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ABSTRACT

The present study aimed to utilize molecular tools to evaluate the reliability of

Received at: 31/5/2015  |DEXX Paratuberculosis Screening ELISA versus traditional microscopic
examination of acid fast-stained-fecal smear for rapid detection of Johne’s disease

Accepted: 4/7/2015 among clinically suspected small ruminants in Makkah region, KSA. For this
purpose, three different genetic targets, including 16S rDNA, insertion sequence 900
(1S900) and intergenic spacer (IGS), were used for molecular detection and
identification of MAP among suspected cases and was used as golden standard for
the evaluation study. A total of 3490 small ruminant animals from five different
farms around Makkah were clinically investigated for characteristic signs of JD
during the period of November 2013 to June 2014. Out of investigated animals, 41
cases were selected as being suspected of JD infection based on the associated
clinical symptoms (persistent diarrhea with emaciation). Fecal samples (including
rectal swabs) and blood samples were collected from all suspected small ruminants.
Fecal samples were subjected to both conventional microscopic examination and
molecular examination. Blood samples were used for serum separation and
conduction of immunologic assay using IDEXX Paratuberculosis Screening ELISA.
The results showed that out of the 41 suspected cases, 14 (34.1%) and 15 (36.6%)
cases were positive for JD using microscopic examination and ELISA, respectively.
On the other hand molecular evaluation of JD infection among suspected cases
revealed an initial infection rate of 43.9% based on the amplification of both
bacterial 16SrDNA and Mycobacterium genus-specific IGS targets. However,
further investigation of suspected samples by detection of MAP-specific 1S900 and
sequence analysis of the Mycobacterium species-specific IGS targets confirmed
MAP infection among only 34.1% of the suspected cases. Using molecular results as
a standard, higher sensitivity (85.7% vs. 50%), specificity (88.9% vs. 70.4%), PPV
(80% vs. 46.7%), NPV (92.3% vs. 73.1%) and Al (87.8% vs. 63.4%) were recorded
for ELISA as compared to microscopic detection of AF bacilli in fecal smear,
respectively. In conclusion the study revealed the feasibility of the IDEXX
Paratuberculosis Screening ELISA as a reliable tool for rapid detection of Johne’s
diseases among suspected cases of small ruminants.
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INTRODUCTION resistant diarrhea and weight loss. The spread of
MAP could significantly hamper the livestock
industry via its detrimental impact on animal health
and the consequential loss in productivity (Clarke,
1997 and Richardson and More 2009).

Johne’s diseases (JD) or paratuberculosis (PTB) is a
chronic, progressive enteric disease of ruminants
caused by infection with Mycobacterium avium
subsp. paratuberculosis (MAP). Paratuberculosis is a
chronic infectious disease of cattle, small ruminants ~ Identification of infected animals and their
and wild ruminants, characterized by therapy- eradication is the base for the disease control.

60


mailto:ghadaabou22@yahoo.com
http://www.aun.edu.eg/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20E%255Bauth%255D

Diagnosis of the disease depends on characteristic
clinical signs confirmed by a wide range of diagnostic
tests that categorized into those that identify the
organism and those that identify an immunological
reaction to the organism (Collins, 1994 and Sweeney
et al., 1995).

