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Introduction

Mastitis continues to be the most frequent and costly disease of dairy cattle. Financial
losses due to mastitis occur for both subclinical and clinical stages of the disease. Losses
caused by subclinical mastitis are well documented. Each doubling of SCC above 50,000
cells/ml results in a loss of 0.4 kg and 0.6 kg of milk per day in first lactation and older
cows, respectively (Hortet and Seegers, 1998). Losses caused by clinical mastitis include
discarded milk, transient reductions in milk yield and premature culling (Fetrow, 2000).
Perceived financial losses for clinical mastitis vary widely. In 2002-2003, farmers
participating in milk quality programs in Wisconsin (n = 117) estimated that each clinical
case of mastitis cost approximately $97.00 USD, but estimates ranged from zero to $260
per case. Discarded milk accounted for more than half of the cost ($54.00 USD).

The frequency of new infections and the duration of existing infections determine the
amount of mastitis in a herd (Ruegg, 2003). Mastitis should be considered a disease
syndrome that often fluctuates between clinical and subclinical states (Table 1).
Diagnostic methods for mastitis are not very sensitive and the reversion of a clinical case
back to a subclinical state is often mistakenly considered as a cure.

Table 1. Somatic Cell Counts of Cows with Recurrent Cases of Clinical Mastitis

Somatic Cell Counts for 4 Previous Test Dates

Cow Date of Clinical Mastitis -1 month -2 months -3 months -4 months
4811 16 June, 2003 289,000° 75,000 99,000 22,000
23 September, 2003 3,950,000° 189,000 9,999,000° 289,000
3 December, 2003 202,000° 236,000° 3,950,000° 189,000
4821 15 May, 2003 2,147,000° Dry Dry Dry
20 September, 2003 6,356,000 1,407,000 435,000 273,000
17 October, 2003
4875 8 August, 2003 2,014,000° 503,000° 179,000 83,000
29 September, 2003 1,831,000° 2,014,000° 503,000 179,000
20 November, 2003 784,000° 633,000 1,831,000° 2,014,000
4077 13 March, 2003 1,171,000° 1,454,000° 1,680,000° 480,000°
8 September, 2003 266,000 367,000 3,062,000°  1,394,000°

*New subclinical infection; "chronic subclinical infection

Prevention is the most cost-effective way to control mastitis, but effective treatment is
necessary to produce high quality milk. Treatment is compulsory when a cow is
obviously sick but in many instances, treatment of mastitis is voluntary. Treatment of
mild or moderate cases of clinical mastitis should be considered when the probability of
cure is high, the rate of recurrence is expected to decrease after treatment and a financial
benefit to the farm is expected.
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Principles of Treatment of Clinical Mastitis

The principles of successful treatment of clinical mastitis include the following:

1. Early detection of mastitis. The examination of foremilk before attaching the
milking unit is extremely important to detect mild and moderate cases of mastitis.
Long periods of subclinical mastitis infections allow some mastitis pathogens the
opportunity to invade secretory tissue. In these cases, it is difficult for antibiotics to
penetrate scar tissue and successfully destroy the bacteria. We monitored the number
of days that milk was discarded for 225 cases of mild and moderate mastitis on a
single dairy herd. Cows that had high somatic cell counts preceding the clinical case
required longer treatment and had 9.5 days of milk discard as compared to 7.0 days
discarded for cows that had low SCC before developing clinical mastitis (P = 0.006).

2. A presumptive diagnosis of the pathogen. Knowledge of the causative pathogen is
required for appropriate treatment. Intramammary antibiotics are not effective when
given to cows with mastitis caused by some pathogens (for example, Mycoplasma
spp, yeast, chronic S aureus infections and mild infections caused by Gram-negative
pathogens). Other pathogens, such as Strep uberis and newly acquired Staph aureus
infections, may require longer duration of intramammary antibiotic therapy to ensure
that the infection is fully cured.

3. Knowledge of the probability of successful treatment. Cure rates for treatment
vary depending on the pathogen, duration of infection and characteristics of the cow.
It is not cost effective to repeatedly use intramammary antibiotics to treat chronic S
aureus infections in cows that are unlikely to respond. It is however, important to use
intramammary antibiotics for appropriate periods to treat cows with mastitis caused
by Streptococcus spp.

Mastitis Pathogens & Clinical Mastitis

Clinical mastitis can be caused by virtually any mastitis pathogen. A presumptive
diagnosis of the pathogen responsible for clinical mastitis is important because the
probability of successful treatment is related to characteristics of the pathogens. In recent
years the proportion of mastitis caused by Strep agalactiae and Staph aureus has
decreased (Makovec and Ruegg, 2003). In many herds, Gram-negative bacteria are
responsible for a large proportion of clinical mastitis. We recently collected quarter milk
samples from mastitic cows on 5 commercial dairy farms that had very little contagious
mastitis. Milk samples were collected only from cows that did not have systemic signs of
disease (such as fever, anorexia or pain). Coliform bacteria were isolated from 58
(44.3%) of the cases (n = 131), while environmental Streptococci (33.6%), coagulase-
negative Staphylococci (18.3%) and a variety of other bacteria (3.8%) were responsible
for the remaining cases.

