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KEY POINTS

� Awareness starts with monitoring: knowing what resistant bacteria are emerging in pa-
tients and the environment and which and how frequently antimicrobials are being pre-
scribed and used by veterinarians in specified animal species.

� The next step is to choose effective therapy strategies of active substances, doses, and
duration that result in minimal selection of resistance.

� The recognition of the nonrenewable nature of the available antimicrobials in animal med-
icine stimulates the prudent use of antimicrobial medicines.

� Antimicrobial stewardship consists of a coherent set of actions that promote prudent use
of antimicrobials with an emphasis on societal responsibility.
INTRODUCTION

Antimicrobial use (AMU) in veterinary medicine is considered a potential threat for
public health. Overuse and misuse of antimicrobials in animals and humans are
contributing to the rising threat of antimicrobial resistance (AMR). AMR is the ability
of microorganisms, such as bacteria, to become increasingly resistant to an antimicro-
bial to which they were previously susceptible. Any use of antimicrobials favors the
survival and spread of resistant bacteria or genes. This selection pressure applies
to pathogenic bacteria, but also to commensal bacteria (eg, gut flora). Longer treat-
ments automatically result in more selection of AMR, underdosing or poor client
compliance results in therapy failure and therefore futile application of antimicrobials.
Over time, this makes antimicrobials less effective and ultimately useless. To reduce
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the burden of AMR, prudent use of antimicrobials should be promoted. In 2015, the
World Health Organization (WHO) endorsed a global action plan to tackle AMR1 and
recently it recommended banning the prophylactic use of antimicrobials in healthy an-
imals.2 The WHO also compiled a list of critically important antimicrobials for human
medicine for risk management of AMR because of nonhuman use (Table 1).
Most action plans are primarily focusing on AMU in food-producing animals, but

recommendations are also applicable for other animal species, including exotic ani-
mals. In response to publications from WHO, the European Commission (making
the European Union a best practice region3), other international organizations, and
several national and international veterinary associations have developed recommen-
dations and policies on prudent use of antimicrobials, not only for food-producing an-
imals, but also for companion animals4 and horses.5 In exotic animals, such
recommendations and policies seem to be lacking. A search on Web sites of various
exotic animal–related veterinary associations (eg, Association of Exotic Mammal Vet-
erinarians [AEMV], European College of Zoological Medicine [ECZM], European Asso-
ciation of Zoo and Wildlife Veterinarians [EAZWV]) revealed no documents on prudent
use of antimicrobials. Evaluation of overuse or misuse in exotic animals is hard
because little to no information is available on AMU and AMR in these animals. In gen-
eral, it seems that there is plenty of room for improvement in AMU and AMR in exotic
animal medicine. This article discusses different actions in veterinary medicine on pru-
dent AMU, and addresses the applicability of these actions in exotic animal medicine.

MONITORING OF ANTIMICROBIAL USE

Any plan to promote prudent use has to start with monitoring AMU: the numbers tell the
tale. Implementation of monitoring programs is crucial to reduce AMU and AMR. Na-
tional programs monitoring AMU and AMR in animals have been established in several
Table 1
List and classification of antimicrobials important for human medicine

Antimicrobial Class Example of Drugs

Aminoglycosides Gentamicin

Ansamycins Rifampicin

Carbapenems and other penems Meropenem

Cephalosporins (third, fourth, and fifth generation) Ceftazidime, cefepime

Glycopeptides Vancomycin

Glycylcyclines Tigecycline

Lipopeptides Daptomycin

Macrolides and ketolides Erythromycin, azithromycin

Monobactams Aztreonam

Oxazolidinones Linezolid

Penicillins (natural, aminopenicillins, and antipseudomonal) Ampicillin

Phosphonic acid derivatives Fosfomycin

Polymyxins Colistin

Quinolones Ciprofloxacin

Drugs used solely to treat tuberculosis or other mycobacterial
diseases

Isoniazid

Data fromWorld Health Organization. Critically important antimicrobials for humanmedicine. 5th
revision. 2017. Available at: http://www.who.int/foodsafety/publications/antimicrobials-fifth/en/.
Accessed December 17, 2017.

