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Bovine mastitis therapy and why it fails

J H du Preez®

ABSTRACT

nary interventions.

Treatment of bovine mastitis depends on the cause, the clinical manifestation and the anti-
biotic susceptibility of the agent. Mastitis therapy is commonly unsuccessful owing to
pathological changes that occur in the udder parenchyma as a result of the inflammatory
reaction to mastitogenic bacteria, pharmacokinetic properties of antimicrobial mastitis
drugs, mastitogenic bacterial and related factors, and poor animal husbandry and veteri-
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INTRODUCTION

Mastitis can occur atany stage ofacow’s
productive life. Microbiological investiga-
tions of clinical bovine mastitis reveal a
causative agent in 75-95% of cases. There
is good evidence that microorganisms are
involved in almost all cases™***. At least
137 infectious causes of bovine mastitis
are known, but the majority of cases are
caused by only a few common bacterial
pathogens, namely staphylococci, strep-
tococci, coliforms and Arcanobacterium
pyogenes.

For antibacterial mastitis therapy to be
successful, the active drug must attain
and maintain concentrations exceeding
the minimum inhibitory concentration
(MIC) at the focus of infection for long
enough to break the production and
toxin-producing cycle of the causative
pathogen®. This may be prevented by a
number of factors that include udder pa-
thology and poor selection of anti-
microbials, and is also influenced by the
route of administration. Therapy may
have poor results owing to tissue damage
and introduction of new infections dur-
ing treatment, and/or failure to eliminate
the management factors that predispose
to mastitis. Although there is an underly-
ing assumption that the primary goal of
antibacterial mastitis therapy is to kill bac-
teria and that the normal udder is sterile,
usually the best that can be achieved is
temporary reduction or suppression of
the bacterial population to allow the host
to overcome the infection. The mecha-
nisms to cleanse the udder are evidently
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poorly developed in some cows, as re-
lapses and re-infections commonly follow
antimicrobial therapy. Udder infections
tend to be dynamic, and stress may con-
tribute to udder infections becoming clin-
ically apparent®*.

The purpose of this article is to provide
an update on bovine mastitis therapy and
reasons for its failure.

PRINCIPLES OF MASTITIS THERAPY

The success of mastitis therapy depends
on correct diagnosis, appropriateness of
the route of administration and the drug
selected, stage at which treatment is initi-
ated, severity of udder pathology, sup-
portive treatment, and elimination of
predisposing factors. There is no standard
treatment for mastitis, but it is advocated
that the clinical forms should be treated
according to the severity of the udder in-
flammation*.

Bovine mastitis is most commonly
treated by intramammary infusion of
drugs®®. This is the route of choice in
subclinical, mild or moderately severe
mastitis, and is used as an adjunct to
parenteral administration in severe mas-
titis. Some clinicians prefer intra-
mammary administration, without
systemic administration, even in severe
disease’. For effective intramammary
treatment, drugs should distribute
throughout the udder and be rapidly ab-
sorbed into the general blood circulation
(Table 1). Significantly better results can
be obtained when the drug is adminis-
tered intracisternally in 1 ¢ of 0.5 % glu-
cose solution, rather than in 50 m¢ saline®,

The disadvantage of local application of
antimicrobials is the slow and uneven dis-
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tribution of certain drugs in the infected
udder (Table 1). In acute, severe disease,
distribution through the udder may be
impaired by inflammation or blockage of
milk ducts by debris. Parenteral adminis-
tration may overcome these problems, al-
though it is usual to administer agents
concurrently by the intramammary
route”. Severely inflamed udders should
be milked out frequently, with the aid of
oxytocin if necessary. In peracute or acute
clinical mastitis cases with systemic signs,
combined systemic and intramammary
treatment with compatible antibiotics,
supplemented with supportive therapy,
is recommended®.

It is always desirable to treat infectious
mastitis according to the antimicrobial
drug sensitivity pattern of the pathogens
and clinical experience®. The basic rule in
selecting the drug is to opt for one with as
narrow a spectrum as possible, to focus
treatment on a specific pathogen and
minimise side-effects. Because it takes
time to do sensitivity determinations,
broad-spectrum antibiotics must be given
initially for practical reasons, based on
knowledge of the pharmacokinetic prop-
erties of the drugs and the formula-
tion®#%%%% 10 general, narrow-spec-
trum antibiotics are bacteriocidal and
those with a broad spectrum are bacterio-
static®.

Response to treatment increases with
persistence of the antibiotic in the udder.
The concentration of the drug used must
at least exceed the MIC-value for the
pathogen, but preferably also the MBC-
value (minimum bacteriocidal concentra-
tion) in the udder. If bacteriostatic drugs
are used, the need to maintain high con-
centrations in the target organ is in-
creased.

