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Bovine paratuberculosis (Johne’s disease) is
caused by the bacterium Mycobacterium avium
subspecies paratuberculosis (MAP). In addition
to cattle and other ruminants, many species of
domestic and wild animals worldwide have
been diagnosed with Johne’s disease.

MAP infection is associated with large
economic losses in dairy cattle. What’s more,
the suggestion by some authors that MAP may
play a role in Crohn’s disease in humans has led
to increased awareness of the organism in the
scientific community. MAP, along with other
microorganisms, has been isolated from patients
with Crohn’s disease. Viable MAP has been
cultured from pasteurized retail milk samples in
the United Kingdom and in the United States.

The first reported incident of Johne’s disease—
originally thought to be an intestinal form of
tuberculosis—occurred in Germany in the early
1800s. The disease was later described by Drs.
Frothingham and Johne. The first reported case
of Johne’s disease in the United States occurred
in Pennsylvania in 1908. Clinical signs of
Johne’s disease include decreased milk
production, weight loss, and diarrhea. However,
because MAP incubation can be lengthy,
clinical signs may not be seen within the
productive life of an animal.

The low sensitivity of available Johne’s disease
diagnostic tests is one of the challenges in
controlling the disease. For example, Johne’s
disease is diagnosed definitively by organism
identification methods such as fecal culture or
tissue biopsy. However, due to intermittent
shedding of the organism in feces, a single fecal
culture may detect only 30 to 40 percent of
infected animals tested.

Another common method of Johne’s disease
diagnosis is the serum-based enzyme-linked
immunosorbent assay (ELISA). Serum ELISAs
have a faster turnaround than fecal cultures and
are less expensive to conduct. The sensitivity of
serum ELISAs, depending on the stage of
disease, ranges from 15 to 87 percent when
compared to concurrent fecal culture. Milk
ELISAs also are available and have been shown
to be comparable to serum ELISAs in relative
sensitivity and specificity.

Despite problems associated with diagnosis,
many States have developed and adopted a
Bovine Johne’s Disease Control Program. As of
October 2004, 42 States had a recognized
Johne’s control plan, and 7 States were
developing one. The Voluntary Bovine Johne’s
Disease Control Program uses diagnostic testing
as a method of classifying herds. However, the
program’s emphasis is education and
management.

Simulation models consistently indicate that
improving management practices is more
effective in reducing MAP transmission than
simply removing test-positive animals. For
example, because of the low sensitivity of
available Johne’s disease tests, infectious
animals are often left in a herd. Therefore,
combining management changes with a test-
and-cull program may be the best approach to
eliminating Johne’s disease from an operation.

The National Animal Health Monitoring System
(NAHMS) Dairy ’96 study was the first
national study to estimate cow- and herd-level
prevalence of Johne’s disease. During the study,
serum samples were collected from 25 to 40
cows per participating operation and tested for

IntroductionIntroductionIntroductionIntroductionIntroduction
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MAP antibodies; 31,745 cows from 967 herds
were tested. Apparent prevalence was
determined by dividing the number of test-
positive animals by the total tested. Adjusted
prevalence was estimated by correcting the
apparent prevalence for imperfect test
sensitivity and specificity. Apparent and
adjusted cow-level prevalences were estimated
at 2.5 and 3.4 percent, respectively.

Study DevelStudy DevelStudy DevelStudy DevelStudy Developmentopmentopmentopmentopment

In 2002, the National Animal Health
Monitoring System (NAHMS) conducted a
study of dairy operations in the United States.
NAHMS Dairy 2002 was conducted in 21
major dairy States (see map on next page) and
was designed to provide information to both
participants and industry from operations
representing 83.0 percent of U.S. dairy
operations and 85.7 percent of U.S. dairy cows.
Phase I data were collected from 2,461
operations by National Agricultural Statistics
Service enumerators from December 31, 2001,
through February 12, 2002. For Phase II of the
Dairy 2002 study, data were collected from a
subset of Phase I participants (1,013 operations
with 30 or more dairy cows). Of these
operations, 815 participated in an on-farm risk
assessment of management practices believed to
contribute to the transmission of MAP, the
causative agent of Johne’s disease. State and
Federal veterinary medical officers (VMOs) and
animal health technicians (AHTs) collected the
data from February 25 through April 30, 2002.
Data from both phases of collection are
presented in this report. The methods used and a
profile of responding operations can be found at
the end of this report.

The sampling plan for herd-level testing was
designed to detect herd-level prevalence of at
least 10 percent, with 90-percent confidence. A
herd was classified as infected if two animals
tested positive or if one animal tested positive
and at least 5 percent of cull cows showed
clinical signs. Using these criteria, the herd-
level prevalence was estimated at 21.6 percent.

Instead of repeating the design of the ’96 study,
the NAHMS Dairy 2002 study focused on
estimating within-herd prevalence of Johne’s
disease. Johne’s disease within-herd prevalence
estimates were used to measure associations of
specific management procedures. In order to
estimate prevalence, a statistical subset of cows
was tested by both serum ELISA and fecal
culture (see Section IV: Methods p 144). Other
objectives of Dairy 2002 included evaluating
environmental sample culture for Johne’s
disease, milk ELISA, and differences in
production parameters by test category. Further
information on NAHMS studies and reports is
available online at:
www.aphis.usda.gov/vs/ceah/ncahs

USDA:APHIS:VS:CEAH
NRRC Building B, M.S. 2E7
2150 Centre Avenue,
Fort Collins, CO 80526-8117
970.494.7000
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Shaded States = Participating States
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TTTTTerms Used In This Reporerms Used In This Reporerms Used In This Reporerms Used In This Reporerms Used In This Reporttttt

Clinical signs of Johne’s disease: Chronic
diarrhea and weight loss that does not respond
to treatment despite a normal appetite, although
these signs are not specific for Johne’s disease.

Cow: Female dairy bovine that has calved at
least once.

ELISA: Enzyme-linked immunosorbent assay.

Heifer: Female dairy bovine that has not yet
calved.

Herd size: Herd size is based on January 1,
2002, dairy cow inventory. Small herds are
those with less than 100 head; medium herds
are those with 100 to 499 head; and large herds
are those with 500 or more head.

HEY: Herrold’s egg yolk medium for culture of
MAP.

MAP: Mycobacterium avium subspecies
paratuberculosis, the causative agent of Johne’s
disease.

Population estimates: Estimates in this report
are provided with a measure of precision called
the standard error. A 95-percent confidence
interval can be created with bounds equal to the
estimate, plus or minus two standard errors. If
the only error is sampling error, the confidence
intervals created in this manner will contain the
true population mean 95 out of 100 times. In the
example to the right, an estimate of 7.5 with a
standard error of 1.0 results in limits of 5.5 to
9.5 (two times the standard error above and
below the estimate). The second estimate of 3.4

shows a standard error of 0.3 and results in
limits of 2.8 and 4.0. Alternatively, the 90-
percent confidence interval would be created by
multiplying the standard error by 1.65 instead of
2. Most estimates in this report are rounded to
the nearest tenth. If rounded to 0, the standard
error was reported. If there were no reports of
the event, no standard error was reported.

Standard Errors
(1.0)

10

9

8

7

6

5

4

3

2

1

0
(0.3)

Examples of a 95% Confidence Interval

95% Confidence 
Intervals
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Prevalence:
    Apparent prevalence: Proportion of animals
with positive test results; provides an estimate
of the true prevalence of a disease without
correcting for the imperfect sensitivity and
specificity of a diagnostic test.

    True prevalence: Level of disease in a
population, which is typically unknown but
often estimated based on diagnostic testing of
elements of the population.

Regions:
West: California, Colorado, Idaho,
New Mexico, Texas, Washington
Midwest: Illinois, Indiana, Iowa, Michigan,
Minnesota, Missouri, Ohio, Wisconsin
Northeast: New York, Pennsylvania, Vermont
Southeast: Florida, Kentucky, Tennessee,
Virginia

Sample profile: Information that describes
characteristics of the sites from which Dairy
2002 data were collected.

Sensitivity (Se): The probability that a test
correctly identifies infected animals.

Specificity (Sp): The probability that a test
correctly identifies uninfected animals.

Total inventory: All dairy cattle present on the
site on January 1, 2002.
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Section I:Section I:Section I:Section I:Section I:
PPPPPopopopopopulaulaulaulaulation Estimation Estimation Estimation Estimation Estimatestestestestes
NOTE: Unless otherwise specified, percentages in the following tables refer to operations with 30 or more dairy
cows that were included in Phase II of the study (see Methods p 144). Operations with any dairy cows were included
from Phase I.

AAAAA. Johne’s Disease. Johne’s Disease. Johne’s Disease. Johne’s Disease. Johne’s Disease

1. Changes in
producer
familiarity with
Johne’s disease,
1996 to 2002

Although Johne’s disease was first discovered
in the late 1800s and has since been reported in
most countries around the world, results of the
National Animal Health Monitoring System
(NAHMS) Dairy ’96 study revealed that almost
10 percent of dairy producers had not heard of
Johne’s disease. Dairy ’96 also revealed that
just 17.7 percent of producers were fairly
knowledgeable about the disease, indicating a
need to increase Johne’s disease education

efforts. Since 1996, numerous articles in dairy
publications have focused on educating
producers about the disease. Results from the
Dairy 2002 study indicate that producers are
getting the message. The study reported that
only 1.0 percent of producers had not heard of
Johne’s disease and 45.3 percent were fairly
knowledgeable. Herd-size differences in
producers’ knowledge about Johne’s disease
within study years were negligible.

a. Percentage of operations by level of familiarity with Johne’s disease in 1996 and 2002, by herd size 
 Herd Size (Number of Dairy Cows) 
 Small  

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or More) 

All  
Operations 

 1996 2002 1996 2002 1996 2002 1996 2002 

Familiarity Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Had not heard 
of before   9.7 (1.3)   0.7 (0.3)   9.2 (1.5)   1.8 (0.7) 21.7 (5.5)   2.0 (1.1)   9.9 (1.1)   1.0 (0.3) 
Recognized  
name only 37.0 (2.2) 12.7 (1.8) 28.8 (2.6)   8.2 (1.4) 31.4 (5.8)   6.3 (2.0) 35.3 (1.8) 11.4 (1.4) 
Knew some  
basics 36.9 (2.1) 42.1 (2.8) 38.6 (2.8) 44.5 (3.0) 31.6 (5.5) 33.9 (3.8) 37.1 (1.8) 42.3 (2.1) 
Fairly  
knowledgeable 16.4 (1.6) 44.5 (2.8) 23.4 (2.6) 45.5 (2.9) 15.3 (3.7) 57.8 (4.0) 17.7 (1.3) 45.3 (2.1) 
Total 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  
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As reported in the NAHMS 1996 and 2002
dairy studies, a higher percentage of operations
in the Midwest region were fairly
knowledgeable about Johne’s disease compared
to operations in the West region.

 b. Percentage of operations by level of familiarity with Johne’s disease in 1996 and 2002, by region 
 Region 
 West Midwest Northeast Southeast 
 1996 2002 1996 2002 1996 2002 1996 2002 

Familiarity Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Had not heard 
of before 21.9 (2.6)   4.6 (1.8) 5.3 (1.3)  0.7 (0.3) 15.6 (2.4)   0.2 (0.2) 15.5  (6.3)   2.7 (2.0) 
Recognized  
name only 35.6 (3.1) 15.2 (3.6) 32.3 (2.4) 10.1 (1.8) 41.7 (3.5) 15.2 (2.9) 38.0  (7.9)   1.6 (1.0) 
Knew some  
basics 31.5 (3.0) 48.2 (4.6) 41.6 (2.5) 37.6 (2.9) 30.2 (3.0) 46.6 (4.0) 27.2  (6.0) 58.4 (8.3) 
Fairly  
knowledgeable 11.0 (1.8) 32.0 (4.1) 20.8 (1.9) 51.6 (3.0) 12.5 (2.3) 38.0 (3.9) 19.3 (5.2) 37.3 (8.1) 
Total 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0  
 

2. Clinical signs of
Johne’s disease
within herds

Overall, 47.8 percent of operations had ever
observed at least one cow in their herd with
clinical signs of Johne’s disease. The majority
of large operations (70.9 percent) observed at

least one cow with clinical signs, compared to
58.4 percent of medium operations and 43.1
percent of small operations.

a. Percentage of operations that had ever observed at least one cow in their herd 
with clinical signs of Johne’s disease, by herd size 

Herd Size (Number of Dairy Cows) 
Small  

(Less than 100) 
Medium 

(100-499) 
Large 

(500 or More) 
All  

Operations 

Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error 
43.1 (3.1) 58.4 (3.3) 70.9 (4.3) 47.8 (2.4) 
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b. Percentage of operations that had ever observed at least one cow in their herd 
with clinical signs of Johne’s disease, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

42.9 (5.2) 51.3 (3.3) 41.8 (4.6) 48.5 (7.9) 
 

The majority of operations (69.6 percent)
observed no cows in their herd with clinical
signs of Johne’s disease during the 12 months
prior to the 2002 study interview. A higher
percentage of small operations observed no

cows with clinical signs compared to medium
and large operations. One out of two large
operations (50.3 percent) reported that 0.1 to
4.9 percent of their herd displayed clinical signs
during the 12 months prior to the interview.

c. Percentage of operations by percentage of herd with clinical signs of Johne’s 
disease during the 12 months prior to the 2002 study interview and by herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than100) 
Medium 

(100-499) 
Large 

(500 or More) 
All  

Operations 
Percentage of 
Herd with  
Clinical Signs Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

0.0 74.4 (2.7)   58.4    (3.3) 47.5 (4.3) 69.6 (2.1) 
0.1 to 4.9 16.3 (2.2)   37.1    (3.3) 50.3 (4.4) 22.5 (1.8) 
5.0 to 9.9 6.2 (1.7)     3.1    (1.0) 0.8 (0.3) 5.2 (1.2) 
10.0 to 14.9 2.9 (1.2)     1.4    (1.1) 0.3 (0.2) 2.5 (0.9) 
15.0 or more  0.2 (0.2)     0.0      (--) 1.1 (0.8) 0.2 (0.2) 
Total 100.0  100.0  100.0  100.0  
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In the West region, 80.7 percent of operations
had not observed clinical signs of Johne’s
disease during the 12 months prior to the 2002
study interview compared to 66.3 percent of
operations in the Midwest region.

For operations that had ever observed clinical
signs of Johne’s disease in their herd, the
majority of operations (72.9 percent) observed
clinical signs within the past 10 years. Very few
operations observed clinical signs of Johne’s
disease in their herd more than 30 years ago,
which might be a reflection of how long the
operations have been in business rather than
actual disease occurrence.

e. For operations that ever observed 
clinical signs of Johne’s disease, 
percentage of operations by number 
of years* since first observing 
clinical signs of Johne’s disease  

Years     Percent 
Standard 

Error 
0 to 9 72.9 (2.9) 
10 to 19 20.2 (2.7) 
20 to 29 6.4 (1.4) 
30 to 39 0.2 (0.1) 
40 to 49 0.3 (0.3) 
Total 100.0  
*Results may be affected by the number of 
years an individual operation was in business 
 

d. Percentage of  operations by percentage of herd with clinical signs of Johne’s 
disease during the 12 months prior to the 2002 study interview and by region 

 Region 
 West Midwest Northeast Southeast 
Percentage of 
Herd with  
Clinical Signs Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

0.0 80.7 (3.0) 66.3 (3.1) 74.8 (3.8) 62.2 (8.1) 
0.1 to 4.9 19.2 (3.0) 23.6 (2.7)     18.1 (2.6) 35.1 (8.0) 
5.0 to 9.9 0.1 (0.1) 7.8 (2.0) 2.5 (1.2) 0.8 (0.8) 
10.0 to 14.9 0.0   (--) 2.0 (1.0) 4.6 (2.7) 1.3 (1.3) 
15.0 or more  0.0   (--) 0.3 (0.3) 0.0   (--) 0.6 (0.5) 
Total 100.0  100.0  100.0  100.0  
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Since 1994, the percentage of operations that
observed clinical signs of Johne’s disease in
their herd for the first time has increased.
Although an increased incidence of Johne’s
disease is possible, it is more likely that
producers are now more aware of the disease
due to factors such as increased education
efforts.

f. For operations that first observed 
clinical signs of Johne’s disease 
between 1994 and 2002, percentage of 
operations by year clinical signs were 
first observed  

Year      Percent 
Standard 

Error 
1994 3.1 (1.0) 
1995 9.5 (2.4) 
1996 10.0 (2.3) 
1997 17.2 (3.1) 
1998 10.6 (2.5) 
1999 18.6 (3.4) 
2000 12.8 (2.5) 
2001 13.0 (3.2) 
2002* 5.2 (2.0) 
Total 100.0  
*Partial-year observations 
 

The source of the first cow in the herd to
exhibit clinical signs of Johne’s disease
differed by herd size. A higher percentage of
medium operations (65.6 percent) reported that
the first cow with clinical signs was a
purchased animal compared to small operations

(44.4 percent). However, there were no
regional differences between the percentage of
operations where the first cow with clinical
signs was home-raised and operations where
the first cow with clinical signs was purchased.

g. Percentage of operations by source of the first cow with clinical signs of 
Johne’s disease, by herd size 

 Herd Size (Number of Dairy Cows)   
 Small  

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or more) 

All  
Operations 

Source Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Home-raised 55.6 (4.9) 34.4 (4.4) 49.3 (5.5) 49.4 (3.6) 
Purchased 44.4 (4.9) 65.6 (4.4) 50.7 (5.5) 50.6 (3.6) 
Total 100.0  100.0  100.0  100.0  
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h. Percentage of operations by source of the first cow with clinical signs of 
Johne’s disease, by region 

 Region 
 West Midwest Northeast Southeast 

Source Pct. 
Std. 

Error Pct. 
Std. 

Error Pct. 
Std. 

Error Pct. 
Std. 
Error 

Home-raised 52.2 (7.8) 50.8 (4.8) 47.7 (7.0) 37.3 (11.9) 
Purchased 47.8 (7.8) 49.2 (4.8) 52.3 (7.0) 62.7 (11.9) 
Total 100.0  100.0  100.0  100.0  
 

The highest percentage of operations (43.5
percent) reported that the youngest cow in the
herd with clinical signs of Johne’s disease was
3 years of age.

i. Percentage of operations by age of 
youngest cow in the herd with clinical 
signs of Johne’s disease 

Age 
(Years) Percent 

Standard 
Error 

1 1.3 (0.6) 
2 8.2 (2.1) 
3 43.5 (3.4) 
4 22.8 (2.9) 
5 12.4 (2.1) 
6 8.6 (1.8) 
7 3.2 (1.1) 
Total 100.0  
 

The majority of operations (63.6 percent)
reported that home-raised cows were the source
of the youngest cows to display clinical signs

j. Percentage of operations by source of 
youngest cow in herd with clinical 
signs of Johne’s disease 

Source Percent 
Standard 

Error 
Home-raised 63.6 (3.3) 
Purchased 36.4 (3.3) 
Total 100.0  
 

of Johne’s disease. Since clinical signs may not
be observed prior to shedding MAP, purchased
cows may infect home-raised calves.
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Common clinical signs associated with Johne’s disease include weight loss and diarrhea while maintaining
a normal appetite.

Photo: Heather Hirst



USDA APHIS VS  +  13

Section I: Population Estimates

3. Producer testing
for Johne’s disease

During the 12 months prior to the 2002 study
interview, a higher percentage of large and
medium operations (38.3 percent and 39.5
percent, respectively) performed any testing for

Johne’s disease, compared to 20.4 percent of
small operations. Overall, 25.7 percent of
operations tested for Johne’s disease.

a. Percentage of operations that tested for Johne’s disease during the 12 months 
prior to the 2002 study interview, by herd size 

Herd Size (Number of Dairy Cows) 
Small  

(Less than 100) 
Medium 

(100-499) 
Large 

(500 or More) 
All  

Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

20.4 (2.5) 39.5 (3.3) 38.3 (4.0) 25.7 (1.9) 
 

A larger percentage of operations in the
Midwest region (29.7 percent) tested for
Johne’s disease during the 12 months prior to
the 2002 study interview compared to
operations in the West region (15.8 percent).

b. Percentage of operations that tested for Johne’s disease during the 12 months 
prior to the 2002 study interview, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

15.8 (2.9) 29.7 (3.1) 21.9 (2.6) 20.1 (5.7) 
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For operations that tested for Johne’s disease
during the 12 months prior to the 2002 study
interview, the majority (69.2 percent) tested
cows with clinical signs of Johne’s disease.
Whole-herd testing was performed on 30.8
percent of operations. “Other” strategies

included testing at pregnancy exam, random
sampling of cows, testing cows that recently
calved, and testing older cows. The percentage
of operations that tested at dry-off increased as
herd size increased.

c. For operations that tested for Johne’s disease during the 12 months prior to  
the 2002 study interview, percentage of operations by testing strategy* and 
herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or more) 

All  
Operations 

Test Strategy Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Whole herd 35.7 (6.8) 24.8 (5.0) 19.5 (5.7) 30.8 (4.3) 
Purchased 
animals 9.7 (4.1) 10.3 (3.4)  9.6 (3.1) 9.9 (2.7) 
Clinical signs 67.1 (6.5) 73.4 (4.4) 64.3 (7.0) 69.2 (4.1) 
At dry off 4.8 (2.9) 27.3 (5.4) 35.8 (7.0) 14.8 (2.8) 
Other 10.0 (3.6) 16.3 (3.9) 17.6 (5.3) 12.7 (2.6) 
* Operations may have selected more than one strategy 
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d. For operations that tested for Johne’s disease during the 12 months prior to the 
2002 study interview, percentage of operations by testing strategy* and region  

 Region 
 West Midwest Northeast Southeast 

Test Strategy Pct. 
Std. 

Error Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Whole herd  2.5 (2.5) 35.1 (6.0) 27.9 (7.0) 17.4 (10.7) 
Purchased animals 4.8 (4.2) 8.7 (3.6) 16.6 (5.4) 1.3 (1.3) 
Clinical signs 68.4 (9.7) 73.5 (5.4) 55.5 (7.3) 75.2 (11.8) 
At dry off 11.6 (5.7) 16.4 (4.0) 14.2 (3.9) 0.0 (--) 
Other 24.4 (9.4) 7.9 (2.9) 25.0 (6.1) 8.7 (6.5) 
* Operations may have selected more than one strategy 
 
 

The percentage of operations that tested cows
with clinical signs of Johne’s disease was
similar across all four regions. A higher
percentage of operations in the Midwest and

Northeast regions (35.1 percent and 27.9
percent, respectively) performed whole-herd
testing than did operations in the West region
(2.5 percent).
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The most common method of testing for
Johne’s disease in cattle is serum-based
enzyme-linked immunoabsorbent assay
(ELISA). Overall, 67.6 percent of operations
that tested for Johne’s disease used only a
serum ELISA to test at least one cow during the

12 months prior to the 2002 study interview.
Only 5.7 percent used only fecal culture to
diagnose Johne’s disease. Approximately one-
fourth of operations (26.7 percent) used both
fecal culture and serum ELISA to test for
Johne’s disease.

e. For operations that tested for Johne’s disease during the 12 months prior to the 
2002 study interview, percentage of operations that used fecal culture, serum 
ELISA, or both, by herd size  

 Herd Size (Number of Dairy Cows)   
 Small  

(Less than 100) 
Medium 

(100-499) 
Large 

(500 or more) 
All  

Operations 

Test Pct. 
Std. 

Error Pct. 
Std. 

Error Pct. 
Std. 

Error Pct. 
Std. 

