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Abstract

Paratuberculosis (Johne’s disease) is a chronic intestinal disease of ruminants and the disease is caused by
Mycobacterium avium subspecies paratuberculosis (MAP). The disease has a prolonged pre-patent period and the
clinical symptoms of the disease are apparent only during the later stages of the disease. However, the infected
animal can shed the organism much before the clinical disease with the risk of spreading the disease to other
susceptible animals. The disease manifestation is in four stages with each of these stages requiring a different
diagnostic method. During the early stages of the disease Cell mediated immune response (CMI) is higher, and
shedding of the organism and serum antibody response is absent or minimized. Delayed type hypersensitivity (DTH)
response upon injection of Johnin purified protein derivative (Johnin PPD) in the skin of the animal and interferon
gamma release assay (IGRA) is the common CMI based tests for the diagnosis of paratuberculosis. As the disease
progress, CMI response reduces and humoral response predominates with progressively increased shedding of the
organism. ELISA based tests are commercially available to detect the MAP specific antibodies in serum or milk, and
nucleic acid detection methods are used to identify the organism. However, all these CMI and humoral antibody
based tests have advantages and disadvantages. It is essential to apply a combination of these tests to detect or
rule out the disease in farms of endemic countries.
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Introduction
Johne's disease (JD) or paratuberculosis is a chronic, progressive

and incurable intestinal disease of domestic and wild ruminants. The
disease is caused by Mycobacterium avium subspecies paratuberculosis
(MAP) with severe economic losses in animal husbandry. MAP causes
a severe reduction in milk yield and culling of infected animals is
advised to prevent spread of the disease [1,2]. Calves under one year
are more susceptible for the disease and ingestion of feed contaminated
with infected materials is the primary cause of infection [3,4].
Clinically positive cattle shed the organism in feces [5,6] and milk [7]
which results in greater risk for animal as well as human exposure. The
histopathological and clinical similarities between JD and Crohn’s
disease (CD) in humans had created the apprehension that MAP
might be a zoonotic organism [8].

Young animals get the infection through a contaminated birthing
environment, infected colostrum/milk and rarely in the uterus. Calves
rarely show clinical signs during the initial two years of age, whereas
clinical signs start appearing in 2 to 6 years of age. Gross pathological
lesions are usually absent in the subclinical stage of infection [9].
Antibody response is not generally sufficient to confer protection
against the disease. However, MAP antibodies in milk or serum
samples during the pre-clinical and clinical stages aid in disease
diagnosis. Development of CMI response through the IFN-γ
producing T-cells (Th1 subset) are critical for the host defense against
intracellular MAP in restricting the replication of the bacteria. The
CMI response is developed very early in the MAP infection and
therefore, CMI based diagnostic tests are used for early diagnosis of JD
[10]. Diagnosis of MAP is a challenge due to the chronic nature and
the occurrence of four stages of disease viz, stages I: silent infection;

stage II: unapparent carrier animals; stage III: clinical disease; stage IV:
advanced clinical disease [11]. Diagnosis in stage III and stage IV is
not very complicated as the infected animal sheds the organism, shows
clinical signs and the animals seroconvert. However, diagnosis is
complicated in stages I and II as there are no clinical signs and low
shedding of MAP. Thus, this review focuses on the clinical significance
of MAP infection and diagnostic strategies using novel immune and
molecular assays.