During the course of the diseases, infection with
MAP usually pass through 3 main stages depending
on the severity of clinical signs, potential for
shedding organisms into the environment, and the
ease with which the disease may be detected by using
current laboratory methods (Whitlock and Buergelt
1996). Silent infection is the first stage of infection
that is characterized by absence of clinical signs of
infection and absence of measurable subclinical
effects of infection. Infected animals in this stage may
shed infectious organisms into the farm environment
at levels below the threshold of detection (De Lisle
and Duncan 1981). During this stage, no cost-
effective diagnostic tests can detect the infection. The
only means of detecting infected cattle at this early
stage is by demonstration of the established organism
in the intestinal tract, either by culture or by
histologic demonstration of micro-granulomas in the
intestine or regional lymph nodes. Other diagnostic
tests, such as johnin (sterile solution of growth
products of Johne’s bacillus) skin testing and gamma-
interferon tests that utilize the cell-mediated response
(CMI), have also been used to detect this stage of the
disease. However, there are common antigens
between  MAP and  other  environmental
Mycobacterium spp., resulting in low specificity (Sp)
for these tests (Kalis et al., 2003 and McDonald et al.,
1999), making them ineffective as routine screening
tests. The second stage is the subclinical infection,
where animals at this stage do not yet have clinical
signs of infection, but may be detected as infected by
using cost-effective diagnostic tests and may begin to
have measurable effects of infection (Tiwari et al.,
2003, Tiwari et al., 2005). Some of these infected
animals may be detected by fecal culture. However,
focal lesions, variable rates of disease progression
and shedding, and dilution of organisms in large
volumes of intestinal content result in intermittent
detection of fecal shedding (Merkal and Thurston
1966). Therefore, other infected animals may test
negative by using current fecal culture techniques.
Some animals may have detectable antibodies to
MAP, particularly if they are getting close to entering
the next stage of the disease (clinical phase) (Kennely
and Benedictus 2001). However, MAP fecal shedding
usually occurs before detectable antibody response
(Lepper et al., 1989). The clinical infection stage is
the stage during which initial clinical signs following
a prolonged incubation period start to appear. The
first apparent sign is gradual weight loss, despite a
normal appetite. Concurrent with the weight loss, the
manure consistency becomes more fluid. The diarrhea
may be persistent or intermittent, at first, with periods
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of normal manure consistency (Whitlock and
Buergelt 1996). Most animals at this stage have a
positive fecal culture and have increased serum
antibody levels detectable by the commercial
enzyme-linked immunosorbant assay (ELISA) and
agar gel immunodiffusion (AGID) test (Kalis et al.,
2004).

It can detect growth of MAP in multiple organs,
including the intestinal mucosa and sub-mucosa, and
regional lymph nodes (McKenna et al., 2004).
However, tissue culture is not commonly used as a
gold standard in many previous studies, due to the
high cost and logistical difficulties of sampling for
tissue culture (Milner et al., 1990; Sweeney et al.,
1995 and Dargatz et al., 2001). Alternatively, fecal
culture is more commonly used during comparative
diagnostic studies as golden standard. Fecal culture
can be applied to various species and sample types
(feces, tissue, water, soil) during the clinical stage of
the disease to confirm infection. However, some
studies reported the unreliability of fecal culture in
sheep and some other ruminant species when using
standard laboratory techniques (Stich et al., 2004). In
addition, it is labor intensive and may require 8-24
weeks of incubation for colonies to be observed based
on the type of media used with a subsequent
questionable sensitivity (Collines 1994; Whitlock and
Buergelt 1996 and Stich et al., 2004).

In term of sensitivity of golden standard assays,
recent studies have shown the superiority of PCR-
based molecular assays over conventional culturing
methods for sensitive and accurate detection of MAP
infection among subclinical and clinical cases
(Douarre et al., 2010). In this regard, Sequences of
1S900 proved to be highly sensitive and specific
markers of M. paratuberculosis among other slowly
growing, acid-fast bacteria. 1S900 has a unique
nucleotide sequence which can be specifically
detected by hybridization or PCR techniques.
Previous studies showed that 1S900 has been detected
in all reference and vaccine strains as well as in field
isolates of M. paratuberculosis from several hosts but
never in other bacterial species (Whipple et al., 1987;
Green et al., 1989 and Moss et al., 1992). In addition,
sequence- dependent identification has been shown to
be an especially effective molecular tool that provides
rapid and accurate differential identification of
Mycobacterium species (Cloud et al., 2002 and
Mohamed et al., 2005). Most molecular approaches
have focused on the conserved 16S small subunit
ribosomal DNA (rDNA) sequence (Springer et al.,
1996). However, the fact that the product of the 16S
rDNA gene serves a vital function in the bacteria
makes the frequency of permissible mutations in this
gene inherently limited. This limitation results in the
presence of identical or highly homogenous 16S
rDNA sequences among some of the Mycobacterium
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species, making the differentiation of some closely
related species difficult (Kim et al., 1999; Mohamed
et al., 2005 and Mohamed et al., 2009). Alternatively,
sequence analysis of the intergenic spacer (IGS)
between the small (16S) and large (23S) subunit
rRNA genes has been successfully used to
differentiate among closely related Mycobacterium
species (Roth et al., 1998; Mohamed et al., 2004 and
Mohamed et al., 2005). Which make it a good target
for molecular-based detection and identification of
MAP among sub-clinically and clinically affected
animals.

