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ABSTRACT

Bovine tuberculosis (BTB) is a chronic disease characterized by progressive development of
granulomatous lesions or tubercles in lung tissue, lymph nodes and or other organs. BTB is caused by
Mycobacterium bovis (M. bovis) and has economic and public health significance. The available data
indicated that BTB is endemic to Ethiopia with high prevalence in dairy farms although additional
studies are required to establish the national prevalence and its zoonotic role in different areas of the
country including East Shewa. Thus, the objective of this study wasto investigate the epidemiology of
BTB and its zoonotic transmission to humans in East Shewa, Central Ethiopia. Furthermore, the
causative agents of TB in cattle and human were isolated and characterized using molecular tools. The
study was conducted on 501 beef cattle, 1038 dairy catlle, 1896 cattle slaughtered at Adama and
Bishoftu Abattoirs and 392 in contact humans. A cross-sectional study design, single intrademal
cervical comparative tuberculin tests (SICCTT), mycobacteriological cultures, Ziel-Neelsen staining,
and spoligotyping were used for undertaking this study. In addition, the SITVIT2 database and the
online “Run TB-Lineage” database were used to identify the spoligotype international type (SIT)
numbers and lineages or sub-lineages respectively. The herd prevalences of BTB in dairy cattle in
Adama were 7.3% (95% Cl: 4.29 - 11.98) and 5.8 %( 95% ClI: 3.05-9.95) at > 2mm cut-off and > 4nmm
cut-off points, respectively. While the individual animal prevalence were 2.1% (95% Cl: 1.35 — 3.22)
and 1.6% (Cl: 0.9-2.6) at > 2mm cut-off and > 4mm cut-0ff points, respectively. Furthermore, the
individual animal prevalence of BTB in the feedloat at Adama were 9.58 % at > 2 mm cut-off and 4.39%
at>4mm cutoff while, the TB like lesion based prevalence was 4.2% (80/1896) at Adama and Bishoftu
Slaughter houses. Culture positivity was confirmed in 24.75% (25/101 tissues) of the 80 cattle with
suspicious lesions. Zoonotic transmission was observed by the isolation of M. bovisin 1.13 % ( 1/88)
possible culture positive sputum samples while the remaining 99% were idenified as Mycobacterium
tuberculosis (MTB). Further identification of the MTB at the strain level showed that 20 shared types
consisting of 67 isolates and 21 orphan types consisting of 21 isolates. In conclusion, the prevalence of
BTB were low both in dairy and beef farms in East shewa. Moreover, the lesion prevalence was low in
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cattle slaughtered at Adama and Bishoftu abattoirs. Cosequently, the isolation of M.bovisfrom in
contact humans was also low in the area while a significant number of MTB was isolated from lesions
of cattle. Thus, in general, these findings warrant for launching of practically applicable control

strategy before the magnitude of TB due to M. bovis both in cattle and humans.
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1. INTRODUCTION

Mycobacterium bovis (M. bovis) is the causative agent of bovine tuberculosis (BTB) and
belongs to the Mycobacterium tuberculosis complex (MTC) of bacterial strains (Smith et al.,
2006; Wirth et al., 2008). The MTC is a group of genetically very closely related pathogens,
which can cause tuberculosis (TB) disease with similar pathology in a variety of mammalian
species (Smith et al., 2006). The most prominent member of the MTC is Mycobacterium
tuberculosis (MTB), the principle causative agent of TB in humans, causing each year more
than 1.5 million deaths and having experienced a recent re-emergence through the advent of
extended forms and the appearance of multi drug resistant strains (Young et al., 2008). Other
members of MTC are M .tuberculosis, M. bovis, M. africanum, M. canettii, M. microti, M.

caprae- M. orygis, M. suricattae, and lastly recognized M. mungi (Alexander et al., 2010).

BTB is a chronic, generally respiratory disease, which is clinically difficult to diagnose
although emaciation, loss of appetite, chronic cough and other signs of pneumonia could be
symptoms developing at relatively late stages of the infection in cattle (Ayele et al., 2004).
Especially in developing countries, clinical forms of many other chronic, emaciating diseases,
like African trypanosomiasis, chronic contagious bovine pleuro-pneumonia (CBPP) or chronic
multiparasitism, are difficult to be distinguished from BTB. BTB pathology is characterized by
the formation of granulomatous lesions, which can within the course of the disease regress or
exhibit extensive necrosis, calcify or liquefy and subsequently lead to cavity formation
(Cassidy, 2006).

During meat inspection, procedures on cattle carcasses in slaughter houses, TB lesions are
primarily found in the upper and lower respiratory tract and associated lymph nodes (Cassidy,
2006). However, the bacteria canalso develop a systemic infection, disseminate within its host
and affect other organs (Coetzer, 2004). M. bovis is a slow growing, facultative intracellular,
aerobic and gram-positive bacterium with a dysgonic colony shape when cultured on
Lowenstein-Jensen (LJ) medium (Kubica et al., 2006). As all Mycobacterium spp., M. bovis
has an unusual cell wall surface structure characterized by the dominant presence of mycolic
acids and awide array of lipids (Glickman and Jacobs, 2001). This waxy lipid envelope confers

an extreme hydrophobicity, which renders the bacteria acid- and alcohol-fast, a feature that can



be exploited to identify mycobacteria via the Ziehl-Neelsen staining technique (Staingart et al.,
2006).

The mycobacterial surface lipids also have a potent biologic activity and are thought to play a
crucial role in pathogenesis (Glickman and Jacobes, 2001). M. bovis can be identified based on
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 (Kubica et al., 2006 and
Cole, 2002). In contrast, MTB 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 (Kubica etal., 2006 ; Cole, 2002).

M. bovis isolates are resistant to pyrazinamide because the organism does not produce the
enzyme pyrazinamidase, which is needed to convert pyrazinamide into pyrazinic acid, the
active form of the antimicrobial agent (Barouni et al.2004). This resistance is one of the basic
features, which can be used to distinguish isolates of M. bovis (universally resistant to
pyrazinamide) from M. tuberculosis (commonly susceptible).

Although still present in some industrialized countries, BTB today mostly affects developing
countries lacking the resources to apply expensive test and slaughter schemes. In Africa, BTB
IS present virtually on the whole continent; however, little accurate information on its
distribution and prevalence is available. Identification of M. bovis by cultureand molecular
techniques is important for definitive diagnosis. The MTC is a genetically related group of
mycobacterial species that can cause TB in humans or other living things. MTC comprises of
MTB, M. bovis, M. africanum, M. canettii, M. microti, M. orygis, M. caprae, M. pinnipedii, M.
suricattae and recently recognized M. mungi (Alexander et al., 2010).

The existence of BTB in Ethiopia first reported in 1960s based on detection of tuberculous
lesions in cattle at slaughterhouse (Haile-Mariam, 1975).Until very recently, that much of the
information regarding the status of BTB in different regions of Ethiopia emanates from
recording of lesions at abattoirs and skin test result in different part of the country.Since then
pathological findings including BTB lesions, have compiled from major abattoirs and reports
sent monthly and annually to the meat inspection and quarantine division of the Ministry of
Agriculture.

Zoonotic TB is an important public health concern worldwide, especially in developing
countries, because of deficiencies in preventive and/or control measures (Etter et al., 2006). In

developed countries, the disease has almost been eradicated after the implementation of
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preventive and control measures such as testing, culling or pasteurization of milk. Since BTB
remains a worldwide problem, it is imperative to intensify control and preventive measures
aimed at its eradication. The incidence of M. bovis in humans probably remains
underestimated, as a distinction between the mycobacterial species, i.e. M. bovis and MTB, is
not systematically performed. Since the real incidence of M. bovis in human health is still
unknown, it is essential to advance the eradication of BTB worldwide by means of adequate
programmes, especially in developing countries (Grange, 2001).

TB in human caused by MTB and M. bovis is indistinguishable clinically, radiologically and
pathologically (Wedlock et al., 2002). Humans often acquire infections through inhalation of
aerosols or consumption of contaminated milk and possibly meat. The World Health
Organization’s (WHO) “END-TB” goal is to eliminate all forms of human TB as a public
health problem by 2035. However, the contribution of zoonotic TB to human TB is poorly
described, particularly in sub-Saharan Africa, where a combination of endemic bovine BTB
evolving human-animal interfaces (e.g. expanding dairy production and increasing global
animal-based protein consumption).

Moreover, the disease causes significant animal health-induced economic loss, and its impacts
include reduction in productivity, movement restrictions, screening costs, culling of affected
animals, and trade restrictions (OIE, 2016).

Different molecular markers and techniques have been discovered and developed in the past
that allow the unambiguous identification and differentiation of Mycobacterium species and
the members of the MTC (Boddinghaus et al., 1990; Durr et al., 2000).

1.1 The Rationale of the study

East Shewa Zone is one of the zones known for its dairy and beef cattle production. Particularly,
beef production is widely practiced in the Zone. In addition, there are several butchers in the
area and these butchers have been engaged in selling predominantly of raw meat to the
consumers including people who travel to Sodere Resort from the different regions of Ethiopia.
There are around 100 butchers, 97 feedlot farms and around 500 dairy farms in the Adama
Town alone. Moreover, there is high mobility of human and animal populations in the area.
Thus, these entire situations could creat favourable environment for the transmission of
mycobacteria within the cattle population, and their zoonotic transmission between the cattle

and the human populations. However, inspite of such favourable conditions, few has been
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conducted on the epidemiology of BTB and its zoonotic transmission in contact human in the
area. Hence, this study was undertaken to investigate the epidemiology of BTB and its zoonotic
transmission to human contacts in the East Shewa Zone. Furthermore, the identification of
mycobacteria was undertaken at the species and strain levels. Consequently the scientific
evidences obtained from this study would help to improve the existing of TB prevention and

control in Ethiopia.

1.2 Objectives of the study:

General:
To investigate the epidemiology of TB in cattle and humans in East Shewa, Central Ethiopia

using conventional and molecular tools

Specific:

» To estimate the prevalence of BTB and assess risk factors in beef feedlot and dairy
cattle at Adama and surrounding towns of central Ethiopia

» To estimate the prevalence of BTB and assess possible risk factors related to

individual and herd in cattle slaughtered at Adama and Bishoftu abattoirs in East Shewa,

central Ethiopia

» To investigate the strais circulating between cattle and in contact human East Shewa

» To isolate and characterize the species and strains of MTC species isolated from cattle

and humans in East Shewa



2. LITERATURE REVIEW
2.1 Mycobacteria

Mycobacterium (M) is acid fast, aerobic, non-motile, capsulated and non-spore forming
bacteria. Its taxonomic classification is as presented in Table. The genus name,
Mycobacterium, is originally proposed in 1896 by Lehmann and Neumann (ITIS, 2017). At
present, Mycobacterium consists of 170 different species (Forbes, 2017). Robert Koch
discovered the major causative agent of TB, MTB in 1882 which was called Koch’s bacilli
(Taylor et al., 2003). Through time it is known that TB is caused by agroup of genetically very

similar bacteria called MTC.

Table 1: Mycobacterial Taxonomy

Kingdom: Bacteria
Subkingdom: Posibacteria
Phylum: Actinobacteria
Subclass: Actinobacteridae
Order: Actinomycetales
Sub-order: Corynebacterineae
Family Mycobacteriaceae
Genus: Mycobacterium

(ITIS, 2017)

2.2 - Mycobacterium tuberculosis-complex (MTC)

The mycobacteria grouped in the MTC are characterized by 99.9% similarity at the nucleotide
level and identical 16S rRNA sequences but differ widely in terms of their host tropisms,
phenotypes, and pathogenicity, suggesting that they all derived from a common ancestor
(Béddinghaus et al., 1990; Sreevatsan et al., 1997; Brosch et al., 2002). MTC species, namely,

MTB, M. africanum, M. microti, M.canetti, and M. bovis, can be categorized according to a



restricted number of laboratory phenotypes and genetic markers but, importantly, differ in
physiological characteristics, virulence and host range (Mostowy et al., 2005).

Though it has been conventionally established that MTB and M. africanum are isolated from
humans, M. microti from voles, and M. bovis predominantly from cattle, reports of MTC
organisms in a variety of other domesticated and wildlife hosts pose a challenge to this
classification scheme (Mostowy et al., 2005). M. microti causes TB mainly in small rodent-
like voles, but until now, its importance for TB in humans has remained unclear (Niemann et
al., 2000). The M. Canetti can cause TB in humans, but so far only a few M. canetti strains
have been isolated and its epidemiological contribution to TB in humans is uncertain (Van-
Soolingen etal., 1997).

The two subgroups of M. africanum have been described as subtype I and Il. Numerical
analyses of their biochemical characteristics revealed that M. africanum subtype I is more
closely related to M. bovis, whereas subtype 1l more closely resembles MTB (Niemann et al.,
2002; Djelouadji et al., 2008). Thus, M. africanum is an intermediate species between M.
tuberculosis and M. bovis (Johnson et al., 2008). The host range of M. bovis is considered to
be the broadest of the complex, causing disease across a variety of animals. Other member of
MTC is the M. caprae that isolated from goats (Aranaz et al., 1999; Aranaz et al., 2003). The
M. pinnipedii is also species in the MTC, based on host preference, phenotypic and genotypic
characteristics. M. pinnipedii has been isolated mainly from sea lions and seals (Cousins et al.,
2003). Alexander et al. (2010) reported M. mungi as new member of MTC causing disease

outbreak in banded mongooses in Botswana (Figure 1).



M canedv and cther
axiant smcoih htercie bacdl

;—_:}

>
-

PORING

anyf 129 GeA

| seeamcscicac |

RERRRE((

ThD1 deleteds

P &1, 05 Bejng
() . . 2, 0.5 CDCABH
e 7. 3. 0.5 HITRY

-“Al

P M. sfvzanvo nttipe (3} stineege |
LLL RO }

, RO~ \m1-—’ M. mungi (mongooss bacillus)
(RO ™ . Dt b itz

I e Oyt bacils

O™ P 4 k00 (v DAL |

A DR e M. pievifpoalV {500l baCHLS)

NG

[Apyz~]

_RO1

M caprae [gost bocthus)

| R4

[Rp= T

R

noe BCG
“m‘ Fawwr

P . 1, ThD1 toct="mnoesral’ M. Loousis

madem” M. lubercinsis

T — M. atncanum sublype 1 (L) (Wesl-Alican—1 Lineage)

M. atncanm subtype 1(a)
(West-Alncan=2 Linsage)

NENESEENERERRENNENANRNERNREN WARN |/ africanum ST181

{NRONERORONRCD000D0000000000000000CCONNORERE M. mung!

HERENRORCNREREOONRROO000CO00000000ONNRDONNEN Dassie bacillus 68/7171
REROCO00ONEER00OO000000ONENEERERERCOunonsen Oryx bacillus ST587

DoNOnoRoooRONoNoNCONNooRNonononoCCONRCDnnD M. microti ST539

DDUUUDGDDUCD:UU[IUDUDDDDIIIIII Ill.ll[IJ:]CD M. pinnipedii STE37

M. caprae ST647

IIUIIIIIDII-IIEIIIIUIIIIIIIIIIIII-II[IIUDD M. bovis BCG ST482
NECERENEONENNEEONNNNNNRRENENRNNNENERNENC0000 M. bovis ST481

Figurel. Schematic of the phylogenetic relationships among MTC a newly discovered M.

mungi.
A) Schematic of the phylogenetic

relationships among MTC species,

including newly

discovered M. mungi, based on the presence or absence of regions of difference (gray boxes)

as well as specific single-nucleotide polymorphisms (white boxes), modified from (Gordon et

al., 2009).

B) Spoligotype of M. mungi compared with representative spoligotypes from other M.

tuberculosis complex species (Alexander etal., 2010).



2.2.1. Mycobacterium bovis

Mycobacterium bovis can infect and cause BTB in all bovid animals including cattle and
buffalo (O'Reilly and Daborn, 1995; Ayele et al., 2004; Radunz, 2006). This highly-adapted
and ‘successful’ pathogen has a world-wide distribution and its host range is considered to be
the broadest and complex, causing disease across a variety of animals species (Pollock and
Neill, 2002; Mathews et al., 2006; Carslake et al., 2011). M. caprae can also affect other
domestic and wild animals as well as humans (Amanfu, 2006). Other members of the MTC
group such as MTB, M. africanum and M. canetti are predominantly human pathogens (Bezos
et al., 2012).

A phylogeny of the MTC has recently shown that the animal-adapted strains are found in a
single lineage marked by the deletion of chromosomal region (RD9) (Brosch et al., 2002). The
classical M. bovis showed the greatest number of RD deletions and seem to have undergone
the greatest loss of Deoxyribonuecleotid acid relative to other members of the MTC. These
lacked regions are RD4, RD5, RD6, RD7, RD8, RD9, RD10, RD12, and RD13 (Brosch et al.,
2002) and it is thought that M. bovis, is the most recent member of this lineage (Smith et al.,
2004) (Figure2).
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Figure 2: Evolutionary scheme of the members of the MTC (Brosch et al., 2002).
Prvious molecular studies based on deletion analysis of specific chromosomal regions and

absence of specific spacers in standard spoligotype patterns revealed that certain M. bovis
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strains occur in high frequency in cattle population of specific regions. They are characterized
as clonal complex of M. bovis and epidemiologically dominant and geographically localized in
the occurring regions. Some of such clonal complexes of M. bovis that have been identified are
African 1 (Afl) clonal complex (Muller et al., 2009), African 2 (Af2) clonal complex (Berg et
al., 2011), European 1 (Eul) clonal complex (Smith et al., 2011) and European 2 (Eu2) clonal
complex (Rodriguez-Campos etal., 2012).

2.3. Epidemiology of human tuberculosis

2.3.1 Global epidemiology

TB is an ancient disease, which still create human health problem. In 2016, it was among the
leading cause of human death worldwide, which stands ninth. Globally there were about 10.4
million incident cases of TB in 2016 of which 45% cases were in South East Asia regions, 25%
cases were in Africa region, 17% cases were in Western Pacific region, 7% cases were in East
Mediterranean region, 3% cases in European region and 3% cases were in Americas region
(WHO, 2017). It is estimated that one-fourth of the world’s population (~1.9 billion human
being) are infected with the disease-causing agent (Houben and Dodd, 2016).

