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Comparative analysis of serological tests and fecal detection in the diagnosis
of Mycobacterium avium subspecies paratuberculosis infection

Hong-Tae Park', Seungmin Ha*, Hyun-Eui Park', Soojin Shim', Tai Young Hur?, Han Sang Yoo"*

!Department of Infectious Diseases, College of Veterinary Medicine, Seoul National University, Seoul 08826, Korea
’Department of Animal Resources Development, National Institute of Animal Science, Rural Development Administration,
Cheonan 31000, Korea

Abstract: Johne's disease (JD) caused by Mycobacterium avium subspecies paratuberculosis (MAP) is a chronic, wasting infectious
disease in ruminants that causes enormous economic losses to the dairy and beef cattle industries. The most effective way to eradicate
JD is to detect infected individuals as early as possible and remove them from the herd. However, it is difficult to detect infected
individuals early with the currently using diagnostic methods. Two serological diagnostic kits commercially used worldwide and a
fecal detection test were compared using 298 serum samples and feces of cattle in this study to present an efficient diagnostic method.
Although there was a high correlation between the 2 serological diagnostic kits (R” = 0.7473), kit A showed a higher serological
positive rate. However, the correlation between fecal tests and serological diagnosis was very low. MAP was also detected in fecal
tests in many serologically negative individuals. In the periodical diagnosis of JD, MAP was detected in the feces of only cows with
the higher antibody titer to MAP. These results suggest that for effective eradication of JD, early detection of infected individuals by

fecal tests together with the serological tests currently in use and by removal of infected individuals are needed.
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Introduction

Paratuberculosis or Johne's disease (JD) is a chronic granulomatous infec-
tion of the intestinal tract of cattle and other domestic and wild ruminants
caused by Mycobacterium avium subspecies paratuberculosis (MAP) [1-3].
The disease is economically significant and is difficult to control due to the
chronicity of disease, the challenges in the diagnosis of infected animals, the
lack of treatment options and, in some contexts, the problem of MAP in wild-
life reservoirs. Because of the long incubation period (27 years) of MAP,
most infected cattle (approximately 95%) are considered to be in subclinical
stages of the disease, with less than 5% of infected cattle displaying clinical
signs of illness [3]. MAP infection is a welfare issue that costs the US econ-
omy US$250 million/year due to decreased milk production, adverse effects
on reproductive performance and increased culling rates [2,4-6]. Addition-
ally, MAP appears to survive pasteurization and could enter the human food
chain through dairy products, meat and untreated water supplies [7,8]. The
fecal-oral route is a major infection route for most new infections [3]. Several
studies have indicated that fetal infection of MAP depends on the severity of
the infection of dam [3,9]. Most MAP infections occur in the early neonatal
period and are often associated with calf sucking of manure-contaminated
teats and udders when ingesting colostrum [10]. Additionally, multiple-use
maternity pens can serve as focal points to spread the infection to neonates.
MAP may be passed through the colostrum and milk of cattle in the later
stage of infection [11,12]. However, it is widely accepted that resistance to
MAP infection increases with age. Based on MAP bacterial shedding in feces
and other signs, JD is classified into 4 stages: silent, subclinical, clinical and
advanced [3,13].

A range of diagnostic techniques have been used to detect MAP infection in
cattle, but their performance can vary widely depending on the stage of MAP
infection [13,14]. The diagnosis of infection in cattle depends in part on
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whether diagnostic efforts are aimed at detecting infection in
an individual animal or a herd. US scientists recommended
testing dairy and beef production for various purposes based
on several diagnostic methods. In addition, more rigorous
testing should be applied to all seed stocks. Diagnostic tests
for JD can be classified into 2 categories: organism detection
tests (bacterial culture, polymerase chain reaction [PCR]
assay, etc.) and immune response tests (enzyme-linked
immunosorbent assay [ELISA], interferon-g test, etc.) [3,14-
19]. Each test has its relative advantages and applications.
Isolation of MAP cultures from the feces of suspected ani-
mals provides a definitive diagnosis of infections [15]. How-
ever, the method has several limitations, such as being
expensive, time consuming, and having low sensitivity. There-
fore, molecular and serological diagnostic methods were
implemented. Although those methods have been used for
the diagnosis of MAP infection, there are still some prob-
lems to overcome. The PCR assay with fecal samples is
widely applied in the early stages of infection during the dis-
charge of MAP into feces. However, this method also has
some problems to be addressed when applied in the field
because cows discharge bacteria intermittently and do not
shed after a certain period of infection [13]. Serological test
based on ELISA also has sensitivity problem. It has been
accepted that the antibody level against MAP increases later
stage of infection [20]. In addition, fluctuations of test results
have frequently been observed in subclinically infected ani-
mals [21].

Therefore, this study was aimed to find a way to improve
MAP diagnosis by providing data related to the effectiveness
of diagnostic methods which are widely used in the live-
stock field through mutual comparison of the diagnostic
methods mentioned above.

