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ABSTRACT

A cross sectional study was conducted from September 2014 to June 2015 on 384 cattle from 68
dairy farms in and around Adigrat District, North East Ethiopia, to determine the prevalence and
assessment of bovine tuberculosis (BTB) and its public health significance, camparatve

intradermal tuberculin test(CIDT) and microbiological tests were used in the diagnosis of BTB in



dairy animals where as questionnaire survey was conducted on 120 household members in order
to observe potential risk factors responsible for the occurrence of the disease in human subjects.
The CIDT was performed in 212 cross breed and 172 local breed dairy cattle. The individual
animal and herd level tuberculosis prevalence werell.72% (45/384) and 36.76% (25/68) at cut-
off > 4 mm, respectively. Exotic breed (OR=3.09, 95% , Cl: 1.22-7.93), intensive management
system (OR= 2.64, 95% , CI: 1.01-6.92), poor body condition (OR= 3.14, 95%, CI; 1.09-9.06),
large herd size (OR= 3.29, 95%, CIl: 1.04-6.25) and coughing symptoms and presence of
BTB(OR= 56.42, 95%, Cl: 19.54-136.31) were the major risk factors significantly associated
with the occurrence of tuberculosis in cattle. Of the 120 respondents only 23 (19.17%) have
recognized or have heard about zoonotic importance of BTB and 19 (15.83%) were award of
BTB which affect animals. The microbiological test of milk culture revealed that only13.04%
(3/23) were grow on Lowenstein Jensen medium pyruvate but there were no growth on LJ
medium glycerinated. Based on the finding awareness creation and test and slaughter policy
should be introduced to the study district and to the region at large to decrease the public health

problem and production loss.

Keywords: Bovine tuberculosis; comparative intradermal tuberculin; microbiological test;

questionnaire survey; Adigrat
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1. INTRODUCTION

Globally there is growing demand for livestock products, milk and meat. Livestock revolution
and the livestock production is changing from a subsistence activity to a global food
activity(Fitzhugh and Delgado, 2000). On the other hand, the population of Ethiopia has
increased dramatically in the last two decades, from approximately 55 million people in 1992 to
a current estimate of around 85 million (Fitzhugh and Delgado, 2000). Increased population size
has led to an inexorable increase in demand for food, putting pressure on the agricultural sector
in which 85% of the work force is employed. Ethiopia has the largest livestock population in
Africa, including an estimated, 52 million heads of cattle (Amanfu, 2006), that contributes to the
livelihoods of 60-70% of the population (Ameni et al., 2006). The vast majority of the cattle are
indigenous zebu (Bos indicus) managed under traditional husbandry systems (grazing in the
field) in rural areas. However, in recent years due to the effort of government of Ethiopia to
increase the productivity of local breeds and to minimize the field grazing introduction high
exotic breed and modern dairy farm practices is increasing the number of dairy cattle of highly
productive exotic (Bos taurus, mainly Holstein-Friesian) and cross breeds has been on the rise,
particularly in urban and peri-urban areas in response to the increasing demand for milk products
and the Ethiopian government’s effort to improve productivity in the livestock sector (Sisay et
al., 2013 ). The population of dairy cows accounts for 6.3 million animals (around 12% of the
total cattle population) and the estimated total national milk production per year is 2.6 billion
litres (Asseged et al., 2000) of which the urban and peri-urban dairy farmers produce 2%. In a
country such as Ethiopia, where livestock are extremely important for people’s livelihood,
animal diseases can be a real threat to animal productivity and thus negatively impact on the

agricultural sector and economic development.



While the distribution and the quantity of the diseases appear to be diverse according to the type
of prevailing animal production systems and agro ecological zones, but the prevalence of various
contagious diseases are among the major socioeconomic drawbacks of the country’s cattle
production. Furthermore, the genetic improvement is becoming a growing concern being
integrated with animal intensification, that there is introduction of diseases of various etiologies
in several dairy farms concurrent with importation of exotic breeds. Tuberculosis becomes
aserious problem in cattle where intensive dairying is established, particularly when European

breeds are introduced (Asseged et al., 2000).

Bovine tuberculosis (BTB) caused by Mycobacterium bovis, is a chronic and contagious disease
of cattle and other domestic and wild animals (Sisay et al., 2013). BTB is prevalent worldwide
but prevalence data is scarce in most developing countries due to lack of available data as there
were only limited data on the disease. Several studies conducted since 2006 have confirmed that
BTB is endemic in Ethiopia with prevalence varying from 0.8% to around 10% in extensive rural
farming systems (Asseged et al.,2000) while higher prevalence rates have been reported from
regions in Ethiopia where intensive husbandry systems are more common (Zinsstag et al., 2006)
causing a high morbidity, BTB can also be a financial burden to farmers owning infected cattle,
it has been suggested that cattle with BTB have a reduced productivity affecting milk yield,
carcass value (Meisinger,1970) and reduced drought power in traditional farming system
(Tschopp et al., 2010) .

Bovine tuberculosis of cattle remains to be great concern due to the susceptibility of humans to
the disease caused by M. bovis and there is increasing evidence that M. bovis infections may be
much more significant than generally considered. In Sub-Saharan Africa, nearly 2 million
tuberculosis cases in humans occur each year; yet it is unknown what role BTB plays in the

rising epidemic of tuberculosis fostered by HIV/AIDS (Zinsstag et al., 2006).



A varying portion of pulmonary tuberculosis cases are considered to occur, however, almost all
cases of the non-pulmonary type of tuberculosis in humans has been caused due to. BTB in the
human population mainly takes place through drinking of raw milk and occurs in the extra-
pulmonary form in the cervical lymphadenitis form in particular. Recently (Kidane et al., 2000)
indicated that M. bovis is found to be a cause for tuberculous lymphadenitis in 17.1% of 29

human tuberculosis cases in Ethiopia.

1.1.  Scientific Justifications

One of the main strategies to control Bovine tuberculosis (BTB) is test and slaughter of the
positive animal’s, unfortunately the case detection rates remain low in the study districts. Thus, it
needs intervention to detect the disease and find with some control measures and control of
Bovine tuberculosis (BTB). Ailments and production loses in intensive dairy and fattening farms
are increasing and the habit of consumption of raw foods of animal origin. Available studies on
tuberculosis are few and even do not provide detail epidemiological information in every
districts of Tigray region and the prevalence of the disease has not been well investigated and
there is a lack of information on the epidemiology and zoonotic significance of M. bovis in
Tigray region in particular. The circumstances that promote the transmission of tuberculosis
among different species of animals as well as between animals and human beings are still vague

to the livestock owning society (Sisay et al., 2013).

Bovine tuberculosis (BTB) has also zoonotic potential (Grange, 2001), mainly through
consumption of unpasteurized milk products and its prevalence in Ethiopian, cattle can therefore
be a contributing factor to the human burden of TB in Ethiopia that currently is ranked as the 7"
highest in the world (WHO, 2011). Even though the disease is known endemic in Adigrat,
documented information regarding the disease is unavailable

Therefore, the objectives of this paper were

» To test for BTB in small holder dairy cows of Adigrat district

> To determine the potential risk factors responsible for the occurrence of BTB in dairy

farm owners and their family members.



