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Objective—To develop a better system for classification of herd infection status for para-
tuberculosis (Johne's disease [JD]) in US cattle herds on the basis of the risk of potential
transmission of Mycobacterium avium subsp paratuberculosis.

Sample—Simulated data for herd size and within-herd prevalence; sensitivity and specific-
ity for test methods obtained from consensus-based estimates.

Procedures—Interrelationships among variables influencing interpretation and classifica-
tion of herd infection status for JD were evaluated by use of simulated data for various herd
sizes, true within-herd prevalences, and sampling and testing methods. The probability of
finding > 1 infected animal in herds was estimated for various testing methods and sample
sizes by use of hypergeometric random sampling.

Results—2 main components were required for the new herd JD classification system: the
probability of detection of infection determined on the basis of test results from a sample
of animals and the maximum detected number of animals with positive test results. Tables
were constructed of the estimated probability of detection of infection, and the maximum
number of cattle with positive test results or fecal pools with positive culture results with
95% confidence for classification of herd JD infection status were plotted. Herd risk for JD
was categorized on the basis of 95% confidence that the true within-herd prevalence was
<15%, <£10%, <5%, or <2%.

Conclusions and Clinical Relevance—Analysis of the findings indicated that a scientifi-
cally rigorous and transparent herd classification system for JD in cattle is feasible. (Am J
Vet Res 2012;73:248-256)

he VBJDCP' is central to JD control efforts of the
USDA APHIS and has 3 main components: educa-
tion, management, and herd classification. The goal of
the herd classification component is to classify cattle
herds on the basis of risk of potential transmission of  |Fc
MAP, the causative organism for JD. Although the cur-
rent VBJDCP has many strengths, including a focus on JD
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trol Program

herds that have negative test results to market cattle
as low-risk herd replacements, several limitations of
the herd classification component are apparent. In this
component, herds are categorized on the basis of test
results (ie, cattle with negative test results [test-nega-
tive cattle] are in the test-negative program and cattle
with positive test results [test-positive cattle]) are in
the test-positive program. A herd in the test-negative
program is often interpreted as being free of MAP, yet
classification of herds as free from MAP is not part of
the program. The designation of test-positive status has
a negative connotation and hence, producers are reluc-
tant to have their herds included in this program with-
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out tools to enable them to rapidly move their herds
into the test-negative program. Currently, test-positive
herds that implement JD control measures cannot par-
ticipate in the test-negative program until they achieve
a test-negative status. This may require many years of
control efforts, despite making marked progress to low-
er the prevalence of MAP. In addition, even after herds
have negative test results, a single positive test result in
subsequent years leads to removal of a herd from test-
negative classification, which further discourages pro-
ducer participation.

The current herd classification component for
VBJDCP was developed in 1998 and adopted in 2002
on the basis of the best information available at that
time about tests and test strategies. Research conducted
since the program was developed has provided the op-
portunity to use more cost-effective testing strategies
for JD.>* Recently characterized tests such as PEC, PCR
assay of fecal samples,” and ELISA for milk samples®
have not yet been optimally incorporated into the test-
negative component of the current program. In addi-
tion, the current program classifies test-negative herds
at 1 of 4 levels (Appendix) on the basis of testing strate-
gies and not on the basis of a risk of MAP transmission
for the herds at each level. In the experience of one of
the authors (SJW), empirical evidence from testing of
herds in Minnesota that are in the existing test-negative
program indicates a lack of sensitivity for detection of
MAP-infected herds in the program. In Minnesota, 22%
of herds that reached level 1 were subsequently found
to be infected, with an estimated median within-herd
prevalence of 16%; 25% of herds that reached level 2
were subsequently found to be infected, with an esti-
mated median within-herd prevalence of 11%; and 7%
of herds that reached level 3 were subsequently found
to be infected.