Etiology
MAP is a gram positive, acid fast, non-motile, the facultative

intracellular pathogenic bacterium which was first isolated in 1895 by
Dr. Heinrich Albert Johne and hence called “Johne’s” disease.
Mycobacteria do not seem to fit the gram-positive group (because they
generally do not retain the crystal violet stain well) and based on their
characteristic cell wall they are classified as acid-fast bacterium. The
cell wall is thicker, hydrophobic, waxy and rich in mycolic acids/
mycolates. The hydrophobic mycolate layer and a peptidoglycan layer
were held together by a polysaccharide, arabinogalactan which
contributes to the hardness of the cell wall. Mycobacteria cells are
straight or slightly curved rods with 0.2-0.6 µm width and 1.0-10 µm
length. MAP requires exogenous supplementation with ferric
mycobactin J for growth and adapts readily to grow on media
containing ammonia or amino acids and glycerol as nitrogen and
carbon sources, respectively. Optimum growth temperature of the
organism varies extensively and it ranges from 25°C to over 50°C.
Although the etiology of paratuberculosis has been known for decades,
the appropriate criteria for subtyping MAP strains is a challenging
task. However, the information on MAP sub-types are started
appearing recently [12].
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Economic impact
Economic consequences of JD have been investigated, particularly

in dairy cattle herds from various countries [13-15]. Researchers have
used various methods for estimation of economic losses caused by JD
and comparing findings is difficult. Economic losses caused by JD vary
among regions and farms [16]. The reported losses varied with the
production and management system, immunological status of the herd
and presumably with the method of estimation [13]. Calculation of
economic losses to the dairy industry due to subclinical MAP infection
is another challenge. This is due to the difficulty in identifying
subclinical carriers and assessing the impact of infection on the
productivity of these animals [15]. Determining indirect costs and
productivity losses of clinical and subclinical form of the disease is also
a tough task [17]. Economic losses by JD are due to premature culling,
reduced milk production and loss of body weight in beef cattle [18].
When dairy cows were tested for JD using the milk ELISA test, test
positive cattle had 3 kg less milks on test day than their comparable
test negative herd mates indicating a milk production loss in
subclinical cows [19,20].

Zoonotic concerns
Ruminant paratuberculosis is pathologically similar to human

inflammatory bowel disease (IBD) [21] which includes three
pathological forms: Crohn’s disease (CD), ulcerative colitis (UC) and
indeterminate colitis or unclassified IBD [22]. Currently, no widely
accepted consensus has been reached about the etiologic role of MAP
in human cases of regional enteritis. Isolation of cell wall deficient
forms of MAP from Crohn’s patients [23] microbiologically supported
the 70 year old Dalziel’s notion that human and ruminant intestinal
regional granulomatous inflammatory diseases were similar entities.
Since then, there have been several reports towards the same direction
[24-26]. Crohn’s disease in humans is similar to Johne’s disease in
animals, both clinically (Table 1) and also pathologically. However, it is
unclear whether the disease is a consequence of MAP infection.
Evidence of MAP was found more often in people with CD. It is
unknown whether CD patients developed their disease first and then
acquired the MAP infection or MAP actually contributed to their
disease. CD patients also had antibodies to MAP in their blood more
often than controls. Humans are likely been exposed to this organism
through the food supply [27]. However, clear cut evidences of cattle to
be a source of MAP for the people has not yet been established [28].
Recent studies have shown that MAP present in milk can
survive pasteurization and these results have raised human health
concerns due to the widespread nature of MAP in modern dairy herds.
The zoonotic concern is much to be apprehended since MAP is heat
resistant and is capable of hiding inside white blood cells. It has also
been reported to survive chlorination in municipal water supplies
which might lead to the spread of infection to the humans [29,30].
Currently, the human medical community tends to ignore or be
skeptical on an alleged role of MAP in human intestinal inflammatory
disease [31,32]. However, the epidemiologist and veterinary
communities appear to be more cautious as they have to balance the
public health duties related to zoonosis prevention and to avoid
livestock industry damages caused by the unjustified food safety crisis
[33]. MAP was detected in the raw and pasteurized milk and milk
products from various countries [28]. Regarding food safety, it should
also be guaranteed that milk and dairy products are free of MAP. These
measures could significantly decrease the zoonotic potential of CD in
the people at risk.

