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MAKING MASTITISTREATMENT DECISIONS
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SUMMARY

Thergpeutic efficacy of madtitis can result in frustrating clinical outcomes, depending on the causative
pathogen, the severity and duration of infection, and expectations of the dairy producer. In herds that
have controlled contagious madtitis, cogts incurred from clinica madtitis likely account for the largest
proportion of total herd madtitis costs, and in some instances, a majority of these losses results from
therapeutic cogts, especidly discarded milk following trestment.  Additionaly, madtitis remains the
primary cause of antibiotic use on dairy farms and violative drug resdues in marketed milk inthe U.S.
Therefore, an approach to thergpeutic decisions for mastitis must address the three fundamenta "e's
. efficacy, economics, and evason of drug resdues. This paper will focus on madtitis trestment
decison-making and promotes a perspective of treatment as an adjunct to immune function.

INTRODUCTION

Throughout the 1960s and 1970s awide variety of antimicrobias became available as intramammary
infusons for treetment of madtitis. Initia successes suggested 75% efficacy (cures) in both lactating and
dry cow formulations. However, there has been growing skepticiam that in some cases, we achieve far
less than origindly reported.  Chronic intramammary infections caused by pathogens such as
Saphylococcus aureus pose difficult therapeutic problems, and typica labelled dose regimens that
provide antibacteria concentrations for 24 to 48 hours will not provide cures in many cases.
Additiondly, the mgor thrust of development of antimicrobias for trestment of madtitis has been
directed against Gram-poditive organisms, particularly staphylococci and streptococci.  These continue
to be important pathogens, however, many herds have seen the emergence of Gram-negetive organisms
as asubstantial cause of madtitis losses, which are resstant to many current products.

Traditiondly, the most Sgnificant economic losses of madtitis have been attributable to lost production
resulting from inflammation. However, gpplication of management practices that decrease the
prevalence of contagious pathogens, has aso atered the focus of madtitis control to environmental
pathogens and economic losses that arise from dlinical medtitis. Estimates on the cost of dinicd madtitis
are $110/case and $40 to $50 per cow in herd per year (1,2). In alarge Michigan herd using daily milk
weight technology, discarded milk following trestment accounted for 70% of lost marketable milk (2),
and in herds that do not have a judicious treatment program losses from discarded milk aone can
exceed $70 per cow in herd per year. Thus, there is increased awareness among producers of
trestment-related costs, and the economic vaue of extensive antimicrobia therapy for madtitis,

In Michigan, madtitis remains the most frequent cause of antimicrobial usein dairy cows and accounts
for 90% of occurrences when violative residues are detected in marketed milk. Consderable debate
among the public and regulatory sector exists as to the dangers that antimicrobias and other drugsin
milk pose as a hedlth risk. Nonetheless, whether the dangers are redl or perceived, frequency of milk
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testing and regulaory control of drug use on dairy faamsisincreasing and likely to increase in complexity
astime continues. Thus, because of accountability to dairy producers and the consuming public, we
must address two other key issues other than efficacy. Therapy must be economicaly viable and must
not increase risk of drug residues in marketed milk.

Although these guiddines serve as a badis for thergpeutic decisons, the practicd redities faced by
farmers and hedth advisors such as veterinarians till require that cows with mastitis will be treated.
Although smplified, a madtitis thergpy protocol can be desgned from two "on-farm™ perspectives, what
to do with acute, systemic madtitis cases, and the other is the problems associated with chronic or
reaively mild clinica cases. The key variables that influence the gpproach to formulating a trestment
protocol are drug selection, causative agent, and cow immune status.

