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ABSTRACT
Paratuberculosis (PTB), also known as Johne’s disease, is a chronic contagious granulomatous disease of a wide 
variety of animals. It is caused by Mycobacterium avium subsp. paratuberculosis. This review summarizes the 
pathogenesis, clinical, hematobiochemical, sonographic, pathologic findings, and approaches to treatment and control 
of PTB in sheep and goats. Decreased appetite, weight loss, and changed fecal consistency were reported in sheep 
and goats with PTB. Clinical disease in sheep and goats is generally observed in those 2–4 years old. Other findings 
may include anorexia, coat roughness, and depression. The recorded hematological changes included neutropenia, 
leukocytosis, erythrocytosis, and increased hematocrit percent and hemoglobin concentration. Serum changes included 
hypocalcemia, hypoalbuminemia, hypomagnesemia, hypoproteinemia, and increased activity of creatine kinase. An 
overall increase in the intestinal mucosa thickness was detected on sonography in goats with PTB. Corrugation and 
folding of the intestinal mucosa may be also imaged in goats with PTB. However, the remarkable enlargement of the 
mesenteric lymph nodes is the most important finding. In sheep, postmortem findings included thickened intestinal 
walls, folding and corrugation of intestinal mucosa especially close to the ileocecal junction. Edematous and enlarged 
ileocecal and mesenteric lymph nodes may be observed. In goats, necropsy findings included enlargement of the 
mesenteric lymph nodes and thickened walls of the small intestines with folded and corrugated mucosa. No successful 
therapy of PTB in sheep and goats has been reported. The control of PTB in sheep and goats can be achieved by 
vaccination. In conclusion, early detection and eradication programs of PTB should be implemented more effectively 
for the control of PTB in sheep and goats. More research should be directed toward a vaccination program of PTB in 
these species.
Keywords: Goat, Johne’s disease, Pathology, Paratuberculosis, Sheep.

Introduction
Paratuberculosis (PTB) or Johne’s disease (JD) is a 
worldwide chronic contagious granulomatous disease of 
the intestines affecting ruminant animals (Al-Swailem 
et  al., 2011; Tharwat et  al., 2011; Tharwat et  al., 
2012a,b; Tharwat et al., 2013; Tharwat et al., 2025a). 
Non-ruminants such as pigs, rabbits, birds, horses, and 
carnivores are generally considered incidental hosts for 
PTB, and sometimes they may harbor Mycobacterium 
avium subsp. paratuberculosis (MAP) (Singh et  al., 
2014; Stanitznig et  al., 2017; Curlik et  al., 2020). 
The disease is caused by MAP, an acid-fast bacillus 
linked to the genus Mycobacterium (Al-Swailem et al, 
2011). The mycobacterium MAP has been found in 
humans with Crohn’s disease, Hashimoto’s thyroiditis, 
rheumatoid arthritis, diabetes type 1, autism, and 