In 2006, the Johne’s Committee of the US Animal
Health Association recommended that USDA APHIS
identify the most cost-efficient testing alternatives
for detection of MAP in dairy and beef cattle herds
at the various levels of the VBJDCP. The risk or like-
lihood of MAP transmission for each level requires
a definition as the initial step toward designation of
cost-effective testing alternatives for the various lev-
els of the program. Of primary interest is the risk of
MAP transmission between herds through purchase
of replacement cattle. In this context, risk can be es-
timated by the within-herd prevalence of the popula-
tion in which the animal is a member, assuming that
all herds are equally likely to provide breeding cattle.
This estimate of within-herd prevalence of the source
herd is considered critically important for identifica-
tion of low-risk cattle for herd replacements.” Esti-
mates of within-herd prevalence over time also allow
cattle producers and veterinarians to determine the
progress made by herds for control of JD. The objec-
tive of the study reported here was to develop an im-
proved method of herd classification for the VBJDCP
that can be used by veterinarians or herd owners for
classifying US cattle herds on the basis of the risk
of MAP transmission. The new classification system
would account for important factors such as herd
size, sample size, true within-herd prevalence, and

testing method that influence interpretation of herd
MAP infection status.®

Materials and Methods

Study design—Interrelationships among variables
influencing interpretation and classification of herd in-
fection status for JD were estimated by use of simulated
data for various herd sizes, true within-herd prevalenc-
es, and sampling and testing methods. Four values of
true prevalence (2%, 5%, 10%, and 15% perceived as
very low, low, low to moderate, and moderate risk, re-
spectively) were used to simplify model calculations.
First, it was determined how these variables affected
the number of test-positive cattle when a subset of
cattle in a herd and an entire herd were tested for vari-
ous simulated scenarios. Second, the confidence level
of detecting infected herds was evaluated by estimating
the probability of finding > 1 infected animal in herds
with true prevalences of 2%, 5%, 10%, and 15% for var-
ious testing methods and sample sizes. These estimates
were used to construct figures (or tables) that could be
used by veterinarians or herd owners to classify (with
95% confidence) herd infection status on the basis of
the maximum number of test-positive cattle or culture-
positive fecal pools detected.

Estimation of number of test-positive cattle on
the basis of testing a subset of cattle in a herd and
testing the entire herd—The number of test-positive
cattle (= 36 months old) was estimated for various herd
sizes (small herds, 50 and 100 cattle; medium herds,
200, 400, 600, and 800 cattle; and large herds, 1,000,
2000, 3,000, and 4,000 cattle) and true within-herd
prevalences (2%, 5%, 10%, and 15%). A hypergeomet-
ric simple random sample of 30 cattle was obtained
from all cattle in a herd by use of a built-in function
in a commercially available software program® on the
basis of herd size, true number of MAP-infected cat-
tle in the herd adjusted for imperfect sensitivity and
specificity of testing method, number of samples per
herd, and number of iterations. The sample size of 30
cattle was used because it is the minimum number of
samples required for the entry level of the test-negative
component of the VBJDCP. When testing of an entire
herd was evaluated, the number of samples was equal
to herd size. We used fixed values for sensitivity and
specificity of 60% and 99.9% for IFC, 30% and 99% for
ELISA, and 20% and 99.9% for ELISA-FC, respectively.
The sensitivity and specificity were derived from a re-
port’ of the consensus-based estimates. True prevalence
was calculated by use of the following equation: (AP +
[specificity — 1])/(sensitivity + [specificity — 1]), where
AP is the apparent prevalence.®'® The sensitivity and
specificity for PCR assay of fecal samples were assumed
to be equivalent to those of IFC; hence, separate simu-
lations were not performed for these tests. Then, 1,000
iterations for a sample size of 30 were performed, and
the 2.5th, 50th (median), and 97.5th percentiles were
evaluated to determine uncertainty in the number of
test-positive cattle.

Estimation of probability of detecting > 1 test-
positive animal in a herd—For small, medium, and
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large herds, another built-in function in the commer-
cially available software program® was used to estimate
the probability of finding test-positive cattle on the
basis of the number of MAP-infected cattle in a herd,
herd size, and number of samples tested per herd that
was determined on the basis of hypergeometric random
sampling. Within-herd true prevalence values were 2%,
5%, 10%, and 15%. Fixed values were used for the sen-
sitivity and specificity of testing methods. The effect of
an increase in the number of samples on the probability
of detecting > 1 test-positive animal was evaluated.

