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Introduction

Our understanding of the pharmacology of anti-
microbials has taken major leaps in the past few years,
as has the science of antimicrobial susceptibility test-
ing. In addition, the pathogenic bacteria vying for ex-
istence have started to regain the edge they had before
the introduction of antimicrobials. The result is that
we need to revise our vision of how to use antimicrobi-
als. Antimicrobial therapy should be viewed like car-
diac therapy: tailored to the animal, drug and disease.
The days of one drug/one dose/all diseases are over.

But how can you as practitioners prepare for these
changes? As with any diagnostic test, an understand-
ing of how susceptibility testing works is critical for you
to make reasonable decisions based on the results. This
is not meant to be a discussion of microbiology, but rather
the application of microbiology to pharmacology. Most
veterinarians are familiar with the disc diffusion (Kirby-
Bauer, BIOMIC system) and tube or plate dilution (e.g.,
Sensititre system) methods of susceptibility testing, but
a quick review is in order.

Discussion

Methods of susceptibility testing

The Kirby-Bauer method relies on antimicrobial-
containing discs that are placed on a plate streaked with
the isolated bacteria. After incubation, the so-called
“zone of inhibition” is measured around each disc, with
the zone sizes correlating with Minimum Inhibitory
Concentrations (MICs). (MICs are correlated with ex-
pected clinical outcome; see discussion below.) Critical
points regarding this method of- testing are: the bacte-

ria must first be isolated from the diagnostic sample;
only one isolate may be tested at a time; and methods
must be scrupulously followed such as agar type, incu-
bation period, and so on to permit accurate reading of
results. Diagnostic laboratories perform quality assur-
ance on a regular basis, including the use of stock or-
ganisms from the ATTC with known susceptibilities, and
these procedures should be utilized in an in-house mi-
crobiology lab. Another caveat: “Dangerously mislead-
ing results can occur when certain antimicrobial agents
are tested against specific organisms. These combina-
tions include, but are not limited to: first- and second-
generation cephalosporins and aminoglycosides against
Salmonella spp.; ...cephalosporins against Listeria spp.™

The plate or tube-dilution method uses agar con-
taining a given concentration of antimicrobial on which
the organism is grown. The lowest concentration at
which growth is inhibited is the MIC of the organism.
This concentration can then be utilized in the construc-
tion of a regimen (dose, frequency, duration, withdrawal
time). To simplify the testing and to minimize the ma-
terials required for testing—rather than testing a range
of concentrations—most laboratories have utilized 1 or 2
concentrations known as “breakpoints”, such that or-
ganisms that grow below the concentration are consid-
ered susceptible, and those above are resistant. In the
case of disc diffusion methods of testing, relating MICs
to zone diameter is usually performed via the error-rate
bounding classification method.? This method allows
for the selection of zone diameters based on allowable
percentages of false susceptible and false resistant clas-
sifications. False susceptible results are considered
“very major errors,” since they could result in using an
antimicrobial that is not effective; false resistant are
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considered “major errors.” “Minor errors” are isolates
that are classified either resistant or susceptible by zone
diameter but are intermediate by MIC. Error-rate
bounding classification is illustrated in Figures 1 and 2
for a mock organism, adapted from Metzler and
DeHaan.? Figure 1 is the distribution of the population
of isolates among MICs. Figure 2 is the distribution of
the MIC to zone diameter correlation with false suscep-
tible and false resistant areas bounded by the MIC cut-
off for resistance, and the 2 zone diameters that
correspond to “susceptible” and “resistant.”

And how are the breakpoints determined? This
information is developed by microbiologists and clini-
cians working with the National Committee on Clinical
Laboratory Standards (NCCLS). In theory, breakpoints
are put together using 3 major pieces of information:
pharmacokinetics of the antimicrobial in the species in
question, historical information on the MICs of the or-
ganism in question, and clinical trials of the drug in the
treatment of the disease caused by the organism. The
susceptibility data are plotted on a scattergram corre-
lating MICs with zones of inhibition as mentioned above,
and the population of organisms in question is exam-
ined for clusters. These clusters can be related to the
pharmacokinetics of the antimicrobial to evaluate the
clinical likelihood of various concentrations. For ex-
ample, if the serum concentration is not expected to
reach the MIC of an organism, it would likely be catego-
rized as resistant, although tissue concentrations of
antimicrobial may be utilized if clinical correlations can
be made.® The result is breakpoints that use an in vitro
laboratory result to predict a clinical response. An im-
portant point should be made clear: breakpoints are
established for a given organism in a given species for a
given regimen. The practical implication of this is that
if you change the regimen, or you use the drug in a dif-
ferent species or for a different application than the
breakpoint was established, your clinical results may
be very different than expected.
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Figure 1. Mock organism—Number of isolates by
minimum inhibitory concentration.