Clinical feature Crohn’s disease Paratuberculosis

Diarrhea Yes Yes

Intermittent diarrhea Yes Yes

Abdominal pain Yes *

Weight loss Yes Yes

obstruction Yes No

Lleac region mass Yes No

Blood in stool Yes Rare

Vomiting Yes No**

Quiescent periods Yes Yes

Table 1: Clinical similarity between CD and Johne’s disease [24]. *

Domestic animals generally fail to display the chronic pain. **

Vomiting regurgitation is uncommon in ruminants, although they
eructate (move ingesta from their mouth for repeated mastication,
commonly called chewing their cud).

Transmission and host range
The main reservoir for MAP in nature is infected animals and an

infected ruminant excretes MAP in its feces. The severity and rate of
progression of the disease are dependent on the quantity of organisms
and the age of the animal during exposure. Only a small dose of
organisms may be required to establish infection in a newborn calf.
Prenatal infection of calves is acquired in-utero [34] and postnatal
infection of calves is through colostrum/milk or ingestion of the
organism while suckling the teats with fecal contamination. Fecal
contamination of the environment is the most common source of
infection in adult cattle [3]. The primary route of infection in cattle
population occurs by fecal oral ingestion of MAP from contaminated
feed, water and soil [35]. Had identified that the prevalence of
paratuberculosis is higher in bulls than cows. Cows can be infected
with MAP organism through semen from shedder bull or
contaminated semen [36]. Considering the natural history of MAP and
good manufacturing practices, the raw milk from MAP-infected dairy
herds, the cuts of beef from MAP-infected beef cattle and the domestic
water from surface sources which are vulnerable to runoff from MAP-
infected farms can potentially result in human exposure.
Paratuberculosis is predominant in cattle and sheep and also reported
on hosts other than domestic animals listed in Table 2 [37].

Species Country

Alpaca (Lama pacos) Australia

Antelope kudu (Tragelaphusstrepsiceros) Czech Republic

Axis deer (Axis axis) USA

Bactrian camel (Camelusbacterianus) USA

Bighorn sheep (Oviscanadensis) USA

Capricorn (Capra cylindrycornis) Czech Republic

European red deer (Cervuselaphus)
Czech Republic, Scotland,

Ireland and New Zealand
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Fox (Vulpesvulpes) UK

Jimelatopi(Damaliscuslunatusjimela) USA

Moose (Alcesalces) USA

Pudu (Pudupudu) Belgium

Pygmy ass (Equusasinus form. dom.) The Netherlands

Rabbit (Oryctolaguscuniculus) UK

Rocky Mountain goat (Oreamnosamericanus) USA

Roe deer (Capreoluscapreolus) Czech Republic

Sika deer (Cervusnippon) USA

Stoat (Mustelaerminea) UK

Stumptail macaques (Macacaarctoides) USA

Tule elk (Cervuselaphusnannodes) USA

White-tailed deer (Odocoileusvirginianus) USA

Table 2: Hosts of paratuberculosis other than domestic ruminants [37].

Pathogenesis and clinical signs of the disease
Clinical signs of JD are rarely evident until two or more years after

the initial infection, which usually occurs shortly after birth. Most of
the clinical cases are seen in 2 to 6 year old animals. Clinical signs
usually appear in young adulthood, but the disease can occur in
animals of any age. Within a few weeks of infection, a phase of
multiplication of MAP begins in the walls of the small intestine.
Depending on the resistance of the individual animal, this infection is

