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A cross-sectional study was conducted on 858 dairy cows, 1107 slaughter animals and 58 dairy workers
in and around Sululta District to investigate the epidemiology and public health importance of bovine
tuberculosis (BTB). To that end, comparative intradermal tuberculin test (CIDT), post-mortem
examinations, bacteriological analysis, molecular typing and questionnaire survey were employed. The
herd and individual animal level prevalence were 11.4% (98/858) and 20% (9/45), respectively. The
individual animal prevalence was affected by farming system, herd size, management system, sex, age,
breed and body condition (P<0.05). Abattoir survey showed a prevalence of BTB to be 3.5% (39/1107)
based on suspicion of tuberculous lesion. Culture positivity in primary culture media was confirmed in
7.7% (3/39) of tissue samples, 11.1% (5/55) of milk samples and 2.5% (1/40) of nasal swab samples.
Genus typing of the nine positive isolates indicated that only 11.1% (1/9) one isolate was positive for the
genus Mycobacterium. Among the farm attendants, only 6.9% (4/58) of the farm attendants had
awareness on the existence of BTB, 10.3% (6/58) had awareness that milk and meat could be a source of
BTB and 79.3% (46/58) had habit of raw milk and raw meat consumption. The study reveals the
importance of BTB and poor awareness on the existence, source and transmission of the diseases in
the study area call for urgent intervention. Conventional preventive measures and large scale
collaborative action to design cost effective preventive and control measures at national level is
recommended.

Key words: Bovine tuberculosis, cattle, comparative intradermal tuberculin test (CIDT), epidemiology, public
health, Sululta, Ethiopia.

INTRODUCTION
Bovine tuberculosis (BTB) is chronic infectious disease of bovis characterized by progressive granulomatous
cattle caused by intracellular bacterium, Mycobacterium lesions or tubercle in the lung tissues, lymph nodes
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M. bovis is a member of the
Mycobacterium  tuberculosis complex (MTC). The
complex encompasses M. tuberculosis, M. bovis,
Mycobacterium microti, Mycobacterium canetti, and
Mycobacterium africanum (Smith et al., 2006). Bacteria of
the M. tuberculosis complex are aerobic, non-motile, non-
spore-forming, slow-growing and acid-fast bacilli (Thoen
et al., 2004).

M. bovis is the most ubiquitous pathogen among
mycobacterium species. It has been known to infect
many vertebrate animals of all age groups and humans
although cattle, goats and pigs are found to be most
susceptible (Radostits et al., 2000; Thoen et al., 2006).
Among MTC, M. bovis has a wide range of target organs
(lungs, gastrointestinal tract, mammary gland, kidney and
reproductive organs) as well as mammalian hosts (wild
animals, domestic animals and humans) (Phillips et al.,
2002).

Infection of cattle with M. bovis constitutes a human
health hazard and economic implications in terms of
trade restrictions and productivity losses (Phillips et al.,
2002; Villarreal-Ramos et al., 2003). Infected animal
loses 10 to 25% of their productive efficiency (Radostits
et al., 2000). Direct losses due to the infection become
evident by decrease in 10 to 18% milk and 15% reduction
inmeatproduction (Radostitsetal.,2000).

Human tuberculosis caused by M. bovis is becoming
increasingly important in developing countries where
humans and animals share the same microenvironment
and waterholes (Cosivi et al., 1998). It is estimated that in
countries where pasteurization of milk is rare and bovine
tuberculosis is common, 10 to 15% human cases of
tuberculosis are caused by M. bovis (Cosivi et al., 1998;
Ameni et al., 2007).

The existence of BTB in Ethiopian cattle has long been
documented in different parts of the Ethiopia and it is one
of the major constraints to the country’s socio economic
development (Ayele et al.,, 2004). Various previous
fragmented studies have shown that its prevalence range
from 0.02-7.96% by abattoir survey while it varies from
4.7-68.6% by tuberculin test in cattle from different parts
of Ethiopia (Shitaye et al., 2006).

Sululta is one of the towns located in North Shewa
zone of Oromia Regional State having large number of
dairy sector that supply milk to a large communities in the
Addis Ababa and its suburb. However, there is no
information on the epidemiology and public health
significance of BTB in the district. Therefore, this study
was aimed to investigate the epidemiology of BTB and its
public health significance in Sululta District.

and other organs.

