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Abstract

Paratuberculosis is a production limiting disease of ruminants, also causes infection in non-ruminants and birds;
caused by Mycobacterium avium subspecies paratuberculosis (MAP), characterized by chronic intestinal
inflammation, intermittent diarrhea, progressive weight loss and ultimately death of animal. In a herd; vertical
as well as horizontal transmission occurs as a result of fecal contamination, through colostrum or common
feeding and watering. It is diagnosed by clinical examination and through certain biochemical and serological
tests such as Polymerase chain reaction, Enzyme linked immunosorbent assay and Ager gel immunodiffusion
test. It is considered as non-curable disease and can be controlled by vaccine, proper management and culling of

infected animals.
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Introduction
Paratuberculosis-A Production Limiting Disease

Paratuberculosis is a fatal disease of gastro intestinal
tract that is characterized by emaciation, cachexia and
intermittent watery diarrhea leading to death in
animals. It is a disease of compound stomach animals
viz sheep, goat, cattle, buffalo, camel and wild
ruminants as well as some simple stomach animals
like primates, pigs, dogs, horses and birds (Manning
and Collins, 2001; Verma, 2013) it also has been
reported in elk, bison, red deer and bighorn sheep
(Mihajlovic et al., 2011; Forde et al., 2012) but rat and
guinea pig are resistant to this infection. It is caused
by obligate, acid fast, anaerobic, intracellular bacteria
named as Mycobacterium avium subspecies
paratuberculosis (MAP) that gradually damages the
ileum and ileocecal valve of small intestine (Rodrick
et al., 1984: Ayele et al., 2001; Naser et al., 2007).
First time, Paratuberculosis was reported by Heinrich
Albert Johns and Frothingam in 1895 in Germany
(Ryan and Campbell, 2006) named as Johne’s disease
by John M’Fadyan and its

Mycobacterium avium subspecies paratuberculosis

causative agent,
(MAP) was isolated in 1912 by Twort and Ingram and
first time named as chronicae pseudotuberclosis
bovis johne (Goswami et al., 2000; Ayele et al,
2001). Paratuberculosis was reported in subcontinent
at 1913 from military farm Lahore (Singh et al.,
2010). It is a contagious and chronic disease, lesions
are developed in intestine and mesenteric lymph
nodes (Cousins et al, 2002). In cattle;
Mycobacterium avium subspecies Paratuberculosis
cross the placental barrier and affects the calves. One
gram of fecal material of cow at clinical stage of
infection consists of more than one million colony

forming unit (CFU) of MAP (Naser et al., 2007).

Economic Importance

Paratuberculosis have been considered as a major
problem for livestock, zoo and other wild animals
(Okuni, 2013) because it causes economic losses like
Trypanosoma evansi do in horses and donkeys
(Bukhari et al, 2019), as a result of decrease in milk
production (15-16%), low carcass yield, (Moser ,1982;

Cousins et al., 2002) decrease weight gain, increase

2019

infertility (Singh et al., 2010; Wadhwa et al., 2013),
delay parturition (Settles et al., 2011) and premature
culling of animals (Arrazuriaa et al., 2014). Annual
economic losses in USA exceed up to $1.5 billion.
Infection range of Paratuberculosis in dairy herd is
variable in different countries like in New Zeeland it
is founded to be 12%, USA up to 67% (Zanella et al.,
2011), UK 32% (Rhodes et al., 2014), Netherland
54%, Belgium 18%, India 23.3-42.6%, Pakistan
6.67% (Singh et al., 2010), Australia 9-22% and
Europe 7-55% (Manning and Collins, 2001).

