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In many dairy herds today subclinical mastitis is under control and herd SCC is low. Yet in most 
herds today clinical mastitis is still a problem. 

The treatment of clinical mastitis is a major predisposing cause of antibiotic contamination of raw 
milk in the U.S. (22). During 1991 82% of the antibiotic residue violations found in Wisconsin 
bulk tank milk samples were found to be the result of a mishap following treatment of cows for 
mastitis (10). Considering the present consumer concern over drug residues in the U.S. food 
supply and current changes in the Pasteurized Milk Ordinance (PMO), it seems appropriate to 
focus more attention on reducing the level of clinical mastitis, thereby also reducing the 
opportunity for the mistaken introduction of contaminated antibiotic milk into the milk supply. 
Current PMO regulations now require closer attention to drug use in lactating cows including 
documentation of all drug treatments. This regulation gives impetus for the development of more 
complete clinical mastitis record keeping. Epidemiological use of such records will provide the 
much needed insight into better control and prevention of clinical mastitis. 

II. Clinical Mastitis: Losses 

Dairy farmers are all aware of the existence of clinical mastitis. Most are acutely aware of the 
cost of clinical mastitis. Cost components associated with clinical mastitis are thought to be 
decreased production, discarded milk, culling or mortality, labor, veterinary service, medications, 
and delayed genetic progress. 

Milk Loss Estimates 

Lucey and Wood (21, 30) determined that clinical mastitis resulted in an average proportional 
reduction of 305-day milk yield of 5.9% and 6.4%, respectively. Bartlett et al. (5) determined 

UNIVERSITY OF MINNESOTA. U.S. DEPARTMENT OF AGRICULTURE, AND MINNESOTA COUNTIES COOPERATING 





that 88% of the losses associated with clinical mastitis are due to discarded milk and decreased 
milk production. Using daily milk weights to calculate milk losses, Bartlett indicated that an 
average of 764 lb of milk is lost (discarded milk + decreased production) during the 60 days 
following a clinical episode. As was the case in other studies, cows that experienced clinical 
mastitis were never able to completely regain the same production level they had achieved during 
that lactation prior to the clinical episode. In light of these findings it seems likely that the total 
305 lactational milk loss in this high producing Michigan herd would be near the 5 to 6% levels 
( 1000+ lb) described by Lucey and Wood (21, 30). 

Table 1. Milk loss estimates (milk yield + discard milk) per clinical episode: U.S. field 
studies. 

~ 

""" ., % of avg 
Lactation milk yield + lactational 

Study discard milk (lb) yield Dollar loss* · 

1985 Erb (n = 33) 563 3.0 $77.00 
1990 Hobler (n = 9) 709 3.7 $97.00 
1990 Bennett (n = 1) 24 yr 1000 4.2 $136.00 
1991 Bartlett (n = 1) 750 4.1 $102.00 

1992 Anderson (n = 6) 5 yr 710 full lactation 3.7 $97.00 
coliform cases only 8860 early cull/died 47% $1063.00 

2584 avg for coliform cases 14% $310.00 

*Dollar loss calculated assuming a $12.00 per cwt milk price. 

Dabdoub and Shook (12) noted that the severity of mastitis is on a continuum and that the 
average lactation linear somatic cell count score would measure the milk loss due to clinical 
mastitis as well as subclinical mastitis. Dohoo et al. (15) concur with these findings, noting that 
elevated cell counts tend to persist longer and stay higher in cases of acute mastitis than in milder 
cases. 

Individual cow daily milk weight measurements are not collected in most dairies. Therefore, it 
appears that use of the average lactation linear somatic cell count score where those figures are 
available would be the most practical means of assessing the total lactational milk production loss 
caused by specific cases of clinical mastitis. 

Milk Loss: Etiological Agent 

Greater milk yield losses were observed in those cows infected with major mastitis pathogens 
than minor pathogens (15). Somatic cell counts were higher and persisted at higher levels for 
a longer period of time in those cases where the severity of mastitis was greater. Anderson et 
al. (1) found that milk losses in cows with confirmed cases of clinical coliform mastitis were 
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very high. The average lactational milk yield· loss for all 187 cases studied was 2584 lb, 710 lb 
for those completing lactations, and 8860 lb for the 23% of cases that either died or were culled 
early in lactation. 

Bartlett et al. (5), on the other hand, found that etiological agent was of only moderate 
importance in determining milk loss following a clinical episode. Other epidemiologic factors 
such as stage of lactation, lactation number, and the level of production at the time of the clinical 
case were of equal or greater importance. These contrasting observations perhaps can be 
explained by a high degree of variability in the severity of clinical mastitis cases among the 
etiological agents in the Michigan study. The conclusion of these findings suggests that although 
identification of the mastitis pathogen may be important in selection of correct therapy, it is not 
essential to estimating economic loss. 

