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Why do cows get mastitis?

1. Overwhelming exposure

2. Failure of host immunity



Why do cows get mastitis?

• Overwhelming exposure at the 
point of entry = TEAT END
– (except Mycoplasma – possible 

hematogenous spread to udder)

– Environmental and milking time 
management to reduce 
exposure



Why do cows get mastitis?

• Failure of host immunity – innate and 
adaptive (specific) immune response



Mammary Gland – Innate Immunity

• Non-specific, present in mammary gland all 
the time, activated quickly

• Not augmented by repeated exposure
• Physical barrier of the teat end, macrophages, 

neutrophils, natural killer cells, soluble factors



Innate: Teat end
• First line of defense, physical barrier
• Teat end contains sphincter muscles that 

maintain closure between milking

• Teat canal lined with 
keratin – waxy, 
antimicrobial properties, 
physical barrier to bacterial 
migration



Teat canal
Uniform Teat 
Canal with keratin 
“plug”

Active “thick” 
epidermis 
produces the 
keratin plug

Slide courtesy of Jeremy Scheffers



Innate: Cellular defense

• Somatic cells (SCC)
– Normal population in mammary gland, <105

cells/ml = macrophages >> neutrophils, 
lymphocytes, epithelial cells

– During infection, >106 cells/ml = neutrophils
(>90% of cells)

*note – activity of these cells in the udder is 
impaired compared to activity in the blood due to 
the milk environment



Innate: Cellular defense

• Early – macrophages:
– phagocytize bacteria, release inflammatory 

mediators which recruit neutrophils to site of 
infection, present antigen to stimulate specific 
immune response

• Active – neutrophils:
– phagocytosis and kill bacteria,                                

source of antibacterial peptides



Viguier, C. et al. 2009. Mastitis detection: current trends and 
future perspectives. Trends in biotechnology, 27(8), pp.486-493



Adaptive/Specific Immunity

• Specific recognition of pathogen initiates 
response

• Repeated exposure does augment response

• Antibody molecules, antigen presenting cells 
(macrophages, others)

• Lymphocytes – B and T cells

• Target of vaccine technology



Why do cows get mastitis?

• Things that impact/impair immune defense 
mechanisms:
– Damage to teat end
– Immune suppression

• Nutritional deficiencies
– Vitamin E and selenium, vitamin A, copper, zinc

• Concurrent disease
• Genetic factors
• Hormonal factors (periparturient)
• Physiological stress – rapid parenchymal development, onset 

of milk synthesis, high energy demand, etc.



Teat End Condition

• Hyperkeratosis predisposes 
teats to bacterial colonization.

(Fox, 1997; Timms, 1998)

• Cracked teats are at 1.8 times 
higher risk for acquiring new 
infections during dry period.

(Dingwell et al., 2004)



Teat Skin Condition

• Teat end and teat canal are main point of 
entry

• Anecdotally, anything that compromises teat 
skin integrity may increase risk of mastitis
– Chapped teat skin  Staph mastitis



Nutrition & Feeding Management

• Antioxidant supplementation (Vit E and 
Selenium) diminishes clinical symptoms of 
coliform mastitis (Smith 1984)

• Prevent or reduce negative energy balance

• Effects may be subtle or extreme



Genetics

• Genetics plays a multifactorial role in mastitis 
resistance
– Teat and udder conformation, production, 

immunity, etc.
• Selection for production increases metabolic 

stress (correlation between production and 
mastitis resistance)
– Difference in response during stress/vaccination

• diff total # NTs, phagocytic capability, concentration of 
soluble factors



Dry & Periparturient - High Risk

• Distinct periods when cows more at risk due 
to compromised immunity = dry period 
through early periparturient period
– Early lactation infections have potential to greatly 

impact productivity during lactation
– 50% of all coliform cases in early lactation 

originate during the dry period (Bradley and Green, 2002)



Dry Period Dynamics

Active Involution
~30 days

Lactogenesis / 
Colostrogenesis

15-20 days pre-partum

Steady State Involution
Length depends on dry 

period length



Dry Period Dynamics

• Transitional periods = involution and 
lacto/colostrogenesis
– High periods of physiological stress
– Higher susceptibility to new infection