multiple sclerosis (Garvey, 2018). Thus, PTB may be 
considered a possible public health hazard (Bharathy 
et al., 2017). PTB was initially detected by Johne and 
Frothington in 1895, and it was first reported in sheep 
in Bosnia in 1908 (West et al., 2009). 
MAP is a slowly growing organism that multiplies in 
the macrophage of the lymphoid and gastrointestinal 
tissues (Garvey, 2018). Contaminated water, feed, 
soiled udders, and bedding are the primary routes of 
MAP transmission, with young animals under 6 months 
of age being highly susceptible through the fecal–oral 
route. (Singh et al., 2010; Stabel et al., 2002). PTB may 
be suspected with clinical presentations of weight loss 
and intermittent diarrhea despite good appetite with 
the detection of MAP in feces, tissue or fecal culture, 
serology, and molecular techniques. Subclinically 
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infected animals significantly contribute to disease 
transmission and environmental contamination 
(Garvey, 2020). 
Sheep and goats contribute greatly to the reduction of 
poverty in developing societies through the provision 
of milk, meat, and skin (Devendra, 1994). This function 
would be significantly reduced by chronic disorders 
such as JD especially in the absence of adequate 
veterinary services and effective programs for the 
control of such diseases (Idris et al., 2021). Therefore, 
infection of sheep and goats with PTB will result in 
huge economic crises. 
In countries where small ruminant farming is 
well established, losses due to JD are documented 
(Whittington et al., 2019). PTB has a great economic 
effect on sheep and goat production due to the cost 
of implementing prophylaxis measures and losses in 
animals’ productivity (Jiménez-Martín et  al., 2022). 
For example, in England, annual losses due to PTB in 
sheep were reported to range from 0.5 to 16.5 million 
GBP (Ashworth and Gunn, 2001). The case fatality rate 
was estimated to be 1.2%–2.7% in Marino sheep in 
New Zealand with a loss of 1.5 USD/ewe (Whittington 
et  al., 2019). In Australia, annual mortalities due to 
JD in 12 sheep herds extend between 6.2% and 7.8% 
(Bush et al., 2006); this percentage increased to 20% in 
some flocks (Windsor, 2014). It was reported in Italy 
that a decline in the profit efficiency due to PTB was 
reduced from 84% to 64% in sheep and goat flocks 
(Sardaro et al., 2017).
This review summarizes the pathogenesis, clinical, 
hematobiochemical, sonographic, pathologic findings, 
and approaches to the treatment and control of PTB in 
sheep and goats.
Pathogenesis
Newborn animals are usually infected orally through 
the consumption of infected milk and colostrum from 
diseased dams (Lambeth et  al., 2004). MAP invades 
the gastrointestinal mucosa and replicates within sub-
epithelial macrophages, leading to the formation of 
granulomas and gradual activation of a cell-mediated 
immune response (Henderson et  al., 2000). In the 
advanced clinical form of the disease, strong humoral 
antibody response is produced when the mycobacteria 
are liberated from the macrophages (Milner et  al., 
1990).
Clinical findings
Decreased appetite, weight loss, and changed fecal 
consistency were reported in sheep and goats with 
PTB (Wehrle et al., 2024). The body condition score 
declined to 1.4 ± 0.5 units compared to a value of 3.7 
± 0.3 units in healthy animals. Surprisingly, few goats 
(7%) suffered from chronic watery diarrhea and most 
diseased goats had unchanged feces. Infected sheep 
may also be presented with or without diarrhea, and 
severely and chronically affected sheep and goats 
may be admitted in the lateral recumbency position 
(Fig. 1). Unlike cattle, infected small ruminants may 

be present without a history of diarrhea. In a previous 
study involving 54 goats diagnosed with PTB, 29 
of the affected animals presented without diarrhea 
upon admission, while 13 had soft feces, 8 exhibited 
intermittent diarrhea, and only 4 showed symptoms 
of chronic watery diarrhea (Tharwat et al., 2012b). It 
was found also that diarrhea or softening of the feces 
is found only in 20% of the diseased cases at the final 
stages of the infection (Carrigan and Seaman, 1990).
Small ruminants are usually infected during the first 
week of age, but infection can occur at any age (Idris 
et  al., 2021). The disease is typically observed in 
sheep and goats between the ages of 2–4 years old, 
and the symptoms are sometimes observed in dams 
immediately following parturition (Clarke, 1997) as 
stress may enhance the appearance of the clinical form. 
A remarkable decrease in body weight is the dominant 
sign in infected ovine and caprine. Other findings 
may include anorexia, coat roughness, and depression 
(Bauman et  al., 2016). As the disease progresses, 