The five countries that stood out as having the largest number of incident cases in 2016 were
(in descending order) India, Indonesia, China, the Philippines and Pakistan (figure 3), which
together accounted for 56% of the global total. Of these, China, India and Indonesia alone
accounted for 45% of global cases in 2016. Nigeria and South Africa each accounted for 4%
of the global total (WHO, 2017).



Figure 3: Estimated TB incidence in 2016 for countries with at least 100 000 incident cases

The 30 high TB burden countries accounts for 87% of global TB incidence and global deaths
associated with TB in 2016. Of the global deaths related to TB, Africa accounts for 32% of
deaths due to TB without HIV co-infection and 86% of deaths due to TB with HIV co-infection
(WHO, 2017). Among the 30 high TB burden countries 16 countries are in the continent of
Africa. The incidence of TB cases in these 16 countries was ranging from 11,000 TB cases in
Namibia to 438,000 TB cases in South Africa in 2016. Ethiopia is the fourth in TB burden
countries in the Africa continent with 182,000 new TB cases in 2016. Ethiopia is fifth in multi-
drug resistant TB (MDR-TB) burden from countries in the Africa continent and 17" from
countries in the world with 5,800 new MDR-TB cases in 2016 (WHO, 2017).

2.3.2 Epidemiology of TB in Ethiopia

TB in Ethiopia has been recognized as public health concern before 1960s and TB control effort
began in 1960s through establishing TB centers and sanatorium (FMOH, 2008). TB in Ethiopia
is recognized as the third cause of hospital admission and the second cause of deaths (FMOH,
2008). Since the mid-1990s Direct Observed Treatment Short-course (DOTS) has been
recommended by WHO. DOTS have been started in Ethiopia in 1992 as a pilot (FMOH, 2008)
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and since then Ethiopia has been implementing DOTS. TB incidence per 100,000 population
in Ethiopia has been declined from 260 TB cases in 1997 to 177 TB cases in 2016 (WHO,
2017). The prevalence of MDR-TB in Ethiopia has been increasing from 1.6 to 2.3% in new
TB cases and 11.8 to 17.6% in re-treatment TB cases from 2005 to 2014 and 17.6% of all TB
patients were co-infected with HIV (EPHI and FMOH, 2015).

There were about 30,000 deaths due to TB with and without HIV in 2016 (WHO, 2017). In
2015, atotal of 135,831 TB cases were notified of which bacteriologically confirmed TB cases
were 35.1%, clinically diagnosed TB cases were 32.4%, EPTB cases were 29.8% and re-
treatment TB cases were 2.7% (FMOH, 2015). TB case notification per 100,000 populations
in 2015 varied from region to region. The highest TB case notification was reported in Dire
Dawa about 400 TB cases per 100,000 populations and the lowest TB case notification was
reported in Somalia less than 100 TB cases per 100,000 populations (FMOH, 2015).

2.3.2 Mycobacterium tuberculosis infection in animals

MTB considered primarily a human pathogen. Apart from humans, MTB infection has been
reported in awide range of domestic or wildlife animal species, most frequently living in close,
prolonged contact with humans: e.g., in captive settings (Sternberg et al., 2002; Sulieman and
Hamid, 2002; Alfonso et al., 2004). Among domestic animals, infection with MTB has been
most frequently identified in cattle (Thoen et al., 1981). According to published data, the
prevalence of MTB infection in cattle herds did not exceed 1% in the majority of studies (Pavlik
etal., 2003). However, a few exceptions, like Algeria and Sudan (Sulieman and Hamid, 2002)
and Ethiopia (Berg et al., 2009; Ameni et al, 2011 and 2013) weredescribed as a most probable

consequence of the high prevalence of human TB in these three African countries.

The risk of spillover of MTB from humans to animals is considered high where tuberculosis in
humans continues to be of great public health concern. MTB does not appear to have an
indigenous animal host or reservoir and the animals that become infected represent most
probably accidental hosts (Thoen and Steele, 1995). Humans suffering from active TB are
strongly believed to represent the main source of MTB in animals, including cattle. This was
demonstrated in an 11-year study on MTB cases in the National Zoological Gardens of South

Africa, which indicated that visitors to animals more frequently transmitted the disease than
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between animals (Michel et al., 2003). Reinforcing the above idea, pathological changes in
cattle do not appear to support disease transmission, since MTB infection usually does not
progress beyond the development of small granulomas in several different lymph nodes
(Cousin etal., 2004).

The number of documented cases of MTB in cattle appears to have increased in recent years
(Cadmus et al., 2006; Berg et al., 2009; Chen et al., 2009) which may be due to improved
diagnosis by molecular tools and/or an actual increase in transmission from humans to cattle
in these countries. At the same time many developing countries have intensified their livestock
production to meet the growing demand for food security, which has led to a higher risk of
transmission for both MTB as well as M. bovis at the human-livestock interface (Michel et al.,
2010). Apart from molecular confirmation of numerous cases of human-to-human and some
cases of animal-to-animal transmission of MTB (Alexander et al., 2002; Zolnir-Dovc et al.,
2003) molecular tools has been used rarely for molecular confirmation of transmission of
mycobacteria between humans and animals. The isolation of MTB from cattle and subsequent
molecular typing adds more knowledge to previous scientific questions related to the role of
humans as a source of infection for cattle. Alternatively, hypothesis like the possible existence
of cattle adapted MTB strains and their subsequent role for cattle-to cattle and cattle-to-human

transmission could similarly be investigated.

2.4 Epideiology of bovine tuberculosis

2.4.1. Maintenance, reservoir and spill-over host of Mycobacterium bovis

Domestic and non-domestic animals may be considered either as maintenance (or reservoir)
hosts or as non-maintenance (or spillover) hosts for BTB. Maintenance hosts are those that can
maintain infection in an area in the absence of cross transmission from other species of
domestic or wild animals (Haydon et al., 2002). Maintenance hosts are critical in disease
epidemiology and control because without intervention, disease will persist indefinitely.
Hence, the most efficient disease control efforts are aimed at maintenance hosts (Palmer et al.,
2012). In contrast, spillover hosts become infected with M. bovis but the infection only occurs

sporadically or persists within these populations if a true maintenance host is present in the
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ecosystem (Haydon et al., 2002). Spillover hosts are usually ‘dead-end’ hosts, in which the
incidence and pathology of the disease indicates that they play no significant role in
transmission. Spillover hosts may also be ‘amplifier’ hosts if they act as incidental sources of
BTB for livestock or other species and wildlife can be source of transmission back to domestic
animals (spillback) (de Lisle etal., 2001). Both, maintenance and spillover hosts may act as a

disease vector (Corner, 2006).

Domestic cattle are considered the true natural hosts of the bacterium and the principal reservoir
of infection for other animals and man. Amongst domestic animals, captive (farmed) deer and,
occasionally, goats can act as maintenance hosts of M. bovis (Cousins, 2001). Amongst free-
living mammals, the brushtail possum and the ferret in New Zealand, the Cape buffalo in parts
of South Africa, Kafue lechwe antelope and other bovide in Africa, the North American bison
in parts of Canada and the white-tailed deer in Michigan , United State of American (USA),
are also considered maintenance hosts of M. bovis (de Lisle et al., 2001). Species reported to
be spillover hosts include sheep, goats, horses, pigs, dogs, cats, ferrets, camels, llamas, many
species of wild ruminants including deer and elk; elephants, rhinoceroses, foxes, coyotes, mink,
primates, opossums, otters, seals, sea lions, hares, raccoons, bears, warthogs, large cats and
several species of rodents (de Lisle et al., 2002).

BTB is particularly rare in horses and sheep, which should be considered true dead-end hosts,
the rest should be treated as potential amplifier hosts of M. bovis, which means that, if infected,
these species may act as a source of infection for other animals and man. Infected humans can
also act as amplifier hosts of BTB, representing a potential source of M. bovis for animal and
human contacts (Smith et al., 2006a). Within maintenance community framework, BTB
epidemiology may be represented as a dynamic multi-host system with three main
‘compartments’, namely wildlife, livestock and humans (Figure 4). BTB infections may be
maintained  (independently or not) within livestock populations and within  wildlife
populations, whereas human infections result from pathogen spillover from animals (Biet et

al., 2005), and very rarely from human-to-human transmission (Michel et al., 2010).

Factors associated with BTB spillover from livestock to wildlife (Munyeme etal., 2009) should
also influence BTB spillback from wildlife to livestock. The main risk factors are thus linked
with: (i) the type of interface (fence, herding practices) and the distribution of resources (water
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and grazing), which directly influence contact patterns between livestock and wildlife (Berg et
al., 2009) the environmental conditions, which directly influence the persistence of BTB in the
environment. In this wildlife—livestock—human interfaces husbandry practices (housing,
mixing cattle with small ruminants), food preferences (consumption of raw milk) and overall
health and hygienic conditions are identified as the main BTB risks of transmission between
livestock and humans (De Garine-Wichatitsky et al., 2013). The complex and dynamic
interactions involving domestic animals, wildlife, and humans create environments favorable

for the transmission of infectious diseases across different species.

Environmental conditions Type of interface (fenced/unfenced,
(survival of bTB, water holes, grazing, etc.) permanent/seasonal, etc.)
Production system (dairy,
Density of wildlife ~. : ‘ communal, etc.)
; ; |
Diversity of wildlife , Spiiback § ——— Cattle trade/import
) ~ Nomadic/sedentary
Connectivity/migration - Spillover
R Existence/efficiency of
: s bTB control
Existence/efficiency of
bTB control

Human behaviour
(occupation, food habits, hunting, etc.)

Figure 4: Interspecific transmission of BTB at wildlife—livestock—human interfaces (De
Garine-Wichatitsky et al., 2013).

2.4.2 Transmission of Mycobacterium bovis in animals
In theory, transmission can be either direct, through close contact, or indirect from exposure to

viable bacteria in a contaminated environment. Age, environment and local farming practices
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are likely to influence the routes by which cattle become infected. Infection via the alimentary
(ingestion) route would not be unexpected in young calves ingesting milk from tuberculous
dams. Direct transmission via the respiratory route is also supported by natural cattle behavior,
especially with high stocking density and substantial cattle movement (Skuce et al., 2011). The
respiratory and the alimentary routes are the main transmission pathways of BTB. Less
described modes of disease transmission are vertical and genital transmission Percutaneous
transmission was described in kudu and large predators resulting in granulomatous skin or
muscle infections (Renwick etal., 2007).

In cattle as well as in other animal hosts, the route of transmission of M. bovis can be deduced
by the pattern of lesions observed in slaughtered animals. Animals with lesions restricted to
the thoracic cavity are presumed to have been infected by the inhalation of aerosols, while those
with lesions in mesenteric lymph nodes are thought to have acquired the infection by ingestion
(Pollock and Neill, 2002). The nature and extent of tuberculous lesions vary with the route of
exposure and the anatomical location of the lesions, which can subsequently, affects how M.
bovis is excreted from the infected host (Gavier-Widen et al., 2001).

In field cases of cattle, lesions are mainly found in the upper and lower respiratory tract and
associated lymph nodes. Thus, it is considered that the inhalation of M. bovis is the most
probable route of infection stated that the inhalation of one single M. bovisbacillus in an aerosol
droplet would be enough to infect an animal., Dean, etal., (2005) found experimentally that 1
colony forming unit (cfu) (6-10 bacilli) could induce tuberculosis immuno-pathology. This is
supported by i) experimental studies that has shown that low numbers of bacilli are needed to
experimentally infect animals via the respiratory tract, as compared to the large doses needed
to infect animals via the digestive route (Menzies and Neill, 2000) and ii) the high frequency
of tuberculosis lesions found in the respiratory tract and associated lymph nodes in cattle
Johnson et al., (2007).

Ingestion of contaminated products (e.g. carcasses/prey, pastures and water) is considered as a
secondary way to spread the disease in cattl (Menzies and Neill, 2000), however it is an
important pathway in wildlife (Renwick et al., 2007). Survival of M. bovis in the environment
is usually considered short, especially if environmental conditions are dry and sunny, as

desiccation and ultra violat (UV) light kill them. However experimental studies conducted in
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New Zealand, South Africa, Great Britain, Ireland and the USA have demonstrated that M.

bovis can persist in environment substrate for varying amounts of time (Fetene et al., 2011).

Although it is still one of the most important questions in BTB epidemiology, the exact nature
and mechanism for transmission of infection, between and within herd, remains largely
unanswered (Skuce et al., 2011). Hence, determining the relative contribution of each of these
transmission routes for within herd and between herd spread across different herd husbandry

and management system will be helpful in diseases prevention and control program.

2.4.3. Husbandry system as transmission risk factors within and between herds

Husbandry practices in Ethiopia are divided into three categories, namely, extensive, intensive
and smallholder production systems. The extensive system is traditional and the most popular
husbandry practice as integrated extensive husbandry system (more in the highland areas) and
as pastoral production systems (in the lowland areas) of the country, and is the main source of
milk and meat but receives very little attention from veterinary services. The extensive farming
system is practiced mostly in rural areas where animals share grazing land and watering points.
The intensive systems are usually dairy and beef farms which are located in peri-urban areas
and are intended for milk and beef production(Shitaye et al., 2007). These distinct husbandry
system have different impact on the prevalence and route of infection and hence on the

distribution and severity of the diseases.

In extensive animal husbandry system where animal movement from one area to another and
feeding of animals on open grazing pasture are common practices, possibility of contamination
of grazing fields by the infective bacilli is the most likely condition and results in transmission
of M. bovis infection through oral route (Kassa, 2014). In addition, in pastoral area in particular,
In Ethiopia, several prevalence studies have been performed recently that show prevalence vary
depending on the geographical areas, breeds and husbandry practices (Gumi et al., 2012).
Transmission of BTB seems to be higher (50%) (Ameni et al., 2008) in intensive peri-urban
settings as compared to (0.8%) reported in extensive rural and pastoral areas (Tschopp et al.,
2010). This could be attributed, on one hand, to the introduction of exotic breeds as opposed to
local Zebu which are relatively less resistant to diseases and on the other hand to husbandry

practices which are confined indoors, where close contact between animals and lack of
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ventilation increase chances of disease transmission (Kiros, 1998). Study by Ameni et al.,
(2006) on cattle husbandry in Ethiopia as predominant factor affecting the pathology of BTB
and gamma interferon responses to mycobacterial antigens indicated that cattle husbandry and
cattle density are the dominant factors influencing disease severity and the distribution of the
lesions.

In addition, this scenario can be more aggravated during a severe dry season, when drought
takes place for a longer time in particular, so as animals will get enough time to be in contact

with others, which favors the transmission of the infection (Shitaye et al., 2007).

Unlike other determinant of diseases, the effect of management practice is not mutually
exclusive from other risk factors. Therefore, a more detailed investigation in the components
of farming systems could help to refine our understanding on diseases maintenance and

transmission with and across herd of different management system.

2.4.4 Bovine tuberculosis worldwide

BTB negatively affects animal welfare and productivity worldwide with significant economic
losses in some countries (Pollock and Neill, 2002). Infected cattle are important sources of
infection for healthy cattle, but wildlife reservoirs of infection have also been reported in many
regions (Wedlock et al., 2002; Philips et al., 2003; Kaneene and Pfeiffer, 2006; Thoen et al.,
2009), thereby complicating the epidemiological picture. BTB is an FAO-OIE "List B" disease
because of its important socio-economic and public health impact (OIE, 2008). Bovine TB is
also a serious zoonosis transmitted to humans through the consumption of contaminated raw
or poorly cooked animal products (e.g.: fresh milk and meat), inhalation of aerosols from
infected animals and contamination of breaks in the skin (CFSPH, 2009; Ayele et al., 2004;
Kaneene and Pfeiffer, 2006).

Strict control / eradication programmes have eliminated or nearly eliminated BTB from
domesticated animals in many industrialized countries (Citron, 1988; Gilbert et al., 2005;
Abernethy et al., 2006; Good, 2006; Goodchild and Clifton-Hadley, 2006; Pavlik, 2006a;
CFSPH, 2009). However, endemic areas and infected herds still continue to be reported in
some industrialized countries (Good 2006; Goodchild and Clifton-Hadley, 2006) because of
the presence of BTB in wildlife species (e.g. wild white-tailed deer in the United States of

America, badgers in the U.K. and Ireland, and brush-tailed opossums in New Zealand) which
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share the same environment as cattle (O'Reilly and Daborn, 1995; Bruning-Fann et al., 2001,
Good, 2006; Mathews et al., 2006; Delahay et al., 2007). Increasing rate or persistence of BTB
has also been linked to husbandry trends of increasing herd sizes and changes in cattle
genotypes (Goodchild and Clifton-Hadley, 2006).

2.4.5 Bovine tuberculosis in Sub-Saharan Africa

According to the World Animal Health Information databases, collating reports of member
states regarding outbreaks of transboundary animal diseases to (1996-2011) the majority of
African countries (38/54) reported BTB in livestock (Figure 5). However, of all nations in
Africa, only seven apply disease control measures as part of a test-and-slaughter policy and
consider BTB a notifiable disease (Fgure 6). The remaining nations have control the disease
inadequately or not at all. Almost 15% of the cattle populations are found in countries where
BTB is notifiable and a test-and-slaughter policy is required. Approximately 85% of the cattle
and 82% of the human population of Africa are in areas where BTB is either partly controlled

or not controlled atall (Cosivi et al., 1998).
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Figure 5: Distribution map of bovine tuberculosis in Africa during 1996—2011 (large grey lines

indicate the African subregions as referred to in the text: West, Central, East and Southern
Africa) (De Garine-Wichatitsky et al., 2013)

Figure 6. Control measures for bovine tuberculosis based on test-and-slaughter

policy and disease notification, Africa (FAO/OIE/WHO Animal Health Yearbook
1993).
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Though BTB represents a potential health hazard for both animal and human populations in
most developing countries, M. bovis infection remains largely uninvestigated in Africa. Its
epidemiology and public health significance remains largely unknown due to several
factors including the high cost of testing programme, social unrest due to political
instability, ethnic wars resulting in displacement of large numbers of people and animals,
and a lack of veterinary expertise and communication networks (Michel et al., 2010; Thoen
et al., 2010).