Successful intravenous or intramuscu-
lar mastitis therapy depends on effective
passage of the drug from blood into milk
to reach foci of infection, which is largely
governed by lipid solubility, degree of
ionisation (dependent on the dissocia-
tion constant (pKa)), and the extent of
protein-binding of the drug with
plasma*“***, since drugs cross the
blood-milk barrier by passive diffusion®.
Only the unbound or free drug can dif-
fuse through the blood-milk barrier and
exert pharmacological or antimicrobial
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Table 1: Classification of antibacterial drugs according to their potential

40,49,67

intramammary administration

distribution throughout the udder after parenteral and

Distribution Parenteral® Intramammary®
Good Clindamycin, erythromycin, florfenicol, norfloxacin, oleandomycin, Amoxycillin, ampicillin, cephalexin, dapsone, erythromycin, hetacillin,
oxytetracycline, penethamate, rifampin, spiramycin, sulfanilamide, lincomycin, nitrofurans, novobiocin, oleandomycin, penethamate,
tiamulin, trimethoprim, tylosin quinolines, rifamycin SV, spiramycin, sulfanilamide, tiamulin,
trimethoprim, tylosin
Limited Ampicillin, amoxycillin, cephapirin, cloxacillin, fusidic acid, novobiocin, Cephoxazole, cephalothin, cephapirin, cefoperazone, cephacetrile,
penicillin G, rifamycin, sulfadoxin, sulfadimidine, tetracyclines ceftiofur, cloxacillin, oxacillin, penicillin G, sulfadimidine,
tretracyclines, vancomycin
Poor Aminosidine, cephalexin, cefoperazone, colistin, dihydrostreptomycin, Aminosidine, bacitracin, colistin, dihydrostreptomycin, kanamycin,

gentamicin, kanamycin, spectinomycin, vancomycin

neomycin, polymyxins, spectinomycin, tyrothricin

As determined experimentally from the milk/serum drug concentration ratios.
As determined experimentally from the rate of drug absorption from the udder or from physicochemical properties of the drug.

activityz. However, the blood circulation
through the udder of a cow producing
20 kg of milk per day is approximately
10 000 ¢/d, or 7-10 ¢/min®. Systemic ad-
ministration of rationally selected
antibacterials can therefore be used as the
sole treatment in acute mastitis. Follow-
ing systemic administration, basic drugs
(if sufficiently lipid-soluble) tend to con-
centrate in milk. The non-ionised fraction
reaches equal concentrations on either
side of the the blood—milk barrier ®, even
when marked udder changes are present.

An ideal antibiotic for parenteral masti-
tistherapy should have alow MIC against
the majority of udder pathogens, high
bioavailability via the intramuscular
route, sufficient lipid solubility, a low de-
gree of serum protein binding, a long
half-life in the body, similar clearance
from organs, tissues and blood, no distri-
bution to the gastrointestinal tract, and be
weakly basic or otherwise highly non-
ionised in serum*** . To date, as far as we
know, no single antibiotic meets all these
requirements.

Therapy of acute mastitis should com-
mence as soon as possible after diagno-
sis**®, using a highly bioavailable antibi-
otic, with the necessary supportive
therapy*. The milder the pathology in the
udder parenchyma, the better the prog-
nosis.

The duration of treatment depends on
the clinical symptoms, medical history of
the cow and microbiological diagnosis.
Lengthy treatment means a lengthy milk
withdrawal period, which makes the
treatment costly. If the cow has chronic
mastitis that cannot be cured during lacta-
tion, culling is the obvious solution. How-
ever, sufficiently lengthy treatment of a
cow with a good prognosis may lead, in
addition to clinical recovery, to elimina-
tion of the bacteria from the udder.

All cows that have had clinical mastitis
during lactation should be given drying-
off therapy.
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SPECIFIC THERAPY FOR THE
VARIOUS FORMS OF MASTITIS

Teat canal infection (TCI)

Treating lactating cows with small
quantities of antibiotic (1 to 2 droplets) in-
troduced 3 times at 12-hourly intervals ef-
fectively eliminates teat canal infection®".
Teat canal therapy is not advocated com-
mercially. A high percentage of TCI (>
50 %) undergo spontaneous recovery
(self-cure) when predisposing factors to
mastitis are limited or eliminated”.

Subclinical mastitis

For treatment to make a significant con-
tribution to reducing the incidence of
mastitis, it is necessary to treat subclinical
as well as clinical cases. There will usually
be 15-40 subclinical cases for every clini-
cal case. Treatment at drying-off with a
dry-cow antibiotic preparation is practical
and inexpensive. Treatment of subclinical
mastitis during lactation is not indicated”,
unless a very high infection rate endan-
gers the marketing of milk. The cost of
therapy and milk discarded during the
withdrawal period seriously reduces the
benefit of the therapy. The organism that
can be treated most readily in lactation is
Streptococcus agalactiae, with cure rates
usually in the range of 90-95 %*. The cure
rate for environmental streptococci and
various staphylococci may be as low as
10 % and will rarely exceed 40-50 %.
These infections are best treated at dry-
ing-off.

Usually only intramammary therapy,
by infusion of antibiotic preparations 3
times at 12-hourly intervals, is recom-
mended. Exceptionally, parenteral antibi-
otic therapy can be given when extremely
virulent bacteria or very valuable dairy
cows are involved®**®,

Itis only worth treating subclinical mas-
titis when the predisposing factors have
been limited or eliminated™****. Cows
with chronic infections, evidenced by

previous clinical episodes and persistent
high somatic cell counts, may not respond
to dry-cow treatment and should be
culled®.

