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Abstract : Paratuberculosis caused by Mycobacterium avium subspecies paratuberculosis (Mpt) is a
chronic infectious enteric disease with deleterious impact on the performance in ruminants. In Korea,
ELISA has been introduced to detect antibodies to Mpt in individual cattle. However, comparison study
with ELISA has not been studied until now. In total, a panel of 899 serum samples obtained from dairy
cattle was analyzed with two commercial ELISAs for Mpt to assess the performance. Two ELISAs
employed in this study were both licensed worldwide. Two ELISAs applied onto same serum samples
showed the moderate agreement (kappa value = 0.60). There was non-significant McNemar test (p =
0.0614) between two ELISA results indicating that each proportion detected by two kits did not differ.
In addition, the percent agreement between two ELISA results was turned out to be 96.8% which
interpreted excellent reproducibility. It was shown from this study that two ELISAs revealed moderate
kappa agreement performance. The implication raised is that when ELISAs as diagnostics are used to
detect Mpt in individual cattle, positive reaction by either ELISA should be interpreted as serologically
Mpt positive due to presumed low sensitivity of ELISAs and their test agreement being less than 100%.
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Since first isolation and identification of the pathogen
was reported in 1984 in Korea [7], serological monitoring
on Mpt has been conducted by several researchers.
First, the seroprevalence of 18.7% and 11.7% for dairy
and beef cattle that measured by in-house ELISA was
reported in 1994 [10]. Three years later, the prevalence
of 10.9% for cattle was reported although the cattle’s
species was not clearly specified [11]. In addition, the
cattle and herd level prevalence was reported to be
16.4% and 67.3%, respectively [9]. Very recently, Park
et al. [18] showed that the cattle-level prevalence in
Korea was estimated to be 0.7% and 5.8% for beef
and dairy cattle, respectively. Also, the prevalence of
Mpt in black goats was reported to be 25.0% and 8.2%
at the herd- and goat-levels, respectively [13]. Because
of the various sensitivity of the ELISA used, the
seroprevalence of Mpt would be dramatically different

Introduction
Paratuberculosis (Johne’s disease) is a chronic infectious
enteric disease of ruminants. It is seen primarily in
cattle, sheep, and goat and is caused by Mycobacterium
avium subspecies paratuberculosis (Mpt). Mpt deleteriously
affects the performance of dairy and beef cattle. Direct
losses due to infection by Mpt were estimated to be
CND$ 2,462 annually per 50-cow herd [1]. Mpt
prevalence studies have been reported in many cattleraising countries with the rates being more than 50
percent at the herd level [17]. It is also believed that
Mpt infection is associated with Crohn’s disease in
humans, but this association remains controversial [19].
It is thus considered important to have information on
seroprevalence of Mpt before any control measures are
established.
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at each time points measured.
In general, bacteria isolation from tissues or feces is
the gold standard test for Mpt detection. However, the
ability to cultivate the pathogen differs between laboratories
due to the lack of standardized cultivation techniques [2].
Colonies can be seen after four weeks, but more often
after 10 to 16 weeks. In addition, shedding of the bacteria
at levels detectable by fecal culture is not regular and does
not occur during the early stages of infection, thus
diminishing the sensitivity of this methodology [15].
The most common immunological tests to detect
Mpt infection are among the complement fixation test
(CFT), agarose gel immunodiffusion (AGID), and
ELISA, respectively. AGID can reach 100% of specificity,
but it is low in sensitivity as compared to the ELISA
[5]. According to Kim et al. [10], ELISA was the most
sensitive method to detect antibodies to Mpt as compared
to either CFT or AGID. ELISA-based methods show the
highest sensitivity of serological tests for Mpt since
these assays are capable to detect small amounts of
antibodies. Also, serological survey on Mpt by commercial
ELISAs is widely used due to high throughputs, quick
availability of the results and low test costs [2].
Comparison study of commercially available ELISAs
has been reported in Netherlands [8], Germany [12],
Spain [3], Denmark [16], Canada [14], USA [2], and
United Kingdom [6]. In addition, comparison between
in-house developed ELISA and commercial ELISAs
was reported in Korea [18] and Brazil [4]. And, the
inconsistent results have been shown in earlier studies
[2, 3, 13]. Until now, comparison study of commercial
Mpt ELISAs has not been tested yet in Korea. In this
study, we performed to assess the test agreement
between two ELISAs that were in use around the
world. The results obtained in this study were also
compared with those reported previously [2, 3, 14].