M. bovis was isolated in numerous African countries and there seem to be an endemic state of
BTB in some of these nations (Rigouts et al., 1996) of Burundi and (Sulieman and Hamid,
2002) of Sudan isolated M. bovis in 38%, 13% and 39.9% of abattoir lesions respectively.
(Vekemans et al., 1999) of Bobo Dioulasso, (Schelling et al., 2000) of Chad, (Bonsu et al.,
2000) of Ghana, (Omer et al., 2001) of Eritrea, (Oloya et al., 2007) of Uganda found higher
prevalence 13%, 17%, 13.8%, 14.5% and 6% positive reactors respectively to skin test.
However, (Jiwa etal., 1997) of Tanzania and (Cleaveland et al., 2007) of Sudan, reported lower
prevalence in cattle. In Ethiopia, of the 1,869 about 8.5% of tuberculin sensitive cows (12 of a
sample of 141) (Elias etal., 2008) and of 1171 animals, about 13.3% (4 of 30) (Regassa et al.,
2010) secreted acid-fast bacteria in their milk. Similarly, two (0.2%) of 805 milk samples
secreted the bacilli in the Southern Highlands of Tanzania (Kazwala et al., 1998). Both M.
bovis and MTB have also been found in milk samples in Nigeria (Idrisu and Schnurrenberger,
1977) and Egypt (Nafeh et al., 1992).

The WHO reported in1998 that 3.1% of TB in humans worldwide is attributable to M. bovis
and that 0.4-10% of sputum isolates from patients in African countries could be M. bovis
(Michel et al., 2010). Zoonotic TB is now acquiring increasing recognition in developing
countries, including Ethiopia, as animals and humans share the same environment (Kassa,
2014). This has also prompted researchers to evaluate its impact on human health. In Uganda,
(Oloya et al., 2008) found a prevalence rate of 7% M. bovis in humans suffering from cervical
lymphadenitis in the Karamoja region, while study conducted in Tanzania in 2001 on human
patients with cases of lymphadenitis reported that 16% of the cases were due to M.
bovis(Kazwala et al., 1998). In Democratic Republic of Congo, M. bovis was isolated from
gastric secretions in two of five patients with pulmonary TB (Mposhy et al., 1983). Isolation
of M. bovis from sputum samples of patients with pulmonary TB has also been reported from

Nigeria in which 3.9% of MTC isolates were M. bovis(Mawak et al., 2006). In a more recent
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study in Ethiopia, (Gumi et al., 2012) and (Kassa, 2014) showed a link in the transmission of
TB.

2.4.6 Bovine tuberculosis in livestock population of Ethiopia

BTB has been frequently reported in Ethiopia from small-scale studies. Prevalence varies
depending on the geographical areas, the breeds and the husbandry practices. Yet large areas
in the country remain un-investigated and as data is lacking across the different geographical
areas, breed and host species, husbandry practices and wildlife reservoir, it is not ease to make

association with these risk factors.

Different authors reported ranges of prevalence rate in Ethiopia based on abattoir based study.
For instance Regassa et al., (2010) reported 1.1% prevalence at Hawassa;, Woyessa et al.,
(2014) reported 5.9% at Nekemte Municipality abattoir; Shitaye et al., (2006) reported 3.46%
in Addis Ababa; Teklul et al., (2004) reported 4.53% at Hossana; Ameni and Wudie,
(2003)repoted 5.16% from Adama Manicipaliy abattoir; Ameni et al., (2010) repoted 5% at
Kombolch meat processing plant, Southern Wollo; Regassa et al., (2010) reported 7.96%
at Wolaita Sodo; Demelash et al., (2009) reported 4.2% at five different abattoirs including
four Municipal (Addis Ababa, Adama, Hawassa and Yabello) and one export (Melge-Wondo)
abattoirs and Mamo et al., (2011) reported 5% prevalence of gross tuberculous lesion in camels
slaughtered at Dire Dawa abattoir in eastern Ethiopia. Hiko and Agga, (2011) reported 4.2%

abattoir prevalence of BTB in Mojo export abattoir base on gross lesions.

Prevalence in dairy farms with cross-breeds varying between 3.5% and 50% (Shitaye et
al., 2007; Demelash et al., 2009; Regassa et al., 2010). Skin test prevalence in traditionally
kept zebu cattle varies between 0.9-4% based on international used cut of value (Tschopp et
al., 2010). Kiros, (1998) found that in Eastern Shoa of central Ethiopia local breeds had much
lower prevalence rate 5.6% than exotic breeds (Holstein, 86.4%). Ameni et al., (2003) found
an individual animal prevalence of 7.9% using comparative intradermal tuberculin test (CIDT)
in Wuchale district of Central Ethiopia. Large scale study involving 5424 cattle carried out in
Central Ethiopia showed that the owverall prevalence in cattle was 13.5%, with higher
prevalence found in Holstein (22.2%) compared to local zebus (11.6%) (Ameni et al., 2007).
But prevalence in extensive farming system is generally low as it was reported by Tschopp et
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al., (2010) prevalence of BTB at human-livestock-wildlife interface in Hamer Woreda of
South-West Ethiopia was showed individual BTB prevalence in cattle was 0.8% with the >4
mm cut-off and 3.4% with the >2 mm cut-off.

BTB studies in Ethiopia so far did not address all the different geographical area, breed and
host species, husbandry practices and other area specific risk factors, which could be potential
future research area. In addition, despite the isolation of M. bovis from human sample and MTB
from animal tissue, there is no single study, which shows the direct transmission of M. bovis
and MTB from animal to human and visversa. Hence, addressing the transmission dynamics of
the diseases will be other future research area. Furthermore, no studies have so far been carried
out to identify strain circulating in wildlife species at the livestock-wildlife interface, and thus

the possible existence of a wildlife reservoir for the disease.

2.4.7 Human tuberculosis due to M. bovis

The MTC has been described to originate from a common ancestral progenitor that underwent
deletions of various genomic regions of difference (RD) (e.g. loss of RD9, RD4, RD1) (Brosch
et al., 2002; Smith et al., 2006a; Mdller et al., 2009a; Thoen et al., 2009). These bacteria
particularly M. bovis have since spread to all groups in the human and animal populations and
constitute major threats to human health as well as animal health and production (Tan et al.,
2003; Ayele et al., 2004; Thoen et al., 2009). Although TB is a leading cause of human deaths
due to asingle infectious agent in the world today the extent of human TB due to M. bovis is
not known but M. bovis seems to account for only a small percentage of the cases of TB
reported in humans (O'Reilly and Daborn, 1995; Tan et al., 2003; Thoen et al., 2009).

TB is of great economic importance in the animal industries (wild and domestic) worldwide,
especially in countries where little information is available on the incidence of M. bovis
infection in humans (Cosivi et al., 1998; Enarson, 2006; Pavlik, 2006a; Pavlik, 2006b; Thoen
et al., 2006; Zinsstag et al., 2006). However, M. bovis has been estimated to account for less
than 0.5%-7.2% of human TB in most industrialised countries and 10%-15% in most
developing countries (Cosivi et al., 1998; Ashford et al., 2001). Also, approximately 85% of
the cattle and 82% of the human populations of Africa live in areas where animal TB is either

partly controlled or not controlled at all (Ayele et al., 2004; Shitaye et al., 2006). Reliable
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information is not generally available on the incidence of human TB due to M. bovis in
developing countries since poor attention is given to the problem due to limited diagnostic
facilities. Indeed, zoonotic TB is neglected in most African countries and techniques for
differentiating between organisms are not widely accessible (Cosivi et al., 1998; Zinsstag et
al., 2006; Thoen and LoBue, 2007).

In countries where BTB is endemic and not controlled or partially controlled, human TB due
to M. bovis may occur resulting from ingesting contaminated milk and milk products, other
fresh animal products (ex: contaminated raw beef) and by inhaling cough spray from infected
cattle (Collins and Grange, 1987; Moda et al., 1996; Cosivi et al., 1998; Etter et al., 2006;
Thoen et al., 2006; Shitaye et al., 2007). Human infection by M. bovis is also clinically
indistinguishable from that caused by MTB (Cosivi et al., 1998; de la Rua-Domenech, 2006Db;
Thoen et al., 2009) and can lead to pulmonary and extrapulmonary TB. Cervical
lymphadenopathy, intestinal lesions, chronic skin TB (lupus wulgaris) and other
extrapulmonary forms are common in human due to M. bovis infection (Cosivi et al., 1998;
Kazwala et al., 2001a).

Progress in the global control of human TB has been challenged by several factors in
developing countries and within industrialized countries where the disease occurs (WHO,
2008; Thoen et al., 2009; WHO, 2009). These factors include population growth, close
association of TB with poverty, co-infection of TB and HIV/AIDS epidemic, deficiencies in
control measures and migratory movements (Corbett et al., 2003; Corbett et al., 2006; Thoen
et al., 2006; WHO, 2008; Thoen et al., 2009; WHO, 2009). However, other situations also
become significant when the human TB is due to M. bovis and BTB is endemic in the region.
Zoonotic TB can occur as a result of occupational or accidental hazard among cattle farmers,
handlers of fresh cattle products, veterinarians and migrants from countries where BTB is
endemic (O'Reilly and Daborn, 1995; Ameni et al., 2003; Ayele et al., 2004, Etter et al., 2006;
Shitaye et al., 2007; Regassa et al., 2008). M. bovis infected cattle professionals may also be
source of infection to cattle (Cosivi et al., 1998; Ayele et al., 2004) as well as other persons
they come in contact with (Ocepek et al., 2005; Evans et al., 2007; Thoen et al., 2009;
Etchechoury et al., 2010).
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Certain studies have reported the isolation of M. bovis from humans suffering from pulmonary
TB in parts of Africa such as Cameroon, Egypt, Nigeria, Democratic Republic of Congo and
Tanzania (Cosivi et al., 1998; Kazwala et al., 2001a; Niobe-Eyangoh et al., 2003; Zinsstag et
al., 2006). These findings suggest zoonotic BTB transmission to humans is supported by
transient influences on the sensitivity to TST of cattle exposed to human TB cases and
coincidental environmental mycobacteria (Cosivi et al., 1998). The threats to public health of
human TB due to M. bovis in Africa therefore require urgent collaborations of veterinary and
medical professionals, biomedical and ecological (environmental) experts, public health

services, social workers and policy makers.

2.4.8 Human tuberculosis due to M. bovis in Ethiopia

Ethiopia is the country with the highest TB cases and has a yearly incidence of 341 of all forms
TB cases/100,000 population. The prevalence and mortality of TB of all forms is estimated to
be 546 and 73 per 100,000 populations respectively. According to the latest estimates, among

the 22 high TB burden countries that account for 81% of estimated cases, Ethiopia ranks a
Kidane etal., (2002). However, very few studies have been conducted onisolation of M. bovis
from humans TB cases in Ethiopia so far. Kidane et al. (2002) indicated that M. bovis was
found to be a cause for tuberculous lymphadenitis in 17.1% of 29 human TB cases in Ethiopia.
The proportion of BTB to the total of TB cases in humans depends on the prevalence of the
disease in cattle, socioeconomic conditions, consumer habits, practiced food hygiene and

medical prophylaxis measures Kidane et al., (2002).

In rural areas of Ethiopia, most people drink raw milk and do have extremely close attachment
with cattle (such as sharing shelter) that intensifies the transmission and spread of BTB.
Detection of causal agents of BTB from raw milk (Kinfe and Eshetu, 1987; Kiros, 1998)
confirms the existing problem and the potential risk of the infection in humans. With respect
to this, Kiros (1998) demonstrated that out of 7138 human patients with tuberculosis, 38.4%
were found with extra-pulmonary tuberculosis and the proportion of patients with extra-
pulmonary tuberculosis was significant in patients who have close contact with cattle and in

those who frequently used to drink raw milk in particular Kiros (1998). Regassa (2005)
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demonstrated the association of MTB and M. bovis in causing tuberculosis between humans
and cattle. The cattle owned by tuberculous patients had a higher prevalence (24.3%) than cattle
owned by non-tuberculous owners with 8.6%. The author also noted that 73.8% and 16.7% of
42 human isolates were identified as MTB and M. bovis and from cattle isolates 18.1% and
45.5% of 11 were found to be MTB and M. bovis species, respectively. This showed that the
role of M. bovis in causinghuman tuberculosis seemed to be significantly important. On the
other hand, in Ethiopia, consuming raw meat is a welcome tradition, thus meat may also remain

to be another area of concern or threat to be a source of BTB infection.

2.5 Mycobacterium bovis clonal complex in Ethiopia, as part of East Africa

The MTC is a very closely related group of bacteria that all cause a similar disease in humans
and animal hosts. The most important member of this complex of bacteria is M. tuberculosis,
which is host, adapted to humans. However, within the MTC is a lineage of strains, all marked
by the absence of chromosomal region RD-9, which are primarily, although not exclusively,
isolated from animals (Brosch et al., 2002). The RD-9 deleted lineage comprises at least seven
species with differing host preference or geographical localization and includes strains of M.
africanum, M. bovis (antelope), M. microti, M. pinnipedii, M. caprae and M. bovis. Because of
the close nucleotide similarity and pathology of these clades it has been suggested that they
would best be described as ecotypes of MTB rather than species (Smith et al., 2006b). Each of
these ecotypes is marked by a nested series of deletions and single nucleotid polymorphisms
(SNPs) leading from the two, possibly human-adapted, clades of M. africanum down to the
cattle adapted M. bovis (Brosch et al., 2002; Smith et al., 2006b).

Molecular tools have enhanced our understanding on the epidemiology of TB by providing
new insight on the transmission dynamics, source, and spread of MTB (Mathews et al., 2006).
A series of clonal complexes of M. bovis have been identified by deletion or SNP analysis and
each of these clonal complexes has been associated with a specific spoligotype signature to aid
identification (Muller et al., 2009; Berg et al., 2011; Smith et al., 2011). A stable molecular
marker that was present in, and unique to, the single cell that was the most recent common
ancestor (MRCA) of the clonal complex can identify a clonal complex of M. bovis strains. All
members of the clonal complex will carry the molecular marker by descent and the molecular
marker defines membership of the clonal complex. The most useful molecular markers to use
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are unique chromosomal deletions although, if necessary, SNPs may also be used if a unique

deletion cannot be identified (Rodriguez-Campos etal., 2012).

The four west-central African countries where AfL strains were found to be dominant are Mali,
Nigeria, Chad and Cameroon and the four east African countries where Af2 strains are highly
prevalent are Burundi, Uganda, Tanzania and Ethiopia. Isolates of the Afl clonal complex are
very rare or not present in countries with the Af2 complex and vice versa. Countries where no
Afl or Af2 strains have been identified and countries where no isolates were the rests. Many
strains of M. bovis isolated from East Africa also had a distinct spoligotype signature the loss
of spacers 3—7. Strains with this spoligotype signature were found at high frequency in Uganda,
Burundi, Tanzania and Ethiopia. A specific deletion of chromosomal DNA, called RDAf2, was
identified in arepresentative strains from East Africa and strains with the RDAf2 deletion were
found in over 65% of M. bovis isolates from these four east African countries; while RDAf1
were found in West Africa Mali, Nigeria, Chad and Cameroon. In all cases, these RDf2 East
African strains had the specific spoligotype signature (loss of spacers 3-7). This clonal complex
was named African 2 (Af2) (Berg et al., 2011) (Table 2).

Table 2: Definition and summary of characteristics of the Af2 clonal complex of M. bovis

Category Description

Definition Presence of deletion RDAf2 (14.1 kb between Mb0599 and
Mb0610)

Spoligotype marker Absence of spacers 3 to 7

Spoligotype signature 11000001011111101111211212111121121121111100000 (SB0133)

Distribution At high frequency in East Africa (Uganda, Burundi, Tanzania, and
Ethiopia)

1S6110 copy no 4 or more copies (infrequently less than 4)

Source: J Bacteriol. 2011 Feb; 193 (3):670-8. Doi: 10.1128/JB.00750-10.

Although the number of strains sampled from Uganda, Burundi, and Tanzania is small, the
population structure of Af2 in these countries showed remarkable differences; the most
common Af2 spoligotype pattern in each of the four east African countries surveyed was
different. This observation contrasts with the spoligotype distribution of the Afl clonal
complex, for which a single ancestral-type spoligotype pattern was dominant in three of four

west-central African nations (Muller et al., 2009). Both the spoligotype surveys and the
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genotype comparisons suggest that the population of Af2 strains in each of these four east
African countries is unique. That is, for any isolate of Af2, it should be possible, with
reasonable accuracy, to determine from its genotype its country of origin. This conclusion
reinforces acontinuing theme of national localization of M. bovis genotypes initially described
for Afl strains in west-central Africa (Muller et al., 2009).

The geographical localization of the Af2 clonal complex to these four east African countries,
and perhaps to some additional neighboring countries not yet surveyed, may have been
governed by geographical features that affect cattle density, trading, and movement in this part
of Africa. Clonal complexes may represent groups of strains with different selective advantages
or behaviors, and comparing and contrasting the phenotypic differences between these distinct
divisions within M. bovis may elucidate the molecular mechanisms of these differences and
identify the selective forces operating on both BTB and its cattle host (Berg etal., 2011).

There is high isolation frequency of spoligotype SB1176 from various BTB study in Ethiopia
(Berg et al., 2009) and demonstrates dominance of this spoligotype as a major cause of BTB
in Ethiopian cattle particularly in the central region where the disease is highly prevalent
(Demelash et al., 2009). Apart from its uniqueness, repeated isolation of SB1176 at high
frequency from Ethiopia may indicate the existence of a locally evolved clonal strain with
selective genetic advances perhaps linked to virulence and transmissibility. Persistent
occurrence of SB1176 could also indicate the extreme high degree of reinfection rate prevailing
in the area. Spoligotype SB1176 is the major strain in RD Af2 clonal complex. It is therefore,
reasonable to formulate future research work to determine if the Af2 clonal complexes are
specifically adapted to Bos indicus (Zebu) cattle, which is common in East Africa as opposed
to Bos Taurus (European) a cattle which is common in West Africa, where the Afl clonal

complex of M. bovis dominates.

2.6 Diagnosis of bovine tuberculosis

TB can be diagnosed clinically, but usually only in the later stages of the disease. The tuberculin
skin test is universally recognized and is generally used for preliminary diagnosis in BTB
control programs. However, in countries with low disease prevalence or disease free status,
meat inspection is used for diagnosis and surveillance. Other tests, such as an antibody enzyme -
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linked immunoassay (ELISA) and the gamma interferon assay, have been used as

supplementary tests in eradication and control (Ayele et al.,2004).