Materials and Methods

Sample collection

The diagnostic efficiency among the 2 serological tests and
the fecal detection with real-time PCR were compared using
the serum and fecal samples of cattle subjected to JD diagno-
sis in our laboratory from 2013 to 2019. A total of 298 sera
and 271 feces were selected for the comparison of each
method. Fecal samples were collected individually from the
rectum and transported to the laboratory in a 4°C container.
All samples were kept in the —70°C deep freezer until analysis.

Fecal detection with real-time PCR

From the fecal detection of MAP, 2 MAP-specific targets,
1S900 and ISMap02, were detected in the DNA extracted
from feces by real-time PCR, and samples positive for both
targets were diagnosed as MAP infection. DNA was
extracted from feces using a previous method described in
our lab [22]. Primers for IS900 and ISMap(02 were used as
previously described by Park et al. [22] and Sevilla et al.
[23], respectively. Real-time PCR was performed in duplex

using the TagMan probe method, and the reaction mixture for
the PCR was 1x Rotor-Gene Probe PCR master mix (Qiagen
Inc., USA), 400nM forward and reverse primers, 100 nM
probe, and 4 pL of template solution. The final amount of the
mixture was set to 20 pL with D.W. PCR conditions were as
follows: a total of 45 cycles of initial denaturation at 95°C for
5 min, annealing at 95°C for 15 sec, and 60°C for 1 min.

ELISA

ELISA experiments were performed with 2 commercially
available ELISA Kkits, kit A (Idexx Laboratories Inc., USA)
and kit B (IDvet Innovative Diagnostics, France). Both diag-
nostic kits are indirect ELISAs based on preabsorption with
the M. phlei antigen. However, the 2 kits showed differences
in specificity and sensitivity. Both ELISAs were performed
according to the manufacturer's instructions. The results were
determined by measuring the absorbance at 450 nm for both
kits and calculating the sample-to-positive (S/P) ratio. S/P
ratios higher than 55 and 70 in kits A and B, respectively,
were determined to be positive. The remaining patients were
considered negative for MAP infection.

Statistical analysis

Statistical correlation analysis was performed on the
ELISA results of the 2 kits. Direct comparison of S/P ratio
values between the 2 ELISA kits was performed using Pear-
son's correlation coefficient test. The agreement between the
results from the 2 ELISA kits and the results from fecal
detection with PCR were analyzed using Cohen’s kappa
coefficient test. When the correlation coefficient had a value
of 0-0.2, the correlation was determined to have a degree of
agreement of slight; fair, up to 0.21-0.4; moderate, up to
0.41-0.60; substantial, up to 0.61-0.80; and almost perfect,
up to 0.81-1.0.

Results

Two serological diagnostic kits that are currently commer-
cially available around the world were compared, and 298
sera collected in Korea were analyzed for JD; the 2 Kkits
showed a relatively high correlation (R* = 0.7473). The posi-
tive rates from kits A and B were 37.5% and 23.1%, respec-
tively. Therefore, kit A showed a higher detection rate of
MAP infection than kit B (Fig. 1).

The correlation of the JD detection rate between the kit
and fecal PCR was analyzed. The total number of positive
and negative samples by kit A, kit B, and the fecal detection
test with PCR from 298 samples is shown in Table 1. Addi-
tionally, Cohen’s kappa coefficient analysis was performed to
compare the concordance between each ELISA kit and fecal
detection with PCR at the JD detection rate. As a result, no
significant concordance in the detection rates was found
between fecal detection with PCR and kit A (Cohen’s kappa
coefficient = 0.28, p > 0.05), while there was a very low cor-
relation between fecal detection with PCR and kit B (Cohen’s
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Fig. 1. Comparison of the serological detection rates by kits A and B. Individual serum samples subjected to diagnosis of Johne's dis-
ease were diagnosed with the 2 kits, and the positive and negative rates were compared.
S/P, sample-to-positive.

Table 1. The total number of positive and negative samples by kit A, kit B, and the fecal detection test with PCR from 298 samples

ELISA
Fecal PCR — - - - Total
Both positive Kit A only Kit B only Both negative
Positive 25 2 2 31 60
Negative 37 43 4 127 211
ND 1 4 0 22 27
Total 63 49 6 180 298
PCR, polymerase chain reaction; ELISA, enzyme-linked immunosorbent assay; ND, not determined.
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Fig. 2. Percentage of positives with serological tests, kits A and B, and fecal detection of Mycobacterium avium subspecies para-
tuberculosis with PCR by age.
PCR, polymerase chain reaction.

kappa coefficient=10.07, p <0.01). However, although the and B, these results suggest that fecal detection with PCR
agreement was generally high (Cohen's kappa coefficient = and ELISA showed very low agreement.

0.30, p <0.01) between fecal detection with PCR and sero- In the analysis of serological and fecal PCR tests accord-
logical tests when the samples were positive in both kits A ing to age, fecal PCR was effective until 2 years old, but
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Fig. 3. Comparative analysis of individual trends using serological, kits A and B, and fecal detection with polymerase chain reaction.

serological tests were more effective at 3 years of age or
older (Fig. 2). In addition, kit A showed a higher detection
rate than kit B at all ages (Fig. 2).