http://www.who.int/foodsafety/publications/antimicrobials-fifth/en/
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countries (eg, DANMAP,6 SWEDRES,7 MARAN,8 AMCRA9). Themethodologies among
countries might differ, making direct comparisons or conclusions difficult.10,11 Most
monitoring programs are based on the total mass of active substances sold per
year. However, the comparison of use in mass neglects the dosing differences between
different antimicrobial agents, dosing regimens, and animal species.
The European Medicines Agency started the European Surveillance of Veterinary

Antimicrobial Consumption (ESVAC) project in 2010 to harmonize data collection
and analysis methodologies for AMU across the European Union. ESVAC has estab-
lished standardized ways to calculate the animal population (ie, population correction
unit).12,13 This methodology is mainly based on production parameters and therefore
needs additional refinement for application in non-food-producing animals. Ideally,
calculation of the potentially exposed population of companion animals, such as ex-
otics, should mimic the method applied in human AMU calculations (eg, by the Euro-
pean Surveillance of Antimicrobial Consumption14). This requires that the number of
animals is known, so some kind of registration of animals is needed. In the Netherlands
this method was applied for measuring AMU in dogs, cats, and rabbits,15 which also
showed the limitations of this systemwhen an official registration of number of animals
is missing, and no standard weight (like in humans) is available.
ESVAC has also established standardized units of measurement for reporting anti-

microbial consumption in specific animal species, called the defined daily dose.16 The
defined daily dose will enable a better analysis over time and a comparison among
species at the European level in time, but currently animal species specified sales
data are available for only a few countries on a national level, because the attribution
to species level of sales data is not possible within the current data collection system.
Most of the monitoring programs focus on AMU in livestock; data on AMU in compan-
ion animals (eg, dogs, cats, horses, and rabbits) are scarce and data specifically on
exotic animals are absent.
The seventh ESVAC report presents data on the sales of veterinary antimicrobial

agents from 30 European countries in 2015 and trends in consumption of veterinary
antimicrobials for the years 2010 to 2015.17 In this report, the sales of tablets, in
tons of active ingredient, by antimicrobial class and country, was used to estimate
AMU in companion animals. The data might be slightly biased, because the assump-
tion was that tablets are used almost solely for companion animals and tablets mar-
keted for human use and injectables were not included. Especially in minor species,
such as exotic animals, the use of human or injectable products might be high
compared with its use in dogs and cats. In Europe, aminopenicillins combined with
b-lactamase inhibitors (mainly amoxicillin/clavulanic acid) and first- and second-
generation cephalosporins (mainly cephalexin) account for 65% of the total mass of
active substance of sold antimicrobial tablets for companion animals. In some coun-
tries, fluoroquinolones represent more than 50% of the active substance mass in tab-
lets.17 The comparison of use in mass neglects the dosing differences between
antimicrobials. For example, fluoroquinolones (2–6 mg/kg/d) require lower dosing in
comparison with aminopenicillins (25–50 mg/kg/d), which implies that 50% in mass
means that far more than 50% of the oral treatments consist of treatment with
fluoroquinolones.
In the United States pharmaceutical companies selling veterinary antimicrobial

products (called antimicrobial drug sponsors) are obliged by Section 105 of the Animal
Drug User Fee Amendments of 2008 to report their sales data of all veterinary antimi-
crobial products to the US Food and Drug Authority. Starting with calendar year 2016,
additionally species-specific sales estimates as a percentage of total domestic sales
and distribution for each product was required. Of the 2016 sales, 4% was reported
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intended for use in species other than cattle, swine, chickens, and turkeys or unknown
uses. The report does not specify this “other use” further.18