Bovine tuberculosis infection in cattle is usually diagnosed in the live animal on the basis of
delayed hypersensitivity reactions (tuberculin skin testing). In cattle, infection is often sub-
clinical; when present, clinical signs are not specifically distinctive to other disease caused
conditions and might include weakness, anorexia, emaciation, dyspnoea, enlargement of lymph
nodes, and cough, particularly with advanced TB (OIE, 2009). Post-mortem, infection is
diagnosed by necropsy and histopathological and bacteriological techniques. Rapid nucleic
acid methodologies such as the polymerase chain reaction (PCR) may also be used. These are
demanding techniques and only validated procedures should be used. Classical mycobacterial

culture remains the routine method for confirmation of infection (OIE, 2009).

2.6.1 Clinical Signs

It is usually a chronic debilitating disease in cattle, but it can occasionally be acute and rapidly
progressive. Early infections are often asymptomatic. In countries with eradication on
programs, most infected cattle are identified early and symptomatic infections are uncommon.
In late stages, common symptoms included progressive emaciation allows grade fluctuating
fever, weakness and in appetence. Animals with pulmonary involvement usually have a most
cough that is worse in the morning, during cold weather of exercise and may have dyspnea or
tachypnea. In terminal stage, animals may become extremely emaciated and develop act
respiratory distress (Garner, et al., 2004). In brush- tailed opossums, BTB is usually a
fulminating pulmonary disease that typically lasts two to six months. In the final stage of the
disease, animals become disoriented, cannot climb, and may be seen wandering about in day
light. In contrast, most infected badgers have no visible lesion (NVL) and can survive for many
years asymptomatic badgers, the disease is primary a respiratory distress (Garner, et al.,2004;
Sharma et al., 2005).
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2.6.2 Post mortem examination

Detection of BTB in most African countries is based on the post mortem findings of TB lesions
(Asseged et al., 2004; Shitaye et al., 2006). Itis characterized by the formation of granulo mas
(tubercles) where bacteria have localized. These granulomas are usually yellowish and either
caseous, or calcified, they are often encapsulated. In some species such as deer, the lesion tends
to resemble abscesses rather than typical tubercles. Some tubercles are small enough to see by
the naked eye unless the tissue is sectioned. In cattle, tubercles are found in the lymph nodes,
particularly those of the head and thorax. It is also common in the lungs, spleen, liver and the
surfaces of body cavities. In disseminated case, lesions are sometimes founds on the female
genitalia, but are rare on the male genitalia. In countries with good control programs, infected
cattle typically have few lesions at necropsy. Most of those lesions found in lymph nodes
associated with the respiratory system. However, small lesions can often be discovered in the

lungs of these animals if the tissues are sectioned (Garner, et al., 2004; Ameni et al., 2010).

2.6.3. Acid-fast staining

Demonstration of acid-fast bacilli (AFB) in a smear made from a clinical specimen provides a
preliminary diagnosis of mycobacterial disease, while the isolation of mycobacteria on culture
provides a definite diagnosis of TB or disease due to mycobacteria other than MTC (MOTT)
(Siddigi and Rusch-Gerdes, 2006). The acid-fast stain developed in 1882 by Paul Ehrlich and
later improved by Ziehl and Neelsen is based on the ability of Mycobacteria to retain the
primary dye even when decolorized by a powerful solvent such as acid-alcohol. Most other
bacteria are easily decolorized by acid-alcohol. The sensitivity of acid fast smear for specimen
from extra- pulmonary tuberculosis and disease caused by MOTT is lower than from sputa
(Vasanthakumari, 2007).

2.6.4. Histopathological examination

Histopathological features of granulomas show caseous necrosis with or without calcification
surrounded by macrophages, lymphocytes, plasma cells, neutrophils, epithelioid cells and
Langhan’s giant cells and enclosed partially or completely by athin capsule (Katia et al.. 2008).

However, chronic granulomas can also be found in various conditions and diseases such as
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mycotic and bacterial pyogranulomas (Liebana et al., 2008). Although tuberculous granulo mas
in cattle often cover large areas of histological sections and typically contain only small number
of acid-fast bacilli (Liebana et al., 2008); the absence of acid-fast organisms does not exclude
tuberculosis in lymphadenitis of unknown aetiology (OIE, 2009). A sample is considered as
positive only if it consists of granulomatous inflammation associated with central necrosis and

with no evidence of other non-mycobacterial aetiologies (Fitzgerald et al., 2000).

2.6.5 Mycobacterium culture

In the isolation of mycobacterium by culture, the ideal medium should be able to support rapid
and luxuriant growth, and allow the determination of its characteristic features. For example,
colony morphology, growth rate and pigment production. The luxuriant growth of MTB on
glycerol containing media, giving the characteristic ‘rough, tough and buff’ colonies is known
as eugenic while the growth of M. avium on media containing glycerol is also described as
eugenic whereas M. bovis has sparse, thin growth on glycerol containing media that is called
dysgenic, however, grows well on pyruvate-containing media without glycerol (Patterson and
Grooms, 2000).

Most of mycobacterial culture media fall into egg-potato-base media and agar-base media. The
most popular egg-based media are the Lowenstein Jensen (LJ) buffered egg potato medium
and the American Trudeau Society egg yolk-potato flour medium. Among the agar-based
media, Middle brook 7H10, Middle brook 7H11, and Dubose oleic-albumin agar are
recommended. The advantages of egg-based media are the long shelf life (1 year when
refrigerated) and the low cost of preparation. Egg media require heat for solidification, which,
along with the presence of albumin, inactivates certain ant-tuberculous drugs (OIE, 2009).

Similarly, in veterinary bacteriology, the egg based LJ and stone brinks media are most
commonly used. LJ medium can be obtained commercially. An agar-based medium such as
middle brook 7H10 and 7H11 or blood based agar medium may also be used (OIE, 2009). The
media are prepared as solid slants in screw capped bottles. Malachite green dye (0.025¢g/100ml)
is commonly used as selective agent. MTB, M. avium and many of the atypical mycobacteria
require glycerol for growth. However, glycerol is inhibitory to M. bovis while sodium pyruvate
(0.4%) enhances its growth. Thus, the media with glycerol and without glycerol (but with
sodium pyruvate) should be inoculated. The media can be made more selective by the addition
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of cycloheximide (400ug/ml), lincomycin (2pug/ml) and nalidixic acid (35pug/ml). Each new
batch of culture medium should be inoculated with the stock strains of mycobacteria to ensure
that the medium supports satisfactory growth. The inoculated media may have to be incubated
at 37°C for up to 8 weeks and preferably for 10to 12 weeks with or without carbon dioxide for
the Mycobacteria in the TB group. MTB and M. avium prefer the caps on the culture media to
be loose while M. bovis grows best in airtight containers (Quinn and Markey, 2003; WHO,
2013a).

2.6.6 Tuberculin skin test

The tuberculin skin test based on a delayed type hypersensitivity to mycobacterial tuberculous
protein, is the standard ante mortem test both in human and cattle. It is convenient, cost
effective method for assessing cell mediated responses to a variety of antigens and it is “gold
standard” for diagnostic screening for detection of new or asymptomatic MTC infection (Katial
et al., 2001). The reaction in cattle is usually detectable 30-50 days after infection. The
tuberculin is prepared from cultures of MTB or M. bovis grown on synthetic media. The
tuberculin test is usually performed between the mid necks, but the test can also be performed
in the caudal fold of the tail (Lee and Holzman, 2002; Radostits et al., 2007).The skin of the
neck is more sensitive to tuberculin than the skin of the caudal fold. To compensate for this
difference, higher doses of tuberculin may be used in the caudal fold of the tail. Bovine
tuberculin is more potent and specific, potency of tuberculin must be estimated by biological
methods, based on comparison with standard tuberculin, and potency is expressed in the
international unit (1U).

In several countries, BTB is considered to be of acceptable potency if its estimated potency
guarantees per bovine dose at least 2000 IU in cattle. In cattl with diminished allergic
sensitivity, a higher dose of bovine tuberculin is needed and the volume of each injection dose
must not exceed 0.2ml. Cell mediated hypersensitivity, acquired through infection can be
demonstrated systematically by fever or ophthalmic-ally by conjunctivitis, ordermally by local
swelling, when tuberculin test or its purified protein derivative (PPD) is given by the

subcutaneous, conjunctival or intradermal route, respectively (Radostits, 2007).
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2.6.7 Single Intradermal Test (SIDT)

It is applied by the intradermal injection of 0.1ml of BTB PPD into a skin fold at the base of
the tail or into the cervical fold and the subsequent detection of swelling as a result of delayed
hypersensitivity. The reaction is read between 48 and 96 hours after injection with a preference
for 48-72hours for maximum sensitivity and at 96 hours for maximum specificity. The positive
reaction constitutes a diffuse swelling at the site of injection. The main disadvantage of the SID
test is its lack of specificity and the number of reactor lesion occur. Mammalian tuberculin is
not sufficiently specific to differentiate between reactions due to infection with M. bovis and
infection with M. avium, M. tuberculosis and M. paratuberculosis including vaccination or
Nocardia farcinicus (Radostits, 2007). The other disadvantages of SID test include failure to
detect cases of minimal sensitivity, in old cows and in cows which have recently calved as well
as in early infection, in some cattle in an unresponsive state, referred to as anergy which is
developed due to antigen excess or immunosuppression, which in turn caused by non-specific
factors such as malnutrition and stress (Hirsh and Zee, 2000; Andrews, 2003; Quinn and
Markey, 2003).

2.6.8 Singleintradermal cervical comparative tuberculin test (SICCTT)

Two sites on the mid neck, 10-12 cm apart, are shaved and the thickness is measured in
millimeters with caliper before the injection of tuberculin. In the SICCTT, 0.1ml of PPD from
Mycobacterium avium (PPD-A) and 0.1ml of PPD from M. bovis (PPD-B) are injected
intradermal into separate clipped sites on the side of the neck. Care must be taken in placing
the injection as varied from place to place in the skin. After 72 hours, the thickness of the skin
at the sites is measured again (Quinn and Markey, 2003; Ameni et al., 2010). When the change
in skin thickness is greater at the PPD-A injection site, the result is considered negative for
BTB. When the change in skin thickness increased atboth sites, the difference between the two
changes is considered. Thus, if the increased in the skin thickness at the injection site for the
bovine (B) is greater than the increase in the skin thickness at the injection site at the avian (A)
and (B-A), is less than 1mm, between 1and 4 mm, or a 4 mm and above, the result is classified
as negative, doubtful, or positive for BTB, respectively and the animal with the evidence of
infection is termed as reactor. The comparative test is used to differentiate between animals

infected with M. bovis and those responding to bovine tuberculin as a result of exposure to
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other Mycobacterium. This sensitization can be attributed to the antigenic cross reactivity

among mycobacterial species and related genera (OIE, 2012).

2.6.9 Gamma Interferon Assays

It is a laboratory-based test detecting specific cell mediated immune responses by circulating
lymphocytes. In this test, the release of the lymphocyte gamma interferon (IFN-) is measured in
a whole-blood culture system. The assay is based on the release of IFN- from sensitized
lymphocytes during a 16-24 hours incubation period with specific antigen. The test makes use
of comparison of IFN production following stimulation with PPD-A and PPD-B. The detection
of bovine IFN-is carried out with a sandwich Enzyme-linked immune sorbent assay (ELISA)

that uses two monoclonal antibodies to bovine IFN-y (ggamma-interferon).

It is recommended that the blood samples be transported to the laboratory and the assay set up
as soon as practical, but not later than the day after blood collection. Because of the IFN - test
capability of detecting early infections, the use of both tests in parallel allows the detection of
agreater number of infected animals before they become a source of infection for other animals
as well as a source of contamination of the environment. The use of defined mycobacterium
antigens such as ESAT-6 and CFP-10shows promise for improved specificity. The use of these
antigens may also offer the ability to differentiate Bacillus Calmette Guerin (BCG)-vaccinated

from unvaccinated animals.

In animals that are difficult or dangerous to handle, such as excitable cattle or other bovidae,
the advantage of the IFN- test over the skin test is that the animals need be captured only once.
The IFN- test is used for serial testing (to enhance specificity) and parallel testing (to enhance
sensitivity). The advantages of the IFN- assay are its increased sensitivity, the possibility of
more rapid repeat testing and no need for a second visit to the farm and more objective test
procedures. The limitations of IFN comprise a reduced specificity, high logistical demands
(culture start is required within 24 hours after blood sampling), an increased likelihood of non
specific response in young animals (owing to natural Killer (NK) cell activity) and its high cost
(Corbett et al., 2003; OIE, 2009).
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2.6.10 Enzyme Linked Immunosorbent Assays (ELISA)

The ELISA appears to be the most suitable of the antibody-detection tests and can be a
complement, rather than an alternative, to test based on cellular immunity (OIE, 2009). Itis a
valuable complementary tool in order to identify possible anergic cows that may be acting as
reservoirs of the agent (Molhuizen, et al., 1997). An advantage of the ELISA is its simplicity,
but sensitivity is limited mostly because of the late and irregular development of humoral
immune response in cattle during the course of the disease. Specificity is also poor in cattle
when complex antigens such as tuberculin or culture filirates are used. M. bovis has been shown
to be useful in increasing specificity in the ELISA. The ELISA may also be useful for detecting
M. bovis infections in wildlife. For example, a lateral flow-based rapid test has been shown to
be useful for detecting tuberculous animals, particularly some domestic animals, wildlife and
zoo animals, where no cellular immunity tests like the IFN-y test are available and where skin
testing has been proven unreliable. However; its sensitivity in cattle is relatively low
(Lilenbaum and Fonseca, 2005).

2.6.11. Lymphocyte Proliferation Assay

This type of in-vitro assay compares the reactivity of peripheral blood lymphocytes to
tuberculin PPD-B and PPD-A. They can be performed onwhole blood or purified lymphocytes
from peripheral blood samples. This test endeavors to increase specificity of the assay by
removing the response of lymphocytes to “non-specific” or cross-reactive antigens associated
with non-pathogenic species of mycobacteria to which the animal may have been exposed.
Results are usually analyzed as the value obtained in response to PPD-B minus the value
obtained in response to PPD-A. The assay has scientific value, but is not used for routine
diagnosis because the test is time-consuming and the logistics and laboratory execution are
complicated, meaning it requires long incubation times and the use of radioactive nucleotides.
As with the IFN- test, the lymphocyte proliferation assay should be performed shortly after
blood is collected. The test is relatively expensive and has not been subjected to laboratory
comparisons (Palomino et al., 2007; Radostits et al., 2007; Regassa, 2010).
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2.6.12 Spoligotyping

Spoligotyping also called spaceroligo nucleotides is a rapid PCR based method for
simultaneous detection and typing of MTC bacteria. The typing method is based on the strain
dependent DNA polymorphism present at the direct repeat locus (DR) within the genome
(Mostowy and Behr, 2005). The DR locus consists of identical 36bp DRs interspersed with 35
to 41 bp non-repetitive spacer sequences (Groenen et al., 1993). The presence or absence in
the DR region of spacers of known sequence can be detected by hybridization of amplified
spacer DNA to a set of immobilized oligonucleotides, representing each of the unique spacers
Spoligotyping has been used to type a large number of strains (Kremer et al., 2002).(Figure7).
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Figure 7: Diagrammatic description of spoligotyping



(A) Representation of the DR locus of the mycobacterial genome structure. DRs are depicted
as rectangles, which are interspersed with unique spacers of 35 to 41 bp. The 37 spacers
correspond to 3 MTB H37Rv and six spacers specifically correspond to M. bovis BCG. The
site of 1S6110 is illustrated. (B) DR regions PCR amplification. Primers bind to the DR regions.
Number of fragments with different size produced. The depicted fragments are expected to be
produced from five DRs. (C) Spoligotype patterns of the amplified products of strains of 35
MTB and five M. bovis genome on autorad. The sequence of spoligotypes on autorad

corresponds to their order in the genome (Kamerbeek et al., 1997).

The method enables classification of isolates into distinct strains, and thus allows
characterization of genetic diversity of MTB species in clinical samples. It has gained
widespread use for studying TB outbreaks and identifying sources and chains of infection
(Luciani etal., 2008). Another advantage is its ability to measure prevalence of endemic strains
(Filliol et al., 2003). The technique is useful not only for studies of TB epidemiology, but also
for deciding about possible cross-contamination in mycobacteriology laboratories (Mazurek et
al., 1991).

2.6.13 Restriction Fragment Length Polymorphism (RFLP)

The gold standard molecular technique that is used for the molecular typing of MTB is due to
its high discriminative power and reproducibility. It can also be used for outbreaks
identification and can facilitate contact tracing of TB (Sharma and Gupta, 2011). However, this
technique requires large amount of DNA and is therefore restricted to the mycobacterial
cultures which take around 20-40 days to obtain sufficient DNA needed and for the combined
process of probe labelingg, DNA fragmentation, electrophoresis, blotting, hybridization,
washing and auto-radiograph. Moreover, this technique is also technically demanding, slow,
cumbersome, expensive and requires sophisticated analysis software for result analysis
(Patterson and Grooms, 2000; Iwnetu et al., 2009; Sharma and Gupta, 2011).
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2. 6.14 Mycobacterial interspersed repetitive unit-variable number of tandem repeat (MIRU-
VNTR) typing

Another PCR based method for the identification of various types of MTB strains is MIRU-
VNTR typing. This genotyping method is based on the variability in copy number of the
mycobacterial interspersed repetitive units (MIRU) (Magdalena et al., 1998; Mazars et al.,
2001a; Supply et al., 2001). MIRU-VNTR typing has been increasingly used to type MTC
strains. Originally, the method was employed using 12 MIRU loci. More recently, a 24 loci
based MIRU-VNTR typing with higher level of discriminatory power has been proposed
(Supply et al., 2006). The discriminatory power of the 24 loci MIRU-VNTR may exceed that
of the gold standard, which is 1S6110 RFLP method when used in combination with
spoligotyping (Christianson et al., 2010). Thus, currently molecular typing based on MIRU-
VNTR has been proposed, in combination with spoligotyping, as a preferred technique for
large-scale, high-throughput genotyping of MTB strains (Supply et al., 2006).