Error 
Fecal culture 
only 5.3 (2.5) 5.4 (1.7) 12.1 (4.0) 5.7 (1.6) 
Serum 
ELISA only 71.2 (5.5) 61.9 (5.0) 67.2 (6.4) 67.6 (3.7) 
Both 23.5 (5.2) 32.7 (5.0) 20.7 (5.9) 26.7 (3.5) 
Total 100.0  100.0  100.0  100.0  
 

No operations in the Southeast region used only
fecal culture to test for Johne’s disease during
the 12 months prior to the 2002 study interview.
A higher percentage of operations in the West

region (22.9 percent) used only fecal culture
compared to operations in the Midwest region
(2.4 percent).

f. For operations that tested for Johne’s disease during the 12 months prior to the 
2002 study interview, percentage of operations that used fecal culture, serum 
ELISA, or both, by region 

 Region 
 West Midwest Northeast Southeast 

Test Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Fecal culture only 22.9 (8.2) 2.4   (1.1) 12.3    (5.3) 0.0 (--) 
Serum ELISA only 56.4 (9.8) 77.1 (4.5) 45.3  (7.1) 57.9   (14.4) 
Both 20.7 (7.7) 20.5 (4.4) 42.4  (6.9) 42.1 (14.4) 
Total 100.0  100.0  100.0  100.0  
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Overall, 91.7 percent of operations did not use
fecal culture to test for Johne’s disease during
the 12 months prior to the 2002 study interview.
Very few operations (1.4 percent) used fecal-

culture testing for 25.0 percent or more of their
herd. Only 8.8 percent of all operations used
serum ELISAs to test 50 percent or more of
their herd.

g. Percentage of operations by percentage of herd tested using fecal culture and 
serum ELISA during the 12 months prior to the 2002 study interview 

 Fecal Culture Serum ELISA 

Percent Herd Percent  
Standard 

Error Percent  
Standard 

Error 
0.0 91.7 (1.0)   75.8 (1.9) 
0.1 to 24.9 6.9 (0.9)   14.1 (1.6) 
25.0 to 49.9 0.4 (0.2)    1.3 (0.5) 
50.0 to 74.9 0.1 (0.1)    1.9 (0.6) 
75.0 to 99.9 0.0 (0.0)    3.4 (0.8) 
100.0  0.9 (0.4)    3.5 (0.9) 
Total 100.0  100.0  
 

For operations that tested at least one animal by
fecal culture, the percentage of operations
where all tested animals were fecal-culture-
positive decreased when six or more animals

were tested compared to when fewer than six
animals were tested. Overall, 45.0 percent of
operations reported that no animals tested fecal-
culture positive.

h. For operations that tested at least one animal by fecal culture, percentage of 
operations by level of animals testing fecal-culture positive and by number of 
animals tested during the 12 months prior to the 2002 study interview 

 Number Animals Tested 
 1 2-5     6 or More Overall  
Fecal- 
Culture 
Positive 
Animals Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None 46.7   (12.0) 33.4 (10.4) 51.2 (11.0) 45.0 (6.7) 
Some  0.0       (--) 33.7 (11.7)   48.3 (11.0) 30.4 (6.5) 
All 53.3   (12.0) 32.9 (12.5)  0.5   (0.5) 24.6 (5.5) 
Total 100.0  100.0  100.0  100.0  
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For operations that tested six or more animals
by serum ELISA, only 3.4 percent of
operations had all animals test serum-ELISA
positive. Regardless of the number of animals
tested, 30.3 percent of operations had no
animals test serum-ELISA positive. For
operations that tested at least one animal by
serum ELISA, over one-fifth of operations

(21.9 percent) had 100 percent of cows test
positive. Many operations tested cows with
clinical signs of MAP infection (see Producer
testing for Johne’s disease p14), which may
account for the large percentage of operations
where all cows tested by serum ELISA were
positive.
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i. For operations that tested at least one animal by serum ELISA, percentage of 
operations by level of animals testing serum-ELISA positive and by number of 
animals tested during the 12 months prior to the 2002 study interview. 

 Number Animals Tested 
 1 2-5 6 or More Overall 
Serum-
ELISA 
Positive 
Animals  Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None   50.0 (11.5) 28.4 (8.5) 22.7 (5.0) 30.3 (4.4) 
Some 0.0     (--) 28.9 (8.5) 73.9 (5.3) 47.8 (4.6) 
All 50.0 (11.5) 42.7 (9.4) 3.4 (2.2) 21.9 (4.2) 
Total 100.0  100.0  100.0  100.0  
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A small percentage of operations (4.6 percent)
had at least one fecal-culture positive animal
during the 12 months prior to the 2002 study

interview, compared to 16.9 percent of
operations that had at least one serum-ELISA
positive animal.

4. Whole-herd
testing and
removal of test-
positive animals

Field studies assessing the true benefit of
whole-herd testing and the culling of test-
positive animals have not been published.
However, models simulating control programs
have been developed, such as a Johne’s-disease-
control simulation that compared the efficacy of
ideal management practices and test-and-cull
programs as they relate to controlling the
disease.1

The simulation model indicated that test-and-
cull programs reduced herd-level disease
prevalence (percentage of the herd infected)
when initial prevalence was 10 percent, but
disease reduction using test-and-cull was slower
compared to management procedures that
reduced MAP transmission. In addition,
combining test-and-cull programs and ideal
management procedures reduced herd
prevalence faster than when either method was
implemented separately. In an economic
analysis model, a test-and-cull program was
profitable when the herd prevalence was higher
than 5 percent.2

A simulation model of Johne’s disease control,
using herd and prevalence data from The
Netherlands and Pennsylvania, suggested that
implementing calf-management tools was the
only way to reach a low true-mean prevalence
within 20 years.3 In the absence of control
measures, mean-herd prevalence increased over
time in both The Netherlands and Pennsylvania
simulations. It was reported that test-and-cull
strategies had only a minor effect on Johne’s
disease herd prevalence when combined with
improved management practices. When the
model was used to evaluate herds typical of
Pennsylvania, findings indicated that contract
rearing of heifers and improved calf hygiene
were associated with decreased herd prevalence
of Johne’s disease. However, the model did not
consider the potential disease exposure to
calves due to commingling of heifers from
different operations at contract facilities.

A recent report of a simulation model designed
to evaluate both the epidemiologic and
economic efficiency of control programs in
midsize U.S. dairy farms also indicated
shortcomings with test-and-cull strategies.4 The

j. Derived percentage of operations testing positive during the 12 months prior to 
the 2002 study interview using values from previous tables 

 
Operations Tested 

(Column A) 
Operations Tested 
Positive (Column B) 

Operations Positive 
(Columns A x B)  

Test  Percent Table 3g Percent Tables 3h and 3i Percent 
Fecal culture 8.3 55.0 4.6 
Serum ELISA 24.2 69.7 16.9 
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model predicted that test-and-cull strategies
alone did not reduce the prevalence of MAP in
cattle and were costly to producers. The model
indicated that improved calf hygiene was the
most effective control strategy for MAP.
Vaccination did not reduce the prevalence of
MAP in this study, but the increase in age at
which cows became infectious and the
reduction in probability that cows would
become infectious (shed MAP) led to decreased
economic losses from the disease.

For operations that had at least one cow test
fecal-culture positive during the 12 months
prior to the 2002 study interview, 69.3 percent
removed all test-positive cows. For operations
that tested six or more animals, all operations
culled at least some of the fecal-culture positive
animals. Approximately one-fourth of
operations (25.6 percent) with two to five fecal-
culture positive animals culled no test-positive
animals. All operations that had only one fecal-
culture positive animal culled the test-positive
animal.

a. For operations that had at least one cow test fecal-culture positive during the 12 
months prior to the 2002 study interview, percentage of operations by level of 
fecal-culture positive animals culled and by number of animals that tested 
positive 

 Number Fecal-Culture Positive Animals  
 1 2-5 6 or More Overall 
Positive 
Animals 
Culled   Pct. 

Std. 
Error    Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None 0.0 (--)   25.6 (13.7) 0.0     (--) 11.9 (6.9) 
Some 0.0 (--) 28.5 (15.0) 43.7  (25.2) 18.8 (8.0) 
All 100.0 (--) 45.9 (14.6) 56.3  (25.2) 69.3 (9.2) 
Total 100.0  100.0  100.0  100.0  
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For operations that had at least one cow test
positive via serum ELISA during the 12 months
prior to the 2002 study interview, the majority
(53.1 percent) culled 100 percent of test-

b. For operations that had at least one cow test positive by serum ELISA during 
the 12 months prior to the 2002 study interview, percentage of operations by 
level of serum-ELISA positive animals culled and by number of animals that 
tested positive 

 Number Serum-ELISA Positive Animals  
 1 2-5 6 or More Overall 
Positive 
Animals 
Culled   Pct. 

Std. 
Error    Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None 9.6 (6.5) 18.8 (5.8) 17.4 (7.2) 16.1 (3.8) 
Some 0.0   (--) 29.1 (7.6) 58.7 (8.9) 30.8 (4.9) 
All 90.4 (6.5) 52.1 (7.9) 23.9 (7.8) 53.1 (5.4) 
Total 100.0  100.0  100.0  100.0  
 

positive cows. Approximately one-sixth of
operations (16.1 percent) culled no ELISA-
positive cows during the 12 months prior to the
interview.
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The percentage of operations participating in
Johne’s disease certification, control, or herd-
status programs* increased since the Dairy ’96

study. However, there was no difference in
program participation by herd size within in
each study year.

 c. Percentage of operations participating in a Johne’s disease control program,* 
as reported in the Dairy ’96 and Dairy 2002 studies, by herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or more) 

All  
Operations 

Dairy Study Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

1996 1.0 (0.4) 0.5 (0.4) 0.4 (0.4) 0.9 (0.3) 
2002 9.5 (1.7) 16.5 (2.3) 11.3 (2.3) 11.2 (1.4) 
*Questions in 1996 and 2002 studies differed. In 1996, participants were asked if they were 
currently in a Johne’s disease certification program. In 2002, participants were asked if they 
participate in a Johne’s disease herd-status, control, or certification program (Federal, State, or 
developed by a veterinarian specific to their operation). 
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For the 2002 study, a higher percentage of
operations in the Northeast region (15.9
percent) participated in a program* than
operations in the West region (3.9 percent).

e. For operations participating in a 
Johne’s disease control program at 
the time of the 2002 study interview, 
percentage of operations by 
months of participation  

Months Percent 
Standard 

Error 
Fewer   
than 12  19.9 (5.5) 

12 to 23 19.0 (5.0) 
24 to 35 12.1 (3.8) 
36 to 47 25.9 (6.3) 
48 to 59 8.2 (3.5) 
60 to 71 4.5 (2.4) 
72 to 83 0.4 (0.3) 
84 or more 10.0 (3.6) 
Total 100.0  
 

Approximately half of operations (51.0 percent)
had participated in a Johne’s disease program
for fewer than 3 years.

d. Percentage of operations participating in a Johne’s disease control program,* 
as reported in the Dairy ’96 and Dairy 2002 studies, by region 

 Region 
 West Midwest Northeast Southeast 

Dairy Study  Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

1996 0.0   (--) 0.8 (0.4) 1.4 (0.8) 0.2 (0.2) 
2002 3.9 (1.6) 10.8 (2.0) 15.9 (2.5) 6.0 (3.2) 
*Questions in 1996 and 2002 studies differed. In 1996, participants were asked if they were 
currently in a Johne’s disease certification program.  In 2002, participants were asked if they 
participate in a Johne’s disease herd-status, control, or certification program (Federal, State, or 
developed by a veterinarian specific to their operation). 
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B. Herd-Level Management FB. Herd-Level Management FB. Herd-Level Management FB. Herd-Level Management FB. Herd-Level Management Factorsactorsactorsactorsactors

1. Background Evaluating management factors associated with
the presence of Johne’s disease on dairy
operations is complicated because of the long
incubation period of the disease and difficulties
associated with diagnosis. Operations with
Johne’s disease may make changes in
management to prevent transmission of disease,
while operations without Johne’s disease may
have practices in place that would allow
transmission to occur at a high rate if the
disease were present.

A survey of management practices found an
association between calf housing after weaning
and apparent herd-level prevalence of Johne’s
disease.5 In higher-prevalence herds, calves

tended to be moved to calf barns or hutches
rather than to pens in the cow barn. This
observation suggests that calf barns or hutches
were in close proximity to cows, calf-to-calf
transmission had occurred, or that management
changes had been made in higher-prevalence
herds to decrease disease transmission. Herd
size and location also were found to be
significant factors. Larger herds in certain
districts were more likely to have a higher
prevalence of MAP infection compared to
smaller herds in those districts or small or large
herds in other districts.

An evaluation of 27 management factors on
dairy operations in England found that dairy

Photo: Jason Lombard
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operations where Channel Island breeds
predominated and dairy operations with farmed
deer had an increased risk of MAP infection.6

However, the association of farmed deer and
increased prevalence of MAP infection is
tenuous, since only 0.4 percent of operations
reported having farmed deer. Other significant
but inconsistent associations with the presence
of MAP infection included purchasing
replacement animals privately, not feeding hay
to calves, not purchasing course-mix
concentrate feed, and not using individual
calving pens.

An analysis of 33 New York dairy herds
identified several management factors
associated with Johne’s disease.7 Findings
indicated that commercial herds were
significantly more likely to be infected with
MAP than registered or both registered and
commercial herds, and that exposing young
animals to the feces of older animals via
contaminated equipment and manure-fertilized
forage increased the likelihood of herd

infection. Interestingly, herds where barns were
cleaned once a day were less likely to be
infected than herds where barns were cleaned
three or more times a day. This finding was
unexpected—since frequent barn cleanings
should reduce exposure to MAP—but may be
due to management changes associated with the
infection status of herds.

A study evaluating 121 herds in Michigan and
97 risk factors for MAP infection found five
risk factors significantly associated with MAP
infection.8 Risk factors included using an
exercise lot for lactating cows and washing
cows’ udders prior to parturition. Protective
management practices included cleaning calf
hutches/pens after each use and applying lime
to pasture.

During the NAHMS Dairy ‘96 study, more than
1,000 herds from across the United States were
evaluated for Johne’s disease risk factors, herd
managers’ familiarity with Johne’s disease,
prior diagnosis of Johne’s disease, and Johne’s

disease herd status. After
removing vaccinated herds
from the risk factor analysis,
Johne’s disease herd status
was positively associated
with larger herd sizes, region
of the country, larger
percentages of cows born on
other operations, and group
housing for periparturient
cows and calves prior to
weaning.9

Large operations (500 or
more animals) were morePhoto: Jason Lombard
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likely to add purchased
animals than smaller
operations.10 Since
purchasing infected animals
is a common method of
introducing Johne’s disease
into a herd,11 it follows that
large operations are more
likely to be infected.

Regional differences in MAP
infection may be explained
by the fact that management
practices, facilities, and
environmental conditions
differ across the United States. In addition,
group housing of periparturient cows is
believed to increase the risk of Johne’s disease
transmission.9 12 However, group housing of
calves has not been previously identified as a
risk factor, even though experimentally-infected
calves occasionally shed MAP in their feces,
which could lead to calf-to-calf transmission. 13

It also has been reported that herd owners who
were more familiar with Johne’s disease were
more likely to wash cows’ teats and udders prior
to collecting colostrum or allowing calves to
suckle.9 Discouragingly, this was the only
management practice associated with increased
producer knowledge of Johne’s disease.

Not surprisingly, operations participating in
NAHMS Dairy ‘96 that had a prior diagnosis of
Johne’s disease were more likely to have
purchased a greater percentage of cows born on
other operations and were also more likely to
remove the calf from its dam in a shorter time

than herds that had not had a prior diagnosis.
The association between prior diagnosis and
time after birth for separation of a calf from its
dam provided evidence that prior diagnosis can
affect management practices.

An evaluation of 90 Canadian dairy herds and
27 control practices found that introducing new
animals was the only management factor
associated with higher prevalence of Johne’s
disease,14 echoing other findings.6 9

Although MAP does not multiply in the
environment, there are conditions that favor the
long-term viability and retention of MAP in the
environment. Disinfectants, drying, and direct
sunlight reduce the survival time of the
organism.15 A more recent study found that dry
soil and high soil temperature were the most
significant factors in reducing recovery of MAP
from soil.16

A study of the distribution of clinical Johne’s
disease in Wisconsin relative to soil types found

Photo: Jason Lombard
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an association with acid soils, while disease was
self-limiting in regions with alkaline soils.17

Another study reported increased Johne’s
disease prevalence was associated with acidic
soil and increased soil iron content and that
application of lime to pasture areas was
associated with reduced risk of Johne’s
disease.18 Since MAP requires iron and an acid
medium for effective growth in culture, it is
biologically plausible that the organism survives
longer in acidic soil with high iron content.

Soil types and Johne’s disease prevalence also
were evaluated in Indiana.19 Herds located in
areas with sandy loam or loam soils were more
likely to be within the cluster of greater-than-
the-median seroprevalence, while herds with silt
loam soils were less likely to be included in that
cluster.

MAP can survive for months in fecal slurries
and water, although high slurry temperatures
tend to decrease survival.20 21 The long survival
time of MAP and the practice of using manure
for fertilizing pastures which may be grazed
could lead to increased environmental
contamination and an increased risk of disease
transmission.

An experimental study evaluating the ability of
chlorine water treatments to kill MAP reported
log reductions in the number of viable
organisms, but killing was incomplete when
initial inoculums contained 106 cfu/ml of
MAP. 22

2. Johne’s disease
prevention

A common belief is that most dairy operations
acquired Johne’s disease by purchasing an
infected animal.11 Studies evaluating risk factors
for MAP infection have found associations
between herd additions and presence of Johne’s
disease.6 9 14 Although biosecurity
recommendations regarding purchase of herd
additions have been published, dairy producers
in the United States and other countries have
not embraced these practices.23 24 25

Operations undergoing expansion can decrease
the probability of acquiring Johne’s disease by
selecting replacement animals from well-
managed herds that have not had clinical cases
or have performed diagnostic testing for Johne’s
disease.24 Unfortunately, only 9.1 percent of

expanding operations required Johne’s disease
testing prior to purchasing animals in 1996,26

and only 9.8 percent did so in 2002.10  The lack
of testing prior to bringing purchased cattle
onto an operation is not restricted to Johne’s
disease; 66.3 percent of dairy operations in
1996 required no testing of purchased animals
for any disease, as compared to 75.5 percent in
2002.10 26
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3. Source of heifers Heifers were born and raised on a smaller
percentage of large operations (80.3 percent)
than on medium and small operations (97.0
percent and 99.2 percent, respectively). The
percentage of operations where heifers were
born on the operation but raised elsewhere
increased as herd size increased. These
operations sent heifers primarily to contract

heifer raisers. Heifers not born on the operation
were a source of heifers on 6.7 percent of
operations. These categories are not mutually
exclusive. For example, some producers may
have reported that they raised some heifers on
the operation and also sent heifers off-farm to
be raised, which is why the total percentage of
operations exceeds 100 percent.

More operations in the West region (10.9
percent) raised heifers elsewhere compared to
operations in all other regions.

b. Percentage of operations* by source of dairy heifers and region 

 Region 
 West Midwest Northeast Southeast 

Heifer Source Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

Born and raised 
on operation 91.5 (1.2) 98.5 (0.4) 98.9 (0.4) 98.9 (0.5) 

Born on 
operation,            
raised elsewhere  

10.9 (1.5) 2.5 (0.5) 4.4 (1.0) 1.7 (0.8) 

Born elsewhere  6.3 (1.2) 6.1 (0.9) 8.9 (1.5) 2.6 (1.1) 
*Operations with any dairy cows 
 

a. Percentage of operations* by source of dairy heifers and herd size 
 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or more) 

All  
Operations 

Heifer Source Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Born and raised     
on operation 99.2 (0.3) 97.0 (0.6) 80.3 (2.2) 98.1 (0.3) 

Born on 
operation,            
raised elsewhere  

2.1 (0.5) 5.8 (0.9) 23.1 (2.2) 3.6 (0.4) 

Born elsewhere  6.1 (0.8) 8.3 (1.1) 9.8 (1.6) 6.7 (0.7) 
*Operations with any dairy cows 
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4. Biosecurity for
new arrivals

New additions can introduce new diseases or
add to the disease burden of the herd. Careful
scrutiny of the source of new additions and
brief isolation or quarantine once the animals
are on the dairy are good management practices.
During 2001, bred heifers and lactating cows
were the classes of cattle brought onto the most
operations, with 15.8 percent of all operations
reporting that bred heifers were added and 16.4
percent of operations reporting that lactating
cows were added. Any class of beef or dairy

cattle was brought onto 45.7 percent of all
operations. There was little change between
1995 and 2001 in the percentage of producers
who reported that “any” cattle were brought
onto their operations. However, more bulls were
brought onto operations in 2001 than in 1995
(13.7 percent of operations reported adding
weaned dairy bulls in 2001, and 2.3 percent of
operations reported adding weaned beef bulls in
2001).

a. Percentage of operations that brought the following classes of cattle onto the 
operation 

Class of 
Cattle 

1991 
NDHEP 

Std. 
Error 

Question 
Variation 

Dairy 
‘96* 

Std. 
Error 

Question 
Variation 

Dairy 
2002* 

Std. 
Error 

Calves not 
yet weaned 9.6 (1.2)  5.0 (0.7)  5.1 (0.7) 
Heifers 
weaned but 
not yet bred 

11.2 (1.3)  7.3 (0.7)  6.7 (0.7) 

Bred heifers 
not yet 
calved 

19.3 (1.6)  18.5 (0.9)  15.8 (0.9) 

Lactating 
cows 25.8 (2.0)  19.9 (1.0)  16.4 (1.0) 
Dry cows 10.0 (1.4)  7.1 (0.8)  5.9 (0.6) 

Dairy 
bulls 
(weaned) 

13.7 (0.9) 
Bulls 22.4 (1.7)  8.7 (0.7) 

Beef bulls 
(weaned) 2.3 (0.4) 

Other 
heifers/ 
cows 

1.9 (0.4) 
Beef 
heifers 
and cows 

1.5 (0.3) 
Other cattle 3.3 (0.7) 

Steers 
(weaned) 2.0 (0.3) 

Steers 
(weaned) 1.1 (0.3) 

Any cattle 53.3 (2.1)  43.9 (1.3)  45.7 (1.4) 
*Operations with any dairy cows 
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5. Testing new
arrivals

There was no difference between Dairy ’96 and
Dairy 2002 in the reported percentage of
operations that required testing for MAP
infection prior to bringing animals onto the
operation.

Equipment shared with other livestock
operations also can introduce disease. During
the 12 months prior to the 2002 study interview,
38.0 percent of operations shared heavy
equipment (tractors, feeding equipment, manure
spreaders, trailers, etc.) with other livestock
operations.

6. Equipment
sharing

a. Percentage of operations* that 
shared any heavy equipment 
(tractors, feeding equipment,  
manure spreaders, trailers, etc.)   
with other livestock operations 
during the 12 months prior to the 
2002 study interview 

Percent Operations Standard Error 
38.0 (2.1) 

*Operations with any dairy cows 
 

7. Johne’s disease
management
practices

In order to control an infectious disease agent,
likely routes and risks of transmission must be
determined. Biocontainment methods are used
to control the transmission of disease agents
already present on an operation, whereas
biosecurity methods are used to prevent the
introduction of disease. Risk assessments have
been developed to evaluate the potential for
MAP transmission within a herd, with farm-
specific management plans designed to address
the identified risks.

Preventing MAP infection is accomplished by
decreasing exposure of younger animals to
infected manure, colostrum, and milk.
Decreasing these exposures is generally
accomplished through specific on-farm
preventive management practices. Other farm-
specific management practices, including test-
and-cull and vaccination, are used to reduce
contamination of the environment by
identifying and eliminating infected animals
from the herd and by reducing the amount of
MAP excreted.

a. For operations that brought animals onto the operation, percentage of operations 
that required testing for MAP prior to bringing animals onto the operation 

Herd Size  
(Number Dairy Cows) Dairy ‘96 Std. Error Dairy 2002 Std. Error 
Less than 100 8.5 (1.3) 8.3 (1.4) 
100 to 499 11.0 (2.3) 12.7 (1.9) 
500 or more 9.6 (2.9) 12.2 (1.9) 
All operations 9.1 (1.1) 9.8 (1.1) 
*Operations with any dairy cows 
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Simulation models indicate that testing for
Johne’s disease is not as effective in controlling
the disease as implementing management
changes.1 3 4 The low sensitivity of available
MAP tests is the primary reason test-and-cull
programs lack efficacy. Low test sensitivity
results in infectious animals remaining in a
herd. Combining management changes with a
test-and-cull program is the quickest approach
to eliminating MAP from an operation.

Management strategies have been developed for
Johne’s disease control programs.27 28 29 30 31 32

Since it is assumed that calves are at greatest
risk for MAP infection, they are the focus of
control and management programs. Most
researchers believe that calves are infected by
ingesting feces infected with MAP, although
contaminated feed, colostrum, and milk also

may be significant sources of infection.
Implementing calf-management procedures that
reduce exposure to these sources of infection is
the primary focus of Johne’s disease control
programs.

There are several management practices that can
decrease the probability of neonates ingesting
MAP. For example, calf contact with MAP-
contaminated manure may be reduced by
providing separate maternity housing and not
allowing sick animals (especially those with
clinical signs of Johne’s disease) in maternity
areas.

