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A case of generalized bovine tuberculosis in a sheep 

Cinzia Marianelli,1 Noemi Cifani, Maria Teresa Capucchio, Michele Fiasconaro, Miriam Russo, 
Francesco La Mancusa, Paolo Pasquali, Vincenzo Di Marco 

Abstract. The present report describes a rare case of generalized bovine-type tuberculosis in a slaughtered 
4-year-old ewe discovered during routine surveillance at an abattoir. A postmortem examination revealed 
lesions in the ewe's thoracic and abdominal cavities, ranging from encapsulated, mineralized foci to extensive, 
soft, caseous tissue. Lesions in the lungs, liver, and lymph nodes were consistent with mycobacterial infection. A 
histopathological examination detected granulomatous lesions in all tissue samples. The presence of 
Mycobacterium tuberculosis complex genome was confirmed through a polymerase chain reaction (PCR) 
analysis of tissues, using IS6110 primers, followed by a nucleotide sequence analysis of PCR products. Acid-fast 
bacteria, characterized as Mycobacterium bovis, were isolated from lesions following 38 days of 
incubation. 
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Mycobacterium bovis, the etiological agent of bovine-type 
tuberculosis (TB), has an exceptionally wide host range8 

and a complex epidemiological pattern of infection, 
involving interaction between humans and domestic and 
wild animals. Information on TB in sheep is scarce, and the 
general picture that emerges is far from conclusive. In a 
previous study, postmortem examinations on 70 
tuberculin-reacting sheep were carried out.6 Tuberculous 
lesions similar to those of cattle were found in 61% of cases. 
Mycobacterium bovis was also recovered from 32 of 43 
sheep with tuberculous lesions in a previous study.5 These 
animals belonged to a flock numbering 15,000 head, 
grazing on a farm with a history of widespread occurrence of 
TB in both cattle and possums. In a 1988 study, only 2 sheep 
with histological lesions typical of TB were observed in an 
abattoir survey of 9.9 million lambs and 1.97 million adult 
sheep.1 In another study, an outbreak of M. bovis in a flock of 
sheep housed in close contact with tuberculous cattle was 
described.10 Gross TB lesions were present in 4 of the 6 
tuberculin-reacting sheep, and M. bovis was isolated from 
the lesions. Clinically, however, all affected sheep were 
healthy. The isolation of M. bovis from a sheep with 
tuberculous lesions, belonging to a flock of 200 ewes, has 
also been previously reported.9 
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In the current study, a rare case of generalized TB in a 
slaughtered 4-year-old ewe, discovered during routine 
surveillance at an abattoir, is described. The ewe in 
question belonged to a flock of 350 clinically healthy sheep 
bred on a Sicilian farm where cattle and goats were absent. 

Samples for histopathological, molecular, and culture 
examinations were taken from the ewe's submandibular, 
mesenteric, and mediastinal lymph nodes, as well as from 
organs with lesions compatible with TB, namely, diaphragm, 
lungs, and liver. Tissues were fixed in 10% buffered formalin 
and processed in 4-mm paraffin-embedded sections for 
histology. Four-micrometer sections were cut and stained 
with Ziehl-Neelsen and hematoxylin and eosin for histolog-
ical examination. Gram and Grocott stains were also 
performed to identify possible bacteria or fungi. 

Samples (about 1 g each) were homogenized, decon-
taminated with 1 volume of 4% NaOH for 30 min at 37uC, 
neutralized with 0.067 M phosphate buffered saline (PBS), 
and centrifuged for 15 min at 3,000 3 g. The pellets were 
suspended in PBS, inoculated into Middlebrook 7H9 
mediuma with 10% oleic acid-albumin-dextrose-catalase 
(OADC),b and then incubated in CO2 for 8 weeks at 37uC. 
Ethylenediamine tetra-acetic acid blood samples (0.5 ml) 
were mixed with an equal volume of 4% NaOH and 
processed as above for bacteriological examination. 