In KSA, sheep and goats constitute an integral part of
the animal population that are raised principally by
private breeders due to their manageable size and
feed requirements plus their ability to utilize low-
grade food and limited pasture areas (Al-Dughaym
et al., 2001). In KSA, small ruminants are mainly
used for meat production where is considered the
favorite meat for daily meals, festivals and religious
occasions. During pilgrimage season, hundreds of
thousands of sheep and goats are sacrificed. This
necessitates the importation of large quantities of
sheep from various parts of the world, which could
represent a source of infection to the Saudi herds (Al-
Naeem et al., 2000).

In small ruminants, JD is characterized by debilitation
and emaciation that is unresponsive to de-wormers
and antibiotics (Whitlock and Buergelt 1996). In spite
of weight loss, the appetite is often good. The profuse
watery diarrhea, seen in cattle, is not a common
feature of the disease in sheep and goats, where
normal stool is usual observation even in clinically
diseased animals. However, intermittent diarrhea or
softened, pasty stools are occasionally observed in
small ruminants. In addition, intermittent, low-grade
fever, inter-mandibular edema (bottle jaw), lethargy,
and depression are sometimes seen (Manning and
Collins 2001). The disease may be confused with
intestinal parasitism, chronic malnutrition, caseous
lymphadenitis (especially animals with internal
abscesses), ovine progressive pneumonia (OPP),
environmental toxins, and cancer (Manning and
Collins 2001 and Collins 2003).

The aim of the present study is to evaluate one of the
commercial  Paratuberculosis  screening ELISA
(IDEXX PTB Screening) as a rapid tool for detection
of JD among clinically suspected small ruminants in
Makkah region in comparison with conventional
microscopic detection of acid fast bacilli in fecal
smears from suspected animals. Confirmation of
infection by 3 different genetic targets (16S rDNA,
1S900 and IGS) was conducted and used as golden
standard for evaluation purposes.
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MATERIALS and METHODS

Clinical investigation and sampling:

A total of 3490 local sheep (Naemy breed) were
investigated in the current study for suspected signs
of John’s disease. The animals were investigated
during the period of November 2013 to June 2014
and were belonged to Al-Kaakiah slaughterhouse (the
main abattoir of Makkah) as well as five small
ruminant farms around Makkah. Clinically suspected
animals were selected and isolated based on history
and clinical examination. Inclusion criteria included
animals suffering from debilitation and emaciation
that is unresponsive to de-wormers and antibiotics,
intermittent diarrhea or softened, pasty stools, low-
grade fever, lethargy, and depression (Manning and
Collins 2001). Fecal samples (including rectal swabs)
were collected from clinically suspected animals.
Preparation of the samples, fecal direct smears and
molecular examination were carried out in the
microbiology and molecular biology laboratories at
the environmental and health research department,
Hajj and Umrah Research Institute and the central
research laboratories, Dept. Laboratory Medicine,
Faculty of Applied Medical Sciences, Umm Al-Qura
University, Makkah.

Conventional Microscopic examination:

Collected samples from clinically suspected cases
were initially evaluated microscopically for expected
acid fast bacilli. For this purpose direct smears were
prepared from fecal specimens and rectal swaps that
were stained with standard ZN stain as previously
described (Quinn et al., 1994).

ELISA

M. paratuberculosis antibody test kit (IDEXX
Laboratories, Inc., Westbrook, Maine) was used to
test sera from all suspected animals according to the
manufacturer’s instructions. With this kit, optical
density (OD) values were transformed to S/P ratios
based on the OD for the serum sample together with
those for the negative and positive controls provided
with the kit by using the following equation: S/P ratio
(OD of sample OD of negative control)/(OD of
positive control OD of negative control). All assays
were run in duplicate. Any assay with a between-well
coefficient of variation of 10% was repeated, and the
second result was used for data analysis
(HumaReader HS, Human Gesellschaft fur
Biochemica, Wiesbaden, Germany).