In a separate study, we cultured cases (n = 241) of mild and moderate clinical mastitis
that had been identified by milking technicians on a single Wisconsin dairy farm.
Coliform bacteria (34.4%) and bacteriologically negative samples (34.4%) were the most
common results. Other isolates included: Staph aureus (5.8%), environmental
Streptococci (6.2%), coagulase negative Staphylococci (8.7%), Mycoplasma bovis (3.7%)
and others (6.6%).
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Treatment of Clinical Mastitis Caused by Specific Pathogens

Streptococcus agalactiae: Strep ag lives only in the udder of cows and is not a frequent
cause of clinical mastitis in most herds. Intramammary treatment with penicillin type
drugs continues to be highly effective resulting in 80-90% cure rates. To eradicate Strep
ag, all 4 quarters of all culture positive cows in the herd should be treated with an
appropriate commercially marketed intramammary antibiotic (Erskine, 2001). A small
percentage of animals will not be cured, therefore cows that continue to have high SCC
values should be resampled and cultured at 30-day intervals. Cows that remain infected
can be retreated but should be segregated from the herd to prevent reinfection. Treatment
of the herd should be accompanied by an effective teat dipping program and
comprehensive dry cow therapy. Treatment of cows subclinically infected with Strep ag
usually results in increased production and dramatic decreases in bulk tank SCC values.

Environmental Streptococci: The spontaneous cure rate for clinical mastitis caused by
environmental Streps (usually Strep uberis and Strep dysgalactiae) may exceed 50%, but
frequent relapses occur if the cows do not receive appropriate antibiotic therapy (Morin et
al, 1998). Clinical cases of mastitis caused by environmental streps should be treated
with approved intramammary antibiotics for an appropriate number of treatments. The
use of aggressive treatment of induced Strep uberis infections has been shown to result in
cure rates that exceed 90% (Table 3; Hillerton and Kleim, 2002). The use of oxytocin as
an adjunct therapy was not effective in this study.

Table 3. Cure rates for induced Strep uberis mastits (Hillerton & Kleim, 2002).

Treatment N Clinical Cure Bacteriological Cure

3 days 6 days N %
1. No Treatment 11 0%"* 0%* 0? 0%
2. Intramammary 2x for 3 d 10 70%” 100%” 8P 80%
3. Intramuscular 1x for 3 d 11 18%" 91%" 8" 80%
4. Combined 2 & 3 18 61%" 100%" 13° 72%
5. Intramammary 1x for 3 d 11 27%° 91%° 7 70%
6. Oxytocin 201U each milking for 3 d 10 0%" 0%" o 0%
7. Combined 5 & 6 10 0%’ 10%" 1f 10%

Staph aureus: There are a number of factors that influence the cure rate for cows
infected with Staph aureus (Owens et al., 1997; Sol et al., 1997). One study reported
that bacteriologic cure rates for newly acquired (< 2-weeks duration) Staph aureus
infections were 70% (Owens, et al., 1997). The study used intramammary treatment
with a commercially available penicillin novobiocin product. Cure rates for chronic (> 4-
weeks duration) Staph aureus infections were only 35%. Cure rates for mastitis caused
by Staph aureus have been shown to decrease with age (from 81 % for cows <48 months
of age to 55% for cows >96 months), the number of infected quarters (from 73% for 1
infected quarter to 56% for 4 infected quarters) and SCC (Sol et al., 1997). Cows
infected in more than 1 quarter were less than half as likely to be cured as compared to
cows with only 1-quarter infected (Sol et al., 1997). In general, treatment of cows
infected with Staph aureus may be successful when infections are of short duration (< 2-
weeks), in young cows and in early lactation. The use of extended duration of
intramammary therapy (8 days) may further improve cure rates (Deluyker et al., 2001,
Ruegg and Araujo, 2002).
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Coagulase-negative Staphylococci: CNS are frequently isolated from milk samples in
herds that have controlled major pathogens (Harmon et al, 1995). While CNS are not a
frequent cause of clinical mastitis, surveys in herds that have controlled major pathogens
generally attribute 3-10% of clinical cases to CNS. CNS live on teat skin and can
colonize the teat canal. Dry cow therapy is usually effective in controlling these
organisms. The rate of spontaneous cure is high but intramammary treatment of cows
infected with CNS is often highly successful (Wilson et al., 1999).