In 2002, 53.1 percent of operations provided
separate maternity housing compared to 45.4
percent of operations in 1996.

a. Percentage of operations* where maternity housing was separate from housing 
used for lactating dairy cows, by herd size 

Herd Size  
(Number Dairy Cows) Dairy ‘96 Std. Error Dairy 2002 Std. Error 
Less than 100 39.1 (1.3) 43.5 (1.6) 
100 to 499 72.6 (2.1) 81.6 (1.7) 
500 or more 94.5 (1.8) 91.9 (1.5) 
All operations 45.4 (1.2) 53.1 (1.3) 
*Operations with any dairy cows 
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Separating calves from cows and their manure
immediately after calving reduces the potential
of newborn calves ingesting MAP. NAHMS
1991 and 1996 dairy studies showed a dramatic
change in the routine timing of heifer separation
from the dam. This change may be attributed to
wording differences in the studies, but it is more

likely that it occurred because of the impact of
dairy educators. Although the trend toward
removing newborn calves before any nursing
occurs continued during the 1996 and 2002
studies (47.9 percent and 52.9 percent of
operations, respectively), many producers still
allow calves to nurse from their dams.

b. Percentage of operations by age at which newborn calves were separated from 
their dams 

Age 
1991 

NDHEP 
Std. 
Error 

Question 
Variation 

Dairy 
‘96* 

Std. 
Error 

Dairy 
2002* 

Std. 
Error 

0 hours 
(before any 
nursing) 

28.0 (1.7) Immediately 
(no nursing) 47.9 (1.3) 52.9 (1.3) 

Less than 
12 hours 39.6 (1.7) 

 After 
nursing,but 
less than 12 

hours 

20.8 (1.0) 22.5 (1.1) 

12-24 
hours 22.0 (1.4)  17.4 (1.1) 15.9 (1.0) 
More than 
24 hours 10.4 (1.0)  13.9 (1.0) 8.7 (0.8) 
Total 100.0   100.0  100.0  

*Operations with any dairy cows 
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Separating calves from cows and their manure immediately after calving reduces the potential of newborn
calves ingesting MAP.

Photo: Jason Lombard
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As reported in the 1996 and 2002 studies, the
percentage of operations on which preweaned
heifers had contact with weaned calves has
decreased. In the 1996 study, 33.0 percent of
operations reported such contact, compared to

22.8 percent in 2002 study. The percentage of
bred heifers not yet calved that had contact with
preweaned heifers also declined between the
1996 and 2002 studies.

Calves allowed to suckle to obtain colostrum
are more likely to ingest manure containing
MAP via hide, udder (colostrum), and teat

contamination. In the 2002 study,
approximately one-third of operations (30.5
percent) relied on first nursing for colostrum
delivery to calves.

d. Percentage of operations by method of feeding first colostrum to newborn 
heifers 

Age 
1991 

NDHEP 
Std.  
Error 

Dairy  
‘96* 

Std.  
Error 

Dairy 
2002* 

Std.  
Error 

First nursing 33.7 (1.7) 33.5 (1.2) 30.5 (1.2) 
Hand-fed from 
bucket or bottle 64.0 (1.7) 62.5 (1.2) 64.8 (1.3) 
Hand-fed using 
esophageal feeder 2.3 (0.6) 3.6 (0.4) 4.4 (0.5) 
No colostrum 0.0 (0.0) 0.4 (0.2) 0.3 (0.1) 
Total 100.0  100.0  100.0  
*Operations with any dairy cows. 
 

c. Percentage of operations where, after separation from the mother, preweaned 
heifers had physical contact* with the following  

Age Group 
1991 

NDHEP 
Std.  
Error 

Dairy  
‘96* 

Std.  
Error 

Dairy 
2002** 

Std.  
Error 

Weaned calves less 
than approximately 4 
months of age 

31.5 (2.0) 

Calves from 
approximately 4 
months of age to 
breeding 

10.4 (1.3) 

33.0 (1.3) 22.8 (1.2) 

Bred heifers                 
not yet calved  4.6 (0.9) 18.8 (1.1) 13.3 (0.9) 
Cattle 10.2 (1.3) 20.2 (1.1) 15.4 (1.0) 
*Nose-to-nose contact or sniffing, touching, licking each other, including through a fence 
**Operations with any dairy cows 
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Pooling colostrum from more than one cow
increases the risk of spreading milk-borne
pathogens to more than one calf. Overall, 27.0
percent of operations pooled colostrum. A much

higher percentage of large operations (70.6
percent) pooled colostrum than did medium
operations (37.4 percent) and small operations
(22.1 percent).

e. For operations that normally hand-fed colostrum, percentage of operations* 
that pooled colostrum from more than one cow, by herd size 

Percent Operations 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
 Operations 

Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 
Error Percent 

Std. 
Error 

22.1 (1.4) 37.4 (2.0) 70.6 (2.4) 27.0 (1.1) 
*Operations with any dairy cows 
 

Pasteurizing colostrum is being investigated as
a method to reduce MAP transmission. Only 0.6
percent of operations pasteurized colostrum. A
higher percentage of large operations (3.6

percent) fed pasteurized colostrum than did
medium and small operations (0.8 percent and
0.4 percent, respectively).

f. For operations that normally hand-fed colostrum, percentage of operations* that 
pasteurized colostrum, by herd size 

Percent Operations 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
 Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

0.4 (0.2) 0.8 (0.3) 3.6 (0.9) 0.6 (0.2) 
*Operations with any dairy cows 
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Milk has been shown to contain MAP.
Contamination during milk collection also can
increase the amount of MAP a calf ingests.
Waste milk was fed to dairy heifer calves on
87.2 percent of operations. Waste milk was
pasteurized prior to feeding on only 1.0 percent
of operations. However, a higher percentage of
large operations (11.3 percent) pasteurized
waste milk than did medium operations (1.0
percent) and small operations (0.5 percent).
Pasteurizing waste milk significantly reduces—

and in some cases eliminates—pathogens in
milk, thus reducing calves’ exposure to these
pathogens.  Since consumption of contaminated
waste milk can occur repeatedly over time—
resulting in multiple doses of MAP—an
individual calf’s exposure to MAP can be
overwhelming. Pasteurization, even without
complete destruction of MAP, can result in a
significant decrease in the quantity of organism
ingested and potentially the number of infected
calves.

Although it has been an important component
of control strategies for many years, vaccinating
against MAP is a controversial management
tool in the United States. Vaccination of young
animals has been shown to reduce the number
of clinically affected cattle in a herd,33 34 but
there are discrepancies among studies as to
whether vaccine reduces the number of infected
animals.33 35 Studies have reported a decrease in
the number of animals in a herd with detectable
intestinal infections and fecal shedding after
vaccination.35 36 37  However, another study
reported no significant difference in fecal
shedding between vaccinates and

nonvaccinates.38 Conflicting results in these
studies can be explained potentially by the type
of vaccine used (live vs. killed) and
improvements in diagnostic testing.38

Administrating MAP vaccine to cattle may
result in granuloma formation at the injection.
These granulomas often become abscesses
where viable organisms have been found within
the granuloma for up to 6 years after
administration of a live vaccine.39 Accidental
self-injection also may present a risk to
veterinarians administering the vaccine.40

g. Percentage of operations* that pasteurized waste milk fed to dairy heifer calves, 
by herd size 

 Percent Operations 
 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Pasteurized Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

Yes 0.5 (0.2) 1.0 (0.4) 11.3 (1.6) 1.0 (0.2) 
No 87.0 (1.1) 85.3 (1.6) 74.2 (2.4) 86.2 (0.9) 
Not fed 
waste milk 12.5 (1.1) 13.7 (1.5) 14.5 (2.0) 12.8 (0.9) 
Total 100.0  100.0  100.0  100.0  

*Operations with any dairy cows 
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Another disadvantage of MAP vaccine is the
development of a strong and persistent
sensitivity to avian and mammalian tuberculin.31

Because this sensitization effect interferes with
tuberculosis control programs, the vaccine’s use
is under strict State control. Vaccination has
been shown to interfere with diagnostic tests for
Johne’s disease and may in fact decrease efforts
to control MAP. An evaluation of 58 Dutch
dairy farms indicated that owners of
nonvaccinated herds implemented and

maintained more of the preventive measures
against infection than did owners of vaccinated
herds.38

Despite the limitations, vaccination remains a
viable tool for controlling Johne’s disease in
certain infected herds and has been shown to be
cost effective due to the reduction of clinically
infected animals.34 However, the small
percentage of operations that reported
vaccinating for MAP has not changed since
1996.

Common clinical signs associated with Johne’s
disease include weight loss and diarrhea while
maintaining a normal appetite. Although not
definitively diagnosed with Johne’s disease,
cows with chronic diarrhea that are in infected
herds are at a high probability of having the
disease. On all operations, a small percentage of

dairy cows (2.8 percent) had diarrhea for more
than 48 hours. A larger percentage of cows (4.2
percent) on small operations had persistent
diarrhea than did cows on medium and large
operations (2.2 percent and 2.1 percent
respectively).

i. Percentage of dairy cows* that producers identified as having diarrhea for more 
than 48 hours during 2001, by herd size 

Percent Dairy Cows 
Herd Size (Number of Dairy Cows)  

Small  
(Less than100) 

Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Pct. 
Std. 
Error Pct. Std. Error Pct. Std. Error Pct. 

Std. 
Error 

4.2 (0.4) 2.2 (0.1) 2.1 (0.2) 2.8 (0.2) 
*As a percentage of January 1, 2002, dairy cow inventory (for operations with any dairy cows) 
 

h. Percentage of operations* that 
normally vaccinated dairy heifers 
against MAP 

Dairy 
‘96 

Std. 
Error 

Dairy 
2002 

Std. 
Error 

5.4 (0.6) 4.6 (0.5) 
*Operations with any dairy cows 
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j. Percentage of operations that ever 
used the same equipment to handle 
manure and feed cattle 

Percent Operations Standard Error 
58.8 (2.1) 

 

k. For operations that used the same equipment to handle manure and feed cattle, 
percentage of operations by procedure that best describes what was usually 
done with equipment after handling manure 

Procedure Percent Operations Standard Error 
Washed equipment with 
water or steam only 54.2 (2.9) 
Chemically disinfected only 0.0   (--) 
Washed equipment and 
chemically disinfected 5.7 (1.5) 
Other 24.9 (2.5) 
No procedures 15.2 (2.2) 
Total 100.0  
 

Using the same equipment for manure removal
and feeding increases the risk of transmitting
fecal-borne pathogens. Nevertheless, 58.8
percent of all operations used the same
equipment to handle manure and feed cattle.

Of operations that used the same equipment to
handle manure and feed cattle, 54.2 percent
washed the equipment with only water or steam
after handling manure, while 5.7 percent
washed and chemically disinfected the
equipment after handling manure. No cleaning

procedures were performed after handling
manure on 15.2 percent of operations that used
the same equipment for manure and feeding
cattle. Inadequate cleaning and/or disinfection
of equipment used to handle manure and feed
cattle can contaminate feed.
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Risk AssessmentRisk AssessmentRisk AssessmentRisk AssessmentRisk Assessment
AAAAA. Background. Background. Background. Background. Background

As a component of the NAHMS Dairy 2002
study, operations participated in an on-farm risk
assessment of management practices believed to
contribute to the transmission of MAP.
Although many of the risk-assessment questions
were directed to the producer (such as herd
disease history, testing, and particular
management practices) the majority of
questions were designed to be answered
objectively by the visiting animal health official.
The interviewer also had the opportunity to
discuss management objectives and ideal
standards (specific to each group of cattle) upon
which the operation’s risk assessment would
ultimately be based.

Five different management areas were assessed:
calving, preweaned heifer calves, postweaned
heifer calves, bred heifers, and cows. Within
each of these areas, multiple practices were
assessed, either through questions or visual
observations. The majority of questions and
observations were assigned a risk score for the
specific management area in order to account
for different risks associated with different age
groups. Within each management area, risk

scores were summed to produce a total score.
The total risk score for each management area
was used to quantify potential risk and predict
which area(s) was more likely to contribute to
MAP transmission.

Each producer received a report of their risk-
assessment results, which reiterated
management objectives and ideals, summarized
their quantitative risk, and served as a potential
guideline for concentrating control efforts to
modify or eliminate specific high-risk practices
on their operation.

This section summarizes the results and
provides inferences to the population of
operations and animals in the 21 study States.
Risk-level description, associated risk score,
and percentage of operations within each risk
level are presented. Average risk scores for each
question or observation are presented as the
mean scores from all operations. The mean of
the total scores for each management area was
calculated and presented as the average total
risk score.
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B. CalB. CalB. CalB. CalB. Calving Areaving Areaving Areaving Areaving Area

NOTE: Some tables in this section represent questions or observations where risk levels were not assigned.

1. Multiple use of
calving area

Only 15.5 percent of operations never used the
area where cows normally calved for more than
one cow, giving these operations a risk level of
“none” and a risk score of 0. Nearly one out of

two operations (47.0 percent) always used
calving areas for more than one cow, giving
these operations a risk level of “very high” and
a risk score of 10.

 a. Percentage of operations that used the area where cows normally calved for 
more than one cow, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None        0 Never occurs 15.5 (1.9) 
Low        3 Occurs less than 1 out of 10 calvings 16.5 (1.8) 
Moderate        5 Occurs 1 to 3 times out of 10 calvings 11.5 (1.5) 
High        7 Occurs 5 or more times per 10 calvings 9.5 (1.3) 
Very high      10 Always occurs 47.0 (2.4) 
Total     NA  100.0  

Large operations had the highest percentage of
operations (69.5 percent) that always used the
area where cows normally calved for more than
one cow, putting them at a very high risk level.

In contrast, only 7.4 percent of large operations
never used the area where cows normally
calved for more than one cow, putting them at a
risk-level of “none.”

b. Percentage of operations that used the area where cows normally calved for 
more than one cow, by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small                 

(Less than 100) 
Medium             
(100-499) 

Large               
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 18.3 (2.5) 8.3 (1.9) 7.4 (2.3) 
Low 17.2 (2.3) 15.4 (2.5) 10.7 (3.4) 
Moderate 12.4 (2.0) 9.6 (1.9) 6.5 (2.4) 
High 8.4 (1.7) 13.6 (2.5) 5.9 (2.2) 
Very high 43.7 (3.1) 53.1 (3.2) 69.5 (4.5) 
Total 100.0  100.0  100.0  
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Operations in the Southeast and West regions
had the highest percentages of operations (76.1
and 71.2 percent, respectively) that always used

c. Percentage of operations that used the area where cows normally calved for 
more than one cow, by risk level and region 

 Region 
 West Midwest Northeast Southeast 
Risk 
Level Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 5.8 (2.2) 15.7 (2.6) 20.4 (3.9) 6.8 (3.9) 
Low 6.1 (2.1) 17.3 (2.6) 19.4 (3.4) 11.4 (5.3) 
Moderate 12.3 (3.0) 12.2 (2.1) 11.9 (2.9) 3.4 (2.3) 
High 4.6 (1.9) 10.3 (1.9) 11.2 (2.7) 2.3 (2.1) 
Very high 71.2 (4.0) 44.5 (3.4) 37.1 (4.6) 76.1 (6.5) 
Total 100.0  100.0  100.0  100.0  
 

the area where cows normally calved for more
than one cow.
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Large operations had higher average risk scores
(8.0) than small operations (6.1).

d. Average risk score for multiple use of calving area, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

6.1 (0.3) 7.2 (0.2) 8.0 (0.3) 6.4 (0.2) 
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Operations in the Southeast and West regions
had higher average risk scores (8.3 and 8.2,
respectively) than operations in the Midwest
and Northeast regions.

e. Average risk score for multiple use of calving area, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std.  

Error Score 
Std.  

Error Score 
Std.  

Error Score Std. Error 
8.2 (0.3) 6.3 (0.3) 5.7 (0.4) 8.3 (0.5) 

 

2. Manure
contamination

The largest percentage of operations (30.2
percent) was at low risk of manure
contamination since calving pens on these
operations were being cleaned daily and little

visible manure was observed at the time of the
assessment. There were no differences across
risk levels in the percentages of operations by
herd size or region.

 a. Percentage of operations by extent of manure buildup in area where cows 
normally calved, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description   Percent 

Std. 
Error 

None 0 No manure contamination 15.4 (1.7) 

Low 3 Manure cleaned daily, very little visible 
manure  30.2 (2.2) 

Moderate 5 
Cleaned one to two times per week, more 
manure-free area than manure-
contaminated area 

21.5 (1.9) 

High 7 
Cleaned one to two times per month, 
more manure contaminated area than 
manure-free area 

18.2 (1.8) 

Very high 10 Cleaned less than one time per month, 
extensive manure contamination 14.7 (1.5) 

Total NA  100.0  
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Average risk scores for manure contamination
of the area where cows normally calved were
similar across herd sizes and regions.

b. Average risk score for manure contamination of calving area, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
4.6 (0.2) 5.0 (0.2) 5.1 (0.2) 4.7 (0.1) 

 
c. Average risk score for manure contamination of calving area, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
5.0 (0.4) 4.8 (0.2) 4.6 (0.2) 4.1 (0.6) 

 

3. Other calving
areas

The majority of operations (67.9 percent)
reported that less than 1 out of 10 calvings
occurred in an area other than the normal

calving area. There were no differences across
risk levels in the percentages of operations by
herd size or region.

 a. Percentage of operations where calves were born in areas other than where 
cows normally calved, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description   Percent 

Std. 
Error 

None 0 Never occurs 24.2 (2.1) 
Low 3 Occurs less than 1 out of 10 calvings 43.7 (2.4) 
Moderate 5 Occurs 1 to 2 times out of 10 calvings 14.2 (1.7) 
High 7 Occurs 3 to 4 times out 10 calvings 8.7 (1.4) 
Very high 10 Occurs 5 or more times per 10 calvings 9.2 (1.4) 
Total NA  100.0  
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Average risk scores were similar across all herd
sizes and regions.

b. Average risk score for other calving areas, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
3.6 (0.2) 3.4 (0.2) 3.0 (0.2) 3.6 (0.1) 

 

c. Average risk score for other calving areas, by region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

3.4 (0.3) 3.6 (0.2) 3.4 (0.3) 3.7 (0.7) 
 

Photo: Jason Lombard
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4. Sick-cow access
to calving area

Overall, 45.9 percent of operations never used
calving areas for holding or treating sick cows.

 a. Percentage of operations where the area cows normally calved was also used 
for holding or treating sick cows, by risk level 

Risk  
Score 

Risk  
Level Risk-Level Description Percent 

Std. 
Error 

None 0 Never occurs   45.9 (2.4) 
Low 3 Occurs less than one time per month 35.4 (2.3) 
Moderate 5 Occurs one to five times per month 6.5 (1.1) 
High 7 Occurs more than five times per month 1.7 (0.6) 
Very high 10 Always 10.5 (1.5) 
Total NA  100.0  

b. Percentage of operations where the area cows normally calved was also used 
for holding or treating sick cows, by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small                 

(Less than 100) 
Medium             
(100-499) 

Large               
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 41.8 (3.1) 53.4 (3.3) 74.5 (4.1) 
Low 38.7 (3.0) 29.2 (3.0) 14.3 (3.2) 
Moderate 5.6 (1.4) 8.9 (1.8) 9.2 (2.8) 
High 1.4 (0.7) 2.5 (1.2) 2.0 (1.0) 
Very high 12.5 (2.1) 6.0 (1.7) 0.0 (--) 
Total 100.0  100.0  100.0  

 
c. Percentage of operations where the area cows normally calved was also used 

for holding or treating sick cows, by risk level and region 
 Region 
 West Midwest Northeast Southeast 
Risk 
Level Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 57.9   (5.0) 43.1 (3.4) 45.4 (4.5) 56.0 (6.7) 
Low 25.9   (4.2) 39.2 (3.4) 30.8 (4.0) 34.4 (7.4) 
Moderate 6.5   (2.0) 7.6 (1.8) 4.9 (1.1) 3.4 (2.7) 
High 4.1   (3.1) 1.6 (0.7) 1.7 (1.0) 0.0   (--) 
Very high 5.6   (2.4) 8.5 (1.8) 17.2 (4.0) 6.2 (4.6) 
Total 100.0  100.0  100.0  100.0  
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The average risk score tended to decrease as
herd size increased.

d. Average risk score for sick-cow access to calving area, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

2.8 (0.2) 2.1 (0.2) 1.0 (0.2) 2.6 (0.2) 
 

e. Average risk score for sick-cow access to calving area, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.9 (0.3) 2.5 (0.2) 3.0 (0.4) 1.8 (0.4) 
 

5. Suspect cows
in calving areas

The majority of operations (84.8 percent) never
kept cows suspected of having Johne’s disease
or showing clinical signs of Johne’s disease in
areas where cows normally calved.

 a. Percentage of operations that kept cows suspected of having Johne’s disease 
or showing clinical signs of Johne’s disease in areas where cows normally 
calved, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never occurs 84.8 (1.8) 
Low 3 Occurs less than one time per month 9.6 (1.4) 
Moderate 5 Occurs one to five times per month 0.2 (0.1) 
High 7 Occurs more than five times per month 0.0   (--) 
Very high 10 Always 5.4 (1.2) 
Total NA  100.0  
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b. Average risk score for allowing suspect cows in calving areas, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.8 (0.2) 1.0 (0.2) 0.3 (0.1) 0.8 (0.1) 
 
c. Average risk score for allowing suspect cows in calving areas, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
0.2 (0.1) 0.8 (0.1) 0.9 (0.3) 1.6 (0.5) 

 

6. Allowing calves
access to dams for
more than 3 hours

The highest percentage of operations (29.3
percent) always allowed newborn calves to stay
with their dams for more than 3 hours after
birth. Approximately one-fourth of all
operations (22.6 percent) allowed newborn

calves to stay with their dams for more than 3
hours in fewer than 1 out of 10 calvings, and
11.8 percent never allowed calves to stay with
dams for more than 3 hours.

 a. Percentage of operations where newborn calves stayed with their dams for 
more than 3 hours after they were born, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never occurs 11.8 (1.8) 
Low 3 Occurs less than 1 out of 10 calvings 22.6 (1.9) 
Moderate 5 Occurs 1 to 3 times out of 10 calvings 19.6 (2.0) 
High 7 Occurs 5 or more times per 10 calvings 16.7 (1.7) 
Very high 10 Always 29.3 (2.2) 
Total NA  100.0  
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In the Southeast region, 60.9 percent of
operations always allowed calves access to
dams for more than 3 hours.

b. Percentage of operations where newborn calves stayed with their dams for more 
than 3 hours after they were born, by risk level and region 

 Region 
 West Midwest Northeast Southeast 
Risk 
Level Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 8.0 (2.4) 13.6 (2.6) 10.8 (3.1) 4.6 (4.1) 
Low 17.3 (3.4) 27.1 (2.9) 19.0 (3.3) 4.9 (3.4) 
Moderate 13.9 (3.7) 19.0 (2.8) 24.0 (3.8) 15.1 (6.3) 
High 18.9 (3.6) 16.6 (2.5) 16.8 (2.7) 14.5 (7.8) 
Very high 41.9 (5.7) 23.7 (2.9) 29.4 (4.5) 60.9 (8.5) 
Total 100.0  100.0  100.0  100.0  
 
c. Average risk score for allowing calves access to dams for more than 3 hours, 

by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
5.7 (0.2) 6.0 (0.2) 5.1 (0.3) 5.8 (0.2) 

 
d. Average risk score for allowing calves access to dams for more than 3 hours, by 

region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

6.7 (0.4) 5.3 (0.2) 5.9 (0.3) 8.0 (0.5) 
 



52 +  Dairy 2002

Section II: Risk Assessment

7. Allowing dams
to nurse calves

While 20.4 percent of operations reported never
allowing dams to nurse calves, only 11.8
percent (table 6a) reported that calves never
stayed with dams more than 3 hours. The
difference can be explained by noting that some
operations that kept calves with their dams for

more than 3 hours restrained the calves so they
could not suckle. In other cases, it appears that
“allowing dams to nurse calves” was
misinterpreted as “allowing calves to suckle
dams for the entire preweaning period.”

 a. Percentage of operations that allowed dams to nurse calves, by risk level 
Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never occurs 20.4 (2.0) 
Low 3 Occurs less than 1 out of 10 calvings 24.3 (2.0) 
Moderate 5 Occurs 1 to 3 times out of 10 calvings 17.4 (2.0) 
High 7 Occurs 5 or more times per 10 calvings 11.1 (1.5) 
Very high 10 Always 26.8 (1.9) 
Total NA  100.0  

The majority of operations in the Southeast
region  (66.2 percent) and West region (51.5
percent) always allowed dams to nurse calves
and had the highest average risk scores (7.8 and
6.7, respectively).

b. Percentage of operations that allowed dams to nurse calves, by risk level and 
region 

 Region 
 West Midwest Northeast Southeast 
Risk 
Level Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 14.6 (2.8) 21.7 (2.8) 22.1 (4.3) 9.3 (5.2) 
Low 15.6 (3.5) 28.7 (3.1) 21.7 (3.2) 6.8 (3.5) 
Moderate 8.2 (2.4) 15.7 (2.6) 24.7 (4.3) 15.1 (7.9) 
High 10.1 (3.2) 11.7 (2.1) 12.4 (3.0) 2.6 (2.5) 
Very high 51.5 (5.4) 22.2 (2.7) 19.1 (3.2) 66.2 (8.3) 
Total 100.0  100.0  100.0  100.0  
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Average risk scores were similar across all herd
sizes.

c. Average risk score for allowing dams to nurse calves, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
5.0 (0.2) 5.4 (0.2) 5.0 (0.3) 5.1 (0.2) 

 
d. Average risk score for allowing dams to nurse calves, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
6.7 (0.4) 4.7 (0.2) 4.7 (0.3) 7.8 (0.6) 

 

8. Udder manure
contamination

The majority of operations (90.7 percent) had
either no or slight-to-moderate manure
contamination on udders of cows in the calving
area, which equates to risk levels of “none” and
“low.”

 a. Percentage of operations by the extent of manure on a majority of cows’ 
udders, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 22.0 (2.0) 

Low 3 
Teats clean, slight to moderate manure 
on udders of a majority of cows in the 
calving area 

68.7 (2.2) 

Moderate 5 
Teats clean, moderate to heavy manure 
on udders of a majority of cows in the 
calving area 

7.3 (1.2) 

High 7 
Small amount of manure on teats, but 
udders covered with manure on a 
majority of cows in the calving pen 

1.6 (0.6) 

Very high 10 
Teats and udders caked with manure 
on a majority of cows in the calving 
area 

0.4 (0.4) 

Total NA  100.0  
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b. Average risk score for manure contamination of udder, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

2.6 (0.1) 2.5 (0.1) 2.3 (0.1) 2.6 (0.1) 
 

c. Average risk score for manure contamination of udder, by region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

2.5 (0.1) 2.7 (0.1) 2.4 (0.1) 2.7 (0.2) 
 

Photo: Jason Lombard
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9. Calving areas
average total risk
scores

For the eight risk areas evaluated in calving
areas, the average total risk score was 31.4. The
highest possible risk score was 80. This average
was calculated based on operations that
answered all eight calving-area-related

questions. There were no differences in calving
area average total risk scores across herd sizes.
However, the Southeast region had a higher
average total risk score than the Midwest and
Northeast regions.

a. Average total risk scores for operation calving areas, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

31.2 (0.7) 32.2 (0.7) 29.9 (0.8) 31.4 (0.5) 
 
b. Average total risk scores for operation calving areas, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
34.8 (1.1) 30.5 (0.8) 30.6 (0.9) 38.0 (1.5) 

 



56 +  Dairy 2002

Section II: Risk Assessment



USDA APHIS VS  +  57

Section II: Risk Assessment

Note: The remaining tables in this section summarize questions designed to evaluate economic costs and ascertain
best management practices. No risk levels were assigned and therefore not used in calculations.

