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Longitudinal study of ELISA seroreactivity to Mycobacterium
avium subsp. paratuberculosis in infected cattle and

culture-negative herd mates

Raymond W. Sweeney,1 Robert H. Whitlock, Susan McAdams, Terry Fyock

Abstract. Two thousand nine hundred fifty-two serum samples, collected once or twice annually from 545
cows of known fecal culture status were tested for antibodies to Mycobacterium avium subsp. paratuberculosis
using a commercially available enzyme-linked immunosorbent assay (ELISA) test. Overall, 13.5% of the sam-
ples from 282 infected cows had positive ELISA results, but when tested multiple times, 38.3% of the cows
had at least 1 serum sample with positive results. Among 263 fecal culture–negative cows, 98.1% of the serum
samples had negative ELISA results, but when tested multiple times, 7.8% of the cows had at least 1 positive
ELISA sample. Fecal culture was positive on a test before the first positive ELISA in 50 cows, ELISA was
positive before fecal culture in 12 cows, and in 38 cows, both tests became positive at the same testing time.
An additional 174 cows were positive on fecal culture and always negative on ELISA until culled. For cows
that had ELISA sample:positive (S/P) ratios below the cutoff point, the change in S/P between sequential tests
was evaluated to determine whether a rise in S/P could predict infection status. In this study, change in S/P
was not a useful predictor of infection status in seronegative cows.
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Introduction

Paratuberculosis (Johne’s disease) is a chronic en-
teric infection of cattle and other ruminants caused by
Mycobacterium avium subsp. paratuberculosis (MAP).
Clinical signs of the disease in cattle include diarrhea,
weight loss, and edema, but most infected animals
show no clinical signs. Identification and removal of
infected animals, along with management efforts to re-
duce transmission, are important facets of many con-
trol programs. In the National Johnes’s Disease Vol-
untary Control Program, testing of sera for antibodies
to MAP using enzyme-linked immunosorbent assay
(ELISA) is recommended for identifying infected and
uninfected herds, and as a screening test to identify
possibly infected individual animals for additional test-
ing.10

The sensitivity and specificity of ELISA tests have
been studied extensively.1,3,4,9,12 The sensitivity of the
test depends on the population of cattle tested. In one
study, the sensitivity of a commercially available
ELISA was 87% when applied to cows with advanced
infection and clinical signs, but only 15% when ap-
plied to subclinical animals shedding low numbers of
MAP in feces.9 These results suggested that seroposi-
tivity developed later in infection, compared with fecal
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shedding, but sequential testing of animals was not
performed to confirm this. Also, the age of onset of
fecal shedding may be related to dose and age of ex-
posure to MAP. This in turn could influence the timing
of the onset of antibody production. One objective of
the study reported here was to compare onset of fecal
shedding and onset of antibody production in cows
with multiple samples over time.

The repeatability of ELISA results on individual
samples has been evaluated.2,9 Laboratory to labora-
tory, plate to plate, and well to well variability have
been calculated. Although overall repeatability for
MAP ELISAs has been found to be acceptable (coef-
ficient of variation 10% or less between plates or dif-
ferent runs of the assay for the same serum sample),
samples just above or just below the cutoff point, when
retested, may yield the opposite dichotomous results.2,9

