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J Vet Diagn Invest 16:31-38 (2004)

Effects of prevalence and testing by enzyme-linked
iImmunosor bent assay and fecal culture on
the risk of introduction of Mycobacterium avium
subsp. paratuberculosis-infected cows into dairy herds

Tim E. Carpenter,® lan A. Gardner, Michael T. Collins, Robert H. Whitlock

Abstract. A stochastic simulation model was developed to assess the risk of introduction of Mycobacterium
avium subsp. paratuberculosis infection into a dairy herd through purchase of female replacement cattle. The
effects of infection prevaence in the source herd(s), number of females purchased, and testing by enzyme-
linked immunosorbent assay (ELISA) aone or ELISA and feca culture as risk mitigation strategies were
evaluated. Decisions about negative test results were made on a lot and individual basis. A hypothetical dairy
herd, free from M. a. paratuberculosis, which replaced 1 lot (10, 30, or 100) of cows per year, was considered.
Probability distributions were specified for the sensitivities and specificities of ELISA and fecal culture, the
proportion of infected herds and within-herd prevalence for randomly selected replacement source herds (high
prevalence) and herds in level 2 (medium prevalence) and level 3 (low prevalence) of the Voluntary Johne's
Disease Herd Status Program (VJDHSP). Simulation results predicted that 1-56% of the lots had at least 1 M.
a. paratuberculosis-infected cow. Assuming that ELISA sensitivity was 25%, simulation results showed on a
lot basis that between 0.4% and 18% and between 0.1% and 9% were predicted to have at least 1 infected cow
not detected by ELISA and by a combination of ELISA and fecal culture, respectively. On an individual cow
basis, between 0.1% and 8.3% of ELISA-negative cattle in ELISA-positive lots were estimated to be infected.
In both the lot and individual analyses, the probability of nondetection increased with larger lot sizes and greater
prevalence. Sensitivity analysis indicated that the effect of a lower ELISA sensitivity (10%) was a variable
decrease in mean detection probabilities for all combinations of prevalence and lot size. The benefit of testing
introduced cattle with ELISA aone or in combination with fecal culture was found to be minimal if cows were
purchased from known, low-prevalence (level 3) herds. The value of testing by ELISA aone or in combination
with fecal culture was greatest in high-prevalence herds for all lot sizes. Testing of random-source cattle, bought
as herd replacements, can partially mitigate the risk of introduction of M. a. paratuberculosis but not as well
as by using low-prevalence source herds (level-3 VIDHSP), with or without testing.

Mycobacterium avium subsp. paratuberculosis in-
fection (commonly termed paratuberculosis or Johne's
disease) occursin dairy and beef herds throughout the
United States and the rest of the world. Based on re-
sults of the National Animal Health Monitoring Sys-
tem (NAHMS) Dairy '96 study, 22% of US dairy
herds were estimated to have M. a. paratuberculosis—
infected cattle.”® However, this is a conservative herd
prevalence estimate, especially among large herds,
which have ahigher risk of infection.?® In the NAHMS
study, underestimation of herd prevalence (false-neg-
ative herds) probably occurred because testing of 30
females failed to detect infection in low-prevalence
herds. In contrast to the US estimate, 50% to 70% of
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Danish® and Dutch dairy herds®* respectively, are
reported to be M. a. paratuberculosis infected.

Trade in infected cattle is believed to be the most
important source of among-herd transmission of M. a.
paratuberculosis; hence, a strategy that herd owners
can use to minimize the risk of introducing infection
is to only purchase replacement females from herds
that are free (or have a low prevalence) of infection.
In response to growing concern in the US cattle in-
dustries about the economic importance of paratuber-
culosis, the Voluntary Johne's Disease Herd Status
Program (VJDHSP) was developed in 1998. The pro-
gram provides guidelines for the operation of a sci-
entifically sound program to identify herds with a low
probability of infection and a low within-herd preva-
lence of M. a. paratuberculosis. The model program
was developed to provide greater similarity and equity
among different state herd certification programs for
M. a. paratuberculosis.*? In brief, the VIDHSP has 4
levels for test-negative herds, each with different test-
ing and biosecurity requirements. Progression from
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level 1 to level 4 in the VIDHSP is associated with a
higher probability that a herd is free of infection and
lower within-herd prevalence if the herd were infected.
Combinations of enzyme-linked immunosorbent assay
(ELISA) and fecal culture are used in the program,
and a recent study indicated that the sensitivity of herd
classification in the VIDHSP (sample size of 30)
ranged from 33% to 84%; whereas the herd-level sen-
sitivity of ELISA, if it were used without confirmation
by fecal culture, ranged from 70% to 93%. In addition,
without fecal culture, the herd-level specificity was
predicted to decrease to 11%.%"