Milk Loss: Stage of Lactation/Season/Lactation number 

The stage of lactation at the time the clinical infection occurs has an influence on the extent of 
production losses. A clinical mastitis episode in early lactation (less than 10 weeks) reduced 
lactational yield 11 % while impact on lactational yield later in lactation was much less (21). 
Bartlett et al. (5) reported that clinical mastitis prior to 150 days in milk resulted in 1.4 times 
more milk loss. Clinical mastitis during the winter resulted in 1.37 times more milk loss than 
mastitis occurring during summer. This observation was reasoned to be the result of higher milk 
production during the winter months, thus logically implying that clinical mastitis in high 
production cows results in proportionately higher milk loss. This is further compounded by the 
fact that there is tendency for high production cows to have more mastitis (11). Bartlett et al. 
also observed that older cows that contracted clinical mastitis were producing an average of 6 
lb more milk prior to the clinical episode than uninfected herd mates. It is interesting to note 
that they found no difference in the milk production of heifers that had clinical mastitis compared 
to their uninfected herd mates. The observation that clinical mastitis in multiparous cows 
resulted in twice the milk loss as first calf heifers is consistent with observations made in the 
milk yield losses due to subclinical mastitis (2). 

Several studies document that the incidence of clinical mastitis increases with each lactation (5, 
6, 25, 26). Morse et al. (25) observed that older cows have more affected lactations than first 
lactation heifers, but that heifers experienced twice as many clinical cases during the first 35 days 
of lactation. In that particular study almost half of the clinical episodes that occurred in heifers 
occurred. within 35 days after calving. Other researchers made similar observations ( 13, 19). 
Wilesmith et al. (29), in a field study involving 378 dairy herds, recorded that 31 % of the cases 
occurred in the first 30 days of lactation, 45% by 60 days, and 58% by 90 days. 

Milk yield at dry off and length of the dry period were found to affect the level of clinical 
mastitis during early lactation. Evenvoldsen et al. (16) found dry periods of approximately 7 
weeks to be associated with the lowest risk of postpartum clinical health disorders including 
clinical mastitis. The method of dry off will also affect risk of clinical mastitis at calving. 
Oliver et al. (27) demonstrated that in high producing cows the preferable dry off method was 
to milk 1 time per day beginning one week prior to anticipated dry off while at the same time 
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drastically reducing the nutritional stimulus for milk production by feeding low nutrient density 
feeds. 

Such information as this is helpful in characterizing clinical mastitis. From these and similar 
studies can be gleaned a better understanding of those cause and effect relationships that are 
important to the control of clinical mastitis. It should be cautioned, however, that some of these 
data were collected from single herd studies. Therefore the findings are likely not universally 
applicable to every dairy herd situation. The veterinary practitioner must be careful not to 
inappropriately extrapolate conclusions from single herd studies or from other regions of the U.S. 
or world. This might result in false conclusions on client dairies. Each dairy will have its own 
set of management strengths and weaknesses which may alter the expressed pattern of clinical 
mastitis. Veterinarians need to discipline their interpretation regarding the pattern of clinical 
cases based on the accumulation of a baseline of data for each client herd. Small herds will 
require that clinical mastitis records be kept longer before valid conclusions can be made. 

Culling Losses 

Involuntary culling due to clinical mastitis had major detrimental economic impact (14). Kirk 
et al. (20) reported in a Michigan study of 19 herds that 41 % of cows with clinical mastitis were 
culled from the herd. Bartlett et al. (5) reported that 13% of the cows with clinical mastitis cases 
were culled within 60 days after the clinical episode. Cull rates for cows with clinical mastitis 
were 2 to 3 times the herd average cull rate. There was no difference in the herd survival rate 
based on etiological agent. Morse et al. (24, 26) reported that precise records pertaining to the 
occurrence and reoccurrence of clinical mastitis may provide information useful in culling 
decisions. Quite often only a few cow lactations are responsible for a large percentage of clinical 
episodes. In that particular study, for example, 6.3% of the cows in the herd accounted for 
43.5% of all clinical episodes. ' 

Culling decisions could and should be greatly influenced by the clinical mastitis history of the 
cow. The answer to what management action is appropriate regarding culling decisions depend 
on current milk production, somatic cell count, etiological agent, lactation number, stage of 
lactation, reproductive status, number of clinical episodes in current lactation, number of days 
milk discarded in current lactation, and number of quarters affected. 