The Netherlands Veterinary Medicines Institute (SDa) has been monitoring the
amounts of antibiotics used at Dutch livestock farms since 2011. After rigorous mea-
sures taken in livestock during 2009 to 2016 resulting in a 60% reduction of use, moni-
toring of AMUwas extended to companion animals.19 In 2016, a survey was performed
by the SDa to assess AMU in companion animals (dogs, cats, and rabbits). The survey,
which included data from 10% of Dutch veterinary practices, revealed a large variation
in AMU between practices, but overall usage levels were low. Results showed that
amoxicillin (either alone or combined with a b-lactamase inhibitor) and first-
generation cephalosporins accounted for 51% of the treatment days in 2012, and fluo-
roquinolones and third-generation cephalosporins for 21%. In 2014, these numbers
were, respectively, 51% and 6.9%.15 In Australia in 2011, treatment incidences were
estimated with a questionnaire, and overall, the most common antimicrobial classes
were potentiated aminopenicillins (36%), fluoroquinolones (15%), first- and second-
generation cephalosporins (14%), and tetracyclines (11%). In cats, third-generation
cephalosporins were overrepresented.20 In New Zealand, Canada, and the United
Kingdom similar figures were found.21–23 These figures indicate that fluoroquinolones,
potentiated aminopenicillins, and cephalosporins are among the most used antimicro-
bial agents in companion animals, despite it being common knowledge that these
agents select for multidrug resistant bacteria (eg, methicillin-resistant staphylococci
and extended-spectrum b-lactamase-producing Enterobacteriaceae).24

The only published data on AMU in exotic animals came from a study at the
Zoologic Medicine Service of the Veterinary Teaching Hospital at the University of
Georgia. Although this study did not provide information on the amount or type of an-
timicrobials used, it did indicate that most antimicrobial prescriptions were unneces-
sary or inappropriate.25 Most antimicrobial prescriptions seemed to be empiric and
not based on proper diagnostics. The occurrence of multidrug-resistant bacteria
has been reported in several exotic animal species, such as methicillin-resistant
staphylococci in birds and rabbits, and extended-spectrum b-lactamase-producing
Enterobacteriaceae in wild birds and turtles.26–30
RECOMMENDATIONS AND POLICIES

Several international and national organizations have developed recommendations
and policies to promote prudent use of antimicrobials in veterinary and human med-
icine. The WHO list of critically important antimicrobials for human medicine contains
several antimicrobial classes used in animals. The antimicrobial classes with the high-
est priority are quinolones, third- and fourth-generation cephalosporins, macrolides,
and glycopeptides.31 Except for the latter, all classes are authorized in animals, and
especially in exotic animals, quinolones and macrolides are used often. The guidelines
for the prudent use of antimicrobials in veterinary medicine composed by the Euro-
pean Commission in 2015 state: “The off-label (cascade) use of antimicrobials not
authorized in veterinary medicine to treat non-food-producing animals should be
avoided, especially when the drugs are of critical importance for human health (eg,
carbapenems and tigecycline). Their use should only be considered in very excep-
tional cases, for example, when laboratory susceptibility testing has confirmed that
no other antimicrobials will be effective and where there are ethical reasons to justify
such a course of treatment.”32 In the Netherlands, the use of carbapenems, glycopep-
tides, oxazolidones, daptomycin, mupirocin, and tigecyclin in animals is prohibited.33

The use of fluoroquinolones and third- and fourth-generation cephalosporins is by
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Dutch law restricted to infections caused by bacteria with susceptibility results indi-
cating that all other options are ineffective.34,35 In other countries no such legislations
are implemented yet, but empiric or prophylactic use of these antimicrobials should be
avoided whenever possible.
Although the European Commission guidelines mainly focus on food-producing an-

imals, these also address clinical infections with methicillin-resistant Staphylococcus
aureus or methicillin-resistant Staphylococcus pseudintermedius in horses and com-
panion animals. The guidelines state that these infections should be monitored and
transmission should be minimized.
In countries where a substantial reduction in AMUwas achieved, a decline in AMR in

commensal bacteria, such as Escherichia coli, was seen in the following years.36,37

The second Joint Interagency Antimicrobial Consumption and Resistance Analysis
report of July 2017 confirms the positive association between AMU and AMR in
humans and food-producing animals and underlines the need to ensure prudent
use of antimicrobials in food-producing animals and humans.14 The WHO guidelines
on use of medically important antimicrobials in food-producing animals2 is based
on a meta-analysis by Tang and colleagues38 concluding that reduction of AMU in
food-producing animals was associated with a reduction in AMR in food-producing
animals and in humans in direct contact with these animals. These results provide ev-
idence for an association between reduction of AMU and reduction of AMR and
confirm that prudent use of antimicrobials should be promoted or even enforced in
veterinary (and human) medicine.
ANTIMICROBIAL STEWARDSHIP