The sengitivity of the ELISA for the detection of
serum antibodies to M. a. paratuberculosis in individ-
ual cows has been evaluated extensively.3-61316.19.21.22.28
Although there is conjecture about estimated values
and the appropriate reference test, current evidence in-
dicates that ELISA sensitivity is highly dependent on
the stage of M. a. paratuberculosis infection (stage I:
preclinical, not shedding bacteria in feces, stage Il:
preclinical, shedding bacteria in feces, or stage Ill:
clinical, shedding bacteria in feces). Estimates range
from 15% (stage 1) to 85% (stage 111).% In stage 11,
ELISA sensitivity is positively correlated with the
number of M. a. paratuberculosis shed in feces.??8 In
addition, ELISA sensitivity can decrease over time be-
cause of a change in the spectrum of disease caused
by the culling of ““heavy’” fecal shedders.?® Finaly, the
sensitivity of the ELISA is dependent also on the des-
ignated cutoff value(s) for interpretation of test results,
and there are several variants of the ELISA in different
laboratories.

The sensitivity of a single fecal culture in stage-1l
infection is considered by many authors to be greater
than that of ELISA; however, the sensitivity is depen-
dent on both the numbers of M. a. paratuberculosis
shed in feces???8 and the culture method used.”? Es-
timates of the sensitivity of a single fecal culture by
conventional methods range from 30% to 50%.1%28

The objective of the present risk assessment was to
develop a simple model for estimation of the risk of
introduction of M. a. paratuberculosis infection into a
dairy herd associated with purchase of replacement fe-
males. The effects of among- and within-herd preva-
lence of M. a. paratuberculosis infection in source
herds, number of adult females purchased, and testing
of purchased cattle as a risk mitigation strategy were
evaluated. Two possible testing scenarios were consid-
ered: use of ELISA only and use of a combination of
ELISA and fecal culture.

Methods

Model herd and diagnostic testing. A hypothetical
dairy herd, free from M. a. paratuberculosis, that re-
placed 10, 30, or 100 of its cows per year was con-

sidered. The manager has the option of buying cows
or heifers from multiple source herds of known or un-
known M. a. paratuberculosis status. For the purpose
of this study, it was assumed that a lot of cattle either
came from a single herd or multiple herds of an iden-
tical M. a. paratuberculosis status. The manager can
purchase the cows untested or can use ELISA individ-
ualy or in combination with fecal culture on all pur-
chased cattle. For purchases from source herds of un-
known status or level-2 or level-3 herds in the
VIDHSP program, 3 possible purchase options of
cows 2 yr of age or older were considered: 1) no test-
ing, 2) testing and introduction of ELISA-negative cat-
tle, and 3) testing and introduction of cattle that were
negative on both ELISA and fecal culture. For the last
option, it was assumed that testing by ELISA was done
first because of its rapidity and lower cost. Only cattle
that tested negative on the ELISA were then tested by
fecal culture. For tested cattle, decisions about intro-
duction were assumed to be made either on an indi-
vidual animal basis (reject test-positive cattle, and ac-
cording to this assumption, the risk of introduction of
infected animals was estimated if test-negative cattle
were purchased) or on alot basis (reject the lot if 1 or
more animals tested positive).

For the purpose of this analysis, it was assumed that
there was 1 purchaselyr; however, the results may per-
tain to multiple purchases during a longer time period
as well. For simplicity, al introduced infected females
were assumed to be subclinically infected and shed-
ding M. a. paratuberculosis in feces, i.e., stage-Il in-
fection. Monte Carlo simulations were used to gener-
ate probability distributions for the between- and with-
in-herd and lot prevalence of M. a. paratuberculosis.
Monte Carlo simulations may be thought of as a ran-
dom sampling technique that chooses an event based
on the weight or probability of that event occurring.
For example, if 22% of the herds were infected, on
average 22% of the simulations will presume that fe-
males are being purchased from an infected herd. The
method continues to be used to determine the infection
and test status of each individual in alot. All outcomes
were determined by the probability distribution of the
events, as described below.