2.7 Control of bovine tuberculosis

Control and eradication programs for BTB, human TB and zoonotic TB of humans due to M.
bovis are based on early accurate detection and removal of infected animals, chemotherapy of
infected humans and vaccination of target populations to attenuate or prevent the manifestation
of the disease (Citron 1988; Abernethy et al., 2006; Good, 2006; Goodchild and Clifton-Had ley
2006 and Pavlik, 2006a). The test-and-slaughter policy is the basis for international BTB
control and eradication programs using the TST to detect affected herds (and re-test)
periodically and removing reacting cattle (Gilbert et al., 2005; Abernethy et al., 2006 and
Good, 2006) that may shed the infective organism. In many industrialised countries there is
“effective” compulsory reporting of M.bovis infection of all animals, quarantine of infected
herds, tracing and re-testing of animals in contact with BTB skin positive reactors, movement
restrictions of cattle herds not yet tested for TB as well as controlled animal movement out of
known TB infected herds and endemic areas (Citron, 1988; Gilbert et al., 2005; Abernethy et
al., 2006; Good, 2006; Goodchild and Clifton-Hadley, 2006; Pavlik, 2006a; and OIE, 2008;
2009).
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However, the test-and segregation program, a modified form of the test-and-slaughter policy,
may be more useful for developing countries, where the test-and-slaughter policy cannot be
practicable for the whole cattle population (WHO, 1994). Thus, interim measures to segregate
infected herds and phased slaughter of reactors are done. In most countries with strict TB
eradication programmes, the test-and segregation strategy made up the early stages followed
by the test-and slaughter methods in the final stage (CFSPH, 2009) and infected slaughter /meat
cases during inspection are traced back to the originating farms. Informed farm manage ment
decisions such as proper sanitation and disinfection are also important to reduce the spread of
Mycobacterium, within and between herds as well as the risks of exposure and transmission of
BTB infection to humans (Defra, 2008).

The occurrence of M. bovis in wildlife reservoir hosts complicates eradication efforts. Culling
to reduce population density can decrease animal TB transmission but the situation must be
assessed carefully to avoid unanticipated effects such as the economic benefit and increase
scattering members of the infected species (Donnelly et al., 2007; Smith et al., 2007; CFSPH,
2009). The development of TB vaccines for wildlife reservoirs (Hughes etal., 1996; Ayele et
al.,, 2004) and use in situations where the test-and-slaughter policy is totally impracticable
(WHO, 1994) is also being considered as an alternative. Also, human TB due to M. bovis is
rare in countries where raw and poorly cooked meat are not consumed and pasteurization of
milk and milk products are components of BTB eradication programs (WHO, 1994; Ayele et
al., 2004). MTB infection and zoonotic TB of humans can be treated successfully with
antimicrobial drugs but there is widespread drug resistance and untreated infections are usually
fatal (Chalmers et al., 1996).
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3. MATERIALS AND METHODS

3.1 Study area

The study was conducted from November 2014 to August 2017 in Adama and Bishoftu
towns East Shewa zone of Oromia Regional state, central Ethiopia (Figure 8). The two study
sites, Adama and Bishoftu towns are located at 95km and 47km southeast of Addis Ababa,
respectively. Adama Town is located at 8°.54'N 39°.27'E at an elevation of 1712 meters,
above sea level 99 km southeast of Addis Ababa.

Bishoftu Town is at latitude and longitude of 8°.45'N 38°.59'E with an elevation of 1,920
meters above sea level. Bishoftu resort town is best known for its five crater lakes and the
population is 104 215.

Ada and Adama districts
Hl East Shewa
[ Ethiopia

350 o 350 700 1050 km

Figure 8: Location map of study area

3.2 Study subjects

The study subjects comprised of dairy cattle, beef feedlot cattle, abattoir slaughtered cattle and
human TB patients at Adama, and surrounding towns and Bishoftu town East Shewa Zone of,
Central Ethiopia. In Adama, there are about 500 dairy farms. Adama Town is divided into 14
kebeles (a kebele is the smallest administrative unit in the district in Ethiopia, similar to a
neighborhood or ward). In the current study, 10-20 dairy cattle farms were selected from each
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kebele considering the the number of dairy farms existing in each kebele; willingness of the
owners and availability of the road for transport 7during the study period. Accordingly, 206
farms were selected. Each selected farm has got 3-50 dairy cattle kept for milk production
purpose mainly to family livelihood. All cattle in the farm except sick and less than six months
age have beentasted. In Adama Town, there are about 100 beef feedlot farms. Most of the beef
feedlot animals were Borena breeds, which were kept for around three months for live animal
export and local abattoirs for slaughter. Abattoir slaughtered cattle came from the surrounding
Adama and other different sites such as Walaga, Shewarobit, Kemisie, Haiq, Afar, Dessie,

Harar, Arsi, Bale, and Borena.

3.3. Study design, sampling method and sample size determination

3.3.1 Study design, sampling method and sample size determination for dairy cattle

A cross sectional study was conducted in dairy farms selected from target population at Adama
town between April and July 2016. The sample size was determined according to Thrusfield,
(2005) considering 13.50% expected prevalence based on a previous report from Central
Ethiopia (Ameni et al., 2007), 5% absolute precision and 95% confidence interval.
Accordingly, a minimum of 1038 cattle was required for the study. These animals were
obtained from 206 dairy farms found in the town. The sampling frame (list of dairy farms in
the town) was constructed in collaboration with the Veterinary Department in the town. In
farms with small herd size (<10 animals), all animals were ncluded i the study except sick

and less than six months age; while at least 10% were sampled from large farms (>10 animals).

3.3.2 Study design, sampling method and sample size determination for beef feedlote cattle

A cross sectional study was conducted in five feedlot farms found in Adama and its surround
area from August to November 2015. The sample size was determined according to Thrusfield
(2005). Since there was no previous study on feedlot cattle in Ethiopia, an expected 50%
prevalence of BTB in feedlot cattle with 95% confidence interval and 5% required precision.
According to this, the calculated sample size was increased to 501 cattle considering the
dropout and missing on the second reading. For each farm number of animal tested were

proportionally distributed. The five-feedlot farms were selected based on the presence of cattle
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in the farms during the study period, the willingness of owners, the distance of sites and the
population of animals. Five hundred one (501) Borena cattle were included and in each feedlot,
individual cattle were selected randomly based on individual animals identification number
record and cattle population mentioned abowve in each farms. The feedlot farms mainly consist

of only male cattle with age ranging from 1.5-6 years old.

3.3.3 Study design, sampling method and sample size determination for abattoir study

A cross-sectional study was carried out from November 2014 to August 2016 using abattoir-
based survey. Actually 1,896 slaughtered cattle were sampled and inspected based on the
formula given by Thrusfield (2005). An expected prevalence of 6.79% reported by Terefe
(2014), 95% CI, and precision level of 1% were used to calculate sample size. Systematic
random sampling technique was employed to calculate the number of cattle required for

inspection of TB-like lesions.

3.3.4 Study design, sampling method and sample size determination for humans study

The study design was cross sectional. Human subjects having contact with cattle and diagnosed
as TB cases between November 2014 and August 2016 at Adama referral hospital and health
center and Bishoftu referral hospital were included in the current study. High TB patient flow,
existence of better diagnostic facilities and skilled human resource were the major reasons for
selecting the specified health facilities. TB patients who visited these health facilities during
the study period were enrolled in the study, excluding those below 5 years of age and those

who had started treatment prior to launching the study.
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3.4. Study methodology

3.4.1 Single intradermal cervical comparative tuberculin test (SICCTT)

SICCTT was carried out by injecting both PPD-B and PPD-A (Prionics Lelystad B.V.,
Platinastraat 33, 8211 AR Lelystad, The Netherlands). Two sites on the skin of the mid-neck
of the cattle, 12 cm apart, were shaved, and skin thickness was measured with a caliper. One
site was injected with an aliquot of 0.1 ml of 3000 IU/ml bovine PPD into the dermis, and the
other was similarly injected with 0.1ml of 2,500 IU/ml avian PPD. After 72 h, the skin thickness
at the injection sites were measured and recorded. Results were interpreted according to the
recommendations of the Office International des Epizooties (OIE, 2009) and Ameni et al.,
(2008) at > 4 mm cut-off and at > 2 mm cut-off respectively. Thus, at cut-off > 4 mm, if the
increase in skin thickness at the injection site for bovine PPD (PPD-B) was greater than the
increase in skin thickness at the injection site for avian PPD (PPD-A) and PPD-B minus PPD-
A was less than 2 mm, between 2 and 4 mm, or 4 mm and above, the animal was classified as
negative, doubtful, or positive for BTB, respectively. At cut-off > 2 mm, if the difference
between B and A was greater or equal to 2mm, the animal was considered as positive, while if
the difference is less than 2 mm, the animal was considered as negative. When the change in
skin thickness was greater at PPD A injection site, the animal was considered positive for
mycobacterium species other than MTC. A herd was considered as positive if it had at least one

tuberculin reactor animal.

3.4.2 Post-mortem examination

Animal identification and animal related variables such as age, breed, sex and body condition
were recorded during ante-mortem inspection of selected animals in the abattoir. Postmortem
examination was carried out as described previously by Vordermeier et al., (2002). Each of the
seven lobes of the lungs were thoroughly inspected and palpated for suspicious gross TB-like
lesions. Similarly, mandibular, retropharyngeal, cranial and caudal mediastinal, left and right
bronchial, hepatic, and mesenteric lymph nodes were sliced into 2mm size sections and then
be inspected for the presence of visible lesions according to the protocol described earlier
Vordermeier etal., (2002).
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3.4.3. Body condition scoring and age determination

Body condition scoring was made using a method developed for Zebu cattle (Nicholson and
Butterworth, 1986). Accordingly, based on observation of anatomical parts such as vertebral
column, ribs, and spines. The study animals were classified as lean (1), medium (2 and 3) or
good (4 and greater). Age of the study animals was determined by using the dental eruption
and wear as described by De Lanta and Habel (1986) and for the present study, animals were

categorized as young age <2 and adult age > 2.

3.4.4 Sample collection and processing

3.4.4.1 Collection of suspected tuberculous lesions in slaughtered cattle

The tissues showing macroscopic lesions suggestive of BTB were collected from slaughtered
cattle carcasses during the postmortem inspection at Adama Municipal and Bishoftu ELFORA
Export abattoira. From 1896 inspected carcasses, 80 suspected BTB lesions were collected in
sterile plastic bags and transported to Akililu Lemma Institute of Pathobiology (ALIPB) in cold
chain for culturing. At the TB lab of the Institute, the samples were kept at —20°C until

processed for culturing.

3.4.4.2 Collection of milk samples from PPD TB positive dairy cattle

Milk samples were collected from PPD strongly TB positive dairy cattle. About 20ml of milk
was drawn from 4 quarters of 12 strongly tuberculin-positive cows under aseptic conditions.
Samples were collected and transported in sterile containers in a cold chain ALIPB laboratory
in Addis Ababa for analysis.

3.4.4.3. Collection of human sputa for mycobacterium culture

Regular visits were made to Adama and Bishoftu referral hospitals and Adama health center in
East Shewa zone of, Central Ethiopia. Sputum samples from 392 willing participants with
microscopic demonstrations of acid-fast bacilli (AFB) following Ziehl-Neelsen (ZN) staining
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were collected for mycobacterial culture and characterisation. Sputum specimens were
collected in sterile plastic sample bottles for mycobacteriological culture or stored at 2—8°C for

a maximum of 24 hours before incubation on LJ media.

3.4.5 Mycobacterium culture of suspected tuberculous lesions, sputem and milk samples

The suspected TB lesions and infected sputa were incubated using pyruvate and glycerol
enriched LJ slants following standard procedures. All processing of the bovine and human
specimens was done in biosafety level 2 cabinet. ZN staining and microscopic demonstrations
of acid-fast bacilli were used to conform successful inoculation and growth (WHO, 1998).

Briefly, suspected tuberculous cattle specimens were cut into tiny pieces and then homogenized
separately in 0.85% saline in sterile blenders to obtain fine pieces. Frozen samples were
allowed to thaw to room temperature before processing. The cattle tissue homogenates and
suspected human sputa were decontaminated with equal volumes of sterile 4% NaOH; mixed
well by shaking for a few seconds and allowed to stand for 10 minutes at room temperature
before neutralization with 1 mol/L HCI using phenol red as the indicator. Neutralization was
achieved when a yellowish colour change of the suspension was attained; which was
centrifuged at 3,000 rpm for 15 min. The supernatant was discarded leaving about 2ml or re-
suspended in 1-2ml of distilled water (if required) and spread generously (~ 0.3 ml) on the LJ
slants as follows: 2 LJ medium enriched with glycerol and 2 LJ medium enriched with
Pyruvate. Incubation at 37°C for up to 12 weeks with weekly observation for growth of
colonies was done. On observation of visible growth, a few colonies were gently mixed into
one drop of sterile saline and smeared on a clean, grease-free microscopic slide, heat-fixed
using the Bunsen burner flame without burning and stained by the ZN method to confirm the
presence of acid-fast bacilli. The smeared slide was flooded with ZN carbol fuchsin, steamed
without boiling gently with the Bunsen burner flame from the underside for 5 min. It was then
rinsed gently with plenty of water until all free stain was washed away. The slide was flooded
with 3% acid-alcohol decolorizing solution for 2 — 3 minutes until the red color disappeared,
then rinsed again with water and the excess water drained. The slide was then flooded with
Methylene blue counter stained for 1 minute, rinsed thoroughly with water, excess water
drained from the slide and the smear allowed to air dry without blotting. The smear was
systematically examined under a microscope (100 x oil immersion objective) for the presence

of acid-fast bacilli. The presence of at least three bacilli in 100 immersion fields was recorded
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as positive. Smears in which no acid-fast bacilli were seen in 100 fields were considered

negative.

Culturing of milk specimens was processed according to the procedures given by Kazwala et
al. (1998). Briefly, the milk was added to screw-capped sterile test tubes and centrifuged at
3,000 rpm for 15 minutes at room temperature. The cream was removed with sterile spatula,
the supernatant was decanted, and the sediment was decontaminated with 4% NaOH. It was
centrifuged again in the same condition and neutralized with concentrated HCI. Bromocresol
was used to monitor neutralization, which was achieved when the suspension changed from
deep purple to yellow. The sediment was inoculated onto 2 LJ media (one with pyruvate and
the other with glycerol). The culture was incubated at 37°C for a week in a slant position and
for 12 weeks in an upright position.Growth of mycobacteria was monitored every week for up

to 12 weeks.

3.4.6 Harvesting of growth colonies from LJ media

Cultures with growth/colonies on LJ medium were checked for being AFB using ZN staining.
Isolates which are AFB positive were harvested and kept into two separate nunc tubes (one
contains 1 ml freezing media and the other contains 0.3 ml dH20). Isolates in freezing media
were kept at -20°C. Isolates in dH20 were subjected to Heat killing. Isolates in dH20 were
treated with heat in a water bath at 80°C for 50 minutes to release the mycobacterium genomic
DNA material. Released mycobacterium genomic DNA material were kept at -20°C until used

for molecular characterization (Lowenstein, E. 1933).

3.4.7 Molecular characterisation of mycobacterial isolates

3.4.7.1 Spoligotyping of mycobacterial isolates

Spoligotyping was performed for 107 MTC isolates at ALIPB-AAU as described by
(Kemerbeek et al. 1997). MTB strain H37Rv and M. bovis reactions were positive controls.
DH20 served as a negative control of the experiment. In short, 5 pul of a DNA extract from a
MTC isolated was added to a final volume of 25ul consisting of 3.5 pul dH20, 12.5 ul Hot
TagPCR Master Mix, 2 pl primer DRa and 2 pl primer DRb. The thermal cycler was
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programmed for 3 min enzyme activation at 96°C followed by 30 cycles of 1 min denaturation
at 96°C, 1 min annealing at 55°C, 30 sec elongation at 72°C, and 10 min final elongation at
72°C. Twenty-five pl PCR products were added to 150-ul 2xSSPE/0.1%SDS, denatured at
96°C for 10 min and immediately put on ice. Denatured PCR products were transferred to a
mini-blotter and hybridized with the immobilized spacer-oligos on a membrane for 60 min at
60°C. The membrane was removed from the mini-blotter and washed twice with 250 ml
2XxSSPE/0.5% SDS for 10 min at 60°C. After keeping the membrane in arolling bottle, 2.5-pul
streptavidin-peroxidase conjugate in 10 ml of 2xSSPE/0.5% SDS was added and incubated for
60 min at 42°C. The membrane was washed twice with 250 ml of 2xSSPE/0.5% SDS for 10
min at 42°C and then twice with 250 ml of 2xSSPE for 5 min at room temperature. The
membrane for detection of hybridized spacers was incubated in 20 ml of ECL detection liquid
for 1 min. A light sensitive film was exposed to the membrane. Black squares and blank spaces
on a film indicated the presence and the absence of variable spacer sequences in the MTC
isolate genome, respectively, and were interpreted in binary format using a spoligotyping
database (http//www.pasteurguadeloupe. :8081/SITVIT ONLINE/) and lineage classified
using TB insight database. Isolates with spoligotype patterns similar to those in the SITVIT
database were assigned a SIT number. Isolates not assignable to SIT numbers were referred as

“Orphans” spoligotypes.

3.5. Ethical clearance

We obtained ethical clearance from the Institutional Review Board (IRB) of Oromia Health
Bureau (Reference No. IRB/BEFO/HBTFH/1-8/3647). Written informed consent was obtained

from each of the study participants.