In human medicine, the term antimicrobial stewardship was introduced a few decades
ago and describes the multifaceted approach considering the long-term effects of
antimicrobial selection, dosage, and duration of treatment on resistance develop-
ment.39 Antimicrobial stewardship focuses on the reduction of resistance selection
and the preservation of effective antimicrobials for future generations. It consists of
a coherent set of actions that promote responsible use of antimicrobials with an
emphasis on the societal responsibility.40 During the 1990s and 2000s antimicrobial
stewardship programs were implemented in human hospitals in many countries.
The primary goal of these programs was to optimize clinical outcomes while mini-
mizing unintended consequences of AMU, including toxicity, the selection of patho-
genic organisms, and the emergence of resistance. Antimicrobial stewardship
involves coordinated approaches and interventions; it is not only about reducing
AMU, but also about infection control, clinical microbiology, surveillance of AMU
and AMR, education, guidelines, and regulations. Nowadays, antimicrobial steward-
ship programs are up and running in most human hospitals. Multidisciplinary teams
are formed, the so-called A(ntibiotic) teams, monitoring all aspects of AMU and
AMR, including the implementation of and compliance with guidelines.
Most veterinarians are aware of AMR, but antimicrobial stewardship is new to veter-

inary medicine. Few papers have been published on veterinary antimicrobial steward-
ship, mainly focusing on companion animals4 and horses.5 National organizations of
veterinarians (eg, Royal Netherlands Veterinary Association [RNVA], British Small Ani-
mal Veterinary Association [BSAVA]), and international organizations specialized in
companion animals (Federation of Companion Animal Veterinary Associations
[FECAVA]) and horses (British Equine Veterinary Association [BEVA]) initiated programs
to stimulate awareness and provide guidelines for veterinarians and pet owners. A
recent paper provides an overview on antimicrobial stewardship in laboratory animals,
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mainly focusing on rodents and rabbits.41 Experts in veterinary antimicrobial steward-
ship suggest to add two Rs to the well-known three Rs frequently used in laboratory
animals. Antimicrobial stewardship not only requires reduction, refinement, and
replacement, but also responsibility and review.42 The establishment of an antimicrobial
stewardship program in a veterinary hospital or clinic requires a comprehensive list of
components, such as knowledge, guidelines, surveillance, diagnostic tools, collabora-
tion, commitment, finances, and willingness of all involved parties including the pet
owner. Considering all these components, onemight be discouraged before even start-
ing. However, not all components have to be in place at the start of implementing an
antimicrobial stewardship program. Every clinic can start with minor steps, such as re-
sponsibility by awareness and recognition of the problem, reduction by shortening the
duration of antimicrobial therapy, refinement by using narrow-spectrum antimicrobials
when possible, replacement by introducing alternative (nonantimicrobial) treatment
when available, and review by implementation of therapy evaluation.
CHALLENGES FOR RESPONSIBLE ANTIMICROBIAL USE IN EXOTIC ANIMALS

Data estimating AMU and AMR in exotic animals are lacking. The options in available
antimicrobials for the different exotic animal species are often limited. Potentially toxic
or adverse effects of some antimicrobials in specific animal species and the formula-
tion make the range of available products even smaller.
In exotic animals, several challenges complicate antimicrobial treatment, and may

result in practical arguments to choose certain veterinary medicinal products or prod-
ucts authorized for human use, compromising the choice for the right antimicrobial
drug in this patient at this time. Challenges comprise the right formulation (liquids
are preferred over tablets), the right concentration, and the acceptance of the animal
(taste). In veterinary practice this means that in birds liquid oral forms of aminopenicil-
lins for human use are attractive, because these substances are dosed much higher in
most birds, so even doses for a small exotic animal are measurable, and the liquid has
an acceptable taste for most birds. The same arguments are applicable for azithromy-
cin, of which the liquid formula authorized for human use is convenient for dosing in
small birds and rodents.43 In rabbits, guinea pigs, and other herbivorous rodents,
antimicrobial treatment options are limited because oral treatment with several antimi-
crobial agents (ie, penicillin, lincomycin, amoxicillin, ampicillin, cephalosporins, clinda-
mycin, erythromycin, streptomycin) may result in dysbiosis and enterotoxaemia. This
results in generic advices comprising fluoroquinolones, such as respiratory infections
and abscesses of odontogenic origin.44,45 In reptiles, infections are often associated
with Pseudomonas spp, resulting in the application of ceftazidime. Although ceftazi-
dime has great antipseudomonal activity, it is a third-generation cephalosporin autho-
rized for human use only, and classified as highest priority critically important for
human medicine.31