Treatment Cost (labor, veterinarv fees, drug costs) 

The cost to treat clinical mastitis is relatively small compared to milk and culling losses. Hoblet 
et al. (18) found that the total cost per clinical episode averaged $107 per case in nine herds of 
which $17 per case (16%) could be accounted for by treatment cost. Additional labor required 
per case was estimated at 0.4 hr (24 min) per case per day. Professional veterinary fee and the 
cost of medication accounted for $14 per case (13%) of treatment cost; of this, $2 per case was 
attributed to veterinary fees. As is quite typical, veterinary involvement in the actual 
administering of treatment to cows with clinical mastitis is minimal. This strengthens the 
argument that good clinical mastitis records be kept and that they be periodically reviewed by 
the herd veterinarian. 
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Although not measured in monetary cost, clinical mastitis often results in a significant cost in 
milker morale. Milkers generally do not like to treat clinical mastitis cases. The disruption of 
normal milking routine, the decision regarding what therapeutic regime should be administered, 
as well as the concern over the potential of antibiotic residues add unwanted stress. 

Genetic Losses 

Involuntary culling because of clinical mastitis, particularly in first lactation cows, is very costly. 
The average replacement rearing cost is approximately $1200. When these animals are culled 
early in lactation because of clinical mastitis, most of the rearing cost must be written off as a 
loss. Assuming that an aggressive breeding policy (100% AI use) is the goal of most progressive 
dairies, the premature loss of first lactation cows results not only in the loss of their milk 
production but also the loss of the genetic potential of their offspring as well. In prematurely 
culled older cows the loss may be less (cost of maintenance, genetics); however, production loss 
is usually much greater. 

III. Monitoring Systems: What needs to be collected? 

Relatively few dairy farmers or veterinarians either record individual mastitis cases or, if they 
do, make very little· management use of the information. Since clinical mastitis is obvious, it is 
ironic that records have not been kept. 

While it is counterproductive to ask dairy farmers to keep elaborate clinical mastitis records, 
there is currently a need to. record a minimum amount of information to allow documentation of 
drug use. Cow ID, date of the clinical episode, treatment (drug, dose, route), duration of 
treatment, duration of milk withheld, and antibiotic test result represent the information needed 
to fulfill current Milk and Dairy Beef Residue Avoidance Program protocols. The addition of 
the cow's date of birth, date of calving, lactation number, quarter(s) affected, and the 
identification of the mastitis pathogen allow for an epidemiologic evaluation which can aid the 
veterinarian in pinpointing causes and recommending specific solutions. Some information such 
as cow ID, date of birth, date of calving, lactation number, etc. are already routinely collected 
in every good dairy record system (i.e. DHIA). Thus, it may be a redundant task for dairy clients 
to transfer this information to another record system. 

Structuring clinical mastitis data to facilitate evaluation of clinical cases by cow age, stage of 
lactation, group or pen, teat injury, sire, and udder conformation, etc. would be extremely helpful 
to epidemiologic analysis. Specifics about treatment and duration of treatment may also be 
useful. Use of graphics to visualize farm trends enhances the educational process and is a good 
motivator. 

IV. Considerations for Implementation of Monitoring Programs 

Current Incidence and Reasonable Goals 

Clear clinical mastitis benchmarks need to be established and definition of meaningful indices 
need to be developed. At present it is often difficult to establish definite farm goals because 
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there is lack of recorded field experience. What really are "normal" or acceptable levels of 
clinical mastitis? Vague rules of thumb are currently being used. For example, a commonly 
cited goal is that there should be no more than 1 % of the herd treated for clinical mastitis per 
month. While this is an excellent goal and although appropriate for some dairy operations (17) 
it may be quite unrealistic for others. Average levels of clinical mastitis expressed in cows per 
100 cows per month in several studies to date can be seen in Table 2. 

Table 2. Clinical mastitis incidence and percent recurrent cases. 

% of herd % of herd % recurrent 
Study per month per year cases 

1984 Dabdoub & Shook, WI (n = 1) 10 yrs 3.8 45 --
1986 Blowey, UK (n = 23) 5 yrs 2.7 32 18 

1986 Wilesmith, UK (n = 143) 3 yrs 4.0 50 13 

1988 Morse, FL (n = 1) 6.5 yrs 3.7 44 33 

1988 Anderson, NC (n = 6) 3.2 39 --

1990 Miller, OH (n = 16) 1 yr 3.1 37 --

1990 Bennett, CA (n = 1) 24 yrs 4.3 51 80 

1990 Booth & Rowland, UK (n = 48) 4 yrs 2.9 35 18 

1990 Bartlett, OH (n = 52) 1 yr 3.2 38 --

1990 Schukken, NL (n = 125) 1 yr 1.3 15.6 --

1991 Bartlett, MI (n = 1) 6 months -- -- 17 

weighted weighted 
avg= 3.2% avg= 38% 

Definitions 

What is a clinical case? The definition being suggested by the AABP Mastitis Committee is 
"whenever clinical signs (abnormal milk, swollen inflamed quarter, etc.) occur in a cow with 
saleable milk." This is a very basic definition. It would also include those cows with clinical 
signs at calving but still having unsalable colostral milk. 