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERSATIONS FOR
MASTITISTREATMENT DECISIONS

Antimicrobias have been the class of drugs most often advocated in clinica practice and research as
athergpy for madtitis (3). Thisdirection has seemingly offered the most potentia because the purpose
of these drugsisto inhibit the growth of, or kill infectious, pathogens. However, because of the limited
therapeutic dosing of these drugs that is usualy employed due to economic and residue avoidance
concerns, we are often unable to maintain effective inhibitory concentrations. Our god in sdecting the
best antimicrobia trestment regimen for an intramammary infection is smple, administer the drug a a
dose and ste that will dlow accumulation in the mammary gland (pharmacokinetics), and identify the
pathogen and minima inhibitory concentration (susceptibility) so that we can maintain effective drug
concentrations (harmacodynamics). Although adequate for pathogens such as Streptococcus
agalactiae and dysgalactiae, the minima dose amount and frequency as suggested for many
commercid intramammary preparaions isinadequate from a pharmacokinetic and pharmacodynamic
gandpoaint for more invasve pathogens such as Sreptococcus uberis and S aureus. Number of doses
with intramammary preparations are usudly maintained according to milking times of the cow.
However, amore novel approach has been to gpply parenterd (systemic) administration as an adjunct
to intramammary therapy. Systemic use of antimicrobids has been successful for increasing cure rates
for chronic S. aureus intramammary infections in dry cows and lactating cows in studies from Isradl,
Netherlands, and Louisiana, but not in dry cowsin studies from Michigan and Louisana (4,5,6,7).
In these studies, antimicrobids such as fluorquinolones, macrolides, and tetracyclines were sdlected as
good pharmacokinetic candidates because of good volume of digtribution (lipophilic), rdaivey long
hdf-life, and high bioavailahility (low serum protein binding). Because of a high degree of resstanceto
antimicrobids in commerdd intramammary products, systemic antimicrobid therapy for the trestment
of acute Gram-negative madtitis has been attempted. Research from Alabama (8, intravenous ceftiofur,
low bicavailability), Minnesota (9, intramuscular erythromycin, poor susceptibility; gentamicin, poor
tissue digtribution) and Finland (10, sulfatrimethoprim) have dl redlized poor therapeutic results with
naturd and experimental coliform infections. A recent Isradi sudy (11) with a fourth generation
cepha osporin (cefquinome) with good tissue digtribution and antibacteria
activity reported better clinicd outcomes. Thus, it isimportant to identify the pathogen and gpply sound
pharmacologic principles to promote the best probakility for thergpeutic efficacy.

MASTITISTHERAPY DECISIONS: COW'SPOINT OF VIEW
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It iswell established that cows that have concurrent metabolic disease, inadequate nutrition, or thet are
subjugated to stress, including caving, are more likely to be affected by infectious agents. Madtitisis
no exception to this principle, and numerous studies have demondtrated the direct correlation between
in vitro phagocyte function and clinica outcome of experimentaly chalenged cows. Anti-oxidant

supplementation of dietary rationsimproves in vitro anti-bacterid function of neutrophils collected from
supplemented cows and decreases incidence and severity of clinical madtitis (12,13). Conversdly,

dteration of neutrophil migration into the gland occurs near calving and resultsin more severe coliform
infections (14). Neutrophil function in dearance of pathogens from the mammary gland is criticd,

however the undersanding of immunology hasincreased so that we now know that the neutrophil is part
of alarger symphony of immuneeffectors that indudes macrophages, lymphocytes, immune moduletors
such as cytokines, inflammatory mediators, and acute phase reactants (3). As a primer of humord

immunity, use of core-antigen vaccines improves the clinical outcome of cows with Gram-negetive
madtitis. Thus, preventive measures to establish optimum cow immunity are desrable. However, cow
immune response to even the best of preventive programs is highly variable. At the time of dlinicd

meadlitis treetment, our ability to manipulate immune function is limited, and learning to assessimmune
function, even on a crude scae may offer some insight to thergpeutic success. Thisis based on the
premise that no antibiotic can dear an infection without afunctiona immune system and learning to reed
what a cow's defences are tdling us may help in deciding our options or a least expectations. We need
to support basc research that will dlow usto gain recognition of cows with impaired immunity thet pose
ahigher risk of unsuccessful thergpy. Mammary quarters with infections of longer duration, that more
consgtently shed pathogens over time, and from cows that have multiple quarters with infectionsare a
poorer therapeutic risk (5,15). These are somewhat crude predictors of therapeutic success, but

uggest that we should explore genetic markersin dairy cattle that may alow usin the future to identify
potentialy immune impaired breeding lines as well astarget our therapeutic efforts and expectations of
treated animals.