Another challenge is the availability of literature concerning the dosing of antibiotics
in exotics. Controversially, more dosing information is available about newer antimi-
crobial substances, such as fluoroquinolones.46–48 As a result, in the Netherlands,
four enrofloxacin-containing veterinary medicinal products are authorized for exotic
animals including rodents, in addition to two trimethoprim/sulfonamide-containing
drugs. No other antimicrobial products are authorized, making off-label use common
practice in exotic animal medicine.
In addition, information on common bacterial pathogens to be encountered in spe-

cific locations in the different species is not always readily available. Without this
knowledge, choosing the right antimicrobial drug becomes more difficult, thereby
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rendering it more likely for the veterinarian to make decisions based on empiric evi-
dence and pragmatic arguments.

GUIDELINES FOR RESPONSIBLE ANTIMICROBIAL USE IN EXOTICS

Several factors should be considered when prescribing and selecting an antimicrobial
agent (Fig. 1). First, antimicrobials should only be used when a primary bacterial infec-
tion or secondary bacterial involvement is proven or highly likely. If other, nonbacterial
causes (eg, parasitic, viral, or mycotic infection, noninfectious disease) are more likely,
diagnosis and treatment should primarily focus on those causes. The need for AMU to
prevent infection is debatable, and should be reserved for those cases where occur-
rence of an infection is likely to occur and result in life-threatening disease (eg, sepsis
in severely immunocompromised patients). Other considerations that should be taken
eg, viral,

Fig. 1. Flow diagram to support the decision-making process and prevent unnecessary use
of antimicrobials in exotic patients. (Adapted from FECAVA Advice on responsible use of an-
timicrobials. FECAVA working group on hygiene and the use of antimicrobials in veterinary
practice. 2014; with permission. Available at: http://www.fecava.org/sites/default/files/files/
2014_12_fecava_responsible%20use%20AM.pdf.)

http://www.fecava.org/sites/default/files/files/2014_12_fecava_responsible%20use%20AM.pdf
http://www.fecava.org/sites/default/files/files/2014_12_fecava_responsible%20use%20AM.pdf


Table 2
Antimicrobial classes and agents and their antimicrobial activity against common veterinary
pathogens

Antimicrobial Class Antimicrobial Agents
Susceptible
Pathogens Resistance

Penicillins
(narrow-spectrum)

Benzylpenicillin,
procaı̈nepenicillin

Many gram positives;
most anaerobes;
Pasteurellaceae;
Mannheimia spp;
Actinobacillus spp;
Haemophilus spp;
Histophilus spp

Most gram negatives;
mycoplasmata;
methicillin-resistant
staphylococci

Penicillins
(broad-spectrum)

Ampicillin,
amoxicillin,
amoxicillin/
clavulanic acid

See penicillin
(narrow-spectrum);
many gram
negatives

Pseudomonas spp;
Klebsiella spp;
Enterobacter spp;
Citrobacter spp;
Acinetobacter spp;
Yersinia
enterocolitica;
mycoplasmata;
methicillin-resistant
staphylococci

Penicillins
(antipseudomonal)

Ticarcillin,a

piperacillina

See penicillin (broad-
spectrum);
Pseudomonas spp

Mycoplasmata;
methicillin-resistant
staphylococci

Cephalosporins First-generation
cephalosporins
(eg, cephalexin,
cefazolina)

Many gram positives;
most
Enterobacteriaceae;
most anaerobes;
Pasteurellaceae;
Mannheimia spp;
Haemophilus spp

Enterobacter spp;
Pseudomonas spp;
Citrobacter spp;
Acinetobacter spp;
Y enterocolitica;
methicillin-resistant
staphylococci;
enterococci

Third- and fourth-
generation
cephalosporins
(eg, ceftiofur,
cefquinome,
ceftazidimea)

See first-generation
cephalosporins;
Pseudomonas spp
(fourth and
ceftazidime)