The diagnostic patterns of each ELISA kit and the PCR
fecal test were compared in 20 cows that were tested 3 or
more consecutively among all serum samples. The results in
the 2 kits were completely consistent in the 11 samples, and
the remaining 9 samples showed inconsistent results. The test
results of the nine individuals showing inconsistent results
are shown in Fig. 3. Although positive and negative diagnos-
tic results differed depending on the kit, the change pattern
by the S/P ratio was very similar. In addition, the trend in the
S/P ratio showed that the S/P values in kit A were higher
than those in kit B, except for one (8132). These 2 observa-
tions indicated that the sensitivity of kit A seems to be
higher, and this pattern was also seen in the results with 298
sera samples. However, in one individual (9023), the diagno-
sis result of kit A also went from positive to negative with
time and did not show a tendency to coincide with the result
of kit B. In that case, the fecal test with PCR has never been
positive. Another thing to note is that the positive and nega-
tive results changed depending on the sampling time of the
individual. Seven out of nine animals that showed different
patterns in the diagnostic results were positive and negative
in at least one kit, depending on the sampling time (Fig. 3).

Discussion

JD is a chronic, wasting disease, resulting in significant
economic loss in dairy and beef herds in many countries due
to chronic diarrhea, weight loss, progressive emaciation and
death [1-3]. Therefore, the identification and removal of ani-
mals shedding the infectious agent before they become sig-
nificant sources of contamination on a farm is the main
measure of disease control at the herd level. The identifica-
tion and removal of animals shedding the infectious agents
before they become significant sources of contamination on a
farm is the main measure of disease control at the herd level.
Recently, 2 types of serological diagnostic kits have been
made commercially available worldwide. However, they
each have advantages and disadvantages in terms of specific-
ity and sensitivity in field applications. Therefore, this study
intends to propose a new suggestion for efficient control of
MAP infection by comparing and analyzing 2 serological
diagnostic kits currently used in Korea and fecal PCR.

The kit A showed a higher positive rate than kit B and
showed only moderate agreement, despite the similar detec-
tion principle between the 2 kits. Because the specificity of 2
kits had been measured nearly 99.5% [24], it was considered
that kit A have relatively higher sensitivity than kit B. This
can also be supported by comparing the S/P ratio values



between the 2 kits, which are highly correlated with each
other. Therefore, it would be suggested that kit A is suitable
than kit B for the diagnosis of JD in Korea. However, the
agreement of diagnostic results was relatively low compared
to kappa values (0.66 to 0.91) in previous studies [24,25]. It
can be inferred that there are different situations between
Korea and other countries. One possibility of inconsistency
between previous and current results might be due to the dif-
ference of MAP strains prevalent in Korea and other coun-
tries. The causing of diagnostic bias between kit A and kit B
should be proved in subsequent studies such as comparative
genomic analysis of Korean MAP isolates.

The diagnostic efficiency of JD from fecal detection with
PCR was compared with that from serological tests with kits
A and B, and the correlation between fecal PCR results
according to serological diagnostic kits showed a similar pat-
tern in kits A and B. However, many of the positive individ-
uals in the fecal PCR gave a negative serological test result.
In comparison to fecal PCR and serological diagnostic tests
according to age, the detection rates with fecal PCR were
high in young and old groups, and coincidence rates with
serological tests for the detection of MAP infection were
high in the old age group. Although a high positive rate was
serologically observed in 3- to 6-year-olds, the fecal PCR
result had a low detection rate.

These results are thought to be closely related to the induc-
tion of the immune response following MAP infection in the
pathogenesis of JD. In the early stage of MAP infection, cell
mediated immune response which is characterized by activa-
tion of Thl and Th17 T helper cells is occurred related to
granuloma formation [26]. During this period, bacteria are
excreted intermittently through the feces by the unknown
factors. When the disease progresses, humoral immunity
(Th2-derived immune response) becomes the main response
against MAP infection [27]. During this period, increasing
antibodies are frequently observed with increasing bacterial
shedding [28]. However, it is not fully understood that which
is the cause of immunological shift. Longitudinal study with
experimental disease model showed that shedding of bacte-
ria had seen in young calves (2—7 months post infection) and
the increase of MAP specific antibody had been observed in
later stage of infection only in a cow [29]. The authors also
reported that bacterial shedding showed intermittent pattern.

The results from this study indicate that both serological
diagnostic tests and fecal detection tests, which are currently
used for the diagnosis of MAP infection, have complemen-
tary points. Therefore, to eradicate MAP infection in the
herd, these 2 diagnostic methods should be applied effi-
ciently according to age. In other words, the fecal test should
mainly be performed at a young age, that is, until 2 years of
age, and serological tests should mainly be performed at ages
older than 3 years. Conclusively, to eradicate JD effectively,
it is effective to detect infected individuals early by fecal
PCR together with the serological tests currently in use and
remove the infected individuals.
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