Probability distributions for model inputs. Because
estimates of ELISA sensitivity in the published liter-
ature vary greatly, MTC and RHW, who separately
have evaluated the ELISA 3422 gave their expert
opinion about test accuracy. The experts synthesized
evidence from their own and others works into both
the most likely value (which was equated to the mode)
and the value that they were 95% sure that sensitivity
of the commercial ELISA2 was below when used in
typical adult dairy cows in stage-1l infection. Cows in
stage-Il infection shed few, moderate, or many M. a.
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Figure 1. Probability distributions for ELISA sensitivity (se)
and specificity (sp) and fecal culture (FC) sensitivity for the Myco-
bacterium avium paratuberculosis risk introduction model based on
opinions of 2 subject matter experts (expert 1, solid lines; expert 2,
dashed lines). (Specificity of FC was not fixed exactly at 100% [not
shown] because of the possibility that M. a. paratuberculosis might
be transiently present in feces without concurrent infection.?® How-
ever, the likelihood of this phenomenon was considered to be low,
and the expert estimations of FC specificity were >0.995 with a
probability of at least 99%.)

paratuberculosis in feces; therefore, their estimate was
based on a consideration of the proportion of cowsin
each of these **shedding” categories in a typical herd
and the sensitivity for each category. Similar inputs
were obtained for the specificity of ELISA, the sen-
sitivity and specificity of fecal culture, the proportion
of infected herds and within-herd prevalence for aran-
domly selected national herd and for herds in levels 2
and 3 of the VIDHSP, For parameters that had a mode
of >0.5, the experts indicated the value that they were
95% sure that the parameter exceeded because accu-
rate characterization of the shape of the distribution is
more readily achieved in that situation when the lower
rather than the upper limit is used. For the 2 values
that the expert specified for each input, a beta distri-
bution was fitted® that most closely matched the ex-
pert’s opinion (Figs. 1-3). The beta distribution was
selected for al modeled distributions and is appropri-
ate for modeling binomial probabilities such as sensi-
tivity, specificity, and prevalence because it is uni-
modal and flexible to use. The parameters (a and B)
of the beta distribution determine its shape and reflect
the certainty that the expert has about the modal value
for the distribution. Beta distributions can be made
more concentrated (or more diffuse) about a single
mode by increasing (decreasing) the values of « and
B by the same magnitude. Distributions were graphed
as a final check on the correctness of the provided
estimates.

Scenarios and simulations. Three primary scenarios
were evaluated: purchases from a group of low- (level
3), medium- (level 2), or high-prevalence (randomly
selected) herds. For each of these 3 scenarios, there
were 3 options (no testing, testing by ELISA, and test-
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Figure 2. Among-herd prevalence distributions for 3 herd types

(level-3 VIDHSR level-2 VIDHSR and randomly selected [national]

herds) for the Mycobacterium avium paratuberculosis risk introduc-

tion model based on opinions of 2 subject matter experts (expert 1,
solid lines; expert 2, dashed lines).

ing by ELISA and fecal culture) and 3 lot sizes (10,
30, and 100). Initial simulations were performed using
inputs from the first expert (MTC, Figs. 1-3). A total
of 10,000 iterations for each of the 27 aternative sce-
narios were performed. Simulations were done in
@RISK ,c a simulation add-in for Excel.d

A sensitivity analysis was done to evauate the ef-
fects of 3 factors. use of inputs from the second expert
(RHW) compared with the first expert (MTC); alower
ELISA sensitivity (10%), which might apply when the
replacement females were heifers rather than cows;
and a dependence between the sensitivity of the
ELISA and fecal culture, which might occur because
the combined sensitivity of the 2 tests used in series
is less than that predicted based on an assumption of
independence.® The conditional sensitivity of fecal cul-
ture in the subpopulation of ELISA-negative cattle was
set as 0.3, compared with its overal value of 0.35 in
untested cattle in stage-Il infection. The value was
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Figure 3. Within-herd prevalence distributions for 3 herd types
(level-3 VIDHSR level-2 VIDHSR and randomly selected [national ]
herds) for the Mycobacterium avium paratuberculosis risk introduc-
tion model based on opinions of 2 subject matter experts (expert 1,
solid lines; expert 2, dashed lines). (Note that distributions for level-
3 herds were virtualy identical.)
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Table 1. Percentage of Mycobacterium avium paratuberculosis-infected lots (at least 1 infected female) and numbers of infected cows
per infected lot at 3 prevalence scenarios and 3 lot sizes, with priors of expert 1.