10. Calving area
observation—
6 a.m. to 6 p.m.

The highest percentage of operations (43.9
percent) observed calving areas three to five
times between 6 a.m. and 6 p.m. The number of
daytime observations of calving areas increased
as herd size increased.

a. Percentage of operations by average number of times calving areas were 
observed between 6 a.m. and 6 p.m., and by herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Number of 
Observations Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

1 2.4 (0.8) 5.9 (1.9) 1.4 (1.4) 3.2 (0.7) 
2 16.0 (2.3) 9.2 (1.9) 0.6 (0.5) 13.8 (1.7) 
3 to 5 46.3 (3.2) 42.1 (3.3) 13.1 (3.1) 43.9 (2.4) 
6 to 11 26.3 (2.7) 25.9 (2.8) 26.4 (4.3) 26.2 (2.1) 
12 or more 9.0 (1.8) 16.9 (2.6) 58.5 (4.5) 12.9 (1.5) 
Total 100.0  100.0  100.0  100.0  
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A higher percentage of operations in the West
region (31.7 percent) observed calving areas at
least hourly between 6 a.m. and 6 p.m.

b. Percentage of operations by average number of times calving areas were 
observed between 6 a.m. and 6 p.m., and by region 

 Region 
 West Midwest Northeast Southeast 
Number of  
Observations Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

1 7.6 (3.8) 2.5 (0.9) 1.9 (1.1) 8.7 (4.1) 
2 10.3 (4.3) 15.1 (2.5) 8.9 (2.3) 27.6 (8.1) 
3 to 5 26.0 (4.5) 45.2 (3.5) 47.9 (4.7) 41.2 (6.6) 
6 to 11 24.4 (3.9) 28.2 (3.1) 24.4 (3.5) 18.4 (4.5) 
12 or more 31.7 (3.8) 9.0 (1.7) 16.9 (3.7) 4.1 (2.6) 
Total  100.0  100.0  100.0  100.0  
 

11. Calving area
observation—
6 p.m. to 6 a.m.

Overall, the highest percentage of operations
(33.5 percent) observed calving areas one time
between 6 p.m. and 6 a.m. The number of
observations increased as herd size increased.

a. Percentage of operations by average number of times calving areas were 
observed between 6 p.m. and 6 a.m., and by herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  

(100-499) 
Large  

(500 or More) 
All 

Operations 
Number of 
Observations Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

1 37.6 (3.0) 25.3 (3.1) 9.0 (2.5) 33.5 (2.2) 
2 30.8 (2.8) 34.7 (3.1) 8.8 (3.0) 30.8 (2.2) 
3 to 5 25.7 (2.5) 27.6 (2.9) 32.2 (4.5) 26.4 (2.0) 
6 to 11 5.3 (1.6) 10.1 (1.9) 22.4 (3.8) 7.2 (1.3) 
12 or more 0.6 (0.4) 2.3 (1.2) 27.6 (3.9) 2.1 (0.5) 
Total 100.0  100.0  100.0  100.0  
 

compared to operations in the Midwest and
Southeast regions (9.0 percent and 4.1 percent,
respectively).
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Nearly 5 out of 10 operations in the Southeast
region (48.9 percent) observed calving areas
one time per night. No operations in the
Southeast region observed calving areas every

b. Percentage operations by average number of times calving areas were observed 
between 6 p.m. and 6 a.m., and by region 

 Region 
 West Midwest Northeast Southeast 
Number of 
Observations Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

1 24.0 (5.4) 35.6 (3.3) 28.4 (3.6) 48.9 (8.2) 
2 20.2 (4.4) 32.3 (3.2) 28.7 (3.4) 40.8 (8.0) 
3 to 5 29.0 (4.2) 24.3 (2.8) 34.1 (3.7) 9.8 (5.2) 
6 to 11 16.5 (3.5) 6.8 (1.9) 6.5 (2.1) 0.5 (0.4) 
12 or more 10.3 (1.8) 1.0 (0.5) 2.3 (1.2) 0.0   (--) 
Total 100.0  100.0  100.0  100.0  
 

hour. Operations in the West region were more
likely than any other region to observe calving
areas every hour between 6 p.m. and 6 a.m.
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12. Individual
calving pens

Overall, 41.4 percent of operations had no
individual calving pens. Small operations (41.8
percent) had a slightly higher ratio of calving
pens (three or more) than other herd sizes.

a. Percentage of operations by ratio of individual calving pens to cows,* and by 
herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Ratio of  
Calving Pens   
to Cow 
Inventory (x100) Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 40.3 (2.9) 42.3 (3.4) 55.1 (4.6) 41.4 (2.3) 
1 to 2  17.9 (2.2) 43.7 (3.4) 43.3 (4.6) 25.0 (1.8) 
3 to 4 26.8 (2.8) 11.1 (2.3) 0   (--) 22.0 (2.1) 
5 or more 15.0 (2.2) 2.9 (1.0) 1.6 (1.6) 11.6 (1.6) 
Total 100.0  100.0  100.0  100.0  

* January 1, 2002, dairy cow inventory 
 
b. Percentage of operations by ratio of individual calving pens to cows,* and by 

region 

 Region 
 West Midwest Northeast Southeast 
Ratio of  
Calving Pens        
to Cow  Inventory 
(x100) Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 57.5 (4.8) 35.2 (3.2) 46.0 (4.1) 55.4 (8.6) 
1 to 2  35.6 (5.0) 25.7 (2.7) 21.6 (2.7) 18.7 (5.6) 
3 to 4 6.2 (2.6) 28.0 (3.1) 18.0 (3.5) 6.7 (3.8) 
5 or more 0.7 (0.7) 11.1 (2.4) 14.4 (2.9) 19.2 (6.0) 
Total 100.0  100.0  100.0  100.0  

*January 1, 2002, dairy cow inventory 
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13. Employee
contact

Overall, 75.0 percent of operations allowed
employees to have direct contact with both
preweaned heifers and older cattle (other than

at calving). Nearly 9 out of 10 medium
operations (87.5 percent) allowed employees to
have contact with cattle of differing ages.

a. Percentage of operations where employees had direct contact with both 
preweaned heifers and older cattle (other than at calving), by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  

(100-499) 
Large  

(500 or More) 
All 

Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

70.9 (2.9) 87.5 (2.0) 75.0 (3.8) 75.0 (2.2) 
 
b. Percentage of operations where employees had direct contact with both 

preweaned heifers and older cattle (other than at calving), by region 
Region 

West Midwest Northeast Southeast 

Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error 
83.0 (3.4) 70.8 (3.1) 78.5 (4.2) 86.9 (5.3) 
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Photo: USDA photo collection
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C. PC. PC. PC. PC. Preweaned Heifer Calreweaned Heifer Calreweaned Heifer Calreweaned Heifer Calreweaned Heifer Calvesvesvesvesves

NOTE: Some tables in this section represent questions or observations where risk levels were not assigned.

1. Preweaned
heifers on premises

Overall, 92.6 percent of operations retained
heifers born on the operation until they were
weaned. Large herds had the lowest percentage

of operations (63.9 percent) that kept heifers
until weaned compared to 9 out of 10 small and
medium operations.

a. Percentage of operations that retained heifers born on the operation until 
weaning, by herd size 

Herd size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  

(100-499) 
Large  

(500 or More) 
All 

Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

94.4 (1.8) 92.4 (1.9) 63.9 (4.4) 92.6 (1.4) 
 

A higher percentage of operations in the
Midwest and Northeast regions (93.7 percent
and 94.6 percent, respectively) retained
preweaned heifers compared to operations in
the West region (81.7 percent).

b. Percentage of operations that retained preweaned heifers born on the operation 
until weaning, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error 
81.7 (3.3) 93.7 (2.1) 94.6 (1.8) 90.5 (4.3) 
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2. Use of
pooled colostrum

More than half of operations (56.3 percent)
never fed pooled colostrum.

 a. Percentage of operations by how often pooled colostrum was fed to preweaned  
heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never fed pooled colostrum 56.3 (2.4) 

Low 3 Pooled colostrum fed one to two times 
per year 14.3 (1.8) 

Moderate 5 Pooled colostrum fed one to two times 
per month 6.8 (1.2) 

High 7 Pooled colostrum fed most of the time 12.0 (1.6) 
Very high 10 Always fed pooled colostrum 10.6 (1.4) 
Total NA  100.0  

A small percentage of large operations (23.4
percent) never fed pooled colostrum compared
to 56.8 percent of medium operations and 57.5
percent of small operations.

b. Percentage of operations by how often pooled colostrum was fed to preweaned 
heifers, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small 

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or More) 

Risk Level Percent 
Std. 

Error Percent 
Std. 

Error Percent 
Std. 

Error 
None 57.5 (3.1) 56.8 (3.3) 23.4 (4.9) 
Low 16.3 (2.3) 8.8 (1.9) 4.8 (3.2) 
Moderate 5.9 (1.5) 10.0 (2.1) 4.3 (2.1) 
High 10.6 (2.0) 15.0 (2.7) 22.0 (5.0) 
Very high 9.7 (1.8) 9.4 (1.9) 45.5 (5.4) 
Total 100.0  100.0  100.0  
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The majority of operations in the Midwest,
Northeast, and Southeast regions never fed
pooled colostrum (59.7, 57.3, and 52.6 percent
of operations, respectively).

c. Percentage of operations by how often pooled colostrum was fed to preweaned 
heifers, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Pct.  
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None 31.2 (4.6) 59.7 (3.4) 57.3 (4.2) 52.6 (9.0) 
Low 2.4 (1.4) 15.5 (2.6) 12.4 (2.7) 26.1 (9.4) 
Moderate 14.6 (4.6) 5.9 (1.6) 7.1 (2.2) 4.3 (3.2) 
High 25.6 (6.3) 11.5 (2.3) 10.5 (2.7) 5.6 (2.8) 
Very high 26.2 (4.8) 7.4 (1.8) 12.7 (2.7) 11.4 (4.6) 
Total 100.0  100.0  100.0  100.0  

 
NOTE:  When calculating average risk scores for colostrum feeding, the number of times
colostrum was pooled and the source of colostrum were considered (see p66). If an operation
used colostrum from test-negative cows, one point was added to the pooled-colostrum risk
score. If unknown-status cows were used, three points were added to the score, and if
colostrum from test-positive cows was used, five points were added to the score.

Average risk scores were highest for large
operations and operations in the West region.

d. Average risk score for use of pooled colostrum, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 
Error Score 

Std. 
Error 

2.5 (0.2) 2.8 (0.2) 6.4 (0.4) 2.7 (0.2) 
 

e. Average risk score for use of pooled colostrum, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std.  
Error Score 

Std.  
Error Score 

Std.  
Error Score 

Std.  
Error 

5.2 (0.4) 2.3 (0.2) 2.7 (0.3) 2.5 (0.5) 
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3. Source of
colostrum

The majority of operations (89.2 percent) fed
colostrum from cows with an unknown Johne’s-
disease test status. Very few operations used
colostrum from test-positive cows.

A larger percentage of operations in the
Midwest and Northeast regions (11.6 percent
and 12.7 percent, respectively) fed colostrum

from test-negative cows compared to operations
in the West and  Southeast regions (3.3 percent
and 1.9 percent, respectively).

 a. Percentage of operations by source of colostrum and herd size 
 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Colostrum Source Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Test-negative cows 9.1 (1.8) 15.6 (2.8) 11.9 (3.1) 10.7 (1.5) 
Unknown-status 
cows 90.8 (1.8) 84.4 (2.8) 88.1 (3.1) 89.2 (1.5) 

Test-positive cows 0.1 (0.1) 0.0   (--) 0.0   (--) 0.1 (0.1) 
  Total 100.0  100.0  100.0  100.0  

b. Percentage of operations by source of colostrum and region 
 Region 
 West Midwest Northeast Southeast 

Colostrum Source Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

Test-negative cows 3.3 (1.9) 11.6 (2.3) 12.7 (2.5) 1.9 (1.4) 
Unknown-status 
cows 96.7 (1.9) 88.4 (2.3) 87.3 (2.5) 96.5 (2.2) 

Test-positive cows 0.0   (--) 0.0   (--) 0.0   (--) 1.6 (1.6) 
Total 100.0  100.0  100.0  100.0  
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4. Use of
pooled milk

Fewer than half of operations (46.1 percent)
never fed pooled milk.

The majority of small and large operations
(54.5 percent and 75.6 percent, respectively) fed
at least some pooled milk to preweaned heifers.

 a. Percentage of operations by how often pooled milk was fed to preweaned 
heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never fed pooled milk 46.1 (2.5) 
Low 3 Pooled milk fed one to two times per year 7.8 (1.4) 
Moderate 5 Pooled milk fed one to two times per month 5.0 (1.0) 
High 7 Pooled milk fed most of the time 11.7 (1.7) 
Very high 10 Always fed pooled milk 29.4 (2.2) 
Total NA  100.0  

b. Percentage of operations by how often pooled milk was fed to preweaned 
heifers, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  

(100-499) 
Large  

(500 or More) 
Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 45.5 (3.3) 50.7 (3.5) 24.4 (4.0) 
Low 9.0 (1.8) 5.0 (1.6) 0.5 (0.5) 
Moderate 4.8 (1.3) 6.3 (1.7) 0.3 (0.3) 
High 13.1 (2.3) 6.7 (1.5) 16.3 (4.7) 
Very high 27.6 (2.8) 31.3 (3.2) 58.5 (5.4) 
Total 100.0  100.0  100.0  
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c. Percentage of operations by how often pooled milk was fed to preweaned 
heifers, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level  Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 23.8 (6.0) 50.4 (3.5) 43.6 (4.9) 45.4 (8.9) 
Low 1.6 (1.4) 10.0 (2.2) 5.8 (2.0) 4.4 (3.1) 
Moderate 5.5 (3.1) 5.4 (1.5) 3.9 (1.3) 5.2 (3.6) 
High 14.8 (4.1) 9.8 (2.2) 12.4 (3.4) 21.9 (9.4) 
Very high 54.3 (6.4) 24.4 (3.0) 34.3 (4.2) 23.1 (7.5) 
Total 100.0  100.0  100.0  100.0  
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Average risk scores were highest for large
operations (7.0) and operations in the West

d. Average risk score for use of pooled milk, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
4.2 (0.3) 4.1 (0.3) 7.0 (0.4) 4.3 (0.2) 

 

region (6.8), where the majority of operations
always fed pooled milk.

e. Average risk score for use of pooled milk, by region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

6.8 (0.6) 3.7 (0.3) 4.7 (0.4) 4.3 (0.7) 
 

Photo: Jason Lombard
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5. Pasteurization of
pooled milk

NOTE: Just over half of operations (53.9 percent) fed pooled milk to calves. In comparison, nearly 9 out of 10
operations (87.2 percent) fed waste milk to calves (table 7g, p38). A potential explanation for this difference is that
producers made a distinction between waste milk and pooled milk, although for the study’s purposes pooled milk
and waste milk were considered the same.

Pooled milk was fed to calves on 53.9 percent
of operations, and 0.9 percent of operations
pasteurized pooled milk prior to feeding. A

higher percentage of large operations
(75.6 percent) fed pooled milk to calves and
pasteurized pooled milk (13.3 percent).

The West region had the highest
percentage of operations (4.4 percent) that
fed pasteurized pooled milk. Very few

operations in the other regions pasteurized
pooled milk fed to preweaned heifers.

a. Percentage of operations that pasteurized pooled milk fed to preweaned heifers, 
by herd size 

 Herd Size (Number of Dairy Cows)   

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Pasteurization Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

Yes 0.6 (0.4) 0.3 (0.2) 13.3 (3.2) 0.9 (0.3) 
No 53.9 (3.3) 49.0 (3.5) 62.3 (4.8) 53.0 (2.5) 
Did not feed 
pooled milk 45.5 (3.3) 50.7 (3.5) 24.4 (4.0) 46.1 (2.5) 
Total 100.0  100.0  100.0  100.0  
 

b. Percentage of operations that pasteurized pooled milk fed to preweaned heifers, 
by region 

 Region 
 West Midwest Northeast Southeast 

Pasteurization Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

Yes 4.4 (1.1) 0.6 (0.5) 0.6 (0.4) 0.0   (--) 
No 71.8 (6.0) 49.0 (3.5) 55.8 (4.9) 54.6 (8.9) 
Did not feed 
pooled milk 23.8 (6.0) 50.4 (3.5) 43.6 (4.9) 45.4 (8.9) 
Total 100.0  100.0  100.0  100.0  
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6. Housing Half of operations (50.0 percent) never housed
preweaned heifers near cows.

 a. Percentage of operations that housed preweaned heifers near cows, by risk 
level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never housed preweaned                 
heifers near cows 50.0 (2.3) 

Low 3 

Housed near cows only when 
necessary, only for short periods of 
time, no run-off possible, and 
minimal or no direct contact 

21.4 (2.1) 

Moderate 5 
Housed near cows only for short 
periods of time, where run-off is 
possible, and minimal direct contact 

6.0 (1.2) 

High 7 
Housed next to cows for short 
periods of time, where run-off is 
possible, and direct contact probable 

3.9 (1.1) 

Very high 10 Always housed near cows 18.7 (2.0) 
Total NA  100.0  

The majority of large operations (86.4 percent)
and medium operations (64.3 percent) never
housed preweaned heifers near cows.

b. Percentage of operations that housed preweaned heifers near cows, by risk level 
and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 44.1 (3.0) 64.3 (3.4)  86.4 (4.0) 
Low 23.0 (2.7) 17.9 (3.0) 8.4 (3.4) 
Moderate 5.9 (1.5) 6.6 (1.8) 1.2 (1.2) 
High 4.8 (1.5) 1.7 (0.8) 0.0   (--) 
Very high 22.2 (2.6) 9.5 (2.0) 4.0 (1.9) 
Total 100.0  100.0  100.0  
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c. Percentage of operations that housed preweaned heifers near cows, by risk level 
and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error  Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 63.9 (6.1) 53.6 (3.3) 39.6 (3.9) 45.5 (9.2) 
Low 20.0 (5.9) 23.1 (3.0) 19.3 (3.4) 16.9 (8.4) 
Moderate 3.2 (2.0) 6.5 (1.8) 5.7 (2.2) 4.6 (3.1) 
High 0.0   (--) 3.1 (1.1) 6.6 (3.1) 4.4 (3.1) 
Very high 12.9 (4.1) 13.7 (2.3) 28.8 (4.7) 28.6 (7.9) 
Total 100.0  100.0  100.0  100.0  
 

Average risk scores decreased as herd size
increased. Operations in the West region had
lower average risk scores (2.0) than operations
in the Northeast region (4.2).

d. Average risk score for housing preweaned heifers near cows, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 

Error Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

3.5 (0.2) 1.9 (0.2) 0.7 (0.2) 3.1 (0.2) 
 

e. Average risk score for housing preweaned heifers near cows, by region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

2.0 (0.4) 2.6 (0.2) 4.2 (0.4) 3.9 (0.7) 
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7. Cow-manure
contamination in
milk, feed, water,
or housing areas

Nearly two out of three operations (64.1
percent) had no cow-manure contamination in
milk, feed, water, or the housing areas used for
preweaned heifers.

 a. Percentage of operations by cow-manure contamination in milk, feed, water, or 
the housing areas used for preweaned heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No cow-manure contamination 64.1 (2.3) 

Low 3 
Trace amounts of manure visible, waterers 
and feeders cleaned more than once a 
month 

24.6 (2.1) 

Moderate 5 Some manure visible, waterers and 
feeders cleaned less than once a month 8.8 (1.3) 

High 7 Large amounts of manure visible, waterers 
and feeders not cleaned regularly 1.8 (0.8) 

Very high 10 Extensive manure contamination 0.7 (0.3) 
Total NA  100.0  

A higher percentage of large operations (86.7
percent) did not have any cow-manure
contamination in milk, feed, water, or the

housing areas used for preweaned heifers
compared to medium and small operations (71.7
percent and 60.8 percent, respectively).

b. Percentage of operations by cow-manure contamination in milk, feed, water, or 
the housing areas used for preweaned heifers, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small 

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 60.8 (3.0) 71.7 (3.2) 86.7 (3.5) 
Low 26.5 (2.7) 20.5 (2.8) 9.4 (3.0) 
Moderate 9.8 (1.7) 6.2 (1.8) 3.9 (1.9) 
High 2.3 (1.0) 0.3 (0.3) 0.0   (--) 
Very high 0.6 (0.3) 1.3 (0.7) 0.0   (--) 
Total 100.0  100.0  100.0  
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c. Percentage of operations by cow-manure contamination in milk, feed, water, or 
the housing areas used for preweaned heifers, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error  Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 75.6 (5.3) 65.8 (3.3) 53.6 (4.1) 79.0 (5.9) 
Low 14.2 (4.1) 23.7 (2.9) 32.2 (4.0) 12.7 (5.0) 
Moderate 7.9 (3.3) 8.0 (1.7) 11.2 (2.7) 6.4 (3.7) 
High 0.0   (--) 2.1 (1.0) 2.2 (1.6) 0.0 (0.0) 
Very high 2.3 (1.7) 0.4 (0.3) 0.8 (0.5) 1.9 (1.8) 
Total 100.0  100.0  100.0  100.0  
 
d. Average risk score for cow-manure contamination in milk, feed, water, or the 

housing areas used for preweaned heifers, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.5 (0.1) 1.1 (0.1) 0.5 (0.1) 1.4 (0.1) 
 

e. Average risk score for cow-manure contamination in milk, feed, water, or 
housing areas used for preweaned heifers, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
1.1 (0.3) 1.3 (0.1) 1.8 (0.2) 0.9 (0.3) 
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8. Preweaned
heifer calves
average total risk
scores

Four risk areas were used to calculate total risk
scores. The highest possible risk score was 45.
Scores from these areas contributed to the

average total risk score. Large operations had
the highest average total risk score (16.9) for
preweaned heifers.

Average total risk score for operations in the
Midwest region (12.9) was lower than scores
for operations in the West and Northeast regions
(17.8 and 16.0, respectively).

a. Average total risk score for operations housing preweaned heifers, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

14.6 (0.6) 12.7 (0.6) 16.9 (0.8) 14.3 (0.4) 
 

b. Average total risk score for operations housing preweaned heifers, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

17.8 (1.0) 12.9 (0.6) 16.0 (0.8) 14.5 (1.2) 
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D. PD. PD. PD. PD. Postweaned Heifer Calostweaned Heifer Calostweaned Heifer Calostweaned Heifer Calostweaned Heifer Calvesvesvesvesves

NOTE: Some tables in this section represent questions or observations where risk levels were
not assigned.