2. LITERATURE REVIEW

2.1 Tuberculosis

Tuberculosis is an infectious disease with distinctive clinical and pathological features.
Tuberculosis occurs in humans and many animal species including species of animals used for
production of food (milk or meat) for human consumption (cattle, sheep, goats and deer).The
principal microorganism associated with human tuberculosis is M. tuberculosis.M. bovis is the
causative agent of tuberculosis in animals used for production of food and accounts for a
relatively small proportion of human cases. Infection with these microorganisms is chronic and
the infected human host may remain entirely asymptomatic or may have mild to moderate illness
that does not come to medical attention for long periods. In a proportion of human or animal
hosts infected with these microorganisms, the infection may ultimately progress to severe
systemic illness. Pulmonary disease is the classical feature and ultimately the disease may
progress to death of the host if untreated. The classical pathological feature of the disease in
humans is the caseating granuloma. This is an organized aggregation of macrophages

surrounding an area of caseous necrosis (Food Safety Authority of Ireland (FSAI, 2008).

2.2 Microbiology

The genus Mycobacterium comprises more than 80 species. Many species of mycobacteria occur
in the environment and are rarely associated with disease in humans or animals. A number of
species of mycobacteria are important pathogens of animals or humans. Human tuberculosis is
chiefly associated with infection with the species M. tuberculosis, although M. africanum is also
important in some regions. Tuberculosis in bovines and many other animal species is primarily
associated with infection with M. bovis.M. tuberculosis, M. bovis and M. africanum together
with M. microti (associated with infection of rodents) form a very closely related phylogenetic
group and may be referred to collectively as the M. tuberculosis complex (MTBC). Human
infection with members of the MTBC produces an indistinguishable clinical picture and the
individual species cannot be distinguished from each other based on microscopic examination of
stained tissues or other clinical specimens. Determination of which species is responsible for

infection in a particular case normally requires culture of the microorganism in the laboratory.



Culture of the infecting microorganism remains the gold standard for diagnosis of infection with
the MTBC; however, the process may take weeks, as the microorganisms grow slowly in vitro
(OIE, 2009).

2.3. Taxonomy

Mycobacterium belongs to the Kingdom of Bacteria; Phylum of Actinobacteria; Order of
Actinomycetals; Family of Mycobacteriaceae (Seifert, 1996; Quinn et al., 2004). They are
grouped in the suprageneric rank of actinomycetes that, usually, have a high content (61 — 71%)
of guanine plus cytosine (G+C) in the genomic deoxyribonucleic acid (DNA), and a high lipid
content in the wall, probably the highest among all bacteria (Palomino et al., 2007). The
Mycobacteria comprise more than 80 species, within the complex of related and poorly studied
organisms (Rainy et al., 1995). Most of them live and replicate freely in natural ecosystems and
seldom, if ever, cause disease. Only a few Mycobacteria become successful pathogen of higher
vertebrates, preferentially inhabiting the intracellular environment of mononuclear phagocytes.
The host-dependent Mycobacteria that cannot replicate in the environment are M. leprae, M.
lepraemurium, M. aviumsubsp.paratuberclosis, and the members of the M. tuberculosis complex
(Palomino et al., 2007).

Mycobacterium comprised within the M. tuberculosis complex and generically called the
tubercle bacilli, the various etiologic agent of tuberculosis have distinct hosts, zoonotic potential
and reservoirs (Vincent et al., 1992; Palomino et al., 2007). The M. tuberculosis complex which
includes M. tuberculosis, M. bovis, M. bovis BCG, M. africanum, M. microti, M. canetti, M.
bovis subsp. caprae and M. pinnipedii (Tauroet al., 1996; Haddad et al., 2004). M tuberculosis,
and the regional variants or subtypes M. africanum and M. canettii are primarily pathogenic in
humans (Palomino et al., 2007). M. bovis and M. microti are the causative agents of TB in
animals, and can be transmitted to humans. Some particular strains isolated from goats and seals
have been named M. caprae and M. pinnipedi, although sometimes they are identified as M.
bovis subspecies or variants. It could be expected that the major evolutive shifts involved in
adaption to different hosts would have entailed significant microbiological differentiation
(Niemann et al., 2000; Mostowy et al., 2005).



Mycobacteria not identified as tuberculosis or leprosy complex, have been addressed by a variety
of nomenclature including; ‘atypical Mycobacteria’, ‘Mycobacteria other than tubercle’ bacilli
(MOTT), ‘environmental Mycobacteria’ or ‘non-tuberculous Mycobacteria’ (NTM) (Wolinsky,
1979). Mycobacterium species other than the MTBC that cause TB like diseases in man and
animals are commonly called ‘atypical mycobacterium’ (Quinn et al.,, 2004). Atypical
mycobacterium are not pathogenic to man and animals except in certain situation such as direct
inoculation into wound or introduction in to immune compromised hosts due to immune
suppressive therapy or due to HIV infection (Thoen et al., 2006); however, they are important

during diagnosis as they sensitize man /animals to tuberculin test (Carter and Chengappa, 1991).

2.4. Morphology and Staining

Mycobacteria are thin rods of varying length (0.2-0.6 by 1.0-10.0um) and sometimes branching
filamentous, non-motile, non-spore forming, aerobic and oxidative (Tauro et al., 1996; Quinn et
al., 2004).M. tuberculosis is straight or slightly curved rod, where as M. bovis is usually
straighter, stouter and shorter (Gupte, 2006). All Mycobacteria are acid fast and share a
characteristics cell wall, thicker than many other bacteria, which is hydrophobic, waxy and rich

in mycolic acid/mycolates (Palomino et al., 2007).

The Mycobacteria surface lipids also have a potent biologic activity and are thought to play a
crucial role in pathogenesis (Glickman and Jacobs, 2001). As all Mycobacterium species, M.
bovis has an unusual cell wall surface structure characterized by the dominant presence of
mycolic acids and a wide array of lipids (60%) (Sherma and Adalakha, 1996).This waxy lipid
envelope confers an extreme hydrophobicity, resistance to injury, including that of many
antibiotics, and distinctive immunological properties which renders the bacteria acid- and
alcohol-fast and also a feature that can be exploited to identify Mycobacteria via the Ziehl-
Neelsen staining technique. It probably also contributes to the slow growth rate of some species

by restricting the uptake of nutrient (Sherma and Adalakha, 1996; Palomino et al., 2007).

Mycobacteria do not have an additional membrane in the outer layers of the cell wall that is
found in Gram-negative bacteria. They are structurally more closely related to Gram-positive

bacteria. However, Mycobacteria do not fit into the Gram-positive category as the molecules
6



attached to the cell wall are distinctively lipids rather than proteins or polysaccharides (Palomino
et al., 2007). Usually the Ziehl-Neelsen technique of staining is employed for identification of
acid-fast bacteria including Mycobacteria. Moreover, Mycobacteria can also be stained with
fluorescent dyes like auramine rhodamine (Bibelstein and Hirsh, 1999).