Classification of herd infection status on the basis
of maximum number of test-positive cattle detected
with 95% confidence—The number of test-positive
cattle depends on within-herd prevalence, number
of samples tested, testing method, and herd size. The
maximum number of test-positive cattle detected for
a given within-herd prevalence with a specified level
of confidence was estimated by use of a built-in func-
tion for the inverse of the hypergeometric cumulative
distribution function in a commercially available soft-
ware program.© The function calculated the maximum
number of test-positive cattle that should be detected
with 95% confidence in a sample of a specified number
of cattle randomly selected from a herd of cattle, given
that there were no more than a certain number of MAP-
infected cattle in the herd. The estimate was performed
on the basis of testing for the entire herd for herd sizes
of 50 to 200 cattle, 4 values of within-herd prevalence
(2%, 5%, 10%, and 15%), and 3 testing methods (IFC,
ELISA, and ELISA-FC). The estimates were used to
create a prediction line for the maximum number of
test-positive cattle detected with 95% confidence for a
specific value of within-herd prevalence.

Classification of herd infection status on the ba-
sis of the maximum number of culture-positive fecal
pools detected with 95% confidence—A pool of 5 fecal
samples from each of 5 randomly selected cattle was
considered in the study because this pool size is com-
monly used in the United States. First, prevalence of
infected fecal pools (ie, fecal pool in which there was
> 1 individual fecal sample from an infected animal)
for herd sizes of 50 to 4,000 cattle and 4 values of true
within-herd prevalence (2%, 5%, 10%, and 15%) were
estimated. Prevalence of infected fecal pools was esti-
mated by use of a built-in function in the commercially
available software program® on the basis of the number
of infected cattle in a sample, number of JD-infected
cattle in the herd, herd size, and sample size. When the
number of infected cattle in a sample was 0 and sample
size was 5, the function generated the probability that
there were no samples from infected cattle in a pool size
of 5 cattle. Hence, the prevalence of infected fecal pools
in a herd was 1 — np, where n is the sample size and p
is the probability of having no samples from infected
cattle. The estimated prevalence of infected fecal pools
was used to calculate the number of infected fecal pools
adjusted for sensitivity and specificity of PFC testing,
which were assumed to equal the values for IFC of 60%
and 99%, respectively.

Next, the maximum number of fecal pools with
positive culture results (ie, culture-positive fecal pools)

detected with 95% confidence by testing all cattle in
a herd by use of PFC was estimated. This was accom-
plished by use of a built-in function in the commercial-
ly available software program* as previously described
on the basis of the total number of fecal pools in a herd,
number of infected fecal pools (calculated as the total
number of pools minus the number of pools that had
0 infected cattle), and number of tested fecal pools.
Outcomes from the simulations were used to create a
prediction line for the maximum number of culture-
positive fecal pools detected with 95% confidence for a
specific value of within-herd prevalence.

Results

Estimation of the number of test-positive cattle
on the basis of testing a subset of cattle in a herd and
testing the entire herd—Testing a subset of cattle in a
herd revealed that there were O test-positive cattle de-
tected in some iterations of 30 samples for all categories
of within-herd prevalence (2%, 5%, 10%, and 15%) and
herd sizes (50 to 4,000 cattle) for all types of testing
methods (Table 1). When IFC was the test used, 0 to 10
test-positive animals were detected, depending mainly
on within-herd prevalence. Herd size had minimal or
no effect on the number of test-positive cattle detected,;
however, there was a larger sampling variation for small
herds versus large herds. Overall, infected herds with
low within-herd prevalence were likely to be misclassi-
fied when testing 30 cattle/herd regardless of the type
of testing method used. Infection was not detected in
some moderate-prevalence (eg, 15%) herds, and the
chance of not detecting infected cattle was greater when
the ELISA-FC was used.