Fig. 1. Clinical presentation of a goat and a sheep with 
paratuberculosis. The goat (A) was presented with a history 
of chronic watery diarrhea, while the sheep (B) was presented 
without a history of diarrhea.
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infected animals become more emaciated, dehydrated, 
anemic, depressed, and the skin appears fragile with 
submandibular edema (Djønne, 2010).
Hematobiochemical changes
In goats with PTB, hematological changes included 
neutropenia, leukocytosis, erythrocytosis, increased 
hematocrit percent and hemoglobin concentration, 
and increased erythrocyte indexes, mean corpuscular 
hemoglobin, and mean corpuscular volume. Serum 
changes included hypocalcemia, hypoalbuminemia, 
and hypomagnesemia increased activity of creatine 
kinase (Tharwat et al., 2012b). Intermandibular edema, 
hypoproteinemia, and hypocalcemia have also been 
found in sheep with clinical forms of PTB (Jones, 
1996).
Ultrasonographic findings
Ultrasonography has been proven effective for the early 
detection of several abdominal and thoracic disorders 
in small ruminants (Tharwat et al., 2012b; Tharwat and 
Al-Sobayil, 2017; Tharwat, 2021; Sadan et al., 2023; 
Tharwat and Al-Hawas, 2024a,b; Tharwat et al., 2024; 
Tharwat et al., 2025b). Recently, the technique has been 
found valuable for the diagnosis of various bacterial 
and parasitic infections in ruminants (Tharwat and 
Tsuka, 2024). An overall increase in intestinal mucosa 
thickness was detected in goats with PTB. It was 
classified as either mild, moderate, or severe (Fig. 2). 
Corrugation and folding of the intestinal mucosa may 
be also imaged in goats with PTB (Fig. 3). However, 
remarkable enlargement of the mesenteric lymph nodes 
are the most important findings in goats with PTB (Fig. 
4). Other sonographic changes included increased 
hepatic brightness, intestinal edema consolidated 
lungs, and pleural, peritoneal, and pericardial effusions 
(Tharwat et al., 2012b).
Pathological findings
In sheep, reported postmortem findings included 
thickened intestinal walls, folding and corrugation 
of intestinal mucosa especially close to the ileocecal 

junction (Sikandar et al., 2013; Srikanth et al., 2017). 
Cecal and colonic changes are moderate compared 
to the terminal ileum (Carrigan and Seaman, 1990; 
Stehman, 1996). Edematous and enlarged ileocecal 
and mesenteric lymph nodes may be observed (Coelho 
et  al., 2018). Histopathologically, granulomatous 
enteritis accompanied by severe cellular infiltrate 
consisting mainly of lymphocyte, epithelioid, and 
giant cells and macrophages with acid-fast organisms 
are detected (Hamid et  al., 2018). Peyer’s patches 
hyperplasia, necrosis, and villous atrophy were also 
reported. Histopathology of enlarged lymph nodes 
included macrophages and epithelioid cell infiltration 
with acid-fast MAP bacilli with occasional foci of 
caseous necrosis and giant cells (Coelho et al., 2018).
In goats with PTB, postmortem findings included 
enlargement of the mesenteric lymph nodes and 
thickened walls of the small intestines with folded and 
corrugated mucosa (Fig. 5). Other findings include 
pleura and pericardial effusion, intestinal edema, 
ascites, consolidated lungs, and fatty liver (Tharwat 
et al., 2012b). Histopathologically, in the early stages, 
the disease infiltration of plasma cells, lymphocytes, 
and macrophages was observed in the lamina propria; 
however, in the advanced progressive stages, giant cells 
and macrophages can be detected in the muscle layers 
and submucosa. Acid-fast organisms may be visualized 
in huge numbers (Greig, 2000).
Diagnostic techniques
Generally, microscopy, tissue and fecal culture, 
enzyme-linked immunosorbent assay (ELISA), and 
polymerase chain reaction (PCR) are used for the 
detection of MAP (Arsenault et  al., 2019; O’Brien 
et al., 2013). Fecal culture is reported to be the gold-
standard method to detect MAP in animals (Singh et al., 
2007); however, its efficacy is limited due to the low 
excretion of MAP in feces and the time required for the 
organism to appear (Mathevon et al., 2017; Schwalm 
et al., 2018). The PCR assay is sensitive; however, it 

Fig. 2. Ultrasonography of the thickened intestinal walls in 
a goat with paratuberculosis. Thickening of the intestinal 
mucosa is apparent cross sectionally (red arrows).