Subacute clinical mastitis

This is the most prevalent form of clini-
cal mastitis in dairy herds®*. Duration of
treatment depends on the causative or-
ganism and clinical improvement.
Intramammary treatments are usually
administered 4 times at 12-hourly inter-
vals with drugs that are rapidly absorbed,
or 3 times at 24-hourly intervals with
slowly absorbed drugs®. Treatment
should be continued for at least 24 hours
after the disappearance of clinical signs®,
since the aim is to achieve bacteriological
and not only clinical cure®. Initially, 2
syringes of intramammary antibiotic
preparation may be infused into the
affected quarter in high-yielding cows.
Multidose intramammary syringes
should be avoided for hygienic reasons.
The introduction of cefoperazone for
intramammary administration with
single-dose treatment is a significant
advance®. Parenteral antibiotic therapy is
not routinely advocated but may be indi-
cated in the circumstances mentioned for
subclinical mastitis*?*****"*, Table 2 lists
drugs of choice for local and parenteral
treatment of bovine mastitis.

Acute clinical mastitis

In acute mastitis, frequent failure of
intramammary antimicrobial therapy is
due, at least partly, to poor or uneven dis-
tribution of the drug in the intensely
swollen udder parenchyma. Parenteral
antibiotic therapy may be preferred®®.
Either the same antibiotic, or compatible
antibiotics with identical or synergistic
action are administered parenterally and
locally for 3-5 days, depending on clinical
cure. The intravenous route must be used
to achieve maximum parenchymal diffu-
sion”. Initially, a double infusion with
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Table 2: Antimicrobial drugs of choice, if pathogens are sensitive, in the local and parenteral therapy of bovine mastitis

12,40,49

Pathogen Therapy Antimicrobial drugs
Staphylococcus aureus Local Cephalosporins, cloxacillin, erythromycin, nitrofurans, penicillin-
neomycin, rifampin
Parenteral Cephalothin, cloxacillin, erythromycin, procaine penicillin G, tylosin
Coagulase-negative staphylococci Local As for S. aureus
e.g. S. hyicus, S. epidermidis
Streptococci Local Cephalosporins, cloxacillin, penicillin G, penicillin-neomycin, penicillin-
streptomycin, oxytetracycline
Parenteral Macrolides, penicillin G, procain penicillin, oxytetracycline
Coliforms e.g. Escherichia coli, Local Ampicillin-cloxacillin, enrofloxacin,

Klebsiella spp., Proteus spp.

Pseudomonas aeruginosa
Arcanobacterium pyogenes

Clostridium perfringens and
Bacillus cereus

Anaerobic bacteria e.g. Bacteroides
fragilis, Eubacterium combesii,
Peptococcus indolicus, Fusobacterium
necrophorum

Nocardia spp. Local

(may be unrewarding)
Mycoplasma spp. Local
Fungi (moulds and yeasts) Local

Candida, Saccharomyces, Cryptococcus
neoformans

Local and/or parenteral
Parenteral

Parenteral

Local and/or parenteral

cephalosporins (cefamandole, cephalothin, cefotaxime), gentamicin,
kanamycin, neomycin, nitrofurans,polymyxin B. trimethoprim-

suphonamide

Macrolides, penicillin

nystatin

Carbenicillin, colistin, gentamicin, polymyxin B

Penicillin G, sodium benzylpenicillin

Cefoxitin, clindamycin, erythromycin, metranidazole, penicillin G

Amikacin, minocycline, nitrofurantoin, trimethoprim-sulfamethoxazole

Aminoglycosides, macrolides, nitrofurantoin (may be unrewarding)

Amphoteracin B, clotrimazole, ketoconazole, natamycin, yeasts also

an intramammary antibiotic formulation
into the affected quarters and a single in-
fusion into each of the healthy quarters is
recommended to prevent new intra-
mammary infection. After the initial infu-
sion of intramammary antibiotic
preparations into the affected quarter,
intramammary antibiotic preparations as
recommended by the manufacturer
should be infused 12-hourly and contin-
ued for 3-5 days. For increased bio-
availability of the drug, a large volume
should be administered intramuscularly
at 2 sites®®?¥4470BE Eor supportive
therapy and optimal animal husbandry
see Table 3.

Macrolide antibiotics are potentially
best for the treatment of Gram-positive
bacterial mastitis, and gentamicin, or
polymyxin B for Gram-negative infec-
tions*. Penicillin G is the drug of choice
for Clostridium perfringens and Bacillus ce-
reus infections®. Mastitis caused by S.
agalactiae, S. dysgalactiae and penicil-
lin-sensitive coagulase-negative staphy-
lococci is usually cured by penicillin
treatment for 2-3 days. S. uberis may be
more problematic and some authors
recommend that treatment should be

*Chloramphenicol is effective but its use in food animals is
not permitted. Florfenicol is registered for treatment of
bovine respiratory conditions but not mastitis.

continued for 3-5 days. Staphylococcus
aureus is known to be therapy-resistant,
and 5-day treatment has produced better
results. Different drugs should be admin-
istered together only if synergism or at
least no antagonism exists; when using
combinations the risk of residues is
increased. Use of more than 2 anti-
microbial drugs together in routine treat-
ment of mastitis is not pharmacologically
justified*'. Because relatively small
amounts of drug are required for intra-
mammary treatment of mastitis, new and
otherwise expensive antibiotics, such as
3rd-generation cephalosporins, are not
excluded when administered by this
route. The cost of treatment is determined
mainly by the cost of milk discarded
rather than the cost of the drug. Third-
generation cephalosporins give broad-
spectrum coverage and render antibiotic
combinations unnecessary®.