Results of the 3 testing methods when an entire
herd was tested were summarized (Table 2). There was
no sampling variation when the entire herd was tested,
therefore, the estimate was a single number. Most in-
fected herds were detected by use of whole-herd test-
ing, except when the ELISA-FC was used in small herds
(2100 cattle) with low prevalence (< 5%). In addition
to the cost, the main limitation of whole-herd testing
was misclassification of noninfected herds. All anti-
body and organism-detection tests yielded some false-
positive results when the prevalence was 0%. When an
entire herd was tested (ie, whole-herd testing) with the
ELISA (specificity, 99%), = 1 false-positive animal was
found for all herd sizes. Even when test specificity was as
high as 99.9%, as in the case of the IFC and ELISA-FC,
false-positive results were evident when herd size was
=500 cattle.

Estimation of the probability of detecting > 1
test-positive animal in a herd—Results of scenarios
in which various proportions of a herd were tested by
use of IFC, ELISA, and ELISA-FC for herd sizes be-
tween 50 and 4,000 cattle and true within-herd prev-
alence of 5% were summarized (Table 3). Overall,
the probability of detecting = 1 test-positive animal
increased as sample size increased. The proportion
of a herd required to be tested to achieve results with
95% confidence increased as within-herd prevalence
decreased, and the proportion changed as a function
of within-herd prevalence.
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Table 1—Estimated number* of cattle with positive test results (ie, test-positive cattle) for 4 values of true within-herd prevalence of
MAP determined on the basis of testing 30 cattle/herd by use of IFC, ELISA, and ELISA-FC.

Herd size 2% 5% 10% 15%
Testing (No. of
method cattle) 25 50 975 Maximum 25 50 975 Maximum 25 50 975 Maximum 25 50 97.5 Maximum

IFC 50
100

200

400

600

800

1,000

2,000

3,000
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ELISA-FC 50
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4,000
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*Values reported are for the 2.5th, 50th, and 97.5th percentiles and the maximum number of test-positive cattle.

Table 2—Estimated number of test-positive cattle determined on the basis of whole-herd testing and true within-herd prevalence of
MAP between 0% and 15%.

Testing Herd size
method (No. of cattle) 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15
IFC 50 0 0 1 1 1 2 2 2 2 3 3 3 4 4 4 5
100 0 1 1 2 2 3 4 4 5 5 6 7 7 8 8 9
200 0 1 3 4 5 6 7 9 10 1 12 13 15 16 17 18
400 0 3 5 8 10 12 15 17 20 22 24 27 29 32 34 36
600 1 4 8 1 15 19 22 26 29 33 37 40 a4 47 51 55
800 1 6 10 15 20 25 30 34 39 44 49 54 58 63 68 73
1,000 1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91
2,000 2 14 26 38 50 62 74 86 9 110 122 134 146 158 170 182
3,000 3 21 39 57 75 93 1M 129 147 165 183 201 219 237 255 273
4,000 4 28 52 76 100 124 148 172 196 220 244 268 292 315 339 363
ELISA 50 1 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3
100 1 1 2 2 2 2 3 3 3 4 4 4 4 5 5 5
200 2 3 3 4 4 5 5 6 1 1 8 8 9 10 10 11
400 4 5 6 7 9 10 n 12 13 14 16 17 18 19 20 21
600 6 8 9 1 13 15 16 18 20 22 23 25 27 29 30 32
800 8 10 13 15 17 20 22 24 27 29 31 34 36 38 40 43
1,000 10 13 16 19 22 25 27 30 33 36 39 42 45 43 51 54
2,000 20 26 32 37 43 49 55 61 66 72 78 84 90 95 101 107
3,000 30 39 47 56 65 74 82 91 100 108 117 126 134 143 152 161
4,000 40 52 63 75 86 98 110 121 133 144 156 168 179 191 202 214
ELISA-FC 50 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2
100 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3
200 0 1 1 1 2 2 3 3 3 4 4 5 5 5 6 6
400 0 1 2 3 4 4 5 6 7 8 8 9 10 11 12 12
600 1 2 3 4 5 7 8 9 10 " 13 14 15 16 17 19
800 1 2 4 6 7 9 10 12 14 15 17 18 20 21 23 25
1,000 1 3 5 1 9 n 13 15 17 19 21 23 25 27 29 31
2,000 2 6 10 14 18 22 26 30 34 38 42 46 50 54 58 62
3,000 3 9 15 21 27 33 39 45 51 57 63 69 75 81 87 93
4,000 4 12 20 28 36 44 52 60 68 76 84 92 100 107 115 123
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Table 3—Estimated probability* of detecting > 1 test-positive animal determined on the basis of the proportion of the herd tested in a
herd with a true prevalence of 5% for MAP

