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In recent years, there have been important changes in
antimicrobial therapy. New antimicrobials are available

and a greater database of species-specific pharmacoki-
netic information is available, allowing for more accu-
rate dosing with drugs. Antimicrobial drugs are the
most widely prescribed and administered drugs in vet-
erinary medicine. Unfortunately, they are not always used
appropriately. In a review of antimicrobial therapy in
97 dogs at a veterinary hospital, 42 dogs had been
treated irrationally (no indication, wrong drug, inap-
propriate dosage) (1). Prophylactic antimicrobial use
accounted for 90% of the irrational treatment, and 69%
of the irrational treatment was attributable to inappro-
priate dosage regimens. Consumer concerns over drug
residues in food animals and the development of wide-
spread bacterial resistance to antimicrobials further
emphasizes the importance of rational antimicrobial
therapy.
To develop a rational antimicrobial treatment regi-

men, practitioners should ask themselves the following
questions:

1) Does the diagnosis indicate antimicrobial therapy
is required?

Treating metabolic disorders or viral infections with
antimicrobials is not rational. The common practice of
giving antimicrobials "just in case" a secondary bacte-
rial infection develops needs to be carefully consid-
ered against the risks of adverse side effects, the cost
to the client, and the potential for encouraging anti-
microbial resistance. Administering antimicrobials for
relatively trivial infections encourages the develop-
ment of antimicrobial resistant organisms.

2) What pathogens(s) are likely to be causing the
disease?

Practice experience and good reference texts (2,3) help
you to predict the common pathogens responsible for the
disease. The clinical signs of some bacterial infections
are so obvious that microbiological identification is
not necessary; but for those infectious diseases of
unknown cause or attributable to organisms with irreg-
ular antimicrobial sensitivity, such as the gram-negative
enteric organisms, there is no substitute for isolation and
identification. Once I have identified the pathogen
involved, I find it helpful to generally consider the
organisms as gram-positive, gram-negative, or anaerobic,

in order to choose an antimicrobial with the appropriate
spectrum of activity (Table 1).

There are many exceptions to this general classification
scheme. While enrofloxacin and the aminoglycosides do
have activity against gram-positive bacteria, especially
Staphylococcus spp., their therapeutic advantage is
their excellent activity against gram-negative bacteria.
So I tend to reserve their use for serious gram-negative
bacterial infections, and consider the penicillins and
cephalosporins as first choices for gram-positive bacterial
infections. Because of widespread plasmid-mediated
resistance, the gram-negative activity of tetracycline
and trimethoprim-sulfonamides is very variable, so I do
not choose these drugs for gram-negative infections,
unless I have susceptibility results that indicate they will
be effective. For some diseases, one must consider
activity against rickettsia, chlamydia, mycoplasma,
or protozoa.

3) What is the in vitro antimicrobial sensitivity of
the organism?

Antimicrobial susceptibility testing results can guide the
practitioner in choosing effective therapy, as long as the
limitations of in vitro results are understood. Suscepti-
bility is reported as a minimum inhibitory concen-
tration (MIC) value, which is the lowest drug concen-
tration that inhibits bacterial growth. The drug dose is
determined by targeting blood and tissue concentra-
tions that exceed the in vitro MIC for the pathogen.
However, the MIC does not account for the effect of host
defences and the effect of subinhibitory antimicrobial
concentrations on bacterial viability. The relationship
among the host, the bacteria, and the drug may be very
complex. It is common to classify antimicrobials as
bactericidal or bacteriostatic (Table 2). The classifica-
tion is made by comparing the ratio of the minimum
bactericidal concentration (MBC) to the MIC. The
MBC is the lowest drug concentration that kills 99.9%
of the bacteria. If the ratio of the MBC to the MIC is
small (<4 to 6), a drug is considered to be bactericidal
and it is possible to obtain drug concentrations that
will kill 99.9% of the organisms exposed. If the ratio
of the MBC to the MIC is large, it may not be possible
to safely administer dosages of the drug that will
kill 99.9% of the bacteria so the drug is considered
bacteriostatic.

