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Evolution of Mastitis 

Treatments 

Pamela Ruegg, DVM, MPVM

College of Veterinary Medicine

Michigan State University

Follow me on Twitter:  @topmilk

Mastitis is the Most Frequent Disease of Adult 

Dairy Cows

About 15 - 35% of cows 
have subclinical mastitis 

everyday

About 20 – 40% of cows 
develop a clinical case 

each lactation

Goncalves, Leite de Campos, Ruegg, et al., 2022 Pathogens

Mastitis Treatment Accounts for the Most Doses per 

Cow per year of Antibiotic
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Farms

Treatment of mastitis

Dry cow treatment

Treatment of other diseases for
adult cows

Mastitis is the Costliest Disease of Dairy Cattle

• Mastitis has direct and indirect economic 
consequences

• Direct
• Reduced Milk Yield

• Reduced Value of Milk

• Discarded milk

• Cost of Treatment & Prevention

• Indirect

• Reduced Reproductive performance

• Final product quality

• Ability to sell milk

• Opportunity costs
• Value of inputs used to reduce risk of mastitis

• Udder preparation

• Teat dips

• Bedding

• Mastitis was estimated to cost $662 CDN 
per cow per year (from Aghamodhammadi et al., 2018)

• 48% Subclinical losses

• 34% Clinical mastitis losses

• 15% Use of preventive measures

The Cost of Treating Mastitis Varies Among Herds
80% of Direct Costs of Treatment are Related to Milk Discard
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Milk discard Intramammary Antibiotics Injectable Antibiotics Supportive Drugs

Average cost per case (USD) for clinical mastitis cases treated or not treated using antimicrobials. Clinical mastitis cases were obtained from 
37 Wisconsin dairy farms from September 2017 to December 2017.  Leite de Campos, et al., 2022 (PhD dissertation)

Objective 

Review: 

• Historical basis of mastitis 

therapy

•Options for improving current 
therapies
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1900 to 1930 – Public Health Era due to Strep agalactiae

1930 to 1950 – Antibiotic Therapy is Introduced

1950 to 1960 – Emphasis changes to subclinical Mastitis

1960 to 1970 – Modern Control Program is Validated

1970 to 1980 – Limitations of Treatment Recognized

1980 to 1990 – Environmental mastitis emerges

1990 to 2000 – Emphasis on controlling SCC

2000 to present – Antibiotic usage emerges as an issue

Treatment of Mastitis – THE PAST

Str.ag 

era

Staph 

aureus 

era

Env. 

Mastitis 

era

Strep ag 

caused 

>90% of 

mastitis
Williams, 1927

>50% of 

cows had IMI
Plastridge, 1956

6 of 7 IMM products in U.S. Were developed 

to Treat Strep ag & Staph aureus

Amoxi-

Mast

Polymast DariClox Masti-

Clear

Pirsue Spectra-

mastLC

Today

Active Ingredient

Amoxicillin Ampicillin Cloxacillin PenicillinG Pirlimycin Ceftiofur Cephapirin
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Str ag. YES YES YES YES YES

S aureus YES YES YES YES YES

Str dys. YES YES YES YES

Strp ub. YES YES

Other E. coli CNS & E 

coli

Label Dosing & 

Duration

3 tubes @ 

12 h

3 tubes @ 

24 h

3 tubes @ 

12 h

3 tubes @ 

12 h

2-8 tubes 

@ 24 h

2-8 tubes 

@ 24 h

2 tubes @ 

12 h

Company Merck BI Merck Hanford Zoetis Zoetis BI

Our “normal” treatment strategies were developed 

to treat non-severe mastitis caused by Strep ag

• Strep ag & Staph aureus
• Very low spontaneous 

bacteriological cure rates

• Long duration subclinical infection

• Sporadic mild clinical cases

• Milk abnormal about 3-5 days

• Differ in expectations for 
bacteriological clearance after 
IMM therapy

• When most cases were Strep 
ag it was logical for farmers to 
treat mastitis based on 
detection of inflammation

• It is NOT logical now

Bacillus spp.

3%

Contam.

3%
Enterococcus

5%

Gram neg

1%

Lactococcus

20%

NAS

18%

No Growth

16%

other

4%

Staph aureus

7%

Strep dys

14%

Strep uberis

4%

Strep spp

5%

Maldi ID of Mastitis Pathogens Diagnosed as Gram 

Positive using biplates (from Kolar, Godden and Ruegg, 2021)

Treatments given to 558 cases of CM on 51 WI dairy farms in 2010 

From Oliveira and Ruegg, 2014.
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Results of Culture of Milk Collected at Case Detection 

Amoxicillin Hetacillin

Pirlimycin Ceftiofur

Cephapirin

>85% of clinical mastitis cases are 
non-severe

Many are Gram neg or Culture neg

WHY do we treat most cases with 
antibiotics?