DNA was extracted using a commercial DNA purifica-
tion kit.c The polymerase chain reaction (PCR) assay for 
the detection of Mycobacterium tuberculosis complex 
(MTC) genome was performed using primers IS6110-F 
(TGATGTGCTCCTTGAGTTCG) and IS6110-R 
(GCT-AATTACCCGGTTCATCG), which are able to 
amplify a 194-bp fragment of the genome in question. The 
acid-fast isolates were molecularly characterized. DNA 
was extractedc and typed by PCR-restriction fragment 
length polymorphism (PCR-RFLP) analysis of the gyrB 
gene.7 



Amplification of the RD1 region was also performed so as 
to exclude the presence of the vaccine strain M. bovis 
BCG.13 

The isolate was tested for susceptibility to the following 
anti-TB drugs: isoniazid (0.2 mg/ml), ethambutol (7.5 mg/ 
ml), rifampicin (1 mg/ml), streptomycin (2 mg/ml), and 
kanamycin (6 mg/ml).d The isolate was grown on 
Mid-dlebrook 7H11 agara with 10% OADC.b The National 
Committee for Clinical Laboratory Standards technical 
guide was followed.12 Briefly, the turbidity of the inoculum 
was adjusted to 1 McFarland opacity standard and diluted 
(1:100). Seventy microliters of the solution was then sealed 
in 35-mm agar plates. The test was read after 3 weeks of 
incubation at 37uC in 5% CO2. The isolate was considered 
resistant if the number of colonies on a medium containing 
an antimicrobial agent, relative to that observed on a 
drug-free medium (control), was $1%. Strains of M. 
tuberculosis ATCC 27294 and M. bovis ATCC 19210e were 
used as controls. 

The sheep flock was tuberculin tested. The skin test was 
carried out 6 months after the slaughter of the affected ewe. 
Blood samples were also collected from 48 randomly 
selected healthy sheep belonging to the same flock and 
examined by culture and PCR techniques as described 
above. 

Upon postmortem examination, the ewe presented 
lesions ranging from encapsulated, mineralized foci to 
extensive, soft, caseous tissue in the thoracic and abdominal 
cavities. The submandibular and mesenteric lymph nodes 
were enlarged. One tubercle was detected inside the 
submandibular lymph node. The mediastinal lymph nodes 
were enlarged and reddened and contained caseous, gritty 
nodules. Extensive soft, caseous lesions and encapsulated, 
calcified tubercles were found in the lungs. The liver and 
Glisson's capsule were enlarged and contained extensive 
caseous lesions. Lesions in the lungs (Fig. 1A), liver, and 
lymph nodes were consistent with infection with mycobac-
teria. 

Histopathological examinations revealed granulomatous 
lesions in all samples. The liver contained recently formed 
granulomas characterized by necrotic areas surrounded by 
mixed inflammatory cells and, occasionally, by multi-
nucleated giant cells. Large mineralized necrotic areas 
surrounded by macrophages, lymphocytes, plasma cells, 
and peripheral fibroplasias were detected in the lung, lymph 
nodes (Fig. 1B), and diaphragm. Neither acid-fast bacilli 
nor other bacteria or fungi were seen in the slides. 

Molecular tests, followed by nucleotide sequence anal-
yses of PCR products, confirmed the presence of MTC 
genome in the tissues (data not shown). Culture results 
corroborated this finding. Acid-fast bacteria were isolated 
from all samples after 38 days of incubation. The isolates 
were characterized as M. bovis by gyrB PCR-RFLP.7 The 
RD1 amplification excluded the presence of the vaccine 
strain M. bovis BCG. All tested bacteria were resistant to 
ethambutol. 

The flock was skin test negative after 72 hr. Both 
bacteriological and molecular tests for mycobacteria 
undertaken on blood collected from 48 healthy sheep 
belonging to the same flock were negative. Tuberculosis is 

 

Figure 1. Bovine tuberculosis lesions in a ewe. A, soft, caseous 
lesions and encapsulated, calcified tubercles in the lungs, and B, lymph 
node presenting granuloma with a central necrotic area surrounded by 
macrophages, epithelioid cells, multinucleated Langhans cells, lym-
phocytes, and peripheral fibroplasias. 2003 magnification. 

considered rare in sheep, and when occurring, it is often not 
disseminated. The pathological and histological findings 
described in the current case of generalized TB in a ewe 
confirm that ovine TB lesions are similar to those seen in 
cattle.6 