The drugs for which breakpoints have been estab-
lished in cattle are in Table 1. Considerable progress
has been made by the Veterinary Subcommittee of the
NCCLS on establishing breakpoints. However, the ab-
sence of veterinary-derived breakpoints for antimicro-
bials commonly used in bovine practice such as
penicillin, oxytetracycline, ampicillin and erythromycin
should be noted. For those drugs, human-derived
breakpoints are used. To illustrate the errors that can
be encountered using these breakpoints, the pharmaco-
kinetics of oxytetracycline found in 1 study are shown
in Figure 3. The breakpoints are shown on this graph,
and it becomes clear that a veterinary pathogen could
be falsely labeled “susceptible” by the lab. One impor-
tant result of this discrepancy is that the use of suscep-
tibility results alone may not be justification for
extra-label use.

Changes in susceptibility testing

To combat this problem, at least one commercial
plate dilution testing system, Sensititre, has made a
major change in the testing plates available to diagnos-
tic labs. Rather than using 2 or 3 wells representing
breakpoints, they have developed plates with extended
dilutions, allowing the practitioner or the diagnostician
to make the call of “susceptible” or “resistant,” rather
than relying on S, I and R (see Table 2). Practically
speaking, the laboratory may just give the results in
terms of minimum inhibitory concentrations, rather
than that the pathogen was susceptible. The responsi-
bility now becomes the practitioner’s to understand what
the MICs mean and to track MICs and clinical case re-
sponse. This is an area that will require vigilance on
the part of practitioners.

Help is on the way in dealing with these changes
in susceptibility testing and reporting in the decision
support system being developed by collaborators at the
Iowa State University, Virginia Tech, and Mississippi
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Figure 2. Mock organism—-Comparison of zone
diameters and minimum inhibitory
concentration.
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Table 1. Drugs for which breakpoints have been established for cattle by the NCCLS?.

Drug Indication Organisms

Ceftiofur Bovine Respiratory Disease Pasteurella haemolytica, Pasteurella multocida, Haemophilus
somnus

Tilmicosin Bovine Respiratory Disease Pasteurella haemolytica

Enrofloxacin Bovine Respiratory Disease Pasteurella haemolytica, Pasteurella multocida, Haemophilus
somnus

Florfenicol Bovine Respiratory Disease Pasteurella haemolytica, Pasteurella multocida

Penicillin/ Mastitis Staphylococcus aureus, Streptococcus agalactiae, Streptococcus

novobiocin dysgalactiae, Streptococcus uberis
Other organisms

Pirlimycin Mastitis None specified

Spectinomycin Bovine Respiratory Disease Pasteurella haemolytica, Pasteurella multocida, Haemophilus

sulfate somnus

State University colleges of veterinary medicine. The
system has been described in detail.! The role of the
Veterinary Antimicrobial Decision Support system is to
provide information and decision support in developing
antimicrobial regimens particularly for extra-label use,
whether the veterinarian is treating empirically or has
susceptibility results in hand.

One example of the information being used in the
VADS system is a study such as that performed by Shpigel
and others*: Cows with field cases of clinical mastitis were
treated with a trimethoprim-sulfa combination, and re-
covery rates were compared between organisms that were
susceptible and resistant in vitro. The investigators found
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Figure 3. Plasma concentrations of long-acting vs.
conventional oxytetracycline IM in steers
(188-212 kg; 414-466 1b) (adapted from
Davey et al, 1985).

that 89.1% of cows recovered if the organism was suscep-
tible, and 74.6% recovered if the organism was resistant,
with an odds ratio of recovery from a sensitive compared
to a resistant organism being 2.75. (The breakpoints were
those derived in humans.)

One of the other pieces of the puzzle in designing
regimens is an understanding of how antimicrobials
work and how best to apply them. One of the major
areas of interest of the VADS system is in the pharma-
cokinetics of antimicrobials, since the way they are
handled by the body has a large impact on their ability
to inhibit bacterial growth.

Practical pharmacokinetics

A basic understanding of pharmacokinetics re-
quires the review of only a few simple concepts. Phar-
macokinetics are used to describe how a drug is
absorbed, distributed, metabolized and excreted, i.e.,
how the drug moves through the body. One method of
graphically displaying the pharmacokinetic parameters
is the plasma concentration curve. Figures 4 and 5 show
example curves: one for intravenous (IV) administra-
tion and one for intramuscular (IM)/subcutaneous (SQ)/
per os (PO) administration. The major difference be-
tween the two graphs is that IV drugs are immediately
available in the serum, whereas the other administra-
tion routes require absorption into the serum/plasma.
Absorption kinetics may become a significant issue for
drugs administered IM, SQ or PO. With some prepara-
tions of drugs, such as long-acting products, the rate of
absorption may be slower than the rate of elimination.
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Table 2. Extended dilutions of antimicrobials (pug/ml)
commercially available in the Sensititre®
plates from Trek Diagnostic Systems, Inc.,

Westlake, Ohio.