An additional source of variability in ELISA results is
the actual concentration of antibodies in the animal’s
serum, which may fluctuate over time. In one study,
when seropositive cattle were retested at a later date,
39.5% tested negative.6 Cows with initial ELISA re-
sults just above the cutoff were more likely to switch
classifications than those with results further above the
cutoff.6 The infection status of the cattle in that study
was not confirmed by organism detection methods
such as fecal culture. Another objective of the present
study was to determine the frequency with which in-
fected cows and fecal culture-negative cows ‘‘switch’’
ELISA results when tested on multiple, sequentially
obtained samples.
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The result of an ELISA is a continuous variable
(optical density [OD], or a ratio of test sample OD to
a control sample OD), which is dichotomized as pos-
itive or negative by comparison to a cutoff point. In
one report, ELISA OD results that were just below the
recommended cutoff point, although classified as neg-
ative, were 15 times more likely to come from infected
cattle than uninfected cattle, based on likelihood ra-
tios.2 Previous assessments of ELISA sensitivity were
based on analysis of 1 sample from each animal tested.
We chose to investigate the possibility that multiple
test results from individual animals might provide ad-
ditional information. For example, if a subsequent
ELISA result shows a rise in OD, but not yet above
the cutoff, does that rise in OD suggest a greater like-
lihood of infection? The third objective of this study
was to compare change in OD values over time for
infected and uninfected cattle to determine whether a
change in OD would provide additional diagnostic in-
formation.

Materials and methods
Samples. Samples from our laboratory’s serum collection

were used for this study. Fecal and serum samples had been
collected from 12 dairy herds known to be infected with
MAP during the period 1984–2003. Herds were participating
in a voluntary Johne’s disease control program that involved
annual (3 herds) or twice-annual (9 herds) collection of sam-
ples. Herds ranged in size from 50 to 160 milking head (me-
dian 5 60), and all animals $24 months of age were sam-
pled at each visit. Feces were cultured for MAP at the time
of collection, and serum was frozen at 2208C until ELISA
analysis was performed in 2004. Feces (2 g/sample) were
cultured on 4 slants each of Herrolds Egg Yolk medium us-
ing a centrifugation–double incubation method to enhance
sensitivity and reduce contamination.11 However, in the herd
from which samples were collected before 1987, 30 infected
cows were identified using a sedimentation method. Farmers
were provided with fecal culture results, but were not re-
quired to cull infected cows.

Cows with $2 serum and fecal samples, collected at least
6 months apart, were chosen for the study. Laboratory re-
cords were reviewed and cows were classified as infected if
any of that animal’s fecal culture results yielded a positive
result, and animals were classified as fecal culture–negative
if all fecal culture results were negative. Samples (n 5
2,952) were analyzed from 545 cows. Of these cows, 295
had 5 or more samples available, 90 had 4 samples, 97 had
3 samples, and 63 had 2 samples. There were 282 infected
cows, with 1,461 samples, and 263 fecal culture–negative
cows with 1,491 samples.

ELISA testing. A commercially available ELISA test for
MAP antibodiesa was used according to the manufacturer’s
recommendations, except that samples were run in single,
rather than duplicate, wells to mimic common practice in
diagnostic laboratories and reduce study costs. All samples
from an individual cow were tested on the same 96-well
plate. Samples were thawed immediately before analysis.

The 2,952 serum samples were tested during a 4-week pe-
riod by the same operator. For each sample, the ratio of the
patient sample OD to the positive control sample OD (S/P
ratio) was determined. Samples with S/P $ 0.25 were clas-
sified as positive according to the manufacturer’s recom-
mendation.

Data analysis. The percentage of infected cows with at
least 1 positive ELISA result (relative sensitivity), and the
percentage of fecal culture–negative cows with all negative
ELISA results (relative specificity) were determined, and the
95% confidence interval (CI) was calculated. Because the
fecal culture–negative cows were not from test-negative
herds, the possibility exists that some of those animals were
actually infected but not shedding MAP in feces, or shedding
MAP at a level below the limit of detection. For that reason,
the term relative specificity was used, because true specific-
ity can only be determined using uninfected herds. The re-
lationship between time of first fecal-positive result and time
of first seropositive result was determined. The age at onset
of fecal MAP shedding (which might relate to dose and age
of exposure to MAP) was compared for those infected cows
that were always ELISA-negative, versus those that had an
ELISA-positive result, using the Student’s t-test. The null
hypothesis was rejected when P , 0.05.