Molecular detection and identification:

DNA extraction from fecal specimens. DNA was
extracted from collected specimens of all suspected
animals as previously described (Bollet et al., 1991)
using Promega Genomic Wizard DNA Purification
Kit (Promega, Madison, WI, USA), with some



modification. Briefly, the fecal material was diluted
in PBS and homogenized with easyMIX® Lab
Blender (AES Chemunex, Bruz Cedex, France) in
filter bags (Seward, Thetford, Norfolk, UK). Pellets
were washed with 1 ml of TE (10 mM Tris, pH 8, 10
mM EDTA) and were resuspended in 100 pl of TE.
After addition of 50 pl of 10% SDS the mixture was
incubated for 30 min at 65°C. The lysates were
centrifuged and supernatants were removed. The
microtubes were then placed in a microwave oven
(with specifications; LG grill, model No. MG-604AZ,
input 220v-50/bHz, microwave 1350 w, RF output
900 w,2,4500 MH) and heated twice for 1 min at 900
W or three times for 1 min at 750 W. The pellets were
dissolved in 200 pl of TE and were extracted with an
equal volume of phenol/chloroform/ isoamyl alcohol
(25:24:1) for 15 min. The aqueous phase was
recovered by centrifugation for 20 min and
precipitated with ethanol.

Amplification of selected genomic targets. Three
genomic targets were amplified from DNA obtained
from all suspected animals’ specimens. This included
16S rDNA, IGS and 1S900. The hypervariable 500
bp. segment of the 16S rDNA was amplified using
the previously described universal bacterial primer set
(Hall et al., 2003). In addition, the hypervariable
region of the intergenic spacer (IGS) target was
amplified from suspected samples using the
previously described pan-Mycobacterium primer set
ITS-Al and ITS-A6 (Mohamed et al., 2005). Finally,
the MAP-specific 1S900 target was amplified using
primer set P90 (5_GAAGGGTGTTCGGGGCCGTC)
and P91 (5_ GAGGTCGATCGCCCACGTGAC) as
previously described by  Khare et al., (2004). All
primer sets were obtained from IDT Integrated DNA
technologies (IDT, Belgium).

In the PCR assay, 5 ul of template DNA (10 ng/ pl)
in a total reaction volume of 50 ul to include PCR
buffer [20 mmol Tris-HCL (pH 8.4) and 50 mmol
KCI], 0.1 mmol each of dNTP (deoxyribonucleotide
triphosphate), 1.5 mmol of MgCl2, 0.3 pumol of each
primer, and 1.5 U of RED Tagq DNA polymerase were
used. The PCR amplification was performed in a
Techne thermocycler model TC-312 starting with an
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initial denaturation step at 95°C for 10 min, followed
by 35 cycles where each cycle consisted of a
denaturation at 95°C for 1 min, an annealing at 64°C
for 30 sec, and an extension step at 72°C for 1 min.
After PCR, 10 pl of the PCR product was mixed with
5 upl dye mixture (0.25% bromophenol blue and
0.25% xylene cyanol in 15% Ficoll type 400) and
electrophoresed in 1 pl Tris-acetate-EDTA buffer
through a 1% agarose gel containing ethidium
bromide (0.5pug/mL). Bands of the appropriate size
were visualized using a UVP gel documentation
system according to the manufacturer’s instructions
and identified by comparison with a 100-bp DNA
ladder (DNA molecular weight marker Promega).

IGS sequence analysis. Purified 1GS products from
all 1GS-positive samples were sequenced using the
same IGS-amplification primer set at the Molecular
Biology Core Laboratory, Egyptian Institute for
Biological Products and Vaccine Production (Cairo,
Egypt). Obtained sequences were analyzed using both
the custom MycoAlign database (Mohamed et al.,
2005) and BLAST (Basic Local Alignment Search
Tool; http://www.ncbi.nlm.nih.gov/BLAST/).

RESULTS

Obtaining of history and clinical examination of the
3490 investigated animals resulted in selection of 41
animals with suspected symptoms of John’s disease.
Selected animals showed symptoms ranged from
debilitation and emaciation that is unresponsive to
antibiotics or deworming anti-parasitic  drugs,
softened stools or diarrhea, fever to depression and
separation from the flocks. Initial microscopic
screening of ZN-stained direct smears from fecal
samples and rectal swaps from all suspected cases,
showed that 14 out of the suspected 41 cases (34.1%)
were positive for acid-fast bacilli (Figure 1). The
results of the ELISA-based serological testing for
detection of antibodies against MAP in the serum
samples of suspected sheep indicated that 15 (36.6%)
out of 41 suspected sheep sera were seropositive.

" -
Figure 1: ZN-stained direct fecal smear showing aggregation of acid fast short bacilli (arrow)
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On the other hand, molecular-based detection and identification assays revealed an initial detection of 26
(63.4%) positive cases based on the detection and amplification of bacterial-specific 16S rDNA target (Figure 2).