Materials and Methods
ELISAs and serum samples
The ELISAs tested were as follows: ELISA A
(HerdChek; IDEXX Laboratories, USA) and ELISA B
(Parachek; CSL, Australia). They both are licensed for
use in North America. The two ELISAs are based on
detection of antibodies to protoplasmic antigens for
Mpt and are an absorbed ELISAs with the use of
Mycobacterium phlei in the absorption step. However,
the nature of putative antigen differences in kit components

is not known due to company secrets. The test was
performed according to the manufacturer’s instructions.
The ELISA A reports the analyzed optical densities
(OD) as an s/p ratio (sample OD to positive control OD
ratio). The ELISA B reports as a score value, which
is assessed in relation to the cut-off that is determined
by the mean of the negative controls plus 0.100. The
diagnostic specificities ranged from 84.0% to 100.0%
and 98.5% to 100.0% for ELISA A and B, respectively
[2]. Assay sensitivities ranged from 9.61% to 76.83%
and from 9.61% to 73.2% for ELISA A and B,
respectively [2]. The serum samples were collected
from June to August in 2006 for the national seromonitoring on the mosquito-borne viral diseases. Among
them, 899 samples were randomly selected from dairy
cows of more than two years old from 97 dairy herds
throughout Korea. We assume that the sample size
employed in this study should be sufficient as based
on the earlier studies [2, 3, 14]. The serum samples
then were analyzed with two commercial ELISAs. No
attempts were done to identify the cattle being either
positive or negative by fecal culture.
Statistical analysis
The test results were calculated for kappa values
(Win Episcope 2.0; CLIVE, Scotland). The McNemar
χ2 test was used to compare paired population proportions
of the two ELISA results. Pearson’s correlation coefficient
(γ) was also calculated to observe the linear relationship
between the test results. Differences were considered
significant at p < 0.05.

Results
Of 899 sera tested, 43 and 32 sera were reacted by
ELISA A and B, respectively (Table 1). There were
23 sera which were positive by both ELISAs. Comparison
of two ELISAs had the moderate agreement (κ = 0.60;
95% confidence interval, 0.46 to 0.73). There was nonsignificant McNemar test (p = 0.0614) between two
ELISA results indicating that the proportion detected
by two kits did not differ. When the test results were
visualized on the scatter plot using the recommended
cut-off values for each ELISA by the manufacturer,
positive association (γ = +0.680) between two ELISA
results was observed (Fig. 1). The percent of agreement
between two ELISA results was turned out to be 96.8%
which could be interpreted excellent reproducibility (Table
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Table 1. Comparison of two ELISAs for Mycobacterium
avium subspecies paratuberculosis in dairy cattle
ELISA test*

ELISA A
Positive

Negative
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sera. Twenty sera that were positive by ELISA A were
negative by ELISA B, and 9 sera that were positive
by ELISA B were negative by ELISA A.

Total

Discussion

ELISA B
Positive

23

9

32

Negative

20

847

867

43

856

899

Total

κ = 0.60 (95% confidence interval, 0.46 to 0.73), p-value
for McNemar test = 0.0614 (χ2 value = 3.448). Percent of
agreement between two ELISA results is 96.8%.
*

Fig. 1. Scatter plot of s/p ratios from ELISA A compared
to cut-off values from ELISA B. Horizontal and
vertical lines indicate the recommended cut-off
values for each ELISA by the manufacturer.
Coefficient (r) of correlation between two ELISA
results was calculated to be 0.680 (p < 0.001).

