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  ABSTRACT 

  The US regulations for production of organic milk 
include a strict prohibition against the use of antimi-
crobials and other synthetic substances. The effect of 
these regulations on dairy animal health has not been 
previously reported. The objective of this study was to 
characterize disease detection and identify risk factors 
for selected diseases on organic (ORG) and similarly 
sized conventional (CON) farms. Dairy herds (n = 292) 
were enrolled across 3 states (New York, Oregon, Wis-
consin) with CON herds matched to ORG herds based 
on location and herd size. During a single herd visit, 
information was collected about herd management 
practices and animal disease occurring in the previous 
60 d, and paperwork was left for recording disease oc-
currences during 60 d after the visit. For analysis, CON 
herds were further divided into grazing and nongrazing. 
Poisson regression models were used to assess risk fac-
tors for rate of farmer-identified and recorded cases of 
clinical mastitis, ketosis, and pneumonia. An increased 
rate of farmer-identified and recorded cases of clinical 
mastitis was associated with use of CON management, 
use of forestripping, presence of contagious pathogens 
in the bulk tank culture, proactive detection of mas-
titis in postpartum cows, and stall barn housing. An 
increased rate of farmer-identified and recorded cases 
of ketosis was associated with having a more sensitive 
definition of ketosis, using stall barn housing, and feed-
ing a greater amount of concentrates. An increased rate 
of farmer-identified and recorded cases of pneumonia 
was associated with a lack of grazing, small or medium 
herd size, and Jersey as the predominant breed. Overall, 
disease definitions and perceptions were similar among 
grazing systems and were associated with the rate of 
farmer-identified and recorded cases of disease. 
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  INTRODUCTION 

  Organic (ORG) dairy farms in the United States 
often have characteristics that differ from conventional 
(CON) dairy farms, including a smaller herd size, use 
of non-freestall housing, and grazing-based diets (Zwald 
et al., 2004; Sato et al., 2005; Pol and Ruegg, 2007). 
These management factors have also been associated 
with incidence and prevalence of various diseases, and 
therefore may confound the potential effect of ORG 
management on disease incidence. In a US survey (n = 
858 farms) that assessed antimicrobial usage for several 
common diseases of dairy cattle, small herd size (30–99 
cows) was associated with a greater within-herd preva-
lence of any given disease (Hill et al., 2009). Likewise, 
Valde et al. (1997) reported that Norwegian dairy herds 
that used stall barn housing (n = 59) had greater in-
cidence rates of clinical mastitis and ketosis compared 
with herds housed in freestalls (n = 533). Researchers 
have not consistently linked grazing to improvements in 
cow health. In one study, grazing was associated with a 
decreased risk of metritis (Bruun et al., 2002), whereas 
Barkema et al. (1999) reported that overnight pastur-
ing of dairy cattle was associated with an increased 
incidence rate of Escherichia coli clinical mastitis. 

  It is difficult to determine how the definition and 
perception of disease by animal caregivers influences 
the incidence and detection of disease. Attitudes about 
mastitis have been associated with the incidence rate 
of clinical mastitis (Nyman et al., 2007; Jansen et al., 
2009). Organic and CON farmers have different options 
available for treating most diseases, which may influ-
ence disease perception. For example, the availability 
of efficacious treatments and previous experience with 
alternative treatments might influence farmers’ percep-
tion about disease control (Vaarst et al., 2002). Hard-
eng and Edge (2001) speculated that reduced rates of 
veterinary-treated disease in cows on ORG compared 
with CON farms may be due to differing attitudes and 
disease management practices, but research in this area 
is lacking. 
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Researchers comparing rates of clinical mastitis on 
ORG and CON farms often report less disease on or-
ganic farms (Sato et al., 2005; Pol and Ruegg, 2007; 
Valle et al., 2007). The occurrence of less clinical mas-
titis among ORG farms has been attributed to reduced 
milk production (Valle et al., 2007) and improved cow 
cleanliness (Ellis et al., 2007). However, the farmer’s 
definition and perception of mastitis may result in an 
apparent difference in the rate of clinical mastitis. Pol 
and Ruegg (2007) documented differences in monitor-
ing mastitis and definition of cure of mastitis after 
treatment between ORG and CON farmers in Wiscon-
sin. In this study, visual observation of abnormal milk 
was used to detect mastitis by 90% of CON farmers in 
contrast to only 45% of ORG farmers. Organic farmers 
relied more on other methods for detecting mastitis, 
such as visualization of swollen quarters, California 
Mastitis Test results, and observation of abnormal milk 
on the milk filter (Pol and Ruegg, 2007; Ruegg, 2009). 
Swedish researchers reported an association between 
the definition of mastitis and the incidence rate of vet-
erinary treatment (Nyman et al., 2007). Farmers who 
characterized mastitis based on mild symptoms (such 
as abnormal milk only) reported a greater incidence 
rate of veterinary-treated mastitis compared with farm-
ers who treated cows only after observation of systemic 
signs.

Risk factors for metabolic diseases of dairy cows (such 
as milk fever and ketosis) include stage of lactation, 
parity, milk production, and nutritional management 
(Radostits et al., 2007; Smith, 2008; LeBlanc, 2010). 
The incidence of ketosis was less on ORG compared 
with CON farms and was attributed to reduced milk 
production among ORG herds (Hardeng and Edge, 
2001) and different threshold criteria for calling a 
veterinarian (Bennedsgaard et al., 2003a). Studies 
comparing disease rates and risk factors between cattle 
on ORG and CON farms must account for potential 
differences in perception. The objective of this study 
was to characterize farmers’ perceptions of disease and 
identify risk factors for disease on ORG, CON grazing, 
and CON nongrazing dairy farms.

MATERIALS AND METHODS

Data Collection

Information about herd recruitment and data collec-
tion has been previously described (Richert et al., 2013; 
Stiglbauer et al., 2013). In brief, farms (n = 292) were 
recruited between April 2009 and April 2011 from dairy 
herds located in New York State (NY), Oregon (OR), 
and Wisconsin (WI). All herds were required to have 
a minimum of 20 cows and must have been shipping 

milk for at least 2 yr. Organic herds must have been 
shipping certified ORG milk for at least 2 yr. During a 
single farm visit, a questionnaire on management prac-
tices was administered (available at http://milkquality.
wisc.edu/organic-dairies/project-c-o-w/) and informa-
tion was collected on occurrence of disease during the 
retrospective period, which was defined as the 60 d 
before the farm visit. Prospective data were collected 
for the 60-d period after the farm visit using defined 
recording forms. Farmers were instructed to recall or 
record information about all sick animals, regardless of 
administration of treatment. Study approval was ob-
tained from the Institutional Review Board and Animal 
Care and Use Committee at Oregon State University.