For each individual cow’s sequential serum samples, the
change in S/P ratio (DS/P) was calculated for each pair of
consecutive tests, by subtracting the earlier S/P from the later
S/P. Also, for each cow, a maximum DS/P was calculated by
choosing the 2 samples (not necessarily sequential) among
all those recorded that gave the maximum difference in S/P
for that cow. An analysis was performed to determine the
utility of DS/P to predict fecal culture status. For this anal-
ysis, only serum samples with an ELISA S/P ratio below the
manufacturer’s cutoff, 0.25, were used, because the objective
was to determine whether seronegative cows could be iden-
tified as infected based on a rise in S/P ratio; once the S/P
ratio is above the cutoff, there is no need to further enhance
sensitivity by using DS/P. By varying the DS/P cutoff incre-
mentally, the percentage of infected cows above the cutoff
(relative sensitivity compared to fecal culture), and percent-
age of fecal culture–negative cows above the cutoff (false
positive rate, relative to fecal culture) were determined for
various DS/P cutoff values, and receiver operator character-
istic (ROC) curves were constructed. The area under the
ROC curve was determined using the trapezoidal method.5

Results

Of the 1,461 serum samples from infected cows,
197 (13.5%) gave positive ELISA results. Of the 282
infected cows, 108 (relative sensitivity 38.3%, CI 5
32.6%–44.2%) had at least 1 serum sample with pos-
itive ELISA results; 174 infected cows (61.7%) were
negative on all ELISA tests. Fifty-nine of the infected
cows were classified as ‘‘heavy’’ shedders on the basis
of a fecal culture result of .75 colonies per culture
tube. Of those 59, 45 (76.2%, CI 5 63.4%–86.3%)
were ELISA-positive on or before the time that heavy
shedding was detected, an additional 5 were ELISA-
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Figure 1. Distribution of DS/P ratio (change in ELISA S/P ratio)
for sequential serum samples for cows infected with M. avium subsp.
paratuberculosis, and fecal culture-negative cows. Infection status
was determined by fecal culture on Herrolds Egg Yolk Medium.
Chart was truncated to show only samples for which the DS/P . 0.

negative but became ELISA-positive on a subsequent
test, and 9 remained ELISA-negative at all bleed dates.
By contrast, of the remaining 223 infected cows that
were ‘‘light’’ to ‘‘moderate’’ shedders (,70 colonies/
tube), only 58 (26.0%, CI 5 20.4%–32.2%) had 1
ELISA-positive sample. The highest ELISA S/P val-
ues came from the cows that exhibited heavy fecal
shedding. Ninety-three percent of the serum samples
with S/P . 2.0 were from heavy-shedding cows, con-
trasted with 41% of the samples with 1.0 , S/P , 2.0
and 20% of the samples with 0.25 , S/P , 1.0.

Of the 108 seropositive infected cows, 8 were de-
tected by ELISA before the first positive fecal culture,
but those cows were from the group whose corre-
sponding fecal sample were cultured using only the
less-sensitive sedimentation method. For the remaining
100 cows, 50 were fecal culture–positive at least 1 test
before becoming ELISA-positive (median, 1.0 year
earlier; range, 0.5 to 3 years), 38 were positive for the
first time on fecal culture and serum ELISA concur-
rently, and 12 were ELISA-positive at least 1 test be-
fore being detected by fecal culture (median, 0.5 year
earlier; range, 0.5–2 years). There were 174 cows that
were detected positive on fecal culture but were neg-
ative on every ELISA until culling. There was no dif-
ference between age at onset of first detectable fecal
shedding between the ELISA-positive cows and those
that were always ELISA-negative.