2.5. Growth and Cultural Characteristics

Unlike M. leprae and M. lepraemurium, bacteria within the M. tuberculosis complex are able to
reproduce in vitro, the formers are uncultivable and require the intracellular milieu for survival
and propagation (Palomino et al., 2007). According to WHO (1998), tubercle bacilli can be
cultivated on many different media like egg-based media, agar-based media and liquid media
but, the only media which allow abundant growth of tubercle bacilli are egg-enriched media
containing glycerol/pyruvate and asparagines, and agar or liquid medium supplemented with
serum or bovine albumin. M. bovis is a slow growing, facultative intracellular, aerobic and gram-
positive bacterium with a dysgonic colony shape when cultured on Léwenstein-Jensen medium
(Kubica et al., 2006). M. bovis can be identified on the basis of specific biochemical and
metabolic properties. E.g., M. bovis requires pyruvate as a growth supplement, is negative for
niacin accumulation and nitrate reduction, shows microaerophilic growth on Lebek medium and
is generally resistant to pyrazinamide. In contrast, M. tuberculosis does not require pyruvate as a
growth supplement, is positive for niacin accumulation and nitrate reduction, shows aerophilic
growth on Lebek medium, and is usually not mono-resistant to pyrazinamide (Cole, 2002;
Kubica et al., 2006).

In addition, tubercle bacilli may also be grown on chick embryos and in tissue culture (Gupte,
2006). To date, the most frequently used media for isolation of M. bovis are Lowenstein- Jensen
(LJ) and Ogawa- medium (both containing eggs phosphate, magnesium) and the former contains

asparagines (Seifert, 1996).

In the laboratory, an atmosphere of 5 to 10% carbon dioxide favors culture growth, at least
during the early stage of incubation. On the other hand, M. bovis is microaerophilic, i.e. it grows
preferentially at a reduced oxygen tension. M. tuberculosis is mesophile and neutrophile as its

multiplication is restricted to conditions offered by warm-blooded animals: about 37°C and a
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neutral PH. The temperature and hydrogen ion concentration ranges, in which the bacillus is able
to multiply, are relatively narrow (Palomino et al., 2007). All the members of the Mycobacteria
complex are slow growers (Seifert, 1996). Therefore, the inoculated media may have to be
incubated at 37°C up to 8 to 12 weeks (Quinn et al., 2004).

2.6. Evolution of Mycobacterium Tuberculosis Complex

Mycobacteria are likely to represent a very ancient genus of bacteria. Probably, the
mycobacterium genus originates from a common ancestor whose offspring specialized in the
process of colonizing very different ecological niches (Palomino et al., 2007). The evolutionary
relationships between organisms of the genus Mycobacterium have been investigated on the
basis of the analysis of derived similarities (“shared derived traits”, synapomorphies). The
discovery in 1993 of the polymorphic nature of the Direct Repeat (DR) locus, and the subsequent
development of the spoligotyping method based on DR locus variability, introduced more
modern concepts and tools for M. tuberculosis complex genotyping (Groenen et al., 1993;
Palomino et al., 2007).

Genetic systems have developed to demonstrate the complete genetic blueprint of M.
tuberculosis and M. bovis which in turn provides major insight in to evolutionary relationship
and virulence factor (Brosch et al., 2002; Garnier et al., 2003). Even though M. tuberculosis
complex shows host specificity, they are 99.9% similar in regard of their DNA, with identical
16S rRNA sequences (Brosch et al., 2002).

The genome of Mycobacteria has a high GC (GC 61% ~ 71%) content, and its polymorphism is
very limited compared to its genome size (4.4 Mb). But some regions are highly polymorphic,
either by a variation in number and /or position or by a variation in primary structure (Haddad et
al., 2004). Strikingly, the genome sequence of M. bovis is greater than 99.95% identical to that of
M. tuberculosis, but deletion of genetic information has led to a reduced genome size (Garnier et
al., 2003). Moreover, M. bovis does not have any new genetic material when compared with
genome of M. tuberculosis. Thus, the genome difference between M. tuberculosis and M. bovis
is attributed to DNA deletion in M. bovis and hence deletion more than 2000 single nucleotide

polymorphism have been found (Thoen and Barletta, 2006).
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Different genomic analysis indicated that M. canettii is a potential ancestral species of M.
tuberculosis complex (Brosch et al., 2002; Palomino et al., 2007). Successive DNA deletion
from Ancestral species resulted in creation of other members of M. tuberculosis complex
including M. africanum, M. microti and M. bovis. Moreover, M. bovis BCG experienced further
deletion during in vitro adaption, and the loss of region RD1 has been implicated as the

mechanism of virulence attenuation (Fig. 1) (Brosch et al., 2002).
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Figurel: Evolutionary scheme of the members of the M. tuberculosis complex, Brosh et al. (2002)

2.7. Transmission

Infection of the mammary gland may occur and may occasionally result in tuberculous mastitis
leading to contamination of milk within the mammary gland. Shedding of M. bovis in oral/
respiratory secretions and in feces may occur earlier in the course of infection and before a

clinical diagnosis of tuberculosis is suspected. Expressed milk may become contaminated with
9



M. bovis from feces or secretions. In the past, the principal route of human infection with M.
bovis in the general population is via ingestion of raw cow’s milk contaminated with M. bovis,
rather than by inhalation (OIE, 2009).

oy — oy
[

Figure 2: Cycle of M. bovis transmission between cattle and humans. The thickness of arrows
suggests level of probability.Source: Anaelom et al. (2010).

There are two principal concerns with respect to the potential transfer of M. bovis via milk.(OIE,
2009).Through the consumption of unpasteurized milk on the farm represents a hazard in relation
to M. bovis and consumption of dairy products made from unpasteurized milk represents a
hazard in relation to M. bovis to a potentially wider population. The most common dairy product
made from unpasteurized milk is cheese. However, the effect of the cheese production process
on the viability of M. bovis is not well defined. Validated laboratory methods for the detection of
viable M. bovis in milk or dairy products are not routinely available. Therefore, there is no
practical way to assure that cheese made from unpasteurized milk can be considered “free of M.
bovis.

Bovine TB can be transmitted in several ways by direct contact, contact with the excreta of an
infected animal, or inhalation of aerosols, depending on the species involved thought the possible

routes of infection that include the respiratory, alimentary, congenital, cutaneous, venereal,

10



percutaneous routes and via the teat canal with different degree of importance between species
(Menzies and Neill, 2000; Phillips et al, 2003).

2.8. Pathogenesis and Immunology

Tubercle bacilli gain entrance to the animal body through respiratory, alimentary, genital,
cutaneous and genital routes. The first two are being the most commonly observed routes of
infection resulting in pulmonary and extra-pulmonary form of the disease, respectively. After
infection the bacteria may localize in tissue related to the route of infection and associated lymph
nodes (Menzies and Neill, 2000).

Mycobacterial infection triggers a Thl-induced cell mediated immune response (CMI) which
leads to release of cytokines of such as tumor necrosis factor-a, Interleukin-12 (IL-12) and
interferon gamma (IFN-y). This pathway is essential to activate macrophages (Orme and cooper,
1999). Depending on the balance of cytokines involved, three outcomes are possible: 1)
macrophages kill and eliminate the bacteria, 2) the bacteria lies dormant (latency), 3) the bacteria
cannot be contained by the immune system and the disease develops to active TB (Welsh et al.,
2005).

Containment of the bacteria results in the formation of nonvascular nodular granulomas known
as “tubercles”. Lesions show typically a centre of caseous with some degree of calcification
surrounded by a cell wall of epitheloid cells, lymphocytes and neutrophils (Doherty et al., 1996).
Unlike in man, these primary lesions are rarely contained by the immune system in cattle and
bacilli spread by lymphatic and hematogenous routes, resulting in tubercles in other organs (Neill
etal., 1994).