During the farm visit, lactating cows were scored for 
udder hygiene according to the method of Schreiner 
and Ruegg (2003). Udder hygiene scores (UHS) were 
obtained from all lactating cows (up to 50), or for larger 
herds, a randomly selected, representative sample of 
20% of lactating cows was scored. Samples of bulk milk 
were collected by study personnel and sent to a single 
laboratory in NY for analysis. Bulk milk samples were 
tested for SCC, plate loop count (PLC), and mastitis 
pathogens including Mycoplasma.

Definitions of Variables

For all analyses, disease definitions were herd spe-
cific, and the selected risk factors eligible for inclusion 
in the analysis were rolling herd average (RHA), per-
centage of lactating and dry cows in third or greater 
lactation, percentage of lactating herd in early lactation 
(<90 DIM), herd size category (20–99 lactating and 
dry cows, 100–199, ≥200), predominant breed (>50% 
of cows; Holstein, Jersey, other), season of herd visit 
(spring, summer, autumn, winter), primary housing for 
lactating cows at the time of herd visit (freestall, group 
pen, pasture or drylot, stall barn), performance of any 
routine postpartum cow exam (yes, no), likelihood of 
farmer to call a veterinarian for an off-feed cow (low, 
medium, high), rate of routinely scheduled veterinary 
visits per 100 cows per year (none, few, some, many), 
site (NY, OR, WI), utilization of grazing (≥30% of DMI 
for lactating cows was obtained from pasture during 
the grazing season; yes, no), and management system 
(ORG, CON). Management system and utilization of 
grazing were combined to create a new 3-level variable 
(grazing system): (1) ORG, (2) CON grazing (CON-
GR), and (3) CON nongrazing (CON-NG).

Cases of clinical mastitis were identified and recorded 
by the farmer during the retrospective or the combined 
(retrospective and prospective) data collection period. 
Cow-days at risk for clinical mastitis were calculated 
for each herd by multiplying the number of lactating 
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cows at the time of the herd visit by 60 d if data were 
available for only the retrospective data collection pe-
riod or 120 d if data were available for the combined 
data collection period. Rate of clinical mastitis was 
measured per 305 lactating cow-days at risk. Selected 
risk factors considered for inclusion in the analysis of 
rate of farmer-identified and recorded cases of clinical 
mastitis were SCC of the bulk milk sample (log10 cells/
mL), PLC of the bulk milk sample (log10 cfu/mL), pres-
ence of contagious pathogens in the bulk milk culture 
(yes, no), proportion of lactating cows with 3 or fewer 
quarters (%), proportion of lactating cows with a UHS 
score of 1 or 2 at the time of the herd visit (%), use 
of routine forestripping during milking procedure (yes, 
no), use of routine predipping during milking procedure 
(yes, no), use of routine postdipping during milking 
procedure (yes, no), use of a complete milking routine 
(forestrip, predip, dry, postdip; yes, no), primary milk-
ing facility (flat parlor, double-sided pit parlor, other 
parlor, stall barn), percentage of cases of subclinical 
mastitis that were treated (<50, 50–99, 100%), listing 
“check for mastitis” as 1 of the 3 primary symptoms 
used to screen for potentially ill cows (yes, no), routine 
checking for mastitis as part of postpartum cow exams 
(yes, no), routine use of cowside methods of measur-
ing SCC (yes, no), removal of udder hair using routine 
singeing (yes, no), and inclusion of any of the following 
in the farmer’s definition of mastitis: (1) observation 
of abnormal milk (every milking, infrequent, none), (2) 
observation of garget on the milk filter (yes, no), (3) 
high SCC on DHIA or California Mastitis Test (yes, 
no), (4) observation of swelling, heat, or redness in the 
quarter (yes, no), (5) observation of systemic signs of 
illness in the cow (yes, no).

Cases of ketosis were identified and recorded by the 
farmer during the retrospective or combined data col-
lection period. Cow-days at risk for ketosis were cal-
culated for each herd by multiplying the number of 
lactating cows at the time of the herd visit by 60 d 
if data were available for only the retrospective data 
collection period or 120 d if data were available for the 
combined data collection period. Rate of ketosis was 
measured per 305 lactating cow-days at risk. Selected 
risk factors considered for inclusion in the analysis of 
rate of farmer-identified and recorded cases of ketosis 
were amount of grain fed per cow per day (kg), routine 
checking for ketosis as part of postpartum cow exams 
(yes, no), farmer perceiving ketosis to occur on farm 
(yes, no), and inclusion of any of the following in the 
farmer’s definition of ketosis: (1) positive urine, milk, or 
blood ketone test (yes, no), (2) depressed attitude (yes, 
no), (3) decreased milk production (yes, no), (4) smell 
of ketones (yes, no), (5) decreased feed intake (yes, no), 
(6) trembling, chewing, or other signs of nervous ketosis 

(yes, no), (7) weight loss (yes, no), (8) decreased or stiff 
manure (yes, no).

Cases of pneumonia were identified and recorded by 
the farmer during the retrospective or combined data 
collection period. Cow-days at risk for pneumonia were 
calculated for each herd by multiplying the number of 
lactating and dry cows at the time of the herd visit 
by 60 d if data were available for only the retrospec-
tive data collection period or 120 d if data were avail-
able for the combined data collection period. Rate of 
farmer-identified and recorded cases of pneumonia was 
measured per 365 cow-days at risk. Selected risk fac-
tors considered for inclusion in the analysis of rate of 
farmer-identified and recorded pneumonia were farmer 
perceiving pneumonia to occur on their farm (yes, no) 
and inclusion of any of the following in the farmer’s 
definition of pneumonia: (1) presence of a cough (yes, 
no), (2) presence of nasal discharge (yes, no), (3) de-
creased milk production (yes, no), (4) dyspnea (yes, 
no), (5) decreased feed intake (yes, no), (6) presence of 
fever (yes, no), (7) depressed attitude (yes, no).