Of the 1,491 samples from fecal culture–negative
cows, 29 (1.9%) gave positive ELISA results. Of 263
uninfected cows, 243 (92.3%) were negative on all
ELISA tests. The ELISA results of the 20 seropositive
fecal culture–negative cows were studied in more
depth. One of the 20 cows was ELISA-positive on all
subsequent tests, and 2 cows had no subsequent tests
after the positive result. The remaining 17 cows were
positive on only that 1 serum sample and were ELISA-
negative on subsequent tests. For 11 of those 17 cows,
the single positive ELISA result was close (within 0.1
unit) to the manufacturer’s S/P cutoff point of 0.25.
The 29 serum samples were retested using a different
ELISA system.b Results were positive for 13 samples
(9 cows) and negative for the remaining 16 samples
(11 cows).

The sequential ELISA results of infected cows were
examined to determine the frequency of reverting to
seronegative after a positive result. For 50 of the 108
infected cows with a positive ELISA, the cow was
culled after the positive ELISA, and there were no
subsequent tests. Of the 58 remaining infected cows
that had testing repeated after the first positive ELISA,
44 (75.8%) remained positive on all subsequent tests.
For 4 of the 14 cows that reverted to ELISA-negative,
the S/P value on the test before reverting to seroneg-
ative was close (within 0.1 unit) to the cutoff S/P of

0.25; in 2 cases the S/P was .1.0. All 6 of the cows
that had additional samples after the seronegative re-
sult were positive again on later tests. When the 14
ELISA-negative samples were retested with a different
ELISA system,b 13 had negative results.

The frequency distribution of sequential DS/P values
for samples below the S/P cutoff revealed poor dis-
crimination between infected and uninfected cows
(Fig. 1). The area under the ROC curve for serial DS/
P and maximum DS/P were 0.54 and 0.52, respectively
(data not shown).

Discussion

Most previous studies of ELISA performance rela-
tive to fecal culture have involved single, concurrently
collected samples as opposed to multiple, longitudinal
samples as in the present study. Despite the differences
in these studies, the results show similar performance.
The overall sensitivity of the ELISA, relative to fecal
culture, is reported at 27% to 45%.1,3,4,9,12 However, the
sensitivity is highly dependent on the population sam-
pled. The ELISA detected 75% of heavy shedders in
one study, compared with 15% of low shedders.4,9

Similarly, in the current study, 76.2% of heavy shed-
ders and 26.0% of moderate and light shedders had
positive ELISA results.

In this study, 1.9% of serum samples from fecal
culture–negative cows had positive ELISA results,
similar to the specificity reported in previous stud-
ies.1,3,4,7,9,12 However, 7.7% of fecal culture–negative
cows had at least 1 positive ELISA result, which is
higher than might be expected based on previously
reported specificity range of 98% to 100%. The slight-
ly higher sensitivity for low shedders and lower rela-
tive specificity in this study is probably due to a com-
bination of factors. First, in the current study, each



5Longitudinal Johne’s Disease ELISA

animal was tested multiple times, and the animal was
classified as ELISA-negative only if all tests were neg-
ative, whereas previous studies involved a single sam-
ple per animal. Although multiple tests over time in-
crease the chance of detection of an infected animal,
this would also increase the chances of a false-positive
result. Another potential cause for lower relative spec-
ificity is that fecal culture–negative cows in this study
were not from uninfected herds. It is possible that
some of these 20 cows were misclassified as uninfect-
ed because they were not shedding MAP, or were shed-
ding below the limit of detection. Alternatively, some
cows may have been exposed to MAP and developed
low levels of antibody without developing infection
and fecal shedding. Finally, some of the false-positive
ELISA results may have been due to analytic error,
because samples were not tested in duplicate wells as
per the manufacturer’s recommendations, and repeat
analysis of the samples gave negative results in some
cases. Although these samples represent a small per-
centage of the overall test panel, these results empha-
size the importance for diagnostic laboratories to con-
sider retesting positive samples, especially if the sam-
ples are initially run in single rather than duplicate
wells. Furthermore, it is important for veterinarians to
consider the potential for false-positive results, partic-
ularly when tests are applied to low prevalence herds,
in which the positive predictive value will be lower.