MATERIALS AND METHODS
Study site

The study was conducted in and around Sululta District, part of the
Oromia National Regional State, Central Ethiopia. Sululta District,
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representing a highland agro-ecology, is located about 25 km North
west of Addis Ababa, the capital of Ethiopia. It is located at 9°3 to
9°31°N latitude and 38°29’ to 38°58’E longitude. It has a total area
of 1587 km?. The District is inhabited by 129,000 people of which
64,516 are men and 64,484 are women; 15,145 or 11.74% of its
population are urban dwellers. The district is one of the main dairy
sheds of Addis Ababa. The district livestock population is estimated
at 210,210 cattle, 80,900 sheep, 16,491 goats, 32,862 equines and
75.936 poultry (CSA, 2007).

Study population

The study populations were dairy cows, slaughtered animals and
farm attendants in the study area.

Study design and sampling

A cross sectional study design with census (from all volunteer farm
owners) sampling technique was employed to sample 858 dairy
cows for CIDT from 45 dairy farms, 1107 slaughter animals for
abattoir survey and 58 farm attendants for questionnaire survey.
Sample size for dairy cows was determined based on the expected
prevalence of 13.5% obtained by Ameni et al. (2007) in central
Ethiopia according to Thrusfield (2007) by increasing the size
fourfold for better precision. Purposive sampling was used for the
abattoir survey based on the accessibility and availability of logistics
as many animals as possible during the study period. The sample
size of farm attendants was determined on the basis of the number
of farm attendants and farm size included in the study. Furthermore,
55 milk samples from tuberculin reactor milking cows, 40 nasal
swabs from dry cows, heifers and calves and 39 tissue samples
from lymph nodes, liver, kidneys and lungs containing suspected
TB lesion were collected.

Comparative intradermal tuberculin test

Purified protein derivatives (PPDs), which are crude proteins
extracted from both bovine and avian mycobacteria were used. For
the CIDT test, two sites on the right side of the mid-neck, 12 cm
apart in a horizontal line were shaved, cleansed with a swab
immersed in 70% alcohol and dried and the initial skin thicknesses
were measured with calipers. One site was injected into the upper
site with an aliquot of 0.1 ml containing 2,500 IU/ml PPD-A (avian
tuberculin, Lelystand, Biologicals BV, Lelystand, the Netherlands).
Similarly, 0.1 ml of 2,500 IU/ml PPD-B (bovine tuberculin,
Lelystand, Biologicals B, Lelystand, Netherlands) was injected into
the lower site. After 72 h, the skin thicknesses at the injection sites
were measured and registered. Test results were interpreted
according to the recommendations of the Office International des
Epizootics (OIE, 2009).

Post-mortem examination

Detailed post-mortem examination was performed on lymph nodes,
liver, kidneys and lungs for the investigation of tubercle lesion
following the procedure described by Corner (1994). Incision was
made into the parenchyma of the lung and other organs that was
suspected to contain tuberculous lesions. The tuberculous lesions
were cut into slices of about 2 cm using separate surgical blades.
The slices were then examined for the presence of suspected
tuberculous lesions and samples collected for mycobacteriological
culture.



2354 Afr. J. Microbiol. Res.

Isolation of Mycobacteria

Milk and nasal swabs from tuberculin positive and tissue samples
from suspected tuberculous organs were collected aseptically and
processed for isolation of mycobacteria according to the standard
methods described by Roberts et al. (1994). The nasal swab
samples were first stirred well to release the samples from the swab
and centrifuged at 3,000 rpm for 15 min and mixed with an equal
volume of 4% NaOH, concentrated by centrifugation and the
sediments neutralized with 1% (0.1 N) HCI as described by WHO
(2002). Neutralization was checked by using phenol red as indicator
and the solution was said to be neutralized when the color changed
from purple to yellow. Thereafter, the sediment was cultured using
conventional Lowenstein-Jensen (LJ) egg slant medium containing
0.6% sodium pyruvate and glycerol. Then, the culture was
incubated at 37°C for 12 weeks and examined on weekly basis for
the presence of mycobacterial colonies. Similar procedure was
used for culturing of milk samples and tissue samples being tissue
samples were homogenized prior to culturing. All the laboratory
activities were carried out under Safety Cabinet world class Il.
Cultures were considered negative if no visible growth was
detected after 12 weeks of incubation. In the presence of visible
growth of colonies, microscopic examination of cultures using the
Ziehl-Neelsen (ZN) staining method was performed to select acid-
fast bacilli (AFB) positive isolates. AFB confirmed positive cultures
were sub cultured on other LJ media and the isolates killed in water
bath at 85°C for 45 min. Then, the heat killed isolates were kept at -
20°C for molecular analysis.