When is a case considered a repeat or recurring case? This is an important question. The 
number of clinical episodes that a cow has during lactation is obviously important to the daily 
decisions being made by the dairy manager. Decisions regarding whether to treat or cull the cow 
may hinge greatly on the number of clinical rnastitis episodes previously experienced. In the 

6 



literature the definition of what constitutes a new clinical episode varies. A range of from 6 to 
17 days between recurrence of clinical signs has been used as criterion (5, 7, 8, 18, 20, 28, 29). 
For the purpose of routine clinical mastitis record keeping, an interval of 14 days is being 
suggested as a good and universally practical criterion. 

Clinical Mastitis Severity Codes: Some may feel it important to monitor the severity of clinical 
mastitis. The following is a severity code commonly used in research: 

1 =Normal milk and normal quarter. 
2 = Normal quarter but questionably normal milk. 
3 = Abnormal milk (clots and/or flakes) but little or no swelling in the quarter. 
4 = Abnormal milk and swollen quarter. 
5 = Abnormal milk, the quarter is swollen, and the cow is physically ill. 

Clinical Mastitis Indices 

The following are being suggested as the "core" clinical mastitis indices that should be used in 
monitoring clinical mastitis: 

1. Clinical cases per 100 cows per month and per year: This represents the number of 
clinical cases that occurred in the lactating herd during the designated period of interest. 
This is a good overall measure of clinical mastitis at the herd level. Expressed either as 
cases per 100 cows or as a percentage of the lactating herd, easy comparisons can be made 
with research incidence data (Table 2) or between herds. Goals should be set at realistic, 
attainable levels based on the herd's current status. 

number of clinical cases during time period 
x 100 

average number of milking cows during the time period 

2. Percent of cows affected: This represents the percent of lactating cows that had one or 
more clinical cases during the designated period. Percent of cows affected in the herd give 
some indication of the depth of the herd's clinical mastitis problem. Is it a few chronic 
cows with several recurring clinical cases, or is it an "outbreak" affecting a large number 
of cows? Calculation of the percent of cows affected by lactation number, stage of 
lactation, or season, etc. provides a tool for epidemiological analysis of the herd's clinical 
mastitis problem. 

number of cows with clinical cases during period 
x 100 

average number of milking cows during time period 
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3. Percent lactations with more than one clinical case: The percent of lactating cows that 
have two or more clinical cases during a lactation represent the problem cows. These cows 
will often account for a large proportion of the total clinical mastitis cases in the herd. 

number of cows with 2 or more clinical cases during period 

average number of milking cows during time pepod 

Other useful clinical mastitis indices are: 

1. Average quarters per case: 

number of quarters affected during time period 

number of clinical cases during the time period 

2. Average duration of treatment per case: 

x 100 

total number of cow treatment days during time period 

total number of clinical cases during time period 

3. Average days milk discarded per case: 

total number of days milk discarded during time period 

total number of clinical cases during time period 

4. Percent of cows culled because of clinical mastitis per year: 

number of cows culled for clinical cases during period 

average number of lactating and dry cows during time period 

5. Percent of cows died because of clinical mastitis per year: 

x 100 

number of cows that die because of clinical mastitis during time period 

average number of lactating and dry cows during time period 
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6. Probability of a recurring case: This calculation depends on recording a history of 
recurring clinical cases at each dairy. With the recorded history as baseline data and 
assuming mastitis control practices remain the same, it is possible to predict the probability 
that a cow with one clinical case will have another clinical case during that lactation (24). 
For example, the probability of a first lactation animal having a second case of clinical 
mastitis during that lactation is equal to: 

number of 1st lactation cows with 2 clinical cases this lactation 

number of 1st lactation cows with 1 clinical case this lactation 

Baseline Data 

Morse et al. (26) point out that monthly clinical mastitis fluctuates considerably under what 
appears to be consistent management practices. Thus, it appears that it will require that 
accumulation of clinical mastitis data over a fairly long period of time may be necessary before 
accurate conclusions can be drawn. Again it should be emphasized that veterinary practitioners 
need to keep this in mind as they collect data on client dairies. Although it is tempting to rush 
to hasty conclusions, it would be advisable to accumulate a minimum of several months to a 
year's worth of data before jumping to epidemiologic conclusions. This is particularly true in 
small herds. However, once a baseline of data is accumulated, trends can be spotted easily. 