.
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Figure 2: Representative 1% agarose gel showing the amplification of the universal bacterial target 16S
rDNA. Lane (L) 100 pb. DNA ladder. Lanes 1-9 showing 500 bp. product of 16S rDNA target from suspected
animals. Lanes 10-11 showing negative results for the universal bacterial target. Lane 12, negative control
showing no 16S product.

Figure 3: Representative 1% agarose gel showing the amplification of Mycobacterium genus-specific 1GS
target using pan-Mycobacterium primers. Lane (L), 100 pb. DNA ladder. Lane 1, 2, 3, 4, 6 and 8 showing
positive product of Mycobacterium-specific 1GS target (280-300 bp.) from suspected animals. Lanes 5, 7, 9,
10 and 11 showing negative product of Mycobacterium-specific IGS target. Lane 12, negative control showing
no IGS product.

Figure 4: Representative 1% agarose gel showing the amplification of the Mycobacterium avium subspecies
paratuberculosis-specific 1S900 target. Lane (L), 100 pb. DNA ladder. Lanes 1, 2, 4 and 8 showing negative
product of 1S900 target. Lanes 3, 5, 6 and 7 showing positive 1S900 target (400 bp.) from suspected animals.
Lane 9, negative control showing no product.
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Out of these 16S rDNA-positive samples, only 18
(43.9%) cases were confirmed as Mycobacterium
species using the Mycobacterium genus-specific 1GS
primers (Figure 3). Further investigation of the
selected 18 samples with confirmed Mycobacterium
species infection using both sequence analysis of

obtained IGS target amplicons as well as
amplification of the MAP-specific 1S900 targets
(Figure 4) has confirmed the presence of

Mycobacterium avium subspecies paratuberculosis in
only 14 (34.1%) samples (Table 1).
Evaluation of ELISA versus conventional
microscopic examination.

The final results of the molecular detection and
identification assays were used as a golden standard
for the evaluation study of ELISA test versus the
conventional microscopic assay (Table 2). The
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evaluation study revealed that out of the 14 and 15
positive cases detected by the conventional
microscopic assay and ELISA test, respectively, 7
and 12 cases were considered true positive while 7
and 3 cases were considered false negative by the 2
tests, respectively. On the other hand, out of the
negative results by the conventional microscopic
assay and ELISA test, 19 and 24 cases were
considered true negative while 7 and 2 cases were
considered false negative, respectively (Table 3).
Based on these findings, the evaluation study
revealed higher SN (85.7%), SP (88.9%), PPV (80%),
NPV (92.3%) and Al (87.8%) of the IDEXX
paratuberculosis screening ELISA assay as compared
to that (50%, 76%, 50% 76% and 60.9%,
respectively) of the conventional microscopic
examination assay of ZN-stained smears of fecal
samples and rectal swaps (Table 3).

Table 1: Results of different diagnostic methods for detection of Cryptosporidium from suspected patients’ stool

specimens.
Diagnostic assays
Mic. ELISA Molecular assays
Examination examination - -
Target detection Target sequencing
Clinically 16S IGS 1S900 IGS
suspected
animals o % no. % no. % no. % no. % no. %
(41) 14 341 15 366 26 634 18 439 14 341 14 34.1

Table 2: Matching cross tabulation of CS-PCR assay
assay.

as gold standard assays and the other evaluated diagnostic

Diagnostic assays ITS/1S900 ID of MAP Total
Positive results Negative results

Mic +ve
Elis. +ve 5 2 !
Mic +ve
Elis. -ve 2 5 !
Mic -ve
Elis. +ve ! ! 8
Mic -ve 0 19 19
Elis. -ve

Total 14 27 41

Table3: Evaluation of MZN-AF, CA-RT and CAD-ELISA as compared to CS-PCR as gold standard assay for
detection of Cryptosporidium in stool specimens.