Fig. 3. Ultrasonography of the corrugated intestinal mucosa 
in a goat with paratuberculosis. The lesion (red arrows) was 
best imaged longitudinally.
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relies on the stage of infection and quantity and quality 
of collected DNA (Al-Swailem et  al., 2011; Tharwat 
et al., 2012a,b; Keller et al., 2014). For economics as 
well as quick monitoring, ELISA is the most used test 
(McKenna et al., 2005; Hemati et al., 2022). By Ziehl–
Neelsen staining of rectal scraping, acid-fact bacilli can 
be easily visualized (Fig. 6).
Treatment and control
Depending on the fact that MAP organisms are in 
vitro resistant to chemotherapeutic agents, therefore, 
successful response of PTB in sheep and goats has 
not been documented in diseased animals (Maroudam 
et al., 2015). The control of PTB in sheep and goats 
can be easily performed by vaccination that prevents 
clinical cases and increases productivity. Since bacterial 
excretion is significantly reduced, vaccination can 
help mitigate the risk of environmental contamination 

(Juste and Perez, 2011). Risk factors contributing to 
the pathogenesis of PTB included animal trading, flock 
size, and whether other animals such as cattle were 
reared within the flock (Schrott et al., 2023). 
Successful eradication and posteradication 
surveillance programs have been reported in sheep and 
goats (Gavin et al., 2018; Benedictus and Kalis, 2003). 
They included frequent serological testing of all adult 
animals using ELISA and agar gel immunodiffusion 
assays. Fecal bacterial cultures were performed on 
positive or suspect goats and for all animals found 
euthanized or dead, and tissues were delivered for acid-
fast staining and histopathology. Additional procedures 
included minimizing fecal–oral transmission of MAP 
and maintaining a closed herd (Gavin et  al., 2018). 
The vaccination of young sheep and goats seems to 
be a useful measure in the prevention of clinical PTB, 
although changes in the management and hygiene 
practices are also effective (Benedictus and Kalis, 
2003).
Because of the health effects and the financial 
consequences of PTB, suitable surveillance and 
prophylaxis programs are warranted to decrease the 
risk of JD in sheep and goat flocks (Jiménez-Martín 
et  al., 2022). Although there have been advancements 
in controlling PTB in small ruminants, further measures 
are necessary, particularly in dairy species. There is an 
urgent need for improvement of diagnostic methods 
especially those detecting latent or subclinical infections 
and a better understanding of the possible effects of 
vaccination. Disease eradication programs should 
depend on the flock levels as well as the national levels 
to restrict disease entrance from trade (Windsor, 2015).

Conclusion
In conclusion, PTB is a life-threatening, grave 
prognostic, and possible zoonotic disease in small 

Fig. 4. Ultrasonography of the enlarged mesenteric lymph 
nodes in a goat with paratuberculosis. The enlarged lymph 
node showed a hypoechoic cortex (red arrow) and a 
hyperechoic medulla (yellow arrow).

Fig. 5. Postmortem findings in a goat with paratuberculosis. 
Image shows enlargement of the mesenteric lymph nodes 
(red arrows).

Fig. 6. Ziehl–Neelsen staining revealing Mycobacterium 
avium subsp. paratuberculosis obtained from a goat with 
Johne’s disease. Clusters of acid-fast bacilli were identified 
from an enlarged lymph node at necropsy.
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ruminants. In addition, it has huge economic crises on 
sheep and goat industry due to the implementation of 
prophylaxis measures alongside the losses in animals’ 
productivity. Therefore, early detection and eradication 
procedures should be implemented more for the control 
and prevention programs. Initially, animals suspected 
to be infected with PTB should be clinically evaluated 
by abdominal sonography and immediately isolated if 
intestinal sonography results point to infection by PTB 
until confirmatory laboratory results, such as ELISA or 
PCR arrive. Finally, in sheep and goats, more research 
should be directed toward vaccination programs in 
these species. 
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