Molecular typing

Multiplex polymerase chain reaction (m-PCR) was used to confirm
the presence of genus Mycobacterium in the isolate and to
differentiate M. tuberculosis complex from M. avium complex, and
other mycobacterial species following the procedure developed by
Wilton and Cousins (1992). Heat killed AFB positive samples were
used as source of DNA template. DNA amplification was done in a
thermocycler with 20 pl reaction volumes consisting of 5 pl of
genomic DNA as a template, 8 ul HotstartTagMaster and (MgCly,
dNTP, Taq polymerase), 0.3 pl of forward and reverse primers for
each sample. The primers used were MYCGEN-F, 5 AGA GTT
TGA TCC TGG CTG AG 3 (35 ng/ul); MYCGEN-R, 5 TGC ACA
CAG GCC ACA AGG GA 3, (35 ng/ul); MYCAV-R, 5 ACC AGA
CAT GCG TCT TG 3, (35 ng/pl); MYCINT-F, 5-CCT TTA GGC
GCA TGT CTT TA 3, (75 ng/ul); TB1-F, 5-GAA CAA TCC GGA
GTT GAC AA 3, (20 ng/ul); TB1-R, 5'AGC ACG CTG TCA ATC
ATG TA 3; (20 ng/ul) and 5.2 yl per sample of Qiagen water. The
PCR reaction was carried out using Thermal Cycler (VMR
Thermcycler 732-1200 Leicestershire, UK) based on the following
amplification programme: 95°C for 10 min for enzyme actvation;
95°C for 1 min for denaturation; 61°C for 0.5 min for annealing;
72°C for 2 min for extension, involving 35 cycles all in all; and final
extension at 72°C for 10 min. M. avium, M. tuberculosis and M.
bovis strain NCTC 8559, H37 Rv and 2122/97 were used
respectively as positive controls while H,O (Qiagen, USA) was used
as a negative control. The PCR product was then electrophoresed
in 1.5% agarose gel in TAE running buffer 10X containing ethidium
bromide at concentration of 0.5 pg/ml in 1.5% agarose gel, 100 bp
DNA ladder (USA), and orange 6x loading dye (USA) were used in
gel electrophoresis. All members of the Genus Mycobacterium
produced a band of 1030 bp where as M. avium or subspecies such
as M. avium sbsp. paratuberculosis, M. intracellularae and
members of M. tuberculosis complex produce a band, 180, 850and
372 bp, respectively.

Questionnaire survey

Farm attendants were interviewed using a pre-structured
questionnaire to assess possible associated risk factors for the
occurrence and spread of BTB between cattle and people.

Data management and analysis

The generated data were recorded and coded using Microsoft
Excel spread sheet (Microsoft Corporation) and analyzed using
STATA version 11.0. Multivariate logistic regression was used to
analyze the data and to identify the risk factors. The odds ratio (OR)
was calculated to assess the strength of association of different risk
factors with the prevalence of BTB. The prevalence was calculated
by dividing the number of positive reactor or harboring suspected
tuberculous lesions cattle by the total number of cattle. P-value less
than 0.05 and 95% confidence interval (Cl) for odds ratio not
including 1 were taken statistically as significant association.

RESULTS

Out of the 45 dairy farms tested by CIDT, 9 (20%) (95%
Cl: 19.74-20.26%) of them were positive. Among 858
dairy cows tested by CIDT, 98 (11.4%) (95% CI: 9.24-
13.56) were positive. Table 1 shows various risk factors
affecting the prevalence BTB and the degree of
association of each factor with the disease.

Abattoir survey

Out of 1107 cattle slaughtered at Sululta Co-operative
Abattoir Enterprise, 3.5% (95% Cl: 2.422-4.578) were
suspected to have tuberculous lesion. Table 2 shows the
distribution and frequency of lesion detection from
different lymph nodes.

Isolation of Mycobacteria

Outof 39 tissue samples suspected of having
tuberculous lesion, only 7.7% (3/39) were positive for the
growth of mycobacteria. Among 55 milk samples cultured
from tuberculin-positive lactating cows, only 9% (5/55)
were positive for mycobacterial growth. Similarly, out of
40 nasal swab samples collected from tuberculin-positive
non-lactating dairy cattle, only 2.5% (1/40) were positive
for mycobacterial growth.