3.6. Data analysis

Data analysis was performed using STATA (Stata Corp, 2011). Individual animal prevalence
was defined as number of positive reactors per 100 animals tested. The herd prevalence was
calculated as number of herds with at least one reactor animal per herd tested. Logistic
regression analysis was used to assess the association between prevalence and animal risk
factors using STATA statistical software wversion 12. Odds ratio was calculated to assess

strength of association of factors to the prevalence of BTB.
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4. RESULTS

The result section of this dissertationwas organized on manuscript basis including the
discussion into four chapters as follows:

4.1. Prevalence and risk factors of BTB in dairy cattle by using SICCTT in Adama city,
Central Ethiopia

4.2. Prevalence and risk factors of BTB in beef feedlot of Borena cattle by using Single

intradermal cervical comparative tuberculin test (SICCTT) in Adama town, Central
Ethiopia

4.3. Abattoir based study of BTB in Adama municipal abattoir and Bishoftu ELFORA
export abattoir, in east Shewa, central Ethiopia

4.4. Characterization of MTC species and /or strains isolated from humans and cattle in
East Shewa
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4.1. Prevalence and risk factors of bovine tuberculosis in dairy cattle in Adama town,

Central Ethiopia

Tefera Woldemariam!: 2, Gezahegne Mamo?!, Rahmeto Abebel* and Gobena Amenid

IFaculty of Veterinary Medicine, Hawassa University, P. O. Box 05, Hawssa, Ethiopia
2College of Veterinary Medicine and Agriculture, Addis Ababa University, P. O. Box 34,
Bishoftu, Ethiopia

SAKlilu Lemma Institute of Pathobiology, Addis Ababa University, P. O. Box 1176, Addis
Ababa, Ethiopia

Status: published on the Journal of Veterinary Medicine and Animal Health, 2018, 13 (17),
2141-2529

4.1.1. Abstract

Bovine tuberculosis (BTB) is a serious infectious disease of cattle with significant economic
impact and public health risk. It is particularly important in Ethiopia where effective control
programs are lacking. This cross-sectional study was carried out between April and July 2016
on 1038 cattle selected from 206 dairy farms in Adama city located in Central Ethiopia to
estimate the prevalence of BTB and assess the associated risk factors using single comparative
intradermal tuberculin skin test. Accordingly, the individual animal level prevalence at > 2mm
cut off point found to be 2.1% (CI: 1.35 — 3.22). Of the 206 dairy farmsincluded in the study,
15 (7.3%; CI: 4.29 — 11.98) had one or more cattle positive for the tuberculin test.
Furthermore, 5.6% of cattle were found reactive for atypical mycobacterium. Among the risk
factors considered, age and lactation status of the animals were significantly associated with
the prevalence of BTB. It was noticed that the apparent prevalence of BTB positive reactivity
was greater in young and non-lactating cattle than their counterparts. In conclusion, the
present study revealed a very low prevalence of BTB in the dairy farms investigated and culling

of positive reactors is recommended as a feasible control intervention.

Key words: Bovine tuberculosis, comparative intradermal tuberculin skin test, dairy cattle,
Adam, Ethiopia.
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4.1.2. Introduction

Bovine tuberculosis (BTB) is a disease of zoonotic and economic importance caused
predominantly by M. bovis. The disease is transmitted between animals primarily by inhalation
of aerosols although transmission through ingestion is also common in cattle grazing on pasture
contaminated with M. bovis. The disease in cattle is characterized by the formation of
granulomas in tissues and organs, more significantly in the lungs, lymph nodes, intestine,
kidneys and others. The economic loss of BTB in dairy cattle include reduction in productivity,
movement restrictions, screening costs, culling of affected animals, and trade restrictions (OIE,
2016).

Ethiopia has the largest cattle population in Africa which is estimated at 53.99 million heads
(CSA, 2013). The vast majority of the national herd is of indigenous zebu cattle maintained in
rural areas under extensive husbandry systems. However, in response to the increasing demand
for mik products and the Ethiopian government’s efforts to mmprove productivity in the
livestock sector, recent years have seen increased intensive husbandry settings holding exotic
and cross breeds. This drive for increased productivity is however threatened by animal
diseases that thrive under intensive settings, such as BTB (Firdessa et al., 2012). Over the
years, several studies have been conducted in Ethiopia to show the importance of BTB.
According to most recent published studies, the prevalence of BTB ranges from 2 to 47%
(Ameni et al., 2003; Ameni et al., 2007; Tschopp et al., 2010; Gumi et al., 2012; Firdessa et
al., 2012; Nega et al., 2012; Ashenafi et al., 2013; Mamo et al., 2013). The studies have shown
that BTB is an endemic disease in Ethiopian dairy farms due to lack of effective control

programs and needs due attention.

Although previous studies have indicated that the disease is endemic in the country, there is
paucity of information about the status of BTB at Adama town where dairy farming with
different levels of intensification is flourishing rapidly in response to a higher demand for milk
and milk products, which is the result of increased human population. Therefore, this study was
planned to estimate the current prevalence of BTB in the dairy farms of the town and identify

the potential risk factors.
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4.1.3 Results

4.1.3.1. Individual animal prevalence

A total of 1038 cattle were screened for BTB and all were found during follow up for the second
reading after 72 h. Based on SICCTT result, the apparent individual animal prevalence of
tuberculin reactors was 2.1% (95% CI:1.35 —3.22) using 2 mm cut-off point. Of the 206 herds
tested, 15 (7.3%, 95% CI: 4.29 - 11.98) had one or more animals reactive to bovine PPD. The
prevalence of BTB in individual herds ranged from 0 —55.6%. On the other hand, the change
in skin thickness was found greater at avian PPD injection site than bovine PPD infection site
in 5.6% (57/1023) cattle showing that these animals are positive for Mycobacterium spp. other
than MTC (Table 6).

Table 3: Apparent prevalence of bovine and avian tuberculin reactors in Adama dairy farms,

central Ethiopia

Tuberculin Number of Number of Prevalence 95% Confidence 2 P

test type cattle tested  positive (%) Interval
Bovine PPD 1038 22 2.1 1.35-3.22 17.2 <0.001
Avian PPD 1038 o7 5.6 4.32-17.22

In univariable analysis of the potential risk factors, age of the animals was the only variable
that significantly contributed to positive reactivity to BTB (P<0.05) (Table 7). However, in
multivariable analysis, age and lactation were found to be significantly associated with

tuberculin positive reaction (Table 8).
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Table 4: Univariable analysis of risk factors for bovine tuberculin reactors in Adama

dairyfarms using y2—test

Variables No of cattle  No of Prevalence 12 P- value
examined positive ()

Herd size 2.5 0.116

Small (<10) 741 19 2.6

Large (>10) 297 3 1.0

Age 8.0 0.018

<2 156 7 4.5

2-5 486 12 2.5

>6 396 3 0.8

BCS 0.14 0.934

Lean 5 0 0

Medium 105 2 1.9

Good 928 20 2.2

Breed

Local 18 0 0

Cross 1020 22 2.2

Pregnancy

Non-pregnant 993 22 2.2

Pregnant 45 0 0

Parity 0.94 0.816

1-2 448 11 2.5

3-5 273 4 1.5

>6 5 0 0

Lactation 53 0.070

Dry 68 4 5.9

Lactating 659 11 1.7
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Table 5: Multivariable logistic regression analysis of risk factors for bovine tuberculin

reactors in Adama dairy farms

Variables Odds ratio (OR)  Std. Err. A P 95% CI for OR
Herd size 0.31 0.23 -1.56 0.118 0.07-1.34

Age 0.11 0.07 -3.43 0.001 0.03-0.38
BCS 1.35 1.03 0.39 0.695 0.30-6.04
Parity 0.68 0.23 -1.14 0.254 0.35-1.32
Lactation 0.32 0.18 -2.01 0.044 0.10-0.97
Cons 20.57 74.17 0.84 0.402 0.02 - 24100

4.1.4. Discussion

BTB is known to be endemic in dairy farms of Ethiopia. The present study has shown an
apparent individual animal prevalence of BTB as 2.1% in the dairy farms of Adama city. This
finding is comparable to a previous report of 2% in Ethiopia (Gumi et al., 2012) and 2.4% in
Tanzania (Katale et al., 2013). However, it is considerably lower than the figures reported by
much of the previous studies in Ethiopia, 7.9% (Ameni et al., 2003), 13.5% (Ameni et al.,
2007), 3% (Tschopp et al., 2010), 30% (Firdessa et al ., 2012), 7.1% (Nega et al., 2012),
13.64% (Ashenafi et al., 2013), 18% (Mamo et al., 2013), and 5.5% (Dejene et al., 2016). Out
of 206 herds tested, only 15 (7.3%) had one or more tuberculin positive animals and the number
of tuberculin reactors varied widely (0 to 55.6%) between the herds. The present herd-level
prevalence too, was considerably lower than the range of estimates (12.5 to 56%) documented

in the aforementioned previous studies Gumi etal., 2011).

The variation in the prevalence of TB reactors between the present and previous studies is
thought to be attributed to differences in the herd size of the study animals. As the majority of
the herds in the present study were small comprising less than 10 animals, manage ment
conditions favoring the spread of BTB, such as overcrowding and poor ventilation, were less
likely to have influenced the prevalence of infection in the current study. The status of other
husbandry practices with potential effect on the BTB infection, such as cattle movement,

purchase of animals from outside, keeping of cattle with other livestock species and contact
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with wildlife, has not been investigated in the present study. Thus, future studies to be

conducted in the same study area need to consider these factors.

In the multivariable analysis of the risk factors considered, lactation status of the animals was
another factor found to be significantly associated with tuberculin reactivity although this was
not evident in the univariable analysis. The apparent prevalence was higher among dry cows
than lactating cows or calves and heifers. It is difficult to give aplausible biological explanation
for this finding and perhaps it might be due to the confounding effect of some other variable
unnoticed. In contrast to the present finding, previous studies in Ethiopia, which considered
lactation status in their analysis, did not find significant variation in the prevalence of positive
reactors between lactating and non-lactating cattle (Mamo et al., 2013; Zeru et al., 2014;
Dejene et al., 2016).

Contrary to previous studies which demonstrated a significantly higher prevalence of BTB in
larger herds than smaller ones (Ameni et al., 2003; Cleaveland et al., 2007; Elias et al., 2008;
Romha et al., 2014; Zeru et al., 2014), this study showed no significant difference between
large and small farms (P >0.05). This could be explained by the fact that the majority (89.8%)
of herds included in the study were small with less than 10 cattle, making comparison of
different herd size difficult. However, the present finding is consistent with that of (Tschopp et
al. 2010, Ashenafi et al. 2013 and Admasu et al. 2014). Previous studies in Ethiopia have
shown that the native zebu cattle are more resistant to BTB than exotic breeds or their crosses
(Vordermeier et al., 2012; Admasu et al., 2014; Sibhat et al., 2017). Consistent to this, the
entire tuberculin positive reactors in the current study were Holstein-Friesian X zebu crosses

while none of the local breeds was found reactive.

However, as the number of local cattle included in the study was so small compared to the
crosses, the current evidence is not sufficient to declare breed differences in susceptibility to
BTB. None of the pregnant cows tested in the current study were positive for tuberculin
reaction and the entire test positive animals were non-pregnant. However, previous studies
have shown lack of significant difference between pregnant and non-pregnant cows (Zeru et
al., 2014). Likewise, no significant association was found between parity numbers and positive

reaction to tuberculin test and this is consistent with previous studies (Zeru et al., 2014).
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Although some studies in Ethiopia (Elias et al., 2008; Admasu et al., 2014; Zeru et al., 2014;
Nuru et al., 2015; Dejene et al., 2016) have reported that tuberculin reactivity is associated
with poor BCS, this was not evidenced in the present study. Unlike previous studies, 90.9% of
the tuberculin reactive cattle in the present study were in good body condition status while none
of those with poor BCS were found positive. Consistent to the present study, Ashenafi et al.
(2013) have reported significantly higher tuberculin reactivity in cattle with good BCS.
Nevertheless, we should bear in mind that body condition scoring is often subjective and
variation in judgment among researchers is obvious. In the present study, about 5.6% of the
study animals were reactive for avian Mycobacterium PPD. This is much higher than a previous
report of 0.7% in Ethiopia (Gumi et al., 2012). Reaction bias to M. avium PPD could be due to
infection with M. avium subsp. avium and M. avium subsp paratuberculosis. The latter causes
a chronic debilitating disease known as paratuberculosis in cattle, which are most susceptible
to infection when they are young. Apart from its economic impact on cattle production, M.
avium subsp paratuberculosis has a zoonotic significance (Radostits et al., 2007). Thus, it
should be given due emphasis in future studies.

In conclusion, the present study has shown a very low prevalence of BTB in the dairy farms
studied compared to previous reports in the country. As the proportion of cattle affected with
BTB in each herd was small, culling of the positive reactors could be a feasible control
intervention. Thus, owners of the positive herds need to be advised in this regard. Furthermore,
the observation of atypical TB with a proportion higher than BTB warrants the need for future
studies to focus on Mycobacterium spp. other than MTC, particularly M. avium subspp

paratuberculosis due to its zoonotic and economic importance.
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4.2.1. Abstract

A cross-sectional study was carried out from August to November, 2015 among feedlot cattle
in and around Adama export feedlot farms by using SICCTT to estimate the prevalence of
bovine tuberculosis and to assess the associated risk factors. The individual animal prevalence
with >4 mm cut-off point and with >2 mm cut-off point was 4.39% (95% CI: 2.59- 6.19) and
9.58% (95% CI: 6.99-12.16), respectively. In univariate logistic regression analysis, older
animals (OR=7.11, 95% CI: 1.7-29.8), cattle from Yabello market (OR=5.66, 95% CI: 2.4-
13.2) and cattle in feedlot 5 (OR=2.65, 95% CI: 1.03-6.8) were more likely to be tuberculin
reactors than younger animals, cattle originated from Dubuluk market and those from feedlot
I, respectively. In multivariable logistic regression, however, only feedlot farm difference
showed a statistical significance difference among the groups with the OR=3.4 (95% CI: 1.2-
9.5), while other factors were not statistically significant. In conclusion, the study revealed the
occurrence of bovine tuberculosis in Adama export feedlot farms composed mainly of Borena
cattle breeds which were established for export of fattened live beef cattle and hence, the
findings of this study warrants the need to design a farm based control strategies at feedlot

level and testing of animals during the purchase of the cattle at the market place of the animals.

Keywords: Bovine tuberculosis, Comparative tuberculin testing, Feedlot farm, Prevalence,

Risk factor
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4.2.2. Introduction

Bovine tuberculosis (BTB) is a chronic infectious disease of cattle characterized by the
formation of granulomatous nodules which is caused by M. bovis. BTB has been controlled in
developed countries through test-and-slaughter method; however, the disease poses a
significant problem to the economy of the livestock sub-sector and remains a potential public
health threat in developing countries where controlling programs are lacking (Cosivi et al.,
1998). Infection of livestock with BTB has an estimated global cost of €2 billion annually due
mostly to the lack of BTB control in developing countries, where infection is endemic, resulting

in reduced productivity of livestock(Garnier et al., 2003).

Ethiopia has the largest livestock population in Africa, With 52.1 million cattle, 24.2 million
sheep, 22.6 million goats, 987, 000 camels, 44.9 million poultry and nearly 5 million beehives,
that contributes to the livelihoods of 60—70% of the population (Halderman, 2004). In Ethiopia,
BTB is endemic in cattle with the prevalence varies from 0.8 to 46.8% depending on the
geographical location, breed and the husbandry practices based on abattoir and tuberculin skin
tests (Ameni et al., 2003; Berg et al., 2009; Bifa et al., 2010; Regassa et al., 2010; Tschopp et
al., 2010), with extensive rural and pastoral setting showing low prevalence as compared to

intensive dairy farms (Ameni et al., 2007; Mamo et al., 2013).

The existing information on BTB so far in Ethiopia was mainly in dairy animals and in
extensive traditional and pastoralist production system. However, with increasing beef demand
both in country and abroad, there is a growing number of feedlot in central Ethiopia where
cattle brought together from different sources and geographic location to the feedlots located
mainly in Adama and its surrounding towns of east Shewa central Ethiopia. So far, in east
Shewa Central, Ethiopia, there is no study carried out to determine the prevalence of bovine
tuberculosis and its associated risk factors in beef animals kept under feedlots conditions. The
present study, therefore, was designed to investigate the prevalence of bovine tuberculosis in
beef cattle kept in feedlots in and around Adama town of central Ethiopia and to assess the

potential determinant risk factor using comparative intradermal skin test method.
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4.2.3. Results

4.2.3.1. Individual animal prevalence

On the basis of SICCTT, the prevalence of BTB with >4 mm cut-off point and with >2 mm
cut-off point were 4.39% (95% CI: 2.59- 6.19) and 9.58 %,( 95% CI: 6.99- 12.16) respectively.

At >4 mm cut-off point, there was statistically significant differences in proportions of bovine

positive reactor animals between the two age categories (X2=6.79, p=0.045) in which a higher

bovine positive reactors were observed in adult cattle than young one. While there was no

statistical difference in the proportion of bovine tuberculin positivity between groups in relation

to feedlot farm, origin of the animal and body condition score (P>0.05) (Table 3).

Table 6: Association of different risk factors skin test positivity of feedlot at >4 mm cut-off
point for BTB in East Shewa, Central Ethiopia

Variables No of cattle examined No of positive (%) P- value
Farm

I 90 6(6.67) 6.79 0.15

I 111 7(6.31)

[ 100 0(0.00)

\Y, 100 5(5.00)

Y, 100 4(4.00)

Origin

Dublug 289 9(3.11) 395 0.139
Moyale 155 8(5.16)

Yabelo 57 5(8.77)

Age

<2 109 1(0.92) 4.00 0.045*
>2 392 21(5.36)

BCS

Medium 16 0(0.00) 0.76 0.384
Good 485 22 (4.53)

Total 501 22(4.39)

Key: BCS=body condition scoring; *=statistically significant

At >2 mm cut-off point, statistically high significant differences were observed in proportion

of bovine positive reactors between the five feedlot farms (y2 =27.18, p= < 0.001); source of
origin (y2 =22.22, p = <0.001); age categories (y2=9.65, p=0.002). But in relation to body
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condition score, there was no statistically significant difference between the groups (x2=0.2,
P=0.687) (Table 4).