Statistical Procedures

The herd was the unit of analysis. Descriptive statis-
tics were used to verify data accuracy, detect missing 
data, and observe frequency distributions. The PROC 
FREQ (SAS Institute, 2011) was used to perform all 
Chi-squared analyses. When expected values in at least 
one cell were <5, the Fisher’s exact test was used. 
Statistical significance was defined as P ≤ 0.05 for all 
analyses. Data were tested for presence of selection bias 
for completion of the data collection period. Wilcoxon 
rank-sum tests were performed using PROC NPAR-
1WAY (SAS Institute, 2011) to determine if herd size 
and RHA were independent of completion of prospec-
tive data forms. Chi-squared analyses were performed 
to determine if site was independent of completion of 
prospective data forms. A Cochran-Mantel-Haenszel 
analysis was performed to determine if grazing system 
was independent of completion of prospective data 
forms after adjustment for differences in recruitment 
by site (Richert et al., 2013).

Chi-squared analyses were performed to determine 
if each of the following were independent of grazing 
system: (1) each symptom used as primary method to 
screen cows for further examination (Table 1), (2) each 
symptom used in routine screening of postpartum cows 
(Table 2), and (3) recorded presence of selected diseases 
on farms (Table 3). In each test, grazing system (ORG, 
CON-GR, CON-NG) formed the columns of the table 
and presence of symptom or disease (yes, no) formed 
the rows of the table.
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The PROC NPAR1WAY (SAS Institute, 2011) was 
used to perform Wilcoxon rank-sum tests to determine 
if percentage of cows with 3 or fewer quarters, rate of 
clinical mastitis, rate of ketosis, and rate of pneumonia 
were independent of grazing system. The PROC GLM 
(SAS Institute, 2011) was used to perform 7 ANOVA 
tests to determine if RHA, proportion of lactating and 
dry cows in third or greater lactation, proportion of lac-
tating cows in early lactation, proportion of lactating 
cows with a UHS of 1 or 2, amount of grain fed, bulk 
tank SCC, and bulk tank PLC were each independent 
of grazing system. Chi-squared analyses were used to 
determine if each explanatory variable with a categori-
cal distribution was independent of grazing system. In 
each test, grazing system (ORG, CON-GR, CON-NG) 
formed the columns of the table and categories of each 
explanatory variable (Table 4) formed the rows of the 
tables.

All multivariate models were built using a manual 
process that incorporated the biological and statisti-

cal relevance of each variable. Initially, all biologically 
relevant variables were tested for univariate associa-
tions among predictor variables using Chi-squared (for 
categorical variables) or correlation analysis (for con-
tinuous variables). If variables were highly associated, 
the more biologically relevant variable was selected for 
further analysis. For all models, after initial screening, 
variables were further assessed by screening for uncon-
ditional associations between each selected risk factor 
and the relevant outcome variable. For each model, risk 
factors that were unconditionally associated with the 
outcome variable at P ≤ 0.20 were offered for further 
multivariate modeling. Both forward and backward 
variable selection procedures were used to select the 
variables that remained in the final models. Confound-
ing was assessed by examining the effect of each vari-
able on the rate ratios of other explanatory variables 
(Dohoo et al., 2003). No variables included in any 
final model resulted in substantial changes among rate 
ratios of other explanatory variables, indicating that 

Table 1. Distribution (no.; % in parentheses) of the 3 primary symptoms used by farmers to screen for cows 
that are potentially ill and require further examination in herds located in New York State, Oregon, and 
Wisconsin 

Primary symptom
Overall  

(%)

Grazing system

P-value

Organic 
(n = 192) 

(%)

Conventional 
grazing 

(n = 36) (%)

Conventional 
nongrazing 

(n = 64) (%)

Abnormal manure 40 (14) 25 (13) 5 (13) 10 (16) 0.87
Abnormal milk or swollen udder 38 (13) 26 (14) 1 (3) 11 (17) 0.11
Cold ears 26 (9) 18 (9) 4 (11) 4 (6) 0.62
Cow is lame or moves slowly 95 (33) 64 (33) 14 (39) 17 (27) 0.42
Decreased feed intake 212 (73) 135 (70) 31 (86) 46 (72) 0.15
Decreased milk yield 110 (38) 62 (32) 17 (47) 31 (48) 0.03
Depressed attitude or behavior 185 (63) 124 (65) 25 (69) 36 (56) 0.35
Other method1 65 (22) 48 (25) 3 (8) 14 (22) 0.09
Suspect increased body temperature 59 (20) 37 (19) 5 (14) 17 (27) 0.27
1“Other method” included uterine discharge or odor, poor haircoat, loss of body condition, difficulty breathing.

Table 2. Symptoms observed (no.; % in parentheses) by farmers to routinely screen postpartum cows in herds 
located in New York State, Oregon, and Wisconsin 

Symptom Overall

Grazing system

P-value
Organic 

(n = 192)

Conventional 
grazing 
(n = 36)

Conventional 
nongrazing 
(n = 64)

Abnormal milk or warm udder 180 (62) 125 (65) 20 (56) 35 (55) 0.24
Cow is weak or down 45 (15) 29 (15) 7 (19) 9 (14) 0.76
Decreased feed intake 97 (33) 53 (28) 18 (50) 26 (41) 0.01
Decreased milk yield 37 (13) 21 (11) 7 (19) 9 (14) 0.34
Depressed attitude or behavior 20 (7) 14 (7) 0 (0) 6 (9) 0.18
Ketosis test 17 (6) 7 (4) 4 (11) 6 (9) 0.06
Measure body temperature 46 (16) 15 (8) 9 (25) 22 (34) <0.001
Other method 30 (10) 20 (10) 4 (11) 6 (9) 0.96
Retained placenta 85 (29) 45 (23) 14 (39) 26 (41) 0.01
Perform routine screening of postpartum cows 247 (85) 162 (84) 30 (83) 55 (86) 0.93
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confounding was not a problem. Biologically relevant 
first-order interactions among variables were offered for 
backward and forward variable selection to construct 
the final multivariate regression models. Interactions 
with sparse data (<5 observations per category) were 
not offered for selection procedures.