Molecular typing

Mycobactreium genus typing was conducted on the 9
culture positive isolates (3 from tissue, 5 from milk and 1
from nasal swab isolates). Multiplex PCR result showed
that out of the nine culture positive isolates, only 11%
(n=1) isolate were positive for the genus Mycobacterium.
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Table 1. Multivariate analysis showing risk factors for the occurrence of

BTB at animal level in Sululta District.

No. (%) of animals

Risk factor . — OR (95%Cl)
Examined Positive

Sex

Female 649 94(14.5%) 1

Male 209 4(1.9%) 0.11(0.10-0.12)

Age (years)

<3 302 6% 1

3-5 295 14.2% 0.38(0.36-0.39)

6-8 178 17.98 0.29(0.28-0.30)

>8 61 4.9% 1.23(1.23-1.23)

Herd

<15 249 1.2% 1

16-35 359 1.4% 0.19(0.18-0.19)

>35 227 38.5% 1.08 (1.06-1.09)

Breed

Zebu 111 1.8% 0.12(0.12-0.13)

Cross 724 12.8% 1

Body condition

Good 622 4% 0.17(0.15-0.18)

Medium 134 19.4% 0.18(0.17-0.19)

Poor 79 55% 1

Animal origin

Out 140 7.9% 1

Farm 695 12% 0.62 (0.60-0.63)

Production system

Extensive 486 2.1% 1

Semi-intensive 206 4.9% 0.02(0.01-0.03)

Intensive 143 52.44% 0.45(0.42-0. 49)

Management system

Good 199 0.5% 1

Medium 493 3.9% 0.04(0.04-0.05)

Poor 143 52% 0.13(0.12-0 .13)

Questionnaire survey

From fifty-eight farm attendants interviewed, only 6.9%
(4/58) had awareness on BTB and knew the transmission
of TB from cattle to humans and vice versa and 10.3%
(6/58) knew that milk and meat are sources of BTB)
(Table 3). Among the farm attendants, 79.3%( 46/58) had
habit of raw milk and raw meat consumption (Table 4).
Only 10.3% (6/58) of the respondents consume and feed
their families and babies on boiled milk. Large number,
72.4% (42/58) of the respondents shared the same
shelter with farm cattle.

DISCUSSION

In the present study, animal and herd level prevalence of
11.4 and 20% were recorded in dairy herds using CIDT-
test. These findings are in agreement with the study
conducted in other parts of the country (Fikre, 2011).
Although, the finding is contrary to the study conducted
by other researchers (Elias et al., 2008, Tsegaye et al.,
2010). In addition, the animal prevalence reported in the
present study is much lower than those reported
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Table 2. Distribution and frequency of suspected
tuberculous lesion in cattle slaughtered at Suluta.

Anatomic site

Frequency Percent (%)

Retropharyngeal LN
Apical LN

Bronchial LN
MandibularLN
Mediastenal LN
Mesentric LN
Intestinal LN

Total

5 12.82
2 5.13
2 5.13
2 5.13
11 28.21
7 17.95
10 25.64
39 100

LN = Lymph nodes.

Table 3. Farm attendants’ awareness of bovine tuberculosis and its mode of

transmission.

Farm attendants’ knowledge

Number of respondents

Awareness of BTB 4 (6.9%)
Know that cattle transmit BTB to humans 4 (6.9%)
Know that humans transmit TB to cattle 4 (6.9%)
Know that milk and meat are source of infection 6 (10.3%)

Table 4. Milk and meat consumption habit of

farm attendants

Consumption habit

Milk drinking
Raw milk

Only boiled milk
Not drinking

Meat eating

Only cooked meat
Raw meat

Not eating

Number Percent
46 79.3%
6 10.3%
6 10.3%
4 6.9%
46 79.3%
8 13.8%

earlier by other workers (Ameni et al., 2003b; Shitaye et
al., 2006). On the other hand, the animal prevalence
recorded in the present study is much higher than the
animal prevalence reported (Tschopp et al., 2009, 2010)
in various parts of Ethiopia.

The differences among various studies might be
attributed to the differences in herd sizes, age, body
condition, sex, production system, breed of animals and
the sample size considered. In the present study,
majorityof the farms included have smaller herd sizes
while majority of the previous studies were conducted on
farms with relatively larger herd sizes. O’Reilly and
Daborn (1995) have shown that the transmission of BTB
from cattle to cattle is largely influenced by herd size, that
is, the larger the herd size, the greater the chance of
transmission. In Tschopp et al. (2009, 2010) studies, only

Zebu breed that managed under extensive traditional
cattle management system were included in the study
where as in the present study, both cross and zebu
breeds cattle managed under semi-intensive and inten-
sive cattle production systems were included in the study.
Substantiating the observations of the present study, it
was previously documented that the prevalence of BTB is
affected by cattle breed and husbandry (Radostitis et al.,
2000).