Antimicrobial Also tests for  Food Animal Mastitis
Ampicillin Amoxicillin 0.25-16 0.12-8
Apramycin 4-32
Ceftiofur 0.5-8 0.5-4
Cephalothin 2-16
Chlortetracycline 0.5-8
Clindamycin Lincomycin 0.25-2
Enrofloxacin 0.12-2
Erythromycin 0.25-4 0.25-4
Florfenicol 0.25-8
Gentamicin 1-8
Neomycin 4-32
Oxacillin 2-4
Oxytetracycline 0.25-8
Penicillin 0.12-8 0.12-8
Penicillin/Novobiocin 1-8
Pirlimycin 0.5-4
Spectinomycin 8-64
Sulfachlorpyridazine 32-256
Sulfadimethoxine 32-256 32-256
Sulfathiazole 32-256
Tetracycline 1-8
Tiamulin 4-32
Tilmicosin 4-32
Trimethoprim/
Sulfamethoxazole 0.5-2
Tylosin tartrate 2.5-20
Cnas
e
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Figure 4. Plasma disappearance curve (IV bolus).

These drugs display flip-flop kinetics: elimination of the
drugis limited by the rate of absorption. Typically, these
drugs will reach a lower peak than the same product
administered IV, and the drugs will exhibit a much
longer T__, that is, it will take longer to reach the high-
est concentration.

The terms used to describe drug movement through
thebodyincludeC__,T  ,AUC,T, , MRT,andVd. C__
is the maximum serum concentration reached; units are
usually pg/ml, meaning pg of drug per ml of serum.
Serum concentrations are the most common and easi-
est way to measure how much drug is in the body at a
given time if we know the volume of distribution. T __,_
is the time at which the maximum serum concentration
is reached; units are usually minutes or hours. AUC
(Area under the curve) is a mathematical description of
how much total drug is available in the serum or plasma
over the time period measured. The 2 most common
ways we talk about AUC are AUC,_ and AUC ,,.
AUC,_ is an estimate of the total amount of available
drug in the body; AUC_,, is the amount of drug avail-
able for the first 24 hours after dosing. The units for
AUC are mg*ml/hr. T,,, or apparent elimination half-
life, is the amount of time it takes for the serum concen-
tration of drug to be reduced by half. What this means
is that for most drugs, which exhibit first order kinet-
ics, a constant fraction or proportion of the drug is elimi-
nated per time period. It takes about 7 half lives for
99% of a drug to be eliminated. In some references or
abstracts, the half-life will not be reported but the elimi-
nation rate constant (K ) will be. The elimination con-
stant is the slope of the elimination portion of the plasma
concentration curve, and to convert it to half-life, the
following equation can be used:

T,,= 0.693/K,
or
K, = 0.693/T ,
Absorption and
stribution phase
(Tira) Ci
Serum /
Concentration
(ng/ml)

Elimination phase
(Tir2g)

Figure 5. Plasma disappearance curve (IM, SQ, PO).
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In addition, for the purposes of extrapolating with-
drawal intervals, the following relationship is important:

K, = Vd/Clearance

Therefore, the elimination half-life will be affected
by diseases or changes in physiology that affect the vol-
ume of distribution of the drug in the animal or the clear-
ance of the drug.

MRT (Mean Residence Time) is another way of de-
scribing how long a drug stays in the body. It is an esti-
mate of the mean length of time a given molecule of drug
will remain in the animal. It is calculated using math-
ematical manipulations of the plasma concentration
curve. Vd, the volume of distribution, is the volume of
plasma at a given drug concentration required to account
for all of the drug in the body. It is a theoretical concept
that is useful as a way of evaluating whether a particu-
lar drug tends to stay in plasma or tends to move into
tissues. Very high volumes of distribution may even in-
dicate that the drug binds to certain tissues. Low vol-
umes of distribution indicate that the drug tends to stay
in plasma. As a general rule, lipid-soluble drugs have
higher volumes of distribution, and water-soluble drugs
have lower volumes of distribution, in the absence of tis-
sue binding. It is usually expressed as L/kg.