Level 3 herds* Level 2 herdst National herdst
Testing option 10 30 100 10 30 100 10 30 100

None

Infected lots (%) 15 33 55 54 10.5 14.7 36.2 49.9 56.0

Median number infected per lot 1 1 3 1 2 4 2 3 10

Maximum number infected per lot 2 4 9 4 8 21 8 19 58
ELISAS

Undetected infected lots (%) 0.9 12 04 33 34 0.7 18.1 10.5 11

Median number infected per lot 1 1 2 1 2 3 1 2 4

Maximum number infected per lot 2 3 6 3 7 10 7 14 14
ELISA and FC|

Undetected infected lots (%) 0.5 0.4 0.1 16 1.0 0.1 8.7 24 0.1

Median number infected per lot 1 1 2 1 1 3 1 2 2

Maximum number infected per lot 2 2 3 3 4 6 6 13 9

* Within-herd prevalence for level-3 herds: mode = 2%.
T Within-herd prevalence for level-2 herds: mode = 3%.
¥ Within-herd prevalence for national herds: mode = 5%.
§ ELISA sensitivity: mode = 25%.

|| Fecal culture (FC) sensitivity: mode = 35%.

chosen based on analysis of John€e's disease repository
datal® and on experience of one of the authors (IAG)
in the assessment of test dependence.

Posttest probabilities. Posttest probabilities (predic-
tive values) of infection were calculated at the indi-
vidual and lot levels to better interpret negative test
results for the 2 testing scenarios. For individua in-
terpretation, posttest probabilities depend on sensitiv-
ity, specificity, and pretest probability (prevalence) and
lot-level probabilities depend on these 3 factors, the
lot size, and the proportion of infected lots.** At a lot
level, the probability of at least 1 M. a. paratubercu-
losis-infected female being present, given that al fe-
males in the lot were test negative, is 1 minus negative
predictive value (1 — NPV), which has an interpreta-
tion similar to that for individual test results. For ex-
ample, if 1 — NPV was 0.10 for lot-level results, this
finding indicates that 1 in 10 test-negative lots of the
designated size has at least 1 infected female.

Results

Simulation results predicted that 1-56% of untested
lots had at least 1 M. a. paratubercul osis—infected cow
(Table 1). Lots from randomly selected (national)
herds had a higher proportion of infected lots (for all
lot sizes) than lots from level-2 herds, which were
higher than lots from level-3 herds. Within each herd
prevalence category, larger lot sizes increased the risk
of having infected animals. The median number of in-
fected cows in infected lots ranged from 1 to 4, except
in lots of 100 cows from randomly selected (national)
herds, where the median was 10 infected cows. The

maximum number of infected cows in infected lots
ranged from 2 to 58.

Lot-level posttest probabilities. Assuming an
ELISA sensitivity of 25% (mode for expert 1), the
model predicted that 36-98% of infected lots would
be detected because they had at least 1 EL1SA-positive
cow (Table 2). Probabilities of detection increased with
larger lot sizes and were higher for randomly selected
(national) herds than for level-2 herds, which were
higher than that for level-3 herds. The combination of
ELISA and fecal culture detected more (69—99.9%)
infected lots for all combinations of lot size and with-
in-herd prevalence. Probabilities of detection increased
with larger lot sizes and were higher for randomly se-
lected herds than for level-2 herds, which were higher
than that for level-3 herds. The net effect of these pre-
dicted detection probabilities was reflected in the per-
centage of undetected, infected lots for both testing
options (Table 1). Depending on the source herd, 1—
18% of all lots were predicted to have infected cows
not detected by the ELISA and 0.1-9% not detected
by a subsequent fecal culture (Table 1). For both test-
ing strategies, the proportion of lots with more infected
animals than test-positive animals increased with in-
creasing prevalence and also with larger ot sizeswith-
in each prevalence category (data not shown). Some
positive lots were correctly detected as infected be-
cause of false-positive tests on noninfected animals
(mode for ELISA specificity for expert 1 was 0.98) in
the lot even when truly infected animals tested nega-
tive.

Cow-level posttest probabilities. If the decision
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Table 2. Percentage of Mycobacterium avium paratuberculosis-infected lots detected for 3 prevalence scenarios and 3 lot sizes, with

priors of expert 1.

Level-3 herds* Level-2 herdst National herdst

Testing option 10 30 100 10 30 100 10 30 100
ELISA sensitivity = 25%

ELISA 35.6 64.7 92.6 40.0 68.0 95.0 49.9 79.0 98.0

ELISA and FC8 68.5 88.7 99.1 70.1 90.1 99.4 77.6 95.1 99.9
ELISA sensitivity = 10%

ELISA 26.7 56.1 91.1 27.7 57.1 91.9 324 64.0 94.1

ELISA and FC8 63.0 86.5 98.9 65.3 88.1 99.3 71.8 93.2 99.8

* Within-herd prevalence for level-3 herds: mode = 2%.
T Within-herd prevalence for level-2 herds: mode = 3%.
¥ Within-herd prevalence for national herds: mode = 5%.