The initial CMI response is followed later in time by a humoral antibody response, which is
caused by a shift of Thl to Th2 cell activation (Dlugovitzky et al., 2000). A state of anergy may
occur in advanced stage of the disease and a CMI response is no more detected. Initial
pathological changes are associated with the onset of CMI response (Cosivi et al., 1998). CMI

response can be affected by the animal’s nutritional state (e.g. deficiency in energy, protein and
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micro nutrients), by stress or concurrent diseases, which lead to a reduction of the host resistance
(Pollock and Neill, 2002).

2.9. Virulence Factor

The Mycobacteria are intra-cellular organism in which the ability to produce diseases in animals
depends on their virulence factor, appear to be related to the ability to survive and multiply
within microphages (Palomino et al., 2007). The mechanism for such survival is multi factorial
phenomenon, requiring the participation and cumulative effect of several components, and may

vary from species to species (Thoen and Chiodin, 1993).

Virulence appears to reside in the lipids of the wall. Mycosides, phospholipids and sulpholipids
are thought to protect the tubercle bacilli against phagocytosis. Glycolipids cause granulomatous
response and enhance the survival of phagocytosed Mycobacteria. Wax D and various tuberculo
protiens induce a delayed hypersensitivity reaction detected in the tuberculin test (Quinn et al.,
2004). According to Palomino et al. (2007) the distinctive characteristics of the virulent bacilli
have been attributed to the trehalose 6, 6’-dimycolate. This compound, also known as cord
factor, was described as an extractable glycolipid consisting of two mycolic acid molecules
loosely bound in the outer layer of the cell wall. A myriad of biological activities related to
pathogenicity, toxicity and protection against the host response have been attributed to this
molecule. However, it does not seem to be essential for bacterial multiplication in vitro (Indrigo
etal., 2002).

2.10. Source of Infection

2.10.1. Cattle

Infected cattle are the main source of infection for other cattle. Organisms are excreted in the
exhaled air, in sputum, feces (from both intestinal lesions and swallowed sputum from
pulmonary lesions), milk, urine, vaginal and uterine discharges, and discharges from open
peripheral lymph nodes. Animals with gross lesions that communicate with airways, skin, or

intestinal lumen are obvious disseminators of infection. Cattle in the early stages of the disease,

12



before any lesions are visible, may also excrete viable mycobacteria in nasal and tracheal mucus.
In experimentally infected cattle excretion of the organism commences about 90 days after
infection (OIE, 2009).

2.10.2. Wildlife reservoirs

A large number of wildlife and feral species are naturally infected with M. bovis (FSAI, 2008).
While most wildlife and fera animals are unimportant as sources for infection to cattle, in some
areas of the world certain wildlife species appear to be a significant maintenance host and
disease of cattle reservoir for infection in cattle. This reservoir escapes traditional test and
slaughter control programs and results in regions where the disease remains endemic in cattle
herds (FSAI, 2008).

In areas of south-west England and the Republic of Ireland infected badgers (Meles meles) are
significant in the epidemiology of the disease in cattle and infection of cattle is believed to be
from badger urine contamination of pastures (FSAI, 2008). Badgers have also been found to
make nocturnal visits to farm buildings and cattle troughs to feed during which they defecate and

urinate directly onto the cattle feed (Radostits et al., 2006).

In New Zealand infection occurs in the brush-tail possum (Trichosurusvulpecula) and produces
lesions in peripheral lymph nodes with discharging sinuses. Much of New Zealand’s residual
problem with bovine tuberculosis is in cattle running on the pasture-bush margin where there is
ample opportunity for cattle-possum contact. Infection to cattle is believed to occur when curious
cattle sniff moribund possums.(OIE, 2009).Mule deer (Odocoileus hemionus),white tailed deer
(0. virginianus), elk (Cervuselaphus canadensis) and bison (Bison bison) in North America and
red deer in Great Britain and Ireland can all act as maintenance hosts and in some regions spread
infection to cattle through comingling or sharing of winter feed resulting in foci of herd
infections. Buffaloes (Synceruscaffer) in SouthAfrica (FSAI,2008).and water buffaloes

(Bulbalisbtilbalis) in Australia can also act as maintenance hosts in these countries (OIE, 2009).
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2.11. Zoonotic Importance

2.11.1. Natural history of tuberculosis in animals

The natural history of zoonotic tuberculosis has been best studied in cattle, although the
progression and outcome of infections are probably similar in most species of animal used for
food production in the world. As with human infection, access of M.bovis to the tissues is
followed by an initial macrophage response that is not, however, sufficient to prevent
proliferation of the microorganism. Dissemination of the mycobacterium to local and regional
lymph nodes may be followed in rare cases by blood borne spread to other organs. In animals
with clinical manifestations of tuberculosis, the respiratory tract and draining lymph nodes are
the principal foci of disease. Clinical manifestations and pathological lesions may also be
observed in other organs (liver, spleen, kidney, mammary gland and bone marrow) and their

associated lymph nodes, particularly in advanced disease (FSAI, 2008).

The route of infection in most animals is via the respiratory tract. Less commonly, M. bovis may
also gain entry via the pharynx or gastro intestinal tract. The principal source of infection is
shedding of M. bovis by infected animals. M. bovis is excreted intermittently throughout all
stages of the disease and in particular during its advanced stages, when pulmonary lesions
discharge M. bovis into the bronchi and the upper respiratory tract in considerable numbers.
Exhalation of the bacillus follows. Likewise, after infective sputum is swallowed, M. bovis is
excreted in the feces and, with some reduction in numbers, persists in the excreta and in the

contaminated slurry and environment for 330 days and longer (OIE, 2009).

In animals, as in humans, pre-clinical infection may be recognized by use of the tuberculin test.
This test is based on detection of the specific immunological response to MTBC infection. The
test involves intradermal injection of protein antigens derived from M. bovis (purified protein
derivative, PPD) and inspection three days later for evidence of a local inflammatory reaction at
the site of injection. In cattle, PPD is administered in parallel with administration at an adjacent
site of protein derived from another species of mycobacterium that is commonly present in the
environment (viz. M.avium). In cattle, interpretation of the tuberculin test is based on

measurement of any alteration in skin fold thickness at the site of administration of M. bovis PPD
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and at the site of administration of the comparator antigen, three days after administration of
PPD (Radostits et al., 2006).

Comparison of any increase in the skin fold thickness at the M. bovis PPD site with that at the
site of administration of the M. avium antigen, relative to the initial measurements, is the basis of
interpretation. A positive reaction is indicative of infection with M. bovis. Animals with a
positive tuberculin test are referred to as “reactors”. The tuberculin test is valuable in the control
of zoonotic tuberculosis because early recognition of preclinical infection in animals intended for
food production and early removal of infected animals from the herd eliminates a future source

of infection for other animals and for humans (OIE, 2009).

2.11.2. Zoonotic importance of bovine tuberculosis

Approximately 85 per cent of cattle and 82 per cent of human populations in Africa live in areas

where BTB is either partly controlled or not controlled at all (Cosivis et al., 1998).

The current increasing incidence of tuberculosis in humans, particularly in immune compromised
humans, has given a renewed interest in the zoonotic importance of M. bovis, especially in
developing countries and the ease and frequency of the spread of tuberculosis from animals to

humans in an uncontrolled environment makes this important zoonosis (OIE, 2009).

