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We describe the first transmission of Mycobacterium tuberculosis from human to cattle confirmed by molec-
ular typing of isolates involved in the transmission. IS6110-based restriction fragment length polymorphism
analysis showed that the isolates from the cattle and farm worker who suffered from pulmonary tuberculosis
1 year prior to this case were the same strains.

CASE REPORT

In May 2000, four cows on a small cattle farm (78 animals)
near the Slovenian capital, Ljubljana, reacted inconclusively to
bovine tuberculin (Bioveta, Ivanovice na Hane, Czech Repub-
lic) in a monotest during compulsory skin testing for tubercu-
losis (TB). All animals on the farm tested negative to bovine
tuberculin during previous routine TB testing in May 1999. In
July 2000, all animals on the farm were retested using a com-
parative skin test with bovine and avian (Bioveta) tuberculin.
All skin tests were performed according to the European
Council Directive 64/432/EEC (3). According to the Directive
criteria (3), 16 animals were considered to have positive reac-
tions to bovine tuberculin, and 3 animals with the strongest
reactivity to tuberculin (2- and 2.5-year-old cows and a
6-month-old calf) were slaughtered. The mandibular, medias-
tinal, and portal lymph nodes were collected and sent for
bacteriological examination. All 16 tuberculin-reactive ani-
mals, including 3 slaughtered animals, were clinically examined
in detail and considered completely healthy.

Except for slight macroscopic enlargement, no gross patho-
logical changes were visible on any lymph node specimen col-
lected from the three slaughtered animals. Histopathological
examination of hematoxylin-eosin-stained tissues revealed
nonspecific findings. No acid-fast bacilli were detected on
Ziehl-Neelsen-stained impression smears. However, after a 28-
day incubation at 37°C, a few colonies appeared on a Löwen-
stein-Jensen slant inoculated with the mixed specimen of me-
diastinal and portal lymph nodes collected from the 2-year-old
cow. No growth was detected on Stonebrink medium, Middle-
brook 7H10 medium, and the Mycobacterium Growth Indica-
tor Tube (Becton Dickinson, Franklin Lakes, N.J.) in spite of
a prolonged, 8-week incubation. The colonies that appeared on
the Löwenstein-Jensen slant were Ziehl-Neelsen stained, and
acid-fast culture isolates were subcultured on Middlebrook
7H10 medium and identified by growth characteristics and
standard biochemical tests (9). Biochemical testing, including
niacin accumulation (positive), nitrate reduction (positive),
thiophene-2-carboxylic acid hydrazide susceptibility (negative),

pyrazinamide susceptibility (positive), and Lebek test for oxy-
gen preference (aerobic), identified the isolate from the
2-year-old cow as Mycobacterium tuberculosis. Additionally,
both the AccuProbe Mycobacterium tuberculosis Complex As-
say (GenProbe, San Diego, Calif.) and an in-house PCR, tar-
geting the 123-bp portion of IS6110 (17), identified the isolate
as a member of M. tuberculosis complex. A banding pattern
specific for M. tuberculosis/Mycobacterium africanum II/Myco-
bacterium canettii was obtained using the GenoType MTBC
Assay (Hain Lifescience, Nehren, Germany).

A detailed epidemiological investigation was conducted on
the cattle farm in November 2000. It was found out that one of
the farm workers, a 59-year-old man, suffered from bilateral
cavitary pulmonary tuberculosis in 1999. After isolation of M.
tuberculosis from his sputa in April 1999, he successfully com-
pleted the standard 6-month treatment in December 1999.
Therefore, M. tuberculosis isolates from the cow and farm
worker, together with a number of epidemiologically unrelated
strains, were analyzed by IS6110-based restriction fragment
length polymorphism (RFLP) typing, following the standard-
ized protocol (32). As presented in Fig. 1, the M. tuberculosis
isolates from the cow and farm worker show an identical RFLP
pattern. A 100% homology of the two isolates was also con-
firmed by computer-assisted analysis of RFLP patterns.