Table 7: Association of different risk factors skin test positivity of feedlot at >2 mm cut-off
point for BTB in east Shewa, Central Ethiopia

Variable No of cattle No of positive »? P-value
examined (%)

Farm

I 90 15(16.7) 27.18 <0.001*

I 111 20(18.0)

11l 100 0 (0)

v 100 6(6)

\% 100 7(7)

Origin

Dublug 289 13 (4.5) 22.22 0.001*

Moyale 155 23(14.8)

Yabelo 57 12(21.1)

Age

<2 109 2(1.8) 9.65 0.002*

>2 392 46(11.7)

BCS

Medium 16 2(12.5) 0.2 0.687

Good 485 46(9.5)

Total 501 48 (9.6)

*statistically significant

In univariate logistic regression analysis, older animals (OR=7.11, 95% CI: 1.7- 29.8), cattle
from Yabello market (OR=5.66, 95% CI: 2.4-13.2) and cattle in feedlot 5 (OR=2.65, 95% CI:
1.03-6.8) were more likely to be tuberculin reactors than younger animals, cattle originated
from Dubliqu market and those from feedlot I, respectively. In multivariable logistic
regression, however, only feedlot farm difference showed a statistical significance difference

among the groups with the OR=3.4 (95% CI: 1.2-9.5), while other factors were not statistically

58



significant (Table 5). Although it was not significant, older animals showed 2.1 times the odds
of being tuberculin reactor than younger animals (OR=2.10; 95% CI: 0.46-9.59).

Table 8: Multivariable logistic regression analysis of tuberculin reactors with various host

and environment related factors at >2mm cut-off point.

No of cattle No of positive Crude OR 95% Adjusted

Variable examined (%) Cl OR95% ClI
Farm

| 100 7(7) 1 1

I 111 20(18) 2.92(1.18-7.24)* 6.99 (1.63-30.04)*
1 100 0(0) - -

vV 100 6(6) 0.85(0.27-.61) 0. 79 (0.25-2.45)
\% 90 15(16.7) 2.65(1.03-6.85)* 3.4 (1.22-9.50)*
Origin

Dubulig 289 13(4.5) 1 1

Moyale 155 23(14.8) 3.70(1.82-7.53)  0.35(0.11-1.10)
Yabelo 57 12(21.1) 5.66(2.43-3.19)*

Age

<2 109 2(1.8) 1 1

>2 392 46 (11.7) 7.11(1.70-9.79)* 2.10 (0.46-9.59)
BCS

Medium 16 2 (12.5) 1 1

Good 485 46(9.5) 0.73(0.16-3.33)  0.89(0.19 - 4.22)
Total 501 48 (9.6)

Key: COR=Crude Odds Ratio; AOR=Adjusted Odds Ratio; CI: Confidence interval

4.2.3.2. Herd prevalence of bovine tuberculosis

The herd prevalence was 80% (95% ClI: 76.5-83.5) at >4 mm and >2 mm cut-off points.
Association of the risk factors with bovine tuberculin reactivity showed farm, origin of the
cattle, age and body condition score showed a statistically significant difference among the
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categories at >4mm and >2mm of cut off points (P<0.05). According to SICCTT result of avian
tuberculin skin reaction, the overall animal prevalence of Mycobacterium avium complex
infection was 0.6% (95% CI: 0.08- 1.27) at >4 mm cut-off point.

4.2.4. Discussion

Bovine tuberculosis is known to be endemic in cattle of Ethiopia particularly in dairy farms
with a prevalence ranging from 0.8 to 46.8% in different husbandry system and breed of cattle
(Ameni et al., 2003) based on SICCTT. However, no information is available on the prevalence
of BTB in beef cattle feedlots of Ethiopia particularly on Borena breed managed under private

fattening export farms located in and around Adama town.

In the present study, based on SICCTT, the prevalence of BTB was 4.39% at >4 mm cut-off
point and 9.58% at >2mm cut-off point. The prevalence in this study was lower than the
prevalence reported in previous studies done on dairy cattle in Ethiopia (Ameni and Wudie,
2003). The main reason for this might be related to dairy farm mainly compared of female
crossbreed, which may be affected by their reproduction, and milk production status that may
lead to stress as compare to male animals that constitute the beef feedlots. Hence, dairy animals
might be more susceptible than beef animals (Radostits et al., 2007), the difference in
husbandry system, origin of animals, breed of animals and age of animals. In dairy farms where
high prevalence of BTB was recorded mainly reared under in-housed intensive husbandry
system in which the majority of the cattle were cross breed as compared to the open-air
handling system and consisting of local zebu (Borena) breeds in the feedlots. According to
previous studies intensive husbandry system and cross breed cattle were important risk factors
for high prevalence of BTB in the dairy farms (Ameni et al., 2006; Ameni et al., 2007).
Similarly, dairy cattle were kept for longer age as compared to the beef cattle which were
relatively younger in their age (2 to 5 years), hence, beef cattle had short lifetime for exposure
for infection as compared to the dairy cattle which were exposed for longer years to aerosol or
oral infection by Mycobacterium species. In the present study, the prevalence of BTB showed
an increase with age which is in agreement with previous reports by other researchers in cattle
(Regassa et al., 2010 and Biffa etal., 2011).
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At >2 mm cut-off point, statistically significant differences in proportion of bovine positive
reactors were observed among feedlot farms, in which Farm Il and Farm V showed higher
proportion of positive bovine tuberculin reactor than Farm I. This difference might be related
to the origin of cattle from which the animal were purchased and age distribution of the farms
that may affect the farm level bovine tuberculin positivity. According to the observation in this
study the settings in terms of husbandry, duration of stay in the feed lot and site of the feedlot
farms were almost similar, and hence, the difference assumed to be related to the origin of the
animals rather than the difference at feedlot level. Previous studies in the Yabello area based
on SICCTT showed 5.5% prevalence in extensive pastoral production system and similarly a
closer prevalence (8.7%) at>4mm cut-off points was reported in the present study. Similar to
other studies in Ethiopia, there was no association between body condition score and tuberculin
skin test positivity (Tschopp et al., 2010). In present study, a high herd level prevalence (80%)
was observed which might indicate the widespread occurrence of the infection in the feedlot
herds as compared to moderately low herd prevalence observed in extensive pastoral
production system (Mamo et al., 2013).

In conclusion, the study revealed a low prevalence of BTB in beef cattle and indicated the
presence of epidemiological risk factors for infection among cattle of the feedlots such as the
origin of the cattle and age of the animal as important factors. Considering the fact that these
feedlots established for export of fattened live beef cattle, the findings of this study warrants
the need of designing a control strategies at feedlot level and testing during quarantine period

of the animals.
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4.3.1. Abstract

A cross-sectional study was conducted from November 2014 to August 2016 at Adama
Municipal Abattoir and Bishoftu ELFORA Export Abattoir, central Ethiopia, to estimate the
prevalence and distribution of lesions of bovine tuberculosis (BTB) based on gross TB-like
lesion. Detailed postmortem examination was employed to undertake this study on 1,896 cattle
(1,266 from Adama and 630 from Bishoftu) and 80-suspected TB-like lesions were collected.
Data on their body condition scores, origin of animals and ages were recorded before
slaughtering. The prevalence of BTB was 4.2% (80/1896) based on gross TB-like lesions.
Larger proportion (52.5%) of TB lesion was recorded in the respiratory pathway followed by
lymph nodes of the head (26.25%), mesenteric lymph nodes (7.5%), prescapular lymph nodes
(7.5%) and hepatic lymph nodes (6.25%). The prevalence of the disease was significantly (P <
0.05) varying with origin of animal, location of abattoir and body condition score. The
prevalence of BTB recorded by this study was similar with those reported in other abattoirs

from different regions of Ethiopia

Key words: Adama; Bishoftu; Bovine Tuberculosis; Abattoir; Prevalence
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4.3.2. Introduction

BTB is a chronic bacterial disease characterized by progressive development of tubercles in
any tissue/organ of the body (Hlokwe et al., 2013; Pal et al., 2014; Terefe, 2014). It has been
reported from 176 countries as one of the important bovine diseases causing great economic
loss (Awah-Ndukum et al., 2013). TB in general can be difficult to diagnose based only on the
clinical signs. Regular surveillance by skin test, bacteriology and molecular methods is not
feasible due to lack of resources. Thus, abattoir inspection will continue to play a key role for

national surveillance.

Ethiopia has the largest livestock population in Africa, with an estimated 52 million cattle
(CSA, 2011) that contributes to the livelihoods of 60-70% of the population. Ethiopia's
increasing human population, coupled with expanding urbanization and higher average income
IS putting an increasing pressure on the meat supply. To meet this demand, millions of food
animals slaughtered every year throughout the country. In 2007, for example, a total of 18.8
million cattle, sheep, goats and camels slaughtered at municipal abattoirs, primarily for
domestic consumption (FAO, 2009). For this reason, close monitoring of meat hygiene,
including proper implementation of meat inspection procedures during slaughter, should be a

vital part of the national public health protection program.

BTB characterized by the formation of nodules called tubercles whose location depends largely
on the route of infection. In calves, BTB usually transmitted by ingestion and lesions involve
the mesenteric lymph nodes with possible spread to other organs. In older cattle, infection
usually transmitted by the respiratory tract with lesions in the lung and dependent lymph nodes
(Carter and Wise, 2004). There has been increasing reports of human cases due to M. bovis
especially in patients with HIV (Russell, 2003). Thus, a greater degree of transmission of
infection with bacteria to human and domestic farm animals could occur (Taracha et al., 2003).
In industrialized countries, animal TB is controlled and eliminated with test and slaughter,
which has in turn drastically reduced the incidence of the disease caused by M. bovis in both
cattle and human. In developing countrics however, anmimals’ TB is widely distributed, as
control measures are not applied or applied suboptimally. In Ethiopia, animals are kept in the
same house with their owners; cow dung is used for painting of the wall and floor of houses as

well as as sources of energy for cooking. All these practices do exacerbate the chance of spread
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of TB to human (Asseged, 1999). The nation wide distribution of the disease and the economic
loss associated with it has not been fully determined due to lack of good diagnostic facilities
(Asseged, 2004).

The primary reason for post mortem examination of carcasses at slaughterhouse is for the
protection of public health. The knowledge of TB in cattle slaughtered provides useful
information and is a proxy indicator for the epidemiology of the disease in the cattle population
from which the slaughtered cattle are originated. Furthermore, it could serve as a good indicator
of risk to humans through consumption of infected meat. Apart from providing data for
regulatory programs. This provides better programmatic awareness with subsequent
development of targeted guidance on how to reduce the risk of TB spread within the specific
geographic area, as well as opportunities to trace back the source of infection to the herds.
Hence, having the knowledge of distribution, prevalence and risk factors of the disease are
fundamental to look for effective control strategy. Therefore, the objectives of this study were
to estimate the prevalence of BTB at Adama Municipal Abattoir and Bishoftu ELFORA Export
Abattoir, Central Ethiopia and to assess the distribution of tuberculous lesions in slaughtered

animals.

4.3.3 Results

4.3.3.1 Postmortem findings

The prevalence of BTB was 4.22% (80/1896) on the basis of gross TB-like lesion. There was

statistically significant difference between origin (p<0.001) of animal, location (p<0.001) of
abattoir and body condition score (p<0.001) of the animals (Table 9).
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Table 9: Association of different risk factors in cattle slaughtered at abattoir for BTB -

Variable No of cattle No of carcasses 2 P-value

inspected

positive (%)

Origin of animal

Avrsi, Bale and Borena (southeast) 1018 16((1.6) 45.9 0.000
Afar, Harar, Dessie, Kemisie, 593 51(8.6)

Shewarobit and Haiq (east-north)

Walaga (west) 285 13(4.6)

Abattoir

Adama abattoir 1266 32(2.5) 26.9 0.000
Bishoftu export abattoir 630 48(7.6)

BCS

Lean 460 33(7.2) 19.4 0.000
Medium 440 23(5.2)

Good 996 24(2.4)

Total 1896 80

4.3.3.2. Distribution of tuberculoses lesions

The distribution of TB-like lesions in different tissues of cattle was presented in Tables10 and

11. About 52.5% of the lesions were observed in the lung and associated lymph nodes (Table

11). The lung region contributes a higher percentage of tubercle lesions than the head and the

gastrointestinal area (Table 10).
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Table 10: Percent of distribution of tuberculosis lesion in organs and lymph nodes

Postmortem

Organs Number Percent
Lung tissue 14 0.74
Bronchial LN 17 0.89
Mediastinal LN 11 0.58
Retropharyngeal LN 17 0.89
Mandibular LN 4 0.21
Mesenteric LN 0.31
Prescapular LN 6 0.31
Liver tissue 5 0.26
Total 80

Table 11: Pooled TB lesions distribution

Anatomic site Lesions

Percent from all*

Organ proportion**

Lymph nodes around head 21
Lung and lymph nodes around it 42
Mesenteric lymph nodes 6
Prescapular LN 6
Liver and hepatic lymph nodes 5

11

2.21
0. 32
0.32
0.26

26.25
525
7.5
7.5
6.25

Total 80

*Percent from all=lesion divided by/number of animal examined (1896) multiplied by 100

**Qrgan proportion=lesion in the region divided by overall lesions (80) multiplied by 100

4.3.4 Discussion

This study generated information of the prevalence and distribution of lesions of BTB in cattle
slaughtered at Adama Municipal Abattoir and Bishoftu ELFORA Export abattoir in East
Shewa, Central Ethiopia. Based on postmortem examination in the present abattoir study, the
prevalence of gross lesions of BTB was found to be 4.22%, which is comparable with the
results reported by Demelash et al. (2009) in Yabello municipal abattoir, Teklu et al., (2004)
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in Hosanna and Berg et al. (2009) in Addis Ababa, Gonder, Woldiya, Gimbi, Butajira, and
Jinka.However, the prevalence of TB lesions found in this study is lower than those
reported(Biffa et al., (2010a) in Addis Ababa, Adama, Hawassa, Yabello, Melge-Wondo,
Ameni et al., (2010) in Kombolcha, Tigre et al., (2010) in Nekemte, Aylate et al., (2013) in
Woldyia, Mekibeb et al., (2013) in Addis Ababa, Romha et al., (2013) in Humera, Zeru et al.,
(2013) in Mekelle, and Ameni et al., (2003) in Nazareth, While, it was higher than the finding
reported Regassa et al., (2010) in Hawassa, Shitaye et al., (2006) in Addis Ababa, Nuru et al.,
(2017) in Bahir Dar Abattoir, Gumi et al., (2012b) in Negelle and Asseged et al., (2004) in
Addis Ababa. This difference in prevalence of tuberculoid lesions could be due to the
difference in origin or types of production system and breed of animals that are slaughtered in

the abattoirs.

In the present study, larger proportion (52.5%) of TB lesion was recorded in the respiratory
pathway of the lung and associated lymph nodes followed by lymph nodes around head
(26.25%), mesenteric lymph nodes (7.5%), prescapular lymph nodes (7.5%) and liver and
hepatic lymph nodes (6.25%). This finding is significantly different from previous studies done
in Ethiopia (Tamiru et al., 2013) where 70 and 70.7% TB lesions were reported in lungs and
associated lymph nodes, respectively. However, the distribution of TB lesion in the current
study comparable with the results reported by Alemu et al., (2015) where 50% of lesions
involved in the lymph nodes of thoracic cavity. The observation of the largest proportion of
TB lesions in the respiratory pathway was consistent with the reports of previous findings
(Asseged et al., 2004; Shitaye et al., 2006; Regassa et al., 2009; Mihreteab and Indris, 2011).
This finding indicated that inhalation might be the principal route of TB infection in cattle.
Therefore, during post-mortem examination focus should be given on lungs and associated
lymph nodes.

The prevalence of the disease was statistically significant difference (P<0.05) in the prevalence
of the disease between body condition scores (BCS), the prevalence being higher in lean (7.2%)
than medium (5.2%) and good (2.4%) body conditioned animals. The present result is
consistent with previous reports, which indicated that animals with good BCS have relative ly
strong immunological response to the infectious agent than animals with medium BCS, and the

result could indicate the wasting nature of the disease (Radostits et al., 2007).
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In conclusion, the result of this study suggested the low prevalent of BTB in cattle slaughtered
in Adama municipal abattoir and Bishoftu ELFORA export abattoir, in east Shewa, central
Ethiopia. Larger proportion of BTB lesions recorded in the respiratory pathway of the lung and
associated lymph nodes of this study suggested that inhalation might be the principal route of
TB infection and during post-mortem examination; more attention should be given on the lungs

and associated lymph nodes.
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4.4, Characterization of MTC species and/or strains isolated from humans and cattle in
East Shewa Zone, Central Ethiopia
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4.4.1 Abstract

Tuberculosis remains a major public health problem in Ethiopia. While human to human
transmission of mycobacterium tuberculosis (MTB) is of major importance in driving TB
epidemic, the impact of Mycobacterium bovis (M. bovis) transmission from infected cattle is
largely unknown. Therefore, the objective of this study was to investigate the zoonotic
transmission of TB between cattle and human populations in East Shewa Zone, central
Ethiopia between November 2014 to August 2016 on 392 in contact humans at Bishoftu and
Adama Health institutions. In addition, 80 TB-like lesions from cattle slaughtered at Adama
and Bishoftu as well as 12 milk samples from strong single intradermal cervical comparative
tuberculin test (SICCTT) positive dairy cattle were cultured. Further the isolates were typed
using spoligotyping. Of 392 human subjects from which sputum samples were cultured,
mycobacterial growth was detected in 86/392 (21.9%) subjects. Spoligotyping was performed
on these 86 isolates and 84 were confirmed as M. tuberculosis while two were M. bovis.

However, no growth of mycobacteria in 12 milk samples collected from these strongly
tuberculin-positive reactor cows.

In conclusion isolation of M. bovis from humans and isolation of MTB from cattle tissues could
suggest the transmission of these two species of mycobacteria between cattle and humans in

East Shewa Zone central Ethiopia.

Keywords: Zoonotic, M. bovis, M. tuberculosis, spoligotyping, East Shewa zone, Central

Ethiopia
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4.4.2 Introduction

Bovine tuberculosis (BTB) is a disease characterized by the progressive development of
specific granulomatous lesions or tubercles in the lung tissues, lymph nodes or other organs.
Mycobacterium bovia (M bovis), the causative agent of BTB, is a member of the
mycobacterium tuberculosis complex (MTC) (Smith et al.,, 2006). M. bovis is mainly
responsible for BTB in cattle and in a wide range of both domestic and wild animals. It is also
a known cause of zoonotic TB in humans, which can appear indistinguishable with regard to
pathogenesis, lesions, and clinical findings to that caused by mycobacterium tuberculosis
(MTB) (Cosivi et al., 1988; Moda et al., 1996). M. bovis shows a high degree of virulence for
both humans and animals (Moda etal., 1996). MTB is the most common cause of TB in humans
but an unknown proportion of cases are due to M. bovis. More than 94% of the world population
lives in countries in which the control of BTB in cattle is limited or absent (Cousins, 2001). In
countries where BTB is still common and pasteurization of milk is not practiced, an estimated
10-15% of human TB is caused by M. bovis (Ashford et al., 2001).