Testing  Herd size
method (No. of cattle) 0.05 0.10 0.15 02 025 030 035 040 045 050 0.55 0.60 0.65 070 0.75 0.80 0.85 0.90 0.95 1.00
IFC 50 8 19 30 36 4 51 60 64 69 76 81 84 8 91 95 96 98 99 100 100
100 14 27 39 49 58 66 73 79 84 88 91 94 96 97 99 99 100 100 100 100
200 27 47 63 74 8 8 93 96 97 99 99 100 100 100 100 100 100 100 100 100
400 46 72 8 93 97 99 99 100 100 100 100 100 100 100 100 100 100 100 100 100
600 63 8 9% 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
800 73 93 98 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
1,000 80 9 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
2,000 96 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3,000 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4,000 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
ELISA 50 4 10 16 20 24 30 36 40 44 50 56 60 64 70 76 80 86 90 96 100
100 10 19 28 36 44 51 58 64 70 75 80 8 8 91 94 96 98 99 100 100
200 22 41 5 68 77 8 89 92 95 97 98 99 100 100 100 100 100 100 100 100
400 40 66 8 9 95 97 99 99 100 100 100 100 100 100 100 100 100 100 100 100
600 54 80 92 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
800 65 8 9 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
1,000 73 93 98 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
2,000 92 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3,000 98 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4,000 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
ELISA-FC 50 4 10 16 20 24 30 36 40 44 50 56 60 64 70 76 80 86 90 96 100
100 5 10 15 20 25 30 3 40 45 50 55 60 65 70 75 80 85 90 95 100
200 10 19 28 36 44 51 58 64 70 75 8 8 8 91 94 96 98 99 100 100
400 19 34 48 59 69 76 82 8 91 94 96 97 99 99 100 100 100 100 100 100
600 30 52 68 79 8 92 95 97 99 99 100 100 100 100 100 100 100 100 100 100
800 37 61 77 8 93 96 98 99 100 100 100 100 100 100 100 100 100 100 100 100
1,000 43 69 8 92 96 98 99 100 100 100 100 100 100 100 100 100 100 100 100 100
2,000 68 90 97 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
3,000 82 97 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
4,000 90 99 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

*Values reported are percentages.

obtained when the IFC was used for test-
ing, and the proportion of herd required to
be tested to achieve 95% confidence was
slightly higher than the proportion when
testing was performed with the IFC. Re-
sults determined on the basis of testing
with the ELISA-FC indicated that this test-
ing method required a substantially larger
proportion of the herd to be tested than
when the IFC and ELISA were the testing
methods. Whole-herd testing by use of the
ELISA-FC did not achieve 95% confidence
of having < 1% prevalence when herd size
was < 200 cows (data not shown).

No. of test-positive cattle

Classification of herd infection sta-
tus on the basis of the maximum number
of test-positive cattle detected with 95%
confidence—The maximum number of
test-positive cattle that were detected with

: - - 95% confidence when whole-herd test-

o} = - - & — o - - - 2 ing was conducted via IFC, ELISA, and
- No. of cattle ELISA-FC was estimated. A prediction line

was created for each level of risk. For ex-
Figure 1—Graph of the maximum number of cattle with positive test results (test- ample, if all cattle in a herd of 100 cattle
st catl) 1 4 e, of s i e reers ol WA oo were ested via IFC, the maximum mmber
Dovals 1 Toolid black ey, 2 (dashed black ing), 3 (dottod black ing), and 4 (dotred. ©F test-positive cattle should not exceed 9,
and-dashed black line) were based on 95% confidence that the true within-herd 0, 3, and 1 for classifying the herd as hav-
prevalence was < 15%, < 10%, < 5%, and < 2%, respectively. ing a true prevalence of < 15%, < 10%,
< 5%, and < 2%, respectively. Alternatively,

