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The main etiologic agent of tuberculosis (TB) in 
livestock and wildlife is Mycobacterium bovis. This 

species also infects humans through inhalation or in-
gestion and causes TB that is clinically indistinguish-
able from that caused by M. tuberculosis. 

In 2017, a case of pulmonary TB caused by M. 
bovis in a human was detected in the Vall d’Hebron 
Hospital in Barcelona, Spain. Bacteriological culture 
of clinical specimens in Löwenstein-Jensen and 7H9 
media (BD Diagnostics, https://bd.com), followed 
by antimicrobial resistance testing (BACTEC MGIT 
960; BD Diagnostics), revealed a strain resistant to 
2 first-line anti-TB drugs: pyrazinamide (100 µg/
mL) and isoniazid (0.1 µg/mL). A complementary 
analysis, performed by using the proportion method, 
confirmed resistance to isoniazid (0.2 µg/mL), elu-
cidating a polyresistant case of TB (resistance to >1 
first-line anti-TB drug other than both isoniazid and 
rifampin); the strain was also resistant to ethionamide 
(30 µg/mL), an antimicrobial drug specifically used 
to treat active multidrug-resistant TB (resistance to at 
least both isoniazid and rifampicin). Molecular char-
acterization by direct variable repeat (DVR)-spoligo-
typing identified the isolates as M. bovis spoligopat-
tern SB0124 (http://www.mbovis.org).

The patient worked as a farmer on cattle and 
small ruminant farms in his county. Therefore, the 
epidemiologic investigation included the livestock 
he was in contact with, particularly the herd of sheep 
and goats he was currently managing. In 2018, a to-
tal of 34 (25%) ewes and 3 (18%) goats had positive 
results to a single intradermal tuberculin test, inter-
feron gamma release assay (IDvet, https://www.id-
vet.com), or both. Animals with positive test results 
were slaughtered, and tissues from 23 (21 sheep and 
2 goats) were examined postmortem. TB-compatible 
lesions were found in the lungs and thoracic, mes-
enteric, or ileocecal lymph nodes of 13 animals (12 
sheep, 1 goat). Tissues with lesions were cultured in 
Löwenstein-Jensen with pyruvate and Coletsos and 
in 7H9 media by using BACTEC MGIT 320 (all BD Di-
agnostics). Culture indicated growth of M. tuberculo-
sis complex in 9 sheep samples, and M. avium subspe-
cies avium was isolated from another sheep and the 
goat. DVR-spoligotyping was performed for the 9 M. 
tuberculosis complex isolates, and M. bovis SB0124 was 
identified in all. This unusual spoligopattern had also 
been identified in a cattle herd in the same county in 
2005 (Spanish Database of Animal Mycobacteriosis; 
https://www.visavet.es/mycodb); the patient had 
no known connection to that herd.

Genome sequence analysis based on assess-
ment of single-nucleotide polymorphisms (SNPs) 

The main etiologic agent of tuberculosis (TB) in livestock 
is Mycobacterium bovis; human TB cases caused by 
M. bovis are rare. Analysis of a TB outbreak caused by 
polyresistant M. bovis involving a human and sympatric 
sheep in Spain suggests local circulation of drug-resis-
tant M. bovis strains among livestock.
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was conducted for 2 isolates from sheep (2018) and 
the isolate from the human patient (2017) and for 2 
isolates collected from cattle in 2005–2006. Results 
showed an extremely close phylogenetic relation-
ship between the isolates from the sheep and hu-
man (<5 SNPs), leading us to conclude that they 
were the same strain; they differed from the strains 
from cattle by 35–38 SNPs (Figure). Of note, the iso-
lates from the sheep and human showed resistance 
to pyrazinamide, isoniazid, and ethionamide, and 
isolates from the cattle showed resistance to pyra-
zinamide and isoniazid. These results suggest that 
although strains from cattle and from the sheep and 
human were not closely related enough to be consid-
ered the same strain, they might have evolved from 
a common ancestral isoniazid-resistant strain. How-
ever, mutations associated with pyrazinamide resis-
tance were found only at the pncA (C169G) gene and 
with isoniazid/ethionamide resistance at the inhA 
(T280G) gene, although the inhA modification was 
detected only in the isolates from cattle.

Human TB caused by M. bovis is usually associ-
ated with occupational exposure and is infrequent-
ly reported in Spain; cases of multidrug-resistant 
(MDR) TB are even more rare (1,2). However, zoo-
notic cases could be underestimated because the 
need for relatively sophisticated laboratory methods 
hinders estimation of zoonotic TB occurrence, par-
ticularly in low-income areas, and epidemiologic re-
lationships between TB patients and sympatric live-
stock are rarely investigated.

Although only a few cases of TB in sheep have 
been reported in Spain (3,4), these reports suggest 
that sheep can play a role as maintenance hosts of 
M. bovis and M. caprae in certain epidemiologic situa-
tions. TB progression in sheep appears to be similar to 
that in cattle or goats (5).

M. bovis is naturally resistant to pyrazinamide 
(6), but our findings reveal circulation of polyre-
sistant strains in livestock in the outbreak area. 
In contrast, a previous study reported absence of 
polyresistant M. bovis strains isolated from live-
stock in the Iberian Peninsula (7). Similarly, cases 
of TB in humans caused by isoniazid-resistant M. 
bovis are infrequent in Spain (8), although a noso-
comial outbreak caused by MDR M. bovis involv-
ing HIV-infected patients has been described (9). 
Only a few studies have examined treatment of iso-
niazid polydrug resistance (10), which is particu-
larly dangerous because of the high risk that resis-
tance to rifampin will develop, requiring full MDR  
TB treatment.

Distinguishing between TB causative organ-
isms is crucial for epidemiologic investigation 
and adequate treatment of TB in humans. The One 
Health approach should be implemented in contact 
investigations for TB cases through coordination 
of public and animal health authorities to prevent 
spread of TB between humans and livestock. Con-
trolling TB in small ruminants and studying drug 
resistance in strains circulating among livestock 
should also be considered.

Figure. Rooted phylogenetic tree based on the maximum-likelihood method (RAxML;  https://academic.oup.com/bioinformatics/
article/30/9/1312/238053), showing the average number of nucleotide substitutions per site of a Mycobacterium bovis strain isolated 
in Spain from a human in 2017 (red) and with M. bovis strains isolated from sheep in 2018 (red), and with 2 strains isolated from 
cattle in the same county in 2005 and 2006 (blue). Spoligopattern SB0124 was identified in all strains. Strains from the human and 
the sheep showed resistance to pyrazinamide, isoniazid, and ethionamide; strains from the cattle showed resistance to pyrazinamide 
and isoniazid. Root: M. bovis AF 2122/97 reference strain sequence (National Center for Biotechnology Information accession no. 
NC_0002945). Bov, bovine; ETH, ethionamide; hu, human; INH, isoniazid; PZA, pyrazinamide; ov, ovine. 
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Multiple severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) variants with higher transmission poten-
tial have been emerging globally, including SARS-CoV-2 
variants from the United Kingdom and South Africa. We 
report 4 travelers from Brazil to Japan in January 2021 
infected with a novel SARS-CoV-2 variant with an addi-
tional set of mutations.