For intramammary treatment of mild
clinical mastitis, bacteriocidal drugs that
act only against Gram-positive bacteria
are preferred. If the microbe is sensitive to
natural penicillin, there is no reason to use
semi-synthetic penicillins, as their MIC-
values for streptococci and penicillin-
sensitive staphylococci are higher. The
frequency of application of intramam-
mary preparations depends on the
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pharmacokinetics of the drug selected.
One daily application of drugs that are
absorbed slowly (e.g. procaine penicillin)
is sufficient; drugs that are rapidly ab-
sorbed must be given twice a day (e.g.
cephalexin, erythromycin)*.

The drug of choice for acute, severe dis-
ease in many countries remains penicillin,
as the MIC and MBC values for the most
common mastitis pathogens are very
low®. Repeated intramammary adminis-
tration of slow-release formulations is
more effective than using rapid-release
dosage forms once or twice®. Philpot and
Nickerson® recommended continuing
treatment until at least 24 hours after the
disappearance of clinical signs, failing
which the infection might only be sup-
pressed to subclinical level.

There are very few antimicrobial drugs
suitable for treating coliform mastitis.
High concentrations of some drugs
(tetracyclines, chloramphenicol, novo-
biocin-penicillin, streptomycin) have
been found to suppress phagocytosis in
the udder. This effect is enhanced if
corticosteroids are combined with the
drugs. These considerations are impor-
tant when treating severe coliform masti-
tis, in which the local defence mechanism
is of major significance®. The most fre-
quently-used drugs are enrofloxacin and
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22,26,36,40,41,46

Table 3: Supportive therapy for cows with acute and peracute mastitis™~>""

Therapeutic Dosage Route of Interval between Comments
administration doses
1a. Isotonic sodium bicarbonate or 5-10¢ iv° 4-8 hours Essential to restore circulating volume
sodium chloride (20-30 ¢ during 1st day) per os 24 hours quickly with endotoxic/hypotensive shock®
1b. Isotonic saline 25¢ Possible alternative to above
2. Oxytocin 5-301U ivorim® 12 hours Facilitates stripping
Frequent milking Every 1-4 hours Keeps milk ducts patent, removes toxins,
bacteria and inflammatory products
3. 20% calcium borogluconate 400-800 m¢ iv - If indicated (coliform mastitis), give
slowly and diluted in saline
4, Glucose 2-5¢ iv 12 hours Reverse hypoglycaemia and for glycogen
depletion
5. Etamiphylline camsylate ortheophylline 1400 mg ivorim 8 hours Helps cardiac output and increases the
stroke volume of the heart and improves
pulmonary function
6. Salicylates (e.g.acetylsalicylic acid) 309 per 0s 8 hours Reduces pain and temperature and
inflammation, restores appetite
7. Concentrated multivitamins especially 30 m¢ ivorim 24 hours May help liver, supplement enzyme
B-complex group systems
8. Corticosteroids (e.g dexamethasone) 1-3 mg/kg ivorim 6 hours Cost may be prohibitive, impairs defence
systems
9. Immunoglobulin m/v of total protein 20-50 mé iv 12 hours, daily Neutralise toxins, stimulate and improve
(gamma globulin, 75,0%) phagocytosis
10. Non-steroidal anti-inflammatories (e.g. As prescribed ivorim 12 hours Anti-inflammatory, counteract shock,
flunixin meglumide) help to prevent deleterious pathological
changes
11. Ruminotorics Depends on drug per 0s 12 hours Stimulate the rumen function

12. Lysostaphin or nisin

As prescribed

Antibacterial enzyme. Effective against both
growing and latent bacteria

20ften, supportive therapy with fluids is more important than the antibiotic selected; this is certainly true in endotoxic coliform mastitis.

iv = intravenous, im = intramuscular.
Animal husbandry

1. Water: fresh, cool drinking water must be freely available.

2. Food: soft digestible and nutritious food must be available ad lib.

3. Rest: enough rest without disturbance is of the utmost importance for quick recovery.
4. Protection against exogenous (e.g. sun, wind, noise) and endogenous (decreased drug induced defence mechanism) stressors as far as possible.

trimethoprim-sulphonamide.

Causal agents of yeast mastitis are
usually sensitive to fungicidal drugs such
as amphoteracin B. Many fungicides are,
however, toxic to udder tissue and may be
more damaging to the udder than the
fungus itself. Spontaneous recovery from
fungal mastitis is relatively common, and
frequent milking out enhances recovery.
A cow that persistently has yeasts in her
milk should be culled®.

Peracute clinical mastitis

In principle, treatment is the same as for
acute mastitis, but more aggressive, and
special attention must be given to
shock??84479%%8 \When the response to
antibiotic and other supportive therapy
for acute and peracute mastitis cases is
insufficient, additional measures may be
required to prevent death or to treat a
severely affected quarter. When the af-
fected quarter is gangrenous or severely
damaged, intramammary treatment will
be ineffective, and teat amputation may
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help drainage® if it is economically feasi-
ble. Tying off the mammary veins has also
been advocated in severe cases to reduce
the uptake of toxins into the blood
stream™. Severely affected cows that have
survived the peracute stage may not re-
cover completely, and may develop per-
sistent pyrexia and evidence of damage to
vital organs such as the liver. The progno-
sis is poor in these cases™.