A Successful Clinical Mastitis Monitoring Scheme 

Blowey (7, 8), a dairy practitioner in the U.K., has successfully developed a clinical mastitis 
monitoring system. Routine monitoring of mastitis by objective numerical indices became an 
integral part of the mastitis control scheme. The following indices were used: rolling herd mean 
SCC; percent of cows affected; calculation of cases per 100 cows; average number of mastitis 
tubes used per cow for the whole herd and per clinical case; percent of recurring cases; average 
number of clinical cases per affected cow; and the average number of quarters per affected cow. 
Over a 6-year period, the incidence of mastitis among dairy herds in this veterinary practice 
decreased from 26.5 percent to 19.6 percent. , Clinical cases decreased from 51 to 31.7 cases per 
100 cows per year. Over the same period, the mean Bulk Tank Somatic Cell Count (BTSCC) 
fell from 346,000 to 243,000 and usage of intramammary antibiotic tubes fell from 2.6 to 2.1 per 
lactating cows per year. A 12-fold return on investment in veterinary services was the calculated 
benefit of this mastitis control scheme. The indices used here are not all inclusive, but this is 
an excellent example of a successful program. 

Value of Personal Contact and Follow-up 

Both Blowey et al. (8) and Wilesmith et al. (29) concluded that reduction in clinical mastitis 
achieved through participation in the clinical mastitis monitoring program was the direct result 
of the simple discipline of farmers recording clinical mastitis data and through personal contact 
with veterinary advisors. The increased awareness of mastitis control and the identification of 
those cows with persistent and recurring cases led to more detailed investigations, more strategic 

9 



culling, and closer attention to mastitis control details. Booth and Rowlands (9) measured the 
influence of regular monthly clinical mas ti tis reports in 48 herds (approximately 6000 cows) for 
two years. Where regular personal contact was made with the farmer to discuss the reports on 
a routine basis there was a greater reduction than where no personal follow-up was made. They 
concluded that "whatever management aids are developed there is a continuing requirement for 
personal and professional advice." These findings should be no surprise to anyone with 
experience in production medicine programs. They serve to underscore the benefits of routine 
monitoring combined with professional advice. 

V. AABP Clinical Mastitis Data Collection and Evaluations Forms 

AABP Mastitis Committee 

Jeffrey K. Reneau, Chr. 
Paul Bartlett 
Allan Britton 
Robert Corbett 
John Dahl 

Description of Forms 

Ann Godkin 
Walter Guterbock 
Phil Sears 
Jan Shearer 

The AABP Mastitis Committee has been working over the past several months to develop a 
record system for the collection and evaluation of clinical mastitis data. The Upjohn Company 
is sponsoring the project and will produce professionally finished copies for distribution to 
individual veterinary practices. Spanish versions of the forms will be available upon request to 
the AABP Mastitis Committee. With the need for dairies to more carefully document drug use 
in lactating dairy cattle, this is an opportune time for veterinary practitioners to implement such 
a record system as a part of production medicine programs. 

The record system consists of a booklet of laser printed master forms (see Appendix) that can 
be altered to include the practice or business logo and copied as needed. The range in the variety 
of forms is meant to facilitate selection of those forms most appropriate to each dairy's situation. 
It is envisioned that the forms will be kept at the farm in a three-ring notebook or plastic spiral 
binders. 

The Daily Treatment Record is the simplest form and represents the minimum information that 
should be recorded to fulfill the requirement of monitoring drug use. For large herds this form 
may represent only a few days' treatments and could serve as a worksheet for data entry into a 
computerized system. For the smaller herds this form could serve as the entire treatment record. 
The other forms offer an opportunity to record more detail where computer systems are not 
available. The Individual Cow Drug Treatment and Residue Test Record allows for the complete 
recording of the treatment history of a cow. The Clinical Evaluation Record can be used to tally 
the epidemiofogic and economic analysis on a herd basis. 
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VI. Conclusions 

It appears clear that in order to both meet the consumer's increasing demand for safe, high 
quality and wholesome dairy products and to improve productive efficiency at the farm, we must 
continue to improve methods of mastitis control. Continued refi!"lement of clinical mastitis 
monitors will be necessary. Demonstration of economic benefits of clinical mastitis control 
procedures at the farm level, as well as the encouragement of quality incentive payments to dairy 
farmers for the continued production of high quality milk, will speed adoption of proven mastitis 
control and prevention methods. 
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