For many drugs, the distinction between bactericidal
and bacteriostatic is not exact and may depend on the
drug concentration attained in the target tissue and the
pathogen involved. Specific situations in which a bac-
tericidal drug is preferred over a bacteriostatic drug
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Table 1. Spectrum of activity of commonly used antimicrobial
drugs
Gram-positive activity Gram-negative activity Anaerobic activity

penicillins
macrolides
cephalosporins
trimethoprim/sulpha
oxytetracycline
imipenem
chloramphenicol
rifampin

fluoroquinolones
aminoglycosides
cephalosporins
tcimethoprim/sulpha
oxytetracycline
imipenem
chloramphenicol

penicillins
metronidazole
cephalosporins
trimethoprim/sulpha
oxytetracycline
imipenem
chloramphenicol
clindamycin

Table 2. Classification of commonly used
antimicrobials based upon their effect on
bacteria
Bactericidal Bacteriostatic

fluoroquinolones
aminoglycosides
8-lactams
trimethoprim/sulphonamides
metronidazole
rifampin
imipenem

chloramphenicol
tetracyclines
macrolides
sulphonamides
clindamycin

Table 3. The postantibiotic effect (PAE) ofcommonly used antimicrobials
on the different types of bacterial pathogen
Type of bacterial
pathogen Long PAE (>3 hrs) Intermediate PAE Short PAE (<1 hr)
Gram-positive fluoroquinolones

macrolides
chloramphenicol
tetracycline

Gram-negative fluoroquinolones
aminoglycosides
trimethoprim/sulphas

Anaerobic metronidazole

include immunosuppressed patients, neonates, cases
of bacterial endocarditis and meningitis, and surgical
prophylaxis.

For some bacteria-drug interactions, bacterial growth
remains suppressed for a period after the drug concen-
tration has decreased below the MIC. This postantibi-
otic effect (PAE) may be the reason why dosage regi-
mens that do not maintain antimicrobial concentrations
above the MIC are still efficacious. The PAE depends on
the antimicrobial and the bacterial pathogen (Table 3).

4) In what part of the body or tissue is the infection
located?

Will the antimicrobial penetrate to the infection? The
chemical properties of each antimicrobial determine
its ability to cross lipid membranes and reach effective
concentrations in tissues and within cells. Certain tissues
have significant barriers to drug penetration for example,
the central nervous system, the prostate gland, the mam-
mary gland, and the ocular tissues. The pharmacokinetic

aminoglycosides
penicillins
cephalosporins

penicillins
cephalosporins

value of volume of distribution (Vd) is that it is a
measure of a drug's ability to cross lipid membrane
barriers. It is useful to consider the antimicrobials as high,
medium, and low volume of distribution drugs (Table 4).

Values of Vd for antimicrobial drugs can be found in
pharmacology reference books (4). Antimicrobial drugs
with a low Vd are useful for treating infections in
highly perfused tissues but are not good choices for
sequestered infections, such as, prostatitis, meningi-
tis, abscesses, and intracellular infections. The anti-
microbial drugs with a high Vd are better choices for
these infections, because they will achieve therapeutic
concentrations at the site of infection.

5) Will the antimicrobial be effective in the local
environment of the organism?

Even when high concentrations are achieved at the site
of infection, the local environment may affect the anti-
microbial activity. For example, abscesses create an
acidic, anaerobic, hypercellular environment (Table 5).
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Table 4. Volume of distribution (Vd) classification
of commonly used antimicrobials
Low Vd drugs Medium Vd drugs High Vd drugs
(<0.3 L/kg) (0.3-1 L/kg) (>1 L/kg)
penicillins
aminoglycosides
cephalosporins

sulphonamides
florfenicol

enrofloxacin
trimethoprim
tetracyclines
clindamycin
erythromycin
chloramphenicol
metronidazole
rifampin

Table 5. The effectiveness within abscesses (factor limiting
efficacy) of commonly used antimicrobials
Very effective Moderately effective Ineffective

rifampin
chloramphenicol
tetracycline

erythromycin (pH)
fluoroquinolones (pH)

aminoglycosides (pH, debris)
8-lactams (penetration)
trimethoprim/sulpha (debris)

Table 6. Classification of commonly used
antimicrobials as either concentration or time
dependent bacterial killers
Concentration dependent Time dependent

aminoglycosides
fluoroquinolones
metronidazole

penicillins
cephalosporins
macrolides

Sulfonamides act by competing with bacterial para-
aminobenzoic acid (PABA), but pus and necrotic tissue
provide an excess of PABA, so the effect of sulphonamides
is neutralized. Aminoglycosides have decreased activ-
ity in an acidic environment and bind to cellular debris
in purulent material.