Gram-negative bacteria: The use of J-5 vaccines has reduced the amount of severe
mastitis caused by Gram-negative bacteria. Most mastitis caused by Gram-negative
bacteria is mild or moderate because the immune response is highly successful in
destroying these bacteria. As the bacteria are destroyed, they release endotoxin from
their cell walls. In 5-15% of these cases, enough endotoxin is released to result in
seriously ill cows. These cows require rapid diagnosis and immediate supportive therapy.
The hydration status of the cows should be evaluated and cows should be given
hypertonic or isotonic fluid therapy and appropriate anti-inflammatories. In more than
40% of severely ill animals, bacteria may escape the udder and circulate throughout the
bloodstream (Wengz, et al., 2001). A recent study demonstrated more favorable clinical
outcomes for cows with severe clinical coliform mastitis that received IM ceftiofur once
daily as compared to cows that received only supportive therapy (Erskine et al., 2002).

The use of oxytocin and frequent milking is often recommended as adjunct therapy for
subacute and acute coliform mastitis. Improvements in clinical outcomes have not been
reported in the two small studies that have evaluated these strategies (Leininger et al.,
2003, Roberson, 1997)(Table 4).

Table 4. Outcomes of experimentally induced E. coli mastitis (Leininger et al. 2003)

Time to Bacterial Time to Clinical Cure of Time to Clinical Cure of
Cure Quarter Cow
Hours
Not Treated (n=4) 203 276 144
Frequent Milk Out (n=4) 159 360 159
P Value 0.53 0.64 0.95

Selection of Antibiotics

Many strains of contagious mastitis pathogens establish subclinical infections that persist
in the udder for long periods of time without detection. These pathogens may cause
periodic episodes of mild to moderate mastitis that seem to resolve without treatment. In
most instances, the cow remains subclinically infected and the infections are simply
alternating between subclinical and clinical states. Bacteria are often shed intermittently
and antibiotics (during lactation or at dry off) are required for treatment. These
organisms are usually gram positive and in many cases intramammary mastitis tubes may
be recommended for effective treatment.
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In contrast, opportunistic bacteria that reside in the environment of the cows tend to be
less adapted to survival in the udder and often stimulate an acute immune response when
they infect the udder. The immune response is usually successful in eliminating these
pathogens resulting in a high rate of spontaneous cure. Consequently, the natural
duration of infection is often relatively short and the only sign of infection may be a brief
period of abnormal milk with or without changes in appearance of the udder. These
organisms are usually gram negative and intramammary mastitis tubes are often not

required.

The use of susceptibility testing to guide treatment decisions is common. In recent years,
antimicrobial susceptibility testing has come under scrutiny because of concerns about
antimicrobial resistance, changes in methodology and the relationship between in-vitro
results and on-farm clinical outcomes. Susceptibility tests of milk samples submitted to
state diagnostic laboratories that use the disk-diffusion method have demonstrated
remarkable agreement but vary from results of a small survey processed using broth
dilution (Table 5).

Table 5. Proportion of isolates susceptible

Erskine etal., 2002°  Makovec & Ruegg, 2003  Hoe and Ruegg (2004)"
E coli N =647 N=1,939 N=34
Ampicillin  84.3% 78.1% 91.2%
Ceftiofur 95.4% Not tested 100%
Cephalothin  74.5% 72.1% 82.4%
Penicillin  Not tested <1% 0%
Tetracycline 66.8% 62.6% 70.6%
Klebsiella spp. N=215 N =607 N=13
Ampicillin -~ 1.5% 10.9% 46.2%
Ceftiofur 85.5% Not tested 100%
Cephalothin  95.8% 87.9% 61.5%
Tetracycline 67.0% 70.0% 61.5%
Strep non-ag N =380-480 N=1,220 N=44
Ampicillin = 97-99% >98% 88.6%
Ceftiofur 100% Not tested 88.6%
Cephalothin  >99% 97% 86.4%
Erythromycin  68-82% 83.8% 72.7%
Penicillin  >94% 94.9% 81.8%
Pirlimycin  79-89% 79.1% 72.7%
Tetracycline 40-50% 46.0% 68.2%
Staph aureus N =852 N=2,132 None
Ampicillin  50.4% 65.1%
Ceftiofur 99.8% Not tested
Cephalothin  99.8% 99.9%
Erythromycin  93.1% 93.3%
Penicillin  50.4% 64.6%
Pirlimycin = 97.9% 95.2%
Tetracycline 91.5% 91.4%

“state laboratories using Kirby-Bauer disk diffusion; °5 herds using broth dilution

It is interesting to note the large proportion of Staph aureus isolates are susceptible in-
vitro, yet the clinical experience with treatment of Staph aureus is often frustrating. The
relationship between in-vitro susceptibility test results and clinical outcomes has not been
well documented (Constable and Morin, 2003). Several studies have demonstrated little
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relationship between susceptibility results and bacteriological cure rates, while others
have demonstrated higher cure rates for susceptible bacteria when the causative pathogen
was gram-positive. Preliminary results of a study comparing bacteriological and clinical
outcomes of resistant and susceptible bacteria (determined using broth dilution) isolated
from mild and moderate cases of clinical mastitis are shown in Table 6. Bacteriological
cure rates were low but a rigorous definition of cure was used (negative duplicate milk
samples).