Evaluated assays

Obtained results %

Evaluation parameters %

TP FN TN FP SN SP PPV NPV Al
Mic. 7 7 19 7 50 76 50 76 60.9
ELISA 12 2 24 3 85.7 88.9 80 92.3 87.8
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DISCUSSION

Diagnosis of PTB depends on clinical signs
confirmed by microscopic demonstration of M.
paratuberculosis in the feces, culture, or by the use of
DNA probes and the PCR. Diagnosis of subclinical
infection depends on the detection of specific
antibodies by serology, or culture of M.
paratuberculosis from feces or tissues collected at
necropsy, or the demonstration of cell-mediated
response through the use of the gamma interferon
assay. The choice of test depends on the
circumstances and the degree of sensitivity required
at individual animal or herd level (WOAH, 2008).
Currently, available tests to detect infected animals
produce many false-negative results and some false-
positives, particularly in sub-clinically infected
animals, thus making their interpretation and
utilization challenging in control programs (Tiwari
et. al.,, 2006). As the disease represent a great
problem among ruminant animals in Saudi Arabia
and due to its zoonotic possibility, this study aimed to
implement genetic tools to evaluate IDEXX-PTB
Screening assay, as one of the commercial
Paratuberculosis screening ELISA, in comparison
with conventional microscopic detection of acid fast
bacilli in fecal specimens as a rapid tool for detection
of JD among clinically suspected animals. For this
purpose confirmation of infection was achieved
molecularly using 3 different genetic targets (16S
rDNA, 1S900 and IGS), which results were used as
golden standard for the evaluation study.

In the current study, 3 different genetic elements were
used as targets for gold standard assays for diagnosis
of MAP, including 1S900, 16S rDNA and IGS. 1S900
represents one of the most prominent targets used in
several studies to detect DNA of M. avium subsp.
paratuberculosis by PCR (19, 21). The multi-copy
(17 copies) nature of the sequence on the M. avium
subsp. paratuberculosis chromosome makes it ideal
as a target sequence for the detection of M. avium
subsp. paratuberculosis, since it exhibits a higher
level of sensitivity compared to the use of single-copy
genes as targets (Li et al., 2005 and Soumya et al.,
2009). However, the specificity of target 1S900 is not
100%, since 1S900 insertion elements with close
sequence homology are also present on the
chromosomes of M. cookii, M. mari- num, M.
paraffinicum, and M. scrofulaceum isolates (Cousins
et al., 1999; Englund et al., 2002; Kim et al., 2002
and Semret et al, 2006). Furthermore,
polymorphisms detected in 1S900 as variants of M.
avium subsp. paratuberculosis have been previously
described; such variants should be interpreted as
suggestive of the presence of a Mycobacterium
organism  other than M. avium  subsp.
paratuberculosis until the detection has been
confirmed by independent methods (Rajeev et al.,
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2005). Therefore, the current study used additional
genetic target for the confirmation of the presence or
absence of the infection. Recently, sequence-
dependent identification was introduced as an
effective molecular tool that allows for precise and
accurate identification of different Mycobacterium
species (Cloud et al., 2002 and Mohamed et al.,
2005). 16S rDNA sequence used to be the target of
choice  for differential identification of
Mycobacterium species (Springer et al., 1996).
However, limitations derived by the lack of
permissible mutations in this gene, which serves a
vital function in the bacteria resulted in the presence
of identical or highly homogenous 16S rDNA
sequences among several Mycobacterium species and
or strains, making the differentiation of some closely
related species difficult (Kim et al., 1999; Mohamed
et al., 2005 and Mohamed et al., 2009). Alternatively,
IGS target that represent a hypervariable region of the
Mycobacterium genome, allowed for precise
differential identification between closely related
Mycobacterium species (Mohamed et al., 2004,
Mohamed et al., 2005 and Roth et al., 1998).
Therefore, in order to ensure the reliability of genetic-
based tools to serve as a golden standard for the
current evaluation study, 3 different genetic targets
were used for 3 levels-based identification of MAP
and detection of JD among suspected animals. In the
first step, amplification of 16S rDNA sequence using
universal bacterial primers allowed for detection of
any possible bacterial causative agent among
suspected animals. The second step was applied on
selected positive cases using amplification of 1GS
target using panOmycobacterial-specific primers to
detect all possible Mycobacterium species. Finally the
third step implemented both the detection of the
MAP-specific 1S900 target and sequence analysis of
the obtained IGS sequences to ensure the presence of
Mycobacterium avium subspecies paratuberculosis as
the causative agent of JD among suspected animals.