eliminated or the animal remains infected as a healthy carrier. A later
phase of the multiplication of the organisms in a proportion of carrier
animals leads to the extension of lesions, interference with gut
metabolism and clinical signs of disease. The initial signs of JD can be
subtle and may be limited to weight loss, decreased milk production,
or roughening of the hair coat. The clinical signs are similar in other
ruminants. In sheep and goats, the wool or hair is often damaged and
easily shed; diarrhea is uncommon. In deer, paratuberculosis can
progress rapidly. Intestinal disease has also been reported in rabbits
and nonhuman primates. The diarrhea in cattle is usually thick,
without blood, mucus, or epithelial debris. Diarrhea is less common in
small ruminants. Several weeks after the onset of diarrhea, a soft
swelling may occur under the jaw which is known as "bottle jaw" or
inter mandibular edema. This symptom is due to protein loss from the
bloodstream into the digestive tract. Early lesions occur in the walls of
the small intestine and the draining mesenteric lymph nodes, and
infection is confined to these sites at this stage. As the disease
progresses, gross lesions occur in the ileum, jejunum, terminal small
intestine, caecum and colon, and in the mesenteric lymph nodes. MAP
is present in the lesions alone and terminally, throughout the body. The
intestinal lesions are responsible for the protein leak and a protein
malabsorption syndrome, which lead to muscle wasting.
Paratuberculosis is progressive; affected animals become increasingly
emaciated and usually die as the result of dehydration and severe
cachexia. Cattle with subclinical infection frequently have problems of
infertility and mastitis [38-40]. The bacteria are carried by
macrophages to other organs, particularly the uterus, the fetus, the
mammary gland, the testes and semen of bulls. MAP was distributed
in various organs, tissues and secretion of infected animals. Main
features of the four major stages of the paratuberculosis pathogenesis
are detailed in Table 3.

Features I: Silent infection II: Inapparent carrier III: Clinical disease IV: Advanced clinical
disease

Replication of MAP
Slow proliferation in jejunal and
ileal mucosa and spread to
regional lymph nodes

Continued replication in infected
tissues

Infection becoming disseminated.
MAP present in extra intestinal sites

Widespread proliferation
and replication of MAP

Shedding Intermittent shedding of the
organism at low levels in feces

Most animals shed the organism
in feces and possibly in milk

Shed increasing numbers of MAP in
feces and milk

Shedding large numbers of
MAP in feces and milk -
>1000 cfu/g feces=super
shedders

CMI response Th1 CMI responses initiated to
control infection

Increasing CMI response.
Gradual switch from Th1 to Th2 May be detectable Possibly energy

Humoral immune response none Increasing antibody response
IgG2,IgG1

Predominantly strong antibody
response

Predominantly strong
antibody response

Clinical signs None None Gradual weight loss and diarrhea
Emaciation, profuse
diarrhea, bottle jaw,
cachexia

Histopathological changes None detected Detectable granulomas if multiple
tissues examined

Abundance of lymphocytes, epithelioid
macrophages and giant cells in
infected tissues, blunted villi

Abundance of
lymphocytes, epithelioid
macrophages

Table 3: Different stages of the paratuberculosis [70].

Diagnosis/current testing options
Most of the animals shed the bacteria long before the appearance of

clinical signs [41] and these shedders spread the infection to other

animals by contaminating the environment. Thus, it is important to
diagnose the disease long before the clinical signs appear. However, the
major problem in control and possible eradication of paratuberculosis
is the poor ability to identify the animals that are infected with MAP
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bacteria in early stages of the infection. This is because of the
prolonged prepatent period of infection, the predominantly subclinical
nature of the disease and lack of tests for accurate and early detection
of sub-clinically infected animals [42]. There are many commercially
available tests for paratuberculosis with their own advantages,
disadvantages, and appropriate applications. Several types of MAP
diagnostic tests are available such as agent detection from feces and
tissues, MAP-specific antibody detection, detecting MAP-specific CMI
responses and MAP specific nucleic acid detection.

MAP culture is considered to be the most reliable gold standard
method. However, the bacterial growth is slow with test results being
available only after months of incubation and sampling of multiple
tissues may be required to establish the infection status of an animal
[43]. However, it is also widely recognized that fecal culture results
would severely underestimate true infection status and the fecal
cultures have a high level of test failures due to the contaminating
bacteria in the feces and irregular shedding [44]. Pooling of fecal
samples (e.g. Five samples per pool) can establish a herd’s infection
status at a lower cost, despite some reduction in test sensitivity. Genetic
probes to MAP DNA, such as IS900, can be used in conjunction with
culture or directly on fecal samples. Acid-fast (Ziehl-Neelsen) staining
of fecal smears is also used as an alternative diagnostic method with
the same limitation of very low sensitivity. Thus the detection of MAP
in feces or fecal cultures is possible only in the shedder animals with
limited sensitivity.