M. bovis can be responsible for 10 to 15% of human tuberculosis with higher rates in children in
some areas. Infection in humans occurs largely through consumption of infected raw milk and
raw milk products by children but spread can also occur by inhalation. Transmission to humans
can be significantly reduced by pasteurization of milk but only complete eradication of the
disease can protect the farmer and his family Transmission from cattle to humans in developed
countries is an unlikely event now a days but still occurs and resurgence of the disease in
association with wildlife reservoirs has resulted in a spillover into human populations. The
widespread occurrence of tuberculosis in exotic animals maintained in captivity adds to the

public health importance of these infections (Radostits et al., 2006).
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2.12. Bovine Tuberculosis in Ethiopia

In Ethiopia, tuberculosis and leprosy have been recognized as major public health problems
since the 1950s. Tuberculosis is the most frequent cause of hospital admission (9.4% of all cases
according to the report of (Sisay et al, 2013) admitted to hospital) and the leading cause of
hospital deaths. In the year 2005, the HIV prevalence among adult TB patients has been
determined to be 11% (Sisay et al., 2013).

The individual animal prevalence (7.3%) reported by (Sisay et al., 2013), and (Omer et al., 2001)
who recorded 11%, 14.2% and in central Ethiopia, southern Ethiopia, respectively. Asseged et
al., (2000) reported a similar animal prevalence in and around Addis Ababa, the capital of
Ethiopia. As herd size increased, this report indicating that a corresponding increase in the
prevalence of bovine TB, 4.6%, 6.4% and 10.5% for small, medium and large herd size,
respectively (Asseged et al.,2000) also indicated that bovine TB is a disease of overcrowding.
Thus, when the number of animals in a herd increases, the transmission of the bacillus is
promoted. Animals with no grazing are at a higher risk of infection than those kept on free
grazing and mixed grazing. The closer the animals are packed together, the greater the chance of
transmitting the disease (Asseged et al., 2000). The prevalence of bovine TB is higher in
Holstein, Cross [HFxZebu] and Begait cattle than pure Zebu breed. Fewer reactor animals have
been recorded in the younger age groups (3.5%) and reactivity to the CIDT test increased with
age, up to six years of age adult (9.1%) (Sisay et al., 2013), after which it declined old (6.8%). It
is possible that the infection may not become established in young animals but, as they get older,
their chance of acquiring infection also increases, due to the increased time of exposure.
Infection of cattle with M. bovis constitutes a human health hazard as well as an animal welfare
problem. Furthermore, the economic implications in terms of trade restrictions and productivity
losses have direct and indirect implications for human health and the food supply (Awah-
Ndukum et al., 2012).

A study conducting by (Shitaye et al., 2007) using the comparative intradermal tuberculin test
(CIDT) showed that the prevalence of BTB in the central Ethiopia 2.7%. The disease is assumed
to be more prevalent in dairy cattle kept under intensive management system than in extensive

due to closer confinement, longer life spans and greater productivity stress (Shitaye et al., 2007).
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Comparable study has been reported by (Ashenafi et al., 2013) who described prevalence rates of
3.5% (18/514) in Assela and 3.8% (12/320) in Bodiji district.

3. MATERIALS AND METHODS

3.1. Description of the Study Area

The study was conducted in dairy farms of Adigrat town located 960 km away from Addis
Ababa located in the north east direction, 14° 16' N and 39° 29' E, altitude with a range of 2460-
2970 m above sea level. The minimum and maximum temperatures are 9.28°c and 21.91°C,
respectively. The area receives a bimodal rainfall of 400 mm minimum and 600 mm maximum
(CSA, 2010). The district share boundaries with Hawzien in the south, Enticho in the west,
Gulomahda in the north, and SaesiTsaedaemba in the East parts (Tyhra and Kwadwo, 2011). A
total population for this district of 122,827 of whom 58,398 were men and 64,429 were women,
live stock are main components as main factors for the livelihood of the community to undertake
agricultural activities and also as source of income. The livestock population of the district
includes 51,514 cattle, 60,040 sheep, 30,050 goats and 67,769 poultry (chickens) respectively
(CSA, 2010).

Figure 3: Map of Tigray region showing the selected District (Study site).
Source: Tyhra and Kwadwo, (2011).

17



3.2. Study Design

A cross-sectional study design was conducted from September 2014 to June 2015 to detect the
prevalence of bovine tuberculosis in selected peasant associations (PAs) of Adigrate district and
to identify potential risk factors associated with BTB and zoonotic importance. The study was
conducted in eight randomly selected PAs. CIDT test for the dairy cattles and questionnairy

survey to the dairy owners and their family members were administered.

3.3. Sampling Method

First the list of 20 peasant associations of the Adigrat district and their corresponding animal
(dairy cows) were obtained from the Ganta Afeshum Agrictural and rural development Bureau.
Out of 20 PAs , 40% of the PAs ( 8) were selected purposely based on their accessibility ( non-
probability ; purposive sampling ). There were about 3621 dairy cows in the eight selected PAs

of which around 10.6% (proportionalized) were included in this study.

3.4. Sample Size Determination

Previously there was no recorded data on the prevalence of tuberculosis in the study area.
Therefore, the average expected prevalence rate was assumed to be 50% for the areas within
95% level of Confidence (CL) at 5% desired level of absolute precision. Hence, the formula by

(Thrustfield, 2005) was used to calculate sample size (n).

n = 1.962 Pexpe (1-Pexpe)
d2

Where n= sample size, d= desire absolute precision (0.05), p exp= expected prevalence 50%, thus the

desired sample size for Pex = 0.5 is n = 384. These numbers of cattle’s were obtained

proportionally from all randomly selected farms.

3.5. Study Subjects

Selected proportionality out of 3621 dairy cows. A total of 384 dairy cattle of which 212 exotic

(Holstein) and 172 local breeds (zebu) dairy cows were considered in this study.
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3.6. Study Methodology

3.6.1. Comparative intradermal tuberculin test

Comparative intradermal tuberculin test (CIDT) was used mainly to differentiate between
animals infected with M. bovis and those sensitized to tuberculin due to exposure to other
mycobacterium or related genera. Two sites at the middle of the neck were shaved and cleaned
12 cm apart on the same side of the neck, the areas was examined for the presence of any gross
lesions. The skin fold thickness at the two sites were measured by caliper and recorded. Each
animal is then injected 0.1 ml (25,000 1U) avian PPD (Avituber, symbiotic corporation, France)
and 0.1 ml (25,000 1U) bovine PPD (Bovituber, symbiotic corporation, France) intradermal using
insulin syringe at the anterior and posterior parts respectively (OIE, 2010).

3.6.2. Operational definitions

The sites were examined and the skin thickness was measured 72hr. after injection. The
interpretation was made in the following ways: When the skin thickness was increased at both
sites the difference of increase at bovine (B) and increase at avian (A) site was considered. Thus,
when B-A is less than 2 mm, between 2 mm and 4 mm, or 4 mm and above, the animals were

considered as negative, doubtful, or positive, respectively (OIE, 2010).

