuelles
sur la duree de la therapie en medecine veterinaire. Dans
son ensemble, la qualite et la quantite des etudes scienti-
fiques supportant une duree specifique pour une therapie
antimicrobienne particuliere etaient peu impressionnantes.
Neanmoins, le peu de donnees supporte quand meme la sup¬

position que des durees plus courtes de therapie peuvent etre
efficaces et que ceci devrait etre etudie plus a fond.

Introduction

The increasing threat of antimicrobial resistance has
created a renewed interest in antimicrobial stewardship
programs (ASP) in both human and veterinary medicine.214
A formal human healthcare ASP would consist of 2 core

strategies, prescribing audits with intervention and formu¬
lary restriction. A prescribing audit is where the primary
physician interacts with an infectious disease specialist and
the appropriateness of antimicrobial therapy is determined
for the individual case. If deemed necessary, an alternate
therapeutic is prescribed. Formulary restriction is an anti¬
microbial stewardship measurewhere specific antimicrobials
or antimicrobial classes cannot be prescribed without the
authorization of an infectious disease specialist. Both of
these core strategies can lead to the reduced use of antimi¬
crobials; however, they require significant levels of support
in the form ofan antimicrobial stewardship team, consisting
ofan infectious disease physician, clinical pharmacist, clinical
microbiologist, information system specialist, infection con¬
trol professional and hospital epidemiologist.3 For obvious
logistical reasons, this structure has limited the adoption
of ASPs in community-based human healthcare settings, as
well as private veterinary practices. Additionally, a formal
human healthcare ASP is, for the most part, primarily focused
on the reduced use of antimicrobials, without taking into
consideration other factors impacting infectious disease.
In veterinary medicine, an emphasis on disease prevention
through vaccination, biosecurity, genetics, proper nutrition,
etc. is an important component of antimicrobial use reduc¬
tion.8 However, there is another component ofantimicrobial
stewardship - optimized dosing regimens; i.e., those regi¬
mens thatminimize the potential for antimicrobial resistance
development while maintaining adequate efficacy. These
regimens could be utilized in nearly every clinical setting
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regardless of size to refine current antimicrobial uses. Op¬
timized dosing regimens are not exclusive of antimicrobial
use reduction measures and disease prevention practices,
they are, in fact, quite complementary. Ifour disease preven¬
tion practices fail or an appropriate preventive intervention
does not exist, wouldn't we want to use our antimicrobial
resources in a manner which would promote their long¬
term efficacy? The primary hindrance to optimized dosing
regimens is that the data to design therapeutic protocols that
minimize resistance are sparse. While all aspects of the dos¬
ing regimen (dose, route, frequency and duration) could be
evaluated, this review will focus on optimizing duration of
antimicrobial therapy. Specifically, the objective of this review
is to summarize and critically appraise the available scientific
evidence comparing two durations of antimicrobial therapy.

Methods

In January 2017, a search of the biomedical literature
was conducted using the PubMed database.10 The term string
' "antimicrobial therapy" AND "duration" ' was used to con¬
duct the search with a restricted publication date range of 5
years [only articles published January 2012 through January
2017 were retrieved).

After removing duplicate articles and articles notwrit¬
ten in English, a single reviewer (BVL) evaluated all titles/
abstracts for relevance. Relevant studies were those that

compared 2 specific durations of therapy as the primary
outcome. Studies not considered relevant to this review in¬
cluded editorials, manuscripts evaluating diagnostic testing,
case reports/case series and review articles/position papers;
these were specifically excluded. All relevant studies were
included, despite any study limitations (e.g. lack ofmasking,
non-standard treatment assignment); however, the limita¬
tions of each study are highlighted in the discussion below.

Results

The initial literature search returned 307 articles. Six
articles were duplicates and an additional 18 articles were
written in a language other than English. Of the remaining
283 articles, 1 editorial, 29 articles evaluating diagnostic
testing, 49 case reports/case series, and 55 review articles/
position papers were excluded from this review. After these
exclusions, 149 articles remained. Of these, 140 articles did
not compare two durations of antimicrobial therapy as the
primary study outcome and were excluded from the review.
Two of the remaining 9 articles could not be retrieved; there¬
fore, 7 scientific papers are the basis of this review (Figure 1).