Overall, 90.9 percent of operations housed
postweaned heifers. Seven out of 10 large
operations (74.0 percent) housed postweaned
heifers compared to 93.3 percent of small
operations. Since only 63.9 percent of large
operations (see section C.1.a.) retained heifer

calves born on the operation, which is less than
the 74.0 percent of large operations that housed
postweaned heifers, it appears that some large
operations brought back postweaned heifers
from offsite rearing.

a. Percentage of operations that normally housed postweaned heifers, by            
herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

93.3 (1.8) 86.4 (2.2) 74.0 (3.8) 90.9 (1.4) 
 
b. Percentage of operations that normally housed postweaned heifers, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

88.1 (2.8) 90.9 (2.1) 93.9 (1.7) 81.0 (5.5) 
 

1. Postweaned
heifers on premises
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2. Postweaned
heifer calf housing

One-fifth of all operations (20.8 percent)
always housed postweaned heifers near cows.

 a. Percentage of operations that housed postweaned heifers near cows, by risk 
level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never housed postweaned heifers              
near cows 47.3 (2.4) 

Low 3 
Housed near cows only when necessary, 
only for short periods of time, no runoff 
possible, and minimal or no direct contact 

18.4 (1.8) 

Moderate 5 
Housed near cows only for short periods 
of time, where runoff possible, and 
minimal direct contact 

8.0 (1.3) 

High 7 
Housed next to cows for short periods of 
time, where runoff possible, and direct 
contact probable 

5.5 (1.3) 

Very high 10 Always housed near cows 20.8 (2.1) 
Total NA  100.0  

The majority of large operations (71.7 percent)
and medium operations (59.8 percent) never
housed postweaned heifers near cows.

b. Percentage of operations that housed postweaned heifers near cows, by risk 
level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small 

(Less than 100) 
Medium 
(100-499) 

Large 
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 42.5 (3.0) 59.8 (3.6) 71.7 (5.0) 
Low 18.9 (2.3) 18.1 (2.8) 9.4 (3.5) 
Moderate 8.4 (1.7) 7.1 (1.8) 4.2 (1.8) 
High 6.3 (1.7) 3.0 (1.8) 2.3 (1.4) 
Very high 23.9 (2.8) 12.0 (2.3) 12.4 (3.8) 
Total 100.0  100.0  100.0  
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c. Percentage of operations that housed postweaned heifers near cows, by risk 
level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 54.0 (5.6) 52.8 (3.4) 33.9 (3.7) 46.5 (9.8) 
Low 12.7 (3.5) 20.0 (2.6) 19.6 (3.4) 5.2 (3.1) 
Moderate 7.6 (3.0) 8.0 (1.9) 8.0 (2.5) 7.8 (4.2) 
High 7.3 (4.7) 3.4 (1.2) 8.8 (3.6) 7.6 (4.1) 
Very high 18.4 (4.3) 15.8 (2.6) 29.7 (4.9) 32.9 (8.2) 
Total 100.0  100.0  100.0  100.0  
 

Average risk scores for small operations were
twice as high as those for large operations.

d. Average risk score for housing postweaned heifers near cows, by herd size 
Herd Size (Number of Dairy Cows)   

Small              
(Less than 100) 

Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

3.8 (0.2) 2.3 (0.2) 1.9 (0.4) 3.4 (0.2) 
 

Operations in the Northeast region had higher
average risk scores than operations in the West
and Midwest regions.

e. Average risk score for housing postweaned heifers near cows, by region 
Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

3.1 (0.4) 2.8 (0.3) 4.6 (0.3) 4.4 (0.9) 
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NOTE:  Because the practices represented in the following tables are perceived to be of lower risk, the risk scale was
set at 0 to 5, rather than 0 to 10.

3. Cow-manure
contamination of
feed, water, or
housing areas

The majority of operations (59.8 percent) had
no cow-manure contamination of feed, water, or
the housing areas of postweaned heifers.

 a. Percentage of operations by cow-manure contamination of feed, water, or the 
housing areas used for postweaned heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No cow-manure contamination 59.8 (2.5) 

Low 1 
Trace amounts of manure visible, 
waterers and feeders cleaned more than 
once a month 

20.5 (2.1) 

Moderate 2 Some manure visible, waterers and 
feeders cleaned less than once a month 11.9 (1.6) 

High 3 
Large amounts of manure visible, 
waterers and feeders not cleaned 
regularly 

4.9 (1.0) 

Very high 5 Extensive manure contamination 2.9 (0.9) 
Total NA  100.0  

b. Percentage of operations by cow-manure contamination of feed, water, or the 
housing areas used for postweaned heifers, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 57.0 (3.2) 67.7 (3.5) 71.1 (5.0) 
Low 21.6 (2.6) 17.5 (2.7) 16.1 (4.1) 
Moderate 12.2 (2.1) 11.6 (2.5) 5.6 (2.6) 
High 5.8 (1.4) 2.3 (1.0) 2.4 (1.4) 
Very high 3.4 (1.2) 0.9 (0.6) 4.8 (2.3) 
Total 100.0  100.0  100.0  
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c. Percentage of operations by cow-manure contamination of feed, water, or the 
housing areas used for postweaned heifers, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None  69.0 (5.2) 61.7 (3.4) 50.0 (4.8) 74.5 (8.6) 
Low 8.9 (2.6) 18.5 (2.6) 29.6 (4.7) 14.0 (7.1) 
Moderate 11.6 (3.8) 9.8 (2.1) 17.7 (3.7) 5.1 (5.2) 
High 5.9 (2.6) 6.4 (1.7) 2.7 (1.2) 0.0 (0.0) 
Very high 4.6 (2.2) 3.6 (1.5) 0.0 (0.0) 6.4 (3.5) 
Total 100.0  100.0  100.0  100.0  
 

Average risk scores across all herd sizes and
regions were similar.

d. Average risk score for cow-manure contamination of feed, water, or housing 
areas used for postweaned heifers, by herd size 

Herd Size (Number of Dairy Cows)   
Small              

(Less than 100) 
Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.8 (0.1) 0.5 (0.1) 0.6 (0.1) 0.7 (0.1) 
 

e. Average risk score for cow-manure contamination of feed, water, or housing 
areas used for postweaned heifers, by region 

Region 
West Midwest Northeast Southeast 

Score Std. Error Score Std. Error Score Std. Error Score Std. Error 
0.7 (0.1) 0.8 (0.1) 0.7 (0.1) 0.6 (0.2) 
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4. Shared feed,
water, or housing

On a majority of operations (63.1 percent),
postweaned heifers never shared feed
(including leftover feed—weighbacks), water,

or housing with cows, while one in six
operations (17.7 percent) always shared these
items.

 a. Percentage of operations by how often postweaned heifers shared feed 
(including leftover feed—weighbacks), water, or housing with cows, and by risk 
level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never shared feed, water, or housing 63.1 (2.4) 

Low 1 
Shared feed, water, or housing only 
when necessary or by mistake and less 
than once a month 

7.7 (1.5) 

Moderate 2 Shared feed, water, or housing two to 
five times per month 5.3 (1.1) 

High 3 Shared feed, water, or housing more 
often than not 6.2 (1.3) 

Very high 5 Always shared feed, water, or housing 17.7 (2.0) 
Total NA  100.0  

Photo: USDA photo collection
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A higher percentage of large and medium
operations (75.7 percent and 72.3 percent,
respectively) never shared feed, water, or the
housing of postweaned heifers with cows than
did small operations (59.7 percent).

b. Percentage of operations by how often postweaned heifers shared feed 
(including leftover feed—weighbacks), water, or housing with cows, and by risk 
level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 59.7 (3.1) 72.3 (3.2) 75.7 (4.6) 
Low 8.1 (1.9) 7.3 (1.7) 2.4 (1.3) 
Moderate 5.4 (1.5) 4.4 (1.4) 9.0 (2.8) 
High 7.1 (1.7) 4.0 (1.4) 0.0   (--) 
Very high 19.7 (2.5) 12.0 (2.5) 12.9 (3.8) 
Total 100.0  100.0  100.0  

 
c. Percentage of operations by how often postweaned heifers shared feed 

(including leftover feed—weighbacks), water, or housing with cows, and by risk 
level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Pct. 
Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error Pct. 

Std. 
Error 

None 79.6 (4.0) 65.3 (3.3) 53.1 (4.8) 63.8 (10.1) 
Low 3.0 (1.7) 6.6 (1.8) 10.1 (3.3) 14.7 (9.2) 
Moderate 8.4 (2.9) 3.9 (1.4) 8.2 (2.8) 0.3 (0.3) 
High 1.7 (1.2) 6.9 (1.9) 7.3 (2.2) 0.0 (0.0) 
Very high 7.3 (2.4) 17.3 (2.7) 21.3 (3.9) 21.2 (7.9) 
Total 100.0    100.0  100.0  100.0  
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The West region had a lower average risk score
(0.6) than the Midwest, Northeast, and
Southeast regions (1.2, 1.5, and 1.2,
respectively).

A higher percentage of small operations (18.8
percent) than large operations (3.6 percent)
allowed postweaned heifers and cows to share

waterers. Overall, 16.5 percent of operations
allowed postweaned heifers and cows to share
waterers.

f. Percentage of operations that allowed postweaned heifers to share waterers 
with cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

18.8 (2.5) 10.5 (1.9) 3.6 (1.6) 16.5 (1.9) 
 

e. Average risk score for postweaned heifers sharing feed, water, or housing with 
cows, by region 

Region 

West Midwest Northeast Southeast 
Score Std. Error Score Std. Error Score Std. Error Score Std. Error 

0.6 (0.1) 1.2 (0.1) 1.5 (0.2) 1.2 (0.4) 
 

d. Average risk score for postweaned heifers sharing feed, water, or housing with 
cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small              

(Less than 100) 
Medium            
(100-499) 

Large              
(500 or More) 

All                
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.1) 0.9 (0.1) 0.8 (0.2) 1.3 (0.1) 
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g. Percentage of operations that allowed postweaned heifers to share waterers 
with cows, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

10.8 (3.3) 19.0 (2.8) 11.4 (2.7) 24.0 (8.5) 
 

Postweaned heifers and cows shared feed-bunk
space on only 10.6 percent of operations. A
lower percentage of large operations (2.5
percent) than medium or small operations (6.8

percent and 12.1 percent, respectively) allowed
postweaned heifers and cows to share feed-
bunk space.

h. Percentage of operations that allowed postweaned heifers to share feed-bunk 
space with cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

12.1 (2.1) 6.8 (1.7) 2.5 (1.3) 10.6 (1.6) 
 
i. Percentage of operations that allowed postweaned heifers to share feed-bunk 

space with cows, by region 
Region 

West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

5.7 (2.4) 12.3 (2.4) 8.1 (2.6) 13.1 (6.7) 
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5. Shared pasture
with cows

Postweaned heifers were never allowed to share
pasture with cows on 76.7 percent of
operations.

 a. Percentage of operations by how often postweaned heifers shared pasture with 
cows, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never shared pasture 76.7 (2.3) 

Low 1 Shared pasture only when heifers 
escape 5.9 (1.2) 

Moderate 2 Shared pasture less than 25 percent of 
the time 5.7 (1.3) 

High 3 
Shared pasture more than 25 percent 
of the time but less than 100 percent of 
the time 

6.2 (1.4) 

Very high 5 Always shared pasture 5.5 (1.2) 
Total NA  100.0  

Only 3.6 percent of large operations allowed
postweaned heifers and cows to share pasture.

b. Percentage of operations by how often postweaned heifers shared pasture with 
cows, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 72.5 (3.0) 87.7 (2.0) 96.4 (2.0) 
Low 6.3 (1.5) 5.6 (1.3) 0.9 (0.8) 
Moderate 6.9 (1.7) 2.3 (0.9) 0.0   (--) 
High 7.6 (1.8) 1.9 (0.8) 2.7 (1.8) 
Very high 6.7 (1.5) 2.5 (1.0) 0.0   (--) 
Total 100.0  100.0  100.0  
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The majority of operations in all regions never
allowed postweaned heifers to share pasture
with cows.

c. Percentage of operations by how often postweaned heifers shared pasture with 
cows, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 93.2 (3.0) 78.2 (3.0) 70.9 (4.8) 63.2 (9.5) 
Low 0.3 (0.3) 6.2 (1.6) 5.7 (2.3) 13.1 (5.2) 
Moderate 3.3 (2.3) 3.8 (1.3) 9.6 (3.5) 8.6 (6.2) 
High 1.7 (1.0) 6.0 (1.9) 8.3 (2.9) 5.0 (3.6) 
Very high 1.5 (1.5) 5.8 (1.7) 5.5 (1.9) 10.1 (6.2) 
Total 100.0  100.0  100.0  100.0  
 

Average risk scores were low for all herd sizes
but decreased as herd size increased.

d. Average risk score for postweaned heifers sharing pasture with cows, by herd 
size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.8 (0.1) 0.3 (0.1) 0.1 (0.1) 0.6 (0.1) 
 
e. Average risk score for postweaned heifers sharing pasture with cows, by 

region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.2 (0.1) 0.6 (0.1) 0.8 (0.1) 1.0 (0.3) 
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6. Manure spread
on pasture or
harvested forage

A majority of operations (58.4 percent) never
spread manure on forage ground grazed by or
harvested for postweaned heifers.

 a. Percentage of operations that spread manure on forage ground grazed by or 
harvested for postweaned heifers, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never spread manure on pasture 58.4 (2.4) 

Low 1 Manure spread on pasture only when 
no other option 12.3 (1.6) 

Moderate 2 
Manure spread on pasture to be 
grazed or harvested between 0 and 2 
months after spreading 

19.5 (1.9) 

High 3 
Manure spread routinely on pasture 
to be grazed or harvested when 
forage matures, regardless of time 

5.4 (1.0) 

Very high 5 Always spread manure on pasture 4.4 (1.0) 
Total NA  100.0  

b. Percentage of operations that spread manure on forage ground grazed by or 
harvested for postweaned heifers, by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 59.4 (3.1) 54.2 (3.7) 62.4 (5.3) 
Low 12.5 (2.0) 12.4 (2.3) 8.1 (3.5) 
Moderate 19.8 (2.5) 19.7 (3.0) 10.3 (3.4) 
High 3.6 (1.0) 10.9 (2.7) 9.7 (3.0) 
Very high 4.7 (1.3) 2.8 (1.0) 9.5 (2.9) 
Total 100.0  100.0  100.0  
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c. Percentage of operations that spread manure on forage ground grazed by or 
harvested for postweaned heifers, by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 60.1 (5.5) 60.8 (3.5) 51.7 (4.3) 63.5 (8.9) 
Low 4.3 (1.9) 12.6 (2.2) 13.4 (2.8) 16.5 (7.6) 
Moderate 7.7 (2.8) 20.1 (2.8) 24.4 (3.8) 6.1 (3.5) 
High 21.9 (5.8) 3.5 (1.2) 4.7 (1.5) 4.1 (2.8) 
Very high 6.0 (2.1) 3.0 (1.3) 5.8 (2.2) 9.8 (4.3) 
Total 100.0  100.0  100.0  100.0  
 

Average risk was low for all herd sizes and
regions.

d. Average risk score for spreading manure on forage ground grazed by or 
harvested for postweaned heifers, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.9 (0.1) 1.0 (0.1) 1.1 (0.2) 0.9 (0.1) 
 
e. Average risk score for spreading manure on forage ground grazed by or 

harvested for postweaned heifers,  by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.2 (0.2) 0.8 (0.1) 1.1 (0.1) 0.9 (0.2) 
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7. Manure
contamination of
equipment used to
feed postweaned
heifers

More than 6 out of 10 operations (61.3 percent)
had no manure contamination of equipment
used to feed postweaned heifers. Large or
extensive manure contamination of equipment
was rare (2.4 percent of operations).

 a. Percentage of operations by manure contamination of equipment used to feed 
postweaned heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 61.3 (2.5) 

Low 1 
Trace amounts of manure visible, 
feeding equipment cleaned more than 
once a month 

26.3 (2.3) 

Moderate 2 
Some manure visible, feeding 
equipment cleaned less than once a 
month 

10.0 (1.5) 

High 3 
Large amounts of manure visible, 
feeding equipment not cleaned 
regularly 

0.9 (0.4) 

Very high 5 Extensive manure contamination 1.5 (0.5) 
Total NA  100.0  

 b. Percentage of operations by manure contamination of equipment used to feed 
postweaned heifers, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 60.3 (3.2) 66.4 (3.5) 62.2 (5.4) 
Low 28.0 (3.0) 20.5 (2.7) 25.2 (4.9) 
Moderate 10.7 (1.9) 8.1 (2.1) 8.9 (2.8) 
High 0.4 (0.4) 2.4 (1.3) 2.7 (1.9) 
Very high 0.6 (0.5) 4.6 (1.6) 1.0 (1.0) 
Total 100.0  100.0  100.0  
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The average risk score was low across all herd
sizes and regions.

d. Average risk score for manure contamination of equipment used to feed 
postweaned heifers, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.5 (0.0) 0.7 (0.1) 0.6 (0.1) 0.6 (0.0) 
 
e. Average risk score for manure contamination of equipment used to feed 
postweaned heifers, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.7 (0.1) 0.5 (0.1) 0.6 (0.1) 0.6 (0.2) 
 

c. Percentage of operations by manure contamination of equipment used to feed 
postweaned heifers, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 59.9 (5.4) 63.5 (3.4) 56.4 (4.9) 64.8 (9.7) 
Low 25.7 (4.9) 24.7 (3.1) 30.6 (4.7) 21.9 (9.3) 
Moderate 5.9 (2.4) 10.0 (2.0) 11.7 (3.1) 8.5 (5.8) 
High 3.2 (1.7) 0.6 (0.4) 1.0 (1.0) 0.0   (--) 
Very high 5.3 (2.4) 1.2 (0.7) 0.3 (0.2) 4.8 (3.2) 
Total 100.0  100.0  100.0  100.0  
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8. Postweaned
heifer calves
average total
risk scores

Six questions from the risk assessment were
used to evaluate risk areas. The highest possible
risk score was 35. Scores from these areas

contributed to the average total risk score.
Average total risk scores for postweaned heifers
were highest for small operations.

a. Average total risk score for operations housing postweaned heifers, by herd 
size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

8.2 (0.5) 5.6 (0.4) 5.1 (0.6) 7.5 (0.4) 
 

Average total risk scores for the Midwest region
(6.7) were lower than scores for the Northeast
region (9.2).

b. Average total risk score for operations housing postweaned heifers, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
6.6 (0.7) 6.7 (0.5) 9.2 (0.6) 8.8 (1.7) 
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E. Bred HeifersE. Bred HeifersE. Bred HeifersE. Bred HeifersE. Bred Heifers

1. Bred heifers
on premises

Bred heifers were normally housed from the
time they were bred until they calved on 87.5
percent of operations. A higher percentage of

a. Percentage of operations that normally housed bred heifers from the time they 
were bred until they calved, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent  

Std. 
Error 

90.1 (2.0) 82.6 (2.5) 69.9 (4.0) 87.5 (1.6) 
 

small operations (90.1 percent) housed bred
heifers than large operations (69.9 percent).
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b. Percentage of operations that normally housed bred heifers from the time they 
were bred until they calved, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

83.2 (3.1) 86.6 (2.4) 92.6 (2.1) 79.8 (6.0) 
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2. Bred-heifer
housing

NOTE: The risk scale for practices represented in the following tables is 0 to 4.

Nearly one out of two operations (49.1 percent)
always housed bred heifers near cows.

 a. Percentage of operations that housed bred heifers near cows, by risk level 
Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never housed near cattle 20.5 (2.0) 

Low 1 

Housed near cows only when 
necessary, only for short periods of 
time, no run-off possible, and minimal 
or no direct contact 

11.5 (1.5) 

Moderate 2 
Housed near cows only for short 
periods of time, where run-off is 
possible, and minimal direct contact 

5.5 (1.3) 

High 3 
Housed next to cows for short 
periods of time, where run-off 
possible, and direct contact probable 

13.4 (1.7) 

Very high 4 Always housed bred heifers near          
cows 49.1 (2.6) 

Total NA  100.0  
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b. Percentage of operations that housed bred heifers near cows, by risk level and 
herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 17.7 (2.5) 27.2 (3.5) 36.1 (5.2) 
Low 11.4 (1.9) 11.5 (2.2) 12.2 (3.1) 
Moderate 6.0 (1.7) 3.5 (1.0) 7.4 (2.6) 
High 12.5 (2.1) 17.3 (2.9) 8.8 (2.8) 
Very high 52.4 (3.4) 40.5 (3.6) 35.5 (5.4) 
Total 100.0  100.0  100.0  
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c. Percentage of operations that housed bred heifers near cows, by risk level and 
region 

                         Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 33.5 (6.0) 20.0 (3.1) 17.7 (3.0) 19.9 (5.8) 
Low 10.0 (3.2) 11.9 (2.2) 13.2 (2.8) 1.5 (0.8) 
Moderate 3.8 (1.7) 2.9 (1.1) 10.9 (3.7) 5.4 (3.7) 
High 10.7 (4.4) 13.1 (2.2) 15.4 (3.1) 10.3 (9.3) 
Very high 42.0 (6.0) 52.1 (3.7) 42.8 (5.0) 62.9 (8.6) 
Total 100.0  100.0  100.0  100.0  
 

All herd sizes and regions had average risk
scores in the moderate- to high-risk range.

d. Average risk score for bred-heifer housing, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
2.7 (0.1) 2.3 (0.1) 2.0 (0.2) 2.6 (0.1) 

 
e. Average risk score bred-heifer housing, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

2.2 (0.2) 2.7 (0.1) 2.5 (0.1) 2.9 (0.2) 
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3. Cow-manure
contamination in
feed, water, or
housing areas

 a. Percentage of operations by cow-manure contamination in feed, water, or bred-
heifer housing areas, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 31.2 (2.3) 

Low 1 
Trace amounts of manure visible, 
waterers and feeders cleaned more 
than once a month 

30.5 (2.4) 

Moderate 2 
Some manure visible, waterers and 
feeders cleaned less than once a 
month 

20.3 (2.1) 

High 3 
Large amounts of manure visible, 
waterers and feeders not cleaned 
regularly 

5.0 (1.1) 

Very high 4 Extensive manure contamination 13.0 (1.7) 
Total NA  100.0  

Over half of large operations (52.4 percent) had
no manure contamination of feed, water, or
bred-heifer housing areas.

 b. Percentage of operations by cow-manure contamination in feed, water, or bred-
heifer housing areas, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 28.0 (2.9) 38.3 (3.7) 52.4 (5.4) 
Low 31.4 (3.1) 29.9 (3.3) 16.8 (3.9) 
Moderate 23.0 (2.7) 12.0 (2.1) 14.4 (3.9) 
High 5.1 (1.4) 5.4 (1.7) 2.4 (1.6) 
Very high 12.5 (2.2) 14.4 (2.9) 14.0 (3.7) 
Total 100.0  100.0  100.0  
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The average risk score across all herd sizes for
cow-manure contamination in feed, water, or
bred-heifer housing areas was 1.4 (low to
moderate risk).

c. Average risk score for cow-manure contamination in feed, water, or bred-heifer 
housing areas, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.1) 1.3 (0.1) 1.1 (0.2) 1.4 (0.1) 
 
d. Average risk score for cow-manure contamination in feed, water, or bred-heifer 

housing areas, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.2) 1.4 (0.1) 1.3 (0.1) 1.4 (0.2) 
 

4. Shared feed,
water, or housing

On 47.5 percent of operations, bred heifers
always shared feed, water, or housing with
cows.

 a. Percentage of operations by how often bred heifers shared feed (including 
leftover feed—weighbacks), water, or housing with cows, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never shared feed, water, or housing 25.8 (2.2) 

Low 1 
Shared feed, water, or housing only 
when necessary or by mistake and 
less than once a month 

10.0 (1.4) 

Moderate 2 Shared feed, water, or housing two to 
five times per month 6.5 (1.1) 

High 3 Shared feed, water, or housing more 
often than not 10.2 (1.7) 

Very high 4 Always shared feed, water, or 
housing 47.5 (2.7) 

Total NA  100.0  
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b. Percentage of operations by how often bred heifers shared feed (including 
leftover feed—weighbacks), water, or housing with cows, and by risk level and 
herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 23.8 (2.8) 30.3 (3.3) 36.9 (5.1) 
Low 8.9 (1.7) 13.6 (2.8) 10.3 (3.1) 
Moderate 5.6 (1.3) 8.7 (2.0) 10.7 (3.2) 
High 10.6 (2.2) 9.8 (2.2) 5.7 (1.8) 
Very high 51.1 (3.4) 37.6 (3.8) 36.4 (5.4) 
Total 100.0  100.0  100.0  
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Average risk level for all herd sizes and regions
was in the moderate-to-high range.

d. Average risk score for bred heifers sharing feed, water, or housing with cows, 
by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

2.6 (0.1) 2.1 (0.1) 1.9 (0.2) 2.4 (0.1) 
 
e. Average risk score for bred heifers sharing feed, water, or housing with cows, 

by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.9 (0.2) 2.5 (0.1) 2.4 (0.1) 2.5 (0.2) 
 

c. Percentage of operations by how often bred heifers shared feed (including 
leftover feed—weighbacks), water, or housing with cows, and by risk level and 
region 

                         Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 30.1 (5.1) 24.5 (3.3) 26.7 (3.6) 26.6 (6.6) 
Low 19.6 (5.6) 9.3 (2.0) 9.0 (2.4) 6.6 (3.9) 
Moderate 11.8 (3.6) 5.1 (1.2) 8.4 (2.6) 3.0 (2.7) 
High 4.4 (1.8) 9.3 (2.1) 11.7 (3.6) 20.8 (10.2) 
Very high 34.1 (5.7) 51.8 (3.7) 44.2 (5.1) 43.0 (9.1) 
Total 100.0  100.0  100.0  100.0  
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A larger percentage of small operations (65.1
percent) allowed bred heifers to share waterers
with cows than did medium and large
operations (52.5 percent and 39.7 percent,

respectively). Overall, 61.3 percent of
operations allowed bred heifers to share
waterers with cows.

f. Percentage of operations that allowed bred heifers to share waterers with cows, 
by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

65.1 (3.1) 52.5 (3.7) 39.7 (5.5) 61.3 (2.4) 
 
g. Percentage of operations that allowed bred heifers to share waterers with 

cows, by region 
Region 

West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

40.4 (5.6) 63.8 (3.5) 64.1 (4.1) 54.7 (8.9) 
 

A majority of operations (51.6 percent) allowed
bred heifers to share feed-bunk space with
cows. A higher percentage of  small operations
(54.1 percent) shared feed-bunk space than
large operations (32.7 percent).

h. Percentage of operations that allowed bred heifers to share feed-bunk space 
with cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

54.1 (3.3) 46.9 (3.9) 32.7 (5.4) 51.6 (2.6) 
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Operations in the West region were less likely to
allow bred heifers and cows share feed-bunk
space than operations in other regions.