Some Pseudomonas
spp (third);
methicillin-resistant
staphylococci;
enterococci

Lincosamides Lincomycin,
clindamycin

Gram-positive
aerobes; anaerobes;
mycoplasmata

Gram-negative
aerobes;
enterococci

Macrolides/azalides Erythromycin,
tylosin, spiramycin,
azithromycina

Many gram positives;
most
mycoplasmata;
Chlamydia spp;
Mycobacterium spp;
Campylobacter spp

Many gram negatives;
enterococci

Aminoglycosides Gentamicin,
neomycin,
amikacina

Some gram positives;
most gram
negatives

Streptococci;
anaerobes

(continued on next page)

Broens & van Geijlswijk348



Table 2
(continued )

Antimicrobial Class Antimicrobial Agents
Susceptible
Pathogens Resistance

Tetracyclins Doxycycline,
tetracycline

Many gram positives;
many gram
negatives;
mycoplasmata;
Chlamydia spp

Pseudomonas spp;
Proteus spp

Phenicols Chloramphenicol,
florfenicol

Many gram positives;
many gram
negatives;
anaerobes;
mycoplasmata;
Chlamydia spp

Pseudomonas spp

Diaminopyrimidines Trimethoprim Many gram positives;
many gram
negatives

Pseudomonas spp;
anaerobes

Sulfonamides Sulfadiazine,
sulfamethoxazole

Many gram positives;
many gram
negatives

Pseudomonas spp

Fluoroquinolones Enrofloxacin,
marbofloxacin

Most gram negatives;
mycoplasmata;
Chlamydia spp;
Mycobacterium spp;
Campylobacter spp

Less active against
gram positives;
anaerobes

Nitroimidazoles Metronidazole Anaerobes Aerobes

a Authorized for human use only.
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into account are the likelihood of the bacterial infection to resolve without the use of
antibiotics and the disease severity. Antimicrobials are preferably reserved for those
cases where no other options (eg, use of antiseptics) are available and delay of therapy
will result in a compromised well-being of the animal.
If the use of antibiotics is deemed appropriate, the selection of a therapy should

ideally be based on an accurate diagnosis and antimicrobial susceptibility testing.
However, in several situations (eg, seriously ill animal requiring immediate therapy,
no representative sample obtainable, no routine susceptibility testing available) empir-
ical therapy is the next best thing. When prescribing antimicrobials based on empiri-
cism, knowledge of the most common pathogens causing certain infections and of
antimicrobial spectrum of antimicrobial agents is indispensable. For certain bacteria
(eg, b-hemolytic streptococci, Pasteurellaceae, and Chlamydiaceae) susceptibilities
are predictable. Other, mostly gram-negative bacteria rapidly acquire resistance
genes, making susceptibility patterns hard to predict. Additional factors to consider
when prescribing and selecting antimicrobials are pharmacokinetic and pharmacody-
namics properties, potential toxicities or adverse effects, the route of administration,
and costs of the selected antimicrobial agent.42 To avoid disturbance of the normal gut
flora and to minimize selection of antimicrobial resistant organisms, local treatment
with antiseptic drugs and narrow-spectrum antimicrobials are preferable to systemic
treatment and broad-spectrum antimicrobials, respectively.
Table 2 presents a concise overview of veterinary important antimicrobial agents

and their activity against common veterinary pathogens.
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RECOMMENDATIONS

In exotic animals, evidence-based treatment guidelines for infections, including anti-
microbial stewardship considerations, are not yet available. Common practice is
based on personal experiences of successful strategies by individual veterinary spe-
cialists because of absence of suitable veterinary medicinal products, or on literature
aiming at 100% susceptibility of all suspected pathogens.42 This results in frequent (off
label) application of antimicrobials categorized as critically important antimicrobials by
the WHO, such as fluoroquinolones, aminopenicillins, third-generation cephalospo-
rins, and macrolides. The most important consideration in case of an acute infection
in exotic animal should be what pathogen is most likely causing the symptoms, and
whether antimicrobial therapy is needed. A list of appropriate antimicrobials is needed
for empiric therapy, and consensus on the right dose and preferable length of therapy.
For these antimicrobials, adequate pharmaceutical formulations should be developed.
Until then, antimicrobial stewardship in exotic animals will be hampered by the un-
availability of treatment options.
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