Chronic mastitis

It is usually necessary to cull the cow or
to destroy the affected quarter/s by means
of an infusion of 25-40 m¢of concentrated
ether to eliminate an important potential
source of bacterial infection for healthy
quarters'*, Parenteral and intramam-
mary antibiotic treatment for 3-5 days
may be used in conjunction with anti-
inflammatory products, but the progno-
sis remains poor. Infusion of 100-250 m¢of
a5 % or 10 % dextrose solution in combi-
nation with antibiotics to which the bacte-
ria are sensitive into the affected quarter

3 times at 12-hourly intervals has been
recommended*®®%,

COMMONLY AVAILABLE MASTITIS
DRUGS

Penicillins

Penicillin is a weak organic acid with
pKa 2.7 and it is therefore largely ionised
in plasma, so that milk levels are always
lower than plasma levels**, but its activ-
ity is decreased only slightly in milk.
While the absorption rate is only moder-
ate, penicillin is well-distributed through-
out the udder and diffuses relatively well
into mammary tissue in both normal and
mastitic glands, except where extensive
necrosis has occurred®*®, Good diffu-
sion is probably due to moderate lipid-
solubility™. Moreover, penicillin concen-
trations in mastitic milk are higher thanin
normal milk®. Penicillin is non-irritating
following local infusion, and has a low de-
gree of protein binding. An intramam-
mary penicillin dose of 11 000 IU per

0038-2809 Tydskr.S.Afr.vet.Ver. (2000) 71(3): 201208



kg twice daily, continued for 3-5 days
for mastitis therapy, has been recom-
mended®. Pyo6rala" recommended a
parenteral administration of procaine
penicillin of at least 20 000 1U/kg (20 mg/
kg) per day, but residues are a major
concern when administering this drug.
Water-soluble potassium penicillin can
reach high concentrations in milk, but
owing to the shorter half-life the dose
must be at least 15 000 1U/kg twice a day.
A marked advantage of administering
potassium penicillin is its rapid elimina-
tion from the body; even after several
days of treatment the risk of residues is
considerably smaller than when using
procaine penicillin.

Sodium benzylpenicillin: most isolates
from mastitis cases caused by S. aureus are
resistant whereas virtually all streptococci
are sensitive®™?,

Cloxacillin: a narrow spectrum semi-
synthetic penicillin, highly lipid-soluble
and resistant to staphylococcal penicil-
linase. In lactating cows infusion of
cloxacillin is as effective as benzyl-
penicillin against streptococcal mastitis
infections”™ ™,

Ampicillin: a semi-synthetic penicillin
with a broad spectrum of activity, which
diffuses into the udder slightly better
than benzylpenicillin®. The dose neces-
sary to maintain milk levels that are effec-
tive against microorganisms, i.e. with
MICs in the range of 0.5-1.0 mcg/m(for 25
hours, is around 10-20 mg/kg®. This
dosage is several times higher than that
usually recommended?®. Moore and
Heider® recommended an intramuscular
ampicillin dose of 10 mg per kg, twice
daily, and an intramammary dose of
62.5 mg twice daily, continued for 3-5
days.

Benzathine penicillin: parenteral doses as
high as 9 million units per cow are un-
likely to produce bacteriostatic levels in
milk®, which reflects the low blood levels
obtainable®.

Aminoglycosides

Dihydrostreptomycin is a base with
pKa 8.0 and a low lipid solubility and is
therefore unsuitable for systemic treat-
ment of mastitis”. Systemic administra-
tion of aminoglycosides is in any case not
recommended for production animals
owing to the occurrence of long-term
residues.

Dihydrostreptomycin is bacteriocidal at
concentrations approximately 3-4 times
higher than the MIC®. However, the ac-
tivity of dihydrostreptomycin is mark-
edly decreased in the presence of milk™,
possibly owing to extensive binding to
milk protein™. It is very unevenly distrib-
uted in the udder parenchyma, taking up

to 8 hours to achieve wide distribution®,
and is unlikely even at very high doses to
reach therapeutic levels in milk™. Ziv®
suggested that dihydrostreptomycin at
10-20 mg/kg every 6-12 hours might be
suitable for treatment of Gram-negative
udder infections. The aminoglycosides
have fairly low MICs for staphylococci
and for some Gram-negative mastitis
pathogens, but their bacteriocidal activity
against streptococci is low®. Dihydro-
streptomycin is usually used in combina-
tion with penicillin” for intramammary
treatment, but clinical trials have demon-
strated no advantage over penicillin
alone™.

Ziv and Sulman® reported that neo-
mycin passed only poorly into milk in
both normal and mastitic mammary
glands, and suggested that its limited
penetration was due mainly to poor lipid
solubility, which would curtail its poten-
tial usefulness in the parenteral treatment
of mastitis. Milk markedly decreases the
activity of neomycin, the MICs being up
to 500 times higher when tested in milk®.
However, neomycin has been used as the
chiefingredient in combination drugs for
intramammary mastitis therapy owing to
its wide antimicrobial spectrum®.