6) What dosage regimen will maintain the appropriate
antimicrobial concentration for the proper duration
of time?

Bacterial kill-curve studies show that antimicrobials
can be categorized as concentration-dependent bacter-
ial killers or time-dependent bacterial killers (Table 6).

For concentration-dependent killers, a high plasma
drug concentration relative to the bacterial MIC deter-
mines clinical efficacy. These drugs also have prolonged
PAEs, thereby allowing long dosing intervals without
reducing clinical efficacy. Therefore, ideally amino-
glycosides and fluoroquinolones are ideally given to
achieve plasma concentrations-that are 8 to 10 times the
MIC for the bacteria. Once daily, high dose therapy
achieves antibacterial efficacy while minimizing toxicity.
For time-dependent bacterial killers, the time during
which the antimicrobial concentration exceeds the MIC
of the pathogen determines clinical efficacy. The bac-
tericidal activity of penicillins and cephalosporins does
not increase with increasing plasma concentrations,
once the bacterial MIC is exceeded. Short intervals

between doses are required with these drugs in order to
maintain plasma drug concentrations higher than the
bacterial MIC.

7) Should I limit concurrent use of additional
antimicrobials?

In most cases, the use of a single antimicrobial pro-
vides adequate therapy and reduces the potential for
adverse drug reactions and the development of bacter-
ial resistance. The use of multiple antimicrobial drugs
should be limited to known synergism against specific
organisms, to prevent rapid development of bacterial
resistance, or to extend the antimicrobial spectrum as
part of initial therapy of life-threatening conditions.
Aminoglycosides and B-lactams are often used for
their synergistic activity against gram-negative enteric
pathogens. Trimethoprim and a sulphonamide are
combined to avoid bacterial resistance by targeting
2 separate steps in bacterial nucleic acid synthesis.
Antagonistic or nonadditive antimicrobial combina-
tions should be avoided. Trimethoprim/sulphonamide
combinations do not significantly extend the antimi-
crobial spectrum of penicillins. It is generally not advis-
able to combine a bacteriostatic drug with a bactericidal
drug. Bacterial growth inhibition by tetracycline inter-
feres with the cell wall disruption activity of penicillin.
Chloramphenicol and rifampin reduce the efficacy of
enrofloxacin.
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8) What adverse drug reactions or toxicities might be
expected? Do the benefits outweigh the risks?

The use of aminoglycosides and the use of enrofloxacin
in young animals is often avoided due to fear of induc-
ing toxicity. However, the excellent antimicrobial activ-
ity of these drugs and the short duration of therapy
allow for effective therapy of many serious infec-
tions with minimal risk of toxicity. Trimethoprim/
sulphonamides are an inexpensive and effective ther-
apy for many infections, but are associated with a wide
range of serious adverse drug reactions (keratocon-
junctivitis sicca, thyroid function suppression, immune-
mediated syndromes).

9) How much will the drug regimen cost? Can the
client comply with the treatment regimen?

Cost of therapy is often the deciding factor in choosing
an antimicrobial. And the best antimicrobial regimen will
not be efficacious if the client is unable to administer
the drug!

10) How do I assess the outcome of the antimicrobial
treatment regimen?

If the antimicrobial regimen is effective, clinical response
is usually obvious witfhin 48 h. If the response is inadequate,

it is time to reevaluate the diagnosis and treatment
plan. Treatment duration of 4 to 5 d is adequate for
most uncomplicated bacterial infections. Many texts
advocate treating for 2 d after resolution of clinical
signs. Treatment may need to be prolonged in certain
chronic bacterial infections, such as osteomyelitis
and prostatitis.

This introduction to rational antimicrobial therapy will
be followed by a series of articles on antimicrobial
therapy of specific clinical conditions, including urinary
tract infections, respiratory tract infections, septic arthri-
tis, and osteomyelitis, and in immunocompromised and
septic patients.
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Looking for a telephone or fax number,
a street or e-mail address?

Look no further... sply call
1-800-567-CVMA (2862)!
The CVMA's database features the names,
addresses and telephone numbers of over
7,000 of your colleagues, and we
would be delighted to provide
you with the information you
are looking for.

Don't spend your valuable time
searching, let the CVMA do it for you. Just
another way the CVMA is here to serve its members.
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