1). In other words, 29 sera (3.2%) were only reacted
by either ELISA, leading to discordant results on same

The present study was conducted to compare the test
agreement between two commercial ELISAs for Mpt.
It was considered of relevance to study the performance
of diagnostic tools for Mpt in the light of the possibility
of zoonotic disease [19] and the widespread prevalence
in animal population [13] in Korea. Although in-house
Mpt diagnostic tools have been developed in Korea [911, 18], they are not commercially available at present.
In addition, CFT that used for Mpt screening on the
serum samples of the imported cattle has been replaced
by commercially manufactured ELISAs. Thus, the
results raised from this study will provide the valuable
information on establishing national Mpt control program
as proposed earlier [18].
Until now, there are several studies in different
countries on test agreement of the same ELISAs that
used in this study. Those results are summarized in
Table 2. McKenna et al. [14] showed the relatively low
agreement between two ELISAs (κ = 0.45). On the
contrary, Collins et al. [2] observed higher agreement
(κ = 0.77) between two ELISAs without having statistical
significance. Thus, our result is similar to that of
Collins et al. [2], but different from that of McKenna
et al. [14]. Very recent study that conducted in Spain
[3] reported markedly low disagreement between the
ELISAs, having percent agreement (21.0%), kappa value
(κ = 0.19) and correlation coefficient (γ = +0.26). These
results by Diéguez et al. [3] are considerably lower
than those obtained by Collins et al. [2] in the US,
by McKenna et al. [14] in Canada and also in this

Table 2. Summary of test agreements of two ELISAs for Mycobacterium avium subspecies paratuberculosis that
conducted in USA, Canada, Spain and Korea
Species

No.
samples

%
agreement

p-value for
McNemar test

Kappa
value

Coefficients
(γ)

References; Country

Dairy

415

90.6

NS*

0.77

+0.76†

Collins et al. 2005; USA

Dairy

160

NA

*

S

0.45

NA

McKenna et al. 2006; Canada

Dairy

326

21.0

NS

0.19

+0.26

Diéguez et al. 2009; Spain

Dairy

899

96.8

NS

0.60

+0.68

Lee et al. this study; Korea

*

NA: not available, NS: non-significant, S: significant. †This coefficient (γ) of correlation was obtained from regression coefficient (γ2).
*
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study. The explanation on the differences in the test
agreements of the ELISAs between studies is not well
understood. However, as Collins et al. [2] postulated,
the discrepancy in test results would in part relate to
differences in the microbial population of the animals
qualitatively or quantitatively, or notably the presence of
other mycobacteria. Many researchers [2, 8, 18] agreed
upon that ELISA is useful to estimate Mpt seroprevalence
rather than using as a definitive diagnostic tool for
individual cattle. However, currently, ELISA has been
used to diagnose Mpt infection in individual cattle in
Korea and elsewhere [14]. Further studies are warranted
to reveal the different test agreement between ELISAs
on a molecular basis.
Recently, we estimated that the Mpt-seropositive
herds were 4.8 and 41.7% for beef and dairy herds,
respectively (data not shown). Similarly, cattle-level
seroprevalence was higher in dairy cattle (apparent
prevalence 6.1%) than in beef cattle (apparent prevalence
1.2%). Earlier, cattle-level seroprevalence of Mpt was
reported to be 18.7, 16.4 and 5.8% when measured in
1994, 2002 and 2006, respectively [9-11]. It is thus
assumed that Mpt has been prevalent in cattle industry
in Korea although the prevalence has been tended to
decrease by year. However, the latter statement would
be elusive due to the differences in diagnostic kits used
as well as sensitivities of the assays, and thus needs
careful interpretation. At this stage, national Mpt control
program has not been implemented in Korea except for
Mpt monitoring on pure-bred breeding dairy and beef
cattle. Due to recent zoonotic association with respect
to Mpt [19] and its economic impact on cattle industry
[1], numerous studies on seroprevalence, risk factors and
diagnostics of Mpt have been conducted in many cattleproducing countries. However, relatively little information
on Mpt is available in Korea that needs certain measures
to control the disease. At beginning, nationwide prevalence
and risk factors of Mpt in cattle herds are needed that
can be explored by serological survey. In many countries,
herd Mpt infection rate is assessed by ELISA that has
advantage of high throughputs, quick availability of the
results and low test costs [2].
In this study, we tested two commercial ELISA A
and B, both used worldwide. Our results showed a
moderate agreement between two ELISAs when applied
onto same serum samples. Furthermore, when ELISAs
as diagnostics are used to detect Mpt in individual
cattle, positive reaction by either ELISA should be

interpreted as serologically Mpt positive due to presumed
low sensitivity of ELISAs and their test agreement
being less than 100%.
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