Because most studies have shown that many light-
shedding infected cattle are seronegative, it has been
presumed that as MAP infection progresses, fecal
shedding precedes development of antibodies in most
cases. The results of this study would support that con-
clusion. In this study, of 282 cows that were shedding
MAP in feces, 174 were negative on every ELISA
until culling, and fecal shedding preceded detection of
antibody in an additional 50 (total of 224 of 282 cows,
79.4%, CI 5 74.2%–83.9%). Initial detection was con-
current in 38 of 282 cows (13.4%, CI 5 9.7%–18.0%)
and was first on ELISA in 20 of 282 (7.1%, CI 5
4.4%–10.7%). But of the 20 cows that were positive
on ELISA before fecal culture, 8 were fecal-tested us-
ing only the less-sensitive sedimentation method.

Serum ELISA results that fluctuate from positive to
negative are a potential source of frustration for vet-
erinarians and producers. In a previous study, when
157 seropositive cattle were resampled 77 to 600 days
after the first test, 62 (39.5%) had negative ELISA
results on the second sample.6 The study reported here,
although employing more tests per cow, showed sim-
ilar results. In all, 31 of 76 (42.1%, CI 5 29.6%–
52.6%) cows that were tested again after the first
ELISA-positive had a subsequent negative ELISA re-
sult. In the previous study, fecal culture status of the
cows was not determined. In the present study, the rate

of reversion in culture-negative cattle 17/18 (94.9%,
CI 5 72.7%–99.8%) was much higher than that for
culture-positive cattle 14 of 58 (24.1%, CI 5 13.9%–
37.2%).

There are several possible reasons for fluctuation in
ELISA status. These could include false-positive re-
sults on the first test or false-negative results on the
second test, or actual fluctuation in antibody produc-
tion by the cow; a combination of these factors prob-
ably contributed to the results of this study. The 2
infected cows that had S/P ratios .1.0 and then be-
came ELISA-negative were heavy fecal shedders, and
it is possible that in some cows in later stages of the
infection, antibody production may decline. Concen-
tration of serum immunoglobulin G into the colostrum
during the periparturient period could also result in a
decline in serum antibody concentration,8 but calving
dates were not available to test this hypothesis. In
many of the uninfected cows, as noted above, it ap-
pears that the positive results were close to the cutoff,
and inherent variation in the test procedure or in the
cow’s antibody concentration more readily resulted in
the change in ELISA status. In the previous study, re-
version to seronegative status on the second sample
was more likely with lower S/P values on the first
sample.6

One objective of the study was to determine whether
knowledge of previous ELISA results could improve
detection of infected cattle with S/P results below the
cutoff. A previous study demonstrated that cattle with
OD values just below the cutoff point still had a like-
lihood ratio of 153 for infection.1 Our hypothesis was
that as infected cattle begin to produce antibodies, the
rise in antibody levels could be detected before the
level of antibodies exceeded the test cutoff. To that
end, the change in S/P for each sequential test, as well
as the maximum change in S/P over all tests was com-
pared for culture-positive and culture-negative cows.
Unfortunately, neither sequential DS/P nor maximum
DS/P was able to discriminate well between the 2
groups of cattle, as evidenced by the low area under
the ROC curves. An area under the curve of 1.0 rep-
resents a test with perfect discrimination, and an area
of 0.50 represents a test that discriminates no better
than chance alone.5 Thus, the DS/P method, with an
area under the ROC curve of 0.54, discriminates poor-
ly between culture-negative and culture-positive cows.
For example, if animals with a rise in S/P . 0.1 were
considered positive, 51 seronegative culture-positive
cows would have been identified. However, 44 culture-
negative cows would have also been identified as pos-
itive. With a more stringent cutoff, using a rise in S/P
. 0.20, only 12 additional culture-positive cows are
identified as positive, and 7 culture-negative cows
would also be identified. From these results, it appears
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that comparing current ELISA results with previous
results provides minimal advantage to simply compar-
ing the current result to the S/P ratio cutoff point of
0.25 to determine serologic status of individual ani-
mals.