A negative binomial regression model (Schukken et 
al., 1991) was performed using PROC GENMOD (SAS 
Institute, 2011) to determine associations between 
rate of farmer-identified and recorded clinical mas-
titis and selected risk factors. The outcome modeled 
was the number of cases of clinical mastitis identified 
and recorded by the farmer during the data collection 
period, and the natural log of number of cow-days at 
risk for clinical mastitis per herd was used as an offset 
variable. Variables associated with the design of the 
study (grazing system, herd size, and site) were forced 
into the modeling process. Although season was not 
unconditionally associated with the rate of clinical mas-
titis, models were run that included season as a forced 
variable to assess the potential confounding effect of 
season. Model fit and estimates were not changed; thus, 
season was not included in the final model. Estimated 
regression coefficients of the model were exponentiated 
and interpreted as a relative rate ratio (Dohoo et al., 
2003). The final model consisted of design variables 
(grazing system, herd size, and site) and all risk factors 
significant at P ≤ 0.05.

The descriptive data showed a very high frequency 
of zero-incidence farms for ketosis and pneumonia. For 
this reason, 2 zero-inflated Poisson regression models 

(Rodrigues-Motta et al., 2007) were performed using 
PROC GENMOD (SAS Institute, 2011) to determine 
associations between selected risk factors and (1) rate 
of farmer-identified and recorded ketosis and (2) rate 
of farmer-identified and recorded pneumonia. The 
outcomes modeled were the number of cases of keto-
sis and the number of cases of pneumonia identified 
and recorded by the farmer during the data collection 
period. The natural log of number of cow-days at risk 
for ketosis and pneumonia per herd were used as offset 
variables. Variables associated with the design of the 
study (grazing system, herd size, and site) were forced 
into the modeling process. In the zero-inflated Pois-
son model, a second outcome is the probability that a 
farm has zero cases of pneumonia or ketosis. A separate 
model-building process was performed to predict the 
zero incidence of both pneumonia and ketosis. Risk fac-
tors for zero incidence included the ability to define 
the disease of interest and several assumed preventative 
practices for the disease of interest. Estimated regres-
sion coefficients of the model were exponentiated and 
interpreted as a relative rate ratio (Dohoo et al., 2003).

Model selection was performed by first screening for 
unconditional associations between each selected risk 
factor and (1) rate of farmer-identified and recorded 
ketosis and (2) rate of farmer-identified and recorded 
pneumonia using a zero-inflated Poisson regression 
model. All design variables (grazing system, herd size, 
and site) and risk factors unconditionally associated 
with rate of disease at P ≤ 0.20 were offered for mul-
tivariate modeling. Using the model-building process 

Table 3. Distribution of farmers (no.; % in parentheses) who identified and recorded at least one case of 
selected diseases during the 120-d combined data collection period among grazing system1 for data from herds 
located in New York State, Oregon, and Wisconsin 

Disease Overall

Grazing system

P-value
ORG 

(n = 106)
CON-GR 
(n = 24)

CON-NG 
(n = 47)

Clinical mastitis2 170 (97) 100 (96) 24 (100) 46 (98) 0.56
Diarrhea in calves3 102 (58) 51 (48) 18 (75) 33 (72) 0.004
Diarrhea in adult cows4 33 (19) 16 (15) 4 (17) 13 (27) 0.20
Displaced abomasum4 41 (23) 6 (6) 6 (25) 28 (58) <0.001
Intestinal parasites in adult cows5,6 120 (51) 51 (27) 27 (75) 42 (66) <0.001
Intestinal parasites in heifers5,6 154 (53) 90 (47) 26 (72) 38 (60) 0.008
Ketosis4 53 (30) 18 (17) 10 (42) 25 (52) <0.001
Lameness in adult cows4 114 (64) 64 (60) 15 (63) 35 (73) 0.24
Metritis4 60 (34) 24 (23) 8 (33) 28 (58) <0.001
Milk fever4 96 (54) 53 (50) 14 (58) 29 (60) 0.47
Pneumonia in adult cows4 38 (21) 13 (12) 5 (21) 20 (42) <0.001
Pneumonia in baby calves3 68 (38) 31 (29) 10 (42) 27 (59) 0.002
1ORG = organic; CON-GR = conventional grazing; CON-NG = conventional nongrazing.
2Information was available for 104, 24, and 47 ORG, CON-GR, and CON-NG herds, respectively.
3Information was available for 107, 24, and 46 ORG, CON-GR, and CON-NG herds, respectively.
4Information was available for 106, 24, and 47 ORG, CON-GR, and CON-NG herds, respectively.
5Farms either routinely administered parasite preventatives or treatments, or perceived parasites as a problem.
6Information was available for 192, 36, and 64 ORG, CON-GR, and CON-NG herds, respectively.
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described above, one multivariate zero-inflated Pois-
son regression model was constructed for each disease 
(ketosis and pneumonia) using backward and forward 
variable selection procedures.

RESULTS

Retrospective information about sick cows was col-
lected on 95 NY, 40 OR, and 147 WI farms, and pro-
spective information about sick cows was returned by 
29 (30%) of these NY, 31 (78%) of these OR, and 118 
(80%) of these WI farmers, for a total of 178 farm-
ers completing the combined data collection period for 
sick cows. Herd size and RHA were not associated with 
completion of the data collection period. After adjust-
ing for state, grazing system was not associated with 
completion of the data collection period for veterinary 
visits or sick cows (P = 0.12).

Most farmers reported reduced feed intake and de-
pressed attitude as primary observations used to screen 
for potentially ill cows (Table 1). Organic farmers relied 
less often on observation of decreased milk yield com-
pared with CON-GR and CON-NG farmers. Overall, 
85% of farmers reported performing examinations on 
postpartum cows, with ORG farmers less likely than 
CON-GR and CON-NG farms to examine cows for 
retained placenta, abnormal body temperature, and 
decreased feed intake (Table 2).

During the 120-d combined data collection period, 
identification and recording of at least one case of calf 
diarrhea, displaced abomasum, ketosis, metritis, adult 
cow pneumonia, and calf pneumonia was associated 

with grazing system (Table 3). Of all farmers, organic 
farmers were less likely to identify and record at least 
one case of ketosis or calf diarrhea compared with 
CON-GR and CON-NG farmers. Displaced abomasum, 
metritis, and pneumonia (in both cows and calves) 
were each reported to occur in cattle on fewer ORG 
and more CON-NG farms compared with CON-GR 
farms. Farmers either routinely administered preven-
tative treatments or perceived intestinal parasites as 
a problem approximately half as frequently on ORG 
compared with CON-GR and CON-NG farms.