Comparing ELISA with conventional microscopic
assay, the current results revealed relatively higher
sensitivity (85.7% vs. 50%), specificity (88.9% vs.
70.4%), PPV (80% vs. 46.7%), NPV (92.3% vs.
73.1%) and Al (87.8% vs. 63.4%) of ELISA as
compared to conventional microscopic detection of
AF bacilli in fecal smear, respectively. Although ZN
staining is the most rapid and cost-effective screening
method, it lacks the required sensitivity; therefore,
additional tests of suspected cases is required
(Springer et al., 1996). Moreover, The intermittent
shedding of the microorganism in the feces might
results in cases that show negative results at
conventional fecal smear microscopic examination,
while seropositive at ELISA testing (Whitlock and
Buergelt 1996). The poor sensitivity of conventional
examination of AF-stained fecal swaps and/or fecal
specimens as compared to ELISA was expected and



attributed to the false negativity results in animals
which shed at a very low level, therefore a greater
number of low level shedders may be missed. In
addition, the acid-fast microscopic detection assay
have a lagging ability to distinguish between M.
paratuberculosis in clumps or within epithelial cells
from isolated nonpathogenic acid-fast rods commonly
found in feces. This could explain the currently
recorded lower specificity of the conventional
microscopic assay as compared to ELISA (Tiwari
et al., 2006).

Relatively high sensitivity of ELISA (85.7%) in
detection of JD among clinically suspected animals
was recorded in the current study. Most of previous
studies had evaluated ELISA as a screening test for
JD among sub-clinically infected animals. A previous
study recorded 7 % sensitivity of ELISA in serum of
animals in the silent stage, 15 % in the subclinical
stage, and between 85 % to 98 % in the clinical stage
(Gilarddoni et al.,, 2012). Moreover, variable
sensitivities ranged between 45-65 % were recorded
for IDEXX-ELISA in detection of JD among sub-
clinically infected animals (Milner et al., 1990; Ridge
etal., 1991; Sockett et al., 1992; Sweeney et al., 1995
and Whitlock et al., 2000). The significantly lower
sensitivity of IDEXX-ELISA among subclinical cases
as compared to the currently recorded one among
suspected clinical cases could be attributed to the fact
that cell-mediated immunity is the dominant immune
response, during the sub-clincal phase of the disease
whereas; humoral immune response prevails at the
clinical phase (Coussens, 2001 and Valentin-
Weigand, 2002). Humoral antibodies developed
against the infection are primarily detected by ELISA
(Vannuffel et al., 1994 and Manning and Collins
2001). Previous studies recorded that sensitivity of
ELISA is only 15% in animals shedding low
quantities of the causative agent with their feces,
compared with 87% in animals with clinical signs
(Sweeney et al., 1995). The delays in immune
response or shedding also mean that when tests are
utilized on animals with clinical JD, they will have a
better Se than when they are used on animals with
subclinical JD (Sweeney et al., 1995 and Whitlock
et al., 2000), because the clinically affected animals
are much more likely to be shedding bacteria or have
developed a detectable immune response (Chiodini
et al., 1984).

Although, the currently recorded specificity of ELISA
(88.9%) was relatively high as compared to
conventional microscopic examination of AF-stained
fecal smear (76%), higher specificity (98.9-99.8%) of
the absorbed ELISA were recorded in diagnosis of JD
among sub-clinically infected animals (Ridge et al.,
1991). However, these results were based on serum
samples from animals with three or more negative
fecal cultures, The fact that some of these animals
could have been infected at a low level that remained

67

Assiut Vet. Med. J. Vol. 61 No. 146 July 2015

undetectable with three serial fecal cultures
recommended that calculations of ELISA specificity
should be based only on confirmed negative animals
best obtained from repeated test negative herds
(Collins and Sockett, 1993; Sockett et al., 1992), or
alternatively using valid standard test that provide
high sensitivity and specificity (Whitlock et al.,
2000).

In conclusion, development of and search for new
diagnostic tests require critical comparison of
methodology. Serological diagnosis that relies on the
specificity of antigen and the titer of antibodies
represents a good option for rapid and accurate
diagnosis of JD. The currently reported overall
sensitivity (85.7%) and specificity (88.9%) of the
IDEXX Paratuberculosis Screening ELISA in
relationship to the precise PCR findings as a standard
for evaluation, reveal the feasibility of IDEXX-
ELISA as a reliable diagnostic assay. Coupled with
the low cost and high-throughput capability inherent
in ELISA technology, IDEXX-ELISA offers the best
testing option for rapid detection of JD among
clinical cases, which would support control programs
of JD among commercial small ruminant herds in
KSA.
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