Bacteriological examination and molecular tests isolated 
and characterized the pathogen responsible for these lesions 
as M. bovis. The pathogen was also characterized as M. 
bovis spoligotype SB0841 by the National Reference Centre 
for Mycobacterium bovis tuberculosis at the Istituto 
Zooprofilattico Sperimentale della Lombardia e dell'Emilia 
Romagna (Brescia, Italy). SB0841 spoligotype is one of the 
most common M. bovis spoligotyping profiles isolated and 
was characterized in 2009 from cattle herds in Italy.4 

Infection with M. bovis followed by TB has been 
reported mainly in cattle, wild and domestic pigs, primates, 
and humans. Disease symptoms are indistinguishable from 
that caused by M. tuberculosis and are therefore generally 
treated in the same way. Knowledge of resistance of M. 
bovis toward antibiotics used for therapy of human TB 
could help avoid cure delay and treatment cost increase 
when dealing with drug-resistant organisms. Therefore, the 



susceptibility of the M. bovis isolate toward first-line 
antibiotics for human TB was evaluated. The strain isolated 
was resistant to ethambutol. Although limited studies 
describe the drug-resistance in M. bovis,3,14 data in the 
current study highlight the importance of the drug 
susceptibility evaluation of M. bovis isolates to understand 
the magnitude of influence of the transmission of 
drug-resistant or multi-drug-resistant M. bovis strains for 
treatment of human TB. 

Sheep are considered susceptible to M. bovis infec-
tion.5,6 Ovine TB is uncommon, however, and published 
reports tend to describe individual cases rather than 
outbreaks. Some authors argue that the low incidence of 
TB in sheep is a consequence of management and 
behavioral factors, which tend to reduce their exposure to 
this pathogen.11,15 Sheep are extensively managed and 
grazed predominantly during daylight hours. They also 
tend to flock together, both when grazing and when 
resting and ruminating. Therefore, close contact between 
sheep and potentially infected cattle or wildlife animals is a 
rare occurrence. 

The main trait of M. bovis is its broad host range, the 
largest of any member of the M. tuberculosis complex. 
Mycobacterium bovis causes disease in a wide range of 
domestic, farmed, free-range, and wildlife animals, as well 
as humans. Only a small proportion of the species that 
become infected can act as maintenance hosts of these 
organisms. In maintenance, or reservoir, hosts such as 
wildlife species, cattle, buffalo, and goats, infection can 
persist through horizontal transfer in the absence of any 
other source of M. bovis and may be transmitted to other 
susceptible hosts as well. Spillover hosts, such as sheep,2 on 
the other hand, can become infected with M. bovis when the 
challenge level is relatively high, although sheep do not 
seem to maintain infection within the species in the absence 
of continuing acquisition of infection from maintenance 
hosts.11 

Infection in a spillover host, as described in the current 
report, may thus suggest the presence of high levels of M. 
bovis in the environment, although the possibility that the 
animal was particularly susceptible to infection due to 
individual predisposing factors cannot be excluded. The 
distribution of the lesions in the ewe suggested inhalation 
as the primary route of infection, probably due to contact 
with infected animals. In Sicily, most livestock is owned 
by small farms, where common practices include free 
breeding and semifree breeding, promiscuity between 
sheep and cattle, and transhumance. Moreover, there is 
no complete control over and information regarding the 
movement of individual animals. These practices increase 
the possibility of contamination, transmission, and spread 
of infection. 

The infected ewe in question had been bought from a 
farm in the Catania area where, in 2007, the prevalence and 
incidence of bovine TB were 29.27% and 24.39%, 
respectively (unpublished data). Although no cattle or 
goats were present on the farm of origin, the farmer 
practiced semifree grazing on neighboring lands, which 
were also used by others to graze cattle. The farm of origin 
had 2 TB-infected cattle herds situated within the 10-km 

radius. Conceivably, in accordance with epidemiological 
data, the ewe came into close contact with a maintenance 
host such as an infected cow by sharing pastures or by 
trespassing on pastures where infected cattle grazed. The 
ewe was then bought by the current owner, and as shown in 
the current case, it was unable to spread the infection on the 
new farm. 