Tetracyclines

Oxytetracycline and chlortetracycline
are partially inactivated in milk by
chelation with magnesium and calcium
ions and by combination with casein®.
Injectable oxytetracycline has limited
bioavailability and does not reach thera-
peutic levels in milk when administered
intramuscularly>™®, and should there-
fore be administered intravenously if
used for treating mastitis®. Large doses
(in the order of 10 mg/kg) administered
intravenously will maintain milk concen-
trations of oxytetracycline above 1.0 mcg/
m¢ for 24 hours. Moore and Heider®
suggested an intravenous oxytetracycline
dose of 20 mg per kg daily. The average
MIC of oxytetracycline for mastitogenic
staphylococci and streptococci is about
1.0 mecg/m¢. Gram-negative organisms re-
quire higher concentrations, 2.44 mcg/m¢
being the mean MIC for sensitive Esche-
richia coli¥’. Oxytetracycline should not be
infused into the udder, as it is an irritant,
absorption is very poor and it is very un-
evenly distributed in normal udder
tissue®™.

Macrolides

Erythromycin, tylosin, lincomycin and
spiramycin are macrolide antibiotics.
They achieve effective passage from
blood into udder. They are logical candi-
dates for parenteral treatment to elimi-
nate persistent Gram-positive udder
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infections®**. For treatment of acute

mastitis caused by Gram-positive udder
pathogens, combined parenteral and
intramammary application of the
macrolide antibiotics is bacteriologically
and pharmacokinetically rational®.
Erythromycin is a highly lipid-soluble
base with pKa 8.862. After systemic ad-
ministration, it normally reaches levelsin
milk 4-5 times higher than in plasma but,
with rising pH, as occurs in mastitis, levels
in milk are decreased***. MICs of
erythromycin range from 0.025 to
0.04 mcg/m¢ for streptococci, and from 0.2
to 0.39 mcg/m¢ for sensitive strains of
S. aureus. Erythromycin at a dose of
12.5 mg/kg repeated at 24-hour intervals,
was shown to maintain milk levels of
more than 11 mcg/m¢ over the dosage in-
terval’. An intramuscular dose of 5 mg/kg
twice daily, and an intramammary dose of
300 mg/kg, twice daily, for 3-5 days have
been recommended®.

The minimum dose of spiramycin is
10 mg/kg, preferably administered intra-
venously. The problems associated with
spiramycin include persistence in tissues,
with very long withdrawal periods. Milk
must always be tested for residues before
delivery to the dairy. Intramuscular ad-
ministration of spiramycin causes irrita-
tion and residues remain even longer.

Sulphonamides and trimethoprim

The average range of MICs of sulpho-
namides for sensitive streptococci is
between 2 and 16 mcg/m¢ and for sensi-
tive staphylococci between 8 and 64 mcg/
m¢*. Sulphonamide concentrations of
50-150 mcg/m¢ are considered therapeu-
tic®®. After intravenous injection, the
sulphonamides are distributed evenly
throughout the mammary gland in both
normal and indurated udder tissue®.
Sulphadimidine, when given intrave-
nously at a dose of 200 mg/kg, will main-
tain milk levels of more than 50 mcg/m¢
for 20 hours™. Moore and Heider” recom-
mended an initial dose of sulpha-
methazine of 100 mg per kg followed by
50 mg per kg daily, administered intrave-
nously, for 3-5 days. Trimethoprim has a
short half-life in cattle that varies between
50 and 100 minutes, which limits its
usefulness, as very high doses are neces-
sary”**. The suspension of trimethoprim
in sulphadiazine, at a dose rate of 48 mg/
kg, is absorbed more slowly and might be
expected to provide effective milk levels
for 12 hours®.

Enrofloxacin

An alternative drug for treating Gram-
negative infections is enrofloxacin, at a
dose of 5.0 mg/kg daily. This dose is suffi-
cient to maintain concentrations that are
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clearly higher than the MIC-values for the
coliforms in milk™,

Cephalosporins

The cephalosporins, which possess
broad-spectrum activity against many
Gram-negative udder pathogens and
beta-lactamase-producing staphylococci,
may replace antibiotic combinations®.
Cephalosporins have a limited distribu-
tion in the udder after parenteral
and intramammary administration®’.
Cephoxazoleisbacteriocidal and resistant
to destruction by staphylococcal
penicillinase. Cephoxazole and penicillin
are mutually potentiating®.

Polymyxins

Polymyxins (polymyxin B, colistin) are
basic cyclic decapeptides. They disorga-
nise the outer membrane of Gram-
negative bacteria by binding to phospho-
lipids (endotoxin), through direct interac-
tion with the anionic lipid A region. They
bind moderately to plasma proteins, dif-
fuse poorly through biological mem-
branes, and attain low concentrations in
milk. The milk:serum ratio for polymyxin
B is 0.25:1. Polymyxin is poorly absorbed
from the udder. Penetration from blood to
milk is correspondingly poor, but is
increased by inflammation. However,
polymyxins are useful for the treatment
of coliform and Pseudomonas mastitis, and
their potential to inactivate endotoxin
may be of particular use in the treatment
of coliform mastitis. An intramuscular
dose of 5.0 mg/kg of polymyxin B should
give milk concentrations exceeding
2 pg/mdfor 4 hours, sufficient to eliminate
the more sensitive coliforms®.