When testing was conducted by use of the ELISA,  if 4 cattle were found to be test-positive by use of the
estimates had a pattern (a convex slope) similar to that ~ IFC, the herd could be classified as having a maximum

252 AJVR, Vol 73, No. 2, February 2012

Unauthenticated | Downloaded 09/27/23 05:20 PM UTC



the findings for use of the ELISA-FC with
regard to the probability of detecting > 1
infected animal (Table 2). When the maxi-
mum number of test-positive cattle detect-
ed was 0, it was necessary to determine the
probability of detecting > 1 infected ani-
mal by use of the testing method to decide
whether the value of 0 was attributable to a
I lack of MAP infection in the herd or a lack
i of power to detect infected cattle.

Classification of herd infection status
on the basis of the maximum number of
culture-positive fecal pools detected with
95% confidence—The maximum number
of culture-positive fecal pools that could be
detected with 95% confidence when fecal
samples from an entire herd were placed
i into pools of 5 individual fecal samples/
pool and tested by culture (ie, PFC) was
estimated (Figure 4). For example, in a
100-cow herd in which 20 fecal pools were
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created, detection of 6, 4, 2, and 1 culture-
positive fecal pools indicated a true within-

Figure 2—Graph of the maximum number of test-positive cattle for 4 values of true herd prevalence of <15%,<10%, < 5%, and

within-herd prevalence of MAP determined on the basis of whole-herd testing by

use of ELISA. See Figure 1 for remainder of key.

< 2%, respectively.

Discussion

-
T

No. of test-positive cattle

|
I
1

1
|
L

1 Il Il ' Il

In the study reported here, the effect of
herd size, true within-herd prevalence, and
sampling and testing methods on interpre-
tation and classification of herd JD infection
status was evaluated via simulated data.
Then, a new system was created for clas-
sifying JD infection status of US cattle herds
on the basis of the probability of detection
== | of infection and the maximum number of
test-positive cattle detected. Categorization
of herd JD infection status into infected ver-
sus noninfected herds often requires testing
many cattle and high cost, and most of the
time, categorization is not feasible when
tests are imperfect, within-herd prevalence
is very low (eg, < 2%), and additional evi-
dence for classification of herd status is not
available. It is extremely difficult and finan-
cially not feasible to differentiate a nonin-
fected population from an infected popula-

0 2 40 60 80 100 120 140 160
No. of cattle

' | tion with a very low prevalence. Increasing
the number of cattle tested in each herd to
increase herd sensitivity often affects herd

Figure 3—Graph of the maximum number of test-positive cattle for 4 values of true Speciﬁcity if the herd is not infected and

within-herd prevalence of MAP determined on the basis of whole-herd testing by

use of ELISA-FC. See Figure 1 for remainder of key.

true prevalence of between 5% and 10% (Figure 1). For
whole-herd testing by use of the ELISA, estimates of the
maximum number of test-positive cattle were smaller
than the estimates obtained by use of the IFC for the
same classification levels (Figure 2). Whole-herd test-
ing with the ELISA-FC (Figure 3) was not adequate for
classifying infection status when herds were small or
had low prevalence (< 5%), which was consistent with

the testing method used is < 100% specific.
Most available testing methods for paratu-
berculosis are highly specific, but all have
specificities < 100%, which could result in misclassifi-
cation of noninfected herds, depending on the number
of cattle tested.

For JD control purposes, it is important to assess
herd infection prevalence to a meaningful level (eg,
< 5% and 10%) in terms of risk of disease transmission.
Such information will facilitate improved planning and
monitoring of control programs that are financially fea-
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No. of test-positive fecal pools

95% confidence that the true within-herd
prevalence was < 15%. For example, 15%
true prevalence is equal to a test prevalence
of 5.3%, assuming testing of serum or milk
samples was conducted by use of an ELISA
with 30% sensitivity and 99% specificity.
Levels 2, 3, and 4 were based on 95% confi-
dence that the true within-herd prevalence
was < 10%, < 5%, and < 2%, respectively.
These categories indicated high confidence
of an increasingly lower risk of infection
with JD but provided no direct indication
of the probability the herd was not infected,
which would necessitate Bayesian infer-
ence. Overall, this method of classification
provides a transparent system to categorize
participating herds on the basis of maxi-
mum within-herd prevalence and herd test-
ing methods.