Culture and histopathology on multiple tissue samples during
necropsy is used as a definitive diagnosis. Ziehl-Neelsen staining of
tissue samples usually reveals abundant acid-fast bacteria
(Mycobacteria) in lesions; however, in some cases, a careful search may
still not reveal their presence. Acid-fast staining of an impression
smear made from the ileum of a cow with typical pathology is a quick,
low-cost (albeit insensitive) method to arrive at a preliminary
diagnosis. Biopsy of full-thickness sections of ileum and regional
lymph nodes for culture and histopathology may provide a definitive
diagnosis; however, this approach is usually restricted to particularly
valuable animals. MAP has been isolated from a wide variety of tissue
sites, but the mesenteric and ileocecal lymph nodes, ileum and liver are
most frequently recommended for diagnostic sampling. A MAP could
be detected in formalin fixed, paraffin embedded tissue samples by
Immuno-histochemistry (IHC) and in situ hybridization (ISH). IHC
and ISH were useful for the postmortem diagnosis of paratuberculosis
although further work with a larger number of samples is required to
examine sensitivity, specificity and possible alternate protocols for both
techniques.

Cell mediated immune response assay
During the course of infection, cattle develop cell mediated immune

(CMI) response to protect itself against the intracellular MAP
infection. Delayed-type hypersensitivity (DTH) is detectable early in
the infection and remains present in a proportion of the sub clinically
infected carriers. The test works by developing a DTH response upon
injection of Johnin purified protein derivative (Johnin PPD). However,
the animal might also get sensitized by the exposure of environmental
saprophytic Mycobacterium which results in nonspecific DTH
reactions. Since the Johnin PPD is an undefined mix of antigens,
paratuberculosis vaccinated animals might also cross reacts with
Johnin PPD.

Lymphocyte transformation test and IFN-γ assay are also based on
CMI and they are used more on research basis. In the early and
subclinical stages of infection, the symptoms are in apparent and
hence, understanding the CMI response is essential for an early
diagnosis of MAP. It is possible to exploit the presence of CMI
mediators such as IFN-γ, a cytokine secreted by T-helper cells (Type 1)
for the early diagnosis of the disease. Research suggests early MAP
specific CMI responses can be measured using the IFN-γ test [45].
However, the available whole blood IFN-γ tests for MAP diagnosis also
use PPDj and therefore, carry the same specificity related problems
similar to DTH. To augment the specificity of the IFN-γ test, well
defined and MAP specific antigens may be included in the whole blood
stimulation. Few antigens have already been tested to understand the
recall CMI responses against MAP [10]. The different types of antigens
so far tested include secreted antigens [46], cell wall and membrane
antigens [47], lipoproteins [48], heat shock proteins [49], HSP-65 and
35kDa proteins and various other hypothetical proteins. The optimal
combination of novel antigens to be included in a MAP specific IFN-γ
test remains to be elusive. Studies have been performed to attain
diagnosis of paratuberculosis in young animals by the detection of
IFN-γ [50,51]. However, these results indicated that the use of IFN- γ
EIA in young animals had been flawed by the non-specific reactions
and uncertain interpretation of the assays. The genome of MAP has
recently been described and may provide the basis for new diagnostic
approaches.