Discussion

Of the 7 relevant publications, only one article com¬
pared two durations of therapy in a veterinary species. In a
prospective trial ofhorses undergoing exploratory celiotomy,

Figure 1. Literature search and publication exclusion strategy.

patients were assigned to either short duration (72 hr) or
long duration (120 hrs) of perioperative procaine penicillin
G (22,000 IU/kg, ql2 hr) and gentamicin sulphate (6.6 mg/
kg, q24 hr).5 The primary study outcome was development
of incisional complications, which the investigators defined
as any incisional drainage present 12 hours post-surgery.
In total, 92 horses met criteria for inclusion in this study. In
the short duration (72 hr) group, 14 of 42 horses developed
an incisional complication, while 25 of 50 horses in the long
duration (120 hr) group had incisional complications; a dif¬
ference between groups that was not significant (p=0.17).
The investigators concluded that a 72 hr duration of periop¬
erative antimicrobial therapy was as effective at preventing
incisional infections as 120 hr regimens in horses undergoing
colic surgery. The investigators also suggested that 72 hrs
may not be the minimum effective duration and that subse¬
quent studies should be conducted to evaluate treatment
durations less than 72 hrs. There are some limitations to

the study design that deserve consideration. The most sig¬
nificant limitation is that the investigators did not report any
methods ofmasking treatment assignment, potentially lead to
investigator bias.1 Another limitation is that the patients were
assigned to treatment groups on a simple alternating basis,
which could (unknowingly) lead to selection bias; however,
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the investigators did not identify any significant differences
between treatment groups regarding: patient characteristics
on hospital admission, types of procedures performed, dura¬
tion ofanesthesia, postoperative clinicopathology test results,
duration of hospital stay or duration of intravenous fluid
support. Another limitation to this study is that there was
no patient outcome data collected post-hospital discharge,
thus the long term impacts of shorter duration antimicrobial
therapy could not be evaluated.

The remaining 6 publications report findings from
studies in human patients or animal models of human dis¬
ease. While some extrapolation is required in applying the
results of human medical studies to veterinary patients due
to differences in dosing frequencies and treatment exposure
(individual vs population), there are many similarities in the
antimicrobial classes, pathogens, antimicrobial resistance
mechanisms, pathophysiology and disease severity that make
such extrapolations feasible. For these reasons, the findings
and limitations of these studies are discussed here briefly.

In a clinical trial of 40 patients with diabetic foot os¬
teomyelitis, Tone et al (2015) randomly assigned patients
to receive either: 1) short duration (6 weeks) or 2) long
duration (12 weeks) antimicrobial therapy.13 The primary
outcome was remission of diabetic osteomyelitis, defined
as: the absence of local and/or systemic signs of infection,
stabilized/improved radiographic abnormalities at the end
of treatment and 1 year post-treatment, and complete heal¬
ing of the wound responsible for underlying osteomyelitis.
Remission was obtained in 60% ofpatients in the short dura¬
tion group and 70% of patients in the long duration therapy
group; a non-statistically significant difference in patient
outcomes. These findings led the study authors to conclude
that short duration (6 weeks) was as effective as long dura¬
tion (12 weeks) antimicrobial therapy in resolving diabetic
osteomyelitis of the foot in humans. The authors also noted
that the incidence of (antibiotic associated) gastrointestinal
adverse events was statistically lower in the short duration
therapy group. One of the weaknesses ofthis study is that the
antibiotic selection was not standardized, but rather based
on antimicrobial susceptibility test results and the individual
patient characteristics. While overall, the infecting bacterial
species and antimicrobials prescribed were not statistically
different between treatment groups, conclusions regarding
the efficacy of short vs long duration therapy for individual
drugs/classes could not be evaluated for such a small study
population.

In another randomized clinical trial, patients with
complicated intraabdominal infections were assigned to
either a short, fixed duration (4 day) treatment regimen or a
variable duration based on resolution of fever, leukocytosis
and ileus (median treatment duration of 8 days).12 In total,
518 patients at 23 sites throughout the US and Canada were
randomized to treatment in this study. The primary outcome
in this study was a composite measure consisting of any
of the following negative outcomes: surgical site infection,

recurrent intraabdominal infection or death within 30 days.
There was no statistical difference between treatment groups
in either the composite measure or the individual specific (Q)
outcomes of surgical site infection, recurrent infection or
death. The investigators, therefore, concluded that shorter
(fixed) duration of antimicrobial therapy did not negatively
impact patient outcome. In fact, shorter duration therapy
reduced the time to diagnosis of surgical site infection and
recurrent intraabdominal infection. While baseline patient
demographics, disease severity and type of surgical proce¬
dures performed were not statistically different between
treatment groups, this study is limited by the fact that treat¬
ment assignmentwas notmasked and antimicrobial selection
was not standardized, but based on individual pathogen and
patient characteristics.

In a rodent model of induced intraabdominal infection

investigators compared 3 day to 5 day durations of therapy
with imipenem-cilistatin.7 The primary outcome measure
was 28 day mortality. Secondary outcomes were peritoneal
bacterial load, clinicopathology profiles and cytokine pro¬
files (as a surrogate marker for inflammation). There were
no statistical differences in mortality, peritoneal bacterial
counts or clinicopathology results and only 1 of 12 measured
cytokines were significantly elevated in the short duration
therapy group. Results of this study demonstrated that a
40% reduction in therapy duration did not decrease survival
in a murine intraabdominal infection model. As an induced

model, the time of disease insult and subsequent timing of
treatment are known factors; this is most likely not the case
in a clinical setting and thus, limits application of these results
to clinical patients. While these investigators did show that
shorter durations of therapy did not negatively impact patient
outcome, they also only evaluated 3 and 5 days of therapy,
when in fact, an even shorter duration may have produced
equivalent results.