Etiology and pathogenesis

Mycobacterium is a major group of bacteria that
contain more than 50 species, they are rod shaped
that may be straight, branched or filamentous, non-
spore forming, catalase positive (Kopecna et al.,
2008), most of them are non-pathogenic and seem to
be related with actinomyces and streptomyces while
pathogenic are M. marinum (cause swimming pool
granuloma), M. ulcerans (cause skin disease), M.
laprae (cause leprosy) and many others, cause
infection both in human and animals (Wayne, 1974;
Rastogi et al., 2001; Naser et al., 2007). Causative
agent of Paratuberculosis is Mycobacterium johnei
(old name), now a day known as Mycobacterium
avium subspecies paratuberclosis (Greenstein, 2003)
is a highly fastidious, aerobic, acid fast, gram positive,
non-motile intracellular obligate pathogen in nature
(Ayele et al., 2001; Singh et al., 2010; Dow, 2012;
Verma, 2013), having good thermal tolerance,
resistant to ultraviolet light and can survive in feces,
soil and water for a long period (Manning and Collins,
2001) this ability is due to presence of highly thick,
hydrophobic and lipid rich cell wall (Rastogi et al.,
2001; Ryan, 2006). MAP have two strains that are
predictable by using fragment length polymorphism;
S strains specific for sheep and C strains specific for
cattle, camel, goat and other wild ruminants, both
strains have different genome characteristics (Ryan,

2006; Singh et al., 2010).

In adult animals a greater number of MAP are
required to cause an infection while young animals

are more susceptible. MAP enter into body through
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GIT and intracellular multiplication in intestinal
mucosa depends upon natural immunity of animal,
MAP is taken up through M cells of peyer’s patches
and then engulfed through macrophages and
transferred to the regional lymph node. MAP is
resistant against immune system of body and
disinfectants. It can survive in acidic and chlorinated
water as well as in high temperature environment

(Slana et al., 2008; Whittington and Windsor, 2009).

Transmission

MAP comes to an animal herd by purchasing
uncertified animal or through carrier animals; it is
transmitted through infected environment and
through infected calves to other calves. Transmission
occurs horizontally via feces and instruments as well
as vertically via colostrum of infected mother
(Eltholth et al., 2009; Marcé et al, 2011) and
intrauterine (Van Kooten et al., 2006; Kopecna et al.,
2008). Fecal-oral route is more common in MAP
transmission (Stamp and Watt, 1954) while vehicles
and equipment’s are less common (Arrazuriaa et al.,
2014). Crop land grazing also a source of its
transmission where infected animal shed MAP with

their feces (Bonhotal et al., 2011).

In a herd, MAP spread through vaginal discharge,
semen (Singh et al., 2010), embryo transfer
technology and also through common watering and

feeding with infected animals.

It has long incubation period and can be shed through
feces even up to 18 months after appearance of
clinical signs. Its transmission depends upon host
susceptibility, number of MAP that are ingested and
other mechanical or environmental factors (Wadhwa
et al., 2013). This issue is controversial for a century
that MAP infection is zoonotic due to similarity in
signs and symptoms of Paratuberculosis and Crohn’s
disease (Waddell et al, 2008). It has also been
reported that MAP infection is transmitted to human
through milk (raw and pasteurized) and milk
products (cheese) as well as through meat and meat
products.(Mihajlovic et al., 2011; Verma, 2013; Naser

et al., 2014).
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Clinical findings

Incubation period of MAP is long and signs of
infection appear after 2-5 years of onset of disease,
MAP infection is categorized into 4 different stages
viz are silent infection, unapparent carrier adults,
clinical disease and advance clinical disease. First two
stages are sub clinical in which chances of other
diseases increase such as mastitis and lameness while
later two are clinical and are characterized by
progressive weight loss, cachexia, watery intermittent
diarrhea (Manning and Collins, 2001; Arrazuriaa et
al.,, 2014; Bhattarai et al.,, 2014), decrease in milk
production, less carcass yield (Stamp and Watt,
1954), lymphangitis, lymphadenitis (Moser, 1982),
edema due to hypoproteinemia (Sweeney et al,
2012), dehydration, chronic granulomatous
inflammation and lesion can be seen in ileum, colon
and even in rectum , (Forde et al., 2012). The disease
is changed mostly from subclinical to clinical form
due to stress, animal become debilitated and
emaciated because of absorption of nutrients does not
occur through intestine while appetite remains
normal till death of animal (Verma, 2013). Animal
turn out to be anemic and mucous membranes
become pale. It has been reported that wry neck and
alopecia could be seen in such animals. According to
blood picture of affected animals, leukocytes,
granulocytes, liver function enzymes, blood urea
nitrogen, creatinine and Mg increase while proteins
and hematocrit levels decrease. With the passage of
time ileocecal and mesenteric lymph nodes become
edematous and inflamed along with development of
granulomas on internal organs like liver and spleen

(Moser, 1982; Al-Ghamdi, 2013).