A particularly attractive dternative would be to develop new drategies of dry cow thergpeutics. This
is an opportunity that could best redlize the three fundamenta criteria of thergpy. Cost to the producer,
particularly from discarded milk should be minimd, risks of resduesin milk are certainly reduced, and
asthe involuted gland is amore hodtile environment to bacteria surviva than alactaing gland, improved
efficacy ganed through synergy with the immune system should be possble. Initid atempts to
accelerate involution or potentiate immune activity at the end of lactation, or in lactating cows have not
demondtrated practica clinica success (16,17,18,19), but are well targeted consdering the high
incidence of new intramammary infections during the early dry period.
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DECISIONSFOR THERAPY OF ACUTE MASTITIS

Acute, or systemic, madtitisis most often caused by coliform and other Gram-negative organisms (20).
However, numerous other pathogens including Gram-positive cocci and mycatic organisms can dl
result in severe madtitis. The case can be life threatening to the cow, and is often accompanied by
marked production loss. If survivd occurs, affected cows often perform poorly and may undergo
premature culling. From a cowside appraisa, treatment of these cases is a forced decision, i.e.
trestment isindicated, if only to relieve the cow of systemic Sgns. Supportive care is usudly indicated,
and in the case of coliform madtitis may be the most beneficia component of the thergpeutic regimen
(3). Theobvious basisfor antimicrobid therapy is knowledge of the causative pathogen. However,
thisis not attainable for some hours after initid onset of case recognition, and thus the practica problem
remains of basing trestment on best clinicd guess. Epidemiologicd information on the herd such as

previous bacteriology, patterns of stage of lactation, season, age, etc suggest our best aternatives.
Nonethdess, we remain in the Stuation of prescribing trestment to best cover dl possbilities. Typicdly,
intramammary thergpy to inhibit Gram-positive growth in addition to parenterd (systemic) antimicrobids
that have broad spectrums of activity are administered. Pharmacokinetic principles as previoudy
discussed apply to severe madtitis cases. Although the drug may be available for distribution in the
mammary gland, maintaining effective M1C can be more difficult due to increased resstance of many
of these organiams. Caution should be employed in extending thergpy for cows that have demondrated
marked dinicd improvement, especidly for cases of coliform madtitis, as recovering cows affected by
these organisms have cleared the infection, and generally do not nreed antimoicrobids to complete
recovery. Unnecessary extension of thergpy in these instances results in increased discarded milk
expense for the dairy producer and risk of antimicrobids in marketed milk.

DECISIONS FOR THERAPY OF CHRONIC MASTITIS

Many intramammary infections that are chronic or are observed as mild clinical cases offer a more
voluntary gpproach to thergpy. Elimination of infections can result in increased production and, in the
case of contagious pathogens, remove the reservair of infection for non-infected cows. However, many
of these infections are of long duration, frequently recur with mild clinicd madtitis despite previous
therapy, and can add substantia costs and risks associated with treatment.  Treatment of subclinica
IMI in lactating cows, especidly caused by pathogens other than Str. agalactiae is usudly
uneconomica. The foundation for decisions should be based on bacteriology and sound pharmacol ogy.

Given the dow onsat of infection, identification of the pathogen should be performed before any
extengve thergpy isindituted. Drug digtribution, dthough theoreticaly available in the mammary gland,
may not be efficacious because of extensve fibross and micro-abscess formation inthe gland. Findly,
chronic cases offer us more leisure to determine the cow's immune status from a perspective of duration
of infection, number quarters infected, and other variables as previoudy discussed.
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CONCLUSION

Madtitis therapy has hit a critica impasse, dairy producers are demanding more accountability of
economic consequences of madtitis therapy, consumers, and thus regulatory bodies, are devating ther
perception of food safety. We must rethink our approach to madtitis therapy so that any new
technologies will meet the criteria of efficacy, cost effectiveness, and decreased resdue risks.
Particularly in the case of more chronic infections, | propose that we maintain our interest in bacteriology
and pharmacology, but increase our awareness of the cow'simmune satus aswell. Thismay result in
better redization of our thergpeutic expectations.
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