Early stage of MAP infection can be detected by measuring specific
CMI responses by IFN-γ release assay [45]. Currently the IFN-γ test
for MAP diagnosis is a sensitive tool, but the assay uses the PPDj,
which is the crude undefined protein extract of MAP culture.
Moreover, lack of standardized PPDj preparation method creates
variation in antigen composition between laboratories. PPDj are
known to cross-react with environmental mycobacteria such as MAA
leading to low specificity of the IFN-γ test. Furthermore, identifying
the IFN inducing antigens of MAP would be useful not only for
improving the CMI-based diagnostic test, but also for gaining a better
understanding of the host immune responses against this organism,
because IFN-γ is considered to be one of the essential cytokines that
play a number of important roles in achieving a protective immune
response. To increase the specificity of the IFN-γ test, ESAT-6 family
proteins [52], latency proteins [53], secreted proteins [54], proteins not
present in MAA and a protein from an immunological hot spot region
were evaluated. The optimal combination of novel antigens to be
included in a MAP specific IFN-γ test remains to be identified. MAP
specific PPE proteins, HSP 65 and 35Kda were expressed on the cell
surface and have been found to be immunodominant antigens. They
are reported to be potent T-cell and B-cell antigens [55] and
responsible for antigenic variation [56]. The name PPE is derived from
the motifs Pro-Pro-Glu, found in conserved domains near the N
termini of these proteins having 180 amino acid sequences in
Mycobacterial species [57]. The PPE family of proteins such as MAP
10, MAP 39, MAP 1518, MAP 3185 and MAP41 was found to be
potent IFN-γ inducing antigens recognized by the experimental MAP
infected animal in the early stages. CMI target antigens for early MAP
detection are presented in Table 4.

Detection of humoral immune response
Though the early response of MAP infected is CMI, the response

decreases in clinical cases. The serum antibody response becomes
predominant in the clinical disease. Some traces of serum antibodies
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may also be present in carriers that have recovered from infection. The
serum antibody titers are more constant and are at higher levels as
lesions become more extensive. Serologic tests are rapid and low-cost
method for antemortem confirmation of the disease; sensitivity is
>85% in clinically affected animals. The serological tests are also useful
to detect the infection in clinically normal cattle which are shedding
large numbers of MAP. In the serologic tests, those based on ELISA

technology offer the highest sensitivity and specificity, and are best
used to determine the prevalence of infection in a herd. A list of
commercial ELISA kits was listed in the Table 5. Complement fixation
(CF) test is also used as serological test. The CF test is still required by
many countries for importation of animals, although many of the
reagents used in the CF test are made to follow different specifications
in different countries, resulting in a lack of standardization.

Antigen Remarks Reference

Johnin PPD or PPDj
Low specificity to diagnose

MAP over non-MAP mycobacterial exposure
[71]

PPE family proteins (Map 41 and Map39) PPE proteins have high specificity to MAP. PPE do not cross-react with M. avium subsp.
avium, [47]

PPE proteins of MAP Elicits T cell based IFN-γ immunity in mice. [72]

Mycobacterial heat-shock protein of 70 kDa
(HSP70)

HSP 70 is well-defined antigen in comparison with PPD antigens and can be used to
monitor CMI responses [73]

Recombinant HSP-65 and 35kda Early detection of CMI in the MAP infected calve [74]

L5P, Para-LP-01 and PstA Reported to be absent in MAA, but their diagnostic values remain to be validated [75,76]

Fusion protein ESAT-6 : CFP-10 Fusion protein differentiation of tuberculosis from MAP. Fusion protein is specific for
tuberculosis [77]

Table 4: Diagnostic assay using MAP specific antigens.

ELISA method Antigen coated Company name Country Preabsorption step

Indirect ELISA Liporabinomannan Svanovir Para-TB Ab Uppsala, Sweden Without pre-absorption

Indirect ELISA MAP extract ID Screen Paratuberculosis Indirect,IDVET Montpellier, France With pre-absorption

Indirect ELISA Protoplasmic MAP antigens Institut Pourquier Montpellier, France With pre-absorption

Indirect ELISA Protoplasmic MAP antigens Allied Monitor Missouri, USA With pre-absorption

Table 5: List of commercial kits available for serodiagnosis of MAP.

Genome detection of MAP
An animal showing clinical signs of the disease is more likely to

provide diagnostic evidence of the infection (shedding, antibody
production) than an animal at the preclinical stage of infection. Use of
various tests in combination can increase diagnostic sensitivity. Given
the biology of the infection and the need to manage it on a herd basis,

diagnostic information should be gathered for a group of animals
rather than for an individual case. Feces and milk are very important
source of infection and sustaining of MAP. Thus, detection of MAP in
these samples was attempted by various researchers and detection of
MAP shedding has become a major diagnostic tool. Major MAP gene
targets and their detection limits are presented in Table 6.