Active Involution
~30 days

Lactogenesis / 
Colostrogenesis

15-20 days pre-partum



Active involution

• Pressure builds as milk secretion continues to 
occur (but slows) for first few days

• Autophagocytosis of secretory epithelium, 
possible change in permeability of blood-milk 
barrier

• Changing concentration of serum and milk 
components in gland
– Some increase in serum albumin and 

immunoglobulins
– Dramatic increase in lactoferrin (bacteriostatic via iron 

binding; other immunomodulating effects)



Pro-IMI factors during involution

1. Accumulation of milk in the gland which is not 
removed, possible leakage from teats

2. No teat end disinfection
3. Minimal change in defense factors over first 3 days
4. Normal population of phagocytic cells engaged in 

cleaning up degenerating secretory cells, fat and 
casein

5. Reduced responsiveness of leukocytes
6. Some secretion components increased which can act 

as growth stimulant for bacteria



Steady state (involuted)

• Lowest risk period for new infections over the 
dry period

• Low fluid volume, increased concentration of 
leukocytes and lactoferrin

• Reduce rate of bacterial penetration through 
streak canal (keratin plug is effective)



Keratin plug formation important 
to prevent infection 
(Dingwell et al., Prev. Vet. Med, 2004)

Keratin Plug in the Teat Streak Canal



Proportion of Quarters Failing to Produce an 
Adequate Keratin Plug During the Dry Period

Bradley & Green 



Lacto / Colostrogenesis

• Active cell differentiation
• Increasing pressure in gland from secretion, 

decreasing concentration of lactoferrin and 
leukocytes (particularly lymphocytes)

• Activity of phagocytes is impaired by 
colostrum components



Periparturient immunosuppression

• Leukocyte numbers and activity impaired in 
periparturient period
– NTs have impaired bacterial killing ability 

(phagocytosis, superoxide anion production), 
decreased migration from blood to udder

– MPs – reduced phagocytosis for innate immunity, 
poor antigen presentation for specific immunity

• Lower levels of IgG in serum at parturition; 
change in levels and activity of different Ig
isotypes (IgG:IgA:IgM)



Periparturient hormonal factors

• Stress hormones (corticosteroids) cross-
regulate immune function
– Dex decreases total #, distribution and function of 

leukocytes
– Other: Down-regulation of adhesion molecules on 

neutrophils during parturition, decreased # of 
certain T cells in blood, lower IgM in mammary 
secretions, reduce MHC expression on monocytes, 
inhibition of cytokine production



Periparturient oxidant stress 

• Rapid differentiation of secretory 
parenchyma, mammary gland growth, and 
onset of milk synthesis 

• High energy demand and increase oxygen 
requirement 

• Increase in reactive oxygen species (ROS) 
• Tissue injury, increased susceptibility to 

infection (poor ability to control inflammatory 
response)



High Risk Periods for New Infections

1. Just after dry-off – involution

1. Just before calving - colostrogenesis



High Risk Period for New Infection

• Involution
– No flushing action
– Delayed keratin plug 

formation
– Lactoferrin diluted
– Inhibited leukocyte 

function

• Colostrogenesis
– Protective factor diluted
– Immune suppression
– Keratin plug may break 

down
– Antibiotic dry cow 

treatment below MIC



Disease Triangle

HOST

PATHOGEN ENVIRONMENT

Immune competency or compromise
Conformation

Behavior

Virulence factors
Location of infection

Evasion of immune response
Exposure



Detection = Immune Response

• How do we know an animal has mastitis?
– Clinical cases

• Abnormal milk, inflamed udder, systemic illness

– Subclinical cases
• Increased somatic cells

• DETECTION ALWAYS LAGS DISEASE



Questions?

Erin Royster, DVM, MS
royster@umn.edu
Veterinary Population Medicine
University of Minnesota College of Veterinary Medicine

mailto:royster@umn.edu


More info
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