The use of PFC as an alternative cost-
saving testing method for JD herd classi-
fication was evaluated. The PFC method

0 5 10 15 20 k3 0
No. of fecal pools/herd

was based on a maximum of 5 fecal sam-
ples/pool, which is commonly used in the

Figure 4—Graph of the maximum number of pooled fecal samples with positive

United States. Simulation results indicated

culture results (test-positive fecal pools) for 4 values of true within-herd prevalence that PFC was capable of classifying herd
of MAP determined on the basis of whole-herd testing of pooled fecal samples. JD infection status as a true within-herd

Each pool contains individual fecal samples from 5 cattle. See Figure 1 for remain-

der of key.

sible and provide a proactive warning to cattle produc-
ers regarding the risk of MAP infection.

Classification of herd infection status in the present
study was performed by the use of all information avail-
able, including the proportion of test-positive samples
detected and the probability of detection given the sam-
pling and testing methods used. Herds were classified
into categories that represented the risk of JD transmis-
sion instead of being classified as test-negative or test-
positive herds. Classification on the basis of risk of JD
transmission provides reasonable classification of herd
infection status to the extent that a participating owner
could afford or would be willing to have their herd clas-
sified without having to prove its MAP-free status. The
concept and new system for classifying JD status of US
cattle herds developed in the present study may also
be applicable to risk categorization for other infectious
diseases, provided there are estimates of test sensitivity
and specificity.

For the present study, herd JD infection status was
categorized on the basis of the maximum true with-
in-herd prevalence. True prevalence was used as the
benchmark because the measure allows comparison of
results of various tests after adjustment for test sensitiv-
ity and specificity. The sensitivity and specificity of tests
eligible for use in herd tests were determined on the
basis of consensus-based estimates.’ To better evaluate
the variability of results attributable to other factors,
the uncertainty in test sensitivity and specificity was
not included in the model. However, if effects of these
other factors were included, a small uncertainty and
therefore a minor effect on the herd infection classifica-
tion would be anticipated. Four categories of risk were
defined as levels 1, 2, 3, and 4. Level 1 was based on

prevalence of < 5% and < 2% in herds of
40 and 90 cows, respectively. In addition,
it is possible to test feces from individual cows contrib-
uting samples to test-positive fecal pools, calculate the
percentage of culture-positive cows, and then assign
a classification level by use of the thresholds for IFC.
For this study, we assumed the sensitivity (60%) and
specificity (99%) of PFC were the same as those of IFC,
which might have overestimated the ability of PFC for
MAP detection if infected cattle were low shedders of
MAP in feces.

We anticipate that results of the present study will
be useful for USDA APHIS Veterinary Services policy-
makers to achieve more efficient control of JD in US
cattle populations through modification of the current
test-negative program by use of concepts generated
from this study. Key concepts include herd classifica-
tion levels for JD based on critical threshold values for
herd testing on the basis of herd size. Some of the clas-
sification levels allow for positive test results (through
false-positive or true-positive test results). A new clas-
sification system for JD status in cattle herds could pro-
vide more low-cost and scientifically sound alternatives
for herds to achieve lower risk than are provided by
the current test-negative program. Under a new system,
lower-cost testing methods such as ELISA or PCF could
potentially be used at any of the risk levels, and use of the
most costly testing strategy (IFC) would be minimized.
At the same time, a new system would retain a high likeli-
hood of very low risk in the lowest risk category (level
4). This lowest risk category could also be modified or
expanded to include additional levels with O test-positive
cattle. Under the current program, use of ELISA or PFC
is restricted at some of the lower risk levels, which poten-
tially limits producer incentives for use of the program to
make progress from one level to another.
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Further evaluation of another low-cost testing
strategy, environmental testing, is needed, especially
in dairy and beef cattle herds with a low prevalence of
MAP infection. This should include the effect of envi-
ronmental sampling of cattle herds on the basis of group
or production string. We did not include the evaluation
of environmental fecal samples in the present study be-
cause of a lack of available data.