5. Shared pasture
with cows

Bred heifers shared pasture with cows on more
than half of operations (56.4 percent).

 a. Percentage of operations by how often bred heifers shared pasture with cows, 
and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never shared pasture 43.6 (2.5) 

Low 1 Shared pasture only when heifers 
escape 5.0 (1.3) 

Moderate 2 Shared pasture less than 25 percent of 
the time 14.4 (1.9) 

High 3 
Shared pasture more than 25 percent 
of the time but less than 100 percent of 
the time 

7.5 (1.3) 

Very high 4 Always shared pasture 29.5 (2.4) 
Total NA  100.0  

i. Percentage of operations that allowed bred heifers to share feed-bunk space 
with cows, by region 

Region 
West Midwest Northeast Southeast 

Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

29.2 (5.3) 54.1 (3.6) 53.6 (5.0) 53.5 (9.4) 
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Only 39.0 percent of small operations never
allowed bred heifers to share pasture with cows,
compared to 51.9 percent of medium operations
and 84.5 percent of large operations.

b. Percentage of operations by how often bred heifers shared pasture with cows, 
and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

Risk Level Percent 
Std.  
Error Percent 

Std.  
Error Percent 

Std.  
Error 

None 39.0 (3.2) 51.9 (3.5) 84.5 (4.0) 
Low 5.6 (1.7) 3.4 (1.2) 1.1 (0.8) 
Moderate 15.0 (2.4) 14.3 (2.9) 4.2 (1.9) 
High 6.6 (1.5) 10.8 (2.4) 6.1 (2.9) 
Very high 33.8 (3.1) 19.6 (3.0) 4.1 (2.3) 
Total 100.0  100.0  100.0  
 
Nearly 7 out of 10 operations in the West region
(66.7 percent) never allowed bred heifers to
share pasture with cows, compared to 45.6
percent of operations in the Midwest region,
35.6 percent in the Northeast region, and 28.8

percent in the Southeast region. This pattern
might reflect that operations in the West region
typically house cows in drylot or freestall
facilities instead of pasture.

c. Percentage of operations by how often bred heifers shared pasture with cows, 
and by risk level and region 

                         Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 66.7 (5.1) 45.6 (3.6) 35.6 (4.7) 28.8 (7.9) 
Low 2.1 (1.8) 4.7 (1.8) 2.1 (1.1) 26.5 (9.5) 
Moderate 12.8 (5.4) 11.9 (2.2) 21.6 (4.5) 5.4 (2.7) 
High 6.8 (3.0) 7.3 (1.8) 8.1 (2.3) 8.2 (4.8) 
Very high 11.6 (4.0) 30.5 (3.5) 32.6 (4.1) 31.1 (7.4) 
Total 100.0  100.0  100.0  100.0  
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Average risk scores were lower for large
operations (0.4) than small operations (1.9).

d. Average risk score for bred heifers sharing pasture with cows, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
1.9 (0.1) 1.4 (0.1) 0.4 (0.1) 1.7 (0.1) 

 
e. Average risk score for bred heifers sharing pasture with cows, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.9 (0.1) 1.7 (0.1) 2.0 (0.2) 1.9 (0.3) 
 

6. Manure spread
on pasture or
harvested forage

The majority of operations (54.0 percent) never
spread manure on forage ground grazed by or
harvested for bred heifers.

 a. Percentage of operations that spread manure on forage ground grazed by or 
harvested for bred heifers, by risk level  

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never spread manure on pasture 54.0 (2.4) 

Low 1 Manure spread on pasture only when 
no other option 13.3 (1.7) 

Moderate 2 
Manure spread on pasture to be grazed 
or harvested 0 to 2 months after 
spreading 

21.6 (2.1) 

High 3 
Manure spread routinely on pasture to 
be grazed or harvested when forage 
matures, regardless of time 

5.2 (1.0) 

Very high 4 Always spread manure on pasture 5.9 (1.2) 
Total NA  100.0  
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b. Percentage of operations that spread manure on forage ground grazed by or 
harvested for bred heifers, by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 48.4 (4.9) 59.1 (3.5) 47.9 (4.2) 44.0 (8.0) 
Low 5.5 (2.4) 12.8 (2.4) 12.2 (2.6) 35.7 (8.9) 
Moderate 14.5 (3.5) 20.6 (2.9) 28.3 (3.9) 7.9 (3.8) 
High 23.6 (5.3) 2.4 (1.1) 5.7 (2.1) 1.9 (1.2) 
Very high 8.0 (2.7) 5.1 (1.7) 5.9 (2.0) 10.5 (4.4) 
Total 100.0  100.0  100.0  100.0  
 
c. Average risk score for spreading manure on forage ground grazed by or 

harvested for bred heifers, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.9 (0.1) 1.1 (0.1) 1.2 (0.1) 0.9 (0.1) 
 
d. Average risk score for spreading manure on forage ground grazed by or 

harvested for bred heifers, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.1) 0.8 (0.1) 1.1 (0.1) 1.0 (0.1) 
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7. Manure
contamination of
equipment used to
feed bred heifers

There was no manure contamination of
equipment used to feed bred heifers on 54.0
percent of operations.

 a. Percentage of operations by manure contamination of equipment used to feed 
bred heifers, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 54.0 (2.6) 

Low 1 
Trace amounts of manure visible, 
feeding equipment cleaned more than 
once a month 

29.9 (2.4) 

Moderate 2 
Some manure visible, feeding 
equipment cleaned less than once a 
month 

12.1 (1.7) 

High 3 
Large amounts of manure visible, 
feeding equipment not cleaned 
regularly 

2.7 (0.8) 

Very high 4 Extensive manure contamination 1.3 (0.5) 
Total NA  100.0  

Photo: USDA photo collection
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Average risk scores were similar across all herd
sizes and regions.

8. Bred heifer
average total
risk scores

Six questions from the risk assessment were
used to evaluate risk areas. The highest possible
risk score was 24. Scores from these areas
contributed to the average total risk score.

Average total risk scores were lower for large
operations (7.2) than for small operations
(10.2). There were no regional differences in
average total risk scores for bred heifers.

a. Average total risk score for operations housing bred heifers, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

10.2 (0.4) 8.9 (0.5) 7.2 (0.6) 9.8 (0.3) 
 

b. Average risk score for manure contamination of equipment used to feed bred 
heifers, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.7 (0.1) 0.7 (0.1) 0.6 (0.1) 0.7 (0.0) 
 
c. Average risk score for manure contamination of equipment used to feed bred 

heifers, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.7 (0.1) 0.7 (0.1) 0.6 (0.1) 0.9 (0.2) 
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b. Average total risk score for operations housing bred heifers, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

8.4 (0.7) 9.8 (0.4) 9.9 (0.4) 10.6 (0.8) 
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FFFFF. Cows. Cows. Cows. Cows. Cows

1. Cow-manure
contamination of
feeders and
waterers

More than one out of two operations (55.5
percent) had only trace amounts of manure
visible on feeders or waterers and cleaned
feeders or waterers more frequently than once
a month.

 a. Percentage of operations by cow-manure contamination of feeders or waterers, 
and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 21.4 (1.8) 

Low 1 
Trace amounts of manure visible, 
waterers and feeders cleaned more than 
once a month 

55.5 (2.3) 

Moderate 2 Some manure visible, waterers and 
feeders cleaned less than once a month 19.4 (1.8) 

High 3 
Large amounts of manure visible, 
waterers and feeders not cleaned 
regularly 

2.6 (0.7) 

Very high 4 Extensive manure contamination 1.1 (0.5) 
Total NA  100.0  
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b. Average risk score for cow-manure contamination of feeders or waterers, by 
herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.1 (0.0) 1.1 (0.1) 1.0 (0.1) 1.1 (0.0) 
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2. Manure spread
on pasture or
harvested forage

Half of operations (50.1 percent) never spread
manure on forage ground grazed by or
harvested for cows.

 a. Percentage of operations by frequency that manure was spread on forage 
ground grazed by or harvested for cows, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 Never spread manure on pasture 50.1 (2.3) 

Low 1 Manure spread on pasture only when no 
other option 13.8 (1.6) 

Moderate 2 
Manure spread on pasture to be grazed 
or harvested between 0 to 2 months after 
spreading 

23.3 (2.0) 

High 3 
Manure spread routinely on pasture to be 
grazed or harvested when forage 
matures, regardless of time 

6.6 (1.0) 

Very high 4 Always spread manure on pasture 6.2 (1.1) 
Total NA  100.0  

c. Average risk score for cow-manure contamination of feeders or waterers,           
by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.1) 1.1 (0.0) 0.9 (0.1) 1.2 (0.1) 
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 b. Percentage of operations by frequency that manure was spread on forage 
ground grazed by or harvested for cows, and by risk level and herd size 

 Herd Size (Number of Dairy Cows) 

 
Small  

(Less than 100) 
Medium  

(100-499) 
Large  

(500 or More) 
Risk Level Percent Std. Error Percent Std. Error Percent Std. Error 
None 53.2 (3.0) 40.1 (3.1) 53.9 (4.6) 
Low 14.2 (2.0) 14.0 (2.4) 6.7 (2.2) 
Moderate 23.1 (2.5) 25.0 (3.0) 16.8 (3.6) 
High 4.3 (1.2) 12.2 (2.2) 13.1 (2.8) 
Very high 5.2 (1.3) 8.7 (2.0) 9.5 (2.6) 
Total  100.0  100.0  100.0  
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The average risk score for small operations
(0.9) was lower than the average risk score for
medium operations (1.4)

d. Average risk score for spreading manure on forage ground grazed by or 
harvested for cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.9 (0.1) 1.4 (0.1) 1.2 (0.1) 1.0 (0.1) 
 

The average risk score for operations in the
Midwest region (0.9) was lower than the
average risk score in the West region (1.4).

e. Average risk score for spreading manure on forage ground grazed by or 
harvested for cows, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.4 (0.1) 0.9 (0.1) 1.2 (0.1) 1.4 (0.2) 
 

c. Percentage of operations by frequency that manure was spread on forage 
ground grazed by or harvested for cows, and by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 49.3 (4.2) 56.0 (3.3) 42.7 (4.0) 29.9 (6.7) 
Low 3.1 (1.9) 12.7 (2.2) 14.6 (2.7) 35.3 (7.7) 
Moderate 14.0 (3.0) 23.5 (2.8) 29.2 (3.8) 10.0 (4.5) 
High 23.2 (4.7) 3.1 (1.1) 7.4 (2.2) 10.7 (4.3) 
Very high 10.4 (2.9) 4.7 (1.5) 6.1 (2.0) 14.1 (4.2) 
Total 100.0  100.0  100.0  100.0  
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3. Cow-manure
contamination of
feed storage area
and feeding
equipment

Almost half of all operations (49.6 percent) had
no manure visible in the feed-storage area or on
feeding equipment.

 a. Percentage of operations by cow-manure contamination of feed storage areas 
or feeding equipment, and by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No manure contamination 49.6 (2.3) 

Low 1 
Trace amounts of manure visible, feeding 
equipment cleaned more than once a 
month 

35.7 (2.3) 

Moderate 2 Some manure visible, feeding equipment 
cleaned less than once a month 10.3 (1.4) 

High 3 Large amounts of manure visible, feeding 
equipment not cleaned regularly 3.1 (0.9) 

Very high 4 Extensive manure contamination 1.3 (0.4) 
Total NA  100.0  
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b. Average risk score for cow-manure contamination of feed storage areas or 
feeding equipment, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.7 (0.1) 0.7 (0.1) 0.6 (0.1) 0.7 (0.0) 
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c. Average risk score for cow-manure contamination of feed storage areas or 
feeding equipment, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

0.9 (0.1) 0.7 (0.1) 0.6 (0.1) 0.9 (0.2) 
 

4. Cow-access to
manure storage
areas

The majority of operations (68.9 percent) never
allowed cows access to manure storage areas.
Cows in the West region always had access to
manure storage areas on nearly one-quarter
(24.1 percent) of operations.

 a. Percentage of operations by frequency that cows had access to manure 
storage areas, by risk level 

Risk 
Level 

Risk 
Score Risk-Level Description Percent 

Std. 
Error 

None 0 No access to manure storage 68.9 (2.1) 

Low 1 Access to manure storage occurs only 
by mistake, less than once a month 16.6 (1.7) 

Moderate 2 Access to manure storage occurs two to 
five times per month 2.8 (0.6) 

High 3 Access to manure storage occurs more 
often than not 3.2 (0.9) 

Very high 4 Always had access to manure storage 8.5 (1.3) 
Total NA  100.0  

b. Percentage of operations by frequency that cows had access to manure storage 
areas, by risk level and region 

 Region 
 West Midwest Northeast Southeast 

Risk Level Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

None 64.9 (4.8) 65.3 (3.1) 74.9 (3.8) 80.9 (5.7) 
Low 8.1 (2.6) 20.6 (2.7) 13.3 (2.7) 7.3 (3.8) 
Moderate 1.8 (1.3) 2.9 (0.8) 2.9 (1.3) 2.6 (2.5) 
High 1.1 (0.6) 3.4 (1.2) 4.0 (2.2) 0.5 (0.5) 
Very high 24.1 (4.1) 7.8 (1.8) 4.9 (2.0) 8.7 (4.1) 
Total 100.0  100.0  100.0  100.0  
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c. Average risk score for cow-access to manure storage areas, by herd size 
Herd Size (Number of Dairy Cows)   

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All 
Operations 

Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error Score 
Std. 

Error 
0.7 (0.1) 0.5 (0.1) 0.9 (0.1) 0.7 (0.1) 

 
d. Average risk score for cow-access to manure storage areas, by region 

Region 
West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

1.1 (0.2) 0.7 (0.1) 0.5 (0.1) 0.5 (0.2) 
 

5. Cows average
total risk scores

Four questions from the risk assessment were
used to evaluate risk areas. The highest possible
risk score was 16. Scores from these areas

contributed to the average total risk score.
Average total risk scores were similar across all
herd sizes.

a. Average total risk score for operations that housed cows, by herd size 

Herd Size (Number of Dairy Cows)   
Small  

(Less than 100) 
Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

3.4 (0.1) 3.7 (0.2) 3.7 (0.3) 3.5 (0.1) 
 

Average total risk scores for operations in the
West region (4.9) were higher than scores for
operations in the Midwest region (3.3) and
Northeast region (3.2).

b. Average total risk score for operations that housed cows, by region 
Region 

West Midwest Northeast Southeast 

Score 
Std. 
Error Score 

Std. 
Error Score 

Std. 
Error Score 

Std. 
Error 

4.9 (0.3) 3.3 (0.2) 3.2 (0.2) 4.0 (0.4) 
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G. TG. TG. TG. TG. Totototototal Risk Assessment Scoresal Risk Assessment Scoresal Risk Assessment Scoresal Risk Assessment Scoresal Risk Assessment Scores

Scores from all five age-class areas were
combined and an overall average total risk score
was calculated. The highest possible risk score
was 200. Calving area management had the
highest average risk score across all herd sizes
and regions and accounted for almost 50

percent of the total risk score. This was
expected, since this area has the highest
possible risk score points based on current
knowledge regarding MAP transmission. There
were no differences in average total risk scores
among operations of different sizes.

Average total risk scores were lower for the
Midwest region (64.4) than the Southeast region
(79.7).

a. Summary and overall average total risk scores for operations, by area and              
herd size 

  Herd Size (Number of Dairy Cows) 
 
 

Small  
(Less than 100) 

Medium  
(100-499) 

Large  
(500 or More) 

All  
Operations 

Area Score 
Std.  
Error Score 

Std.  
Error Score 

Std.  
Error Score 

Std.  
Error 

Calving 31.2 (0.7) 32.2 (0.7) 29.9 (0.8) 31.4 (0.5) 
Preweaned 
calves 14.6 (0.6) 12.7 (0.6) 16.9 (0.8) 14.3 (0.4) 

Postweaned 
calves 8.2 (0.5) 5.6 (0.4) 5.1 (0.6) 7.5 (0.4) 

Bred heifers 10.2 (0.4) 8.9 (0.5) 7.2 (0.6) 9.8 (0.3) 
Cows 3.4 (0.1) 3.7 (0.2) 3.7 (0.3) 3.5 (0.1) 
Overall* 68.7 (1.5) 63.9 (1.9) 65.8 (2.7) 67.6 (1.2) 
*Overall scores calculated only for those operations that housed all classes of dairy cattle. For total 
number of participants, see table 1c. in Appendix I. 
 

b. Summary and overall average total risk scores for operations, by area and 
region 

 Region 
 West Midwest Northeast Southeast 

Area Percent 
Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error Percent 

Std. 
Error 

Calving 34.8 (1.1) 30.5 (0.8) 30.6 (0.9) 38.0 (1.5) 
Preweaned 
calves 17.8 (1.0) 12.9 (0.6) 16.0 (0.8) 14.5 (1.2) 

Postweaned 
calves 6.6 (0.7) 6.7 (0.5) 9.2 (0.6) 8.8 (1.7) 

Bred heifers 8.4 (0.7) 9.8 (0.4) 9.9 (0.4) 10.6 (0.8) 
Cows 4.9 (0.3) 3.3 (0.2) 3.2 (0.2) 4.0 (0.4) 
Overall* 74.0 (3.2) 64.4 (1.8) 69.5 (2.0) 79.7 (3.8) 
*Overall scores only calculated for those operations that housed all classes of dairy cattle 
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Section III: Johne’s DiseaseSection III: Johne’s DiseaseSection III: Johne’s DiseaseSection III: Johne’s DiseaseSection III: Johne’s Disease
TTTTTestingestingestingestingesting
AAAAA. T. T. T. T. Testing Methodsesting Methodsesting Methodsesting Methodsesting Methods

1. Background Due to variable incubation periods and
differences in individual immune responses in
MAP infected cattle, none of the tests available
for Johne’s disease diagnosis is perfect. A
review of Johne’s disease diagnostic tests and
their characteristics has been described.41 42 43

Organism detection and measures of host
response are the two main categories of Johne’s
disease diagnostics. Organism-detection
methods are generally more expensive and
require more time to obtain results than host-
response methods.

Organism-detection methods include
identification of MAP through culture (tissues,
feces, and milk), histopathological, or
polymerase chain reaction (PCR) techniques.
MAP is commonly isolated by
mycobacteriological culture from feces, ileum,
and associated mesenteric lymph nodes during
advanced clinical disease. PCR techniques, with
results available in 3 to 4 days, have been
developed to identify the organism in tissues,
feces, and milk. Organism-detection tests for
Johne’s disease are officially recognized as the
definitive test for MAP infection by USDA’s
Uniform Program Standards for the Voluntary
Bovine Johne’s Disease Control Program (http:/
/www.aphis.usda.gov/vs/nahps/johnes/johnes-
umr.pdf, accessed 6/2004).

Evaluating host responses, including clinical
signs of disease, usually targets an animal’s
immune response to MAP. Several types of tests
aimed at measuring immune responses have
been developed; delayed type hypersensitivity

skin testing and lymphocyte stimulation assays
are measures of cell mediated immunity (CMI).
Positive tests are usually observed early in the
course of disease prior to the down regulation
of CMI and increase in humoral immunity.
Unfortunately, CMI tests are not specific for
MAP infection since other closely related
mycobacteria can produce cross-reactions.

Serologic tests are more commonly used for
diagnosis or herd screening and include the agar
gel immunodiffusion assay, complement
fixation, and ELISA. The most extensively used
immunological assays for routine diagnosis of
Johne’s disease are commercial ELISAs.

ELISAs also have been developed that evaluate
antibody concentrations in milk, but reported
sensitivities of these assays vary. The majority
of studies have reported that milk ELISAs are
routinely less sensitive than serum ELISAs,
using fecal culture as the standard. However,
one study reported a significant correlation
between serum ELISA and milk ELISA results
using a commercially available ELISA.44 Two
recent studies evaluating milk and serum
ELISAs compared to fecal culture showed
comparable, although low, sensitivities.45 46

Overall agreement—based on kappa statistics—
between the serum and milk ELISAs was
between 0.4 and 0.5.

Some animals infected with Johne’s disease
produce a humoral response prior to fecal
shedding, while other animals may shed MAP
for long periods before testing positive by
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ELISA. There does not appear to be a consistent
pattern of individual animals testing positive by
fecal culture and ELISA. One study found that
65 percent (26/40) of fecal shedders were
positive by an absorbed enzyme immunoassay
prior to or on first detection of MAP in feces.47

A more recent study using a kinetic ELISA
(KELA) in dairy cattle, suggests that fecal

shedding precedes the humoral response in the
majority of animals.48 Shedding of MAP has
also been reported prior to serological response
in sheep.49 When ELISA and fecal culture are
applied concurrently to cattle, different
populations of subclinically infected animals
will be detected.50

2. Individual fecal
culture

Fecal culture of the organism is one of the
definitive diagnostic tests for Johne’s disease in
cattle. This test is considered 100-percent
specific if no contamination of the fecal sample
has occurred. Passive shedding, or pass
through, is suspected when MAP is cultured
from feces and subsequent tissue cultures are
negative. Contamination may occur due to
passive shedding, manure sampling, and lab
error. One report suggests that cows would have
to consume 10,000 MAP organisms per day to
produce a single colony on culture, due to the
quantity of feces produced and the minute
amount sampled.33 However, culture of multiple
tissues was unable to detect MAP in 18
percent42 and 34 percent of fecal-culture

positive animals, suggesting passive shedding
was occuring.51  These results may be partially
explained by the imperfect sensitivity of fecal
culture.

The sensitivity of fecal culture, based on
repeated testing of animals or evaluation of
samples from known infected cattle, is reported
to be between 35 and 50 percent52 53 but
increases as animals progress through the stages
of disease.53 54 Other factors affecting sensitivity
include intermittent organism shedding or
organism shedding in levels below the threshold
of detection, which is close to one colony-
forming unit per 1 or 2 grams of feces.55 56 The
level of fecal shedding in individual cattle may
vary on a daily basis.

3. Environmental
fecal culture

A study in Minnesota collected environmental
fecal samples from areas on dairies where large
amounts of manure accumulated.57 Common
sources of environmental fecal samples
included alleyways, calving pens, holding pens,
lagoons, and other manure storage areas. Up to
20 samples per herd were cultured. MAP was
detected in the environment of 78 percent of
known infected herds.