REASONS FOR FAILURE OF
MASTITIS THERAPY

Bacterial factors

Tissue invasion: tissue-invading bacteria
such as staphylococci become walled off
in the udder parenchyma by thick, fibrous
scar tissue® so that the antibiotic cannot
reach the pathogen, and bacteriological
failures may occur even when the organ-
isms are sensitive to the antibiotics used®.
S. aureus udder infections promote devel-
opment of localised scar tissue that lacks a
blood supply, so that intramuscular and
intravenous injections probably provide
little benefit. Therapy may kill the bacte-
ria that are not walled off, but the bacteria
within the scar tissue can break out, multi-
ply, cause additional damage to the udder
secretory tissue and promote more scar
tissue formation®. S. aureus and other
mastitis pathogens can survive, in some
instances, within leukocytes, and may not
come into contact with the drug®.
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L-forms of bacteria: many antibiotics such
as penicillins and cephalosporins kill bac-
teria by preventing synthesis of cell
walls when bacteria multiply. Sometimes
certain bacteria develop an acapsular or
L-form that is contained only in a cell
membrane, is not susceptible to antibiot-
ics that attack the cell wall, and can revert
to the normal form®*#%,

Bacterial mechanisms that overcome anti-
bacterial effects in milk: bacteria can escape
from endogenous antibacterial factors by
capsule or slime formation, receptor-
mediated absorption of host proteins into
bacteria, interference with phagocyte
function and leukocidin production.
Other mechanisms include adherence of
bacteria to tissue linings that results in
avoidance of the wash-out effect of milk-
ing, upward flotation of bacteria with
cream, and increase in bacterial replica-
tion rate®**,

Bacterial dormancy: non-multiplying
bacteria are not sensitive to most antibiot-
ics. Bacteria are most susceptible to
antibacterials during their logarithmic
growth phase. All bacterial populations
contain organisms that are not in the
active growth phase.

Host factors

Teat canal infection: standard methods of
antibiotic administration into a mastitis
quarter and intramammary antibiotic
therapy at drying off do not necessarily
eliminate TCI, which serves as a potential
source of bacteria for infection of the
udder parenchyma®"**, and may cause
mastitis’.

Failure of endogenous antibacterial factors:
the effect of antibacterials depends on in-
teraction with the antibacterial host fac-
tors and their efficacy”. All endogenous
antibacterial factors are greatly diluted in
milk. Lactoperoxidase does not have
sufficient substrate (thiocyanate, hydro-
gen peroxidase) to produce an effective
antimicrobial system in milk. The
lactoferrin-dependent iron-binding sys-
tem does not effectively withhold iron
from bacteria if the milk contains haemo-
globin or other haem compounds usually
present in mastitic milk. Components in
milk mask or inactivate the effect of acti-
vated complement. Effective phago-
cytosis is hampered by too-long milking
intervals, pH too low for optimal granulo-
cyte function, wastage of phagocyte
protective capacity in endocytosis of fat
and casein, covering of the receptors for
opsonins by casein, deprivation of phago-
cyte energy by low glucose content in
mastitic milk, oxygen tension too low for
phagocytes to operate effectively, non-
specific stimulation of phagocytes by ca-
sein split products, dilution of opsonins,

and blockage of the normal functions of
phagocytes by immune complexes®®,

Milk duct obstruction: in all cases of mas-
titis, oedema and inflammatory products
obstruct diffusion of antibiotics to some
extent by compression or blockage of the
milk duct system, rendering antimicro-
bial contact with mastitis-causing bacteria
difficult, especially with intra-mammary
therapy. Many cases of mastitis are thus
resistant to treatment even when the
agent is fully sensitive to the drug
used™***. Milking at 1- to 2-hour intervals
isrecommended to remove toxins, debris,
bacteria and other inflammatory prod-
ucts and to maintain milk duct patency™®.

Udder tissue necrosis: udder tissue necro-
sis leads to a poor blood supply to the
affected areas™ that results in a decreased
redox potential that favours anaerobic
bacteria®. There is no effective passage of
drug into necrotic udder tissue.

Drug factors

Low bioavailability: Table 1 lists the drugs
that are slowly absorbed and poorly dis-
tributed throughout the udder after intra-
mammary and/or systemic treatment.

Weak passage of drugs across the blood—milk
barrier: the degree of transfer of drugs
from blood into milk is directly propor-
tional to the concentration gradient
across the membrane and inversely pro-
portional to the extent to which the drug
is ionised”?,

Antibiotic resistance: biochemical resis-
tance of bacteria to antimicrobial agents
may occur by mutation, natural selection,
transformation, transduction or conjuga-
tion®. Bacteria initially sensitive to an
antimicrobial agent may become resis-
tant, and another antimicrobial agent
must then be used. If there is no clinical
improvement within 24-48 hours of initi-
ation of intramammary and/or parenteral
therapy, changing to another antibiotic is
advisable. Although bacterial resistance
receives much attention, more practical
problems such as localised scar tissue in
the udder and blockage of the milk ducts
probably have a greater effect®.

Beta-lactamase-producing S. aureus and
B. fragilis destroy penicillin. Some
mastitogenic strains of B. fragilis are resis-
tant to ampicillin, cephalotine and
amoxycillin'*, and some strains produce
cephalosporinase, which renders them
resistant to cephalosporin®. P. aeruginosa
is not susceptible to ampicillin,
cefamandole, cefoxitin, cephalothin or
oxacillin. Carbenicillin and ticarcillin are
not affected by chromosomal, inducible
beta-lactamase of P. aeruginosa but are sen-
sitive to the plasmid-mediated PSE type
beta-lactamase®.