Gene targeting Types of molecular techniques Source of samples Detection limit Reference

IS900 PCR Feces 7.6x106MAP/g [78]

IS900 PCR Lymph nodes 4.4x107MAP/g [78]

P89,P92 In situ PCR Tissue [79]

F57 Real time PCR Infant milk powder 10,000cells/g [80]

IS900, F57 PCR Culture 1 cfu/pcr [81]

IS900 PCR Milk 0.21 [82]

IS900 PCR Culture 1 organism [82]
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IS900 PCR Milk 10-100 cfu/ ml [83]

ISMAP02 Triplex PCR Feces 10 MAP cells/gm [84]

Table 6: List of gene targets used in molecular assays and their detection limits.

Challenges and Limitation of MAP Diagnostic Tests

Diagnostic sensitivity and specificity problems
For paratuberculosis diagnosis, there is no reference standard and in

reality, few true reference standards exist or otherwise they require that
the animal is dead. Sensitivity and specificity for MAP diagnostics test
vary significantly with different infection stages.

Sample and its stage of infection
Different diagnostic tests can be used at different stages of MAP

infection. The stage of MAP infection is related to the age of animals,
and calve are thought to be most susceptible to infection [58]. Figure 1
outline the various stages of MAP infection, which is related to the age
of animals, transmission of MAP bacteria and how the diagnostic tests
ELISA, culture and IFN-γ perform at these infection stages.

Figure 1: ELISPOT Results of HSP65 and 35Kda recombinant proteins (First row of wells was seeded with PBMCs from JD infected animal
and the second row of wells was seeded with PBMCs from naïve animals).

IFN-gamma release assay and its limitations in blood
sampling

IFN-γ release assay from whole blood is used for the diagnosis of
bovine tuberculosis and paratuberculosis [45]. However, the blood
culture should be initiated within eight to twelve hours of blood
sampling to ensure viability of IFN-γ producing T cells. Under field
conditions, this time limitation of sample collection from farm to
laboratory testing is a problem and this limits the utility of the IFN-γ
test. A protocol with day-old blood samples and co-culture with
recombinant bovine IL-12 has been developed as an alternative to the
conventional IFN-γ protocol using fresh blood samples. In this
modified protocol, start of culture with antigens should be initiated
within 20 hrs of sample collection. However, a sophisticated lab is
required, which is not possible in developing and underdeveloped
nations [59].

Neopterin
Neopterin is synthesized in vitro by monocyte derived macrophages

and dendritic cells in response to stimulation with IFN-γ and is
considered an excellent marker of cellular immune activation. IFN-γ
was until recently considered to be the only cytokine that could induce
significant production of neopterin, but in vitro experiments suggested
that also interferon alpha (IFN-α) and interferon beta (IFN-β) can
induce neopterin synthesis of dendritic cells [60]. Detection of
neopterin instead of direct measurement of IFN-γ has various
advantages, since IFN-γ is subject to fast degradation and is able to
bind to soluble or cell bound receptors, the measured IFN-γ may not
represent the actual freely available IFN-γ level. Neopterin is

biochemically inert and stable because its half-life in the human body
is solely due to renal excretion. Furthermore, neopterin is synthesized
one step further down the activation pathway -eliminating the noise
from unspecific IFN-γ production by NK cells. High neopterin levels
are observed in different inflammatory disease and certain
malignancies and can be measured in serum and urine [61]. Routine
neopterin screening is commonly used in human medicine. As an
example, Austrian blood donations have been screened since 1994, and
those with elevated levels are excluded from transfusion [62]. The use
of neopterin assays in veterinary medicine is limited and has so far
only been approached by very few authors. They have measured
neopterin in cattle, pigs, llamas, dogs, cats, rabbit and rats [63].
Neopterin is measured by High Performance Liquid Chromatography
(HPLC), Radio Immuno Assay (RIA) and by competitive ELISA.