Treatment of Mastitis – Current Practices

•Treatment records from 
20,625 cases of CM on 37 WI 
dairy herds

• All farms treated at least 1 
case with antibiotics

• 31% (6,473) of cases did not 
receive antibiotics

• Injectable antibiotics were used 
to treat at least 1 case in 65% 
of herds

• No Antibiotics are approved for 
this Extralabel usage

• 41% of farms used supportive 
treatments

Leite de Campos, Goncalves, and Ruegg et al,  submitted
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Treatment of Mastitis on 37 Farms

Inject. AB Supportive AB Treatment

When are Antibiotics Helpful?

• Value of antibiotics is enhancing 
bacteriological clearance

• Must be a “treatable case”

• Drug must be able to destroy bacteria

• Must understand spectrum of activity & 
know most likely bacterial cause

• Antibiotics are of  benefit only in excess of 
spontaneous cure

• Culling should be first choice for cows 
diagnosed with Mycoplasma bovis and 
most Staph aureus cases

• In 37 WI herds

• 20 % (L1) to 40% (L 4+) of cows with 
CM cows left the herd before 
completing the affected lactation
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Expectations for Spontaneous Cure

Deluyker et al 1999, Gillespie et al., 2002, Oliver et al., 2004, Hoe & 

Ruegg, 2005, Morin et al, 1998, Apparao, et al., 2009, Fuenzalida & 

Ruegg, 2017, Suojala et al, 2010, Lago et al., 2010; Kolar
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Appropriate Treatment of Non-Severe 

Primary Cases of Clinical Mastitis

• Most non-severe cases on most farms 
should not receive antibiotics

• Must have knowledge of types of pathogens 
present on the farm

• When possible, should be selective therapy 
based on culture results

• IMM antibiotics for Gram + 

• Systemic therapy reserved for sick cows

• Don’t treat chronic cows
• Review SCC and health history of cow before using AB

• Standard protocols should follow label guidelines

• When no AB are given.. The cow must be able to 
mount effective immune response

• When the pathogen is not known, 
• The duration of IMM therapy should be short

Large Dairy Herd Management 

http://ldhm.adsa.org/

Present Trends in Mastitis Treatment

1. Reduced duration of 
IMM treatments

2. Greater adoption of 
selective treatment 
protocols

3. Selection of the right 
cows to treat
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VARIATION IN DIRECT COSTS OF CM TREATMENT

Milk discard Intramammary Antibiotics

Injectable Antibiotics Supportive Drugs

Key Concept

Inflammation Does NOT =INFECTION

• Infection 

• actively dividing bacteria in udder

• Inflammation 

• the bodies response to infection

• purpose is to kill bacteria

• We identify mastitis infections AFTER 

the cow’s immune system is already 

killing bacteria

• Sometimes the bacteria are already 

gone before we notice the symptoms

Milk is Abnormal for 3 – 5.5 Days

With or Without Treatment
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Days of Abnormal Milk for  Gram-negative (n = 168), Culture-Negative (N = 121) & Gram 

Positive (n = 239) Cases of non-severe Clinical Mastitis Enrolled in Clinical Trials

Kolar, Godden & Ruegg, 2022 preliminary

Inflammation Lasts 3-6 days Regardless of 

Bacteriological Cure
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314 Clinical Cases from 51 WI Dairy Farms

All received IMM Treatment

Bacteriologically Cured Not Bacteriologically Cured

N = 

Oliveira & Ruegg, JDS 2014

48 20 36 16 26 18 20 13 4 11 73 29

Bacteriological Cure at 21 to 28 Days is Not Always Improved by Longer Treatment
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Kolar, Godden & Ruegg, 2022 
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Treating Longer Adds Costs
Leite de Campos et al., preliminary data from 20,625 cases of Clinical Mastitis on 37 WI dairy farms

y = 19.096x + 51.081

R² = 0.2963
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Number of Days of Milk Discard (treatment days plus withhold days)

Cost of a Day of Treatment is Strongly Driven by Duration

Each Day adds about $73 in Costs

EXAMPLE

• 1,000 cow dairy with 250 
CM cases per year 

• $18,250 excess USD spent 
for 1 extra day of treatment

• Average milk yield per day 
before the case was 95 lbs

• Monthly milk price ranged 
from 0.37 – 0.43 USD/kg

On a herd basis, there is NO Economic Advantage 

to routine longer duration antibiotic treatment for 

mastitis   J Dairy Sci, Pinzon, Cabrera & Ruegg, 2011

• Decision Tree Analysis
• Calculated Expected Monetary Values (losses)