§ Fecal culture (FC) was applied to all cattle in ELISA-negative lots.

were made on an individual cow basis, instead of lot
basis, the dairyman may consider retaining test-nega-
tive cows present in atest-positive |ot once the reactors
were removed. Because both ELISA and the combi-
nation of ELISA and fecal culture were imperfectly
sensitive, variable numbers of test-negative cows were
predicted to be truly infected. The probability that a
test-negative cow was actually infected (1 — NPV)
after test-positive cows were removed from the lot in-
creased with both increasing lot size and higher herd
prevalence and ranged from 0.1% to 8% (Table 3). The
highest value for 1 — NPV occurred in randomly se-
lected (national) herds, where 6-8% of ELISA-posi-
tive lots were predicted to have ELISA-negative in-
fected cows (Table 3). The use of fecal culture in ad-
dition to ELISA reduced the simulated value of 1 —
NPV by an average of approximately 50% for all com-
binations of lot size and herd prevalence category and
as much as 90% for EL1SA-negative and fecal culture—
positive lots.

The simulated percentage of lots testing ELISA pos-
itive ranged from 21% to 93%, increasing with lot size
and within-herd prevalence (Table 4). If the lot was
ELISA negative and tested with fecal culture, the prev-
aence of fecal culture—positive lots ranged from 6%

to 24%, being lowest for the largest ot size as a result
of the relatively small number of EL1SA-negative 100-
cow lots. The percentage of ELISA-negative and fecal
culture—negative lots ranged from 1% to 63%. The
smallest percentages occurred in the 100-cow lots and
largest percentages in the 10-cow lots. The number of
infected cows not detected by ELISA varied across
within-herd prevalence levels and lot sizes. Although
the number of undetected, infected cows was small in
lots from level-2 and level-3 herds, 40% of the 100-
cow lots from randomly selected (national) herds were
expected to have at least 5 infected cows not detected
by ELISA (Table 5), compared with less than 1% and
approximately 4% in the 100-cow lots from level-3
and level-2 herds, respectively.

Sensitivity analysis. The effect of change in the
source of expert opinion was minimal, and the same
relationships were mostly evident. Because the second
expert (RHW) alowed for larger within-herd preva-
lence in national herds, the mean number of simulated
infected cattle per infected lot was about 4-fold higher.
In addition, he estimated alower modal value for spec-
ificity (0.96). This resulted in a greater detection prob-
ability for larger lots from national herds (87% and
95% for lot sizes of 30 and 100, respectively) when

Table 3. Posttest probability (%) of Mycobacterium avium paratuberculosis infection (1 — NPV) for ELISA-negative females in test-
positive (ELISA+ cattle removed) and test-negative lots, at 3 prevalence levels and 3 lot sizes with priors of expert 1.

Testing option and level Level-3 herds* Level-2 herdst National herdst
Lot Individual 10 30 100 10 30 100 10 30 100
ELISA+ ELISA— 0.14 0.14 0.13 0.72 0.66 0.60 8.29 7.33 6.03
ELISA- ELISA- 0.12 0.10 0.07 0.50 0.42 0.21 4.38 2.68 0.68
ELISA—, FC+8 ELISA—, FC— 0.08 0.07 0.05 0.49 0.39 0.15 452 2.57 0.55
ELISA—, FC—- ELISA—, FC— 0.08 0.06 0.03 0.31 0.20 0.10 2.37 1.00 0.17

* Within-herd prevalence for level-3 herds: mode = 2%.
T Within-herd prevalence for level-2 herds: mode = 3%.
¥ Within-herd prevalence for national herds: mode = 5%.
§ Fecal culture (FC) was applied to al ELISA-negative cattle.
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Table 4. Distribution (%) of ELISA and fecal culture (FC) test results to identify Mycobacterium avium paratuberculosis infection at

3 prevalence levels and 3 lot sizes with priors of expert 1.