The results obtained for this study, which employed
a single, commercially available ELISA test, may not
be applicable for other assays that employ different
antigens or differ otherwise in performance. However,
agreement between the ELISA kit used in this study
and 4 other commercially available ELISA assays was
80.4% to 94.0%.3 Clearly, regardless of which ELISA
is employed, sensitivity is best for detection of heavy
fecal shedders. Fecal culture detects infected animals
earlier in the course of disease, but ELISA does iden-
tify those animals that are shedding the large numbers
of MAP into the environment. The choice of whether
to use ELISA, fecal culture, or a combination of de-
tection methods (or no testing) in a Johne’s disease
control program depends on herd management, objec-
tives, and economic considerations.

In summary, serial serum sampling, while increas-
ing the sensitivity to detect infected cattle by ELISA,
also increases the chance of a false-positive result. The
change in S/P ELISA results over time was not a use-
ful predictor of infection status in seronegative cows.
When diagnostic laboratories apply the commercially
available ELISA using a single sample well per serum
sample, positive results should be verified by repeat
testing to minimize the likelihood of a false-positive
result.

Acknowledgements
The authors wish to thank Elizabeth Aksim, Anne Mon-

son, and Alison Wolfgram for technical assistance with this
project. This study was supported by a grant from Veterinary
Services, USDA-APHIS (Grant 03-9100-0796-GR) and the
Pennsylvania Department of Agriculture.

Sources and manufacturers
a. HerdChekt Mycobacterium paratuberculosis antibody ELISA

Kit, IDEXX Laboratories, Westbrook ME.
b. Parachekt, Biocor Animal Health, Omaha, NE.

References

1. Collins MT, Sockett DC: 1993, Accuracy and economics of the
USDA-licensed enzyme-linked immunosorbent assay for bovine
paratuberculosis. J Am Vet Med Assoc 203:1456–1463.

2. Collins MT, Angulo A, Buergelt CD, et al. 1993, Reproducibil-
ity of a commercial enzyme-linked immunosorbent assay for
bovine paratuberculosis among eight laboratories. J Vet Diag
Invest 5:52–55.

3. Collins MT, Wells SJ, Petrini KR, et al.: 2005, Evaluation of
five antibody detection tests for diagnosis of bovine paratuber-
culosis. Clin Diagn Lab Immunol 12:685–692.

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

5. Hanley JA, McNeil BJ: 1982, The meaning and use of the area
under a Receiver Operating Characteristic (ROC) curve. Radi-
ology 143:29–36.

6. Hirst HL, Garry FB, Salman MD: 2002. Assessment of test
results when using a commercial enzyme-linked immunosorbent
assay for diagnosis of paratuberculosis in repeated samples col-
lected from adult dairy cattle. J Am Vet Med Assoc 220:1685–
1689.

7. Huda A, Jungersen G, Lind P: 2004, Longitudinal study of in-
terferon-gamma, serum antibody and milk antibody responses
in cattle infected with Mycobacterium avium subsp. paratuber-
culosis. Vet Microbiol. 104:43–53.

8. Stabel JR, Goff JP: 2004, Efficacy of immunologic assays for
the detection of Johne’s disease in dairy cows fed additional
energy during the periparturient period. J Vet Diagn Invest 16:
412–420.

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

10. USDA-APHIS, Uniform Program Standards for the Voluntary
Bovine Johne’s Disease Control Program. Washington, DC,
2002.

11. Whitlock RH, Rosenberger AE: 1990, Fecal culture protocol
for Mycobacterium paratuberculosis: a recommended proce-
dure. In: Proceedings of the 94th US Animal Health Associa-
tion, Denver, CO, pp280–285.

12. 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.