Cattle groups with age greater than eight years were
exposed 1.23 times than those with age of three years, to
BTB. As reported by Radostits et al. (2000), as age
increases, the probability of acquiring TB infection
increases. The higher prevalence of BTB observed in
female cattle than in male cattle could be due to the small
number of male cattle in dairy farms. It may also be due



to the greater productivity stress and longer life span
among female animals. In agreement with reports of Elias
et al. (2008), body condition was associated with
tuberculin reactivity. Similarly, animals kept under poor
management system were two times more likely to be
tuberculin test positive than those managed under good
management system. Similar to the observation of the
present study, previous studies also reported higher pre-
valence in animals with poor body condition as compared
to those with good body condition scores (Cook et al.,
1996; Kazwala et al., 2001; Asseged et al., 2004; Fikre,
2011). However, it is difficult to decide whether BTB has
caused poor body condition or animals in poor conditions
were susceptible than those in good body condition.

Abattoir inspection of carcasses revealed a prevalence
of 3.52%. This is consistent with the report of Jemale
(2005) and Ameni and Wudie (2003). In this study, the
lesions were predominantly found in mediastenal lymph
node which is consistent with the previous findings of
Ameni and Wudie (2003), Asseged et al. (2004), Teklu et
al. (2004) and Fikre (2011). A number of studies revealed
that the majority of TB lesions are located in the thoracic
cavity suggesting the inhalation route being the principal
route of BTB transmission (Corner, 1994; Ameni and
Wudie, 2003; Phillips et al., 2003; Teklu et al., 2004). In
contrast, Cleveland et al. (2007) reported that 61.3% of
carcasses in Tanzania had lesions in the gastrointestinal
tract.

Out of 39 tuberculous lesions cultured, culture positivity
in primary culture media was confirmed only in 5.12%
(2/39), which was inconsistent with a report by Fikre
(2011), who reported 44.2% culture positivity. Of these
tissue samples, only 2.6% (1/39) were positive for genus
Mycobacterium by multiplex PCR. This lower isolation
rate of mycobacteria may have resulted from reduced
sensitivity of culture arising from prolonged storage at
field sites, and freeze-thaw cycles that occurred during
transportation and contamination of tissue samples and
overgrowth of M. bovis with environmental mycobacteria
(Cleveland et al., 2007). On the other hand, out of 55 milk
samples cultured, 9% (5/55) growth was observed. This
was different from the findings (Yalelet, 2010; Hussein,
2009) in which no growth of M. bovis were observed in
milk of tuberculin skin test positive cows. However, of the
55 milk and 40 nasal swab samples cultured, no isolate
was confirmed to be a member of the genus
Mycobacterium by multiplex PCR. This result is different
from those reported by Fikre (2011) and Marlia et al.
(2013) who reported 25 and 8% of the isolates were
members of the genus Mycobacterium, respectively.

Among farm attendants interviewed, only 6.9% knew
about BTB and its transmission from cattle to humans
and vice versa. Close physical contact between the
owner and cattle and the consumption of raw milk or milk
products facilitate the transmission of BTB (Cosivi et al.,
1998; WHO, 1993). Among the farm attendants, 79.3%
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(46/58) had habit of raw milk and raw meat consumption
and only 10.3% (6/58) of the respondents consume and
feed their families and babies on boiled milk. This finding
was relatively consistent with the findings of Fikre (2011)
who reported 94.2% of the interviewed households had
habit of raw milkk and milk products (yoghurt)
consumption. This consumption habit might expose the
public to risk of acquiring tubercle bacilli from animal
(Cosivi et al.,, 1998). In conclusion, this study demon-
strated the importance of BTB and various possible risk
factors for the disease and its implication for public health
in the Sululta District. The majority of the farm attendants
in the area was not aware of the existence of BTB, its
mode of transmission and had habit of raw milk and raw
meat consumption behavior which is a potential risk
factor for the transmission of the disease call for urgent
need of intervention.

The authors recom-mended application of general
conventional preventive measures such as improving
farm management system, public awareness about the
disease, its mode of trans-mission, importance of boiling
or pasteurization of milk, adequate cooking of meat and
strict meat inspection. Furthermore, on large scale,
collaborative work is needed to establish clearly the
impact of the disease on production and its zoonotic
importance so as to design cost effective preventive and
control measures at national level.
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