Level-3 herds* Level-2 herdst National herdst
Testing result 10 30 100 10 30 100 10 30 100
ELISA+ 20.9 50.0 86.6 21.8 515 87.5 31.1 63.9 92.7
ELISA— 79.1 50.0 134 78.2 48.5 12.5 68.9 36.1 7.3
ELISA—, FC+8 16.2 235 10.6 16.6 23.2 9.9 20.2 19.8 5.9
ELISA—, FC— 62.9 26.5 2.8 61.6 25.3 2.6 48.7 16.3 1.4

* Within-herd prevalence for level-3 herds. mode = 2%.
T Within-herd prevalence for level-2 herds: mode = 3%.
T Within-herd prevalence for national herds: mode = 5%.
8§ Fecal culture was applied to all ELISA-negative cattle.

lot-level interpretation of ELISA results was used. The
effect of a reduction in ELISA sensitivity from 25—
10% was a decrease in mean detection probabilities of
16% for all combinations of prevalence and lot size
(Table 2). The decrease ranged from 2—4% to 25-35%
for 100-cow and 10-cow lots, respectively. The effect
of the lower ELISA sensitivity when combined with
fecal culture was a mean reduction of 3%. The effect
of dependence on the sensitivities of ELISA and fecal
culture was typically less than a 2% reduction in per-
centage of infected lots detected (data not shown)
compared with those values obtained when conditional
independence of the tests was assumed (Table 2).

Discussion
Previous studies have shown that prevalence in the
source herd, sensitivity of the tests used, and number
of animals purchased affect the risk of introduction of
infection when there are false-negative test results.1024

However, these studies did not consider the effects of
uncertainty in estimates of test sensitivity and preva-

lence or the use of 2 tests that might be dependent
when used in combination as was done in this study.

The benefit of testing introduced cattle with ELISA
alone or in combination with fecal culture was found
to be minimal if cows were purchased from known,
low-prevalence (level 3) herds. In addition, even if the
lot were infected, the number of purchased infected
animals was lower when selections were made from
these herds compared with level-2 and national herds.
The value of testing by ELISA aone or in combination
with fecal culture increased greatly in randomly select-
ed high-prevalence herds. When cows were purchased
from randomly selected herds, lot-level interpretation of
ELISA and a combination of ELISA and feca culture
results provided a greater reduction in risk than indi-
vidual-level interpretation. An alternative approach to
this problem that decreases risk of introduction of in-
fection even further, but beyond the scope of thisarticle,
would be to assume that individual lots were purchased
from a single herd, and the entire lot would be either
accepted or rejected based on test results.

Table 5. Cumulative percentage of lots in which X Mycobacterium avium paratuber culosis-infected animals were not detected, using
ELISA as a screening method with the sensitivity prior for expert 1, for 3 levels of prevalence and 3 lot sizes (note that total percentages
exceed those reported in Table 1 for the percentage of lots undetected by ELISA because al infected animals were not detected in some

of the infected lots).

No. infected

A Level-3 herds* Level-2 herdst National herdst

animals not

detected X 10 30 100 10 30 100 10 30 100

1 1.1 1.8 1.7 3.6 4.8 2.6 17.4 11.7 34

2 2.5 3.2 4.4 7.3 55 25.7 214 7.3

3 2.6 4.0 8.4 7.7 29.3 29.2 11.2

4 4.6 8.8 9.7 30.5 35.0 15.3

5 4.8 8.9 111 30.9 39.0 19.3

6 5.0 12.1 31.0 42.1 23.1

7 12.8 44.1 26.4

8 13.2 45.3 29.6

9 135 46.0 325

=10 14.0 47.1 55.2

* Within-herd prevalence for level-3 herds: mode = 2%.
T Within-herd prevalence for level-2 herds: mode = 3%.
¥ Within-herd prevalence for national herds: mode = 5%.
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Although findings reported in this study are specific
for lots of 10, 30, or 100, they emphasize the impor-
tance of having a prevalence estimate for the herd of
origin before assessing the risk of disease introduction
and the need for testing. If culling rate is independent
of herd size and all replacement females are introduced
from outside sources, then larger herds, if they were
free of M. a. paratuberculosis, are clearly at greater
risk of introducing infected animals. For example, at
atypical industry culling rate of 30%, a dairyman with
a herd of 1,000 cows would introduce 300 replacement
females per annum compared with 30 females for a
herd of 100 cows. Hence, large herds would need to
adopt strategies such as purchase from low-prevalence
herds to mitigate against this increased risk. Similarly,
if anew herd of 1,000 cows were established from the
same multiple sources, there would be a higher prob-
ability that the new herd would be infected at start-up
than a similar herd of 100 cows purchased from the
same sources.

Use of probability estimates (1 — NPV) and M. a.
paratuberculosis production loss information alows a
dairyman to make an economically rational decision
regarding selection of source animals and the need for
testing them before entry into his herd. Although re-
sults presented in this study provided insight into the
effects of purchasing practices and testing, the finan-
cial implications of such actions need to be evaluated
in a decision analysis framework.r” However, if cows
of the same quality can be purchased from level-3
herds at a cost comparable with purchases from herds
in level 2 of the VIDHSP or untested herds, then the
findings of the authors indicate that such a choice is
well justified.