The sampled animals were screened on their habitation and each individual study animal was
recorded with its breed, herd size from which animals were sampled (small: 2-5 animals,
medium: 6-10 animals and large herd size: above 10 animals), age group (young: [6 months-
3years], adult: (3-7 years], old: above 7 years) (Grange, 2001), management intensive and, semi-
intensive, and body condition (poor, medium and good). Body condition score for each cattle
was estimated according to the standard set by Nicholson and Butterworth (Delarua-Domenech,

2006). Accordingly animals were grouped as good, medium and poor.

3.6.3. Questionnaire survey

The structured questionnaire survey was prepared and administered to 120 households members

in Adigrat district that were engaged directly or indirectly in dairy farming activity. The owners
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of the farm and attendants of cattle were interviewed about their habit of raw milk consumption

and recent history of tuberculosis upon them or their family members.

3.6.4. Specimen collection of milk and processing

About 70 ml of the last few streams of milk from the 4 quarters of CIDT test positive cows were
collected into a setreile universal bottle aseptically. The samples were kept in a cool box and
transported to laboratory. The milk samples were centrifuged at 3000 rpm for 15 min and the
supernatant discarded. The sediments were suspended in 2ml of sterile physiological saline
solution and decontaminated with equal volume of sterilized 4% NaOH solution (Quinn et al.,
2002).

The suspension of the decontaminated milk sample was concentrated with HCI using phenol red
as indicator. Neutralization was achieved when the suspension color changed from purple to
yellow. The neutralized suspension from each sample was spread on 2 slants of Lowenstein-
Jensen (L-J) media (one enriched with sodium pyravate and other enriched with glycerol). The
cultures were incubated aerobically at 37°C for 8-12 weeks in appropriate positions with weekly

observation for growth colonies ( Ameni and Wudie , 2003 and Vestal, 1977).

3.7. Data Analysis

The data obtain from the questionnaire survey and CIDT were stored to Microsoft excel 2007
spread sheet and analyzed using a STATA Version 11.0.Multivariate logistic regression was
used to analyze the data and to identify the risk factors for (CIDT) test descriptive and analytic
statistics was computed and logistic regression and Chi-square test (y2) was employed to see the
association of risk factors with that of the disease; the degree of association was computed using
Odds ratio (OR) and 95% confidence interval (Cl). Curd Odd ratio (COR) and adjusted odd
ratio (AOR) was applied to indicate the degree of risk factor association with the disease

occurrence signified by 95% confidence intervals.
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4. RESULTS

A total of 384 cattle were tested for tuberculosis from the study districts and the results of the
comparative intradermal tuberculin test (CIDT) in cattle of the study districts revealed that
11.72% (45/384) were found CIDT positive. Moreover, herd level prevalence of the disease
indicated that out of the 68 herds examined 36.76% (25/68) were found to be positive as
indicated in the ( table 1) below

Table 1; Over all animal and herd level prevalence of BTB

Individual animal level prevalence Herd level prevalence

Number of animals Number of animal Number of herd tested Number of herd

tested positive (%) positive (% )
68 25(36.76)

384 45 (11.72)

The prevalence of BTB in exotic and local breeds were affected significantly (OR=3.09: 95%
Cl; 1.22-7.93) exotic breeds were more likely to be positive for CIDT at cut-off greater than or
equal to 4mm. Similarly, there was significant difference b/n intensive and semi-intensive
production system. Body condition score and the clinical signs of coughing were significant
associated with BTB. On the other hand, there were no significance differences of the prevalence

of BTB in different age category as shown (Table2)
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Table 2; Logistic regression analysis of CIDT positivity and risk factors (N=384)

Variable No of BTB reactors COR AOR(95%
animals (95% CI) )
Age young 137 18(13.14) 0.72
(0.35-1.50)
adults 199 21 (10.55) 0.95(0.44-2.09)
old 48 6(12.50)
Breed exotic 212 35(16.51) 3.20(1.54-6.68)  3.09* (1.22-
7.93)
local 172 10 (5.81) 0.31(0.15-0.65)
Body condition  poor 75 17 (22.67) 3.43 3.14*
score (0.19-0.89) (1.09-9.06)
medium 131 14(10.69) 1.40 (0.62-0.82) 1.52*
(1.36-2.10)
good 178 14 (7.87) 0.29(0.14-0.63)
Management intensive 320 31 (8.07) 2.61 2.64* (1.01-
system (1.30-5.25) 6.92)
Semi- 64 14 (3.65)
intensive
Herd size small 133 23 (17.29) 4.27 3.06*
(1.56-11.64) (1.74-4.61)
medium 107 5(4.67)
large 144 17 (11.8) 2.73 3.29*
(0.97-7.65) (1.54-6.25)
Sign of absent 358 19(5.31)
coughing
present 26 26 (100) 56.62 (22.63- 56.42*
141.71) (19.54-
136.31)

Note that; * means there is significance difference
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Table 3; Logistic regression analysis of CIDT positivity and P-value (N=384)

variable No of BTB reactors COR
0,
animals (95% C1) p-value
old 48 6(12.50) 1
age young 137 18(13.14) 0.72
(0.35-1.50) 0.757
adults 199 21 (10.55) 0.95(0.44-2.09)
breed local 172 10 (5.81) 1
exotic 212 35(16.51) 3.20(1.54-6.68)
0.001*
Body condition good 178 14 (7.87) 1
score
poor 75 17 (22.67) 3.43
(0.19-0.89) 0.003*
medium 131 14(10.69) 1.40 (0.62-0.82)
Management Semi- 64 14 (21.88) 1 0.006*
system intensive
intensive 320 31 (9.69) 2.61
(1.30-5.25)
Herd size medium 107 5(4.67) 1
small 133 23 (17.29) 4.27
(1.56-11.64) 0.010*
large 144 17 (11.8) 2.73
(0.97-7.65)
Sign of coughing | absent 358 19(5.31) 1
present | 26 26 (100) 56.62 (22.63- | 0-000%
141.71)

Logistic regression Model was developed

Log(mij/1- mij) =pO+ BLX1j+ B2X2j
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Goodness —of-fit test was applied Hosmers —Lemeshow was use .

4.1. Receiver Operating Characteristic (ROC) Curve

The CIDT test performance was shown graphically by plotting ROC curve , which compares the
true-positive rate or sensitivity on the vertical axis with the false-positive rate (1-specificity) on
the horizontal axis , the area under the curve is 0.8787 this means 87.87% accuracy of test(figure
4)

Figure 4 .the sensitivity and specificity under ROC curve
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4.2. Milk Culture of Mycobacteria

Out of 45 positive animal’s milk sample were collected from 23 actively lactating cows, only
13.04% (3/23) were positive for mycobacterial growth (Table3).
Table 4: The result of milk sample culture from positive actively lactating cows

Sample type Total culture in Growth positive Total culture in Growth positive
L-J media L-J media
containing containing
glycerol pyruvate

Milk sample 23 0 (0) 23 3 (13.04%)

4.3. The Questionnaire Survey

A total 0f120 households were interviewed of these 19.17% (23/120) responded that BTB has
zoonotic importance, and 17.5% (21/120) of the respondent’s knew the means of transmission
from cattle to human beings is through the consumption of raw milk according to the response
indicated in (Table 4).