Aminoglycoside antibiotics: some of the
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aminoglycoside antibiotics possess a
weak degree of activity against anaerobic
mastitogenic bacteria®**, but the fact that
they are basic and poorly lipid-soluble
render them unsuitable for systemic treat-
ment of mastitis.

Inadequate local tissue concentrations:
antimicrobials do not reach the site of in-
fection in adequate concentrations due to
problems in maintenance of adequate
levels of antibiotic over a required period
of time, too low a dose, too long a dosing
interval and too short a treatment period.
Pharmacokinetic limitations of antibiotics
such as absorption, disposition, elimina-
tion, sequestration due to ionisation,
diffusion barriers, and intracellular para-
sitism (S. aureus) may prevent anti-
microbials from reaching the site of
infection in adequate concentrations®*.

Combined use of bacteriocidal and bacterio-
static antimicrobials: bacteriocidal (e.g.
penicillins, cephalosporins, amino-
glycosides, polymyxin B, trimethoprim-
sulfonamide) and bacteriostatic (e.g.
tetracyclines, macrolides, lincosamides)
antimicrobials, when combined may be
antagonistic. Penicillin should not be
combined with sulphonamides or
tetracyclines. The bacteriostatic effect of
sulphonamides slows down bacterial cell
wall synthesis and decreases the effect of
penicillins, which are active against
rapidly multiplying bacteria synthesising
cell walls. Many penicillin products con-
tain procaine. When procaine becomes
hydrolysed, para-aminobenzoic acid
(PABA) is released, which reduces the
effect of sulphonamides™*,

Side-effects: expressed side-effects mini-
mise the usefulness of drugs®. Large in-
tramuscular doses of certain tetracyclines
lead to severe swelling and oedema at the
site of injection and consequent poor
bioavailability.

High degree of milk and serum protein anti-
biotic binding: both oxytetracycline and
chlortetracycline are partially inactivated
in milk by chelation with magnesium and
calcium ions and by combination with
casein®™*.

Half-life of the drug: the short plasma
half-life of trimethoprim (50-100 minutes)
in cattle limits the usefulness of this
drug, which in solution is eliminated too

rapidly to be useful for mastitis therapy”*.

Management and iatrogenic factors

Inaccurate diagnosis: incorrect clinical di-
agnosis of the aetiology of mastitis results
in faulty therapy.

Delayed initial treatment: treatment
should be commenced within hours of
the 1st appearance of mastitis, since this
determines the prognosis®.

Inadequate supportive treatment: lack of

supportive treatment®, e.g. no shock
treatment for peracute coliform mastitis,
can result in failure of antimicrobial
therapy.

Insertion of infusion cannula: treatment
efficacy in quarters infected at drying off
with partial insertion of infusion cannula
into the teat canal is higher than that of
full insertion of infusion cannula into the
teat cistern®.

Trauma: tissues lining the teat duct are
very delicate and any unnatural manipu-
lation of this structure, such as cannula
insertion, may jeopardise antibacterial
function®, and predispose the quarter to
infection or reinfection.

Superinfection and reinfection: introduc-
tion of a 2nd pathogen by insertion of a
contaminated cannula into the teat® or
with intramammary drug infusion
where the teat tips are not thoroughly
cleaned and disinfected before treat-
ment*. Reinfection of the udder also
occurs via the teat canal from external
sources owing to inadequate milking
procedures or teat canal infections.

Achieving clinical but not bacteriological
cure: clinical recovery is more common
than bacteriological cure with return to
normal somatic cell count, and the cows
do not recover full milk production after
mastitis. Treatment for too short a period
may result in clinical but not bacteriologi-
cal cure. Systemic treatment as an adjunct
to intramammary treatment has been
advocated™.

Therapy usually results in clinical cure
of streptococcal mastitis and some cases
of staphylococcal mastitis, but the bacte-
riological cure rate is low®". It is more
difficult to obtain a bacteriological cure
for mastitis caused by S. aureus than for
streptococcal mastitis. Bacteriological
cure rates are reduced with increasing
age of the cow, in early lactation, by the se-
verity of infection, by the number of quar-
ters affected, by infection in the hind
quarters, and by different strains of S.
aureus™. A true cure, whereby all infecting
microorganisms are eliminated from the
affected quarter, occurs in only 10-50 % of
cases.

CONCLUSIONS

Despite the widespread use of various
antibiotics and other chemotherapeutic
agents, antibacterial treatment of mastitis
has generally achieved less than the desir-
able result*”. The pathology of the udder
tissue caused by mastitis and its effect on
the pharmacokinetic properties of masti-
tis drugs, rather than widespread antibi-
otic resistance, appears to be a major
cause of therapy failure. Success of masti-
tistherapy is lower in lactating dairy cows
than in dry cows, especially for staphylo-
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coccal mastitis. Poor animal husbandry
and veterinary practice also contribute to
a less favourable prognosis. The answer
to the mastitis problem lies in eliminating
or minimising the predisposing factors to
mastitis and in the prevention of new
intramammary and teat canal infections,
rather than the treatment of existing
mastitic cases and infections.
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