Based on the simulation results, the probability of a
producer purchasing an infected lot during a given
time period may be evaluated. For illustrative purpos-
es, it was assumed that a producer was embarking on
a Johne's disease control program and interested in the
probability of not introducing an M. a. paratubercu-
losis-infected cow into his herd. Two alternative test-
ing practices (no test and ELISA lot test), 2 lot size
purchases (10 cows and 100 cows), and 2 source herds
(level 3 and random [national]) were considered. If the
buyer were considering purchasing replacement cattle
from level 3 (within-herd prevalence mode = 2%)
without testing the lot, it was estimated that he would
have a 7% to 25% chance of introducing the infection
into his herd within 5 years if his annual lot size were
10 or 100 cattle, respectively. On the other hand, if he
purchased from random (national) herds (within-herd
prevalence mode = 5%), it was estimated that he
would have an 89% to 98% chance of introducing the
infection into his herd within 5 years, if his annual lot
size were 10 or 100 cattle, respectively. If lots were

tested using ELISA, the probabilities of introducing
infected cows in 5 years were reduced by approxi-
mately one third to one-half of the nontest values for
lots of 10—-30 cows. Probabilities were decreased by
more than 90% for 100-cow lot purchases made from
level-3 and national herds (2% and 5%, respectively).
These findings quantify the importance of purchasing
from known low-prevalence herds and the use of
ELISA and feca culture by herd owners interested in
establishing or maintaining a herd free of M. a. para-
tuberculosis.

Acknowledgements

This study was supported in part by funds from the Center
for Food Anima Health, University of California (Davis,
CA) and the California Dairy Research Foundation. The au-
thors thank Bruce Hoar for technical assistance.

Sour ces and manufacturers

IDEXX Laboratories, Westbrook, ME.

BayesFreecalc. Available at: www.epi.ucdavis.edu/diagnostictests.
Pdisade Corporation, Newfield, NY.

Excel, Microsoft Corporation, Redmond, WA.

oo oo

References

1. BulagaL: 1998, U.S. voluntary Johne's disease herd status pro-
gram for cattle. In: Proceedings 102nd Annual Meeting US An-
imal Health Association, Pat Campbell and Associates and Cart-
er Printing Co., Richmond, VA. pp. 420—-433.

2. Collins MT: 1999, Spreadsheet model for estimating the prob-
ability herds are free of paratuberculosis after successive seria
tests. In: Proceedings of the 6th International Colloquium on
Paratuberculosis, ed. Manning EJB, Collins MT, International
Association for Paratuberculosis, Madison, WI. pp. 66—75.

3. Collins MT, Sockett DC: 1993, Accuracy and economics of the
USDA-licensed enzyme-linked immunoassay for bovine para-
tuberculosis. J Am Vet Med Assoc 203:1456-1463.

4. Coallins MT, Sockett DC, Ridge S, Cox JC: 1991, Evaluation of
a commercia enzyme-linked immunosorbent assay for Johne's
disease. J Clin Microbiol 29:272-276.

5. Cox JC, Drane DPR, Jones SL, et d.: 1991, Development and
evaluation of a rapid absorbed enzyme immunoassay for the
diagnosis of Johne's disease in cattle. Aust Vet J 68:157—-160.

6. Dargatz DA, Byrum BA, Barber LK, et al.: 2001, Evaluation of
acommercia ELISA for diagnosis of paratuberculosis in cattle.
J Am Vet Med Assoc 218:1163-1166.

7. Eamens GJ, Whittington RJ, Marsh IB, et a.: 2000, Compara-
tive sensitivity of various faecal culture methods and ELISA in
dairy cattle herds with endemic Johne's disease. Vet Microbiol
77:357-367.

8. Gardner |A, Stryhn H, Lind P, Collins MT: 2000, Conditional
dependence affects the diagnosis and surveillance of animal dis-
eases. Prev Vet Med 45:107-122.

9. Kalis CHJ, Barkema HW, Hesselink JW: 1999, Certification of
dairy herds as free of paratuberculosis using culture of strate-
gically pooled fecal samples. In: Proceedings of the 6th Inter-
national Colloguium on Paratuberculosis, ed. Manning EJB,
Collins MT, International Association for Paratuberculosis,
Madison, WI pp. 55-58.

10. Marchevsky N, Held JR, Garcia-Carrillo C: 1989, Probability
of introducing diseases because of false negative test results.
Am J Epidemiol 130:611-614.