Table 5: Knowledge of BTB and its transmission to humans

Statement Number of Respondents  who
interviewed knew( %)

KnewBTB can affect animals 120 19( 15.83)

Knew BTB is zoonotic 120 23(19.17)

Knew about pasteurization of milk 120 0(0)

Knew close contact can facilitate BTB 120 3(2.5)

transmission
Knew raw milk consumption obtained from 120 21(17.5)

BTB infected cattle transmitted to human
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5. DISCUSSION

In the present study, the prevalence of bovine tuberculin positivity at animal and herd levels
werell.72% and 36.76% respectively. This finding was in agreement with the findings of
(Ameni and Erkihun, 2007), (Ameni et al., 2001) and (Omer et al., 2001), who recorded animal
level prevalence of 11%, 14.2% and 14.5%, in central Ethiopia, southern Ethiopia and Eritrea,
respectively. But in contrary to the finfings of this (Akililu et al., 2014) and (Fikre et al., 2014)
who reported herd level prevalence of 11.4% and11.3% respectively this finding was higher. At
the same time, the current finding compared to the findings of (Gebremedhin et al.,2013)
and(Mohammed et al.,2012) who reported animal level prevalence of 6.6%and 7.1%
respectively the present finding is higher, this might be due to the sample size differnce by
Mahammed is lower and the due to ever expansion of intensification from time to time. The
present finding revealed that there is significance difference on the prevalence of BTB in exotic
and local breeds with higher prevalence in exotic breeds having the rate of 16.51% compared to
the local breeds having the prevalence of 5.81% (OR=3.09 at 95% CI; 1.22-7.93) which
indicated that exotic are two time more likely at risk to the of BTB than local breed. This might
be due to less resistant of exotic breeds for to bovine TB compared to indigenous breeds of cattle
(Kleeberg, 1984). This finding is not in agreement with (Mohammed et al., 2012) who reported
prevalence of 7.1% in exotic breeds and but agreed with of (Sisay et al., 2013) who recorded
prevalence of 11.55% in exotic breed compared to local breeds having the rate of 5.3%. In
contrary to this finding (Gebremedhin et al., 2013) who reported lower prevalence of BTB in
exotic cattle with the rate of 3.5% may be due to the differences of the study sites as he has
conducted his study in Western part of Tigray having few number of exotic breed since there are

high animal population of local breeds having good performance in his study site.

In the present study the herd prevalence at small, medium and large increase with the herd size,
that was herd at large farm were two times more at risk than medium herd size this work agrees
with (Asseged et al., 2000) as he reported a similar animal prevalence in and around Addis
Ababa, the capital of Ethiopia. In accordance with findings from other studies [Ameni et
al.,2002), as Ameni analysis indicates that, as herd size increased, there was a corresponding
increase in the prevalence of bovine TB; 4.6%, 6.4% and 10.5% for small, medium and large

herd size, respectively which is similar with that of (Fikre et al., 2014,Sisay et al.,2014). All the
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above study were agree with the present finding this agreement could be due to the similarity in
study subjects, herd size and breed types and production systems in the present as well as in the

aforementioned studies.

With regard to the rate of the disease in cattle managed under intensive and semi-intensive,
production system the current finding indicated that those raring under intensive were at high
risk with the prevalence of 8.07% than under semi-intensive having prevalence of 3.65% cattle
kept under high-intensity conditions showed significantly higher skin-test prevalence as
compared to cattle kept under extensive conditions. Intensification, stressed animals, and
overcrowding are all possible explanations for such relationship. The main routes of BTB
transmission are through aerosol as gross lesions usually involve the lungs and thoracic lymph
nodes (Radostits et al., 2006), and therefore BTB transmission benefits from overcrowded herds.
The current finding is in line with (Ayele et al., 2004) and (Elias et al., 2008). This could be due
to the fact that intensive farming system promotes close contact between animals, thereby
favoring the spread of the disease from one animal in to another animals.

This study revealed that the rate of the disease in poor, medium and good body condition animals
were 22.67%, 10.69% and 7.87% respectively which clealrt indicated that poor body condition
animals were highly affected with the disease compared to the medium and good body condition
animals. In agreement with the current finding (Mahmmed et al., 2012, Fikre et al., 2014 and
Akililu et al.,2014), also reported that poor body condition animals are highly susceptible
compared to medium and good body condition animals. Similarly, tuberculin reactivity was
significantly affected by the body condition of the animal cattle. This could be because the
tuberculin reaction is dependent on immune competence, which in turn may be associated with
the physical condition of the animal such that animals with better physical condition are immune
competent and thus give a better reaction to tuberculin. But animal with poor body condition
could be immune compromised and hence may not react to tuberculin although they might have
been infected by Mycobacterium(Cook et al., 1996).Similar to the observation of the present
study previous studies also reported higher prevalence in animals with poor body condition as
compared to those with good body condition scores (Cook et al., 1996, Kazwala et al., 2001and
Asseged et al., 2004).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.

27



The current finding on the distribution of the disease in different age category of cattle also
indicated that the rate was slightly higher in young animals followed by old and adult animals
with the prevalence of 13.14%, 12.50% and 10.55% respectively where there is no significance
difference among the age groups as only few number of old age animals were included in the
current study. But in contrary to the current result analysis for the effect of risk factors revealed
that the animal prevalence of BTB increased with age up to the age of 7 years, and was then

observed to decrease slightly (Mohammed et al., 2012).

The culture result of this finding on selective media important for Mycobacteria growth indicated
that out of the 23 Milk samples subjected to culture on L-J media containing pyruvate only 3
(13.04%) showed growth positive, where as in L-J with glycerol there were no growth. This
results indicated that L-J medium could be used for primary isolation, sensitivity testing,
identification and sub-culturing of the majority of Mycobacteria as reported by Maureen
(1981).This result has similarity with that of reported by Ameni et al. (2003) who finds
(13.3%) from milk samples collected from Canadian cattle, this similarity might be due to
sampling of milk from dairy reactors to CIDT in both studies , but ( Saad El-din et al.,2013)
reported low growth of 3(6%) and 1 (2%) milk samples from tuberculin positive and negative
reactors. But the present study is higher compared to the study conducted by (Akililu et al.,
2014 and Gad et al., 2000) who reported milk culture positivity of 9% and 9.3% respectively. At
the same time, the present milk sample culture positivity indicated that it is much lower
compared to the report of (Hamid et al., 2003) who recorded 28.07% and 25% culture positivity

from milk of tuberculin positive buffaloes and cows respectively.

The questionnaire survey had provided information regarding the knowledge and practices of
livestock keepers about zoonotic diseases in the study districts of Tigray region of Ethiopia. Like
in most African countries, in Ethiopia, illiteracy is yet another unsolved problem in most rural
communities particularly in the study districts. High number of respondents had, therefore, no
detailed and accurate knowledge about tuberculosis and its zoonotic importance as indicated in
this study 84.17% of the households who don’t known that BTB affected cattle. At the same
time, 80.83% of the households didn’t know BTB is zoonotic that can be transmitted by
consumption of raw milk obtained from BTB animals. The current assessment of the knolwdge

of the society on BTB is in agreement with the findings of (Mahmmed et al., 2012 ; Sisay et
28



al.,2013 ; Fikre et al.,2014 and Akililu et al.,2014) who reported that, 81.8% , 72.2% , 70% and
79.3% , respectively. Close physical contact b/n owner and cattle and the consumption of raw
milk products facilitate the transmission of BTB (WHO, 1993; Cosivi et al., 1998).