Characteristics of Enrolled Herds

Management factors that were associated with graz-
ing system included herd size and RHA (P < 0.001), 
with ORG farms containing the fewest cows and having 
the least RHA, and CON-NG farms containing the most 
cows and having the greatest RHA (Table 4).The pro-
portion of lactating cows with 3 or fewer quarters was 
greater on ORG compared with CON-GR and CON-NG 
farms (P < 0.001).The proportion of lactating and dry 
cows in third or greater lactation was least on CON-NG 
farms, intermediate on CON-GR farms, and greatest 
on ORG farms (P < 0.001). Organic farmers fed ap-
proximately half as much grain as CON-GR and CON-
NG farmers (P < 0.001). Holstein was the predominant 
breed on approximately three-quarters of CON-GR 
and CON-NG farms compared with about half of ORG 
farms (P < 0.001); other breeds were predominant on 
about one-third of ORG farms. Conventional nongraz-
ing farmers were equally likely to use freestall or stall 
barn housing as the primary housing for lactating cows 
at the time of the herd visit compared with CON-GR 
and ORG farmers, who were most likely to use pastures 
or drylots for housing (P < 0.001). Organic and CON-
GR farmers were most likely to report an intermediate 
likelihood to call a veterinarian for an off-feed cow com-
pared with CON-NG farmers, who were most likely to 
report a high likelihood (P = 0.003). Organic farmers 
were least likely to have routinely scheduled veterinary 
visits compared with CON-GR and CON-NG farmers 
(P < 0.001). As expected based on study design, site 
was associated with grazing system (P = 0.002). Rou-
tine removal of udder hair using singeing occurred less 
often (P = 0.01) and routine use of cowside SCC tests 
occurred more often for ORG farmers (P = 0.002) com-
pared with CON-GR and CON-NG farmers. Organic 
farmers were most likely to report treating all cases 
of subclinical mastitis (using nonantibiotic treatments; 
P = 0.006) and were most likely to have contagious 
pathogens found upon culture of bulk tank milk (P = 
0.004) compared with CON-GR and CON-NG farmers. 
Conventional grazing farmers were most likely to use 

Figure 1. Distribution of rate of farmer-identified and recorded 
clinical mastitis (cases per 305 lactating cow-days) by grazing system 
for data collected from 183 organic (ORG), 34 conventional grazing 
(CON-GR), and 59 conventional nongrazing (CON-NG) herds located 
in New York State, Oregon, and Wisconsin. Rate of mastitis tended to 
differ among grazing systems (P = 0.066). 
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observation of a systemically ill cow as part of their 
definition of clinical mastitis compared with ORG and 
CON-NG farmers (P = 0.01). Organic farmers were 
least likely to use decreased milk production as part of 
their definition of pneumonia compared with CON-GR 
and CON-NG farmers (P = 0.01).

Rate of Clinical Mastitis

Data included in the analysis of rate of farmer-
identified and recorded cases of clinical mastitis were 
from farmers who returned data on mastitis incidence 
for either the retrospective or combined data collection 
periods (n = 182 ORG, n = 34 CON-GR, n = 59 CON-
NG). Of farmers included in the analysis, 28 (10%) did 
not identify and record any cases of mastitis during 
the data collection period for their farm. The overall 
rate of farmer-identified and recorded cases of clinical 
mastitis ranged from 0 to 1.44 cases per 305 lactating 
cow-days, and tended to be greater in CON-NG herds 
compared with ORG and CON-GR herds (Figure 1). 
Explanatory variables unconditionally associated (P ≤ 
0.20) with an increase in rate of farmer-identified and 
recorded cases of clinical mastitis included a greater 
proportion of cows with 3 or fewer quarters, lesser pro-
portion of lactating cows with a UHS of 1 or 2, greater 
bulk tank SCC, and lesser bulk tank PLC. Increased 
rates of clinical mastitis were also unconditionally as-
sociated with the categories CON-GR farm type, small 
herd size, group and stall barn housing, an intermedi-
ate likelihood of calling a veterinarian for an off-feed 
cow, many routinely scheduled veterinary visits per 100 

cows per year, farms located in WI, stall barn milking 
facilities, presence of contagious pathogens in the bulk 
tank milk culture, and use of forestripping during the 
milking routine. A decreased rate of clinical mastitis 
was unconditionally associated with use of predipping 
as part of the milking routine. An increased rate of 
clinical mastitis was unconditionally associated with 
the farmer reporting mastitis as 1 of the 3 primary 
symptoms used to screen for ill cows, and inclusion of 
checking for mastitis as part of a routine postpartum 
cow exam. The rate of clinical mastitis was not associ-
ated with predominant breed present on the farm or 
with season of herd visit.

Of explanatory variables unconditionally associated 
with rate of farmer-identified and recorded cases of 
clinical mastitis, grazing system, herd size, site, for-
estripping as part of the milking routine, presence of 
contagious mastitis pathogens in the bulk tank culture, 
proportion of lactating cows with 3 or fewer quarters, 
bulk tank SCC, bulk tank PLC, likelihood of calling a 
veterinarian for an off-feed cow, primary housing for 
lactating cows, routinely checking for mastitis in post-
partum cows, and listing mastitis as 1 of the 3 primary 
observations used to screen for potentially ill animals 
remained in the final multivariate model (Table 5). The 
Akaike information criterion (AIC) of the final multi-
variate model was 1,412, with a Pearson χ2 of 282 and 
256 degrees of freedom.

Compared with ORG farms, the rates of clinical mas-
titis were 1.5 and 2.0 times greater on CON-NG and 
CON-GR farms, respectively. No significant interactions 
with grazing system remained in the final model. Herds 
utilizing stall barns and group pens as the primary 
housing were associated with approximately 1.5 times 
greater rates of clinical mastitis compared with herds 
utilizing pasture, drylot, or freestall housing. Farm-
ers who reported mastitis as 1 of the 3 primary signs 
used to screen for potentially sick cows and farmers 
who routinely examined postpartum cows for mastitis 
had approximately 1.5 times greater rates of clinical 
mastitis in their herds compared with farmers who did 
not have these characteristics. Farmers who included 
forestripping in their milking routine and farmers who 
had contagious mastitis pathogens present in their bulk 
tank milk had approximately 1.3 times greater rates of 
mastitis in their herds compared with farmers who did 
not have these characteristics.