• Expected monetary value (loss) calculated using this 
formula:

• EMV = sum of probability of EVERY outcome X cost of 
every outcome

• Baseline Assumptions in our model
• $0.22 USD per liter milk price

• $10/cwt

• Typical cost and milk withhold for IMM treatment

• Baseline Pathogens in herd
• 30% Gram positive

• 30% Gram negative

• 40% no growth

• Cost included all possible outcomes 
• Recurrence, culling, death, loss of quarters, reduced milk 

yield, increased SCC etc.. -$400
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Present Trends Influencing Reduced Use of 

Antibiotics

1. Reduced duration of 
IMM treatments

2. Greater adoption of 
selective treatment 
protocols

3. Selection of the right 
cows to treat 0
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Most Clinical Cases are No Growth or Gram Negative,

Non-Severe, not Staph aureus & Don’t Require Antibiotics

Do not use Antibiotics to Treat Non-Severe Clinical 

Mastitis in Chronic Cows

• There is no evidence that use of 
intramammary antibiotics will change 
outcomes of cows with chronic mastitis

• Must have a diagnosis

• Discard that milk until it becomes normal

• 4-6 days

• Do not administer antibiotics to 
cows who will not benefit

• Chronic Staph aureus

• Mycoplasma bovis

• Multiple infected quarters

• Damaged teats

• Repeated previous treatment failures

• Long history of chronically high SCC

Clinical Case Management

Non-antibiotic Treatment Options

1. Watchful waiting

• Hospitalize cow and discard milk until normal

• Use NSAID for pain if severity 2

2. Dry off affected gland

• Use if 1 quarter is chronically affected

3. Divert cow to beef market

• Use if animal is not economically viable for dairy

4. Segregate cow & use ¼ milker

5. Early dry off of cow

•Selective Treatment means 
applying criteria to select:
•The right cow

• Not chronically infected

• Able to mount effective immune 
response if no antibiotics are 
considered

•The right Pathogen
• Low spontaneous cure rate and 

acceptable therapeutic cure rate

• Large margin of value for therapy

•The right Drug
• Appropriate spectrum of activity for 

presumed pathogen

•The right Duration
• Label treatment unless evidence-based 

criteria indicates extended duration will 
improve outcomes

1 - Detection

5 – clinical case 

management

4 – justifying need 

for antibiotics

3 – initial action

2 -Triage
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How should you treat non-severe mastitis if you don’t know the 

bacteria?

Etiology 

% of all 

cases

Evidence that 

IMM AB help

E coli 28% No

Klebsiella sp 5% Variable

Enterobacter sp 3% No

Strep spp. 13% Often Yes

Enterococci spp 2% No

CNS 6% Variable

No Growth 29% No

Yeast 3% No

Staph aureus 3% In a very few cases 

Yes

Other Pathogens 7% No

• If the bacteria is not known 

• Use a narrow spectrum IMM 
antibiotic for short duration

• Most cases will be 

• No growth

• Gram negative

• Intrinsically resistant

• Base longer duration 
treatment on cow history

Conclusion

• Current mastitis treatment protocols are 
based on lessons learned during a past  
era and are gradually evolving

• Antibiotic treatment of non-severe 
mastitis based on detection of abnormal 
milk in an otherwise healthy cow is 
wrong more frequently than it is right

• There are many cow-level indicators that 
can be used to reduce reliance on 
antibiotics

• What we can do today to improve 
mastitis treatments

• Use shorter duration IMM treatment

• Follow label of short duration IMM 
products

• Reduce the duration by 1 day of flexible 
duration products

• Culture more clinical mastitis cases 

• use data to make antibiotic usage 
decisions

• Cull (don’t treat) cows infected with 
Staph aureus

• Use narrower spectrum drugs unless 
you are treating a case that is outside 
the spectrum of activity of the product

For more details visit:  TOPMILK on 

YOUTUBE
Visit Topmilk

Many Thanks to My MSU Team 

• Juliana Leite de Campos & Quinn Kolar

• PhD MSU Animal Science May 2022

• Leticia De Souza Ferreira

• MS student in MSU CVM

• Juliano Goncalves, MV, PhD & Zelmar 
Rodiguez, MV, PhD 

• Postdoctoral Researchers

• Carolina Pinzon-Sanchez
• Outreach specialist

• Cara Robison
• Lab Manager

25 26

27 28

29