Table 6. Preliminary results of clinical mastitis outcomes (Hoe and Ruegg, 2004).

All Isolates Gram Positive Only
Susceptibl Resistant ~ P-value  Susceptibl Resistant ~ P-value
e e
Microbiological N =50 N =56 N =47 N=12
Cure
14 day 41.7% 46.0% 0.65 43.4% 37.5% 0.68
21 day 46.0% 42.8% 0.75 46.8% 58.3% 0.49
Days Treated 2.84 days 3.03 days 0.38 2.85days 3.09days 0.49
Days to 342 days 3.69 days 0.54 344 days 3.55days 0.90

Clinical Cure

The lack of pharmacodynamic data for intramammary antibiotics and lactating dairy
cows is probably responsible for the inability to relate clinical outcomes of mastitis
therapy to susceptibility tests. At this point, more research is needed to determine the
validity of susceptibility tests and how to apply the in-vitro results to clinical cases. Until
more data is obtained, selection of antibiotics should be based on knowledge of the
underlying pathogens and clinical trials that have established successful therapeutic
protocols.

Using On-Farm Treatment Protocols for Clinical Mastitis

It is extremely important to have a treatment plan for clinical mastitis that is based upon
the individual herd history and a likely diagnosis of the suspected pathogen. The
diagnostic plan should include routine culturing of at least some cases of clinical mastitis.
Even when milk samples are routinely collected from cases of clinical mastitis, treatment
of clinical mastitis will usually occur before the diagnosis is known. A history of
previous diagnosis and a careful physical exam should be used to guide treatment
decisions. With the exception of chronic infections caused by Staph aureus,
intramammary antibiotic therapy should be used to treat cases that are suspected to
caused by Gram-positive bacteria. The use of intramammary and systemic antibiotics to
treat mastitis that is probably caused by Gram-negative bacteria should be reserved for
seriously ill cows. Antibiotics should be given for appropriate periods of time.
Aggressive treatment with intramammary tubes may include extended time periods or
tubes given at each milking rather than once per day (Hillerton and Kliem, 2003).
Responses to therapy should be monitored using practical values such as the number of
days milk is withheld from sale and relapse rates after treatment.
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The use of treatment protocols based on culture results has been described (Hess, et al.,
2003). We recently modified this procedure to use a commercial culture system to guide
mastitis therapy on a large dairy farm (Figure 1). Farm personnel performed the cultures
and read them after 24 hours of incubation.

Figurel. Treatment protocol using on-farm culturing to direct therapy

Rodrigues & Ruegg, 2003
HAS FEVER .
Treat with Banamine or Physical No FEVE,R
Aspirin, Oral or Exam Culture —Don't treat
Hypertonic Fluids, with antibiotics until
Monitor Daily, Give culture results are
antibiotics as indicated. complete

CULTURE 1cc Milk ON PETRIFILM™
1. Staph aureus; 2. Coliform; 3. Aerobic

v
Staph aureus No Growth at ALL Aerobic Positive
Positive No Antibiotics, Treat S aureus negative
with Antiinflamatories,
fluids, monitor as l
necessary

Check SCC
If chronic — no
Treatment,
segregate, quarter

milk or cull

New Infection,
1% case, single
quarter, lactation= 1
or2

Treat 6 days in
quarter with Pirsue®

Check for Mycoplasma

Probable Strep Infections
Treat with intramammary tubes

\Resu“/
We compared the clinical outcomes of 240 cases of clinical mastitis that were treated
according to this protocol to outcomes of 100 cases of clinical mastitis that occurred
immediately before the protocol was adopted. In the pretrial period, milk was discarded
for an average of 20 days for each mastitis case as compared to milk discarded for 8 days
during the trial. Only 13 of 100 (13%) of the pretrial cases did not receive intramammary
antibiotics as compared to 161 (67%) cases treated during the protocol period. In this
herd, the use of a standardized treatment protocol and directed antibiotic therapy resulted
in less antibiotic usage and more favorable clinical outcomes.

Conclusion

Treatment is an important aspect of mastitis control. The most effective treatment
strategies include early detection, presumed identification of mastitis pathogens and the
use of antibiotics for an appropriate duration for the expected pathogen. The use of on-
farm treatment protocols can dramatically improve outcomes of clinical mastitis
treatment.
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