Diagnosis

Diagnosis of Paratuberculosis is done by history,
clinical signs and symptoms, necropsy findings, direct
and indirect laboratory tests. Direct tests include PCR
and fecal examination while indirect test is done by
ELISA (Cousins et al., 2002), it can also be diagnosed
through other group of serological tests such as
complement fixation test (CFT) and agar gel
immunodiffusion test (AGID). ELISA provide a batter

result as compared to others (Ahmed 2010, Wadhwa
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et al., 2013) while autopsy and histopathological
examination may also be used for confirmation of
Paratuberculosis (Laszczych et al, 2010). In an
infected animal MAP can not only be isolated from
intestinal mucosa or mesenteric lymph nodes but also
from lymph nodes of head and mediastinum (Eltholth
et al., 2009), it can also be isolated from blood or
serum, milk, stool and reproductive tract of infected
animal (Arrazuriaa et al., 2014) because MAP spread
in extra intestinal parts through lymphatic system
and hematogenous route (Whittington and Windsor,
2009). A low sensitivity test; direct fecal sample
examination under microscope with Zeil-nelson stain
is used to detect acid fast bacilli (Singh et al., 2010)
while ELISA is used to detect antibodies that are
produced as a result of MAP infection (Masala et al.,

2012).

Zoonosis

It has been reported that Mycobacterium avium
subspecies Paratuberculosis also cause infection in
human (Hermon-Taylor, 2002) called Crohn’s disease
is characterized by diarrhea, fever, weight loss,
nausea and vomiting (Naser et al., 2014), presence of
corrugation and serpiginous ulcers in intestine give
“cobble stone” like appearance in humans (Singh and
Gopinath, 2011). About 0.5 million of American
population is considered as to suffer from Crohn’s

disease (Stamp and Watt, 1954).

Control

Paratuberculosis is a production limiting disease
(O’Brien et al, 2013) and its treatment is not
satisfactorily because it is very expensive and
impracticable, thus it can be controlled through
proper vaccination (Singh et al,, 2010, Singh et al,
2014), management and culling of infected animal at
proper time. The best way of controlling
Paratuberculosis is to minimize or eradicate the
present MAP infection and inhibit its re-occurrence in
future (Sorge et al., 2010) . Main aim of controlling
the MAP infection is to break the fecal-oral or cow-
calve cycle of transmission (Whittington and
Windsor, 2009). Intake of MAP in food chain should

be reduced by abolition of infected animal (Khol and

2019

Baunmgartner, 2012). Batter sanitation and isolation
play a key role in its controlling (Moser, 1982). After
parturition calves should be separated from infected
dams (Sweeney et al., 2012) and fed colostrum of
non-infected cow through bottle (Nacy and Buckley,
2008; Pieper et al.,, 2014). Movement of infected
cattle should be restricted to a certain area of farm
(Geraghty et al, 2014). There should be no
compromise on proper hygiene and bio-security.
Farmers should have to avoid participating animals in
shows because there is a chance of attaining MAP
infection from infected animals. Don’t use manure of
infected animals as fertilizer in fodder crops (Sweeney
et al, 2012).Suspected animals should be fed
separately. Batter farm hygiene can minimize the
chance of MAP infection in herd. Proper waste
management and separate milking of suspected
animals should be done (Al-Ghamdi, 2013). Avoid
overcrowding to minimize the stress of animals

(Sohal et al.,

Paratuberculosis through selective breeding by

2015). We can also control
producing such sires and dams that have resistant

against MAP (Heuer et al., 2011).

Conclusion

Paratuberculosis is a production limiting disease and
characterized by chronic intestinal inflammation,
intermittent diarrhea, progressive weight loss and

ultimately death of animal.

In a herd; vertical as well as horizontal transmission
occurs as a result of fecal contamination, through
colostrum or common feeding and watering. It can be
diagnosed by clinical examination and through
certain biochemical and serological tests such as
linked

immunosorbent assay and Ager gel immunodiffusion

Polymerase chain reaction, Enzyme
test. It is considered as non-curable disease and can
be controlled by vaccine, proper management and

culling of infected animals.

However, further studies are immensely important to
know molecular epidemiology and presence of this
nightmare in different parts of Pakistan in order to

regularize control measures in the infected farms,
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detection of possible reservoirs, transmitters and to

avoid dissemination of paratuberculosis.
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