In a retrospective case-control study, Riccio et al evalu¬
ated the association between extended durations of therapy
for intraabdominal infections and the subsequent develop¬
ment of extraabdominal infection (EAI) and mortality.11
These investigators evaluated all intraabdominal infections
occurring in a single hospital over a 14 year period with
549 cases developing secondary EAI. These 549 cases were
matched (1:2) on the basis of disease severity score with
control patients that did not develop secondary infection. In
the final analysis, longer duration of therapy was statistically
associated with development of secondary EAI and mortality.
Although this study included a large population of patients,
the evaluation period was quite long and the impacts of
changing patient care and characteristics over time could not
be evaluated. And while patients with EAI were at increased
risk ofmortality, duration of antimicrobial therapy was not
the only predictor of EAI. Disease severity on admission,
hospital (vs community) onset of intraabdominal infection,
intensive care unit status at the time of intraabdominal infec¬

tion, organ transplantation and days from hospital admission
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to treatment of intraabdominal infection were also statistical

predictors of subsequent EAI.
In a retrospective review of 33,336 male urinary tract

infections (UTI), Drekonja et al evaluated the impact of short
(<7 day) vs long (>7 day) duration of antimicrobial therapy
on recurrence ofUTI.4 Urinary tract infections were defined
as patient visits that included: a corresponding International
Classification ofDiseases (ICD) code from a relevant care pro¬
vider (dietitians, respiratory therapists, etc. were excluded)
and a UTI-relevant antimicrobial prescription filled within
72 hours ofdiagnosis. The primary outcomes were the early
(<30 days) and late (>30 days) recurrence ofUTI. There was
no statistical difference between short and long durations
of therapy in reducing early recurrence of UTI. However,
longer duration therapy was significantly associated with an
increase in late recurrence ofUTI. Longer courses of therapy
were also associated with increased Clostridium difficile infec¬
tions. The considerable variability in patient co-morbidities
and non-standardized antimicrobial selection limit the ability
of this retrospective analysis to define the optimal duration
for any specific antimicrobial / pathogen combination. And
although duration of therapy was significantly associated
with late recurrence ofUTIs, itwas not the only variable that
predicted recurrent infection.

Munoz et al conducted a retrospective analysis of the
effect of short (<21 days) and long (>21 days) durations of
therapy on outcomes of patients undergoing surgery for
infective endocarditis.9 The measured outcomes included:

development of renal failure, development of hepatic failure,
total length of hospital stay, length of hospital stay post¬
surgery, mortality, relapse and reinfection. Mortality, relapse

and reinfection rates were not significantly different between
patients receiving short and long courses of therapy; leading
the authors to conclude that short durations ofantimicrobials ©
for post-surgical therapy of infective endocarditis were safe.
Given the serious limitations of this particular study, such a
conclusion should be questioned. The primary limitation of
this study is that some important patient characteristics were
statistically different between the short and long duration
groups. Significantlymore patients in the long duration group
had an endocavitary device and positive valve cultures, while
more patients in the short duration group had congenital
heart disease and infections due to Streptococcus viridans.
These differences bring into question whether shorter dura¬
tion therapywas truly as effective as longer duration therapy
orwhether short duration therapy was selected for cases with
less severe co-morbidities.

While the studies reviewed here would generally sup¬

port the use of shorter durations of antimicrobial therapy
(Figure 2), the evidence is neither overwhelming nor does
it provide guidance for specific antimicrobial/disease indi¬
cations encountered in veterinary practice. It should also
be noted that not all publications support a finding of no
difference between short and long durations of therapy. In
a randomized, prospective trial Hoberman et al compared 5
days vs 10 days of amoxicillin/clavulanic acid for therapy of
acute otitis media in young children.6 The primary outcome
measure was clinical failure, defined as worsening symptoms,
otoscopic signs of infection or lack of complete resolution of
symptoms by the completion of therapy. A clinical failure
rate of 34% in the 5 day group and 16% in the 10 day group
was statistically significant. These results should be inter-
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Figure 2. Comparison of clinical success for long vs. short duration antimicrobial therapy.
Clinical success defined as the percentage of patients in the study that were successfully treated according to the investigator's primary study outcome.
Long and short duration as defined by the study investigator for the particular study.
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preted cautiously as there was a difference in the number of
unfavorable characteristics (infection in both ears, exposure
to other children] between treatment groups, with the long
duration study population having fewer unfavorable clinical
characteristics.

Conclusions

This search of the recent literature for evidence to

support durations of antimicrobial therapy in veterinary
medicine revealed that there is a paucity of data to guide
clinicians. Generally, studies demonstrate that shorter dura¬
tions do not negatively impact patient outcomes; however,
clear guidance on specific durations of therapy for specific
antimicrobials is lacking. With the present emphasis on
antimicrobial stewardship in veterinary medicine, this is an
alarming knowledge gap that should be considered a priority
research area.
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