Establishment of countries, regions, and zones as
being free from animal pathogens is an important issue
for animal trade. Investigators have evaluated the meth-
ods for calculating the exact probability of detecting in-
fected animals when considering both imperfect tests
and finite population size,'' sample size requirement
for surveys designed to provide evidence of freedom
from disease,'? and surveillance as a tool to establish
freedom from disease by use of multiple data sources.”
Classification of a population as infection-free is diffi-
cult, costly, and time-consuming, especially when dif-
ferentiating a noninfected population from a population
with a very low prevalence. Recently, use of a risk-based
approach has been proposed as a sampling alternative
to increase confidence of detecting pathogens in very
low—prevalence populations'* and to minimize the re-
quired sample size in a population with a very low prev-
alence.”” However, this requires knowledge of hetero-
geneous risk among subgroups in a population. In the
present study, we focused on infected herds with low
and very low prevalence to avoid confusion arising
from differentiating them from noninfected herds. In
addition, we have provided farmers and veterinarians
with a reference that can be used for classification of JD
infection status in cattle.

On the basis of the findings from the present
study, there are several advantages to an updated
herd classification program. One is more transparent
interpretation of herd JD classification by removal of
the concept of freedom from JD. Instead, we propose
the concept of a 95% confidence of a true within-
herd prevalence less than or equal to a defined value,
which could be used as a standard to which future
tests are compared. Interpretation of test results by
herd size provides a testing scheme that is more eq-
uitable across herds of all sizes. A major outcome
of this classification program is lower-cost alterna-
tives for testing (use of ELISA alone and testing of
pooled fecal samples) in specific classification levels.
This program could facilitate increased participa-
tion in the voluntary classification program through
removal of the need to confirm test-positive results
for the ELISA and faster progression to levels 3 and
4 with an associated lower risk of infection. Finally,
this system would maintain a high degree of rigor
throughout the classification program to ensure sci-
entific credibility of the program. Therefore, results
from the present study indicate that cattle herds can
be classified in a scientifically credible manner on
the basis of risk of JD infection status by use of avail-
able diagnostic tests. In fact, based in part on findings

from the study reported here, USDA APHIS Veterinary
Services published new Uniform Program Standards
for the VBJDCP in September 2010. Furthermore, as
of October 20, 2011, 15 states have adopted these new
program standards.
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Appendix

Summary of the test-negative program and herd classification component of the VBJDCP on the basis of the description in the Uniform
Program Standards.!

Level Description

1 Negative test results for samples by use of 1 of 3 strategies: ELISA on serum or milk samples from 30 cattle (= 36 months old),
culture of 6 environmental samples, and PFC on samples from 50 cattle (fecal pools [samples from 5 cattle/pool] for a total of
10 samples); a minimum of 3 fecal pools (samples from 5 cattle/pool; 15 cattle) is the minimum for pooled samples (if the herd
consists of < 15 cattle, individual samples should be used)

2 Negative results for the ELISA on serum or milk samples from a statistically determined subset of cattle = 36 months old
(including bulls = 24 months old)
3 Negative results for culture of fecal samples obtained from a statistically determined subset of cattle = 36 months old

(including bulls = 24 months old) or negative results for PFC on pooled fecal samples from a statistically determined subset of
cattle (5 cattle/pool; a minimum of 15 cattle is needed to use pooled samples); if PFCs are used, the herd must also have
negative culture results for 6 environmental samples

4 Negative results of ELISA for serum or milk samples obtained from a statistically determined subset of cows = 36 months old
(including bulls = 24 months old)

A positive test result at any of the test-negative classification levels causes the herd to be classified as positive. Herd owners that discontinue
participationinthe program but subsequently reenter the test-negative component of the program must start over with regard to herd classification.
Herds can be classified at up to level 3 on the basis of results for their first test as long as they follow the testing requirements for level 3. Herds
can remain at any of the levels by following the testing requirements for that level. Testing is required every 10 to 14 months to maintain status or
to progress to a new level.
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