Rate of Ketosis

Data included in the analysis of rate of farmer-
identified and recorded cases of ketosis were from farm-
ers who returned data for either the retrospective or 
combined data collection periods (n = 187 ORG, n = 

Figure 2. Distribution of rate of farmer-identified and recorded 
ketosis (cases per 305 lactating cow-days) by grazing system for data 
collected from 187 organic (ORG), 34 conventional grazing (CON-
GR), and 61 conventional nongrazing (CON-NG) herds located in New 
York State, Oregon, and Wisconsin. Rate of ketosis differed among 
grazing systems (P < 0.001). 
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34 CON-GR, n = 61 CON-NG). Of farmers included 
in the analysis, 221 (78%) did not identify and record 
any cases of ketosis during the data collection period 
for their farm. The overall rate of farmer-identified and 
recorded cases of ketosis ranged from 0 to 0.64 cases per 
305 lactating cow-days, and was greater in CON-NG 
herds compared with CON-GR and ORG (Figure 2). 
Explanatory variables unconditionally associated with 
an increase in rate of farmer-identified and recorded 
cases of ketosis (P < 0.20) included greater RHA and 
greater amount of grain fed. Increased rates of ketosis 
were also unconditionally associated with the categories 
CON-NG farm type, large herd size, stall barn housing, 
farmer reporting high or intermediate likelihoods of call-
ing a veterinarian for an off-feed cow, farmer perceiving 
ketosis to occur on the farm, many routinely scheduled 
veterinary visits per 100 cows per year, farms located 
in WI, and testing for ketosis as part of a routine post-
partum cow exam. An increased rate of ketosis was 
unconditionally associated with the farmer’s definition 
of ketosis including any of the following: (1) positive 
ketone test, (2) depressed attitude, (3) decreased milk 
production, (4) decreased feed intake, and (5) signs of 
nervous ketosis. The rate of ketosis was not associated 
with predominant breed present on the farm or with 
season of herd visit.

Of the explanatory variables unconditionally associ-
ated with rate of farmer-identified and recorded cases 
of ketosis, primary housing for lactating cows, routinely 
checking postpartum cows for ketosis, definition of ke-
tosis including depressed attitude, farmer perceiving 
ketosis to occur on farm, an interaction between graz-

ing system and amount of grain fed, and an interaction 
between grazing system and definition of ketosis includ-
ing decreased milk production remained in the final 
multivariate model, and site and herd size were forced 
into the final multivariate model (Table 6). The AIC of 
the final multivariate model was 398, with a Pearson χ2 
of 254 and 262 degrees of freedom.

The effect of grazing system depended on definition 
of ketosis and amount of grain fed. Among CON-NG 
farmers, including decreased milk production in their 
definition of ketosis was associated with increased rates 
of ketosis in their herds; among CON-GR farmers, the 
rate of ketosis in their herd was similar regardless of 
inclusion of decreased milk production in the defini-
tion of ketosis. In contrast, ORG farmers who included 
decreased milk production in their definition of ketosis 
had decreased rates of ketosis in their herds compared 
with ORG farmers who did not include decreased milk 
production in their definition of ketosis. Among all farm 
types, increasing the amount of grain fed was associ-
ated with increased rates of ketosis, but this effect was 
approximately 3 times greater on CON-GR compared 
with ORG and CON-NG farms. The rate of ketosis was 
least in herds with freestall and group pen housing, and 
about 3 times greater in herds with stall barn housing. 
Farmers located in WI and OR identified and recorded 
greater rates of ketosis compared with farmers in NY. 
Farmers who included depressed attitude in their 
definition of ketosis identified and recorded 2.5 times 
greater rates of ketosis compared with farmers who 
did not include depressed attitude in their definition 
of ketosis. Farmers who either did not perceive ketosis 
to ever occur on their farm or were unable to define 
ketosis were 20 times more likely to report zero cases of 
ketosis during the data collection period compared with 
farmers who perceived ketosis to occur on their farm.

Rate of Pneumonia

Data included in the analysis of rate of farmer-identi-
fied and recorded cases of pneumonia were from farmers 
who returned data for either the retrospective or com-
bined data collection periods (n = 187 ORG, n = 34 
CON-GR, and n = 61 CON-NG). Of farmers included 
in the analysis, 216 (76%) did not identify and record 
any cases of pneumonia during the data collection pe-
riod for their farm. The overall rate of farmer-identified 
and recorded cases of pneumonia ranged from 0 to 0.43 
cases per 365 cow-days, and was least for CON-GR 
herds compared with CON-NG and ORG (Figure 3). 
Explanatory variables unconditionally associated with 
an increase in rate of pneumonia (P < 0.20) included 
medium or large herd size, a greater proportion of lac-
tating and dry cows in third or greater lactation, and 

Figure 3. Distribution of rate of farmer-identified and recorded 
pneumonia (cases per 365 lactating cow-days) by grazing system 
for data collected from 187 organic (ORG), 34 conventional grazing 
(CON-GR), and 61 conventional nongrazing (CON-NG) herds located 
in New York State, Oregon, and Wisconsin. Rate of pneumonia dif-
fered among grazing systems (P < 0.001). 
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a lesser proportion of cows in early lactation. Increased 
rates of pneumonia were also unconditionally associ-
ated with the categories Jersey as the predominant 
breed, low likelihood of calling a veterinarian for an 
off-feed cow, many routinely scheduled veterinary visits 
per 100 cows per year, farmer perceiving pneumonia 
to occur on farm, and stall barn housing. An increased 
rate of pneumonia was unconditionally associated with 
the farmer’s definition of pneumonia including any of 
the following: (1) cough, (2) nasal discharge, and (3) 
decreased milk production. A decreased rate of pneu-
monia was unconditionally associated with the farmer’s 
definition of pneumonia including dyspnea. The rate of 
pneumonia was not associated with season of herd visit.

Of the risk factors unconditionally associated with 
the rate of pneumonia, grazing system, predominant 
breed, herd size, farmer-reported likelihood of calling a 
veterinarian for an off-feed cow, farmer perceiving pneu-
monia to occur on farm, and proportion of cows in early 
lactation remained in the final multivariate model, and 
site was forced into the final multivariate model (Table 
7). The AIC of the final multivariate model was 319, 
with a Pearson χ2 of 259 and 248 degrees of freedom.