Conclusion

The purpose of understanding these concepts and
learning the terminology is so that the literature of an-
timicrobials makes sense. This understanding will as-
sist the practitioner in making decisions about
antimicrobial regimens. The next article in these pro-
ceedings will cover the concepts of regimen design, uti-
lizing pharmacokinetic information and antimicrobial
susceptibility results so as to optimize the treatment of
bacterial infections.
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BRIEF SUMMARY

(For full Prescribing Information, see package insert.)
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Banamine
(FLUNIXIN MEGLUMINE)
Injectable Solution 50 mg/mL Veterinary

For Intravenous or Intramuscular Use in Horses and for
Intravenous Use in Beef and Nonlactating Dairy Cattle Only.
Not for Use in Lactating and Dry Dairy Cows. Not for Use in
Veal Calves.

CAUTION: Federal law restricts this drug to use by or on
the order of a licensed veterinarian.

DESCRIPTION: Each milliliter of BANAMINE Injectable
Solution contains flunixin meglumine equivalent to 50 mg
flunixin, 0.1 mg edetate disodium, 2.5 mg sodium formalde-
hyde sulfoxylate, 4.0 mg diethanolamine, 207.2 mg propylene
glycol; 5.0 mg phenol as preservative, hydrochloric acid, water
for injection q.s.

INDICATIONS: Cattle: BANAMINE Injectable Solution is
indicated for the control of pyrexia associated with bovine
respiratory disease and endotoxemia. BANAMINE Injectable
Solution is also indicated for the control of inflammation in
endotoxemia.

DOSE AND ADMINISTRATION: Cattle: The recommended
dose for cattle is 1.1 to 2.2 mg/kg (0.5 to 1 mg/Ib; 1to 2
mL per 100 Ibs) given by slow intravenous administration
either once a day as a single dose or divided into two doses
administered at 12-hour intervals for up to 3 days. The total
daily dose should not exceed 2.2 mg/kg (1.0 mg/Ib) of body
weight. Avoid rapid intravenous administration of the drug.
CONTRAINDICATIONS: Cattle: There are no known
contraindications to this drug in cattle when used as directed.
Do not use in animals showing hypersensitivity to flunixin
meglumine. Use judiciously when renal impairment or gastric
ulceration are suspected.

RESIDUE WARNINGS: Cattle must not be slaugh-
tered for human consumption within 4 days of the
last treatment. Not for use in lactating or dry dairy
cows. A withdrawal period has not been estab-
lished for this product in preruminating calves. Do
not use in calves to be processed for veal. Not for
use in horses intended for food.

PRECAUTIONS: As a class, cyclo-oxygenase inhibitory
NSAIDs may be associated with gastrointestinal and renal
toxicity. Sensitivity to drug-associated adverse effects varies
with the individual patient. Patients at greatest risk for renal
toxicity are those that are dehydrated, on concomitant
diuretic therapy, or those with renal, cardiovascular, and/or
hepatic dysfunction.

Since many NSAIDs possess the potential to induce gas-
trointestinal ulceration, concomitant use of BANAMINE
Injectable Solution with other anti-inflammatory drugs, such
as other NSAIDs and corticosteroids, should be avoided or
closely monitored.

Cattle: Do not use in bulls intended for breeding, as repro-
ductive effects of BANAMINE Injectable Solution in these
classes of cattle have not been investigated. NSAIDs are
known to have potential effects on both parturition and the
estrous cycle. There may be a delay in the onset of estrus if
flunixin is administered during the prostaglandin phase of
the estrous cycle. The effects of flunixin on imminent partu-
rition have not been evaluated in a controlled study. NSAIDs
are known to have the potential to delay parturition through
a tocolytic effect. Do not exceed the recommended dose.
SAFETY: Cattle: No flunixin-related changes (adverse
reactions) were noted in cattle administered a 1X (2.2 mg/kg;
1.0 mg/Ib) dose for 9 days (three times the maximum clinical
duration). Minimal toxicity manifested itself at moderately
elevated doses (3X and 5X) when flunixin was administered
daily for 9 days, with occasional findings of blood in the feces
and/or urine. Discontinue use if hematuria or fecal blood are
observed.

ADVERSE REACTIONS: In horses isolated reports of local
reactions following intramuscular injection, particularly in
the neck, have been received. These include localized
swelling, sweating, induration, and stiffness. In rare
instances in horses, fatal or nonfatal clostridial infections or
other infections have been reported in association with intra-
muscular use of BANAMINE Injectable Solution. In horses
and cattle, rare instances of anaphylactic-like reactions,
some of which have been fatal, have been reported, primarily
following intravenous use.

HOW SUPPLIED: BANAMINE Injectable Solution 50 mg/mL
is available in 50-mL (NDC 0061-0851-02), 100-mL (NDC
0061-0851-03), and 250-mL (NDC 0061-0851-04) multi-
dose vials.

Store between 2° and 30° C (36° and 86° F).

Schering-Plough Animal Health Corp. Union, NJ 07083
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