Downloaded from vdi.sagepub.com at UNIV PRINCE EDWARD ISLAND on November 13, 2012


http://vdi.sagepub.com/

38

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Carpenter et al.

Martin SW, Shoukri M, Thorburn MA: 1992, Evaluating the
health status of herds based on tests applied to individuals. Prev
Vet Med 14:33-43.

McNab WB, Meek AH, Duncan JR, et a.: 1991, An evaluation
of selected screening tests for bovine paratuberculosis. Can J
Vet Res 55:252—-259.

Milner AR, Mack WN, Coates KJ, et al.: 1990, The sensitivity
and specificity of amodified ELISA for the diagnosis of Johne's
disease from a field tria in cattle. Vet Microbiol 25:193-198.
Muskens J, Barkema HW, Russchen E: 1999, Prevalence and
regional distribution of paratuberculosis in dairy herds in The
Netherlands. In: Proceedings of the Sixth International Collo-
quium on Paratuberculosis, ed. Manning EJB, Collins MT, pp.
207-212. Melbourne, Australia.

Nielsen SS, Houe H, Thamsborg SM, Bitsch V: 2000, Bulk-tank
milk ELISA antibodies for estimating the prevalence of para
tuberculosis in Danish dairy herds. Prev Vet Med 44:1-7.
Ridge SE, Morgan IR, Sockett DC, et al.: 1991, Comparison of
the Johne's absorbed EIA and the complement-fixation test for
the diagnosis of Johne's disease in cattle. Aust Vet J 68:253—
257.

Smith RD, Slenning BD: 2000, Decision analysis: dealing with
uncertainty in diagnostic testing. Prev Vet Med 45:139-162.
Sockett DC, Carr DJ, Richards WD, Collins MT: 1992, A re-
pository of specimens for comparison of diagnostic testing pro-
cedures for bovine paratuberculosis. J Vet Diagn Invest 4:188—
191.

Sockett DC, Conrad TA, Thomas CB, Collins MT: 1992, Eval-
uation of four serologic tests for bovine paratuberculosis. J Clin
Microbiol 30:1134-1139.

Sockett DJ, Carr DJ, Collins MT: 1992, Evaluation of conven-
tional culture and radiometric culture and a commercial DNA

21.

22.

23.

24.

25.

26.

27.

28.

probe for diagnosis of Mycobacterium paratuberculosis infec-
tions in cattle. Can J Vet Res 56:148-153.

Stabel JR, Wells SJ, Wagner BA: 2002, Relationships between
fecal culture, ELISA and bulk tank milk test results for Johne's
disease in US dairy herds. J Dairy Sci 85:525-531.

Sweeney RW, Whitlock RH, Buckley CL, Spencer PA: 1995,
Evauation of a commercial enzyme-linked immunosorbent as-
say for the diagnosis of paratuberculosis in dairy cattle. J Vet
Diagn Invest 7:488-493.

Sweeney RW, Whitlock RH, Hamir AN, et al.: 1992, Isolation
of Mycobacterium paratuberculosis after oral inoculation in un-
infected cattle. Am J Vet Res 53:1312-1314.

Thorburn MJ, McDermott JJ, Martin SW: 1991, Probability of
introducing diseases because of false negative test results. Am
J Epidemiol 133:321-322.

US Department of Agriculture, Animal and Plant Health In-
spection Service: 1997, Johne's Disease on US Dairy Opera-
tions, NAHMS Dairy '96. Center for Animal Health Monitor-
ing, Report N245.1097.

Wells SJ, Wagner BA: 2000, Herd-level risk factors for infection
with Mycobacterium paratuberculosis in US dairies and asso-
ciation between familiarity of the herd manager with disease, of
prior diagnosis of the disease and use of preventive measures.
J Am Vet Med Assoc 216:1450-1457.

Wells SJ, Whitlock RH, Wagner BA, et al.: 2002, Sensitivity of
test strategies used in the Voluntary Johne's Herd Status Pro-
gram for detection of Mycobacterium paratuberculosis infection
in dairy cattle herds. J Am Vet Med Assoc 220:1053-1057.
Whitlock RH, Wells SJ, Sweeney RW, Van Tiem J. 2000,
ELISA and fecal culture for paratuberculosis (Johne's disease):
sensitivity and specificity of each method. Vet Microbiol 77:
387-398.

Downloaded from vdi.sagepub.com at UNIV PRINCE EDWARD ISLAND on November 13, 2012


http://vdi.sagepub.com/