6. CONCLUSION AND RECOMMENDATIONS

This study using comparative intradermal tuberculine test and culture of milk suggests that BTB
in intensive dairy farms among different breeds, age, production systems and body condition of
animals in Adigrat district is very common which requires urgent intervention to control the
disease. Furthermore, the economic implications in terms of trade restrictions and productivity
losses have direct and indirect implications for human health and the food supply. The results of
this study revealed that the livestock owning community members from the study districts had
low knowledge of the cause, source of infection and the mode of transmission of tuberculosis

infection. Therefore the following points are recommended

% Boiling of milk before consumption should be practice by the society.

+ Animals should be tested and certified before introducing to new farm by the veterinary
clinician annual two times To comprehensively control BTB individual animal and herd
prevalence should be identified.

% Public sensitization on the means of transmission, its risk, and handling of tuberculin
reactor and risk of consumption raw milk should be created by the public health office
and the veterinarian of the district jointly.

% Disease animal movement restriction should be practiced by the regional bureau of

agriculture to prevent the spread of the disease to new farm.

K/
°e

Policy maker should be introduce test and slaughter policy for  Eradication of the

disease.
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8. ANNEXES

Annex 1: Questionnaire Survey

Questionnaire survey was used in the study of “detection of Bovine Tuberculosis in Dairy cattle
in Northern Ethiopia: Implications for the small holder Dairy farmers . This questionnaire have
three parts dealing with (A) general information about the farms and their owners, (B) possible

risk factors related to bovine tuberculosis, and (C) public health risks and awareness.

Survey performed by MekelleUniversity
Questionnaire number:

Date of interview: / /

Interview performed by:
Answering the questions is only depend on your good will and can be withdrawn at any time
during the interview. Please answer the questions in absolute number/text or mark the number of
the correctoption(s)

A. Questions about the farm and its owner

1. General information

a. Dairy farm name:
b. Name of the dairy farm owners (or animal attendant working in the farm not less than one
year):
c. Address: Region/city District/Subcity Kebelle

d. Age (years): |_|_|

B. Questions related to possible risk factors for bovine tuberculosis

2. Type of house/barn: |_|

1. Indoor 2. Outdoor

3. None, but fenced 4. Cattle share house with the owners

3. Sanitary condition of the barn/house based on odors, waste drainage, cleanness of floor and
animals, light source, and animal stocking: |__|

. Poor 2. Medium (satisfactory condition) 3. Excellent

. Ventilation status of the barn/house: | _|

. Poor 2. Medium (satisfactory ventilation) 3. Excellent

. The purpose of the Dairy farm: |__|
. To produce dairy products for home consumption only
. To produce dairy products for market only
. To produce dairy products for market and home consumption
. What is the total milk production on your farm per year? |_|__|_ | | | __|Liters/year
. What is the average milk production per cattle per year?
| ||| _|Liters/year
. To whom do you sell the milk (multiple options possible)?
. To individual consumers 1. Yes | | 2. No|_|
. To processing plant 1. Yes |__| 2. No |__|
. To intermediate cater 1. Yes|__|2. No|__|

WINPT NOWNDEF,OT PP
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4. To restaurants/cafeteria 1. Yes |__| 2. No|__|
5. Other, 1. Yes | _| 2. No |__|specify:
9. How do you get replacement stock (multiple options possible)? |__|
1. My own farm by Artificial Insemination
2
3
4
1

. Insemination by own bull

. Purchasing from different cattle sources
. Other, specify:
0. From what area have you purchased cattle during 2014-15 (specify farm and woreda)?

11. To what area have you sold cattle during 2014-15 (specify farm and woreda)?

12. What type of cattle do you sell from your farm (multiple options possible)?
1. Weak / poor body condition 1. Yes| | 2. No|_|

2. Diseased 1. Yes | | 2. No|_|

3. Low productive 1. Yes |__| 2. No |__|

4. High productive 1. Yes | | 2. No|_|

5. Other, Specify:

3
13. Are animals in your farm mixed with animals from other farms?
1.Yes| |2.No|_|

14. Have you in the last six months, had any animal in your herd with chronic cough/chronic
body wastage?1. Yes| | 2. No|_|

15. Have cattle been tuberculin/PPD tested before on your farm?

1.Yes| |2.No|_|

CIf yes, what happened with the cattle tested as positive (multiple options possible)? ||

1. It remained at the farm 1. Yes | | 2. No|_|

2. It was slaughtered 1. Yes | | 2. No|__|

3. Itwassold 1. Yes| |2.No|_|

C. Questions related to public health risk and awareness

16. Do members of your family/farm drink raw milk regularly (once per month or more)?
1.Yes| _|2.No|_|

17. Do you know that bovine tuberculosis is a cattle disease?

1.Yes| _|2.No|_|

18. Do you know that bovine tuberculosis can be transmitted to man through raw milk/milk
products consumption obtained from bovine tuberculosis infected cattle?

1.Yes| |2.No|_|

19. Do you know that bovine tuberculosis can be transmitted to man through raw meat
consumption obtained from bovine tuberculosis infected cattle?

1.Yes| _|2.No|_|

20. Have any of the people living/working on your farm had tuberculosis in the last two
years?

1.Yes|_|2.No|_|

UJ1f anyone has had tuberculosison your farm, did he/she drink raw milk/milk products?
1. Yes| |2.No|_|
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Annex-2: Body condition scoring and age determination

Body condition scorel: The individual spinous processes are sharp to touch and easily
distinguishable.

Bodyconditionscore2: spinous processes can be identified individually when touched but feel
round rather than sharp.

Bodyconditionscore3: spinous processes can only felt with very firm pressure and area of either
side of tail head have come fat cover.

Body condition score 4: Fat cover around tail head is easily seen as mounds, soft to touch, the
spinous process cannot be felt.

Body condition score 5. The bone structure of animal is no longer noticeable and the tail head is
almost completely buried in fatty tissue.

The body condition of animals was classified as poor medium and good.

Poor=body condition score land 2

Medium =body condition score 3

Good =body condition score 4and 5

Source: - Body condition scoring in cattle: Nicholson and Butterworth, (1986)
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Annex-3: Age determination based on dental level

Year characteristics changes

1.5 -2 Incisor | erupts

2 — 2.5 Incisor 1l erupts

3 Incisor 11 erupts

3.5 Incisor IV erupts

5 All incisors are wearing

6 Incisor | is level and has emerged from the gum

7 Incisor 11 is level and the neck is visible

8 Incisor 111 is level and the neck is visible and incisor IV may be level
9 Incisor IV is level and the neck is visible

10 The dental star is square in incisor |

15 The teeth that have not fallen are reduced to small round pegs.
Source: De- Lahunta and Hable, (1986)
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Annex 4: CIDT test FORMAT.

Name of Kebele: ............
I. | Owner | Ag | Breed | BC | Mgt | Herd | Sign Of A2 |B |A AB-AA | Resu
Syste | si hin 2 It
D|» e S my ize coughing A
name

Notice: BSC=body condition score, Al=avian before injection, A2=avian after injection, B1=bovine

before injection, B2=bovine after injection, AA=A2-A1, AB=B2-B1
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Annex 5: Result of PPD after 72hr negative ( A) and positive ( B)
A. Negative for BTB.
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