All animals on the cattle farm (including 13 previously pos-
itive animals that were not slaughtered) tested completely neg-
ative to bovine tuberculin (Bioveta) during the consecutive
compulsory skin TB testing performed in May 2001.

Bovine tuberculosis caused by Mycobacterium bovis is a sig-
nificant veterinary disease that can occasionally spread to hu-
mans (22, 23, 27, 31). In contrast, M. tuberculosis is considered
primarily a human pathogen. Apart from humans, M. tubercu-
losis infection has been reported in a wide range of domestic or
wildlife animal species, most frequently living in close, pro-
longed contact with humans: e.g., in captive settings (2, 4, 18,
19, 28). Among domestic animals, infection with M. tuberculo-
sis has been most frequently identified in cattle (6, 27, 30).
According to published data, the prevalence of M. tuberculosis
infection in cattle herds did not exceed 1% in the majority of
studies (13, 21, 24–26, 30). However, a few exceptions, like
Algeria and Sudan with 6.2% and 7.4% prevalence, respec-
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tively, were described (5, 29) as a most probable consequence
of the high prevalence of human TB in these two African
countries.

According to the present knowledge, M. tuberculosis does
not appear to have an indigenous animal host or reservoir and
the animals that become infected represent most probably
accidental hosts (27, 31). Thus, although never directly proved,
humans suffering from active TB are strongly believed to rep-
resent the main source of M. tuberculosis in animals, including
cattle (27, 30, 31). To the best of our knowledge, we describe
in this report the first transmission of M. tuberculosis from
human to cattle unequivocally confirmed by molecular typing
of appropriate isolates involved in the transmission. For mo-
lecular typing, we used IS6110 RFLP analysis, which has re-
cently become the worldwide standard fingerprinting tech-
nique for comparison of M. tuberculosis isolates on the strain
level. Apart from molecular confirmation of numerous cases of
human-to-human and some cases of animal-to-animal trans-
mission of M. tuberculosis (1, 16, 32, 33), IS6110 RFLP has, to
the best of our knowledge, been used only three times for
molecular confirmation of transmission of mycobacteria be-
tween humans and animals. Thus, IS6110 RFLP has recently
been used to confirm the transmission of M. tuberculosis be-
tween a marmoset (Callithrix jacchus) and the monkey’s owner
(15), between four elephants and the elephant handler (14),
and between a TB patient and her dog (8).

Numerous M. tuberculosis infections in cattle, including the
one presented in this paper, have been identified on the basis
of routine tuberculin testing of cattle herds (11, 26, 27). Al-
though M. tuberculosis in cattle most frequently produces a
quickly vanishing infection rather than a progressive disease,
the infected animals do react positively when challenged with
tuberculin (7, 10). The duration of sensitization to tuberculin is
usually short, and the reactivity disappears when the infection
source is removed (11). Thus, when a tuberculin-positive ani-
mal is recognized during a routine tuberculin testing for the
first time in the previously tuberculin-negative herd, and par-
ticularly when the tuberculin-positive animal is young, the pos-
sibility of human TB infection among farm workers or animal
attendants should be considered (11). As reported by several

authors (11, 12, 20, 26), animal attendants with active pulmo-
nary TB represent an important source of M. tuberculosis for
animals, spreading the mycobacterium via sputum, urine, or
feces (31). As a result of such spreading, the classical form of
TB may occasionally develop in animals living in close contact
with humans with active TB (10).

In conclusion, although indirect data suggesting that humans
suffering from active TB are the most probable source of M.
tuberculosis in cattle have been described before, we consider
this report as the first unequivocal evidence of human-to-cattle
transmission of M. tuberculosis. Namely, we were able to con-
firm molecularly the epidemiological relatedness of the strains
infecting the human and cattle involved in the transmission.
According to our experience, in the areas where bovine TB and
human TB coexist, a detailed microbiological investigation of
the specimens of slaughtered tuberculin-positive animals
should always be performed in order to discriminate between
M. tuberculosis and M. bovis infections.
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