The occurrence of TB is linked to both management and 
ecological factors (population density of various host 
species, interactions, habitat differences, etc.).11 Therefore, 
particular attention should be paid to those farms where free 
breeding and semifree breeding, promiscuity among differ-
ent species of livestock, and transhumance are practiced. 
Moreover, one of the greatest threats to the success of any 
TB control program in domestic animals is infection among 
feral maintenance hosts, as such infection is difficult to 
control and may reintroduce the disease into livestock 
populations. The study of wildlife TB through appropriate 
surveillance programs may thus be essential for the effective 
control of TB in livestock. 

Sources and manufacturers 

a. Biolife Italiana Srl, Milano, Italy. 
b. BD, Franklin Lakes, NJ. 
c. GentraH PuregeneH, Qiagen SpA, Milan, Italy. 
d. Sigma-Aldrich Company Ltd., Dorset, UK. 
e. Kindly provided by the Department of Infectious, Parasitic and 

Immune-Mediated Diseases of the Istituto Superiore di Sanita, 
Rome, Italy. 

References 

1. Allen GM: 1988, Tuberculosis in sheep—a very rare disease. 
Surveillance 5:8-9. 

2. Biet F, Boschiroli ML, Thorel MF, Guilloteau LA: 2005, 
Zoonotic aspects of Mycobacterium bovis and Mycobacterium 
avium-intracellulare complex (MAC). Vet Res 36:411-436. 

3. Blazquez J, Espinosa de Los Monteros LE, Samper S, et al.: 
1997, Genetic characterization of multidrug-resistant Myco 
bacterium bovis strains from a hospital outbreak involving 
human  immunodeficiency  virus-positive  patients.   J  
Clin 
Microbiol 35:1390-1393. 

4. Boniotti MB, Goria M, Loda D, et al.: 2009, Molecular typing 
of Mycobacterium bovis strains isolated in Italy from 2000 to 
2006 and evaluation of variable-number tandem repeats for 
geographically   optimised  genotyping.   J  Clin   
Microbiol 
47:636-644. 

5. Cordes  DO,  Bullians  JA,   Lake  DE,   Carter  ME:   
1981, 
Observations on tuberculosis caused by Mycobacterium bovis 
in sheep. N Z Vet J 29:60-62. 

6. Davidson RM, Alley MR, Beatson NS: 1981, Tuberculosis in 
a flock of sheep. N Z Vet J 29:1-2. 

7. Goh KS, Fabre M, Huard RC, et al.: 2006, Study of the gyrB 
gene polymorphism as a tool to differentiate among Myco 
bacterium tuberculosis complex subspecies further underlines 
the older evolutionary age of ‘ ‘Mycobacterium canettii’’. Mol 
Cell Probes 20:182-190. 

8. Grange JM, Collins CH: 1987, Bovine tubercle bacilli and 
disease in animals and man. Epidemiol Infect 92:221-234. 

9. Houlihan MG, Williams SJ, Poff JD: 2008, Mycobacterium 
bovis isolated from a sheep during routine surveillance. Vet 
Rec 163:94-95. 



10. Malone  FE,  Wilson  EC,  Pollock  JM,   Skuce  RA:  
2003, 
Investigations into an outbreak of tuberculosis in a flock of 
sheep in contact with tuberculous cattle. J Vet Med B Infect 
Dis Vet Public Health 50:500-504. 

11. Morris RS, Pfeiffer DU, Jackson R: 1994, The epidemiology 
of Mycobacterium bovis infections. Vet Microbiol 40:153-177. 

12. National  Committee  for  Clinical  Laboratory   
Standards 
(NCCLS):   2003,   Susceptibility  testing   of 
mycobacteria, 
nocardia, and other aerobic actinomycetes, approved stan 
dard document M24-A. NCCLS, Wayne, PA. 

 

13. Parsons LM, Brosch R, Cole ST, et al.: 2002, Rapid and 
simple approach for identification of Mycobacterium tubercu 
losis  complex  isolates  by  PCR-based  genomic  
deletion 
analysis. J Clin Microbiol 40:2339-2345. 

14. Sechi LA, Zanetti S, Sanguinetti M, et al.: 2001, Molecular 
basis of rifampin and isoniazid resistance in Mycobacterium 
bovis strains isolated in Sardinia, Italy. Antimicrob Agents 
Chemother 45:1645-1648. 

15. Sharp JM: 2000, Tuberculosis in sheep. In: Diseases of sheep, ed. 
Martin WB, Aitken ID, p. 147. Blackwell Science, Oxford, UK. 