The rate of pneumonia was approximately 4 times 
greater on CON-NG compared with CON-GR and 
ORG farms. Farms with Holstein as the primary breed 
had rates of pneumonia 3 times as high as farms with 
other primary breeds and half as high as farms with 
Jersey as the primary breed. Farmers who reported 
a high or medium likelihood of calling a veterinarian 
had approximately 3 times lesser rates of pneumonia in 
their herds compared with farmers who reported a low 
likelihood of calling a veterinarian. Every 1% increase 
in proportion of lactating cows in early lactation was 
associated with nine-tenths as great a rate of pneumo-
nia. Farmers who either did not perceive pneumonia 
to ever occur on their farm or were unable to define 
pneumonia were 28 times more likely to report zero 
cases of pneumonia during the data collection period 
compared with farmers who perceived pneumonia to 
occur on their farm.

DISCUSSION

The herds that enrolled in this study represented 
small organic and conventional dairy herds located 
in 3 US states and the reference population consisted 
of herds of similar size that used similar management 
strategies. Use of routine, frequent monitoring of tran-
sition cows is often recommended to improve disease 
detection and treatment (Smith and Risco, 2005; LeB-
lanc, 2010). The failure to actively detect disease has 
been cited as contributing to reduced rates of farmer-
reported cases of mastitis (Gröhn et al., 2004) and 

lameness (Barker et al., 2010). In the current study, 
disease screening and definitions were assessed together 
with potential risk factors to determine their impact on 
rate of farmer-identified and recorded cases of disease. 
The use of farmer-identified and recorded data reflects 
disease incidence in the same way that it is perceived 
on commercial dairies. In a commercial setting, animal 
caregivers observe the animals to screen for disease, 
and they determine if an animal is sick and how to 
intervene. The use of farmer identified and recorded 
diseases also reflects the reality that few farmers use 
veterinarians for primary diagnoses of common diseases 
of dairy cows (Richert et al., 2013). Of farmers that 
reported the diseases of interest in this study, none used 
veterinarians to diagnose clinical mastitis, and only 2, 
10, and 11% of farmers used veterinarians to diagnose 
calf pneumonia, pneumonia in adult cows, and ketosis, 
respectively (Richert et al., 2013).

The negative binomial distribution is an alternate 
method of modeling an overdispersed Poisson distribu-
tion and has been previously been described for clinical 
mastitis incidence rate data (Schukken et al., 1991). In 
the current data, the final multivariate model for rate 
of farmer-identified and recorded clinical mastitis fitted 
using the negative binomial distribution included simi-
lar variables as a model fitted using an overdispersed 
Poisson distribution, but the model fitted using the 
negative binomial distribution had improved goodness 
of fit, as evaluated by Pearson χ2 divided by degrees of 
freedom (1.10), compared with the model fitted using 
the overdispersed Poisson distribution (3.19). The zero-
inflated Poisson distribution accounts for an excess of 
zeros in the data by modeling the data in 2 portions: 
(1) a Poisson-distributed portion that models the con-
tinuous count outcome and (2) a binary-distributed 
portion that models the probability of a zero outcome 
(Dohoo et al., 2003). The goodness of fit as evaluated 
by Pearson χ2 divided by degrees of freedom was im-
proved in models fitted using the zero-inflated Poisson 
distribution for rate of farmer-identified and recorded 
ketosis (0.97) and pneumonia (1.04) compared with 
models fitted using an overdispersed Poisson distribu-
tion for rate of farmer-identified and recorded ketosis 
(1.39) and pneumonia (2.11). Although the rates of 
disease had negative binomial and Poisson, rather than 
normal, distributions, adjusted means are presented in 
the final models to aid in understanding and interpreta-
tion of the data.

Perception of disease (as indicated by disease defini-
tion and screening) was positively associated with the 
rate of clinical mastitis and ketosis. Farmers who listed 
abnormalities in the milk or udder as 1 of the 3 pri-
mary symptoms they rely on to screen for potentially ill 
cows were indicating that they perceived mastitis as an 
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important health concern on their farm. However, this 
does not imply direction of association. Farmers who 
routinely experience many cases of mastitis may per-
ceive mastitis as problematic (Jansen et al., 2009), or 
farmers who perceive mastitis as important may iden-
tify more mastitis cases (Nyman et al., 2007). Similarly, 
farmers who had a more sensitive definition of ketosis 
(that included depressed attitude) recorded increased 
rates of ketosis. Inclusion of decreased milk production 
as part of the definition of ketosis was associated with 
a 4-fold increase in rate of ketosis in CON-NG herds, 
no difference in CON-GR herds, and a decrease in ORG 
herds. This interaction may be due to greater difficulty 
in identifying decreased milk production in herds where 
cows have lower baseline milk yields.

Understanding and identification of disease influ-
enced rate of disease. Farmers who reported during the 
interview that they either did not perceive ketosis or 
pneumonia to occur on their farm or could not define 
ketosis or pneumonia accordingly were 20 times more 
likely to record zero cases of ketosis or pneumonia dur-
ing the data collection period. Farmers may perceive a 
disease to not occur on their farm either because the 
disease truly is not present or because they lack the un-
derstanding of the disease necessary for identification. 
When a farmer lacks understanding of the disease, it 
is quite likely that the disease is not recognized on the 
farm and a zero incidence would be the logical result. 
Routine examination of postpartum cows for mastitis 
and ketosis was associated with increased rates of clini-
cal mastitis and ketosis, respectively. As the main goal 
of routine examination of postpartum cows is early 
detection and treatment of disease (Smith and Risco, 
2005), it is intuitive that these examinations would also 
result in increased identification of mastitis and ketosis.

Interestingly, although authors of one previous study 
reported no difference in intestinal parasite burden 
between ORG and CON management systems (Sato 
et al., 2005), ORG farmers reported either perceiv-
ing parasites as a problem or routinely administering 
anthelmintics for adult cows and heifers less often as 
compared with CON farmers. It is possible that there is 
increased use of readily available anthelmintics among 
CON farmers. Conversely, it also is possible that a lack 
of knowledge or lack of prior experience with alternative 
therapies may influence the willingness of ORG farmers 
to treat for parasites, similar to a previous report for 
mastitis treatment on ORG farms (Vaarst et al., 2002).