Results of environmental culture studies also
have shown promise in reducing the cost of
identifying infected herds. Environmental
sampling was recently incorporated into the
test-negative component of the USDA
Voluntary Bovine Johne’s Disease Control
Program.
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4. Serum ELISA As mentioned previously, serum ELISA is the
most commonly used test to detect evidence of
MAP infection. The ELISA measures an
animal’s antibody response to MAP and has an
advantage over all fecal culture techniques in
terms of time to results and cost. The sensitivity
of the serum ELISA depends on the stage of
disease in the animal tested and ranges from 15
percent to 87 percent when compared to
concurrent fecal culture. When the serum
ELISA was evaluated using tissues cultured for
MAP from culled dairy cattle, sensitivity ranged
from 6.9 percent to 16.9 percent, depending on
the manufacturer of the ELISA test.58

Although serum is incubated with
Mycobacterium phlei to remove some cross-
reacting antibodies, it is possible for other
Mycobacterium species to cause false-positive
results. It is unclear why some fecal-culture
positive animals are ELISA negative. Possible
explanations include localized, walled-off
infections isolated from the immune system,
inadequate immune response, and the
possibility that the animal has ingested MAP
and passed it in the feces without becoming
infected. Using fecal culture as the standard,

ELISA is a highly specific test.
Repeated testing of individual animals has
revealed that a proportion of animals may revert
to test-negative status after testing positive by
ELISA. It has been reported that animals with
higher S/P ratios were less likely to revert to
test negative at subsequent testing.59 Almost 40
percent of animals with an IDEXX S/P ratio
greater than 0.25 on initial testing reverted to
seronegative status, while only 10 percent of
animals with an initial S/P above 0.7 tested
negative on the repeat test. Although antibody
levels do change in individual animals, a
portion of this variation on optical density (OD)
values may be due to the variation in
manufacturer kit lots of the assay. Results of
repeated serological testing of fecal-culture
negative animals indicate that OD readings are
lowest in the periparturient period and increase
until 60 days in milk and then remain stable
throughout the remainder of the lactation and
subsequent lactations. Positive-fecal-culture
cows had significantly lower KELA values in
first lactation compared to subsequent
lactations. Cows that remained fecal-culture
negative throughout the study had similar
KELA values for all lactations.48

5. Milk ELISA Milk ELISA is performed on milk samples
collected during routine Dairy Herd
Improvement Association (DHIA) sampling,
decreasing the amount of time and labor
required to sample animals for Johne’s disease.
Results of studies evaluating individual-animal
milk-ELISA results with serum ELISA have
varied. One report, using a LAM ELISA (LAM
- lipoarabinomannan is a component of the cell

wall used as the bound antigen in the wells)
showed a slight improvement in test accuracy
using the milk LAM ELISA when compared to
serum LAM ELISA.60 Another report found
that a milk ELISA for detecting exposure to
MAP lacked correlation with serum ELISA.61

Milk ELISA sampling also has the potential to
provide a measure of herd prevalence.60
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B. NAHMS DairB. NAHMS DairB. NAHMS DairB. NAHMS DairB. NAHMS Dairy 2002 Johne’s Disease Individuy 2002 Johne’s Disease Individuy 2002 Johne’s Disease Individuy 2002 Johne’s Disease Individuy 2002 Johne’s Disease Individual Animalal Animalal Animalal Animalal Animal
TTTTTest Resulest Resulest Resulest Resulest Resultststststs

Operations that participated in this portion of
the study were not randomly selected from the
population included in Phase II. Since the goal
was to evaluate management factors associated
with within-herd-level prevalence of MAP
infection, operations were selected based on
their responses from Phase I. Operations were
then ranked from low to high risk based on
perceived risk factors and assigned to above or
below median herd size for their respective
State. The following practices were evaluated to
determine risk:
   •  Number of dairy cows on the operation
   •  How soon calves were separated from their
       dam
   •  Whether pooled colostrum was fed
   •  The percentage of dairy cows that had
       diarrhea for more than 48 hours
   •  Whether maternity housing was separate
       from lactating cow housing
   •  How many replacements were brought onto
       the operation during 2001
   •  Whether the operation required Johne’s
        disease testing for purchased cattle

Perceived low- and high-risk herds were
identified from each State, with herds stratified
into below and above median herd size for the
State. From this list, producers were contacted
and asked to participate in biological sampling.
Approximately 5 operations in each of the 21
States elected to participate in herd testing.
Animals in their second or greater lactation
were targeted for testing.

High- and low-risk operations were not selected
randomly from their respective groups.
Operations from the high-risk group with the

highest risk values were selected. Similarly,
operations with the lowest risk values in the
low-risk group were selected for testing. This
sampling design was chosen in order to
maximize the potential for identifying risk
factors. The nonrandom sample of operations
creates the potential for bias if the information
from these operations is used to make
inferences to either the risk groups or the
general dairy population. Since there does not
appear to be a mechanism to adjust for potential
bias, animal- and herd-level estimates for the
United States were not produced from the
testing data.

All selected herds were eligible and participated
in serum ELISA testing. Approximately half
way through testing, it was realized that the
estimated number of fecal samples to be tested
was much larger than anticipated. At this point,
only relatively small herds were allowed to
participate in fecal culturing, thus only 62
operations had fecal culture results, while 106
were tested using serum ELISA (Appendix I).

After initiation of the study, the manufacturer of
the milk-ELISA test proposed testing individual
milk samples collected during DHIA testing
using their milk ELISA. Of the 106 herds
participating in serum ELISA testing, all that
were currently collecting milk for DHIA testing
were eligible. Thirty-six operations agreed to
have the additional testing performed. All
lactating cows, including first lactation animals,
were eligible for milk ELISA testing.

1. Background
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2. MAP fecal
culture

A total of 7,272 fecal samples were collected
from 62 operations in 20 States (Illinois did not
participate in fecal-culture testing). Samples
were collected from individual cows between
March 25 and August 5, 2002. The number of
individual fecal samples collected from an
operation was determined using table a, p146.
Fecal samples were shipped on ice to the
National Veterinary Services Laboratories
(NVSL) in Ames, IA, where they were stored at
–70oC prior to culture. All samples were tested

by traditional Herrold’s Egg Yolk agar, ESP
(TREK) Culture System, and BACTEC 460
methods. A sample that tested positive by any
of the three methods was tested using PCR
techniques to confirm presence of MAP DNA
(see Appendix III). Results were reported as
negative or positive, with a level of shedding
assigned for positive samples (see table a,
p153). Of the 7,272 fecal samples tested, 8.6
percent cultured positive for MAP.

a. MAP fecal-culture results (number 
and percentage) 

Result     Number    Percent 
Positive  624 8.6 
Negative 6,648 91.4 
Total 7,272 100.0 
 

The highest percentage of positive cultures
(47.9 percent) were reported as low shedders.
These results do not agree with other published
studies which report that 20 to 30 percent of
positive cultures are defined as heavy shedders.
Since three different fecal culture methods were
used, it is possible that the distribution is

different from other studies where only one
fecal culture method was evaluated. It also is
possible that previous diagnosis of MAP
infection in the herd, and subsequent testing
and removal prior to the 2002 study,
redistributed the percentage of animals within
shedding levels.

b. Number and percentage of positive 
MAP fecal-culture results by 
shedding level 

Shedding 
Level   Number Percent  
Heavy  75   12.0 
Moderate  72   11.6 
Low  299   47.9 
Very low  178   28.5 
Total 624 100.0 
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3. MAP
serum ELISA

A total of 19,378 serum samples were collected
from 106 operations in 21 States and tested at
NVSL. Samples were collected from March 25
to September 25, 2002. Testing was performed
using a commercially available serum ELISA,*

as recommended by the manufacturer, with the
exception that samples were only tested in a

single well. The ELISA was used to measure
antibody response to MAP. Results from the
serum testing were reported in OD units, which
when subtracted from the negative control and
multiplied by 10 provided an ELISA score.
ELISA scores were converted to categorical
results based on published recommendations
(see table b. Appendix IV). Of the 19,378 serum
samples tested, 5.5 percent were either positive
or strong positive.

a. MAP serum-ELISA results (number 
and percentage) 

Result  Number   Percent 
Strong 
positive 343 1.8 

Positive 710 3.7 
Inconclusive 587 3.0 
Negative 17,738 91.5 
Total 19,378 100.0 
 

*Paracheck™ Biocor Animal Health



USDA APHIS VS  + 129

Section III: Johne’s Diseae Testing

A total of 15,167 milk samples were tested from
36 operations in 17 States (operations in
Illinois, Idaho, Iowa, and Kentucky did not
participate in milk-ELISA testing). DHIA
personnel collected milk samples from all
lactating cows in each operation during routine
milk sampling between June 1, 2002, and
January 9, 2003. It is important to note that
samples for milk-ELISA testing were obtained
from all lactating animals, while sampling for
serum ELISA and fecal culture targeted second
lactation and higher animals. Milk samples were
treated with bronopol to preserve the samples
during testing and shipment. Milk samples were
shipped from several DHIA testing laboratories
for testing to Antel BioSystems, Inc., in
Lansing, MI. The majority of samples were
frozen, and testing was completed in a week.

Individual milk samples were initially screened
with an indirect ELISA using a crude MAP
protoplasmic antigen preparation as the solid
phase. Samples reacting in the screening test
were retested in duplicate wells with a

4. MAP
milk ELISA

preabsorbed (M. phlei) indirect ELISA using a
purified MAP protoplasmic antigen preparation
as the solid phase.

A sample score was obtained from milk ELISA
testing by subtracting the negative control OD
from the sample OD measurement and
multiplying by 10. A sample score 0.7 units
greater than the negative control was
considered positive. Although only positive and
negative test results were reported by Antel
BioSystems Inc., for portions of this analysis,
samples with absorbance values (450 nm)
greater than negative controls by 3.5 units were
considered strong positive. Less than 3 percent
of all milk samples (2.6 percent) tested with
ELISA were positive or strong positive.

a. MAP milk-ELISA results (number 
and percentage) 

Milk ELISA Number Percent 
Strong 
positive 157 1.0 

Positive 238 1.6 
Negative 14,772 97.4 
Total 15,167 100.0 
 

5. MAP
environmental
fecal culture

Environmental samples were collected from 98
of the 106 dairy operations participating in
Johne’s disease biological sampling. Ideally,
five environmental samples were taken from
areas where manure accumulated from a
majority of adult animals. A single sample was
collected from each of these sites and cultured
using the same procedures used for individual
fecal samples. Almost three-quarters of
operations (70.4 percent) had at least one
environmental-positive sample.

a. MAP environmental-culture results 
(number and percentage) 

Result 
Number  

Operations    Percent 
Positive  69 70.4 
Negative 29 29.6 
Total 98 100.0 
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More than half of all samples (52.3 percent)
collected from the exit-way from parlor were
culture positive for MAP.

b. Environmental sample results for all herds, by source 

Source 
Number 
Positive 

Number 
Negative Total 

Percent       
Positive 

Exit-way from parlor 34 31 65 52.3 
Floor of holding pen 26 27 53 49.1 
Common alleyway 61 66 127 48.0 
Lagoon 18 20 38 47.4 
Manure spreader 11 15 26 42.3 
Manure pit 17 24 41 41.5 
Other 42 81 123 34.1 
Unknown 7 3 10 70.0 
Total 216 267 483 44.7 
 

C. NAHMS DairC. NAHMS DairC. NAHMS DairC. NAHMS DairC. NAHMS Dairy 2002 Ty 2002 Ty 2002 Ty 2002 Ty 2002 Test Compest Compest Compest Compest Comparisonsarisonsarisonsarisonsarisons

NOTE: To estimate the agreement between tests, results of individual animal tests were compared. Since all animals
were not tested by all three tests, only animals with results from two or more tests are represented. Individual-animal
test-comparison results are summarized in table 4a. The objective of this study was not to establish additional
estimates for sensitivity and specificity of diagnostic tests, since multiple studies designed to obtain estimates have
already been conducted. Sensitivity and specificity estimates for detection of MAP infection are very difficult to
obtain since there is not an antemortem gold standard diagnostic test currently available. Most current diagnostic
tests are compared relative to fecal culture, while fecal culture is usually compared to infection status based on
necropsy and culture of multiple tissues or repeated herd testing. The sensitivity of culture, both tissues and feces, is
not 100 percent, so even necropsy and subsequent culture may misclassify some infected cattle. Thus, the true
infection status of fecal-culture negative animals is unknown.

1. Serum and milk
ELISA  agreement

The milk ELISA detected 45.7 percent of the
animals that tested strong positive or positive by
serum ELISA. The calculated weighted kappa

(0.53) suggests moderate agreement between
the tests.

a. Number of results for test agreement between milk ELISA and serum ELISA  
 Serum ELISA 

Milk ELISA 
Strong 

Positive Positive  Inconclusive Negative  Total  
Strong  positive 55   18 1      14    88 
Positive 18   36 16      55   125 
Negative 15 136 148 5,837 6,136 
Total 88 190 165 5,906  6,349 
Weighted Kappa = 0.53 
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2. Fecal culture
and serum ELISA
agreement

The serum ELISA detected 27.4 percent of the
animals that were fecal-culture positive.

The majority of animals (86.7 percent)
classified as high MAP shedders (based on
fecal culture) tested either serum- ELISA

positive or strong positive. As shedding level
decreased, the ability of the serum ELISA to
detect animals shedding MAP decreased.

a. Number of results for test agreement between serum ELISA and fecal-culture 
shedding level 

 Fecal Culture  
 Positive (MAP Shedding Level)   

Serum 
ELISA High  Moderate Low  

Very 
Low  

Total 
Number 
Positive Negative  Total  

Strong 
positive 44  31    24     4  103      40    143  
Positive 21  13    19   14  67    168    235  
Inconclusive  3   4    14     8  29    146    175  
Negative 7  24  240 151  422 6,263  6,685  
Total 75  72  297  177  621 6,617  7,238  
 

b. Percentage of cows testing serum-ELISA positive by fecal-culture shedding level  
 Fecal-Culture Positive 
 MAP Shedding Level 
Serum ELISA  High  Moderate  Low  Very Low  All           
Positive (includes 
strong positive)   86.7   61.1   14.5   10.2   27.4 
Negative (includes 
inconclusive)   13.3   38.9  85.5  89.8   72.6  
Total 100.0 100.0 100.0 100.0 100.0  
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3.  Fecal culture
and milk ELISA
agreement

The milk ELISA detected 21.1 percent of the
animals that were fecal-culture positive.

a. Number of results for test agreement between milk ELISA and fecal-culture 
shedding level 

 Fecal Culture   
 Positive (MAP Shedding Level)   

Milk          
ELISA High  Moderate Low  

Very 
Low  

Total 
Number 
Positive Negative  Total  

Strong 
positive   8 10    6    1   25        6      31  
Positive   2   4    3    2    11      22      33  
Negative   3 12  74  46  135  1,980  2,115  
Total 13 26  83  49  171  2,008  2,179  
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The majority of animals classified as high MAP
shedders (76.9 percent) were detected by milk
ELISA. As with serum ELISA, milk ELISA’s
ability to detect animals decreased as shedding
level decreased.

b. Percentage of cows testing milk-ELISA positive by fecal-culture shedding level  
 Fecal-Culture Positive 
 MAP Shedding Level 
Milk ELISA  High  Moderate  Low  Very Low  All           
Positive (includes 
strong positive)  76.9   53.8   10.8   6.1   21.1 
Negative   23.1   46.2   89.2  93.9   78.9  
Total 100.0 100.0 100.0 100.0 100.0  
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4. Test  comparison
summary

Milk ELISA performed comparably to serum
ELISA in identifying animals that were fecal-
culture positive.

a. Cow-level Johne’s disease test-comparison summary 
 Reference Population Detected 
Test Reference Number Percent 95 percent CI* 

Milk ELISA 
Serum 
ELISA 6,349 45.7 44.5-46.9 

Serum ELISA 
Fecal             

culture 2,173 23.5 21.6-25.4 

Milk ELISA 
Fecal 
culture 2,173 21.2 19.5-22.9 

*CI = Confidence interval 
 

D. Johne’s Disease PD. Johne’s Disease PD. Johne’s Disease PD. Johne’s Disease PD. Johne’s Disease Prevrevrevrevrevalencealencealencealencealence

Note: Although many studies report estimates of Johne’s disease prevalence, differences in sampling design and
diagnostic strategies make direct comparisons difficult. Calculation of true prevalence requires adjusting for test
sensitivity and specificity, which can fluctuate depending on the stage of disease in the population. Animal-level and
herd-level prevalence estimates have been reported for a number of States, regions, and countries. Since the Dairy
2002 study was designed to estimate within-herd prevalence, it is not appropriate to estimate U.S. animal- or herd-
level prevalence.

1. Animal-level
prevalence—
historical
summary

Although numerous animal-level prevalence
studies for Johne’s disease have been
conducted in the United States, direct
comparisons can not be made due to
differences in sampling designs. For random-
sampling strategies, reported apparent
prevalence estimates for dairy cattle ranged
from 2.5 percent in the NAHMS Dairy ’96
study to 17.1 percent in the Florida study.

Prevalence estimates for dairy market or
slaughter cattle were generally higher than
estimates based on a random sampling design.
With the exception of the Texas study, apparent
prevalence estimates for beef cattle, regardless
of study design, were lower than dairy cattle
when both animal types were included in the
same study.



USDA APHIS VS  + 135

Section III: Johne’s Diseae Testing

a. Summary of U.S. animal-level prevalence studies for Johne’s disease 

State/ 
Country Year 

Sampling 
Design 

Animal 
Type 

Number 
Herds/ 
Cattle 

Animal-
Level 

Apparent 
Prevalence 

(percent) 

True 
Prevalence 

(percent) 
Diagnostic 
Method 

AL62 2003 Random Beef 79/2,073 8.0 8.8 Serum ELISA 

CA63 2003 Random Dairy 65/1,950 4.6 9.4 Serum ELISA 

CO64 2004 Random Dairy 15/10,280 4.1 Not reported Serum ELISA 

Beef 392/3,874 8.1 
FL65 1990 Random 

Dairy 60/617 17.1 
Not reported Serum ELISA 

Beef/ Dairy NA/5,307 4.8 

Beef NA/3,950 4.0 
                   
GA66 
 

2003 Market 

Dairy NA/637 10.0 

Not reported Serum ELISA 

ME/ 
Canada58 2003 Slaughter Dairy NA/984 16.1 Not reported Tissue culture 
MI67 1999 Random Dairy 121/3,866 6.9 Not reported Serum ELISA 

Beef/ Dairy 89/1,954 5.0 

Beef 68/1,488 5.0 MO68 1997 Random 

Dairy 19/423 8.0 

Not reported Serum ELISA 

NY7 1997 Random Dairy 33/5280 5.2 Not reported Fecal culture 

PA69 1985 Slaughter Dairy NA/1,224 7.2 Not reported Culture of 
multiple tissues 

Beef/Dairy NA/2,491 19.1 

Beef NA/1,209 25.2 TX70 1993 Market 

Dairy NA/1,282 13.3 

Not reported Serum ELISA 

WI5 1994 Random Dairy 158/4,990 7.3 4.8 Serum ELISA 
New 
England71 1985 Slaughter 

Primarily 
Dairy NA/100 18.0 Not reported 

Culture of 
multiple tissues 

Beef/Dairy NA/7,540 1.6 

Beef NA/3,522 0.8 

United 
States/ 
Puerto 
Rico72 

1987 Slaughter 

Dairy NA/2,827 2.9 

Not reported Lymph       
node culture 

1997 Random Dairy 967/31,745 2.5 3.4 Serum ELISA United 
States73 74 2001 Random Beef 380/10,371 0.4 Not reported Serum ELISA 
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For Johne’s disease, NAHMS Dairy ’96
reported a 2.5 percent apparent cow-level
prevalence for the United States based on test
results from 31,745 cows from 967 herds. This
is higher than the apparent prevalence of
Belgian dairy cattle (1.2 percent) where 4,497

cows from 98 herds were tested, but very close
to Austrian estimates of 3.5 percent in Holstein
Friesians. The Netherlands reported an apparent
prevalence of 2.5 percent based on test results
from 15,822 cows from 378 herds.

2. Herd-level
prevalence—
historical
summary

Johne’s disease herd-level prevalence can be
difficult to determine due to sample size, test
characteristics, and within-herd prevalence.
NAHMS Dairy ’96 reported a 21.6 percent
apparent herd prevalence across all herd sizes
based upon two or more positive tests or one
positive test with at least 5 percent of cull

animals with clinical signs. NAHMS Dairy ’96
sampling strategy was designed to detect herds
with equal to or greater than 10-percent within-
herd prevalence. This estimate of herd-level
prevalence was conservative since some herds
with less than 10-percent within-herd
prevalence may not have been detected. Most

b. Summary of non-U.S. animal-level prevalence studies for Johne’s disease 

State/ 
Country Year 

Sampling 
Design 

Animal 
Type 

Number 
Herds/ Cattle 

Animal-
Level 

Apparent 
Prevalence 

(percent) 

True 
Prevalence 

(percent) 
Diagnostic 
Method 

All 2,757/11,028 2.0 
Austria75 1999 Unique 

Dairy* Unknown 3.5 
Not reported Serum 

ELISA 

Dairy 98/4,497 1.2 
Belgium76 2000 Random 

Beef 259/4,010 0.5 
Not reported Serum 

ELISA 

2003 Random Dairy 50/1,500 7.0 Not reported Serum 
ELISA 

1991 Random Dairy 304/14,932 15.2 6.1 Serum   
LAM ELISA 

1991 Slaughter Mixed NA/400 5.5 Not reported Tissue 
Culture 

2001 Random Dairy 30/900 2.6 Not reported Serum 
ELISA 

2002 Random Dairy 90/2,604 NR 3.4 Serum 
ELISA 

Canada14 77 78 

79 80 

2002 Unique Beef NA/1,799 0.0 0.0 Serum 
ELISA 

Denmark81 2000 Random Dairy 22/1,155 8.8 Not reported Milk ELISA 
England6 1996 Slaughter Mixed NA/1,553 3.5 Not reported Tissue PCR 
The 
Netherlands82 2000 Random Dairy 378/15,822 2.5 Not reported 

Serum 
ELISA 

*Holstein Friesian cattle only 
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of the reported apparent herd-level prevalence
for U.S. dairies ranged from 35.0 percent in
California to 93.3 percent in Colorado. Herd-
level seroprevalence based on 121 herds in
Michigan was 55.4 percent (using two or more

test-positive animals to designate an infected
herd). The sampling scheme was devised to
detect a within-herd prevalence level of 10
percent and included sampling either all animals
in the herd or 48 animals, whichever was less.

a. Summary of herd-level prevalence studies for Johne’s disease 

State/ 
Country Year 

Animal 
Type 

Number 
Herds/ Cattle 

Herd-Level 
Apparent 

Prevalence 
(percent) 

True 
Prevalence 

(percent) 
Diagnostic 
Method 

AL62 2003 Beef 79/2,073 63.3a Not reported Serum ELISA 
68.0a  

CA63 2003 Dairy 65/1,950 
35.0b 

Not reported Serum ELISA 

73.3c  Not reported Fecal culture/  
histopathology CO64 2004 Dairy 15/not 

reported 93.3b  Not reported Serum ELISA 
MI67 1999 Dairy 121/3,866 55.4b Not reported Serum ELISA 

Beef 68/1,488 40.0a  
MO68 1997 

Dairy 19/423 74.0a  
Not reported Serum ELISA 

NY7 1997 Dairy 33/5,280 57.6a  Not reported Fecal culture 
WI5 1994 Dairy 158/4,990 50.0a     34.0a Serum ELISA 

1997 Dairy 967/31745 21.6b United   

States73 74 2001 Beef 380/10,371 7.9a  
Not reported Serum ELISA 

Austria75 1999 Dairy/Beef 2,757/11,028 7.0a   Not reported Serum ELISA 
Dairy 98/4,497 32.0b 10.0b 

Belgium76 2000 
Beef 259/4,010 7.0b   3.0b 

Serum ELISA 

2003 Dairy 50/1,500 40.0b 26.8b 
2001 Dairy 30/900 16.7b Not reported 

15.0a   Not reported Canada77 79 80 
2002 Beef Not reported 

/1,799 3.0b Not reported 

Serum ELISA 

Denmark83 2000 Dairy 900/not 
reported Not reported     47.0d Bulk-tank    

milk ELISA 
The 
Netherlands82 2000 Dairy 378/15,822   54.7e Not reported Serum ELISA 

Switzerland84 2002 Dairy 1,384/not 
reported 19.7c Not reported Bulk tank    

milk PCR 
United 
Kingdom85 2002 Dairy 

244/not 
reported 7.8c Not reported 

Bulk tank    
milk PCR 

aOne or more animals testing positive by serology  
bTwo or more animals testing positive by serology or one animal testing positive and clinical signs 
cOrganism identification  
dOptimized optical density values 
eAdjusted cut-off level for serology 
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3. Within-herd
prevalence

A study in Wisconsin evaluated 158 herds using
serum ELISA and reported within-herd
prevalence levels ranging from 0.0 to 70.0
percent, with 50.0 percent of herds having 0.0
percent seroprevalence of MAP antibodies.5

Thirty-three herds in New York were tested
using fecal culture; the mean within-herd
prevalence level was 5.2 percent with a range of
0.0 to 28.2 percent.7 In addition, a Colorado
study of 15 dairies found a within-herd
seroprevalence range from 0.0 to 7.8 percent.64

The NAHMS Dairy 2002 study focused on
estimating within-herd prevalence of MAP

infection using three methods: fecal culture,
serum ELISA, and milk ELISA. A subset of
operations performed fecal culture and milk
ELISA for the study. Sample sizes were
calculated to estimate the within-herd
prevalence within 2 percent with 95-percent
confidence.