Control and Prevention
MAP is usually resistant to chemotherapeutic agents in vitro and

treatment of infected animals has not been successful. The OIE
recommended kits (Table 7) on MAP control aretested and culling of
the MAP positive animals. However, it will be challenging to
implement the culling policy in developing countries due to
socioeconomic reasons. Thus the effective disease control programs
depend on a clear understanding of the sources of infection and the
routes of transmission and early detection of infected animals, thereby
allowing the removal of carrier individuals from the herd. Vaccination
reduces the incidence of clinical disease in ruminants and to reduce or
delay the fecal excretion of bacterial load [64]. The Current JD vaccines
raised conflicting data on local tissue reactions/cross reactions,
reduction in shedding limits and their usefulness for control programs
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[65]. The available vaccines could not elicit 100% protective immune
response which could give sterile immunity [66]. Few commercially
available MAP vaccines are i) MAP Strain 18 oil emulsion, USA; ii)
Weybridge Vaccine, UK; iii) Gudair MAP Strain 318F oil emulsion,
Pfizer CSL; iv) Aqua VAX Map strain 316F Water based and v)
Neoparasec Freeze Dried Live MAP, Merial. The desired characteristics

of an ideal future MAP vaccine are the ability to differentiate the
infected animals from the TB and MAP vaccinated animals and
absence of injury at the site of injection. Routine vaccination of cattle
against paratuberculosis is not recommended as it could interfere with
both humoral and CMI based diagnostics involved in the control
programs [3].

Diagnostic test Advantage Sensitivity Specificity Limitation

Antibody detection (serum
ELISA) Rapid and economical 15-85%, 97-100%

Can be detected only in the later stages of disease by the time
the entire environment could have been contaminatedAntibody detection (Milk

ELISA) Rapid and economical 21-64%, 80-99%

Organism detection (Fecal
Culture) Slow and expensive 50% 95% Low sensitivity

IFN-γ assay Rapid and sensitive; early
diagnosis - - Low specificity

Table 7: The nutshell of all important diagnostic techniques.

The disease can be controlled by implementing good hygienic
practices. It can also be controlled by preventing the animals
(especially newborns) from contacting/ingest the bacteria from the
infected animals. In case of in-utero infection, culling the pregnant
animal serves as a better prevention method. Manure, colostrum, milk,
feed and water management under good hygienic conditions is one of
the prerequisites for prevention of the disease [67-69]. Avoiding
unplanned introduction of animals from herds of unknown disease
status, preventing grazing in land used by other herds or susceptible
species and screening the animals before introducing an animal into
the herd are some of the other disease prevention measures.

Conclusion
Paratuberculosis continues to be a challenge for cattle producers

and veterinarians. Effective disease control programs depend on early
diagnosis of infection and management of sources of infection and the
routes of transmission. Early response in paratuberculosis is CMI
response and the response can be detected by IFN-γ assays. However,
the IFN-γ response against purified protein derivative (PPD) seems to
be less specific. Diagnosis of the MAP is a challenge due to the chronic
nature and the presence of four stages of disease via, stage I, 'silent'
infection; stage II, in apparent carrier animals; stage III, clinical
disease; stage IV, advanced clinical disease. Thus, a battery of tests is
required to detect a JD infected animal in a farm. The specificity of the
assay can be improved using a cocktail of MTB specific recombinant
antigens. The progression of MAP infection to different stages of
disease varies and will depend on the immune status of individual
animals. Thus, no single diagnostic test can be applied to detect MAP
infection of various stages (Table 7). Veterinarians should educate
farm/animal owners about paratuberculosis and its management
practices. Segregation of newborn calves from the calving environment
and from sources of fecal contamination will lower the incidence of
paratuberculosis. Still a predicament exits in the zoonotic role of MAP
and also on its transmissible pattern to humans. Therefore, control of
paratuberculosis infection in farm animals should be considered as a
priority.
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