Conventionally managed herds had greater rates of 
ketosis compared with herds with ORG management, 
similar to findings of previous researchers (Hardeng and 
Edge, 2001; Bennedsgaard et al., 2003b; Valle et al., 
2007). Conventionally managed herds also had greater 
milk yield compared with herds with ORG manage-

ment, which is associated with a greater risk of negative 
energy balance in early lactation (Rasmussen et al., 
1999; Divers and Peek, 2008; Fall et al., 2008). This 
study also quantified the effect of some differences in 
nutritional management among grazing systems. Farm-
ers who used grazing (CON-GR and ORG) identified 
and recorded decreased rates of ketosis compared with 
CON-NG farmers. Along with increased forage content 
of the diet, grazing may lead to decreased milk yield 
through increased energy expenditure (Kaufmann et 
al., 2011). Although increasing amounts of grain fed was 
associated with increased rates of ketosis in all grazing 
systems, this effect was greater in herds with CON-
GR management compared with ORG and CON-NG. 
Increased amounts of concentrates in the diet may lead 
to greater milk yield (Kuoppala et al., 2004) and have 
previously been associated with an increased risk of 
ketosis (Gustafsson et al., 1995). The effect of increased 
grain may be greater in CON-GR herds if CON-GR 
farmers are more likely to feed concentrates separately 
from forage compared with ORG and CON-NG herds 
(Østergaard and Gröhn, 2000).

Farmers utilizing CON management identified and 
recorded greater rates of clinical mastitis compared 
with ORG farmers, similar to previous reports (Hard-
eng and Edge, 2001; Pol and Ruegg, 2007; Valle et al., 
2007). The final model was adjusted for several factors 
that may differ among management systems and thus 
may act as potential confounders, including bulk tank 
SCC (Hardeng and Edge, 2001; Zwald et al., 2004) and 
type of housing (Zwald et al., 2004; Sato et al., 2005). 
However, other possible factors that were not included 
in the final model and may have contributed to the 
lesser rates of clinical mastitis observed on ORG farms 
include genetic differences between ORG and CON 
cattle (Nash et al., 2000; Nauta et al., 2006), potential 
reporting bias due to decreased recording of alternative 
therapies administered by ORG farmers (Valle et al., 
2007), and environmental effects such as differences in 
bedding type (Sato et al., 2005) or cleanliness (Barnouin 
et al., 2005; Green et al., 2007). Cow-level risk factors 
for mastitis such as stage of lactation (Sordillo, 2005), 
milk yield (Peeler et al., 2000), and parity (Green et al., 
2007) were adjusted for at the herd level and did not 
remain in the final model.

Routine use of forestripping during the milking 
procedure was associated with increased rates of clini-
cal mastitis, similar to results previously reported for 
mastitis caused by E. coli and Staphylococcus aureus 
(Elbers et al., 1998). This association is likely due to 
increased identification of mastitis cases because of pro-
active and more sensitive detection (Gröhn et al., 2004; 
Nyman et al., 2007).



16 RICHERT ET AL.

Journal of Dairy Science Vol. 96 No. 7, 2013

Although seasonal effects have been reported for ke-
tosis (Andersson and Emanuelson, 1985; Tveit et al., 
1992), mastitis and SCC (Hogan and Smith, 2003; Ny-
man et al., 2007; Olde Riekerink et al., 2007), and calf 
pneumonia (McGuirk, 2008), the effect of season of herd 
visit was not unconditionally associated with rate of 
any selected diseases in the current study. In this study, 
the rate of disease was measured over a 60- or 120-d 
data collection period and herd visits occurred during 
a 24-mo period. The data collection period would have 
spanned multiple seasons for all herds that completed 
the combined data collection period and approximately 
one-third of herds that completed only the retrospec-
tive data collection period. Data collection that spans 
multiple seasons will reduce the effect of the season 
relative to the date in which the herd visit occurred.

Housing cows in stall barns was associated with in-
creased rates of clinical mastitis, ketosis, and pneumo-
nia, although the effect of housing did not remain in 
the final multivariate model for pneumonia. Increased 
age of facilities and smaller herd size were associated 
with stall barn housing and may act as confounders and 
explain a portion of the effect of stall barn housing. The 
rate of clinical mastitis was approximately 1.5 times 
as great for herds utilizing group or stall barn housing 
compared with freestall housing. It is likely that the 
effect of housing type is mediated through exposure to 
pathogens in bedding or indirect effect of housing on 
animal hygiene. The influence of bedding type (Hogan 
et al., 1989; Hogan and Smith, 2003), depth (Barkema et 
al., 1999), and cleanliness (Elbers et al., 1998; Barkema 
et al., 1999; Green et al., 2007) on the rate of clinical 
mastitis have been previously described. Use of clean 
and dry bedding minimizes the exposure of cow teats to 
bacterial pathogens and reduces risk of the cow devel-
oping clinical mastitis. Similar to previous reports, the 
rate of ketosis was twice as great in herds with stall barn 
housing compared with other types of housing (Valde 
et al., 1997; Simensen et al., 2010). The association 
between housing and ketosis is likely mediated through 
differences in feeding management (Simensen et al., 
2010), with stall barn and pasture herds more likely to 
utilize component feeding compared with TMR feed-
ing, and therefore at greater risk of ketosis (Østergaard 
and Gröhn, 2000). Herds that utilized grazing (CON-
GR and ORG) had 4-fold decreased rates of pneumo-
nia compared with CON-NG herds, which potentially 
demonstrates the importance of air quality in managing 
pneumonia (Divers and Peek, 2008).

CONCLUSIONS

Perception of disease was similar among grazing sys-
tems and influenced the recorded rate of disease. Future 

studies of disease rates should account for methods of 
disease detection and differences in disease definition 
and perception. Greater rates of farmer-identified and 
recorded disease were associated with farmers who per-
ceived mastitis as important or who had a more sensi-
tive definition of ketosis. Other risk factors associated 
with increased rates of farmer-identified and recorded 
disease included proactive detection of disease (such 
as routine forestripping and examination of postpar-
tum cows for mastitis and ketosis), stall barn housing, 
and use of CON management system. The effects of 
management system were mediated through risk fac-
tors such as amount of concentrate fed for ketosis rate 
and use of grazing for ketosis rate and pneumonia rate. 
Farmers who have similar-sized herds and use similar 
management strategies can manage these risk factors 
to reduce rates of mastitis, ketosis, and pneumonia on 
their farms.
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