A total of 62 operations were tested using fecal
culture methods. Of these, 16.1 percent had no
animals test fecal culture positive.
Approximately 6 out of 10 herds (58.1 percent)
had an apparent within-herd prevalence of 10
percent or less.

a. MAP fecal culture within-herd apparent prevalence 
Fecal Prevalence 
(percent) 

Number  
Operations 

Percent  
Operations 

Cumulative 
Percent 

0.0 10 16.1   16.1 
0.1-5.0 14 22.6 38.7 
5.1-10.0 12 19.4 58.1 
10.1-15.0 8 12.9 71.0 
15.1-20.0 3 4.8 75.8 
20.1-25.0 8 12.9 88.7 
25.1-30.0 4 6.5 95.2 
30.1-35.0 0 0.0 95.2 
35.1-40.0 2 3.2 98.4 
40.1-45.0 0 0.0 98.4 
45.1-50.0 1 1.6 100.0 
Total 62 100.0  
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Fecal Culture Within-Herd Prevalence (n=62)
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A total of 106 operations participated in serum-
ELISA testing. Of these operations, 17 (16.0
percent) had no animals test serum-ELISA
positive. Seroprevalence was 10 percent or less
on 85.9 percent of operations.

b. MAP serum ELISA within-herd apparent prevalence 
Seroprevalence 
(percent) 

Number  
Operations 

Percent  
Operations 

Cumulative 
Percent 

0.0 17 16.0 16.0 
0.1-2.0 14 13.2 29.2 
2.1-4.0 22 20.8 50.0 
4.1-6.0 13 12.3 62.3 
6.1-8.0 13 12.3 74.6 
8.1-10.0 12 11.3 85.9 
10.1-12.0 4 3.8 89.7 
12.1-14.0 4 3.8 93.5 
14.1-16.0 3 2.8 96.3 
16.1-18.0 2 1.9 98.2 
18.1-20.0 1 0.9 99.1 
20.1-22.0 0 0.0 99.1 
22.1-24.0 0 0.0 99.1 
24.1-26.0 0 0.0 99.1 
26.1-28.0 1 0.9 100.0 
Total 106 100.0  
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Serum ELISA Within-Herd Prevalence (n=106)
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Milk ELISA Within-Herd Prevalence(n=36)
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A total of 36 operations performed milk-ELISA
testing. Compared to fecal culture and serum
ELISA results, milk ELISA had a similar
percentage of operations (16.7 percent) with no

animals that tested positive. More than 9 out of
10 operations (94.5 percent) had milk-ELISA
prevalence of 10 percent or less.

c. MAP milk ELISA within-herd apparent prevalence 
Milk Prevalence 
(percent) 

Number  
Operations 

Percent  
Operations 

Cumulative 
Percent 

0.0 6 16.7 16.7 
0.1-2.0 10 27.8 44.5 
2.1-4.0 11 30.5 75.0 
4.1-6.0 5 13.9 88.9 
6.1-8.0 1 2.8 91.7 
8.1-10.0 1 2.8 94.5 
10.1-12.0 0 0.0 94.5 
12.1-14.0 2 5.5 100.0 
Total 36 100.0  
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4. Apparent
within-herd
prevalence
comparison

Within-herd apparent prevalence estimates were
highest for fecal culture and lowest for milk
ELISA. Since this is a comparison of apparent
prevalence estimates, it is expected that fecal
culture would have a higher prevalence estimate
due to its sensitivity advantage over ELISA

methods. Milk ELISA had the lowest estimates
of MAP infection, but milk samples were
collected from all lactating animals (compared
to primarily second lactation and greater
animals for fecal culture and serum ELISA).

Apparent Prevalence Comparisons

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.000 0.020 0.040 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200

Serum Prevalence

Te
st

 P
re

va
le

nc
e

Fecal Prevalence Milk Prevalence

Fecal 

Milk 

Serum 



144 + Dairy 2002

Section IV: Methods

Section IVSection IVSection IVSection IVSection IV: Methods: Methods: Methods: Methods: Methods
AAAAA.  Needs Assessment.  Needs Assessment.  Needs Assessment.  Needs Assessment.  Needs Assessment

NAHMS develops study objectives by
exploring existing literature and contacting
industry members about their informational
needs and priorities during a needs assessment
phase. The objective of the needs assessment
for the NAHMS Dairy 2002 study was to
conduct a national survey to collect information
from U.S. dairy producers and other commodity
specialists about what they perceived to be the
most important dairy health and productivity
issues. A driving force of the needs assessment
was the desire of NAHMS researchers to
receive as much input as possible from a variety
of producers, as well as from industry experts
and representatives, veterinarians, extension
specialists, universities, and dairy organizations.

Focus-group meetings were held at various
locations across the United States to help
determine the focus of the study:

Birmingham, AL   October 21, 2000
United States Animal Health Association
(USAHA)

Kansas City, MO   October 31, 2000
American Feed Industry Association (AFIA)
Dairy Nutrition Committee

Teleconference   December 15, 2000
Bovine Association of Management and
Nutrition (BAMN)

San Antonio, TX   February 4, 2001
American Farm Bureau Federation
Dairy Advisory Committee

Riverdale, MD   February 16, 2001
Government Perspective Meeting
APHIS, FSIS, FDA, and ARS

In addition, a short survey asking for rankings
of major dairy issues was provided via multiple
data collection modes. There were 155 surveys
completed via the Web, 90 by hard copy, and 1
via telephone.

The focus-group meeting input was merged
with survey results to determine Dairy 2002
study objectives.
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B. Sampling and EstimaB. Sampling and EstimaB. Sampling and EstimaB. Sampling and EstimaB. Sampling and Estimationtiontiontiontion

1.  State selection The preliminary selection of States to be
included in the study was done in January 2001
using the NASS, USDA January 28, 2000,
Cattle Report. A goal for NAHMS national
studies is to include States that account for at
least 70 percent of the animal and producer
populations in the United States. The initial
review of States identified 20 major States with
84 percent of the milk cow inventory and 81
percent of the operations with milk cows (dairy
herds). The States were: CA, FL, ID, IL, IN, IA,
KY, MI, MN, MO, NM, NY, OH, PA, TN, TX,
VT, VA, WA, and WI.

A memo identifying these 20 States was
provided in February 2001 to the
USDA:APHIS:VS CEAH Director and, in turn,
the VS Regional Directors. Regional Directors
sought input from their respective States about
being included or excluded from the study. By
midyear, Colorado was included, based on the
State’s interest.

2.  Operation
selection

The list sampling frame was provided by
NASS. Within each State a stratified random
sample was selected. The size indicator was the
number of milk cows for each operation. NASS
selected a sample of dairy producers in each
State for making the NASS January 1 cattle
estimates. The list sample from the January
2001 survey was used as the screening sample.
Producers reporting one or more milk cows on

January 1, 2001, were included in the sample
for contact in January 2002. Due to the
predicted large workload, the sample was
reduced in 2 States (KY and PA), for a final
screening sample of 3,876 operations for Phase
I data collection. For Phase II data collection,
operations with 30 or more dairy cows on
January 1, 2002, that participated in Phase I
were invited to continue in the study.

3.  Population
inferences

Inferences for Phase I cover the population of
dairy producers with at least 1 milk cow in the
21 participating States. As of January 1, 2002,
these States accounted for 85.7 percent
(7,799,000 head) of milk cows in the United
States and 83.0 percent (80,910) of operations
with milk cows in the United States. (see
Appendix II for respective data on individual
States.) All respondent data were statistically
weighted to reflect the population from which
they were selected. The inverse of the
probability of selection for each operation was
the initial selection weight. This selection
weight was adjusted for nonresponse within

each State and size group to allow for
inferences back to the original population from
which the sample was selected.

For operations eligible for Phase II data
collection (those with 30 or more dairy cows)
weights were adjusted for operations that did
not want to continue to the study’s second
phase. This weight was adjusted again for
nonresponse to Phase II data collection. The 21-
State target population of operations with 30 or
more dairy cows represented 97.3 percent of
dairy cows and 74.3 percent of dairy operations
in the 21 States (see Appendix II).
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For the 815 operations participating in the risk
assessment phase, weight adjustments were
made to properly represent the 21-State target

population of operations with 30 or more dairy
cows.

C. DaC. DaC. DaC. DaC. Dattttta Collectiona Collectiona Collectiona Collectiona Collection

1.  Phase I General Dairy Management Report, December
31, 2001, to February 12, 2002. NASS
enumerators administered the General Dairy

Management Report. The interview took
slightly over 1 hour.

2. Phase II VS Initial Visit, February 25 to April 30, 2002.
Federal and State veterinary medical officers or
animal health technicians collected the data
from producers during an interview lasting
approximately 1 hour. Johne’s risk assessments
were completed from March 15 to October 17,
2002.

Biological samples included individual fecal
samples collected from March 25 to August 5,
2002; serologic samples were collected from
March 25 to September 25, 2002; milk samples
were collected from June 1, 2002 to January 9,
2003; and environmental samples, which
include feces from alleyways, lagoons, etc.,
were collected from March 25 to September 25,
2002.

a. Number of animals to test based on herd size to achieve prevalence precision 
Sample Type Number of Cows 

2nd Lactation and Higher Fecal Blood 
Less than or equal to 312 All All 
313 to 400 313 All 
401 to 500 324 All 
501 to 600 332 Up to 531 
601 to 700 338 540 
701 to 800 342 547 
801 to 900 345 552 
Greater than 900 360 580 
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D. DaD. DaD. DaD. DaD. Dattttta Anala Anala Anala Anala Analysisysisysisysisysis

1. Validation and
estimation

a. Phase I: General Dairy Management
Report
Initial data entry and validation for the General
Dairy Management Report were performed in
individual NASS State offices. Data were
entered into a SAS data set. NAHMS national
staff performed additional data validation on the
entire data set after data from all States were
combined.

b. Phase II: VS Initial Visit Questionnaire
and Risk Assessment
After completing the VS initial-visit
questionnaire and risk assessment, data
collectors sent them to the State NAHMS
coordinators, who manually reviewed them for
accuracy and then sent them to CEAH. Data
entry and validations were completed using
SAS.

2. Response rates a. Phase I: General Dairy Management
Report – Screening Questionnaire
Of the 3,876 operations in the screening sample,
410 operations had no milk cows on January 1,
2002, and were therefore ineligible for the
NAHMS Dairy 2002 study. Of these 3,466
dairy operations, 2,461 participated in the initial
phase of the study. This phase occurred  from
December 31, 2001, to February 12, 2002, and
included the administration of a questionnaire
by NASS enumerators.

a. Phase I: General Dairy Management 
Report—Screening Questionnaire 
Response 
Category 

Number 
Operations 

Percent 
Operations 

No milk cows 
on Jan. 1, 2002 227 5.9 

Out of business 183 4.7 

Refusal 821 21.2 

Survey 
complete and       
VMO consent 

1,438 37.1 

Survey 
complete, 
refused VMO 
consent 

905 23.3 

Survey 
complete, 
ineligible for 
VMO  

118 3.0 

Out of scope 
(prison, 
research farm, 
etc.) 

45 1.2 

Unknown 2 0.1 

Inaccessible 137 3.5 

Total 3,876 100.0 
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b. Phase II: VS Initial Visit Questionnaire
VS initial visit response categories are shown
below for all 1,438 operations with 30 or more
dairy cows turned over to VS. Of these, 1,013
producers participated.

Phase II: VS Initial Vist Questionnaire 

Response 
Category 

Number 
Operations 

Percent 
Operations 

Survey 
completed 1,013 70.4 
Producer not 
contacted 76 5.3 
Poor time of 
year or no time 161 11.2 

Did not want 
anyone on 
operation 

4 0.3 

Bad experience 
with 
government 
veterinarians 

0 0.0 

Did not want to 
do another 
survey or 
divulge 
information 

136 9.5 

Told NASS they 
did not want to 
be contacted 

6 0.4 

Ineligible (no 
dairy cows) 14 1.0 

Other reason 28 1.9 

Total 1,438 100.0 

 

c. Phase II: Risk Assessment
Of the 1,013 operations that participated in
Phase II Initial Visit Questionnaire, 815
participated in the risk assessment.
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Appendix I: Sample PAppendix I: Sample PAppendix I: Sample PAppendix I: Sample PAppendix I: Sample Profilerofilerofilerofilerofile
AAAAA. Responding Sites. Responding Sites. Responding Sites. Responding Sites. Responding Sites

1a. Number of responding operations by herd size 

 
Phase I: General 

Dairy Management 
Report 

Phase II: VS        
Initial Visit 

Questionnaire Risk Assessment 
Herd Size (Dairy 
Cow Inventory, 
January 1, 2002) 

Number of 
Responding 
Operations 

Number of 
Responding 
Operations 

Number of 
Responding 
Operations 

Less than 100 1,131   400 325 
100 to 499    820   392 304 
500 or more   510    221 186 
Total 2,461 1,013 815 
 
1b. Number of responding operations by region 

 
Phase I: General 

Dairy Management 
Report 

Phase II: VS        
Initial Visit 

Questionnaire Risk Assessment 

Region 

Number of 
Responding 
Operations 

Number of 
Responding 
Operations 

Number of 
Responding 
Operations 

West 525   208 168 
Midwest 1,085   448 349 
Northeast 596   278 239 
Southeast 255     79 29 
Total 2,461 1,013 815 
 
1c. Number of operations participating in the risk assessment, by assessment 

area 
Area Number 
Calving 801 
Preweaned calves 700 
Postweaned calves 685 
Bred heifers 672 
Cows 810 
All five areas 567 
 
1d. Number of samples, herds and States for biological sampling, by testing 
method 

 Testing Method 

Number 
Individual 

Fecal 
Serum 
ELISA 

Milk 
ELISA Environmental 

Samples 7,272 19,378 16,167 483 
Operations 62 106 36 98 
States 20 21 17 21 
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Number of Milk Cows on January 1, 20021

(Thousand Head) Number of Operations 2001

Milk Cows on Milk Cows on
Operations Operations 30 or More Operations Operations 30 or More

with 1 or with 30 or Head with 1 or with 30 or Head
Region State More Head More Head Percent More Head More Head Percent

West California 1,620 1,618.4 99.9 2,500 2,200 88.0
Colorado 93 92.0 98.9 800 220 27.5
Idaho 377 375.5 99.6 1,000 770 77.0
New Mexico 290 289.4 99.8 500 165 33.0
Texas 315 311.9 99.0 2,100 1,150 54.8
Washington 247 246.3 99.7 1,000 665 66.5
Total 2,942 2,933.5 99.7 7,900 5,170 65.4

Midwest Illinois 115 111.6 97.0 1,900 1,420 74.7
Indiana 154 140.1 91.0 2,900 1,400 48.3
Iowa 205 194.8 95.0 3,500 2,680 76.6
Michigan 299 284.1 95.0 3,300 2,250 68.2
Minnesota 500 480.0 96.0 7,800 6,700 85.9
Missouri 140 133.0 95.0 3,700 2,100 56.8
Ohio 260 234.0 90.0 5,200 2,800 53.8
Wisconsin 1,280 1,232.6 96.3 19,100 15,950 83.5
Total 2,953 2,810.2 95.2 47,400 35,300 74.5

Northeast New York 675 661.5 98.0 7,300 6,000 82.2
Pennsylvannia 588 564.5 96.0 10,300 8,500 82.5
Vermont 154 150.9 98.0 1,600 1,410 88.1
Total 1,417 1,376.9 97.3 19,200 15,910 82.9

Southeast Florida 152 151.4 99.6 510 220 43.1
Kentucky 125 115.0 92.0 2,900 1,600 55.2
Tennessee 90 87.7 97.5 1,500 870 58.0
Virginia 120 116.4 97.0 1,500 1,010 67.3
Total 487 470.5 96.6 6,410 3,700 57.7

Total (21 States) 7,799.0 7,591.1 97.3 80,910 60,080 74.3
                               (85.7%                   (85.7% (83.0% (86.9%

of U.S.)  of U.S.)  of U.S.)  of U.S.)

Total U.S. (50 States) 9,105.6 8,859.7 97.3 97,460 69,140 70.9

U.S. Milk Cow Population and Operations

1 Source: NASS April 2004 Cattle Final Estimates, 1999-2003—(revised January 1, 2002, number of milk cows and number of
operations in 2001 with milk cows). An operation is any place having one or more head of milk cows, excluding cows used to
nurse calves, on hand at anytime during the year.
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Specimens and culture decontamination
All specimens were processed for
decontamination using a previously published
method.86 Briefly, 2 g of specimen were
resuspended in 35 ml of distilled water and
shaken to disperse visible clumps. After 30
minutes, a 5 ml aliquot was removed and
transferred to a solution containing 0.9% (w/v)
HPC in ½-strength BHI broth. After overnight
incubation, the specimens were centrifuged, the
supernatant discarded, and the pellet
resuspended in 1 ml of ½-strength BHI
containing vancomycin (Sigma) (100 µg/ml),
amphotericen B (Sigma) (50 µg/ml) and
nalidixic acid (Sigma) (100 µg/ml). Following
an additional overnight incubation,
appropriately supplemented ESP II and
BACTEC 12B liquid-culture bottles were
aseptically inoculated with 0.75 ml and 0.1 ml
of the treated specimen, respectively. In
addition, approximately 50 µl of the same
decontaminated inoculum was swabbed onto
each of two tubes of HEY agar containing
mycobactin J and one tube of HEY without
mycobactin.

ESP II media culture supplementation and
incubation procedures
Immediately prior to inoculation, ESP II liquid-
culture bottles containing 12 ml of broth with
mycobactin J were supplemented with 1 ml of
para-JEM GS Growth Supplement (Trek), 0.5
ml of para-JEM AS Antibiotic Supplement
(Trek), and 1 ml of para-JEM EYS Egg Yolk
Supplement (Trek). Cultures were incubated in
the ESP II machines for a minimum of 42 days,
or until a positive signal was detected. Upon
generation of a positive signal, the suspect-
positive para-JEM culture bottle was removed
from the ESP II machine and shaken vigorously

on an orbital shaker for a minimum of 1 minute
to release adherent bacteria from the sponges
prior to acid-fast staining. Aliquots of 100 µl
were then prepared for acid-fast staining, using
an automated acid-fast slide stainer and an
auramine rhodamine fluorescent stain. If no
acid-fast organisms resembling M.
paratuberculosis were seen, the bottle was
returned for further incubation until the end of
the 42-day period. All bottles, regardless of
signal-positive or signal-negative status, were
acid-fast stained at the end of 6 weeks. All acid-
fast positive cultures were confirmed as M.
paratuberculosis using a previously published
quantitative PCR method.86

BACTEC 12B media culture
supplementation and incubation procedures
Similarly, BACTEC 12B liquid-culture bottles
were supplemented with 100 µl of mycobactin J
(Allied Monitor) (50 µg/ml), 200 µl of PANTA
antibiotic supplement (Becton Dickinson), 700
µl of sterile water, and 1 ml of 50% egg yolk
supplement. Cultures were incubated at 37º C
and read weekly on a BACTEC 460 reader for 6
weeks. BACTEC vials exhibiting a GI greater
than or equal to 100 were considered suspect
positive, and aliquots of 100 µl were prepared
for acid-fast staining using an automated acid-
fast slide stainer and an auramine rhodamine
fluorescent stain. If no acid-fast organisms
resembling M. paratuberculosis were seen,
bottles were re-incubated at 37ºC until the end
of the 6-week period. All bottles, regardless of
GI reading, were acid-fast stained at the end of
6 weeks. All acid-fast positive cultures were
confirmed as M. paratuberculosis using a
previously published quantitative PCR
method .86
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Solid media culture procedures
All inoculated HEY tubes were incubated at
37°C in a horizontal position for 1 week with
the caps loosened to allow absorption/
evaporation of residual moisture on the surface
of the medium. Caps were then tightened and
the tubes returned to an upright position and
incubated at 37°C for a total of 16 weeks. Tubes
were examined every 4 weeks using a
stereomicroscope at 25X magnification, and any
resulting colonies with morphology typical of
M. paratuberculosis were counted and
confirmed as M. paratuberculosis by
quantitative PCR as described below.

DNA preparation and real-time PCR
confirmation
DNA from suspect positive cultures was
prepared using the DNEasy Tissue Kit
(Qiagen), with the following modifications. For
bacterial colonies on solid media, a single
colony was resuspended in 1.0 ml of sterile PBS
and vortexed briefly. Similarly, for liquid
cultures 0.5 ml of broth was mixed with 1.0 ml
of sterile PBS and vortexed. Samples were then
centrifuged at 6000 x g for 5 minutes, the
supernatant was removed and the sample then
treated  per the manufacturer’s protocols.

Real-time PCR was performed for all suspect
positive samples. For this, a fluorescent DNA
probe that is specific to an internal region of the
PCR product and contains a quencher molecule
is bound to the target DNA region. When the
probe is intact, the proximity of its reporter dye
to the quencher dye does not allow for
fluorescent emission. During the extension
phase of the PCR reaction, the Taq DNA
polymerase cleaves this probe, releasing the
fluorescent molecule. This fluorescence is
measured, and its magnitude is plotted as a

direct proportion to the amplification cycle
number of the PCR reaction.

To perform the real-time PCR, the IS900
regions of the M. paratuberculosis genome
were targeted using the primers 3-F (5’- ccg cta
att gag aga tgc gat tgg-3’) and 3-R (5’- aat caa
ctc cag cag cgc ggc ctc g-3’), and the 5’-FAM
labeled fluorescent probe IS900P (5’- tcc acg
ccc gcc cag aca gg-3’). Each specimen was
tested in duplicate wells on a 96-well plate,
using a total of 5 µl of extracted DNA in a 25-µl
reaction, prepared with a universal master mix
as supplied by the manufacturer (Applied
Biosystems). In addition, each plate contained
triplicate wells of four serial dilutions of known
M. paratuberculosis DNA, ranging from 1 ng to
0.001ng. Thermocycling profiles consisted of
an initial 10 minute denaturation step at 95ºC,
followed by 40 cycles of a 25-second
denaturation step plus a 1 minute annealing/
extension step. Automatic analysis of the data
was then performed at the end of each run for
each plate to determine the threshold cycle (CT)
fluorescence values for each sample.

At the completion of each plate run, the CT

positive cutoff value was calculated to
determine the positive/negative status of the
unknown samples. For this, CT values of the
0.001 ng standard was used, and the average CT

from its triplicate wells was calculated. Its
standard deviation was then determined, and the
positive cutoff value was set as the sum of the
averaged CT value plus one standard deviation.
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b. Paracheck™ ELISA Classification and Interpretation* 
Animal 
Classification 

ELISA 
Score Explanation and Recommendation 

Negative 0.00-0.49 
Antibodies to MAP were not detected. Cattle classified as 
ELISA-negative are either not infected or not producing 
antibodies. 

Inconclusive 0.50-0.99 Cattle with ELISA results in this range are more likely to 
be infected than ELISA-negative animals.  

Positive 1.00-3.49 
Cattle with ELISA values in this range are approximately 
30-75 times more likely to be infected with MAP than 
ELISA-negative cattle. 

Strong positive 3.50 or 
more 

Cattle with ELISA values in this range are approximately 
175-200 times more likely to be infected with MAP than 
ELISA-negative cattle. Cattle in this category have a 
higher probability of developing clinical Johne’s disease 
in the next 12 months than lower scored animals. 

*Adapted from Wisconsin Veterinary Diagnostic Laboratory Interpretation Chart 
 

a. Fecal culture shedding level criteria by culture method 
Culture Method High Moderate Low Very Low 

BACTEC 460 
Growth index 
more than 300 
@ 3 wk or less 

Growth index = 
301-999  
@4-5 weeks  

Growth index = 
101-999              
@6 weeks 

Growth index 
less than 100  
@ 6 weeks 

TREK               
(ESP) Culture 
System II  

Less than 21 
days to 
positive 

Days to 
positive from 
22-28 days 

Days to 
positive from 
29-35 days 

Days to 
positive from 
36-42 days 

Herrold’s Egg 
Yolk Medium 
(HEYM) 

Greater than 
50 cfu*/tube 6-50 cfu/tube 1-5 cfu/tube NA 

* Colony Forming Units 
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1. Describe baseline dairy cattle health and
management practices and trends in dairy farm
health management.
   •  Part I: Reference of Dairy Health and
        Management in the United States, 2002,
       December 2002
   •  Part II: Changes in the United States Dairy
       Industry, 1991-2002, June 2003
   • Part III: Reference of Dairy Cattle Health
        and Health Management Practices in the
       United States, 2002, December 2003
   •  Colostrum and bST info sheets, December
       2002
   •  Mycoplasma and HBS info sheets, June
       2003
   • Antibiotic Use on U.S Dairies, 2002,
       interpretive report, expected summer 2005
   •  Milking Procedures info sheet, August
       2003

2. Describe strategies to prevent and reduce
Johne’s disease.
   •  Johne’s Disease on United States Dairy
        Operations, 2002,  February  2005

3. Evaluate management factors associated with
the presence of certain food safety pathogens.
    •  Salmonella and Campylobacter,
          Salmonella and Listeria, and E. coli info
         sheets, December 2003

4. Describe the preparedness of producers to
respond to foreign animal diseases, such as
foot-and-mouth disease.
       •  Animal Disease Exclusion Practices on
        U.S. Dairy Operations, 2002, August 2004

5. Describe waste handling systems
    •  Nutrient Management and the U.S. Dairy
         Industry in 2002, August 2004
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