In many developing countries, BTB remains endemic causing significant economic losses
(Zinsstag et al., 2006). In animals, BTB has been reported from 33 of 43 African countries
(Ayele et al., 2004). WHO reported in 1998 that 3.1% of TB in humans worldwide is
attributable to M. bovisand that 0.4—10% of sputum isolates from patients in African countries
could be M. bovis (Michel et al., 2010). Zoonotic TB is now acquiring increasing recognition
in developing countries, including Ethiopia, as animals and humans share the same
environment (Malama et al., 2013). Human cases of BTB have been described in some
Sahelian countries like Ghana, Niger, Uganda andTanzania (Idigbe et al., 1986; Addo et al.,
2007; Oloya et al., 2008) and in immigrants from Chad (Godreuil et al., 2010).

Gumi etal. (2012) found a link in the transmission of TB between livestock and pastoralists of
South East Ethiopia. Human TB of animal origin (zoonotic TB) is an important public health
concern in developing countries (Etter et al., 2006). Rural inhabitants and some urban dwellers
in Africa still consume unpasteurized and soured milk potentially infected with M. bovis (Ayele
et al., 2004). Human infection due to M. bovis is thought to be contracted mainly through
drinking raw milk however; cases of pulmonary TB have also been reported particularly in

patients from rural areas that live in close contact with cattle (Kazwala et al., 1998).
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In Ethiopia, several prevalence studies have been performed and showed that BTB is endemic
in cattle; however, prevalence vary depending on the geographical areas, breeds and husbandry
practices. Abattoir and dairy farm studies from central Ethiopia have reported prevalence
between 3.5%-13.5% and locally in peri-urban Addis Ababa up to 50% (Ameni et al., 2007,
Shitaye et al., 2007; Berg et al., 2009; Demelash et al., 2009; Regassa et al.,2010). In contrast,
lower prevalence of 0.9% was reported in traditionally-kept zebu cattle (Tschopp et al., 2010a).
The observed variability of BTB disease frequency in Ethiopia might well be influenced by
different livestock production systems (rural/pastoral/peri-urban) and different geographic and
climatic contexts. Transmission of BTB seems to be higher in intensive peri-urban settings
when compared to extensive rural and pastoral areas. Thus, the disease is particularly serious
in intensive dairy farms, which serve the public as sources of dairy products, including milk.
The situation could be exacerbated by the absence of any control method employed in the
country. Thus, although the extent of transmission of M bovis to human beings has not yet been
established in Ethiopia, the high prevalence of BTB on dairy farms and the practice of raw milk
consumption by the public suggest that the impact of M. bovis on human TB could be

significant.

Urban livestock production constitutes an important sub-sector of the agricultural production
system in Ethiopia. In East Shewa zone of central Ethiopia specifically in Adama and Bishoftu
towns, with the response to increased demand for milk and milk products linked to growth of
human population, relatively large numbers of dairy farms and feedlot farms are found with
intensive management system. In addition there are around 100 buchers, and several export
abattoirs are located in the area which are exporting meat of small ruminants to Middle East
countries (Saudi Arabia, Dubi and Yemen) and African countries (Djibouti, Congo Brazzaville,
Cote-d’ivoire and Egypt), and meat of cattle for local consumption. Unfortunately, BTB has
shown close links with intensive management system (Kleeberg, 1984 and Barwinek et al.,
1996).

The knowledge of the epidemiology of the disease is a footstep for designing any control
strategy to limit the disease spread and to avoid risk for human infection. However, since in
East Shewa Zone of central Ethiopia, specifically in Adama and Bishoftu towns the demand
for dairy products is increasing, animal-to-human transmission of TB might still be significant

although it has not been documented. Therefore, the objective of this study was to investigate
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the zoonotic transmission of TB between cattle and human populations in east Shewa zone

central Ethiopia.

4.4.3 Results

4.4.3.1 Isolation of mycobacterium from human

Out of the 392 sputum samples cultured, growth of mycobacteria was observed in 21.9%
(86/392) on primary culture. Mycobacterial growth was not observed in the majority o0s

samples.

4.4.3.2 Isolation of mycobacterium from tissue and milk samples

Growth of MTC species were observed in 26.25% (21/80) of tissue TB-like lesion samples on
primary culture. However, no growth of mycobacteria in 12 milk samples collected from these

strongly tuberculin-positive reactor cows.

4.4.3. 3 Spoligotyping of human isolates

Spoligotyping of 86 human isolates 35 different spolygotype patterns. The spoligotype patterns
were grouped into 14 clustered patterns containing of 65 (75.6%) isolates and 21 (24.4%) single
each consisting of one isolate. The overall diversity of the patterns was 40.7%. Out of the 35
spolygtype patterns, 27 were registered in the international data base and thus were considered
as shared types while the remaining 8 were not found in the SITVIT Database and were orphans
(Table 12). The dominantly identified patterns (~strains) were SIT 149, SIT 53, and SIT 118,
each consisting of 18, 11 and 6 isolates, respectively (Table 12). Classification of the
spoligotype patterns using TB-insight RUN TB-Lineage showed that the Euro-American (EA)
lineage was the dominant Lineage consisting of 87.2% of the isolates. On the other hand, 3.5%
of the isolates belonged to the Central-Asian (CAS) Lineage. Similarly, 3.5% of the isolates
belonged to the M. africanum Lineages while onlyl.2% of the isolate belonged to Indo-oceanic
Lineage. Interestingly, two M. bovis isolates (2.3%) were isolated from the sputa of two
individuals. The two M. bovis were SB01443, which has already been registered in the
M.bovis.org Database.
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4.4.3 4. Spoligotyping of animal isolates

Spoligotyping of 21 isolates from cattle yielded 18 different spolygotype patterns. Of the 21
isolates, 12 (57.2%) isolates were confirmed to be M. bovis while the remaining 9 (42.8%)
were MTB. The isolates were grouped into 3 clustered strains containing of 6 (28.63%)
isolates and 15 (71.4%) single each consisting of a single isolate (Table 13). Out of the 18
spolygtype pattern, 6 were registered in the SITVIT2 international Database and thus were
shared types while the remaining 12 were not found in the Database and hence were orphans
(Table 13). The 12 strains of M. bovis isolated from cattle were represented by 9 different
spoligotype patterns. Of the 9 clusters of M bovis, 7 clusters were new and had not been
reported to the M.bovis spoligotype Database previously, while the remaining 2 clusters were
SB1265 and SB1176. Of the nine strains of MTB, 5 strains were not registered in the
international spoligotype SITVIT2 database and thus designated as orphan strains, while the
remaining four strains of MTB were SIT 50, SIT 118, SIT 117 and SIT 1318 in the SITVIT2

database and most of them belonged to the Euro-American Linege (Table 13).
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Table 12: Description of 27 shared-types (SITs; n=77 isolates) and 8 orphan strains (N=9) corresponding spoligotypingdefined

lineages/sublineages starting from a total of 86 MTB strains isolated in central Ethiopia.

SIT Isolates with CBN* Lineage | SITVIT2 Octal number Binary
similar pattemn sublineage
149 18 Euro-American T3 ETH 777000377760771 [ EEENEEEEEE __ EEEN |
777 3 Euro-American H4 T77777777420771 L EEN EEEE
336 2 Euro-American X1 T77776777760731 ' N SN | | | BN
53 11 Euro-American T1 T17777777760771 ' S SN | | | I
50 2 Euro-American H3 T17777777720771 ' S N | | | NN
134 3 Euro-American H3 7777777772063 | N L[ =
1745 1 Euro-American T3 773737777760771 | T S E— | S—
245 1 Euro-American T1 T 77760671 | L —
37 4 Euro-American T3 7777377777607 71 | e L —
221 1 Euro-American X1 7776677776077 | L[ —
1221 1 Euro-American T1 757767 777760771 | [ —
1547 4 Euro-American T3 77772777 7760771 | [ —
51 1 Euro-American T T77777777760700 | e — T
75 1 Euro-American H3 7776777772077 | N N[ WE—
7 1 Euro-American T1 3777777777607 71 | L —
118 6 Euro-American T2 777767 777760771 | [ —
1318 3 Euro-American T1 577767 777760771 | [ [ ——
117 3 Euro-American T1 777767777760731 | T S — S -
1687 1 Euro-American T1 7777677757607 7L | N [ W
1802 1 Euro-American H3 7776777772063 | L w—
611 1 Euro-American T1 7777677775607 71 | L —
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Continued table 12

834 1 Euro-American U 7767777740771 | LT ——
116 1 Euro-American H3 7T 76777572077 | . || ——
Orphan 1 Euro-American H3 ATTTBTTTTT2057] | o e—— ————— L m——
Orphan 1 Euro-American X2 TTT737777760000 | p— m—— T
Orphan ! Euro-American T TOSTTTTTTT6067] | o m— T —
Orphan 1 Euro-American X2 TTT727777760000 | p—- — T
309 1 EAI CAS1 703767740003171 | s T 1 T e—— T 77T T —
25 1 EAI CAS1 703777740003171 | LT S— LT —
141 2 CAS MTB CAS 703767740003771 [ EEES 5 EENEEEEEEEES |
Orphan 1 CAS CAS 70377740000206] | 11 ese—— T W
Orphan 2 M-africanum Manu2 575347777763661 | m e  w— T ———
Orphan 1 M-africanum X2 554377777760660 | S T T T
Orphan 1 10 CAS 713600000001171 | s o s T T T T T T T T T —
SB1443 2 M. bovis BOV 6,167 77777777600 | =T
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Table 13: Description of 3 clustered strains containing of 6 (28.63%) isolates and 15 (71.4%) single each consisting of a single isolate from a
total of 21 spoligotype isolates from cattle in central Ethiopia.

SIT/SB | Isolates with CBN* Lineage | SITVIT2 Octal number Binary
similar pattern Lineage/

SB1176 | 1 M. bovis BOV 1 602773761000200 | ™I —— W T
SB1256 | 2 M. bovis BOV_1 616763777777600 | mur T e — ———— T
50 1 Euro-American | H3 TTTTTTTTT720771 | o ————— | | | S
118 1 Euro- American T2 TTT77677777607 71 | o —— | | | S
117 1 Euro-American | T1 TTTTO7T77760731 | o —— e —— T -
1318 1 Euro-American T1 ST7767777760771 | s ——— - | | | SS——
Orphan |1 M. bovis BOV 416743777756600 | M I S — T ———————— —
Orphan |1 M. bovis BOV_1 612763761000200 | s o e— — W T[T W1
Orphan |1 M. bovis BOV_1 612773761000200 | e r s se——— W WL
Orphan |1 M. bovis BOV_1 400201434200000 | s me T T - T T
Orphan |1 M. bovis BOV_1 402773761000200 | s ee— — T T T
Orphan | 2 M. bovis BOV_1 416763577756600 | BT T m—T— T )
Orphan |2 M. bovis BOV_1 612773761000200 | s e—— T
Orphan |1 Euro-American H3 ST7767777700771 | s S———— | S
Orphan |1 Indo-Oceanic MANU1 TTTTOTTTTTTTT7L | o
Orphan |1 Euro-American T TT5767577760771 | o — —— —— T — | | |
Orphan |1 Euro-American T TT7767777760661 | —— - —————
Orphan |1 Euro-American X2 417763575600200 | s ——— T w— —— T W]
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4.4.5 Discussion

In the present study, MTC species were isolated from 86 TB patients from Bishoftu and Adama
Referral hospital and Adama Health Center who visited health institutions. In parallel, 21 MTC
species were isolated from TB lesions of cattle slaughtered at Adama Municipal Abattoir and
Bishoftu ELFORA Export Abattoir. The isolates were identified at strain and lineage levels on
the basis of spoligotyping and compared with the strains in the SITVIT2 Database.

4.45.1 Animal isolates

In this study, culture positivity in primary culture media was found in 26.25% (21/80) TB
suspected lesions. Culture positivity in present study is comparable with the results reported
(Biffa et al. 2010a) with culture positivity from Addis Ababa, Adama, Hawassa, Yabello,
Melge-Wondo and (Mekibeb et al. 2013) with culture positivity from Addis Ababa. While it
was higher than that reported by Teklu et al. (2004) with culture positivity from Hossana,
Shitaye et al. (2006), with culture positivity from Addis Ababa, Berg et al. (2009) with culture
positivity from Addis Ababa, Gonder, Woldiya, Gimbi, Butajira, and Jinka and Nuru et al.
(2017) with culture positivity from Bahir Dar Abattoir. However, it was lower than that
reported by Ameni et al. (2010) with culture positivity from Kombolcha, Gumi et al. (2012b)
with culture positivity from Negelle, Romha et al. (2013) with culture positivity from Humera
and Zeru et al. (2013) with culture positivity from Mekelle.

Out of 22 bovine tuberculin positive reactors dairy cattle, no growth of mycobacteria was
observed on Lowenstein-Jensen medium from 12 milk samples collected from these strongly
tuberculin-positive reactor cows. The present result coincides with the result obtained by
Ameni and Wudie (2003) in which out of 24 milk samples cultured from tuberculin reactive

cows, no growth of mycobacterial was recorded.

In this study, 21 isolates showed evidence for MTC species, of which 12 were M bovis and nine
were MTB. Further characterization of the strains of M bovis using spoligotyping revealed the
presence of 12 isolates grouped into nine clusters of spoligotype patterns. Of the nine clusters

of M bovis, seven clusters were new and had not been reported to the M. bovis spoligotype
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database previously, while the remaining two clusters of M bovis were of spoligotype SB1265
(two isolates) and SB1176 to the database M.bovis.org. The spoligotype SB1265 have been
reported by Biffa et al. (2010a) in Yabello abattoir. The isolation of SB1176 (M. bovis)
demonstrates dominance of this spoligotype as a major cause of BTB in Ethiopian cattle
(Ameni et al., 2007b; Berg et al., 2009; Biffa et al., 2010a; Firdessa et al., 2012; Mekibeb et
al., 2013). The spoligotype SB1176 carry a specific spoligotype feature (spacers 4—7 missing)
typical for members of a clonal complex identified as M. bovis African 2 (Af2) so far only
found in East Africa (Berg etal., 2011).

The nine MTB strain isolated from TB lesions in cattle belongs to eight Euro-American lineage
(SIT 50, 118, 117 and 1318), and one Indo-Oceanic lineage. M tuberculosis infection has been
reported in a wide range of domestic and wildlife animal species, most frequently in those
living in close, prolonged contact with human beings (Thoen et al., 1981, Montali et al., 2001,
Oh et al., 2002, Pavlik et al., 2003, Alfonso et al., 2004). Previously MTB isolation from TB
suspected lesions were reported in cattle in Ethiopia (Berg et al., 2009; Ameni et al., 2010;
Tsegaye et al.., 2010; Aylate et al., 2013). MTB has been sporadically isolated from cattle in
other countries (Prasad et al., 2005; Ocepek et al., 2005) or zoo animals (Lyashchenko et al.,
2006). Similarly, in Algeria and Sudan, the prevalence of MTB in cattle was 6.2 and 7.4 per
cent, respectively (Boulahbal et al., 1978, Sulieman and Hamid, 2002). Animal attendants with
active TB in the respiratory tract, urinary tract or gastrointestinal tract also represent an active
source of MTB for animals, spreading the bacillus via the sputum, urine or faeces (Thoen et al.,
1981). The isolation of MTB from tissues of bovine could likely justify the possible

transmission of MTB from human to cattle.
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4.4.5.2 Human isolates

Out of 392 smears positive samples cultured, only 86 (21.9%) were culture positive. This result
is lower than with the previous findings reported in Nigeria Odubanjo and Dada-Adegbola
(2011) and in Ethiopia by Disassa et al. (2015).

Spoligotyping of 86 mycobacterial human isolates revealed 35 distinct spolygotype patterns,
which corresponded to 40.7% of genotype diversity. The diversity of spoligotypes strains that
we observed in this study was consistent with the reported by Belay et al., (2014) and Disassa
et al., (2015), but higher than the percentages reported earlier by other studies in Ethiopia
(Diriba etal., 2013; Yimer et al., 2013; Debebe et al., 2014). This low diversity of spoligotypes
strains of MTB could suggest that a small number of lineages of MTB are causing the disease
in the study area, despite the fact that there were significant migrations of different infected
ethnic group of peoples to Adama city and its surroundings from other regions of the country.
In addition, the long period of MTC clonal evolution may contribute to the diversity of strains
(Godreuil et al., 2010).

Sixty five of the mycobacterial isolates were grouped into 14 clusters with an overall clustering
percentage of 75.6%. The clustering rate observed in this study was comparable with a study
performed in the Afar Pastoral Region (Belay et al., 2014) and a national survey (Getahun et
al., 2015). The rate is higher than in the context of studies in Bahir-dar (Nuru et al., 2015),
Benishangul (Disassa etal., 2015) and Gambella (Asebe et al., 2016). The observed differe nces
in clustering rates might be related to differences of sanitation, housing and population density.
And also high level of strain clustering could suggest recent and ongoing TB transmission in
the study area (Small et al., 1994; Barnes et al., 1997; Easterbrook et al., 2004).

The dominantly identified strains were SIT 149, SIT 53 and SIT 118 in order of decreasing
frequency. In agreement with the present study SIT 149 (T3-ETH) is isolated frequently in
Ethiopia and among Ethiopian immigrants in Denmark (Brudey et al., 2006). Also similarly to
this study, SIT149 was dominantly isolated by earlier studies conducted in Afar Pastoral
Region of Ethiopia (Belay et al., 2014). The second MTB strains found in the present study
was SIT53, which was also reported earlier in the SITVIT database as the most common types
in Ethiopia by other researchers (Bruchfeld, et al., 2002).
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The MTB isolated in the present study was belonged to the Euro-American, Indo-oceanic, East-
African-Indian, M. bovis and M. africanum. The dominant Lineage was Euro-American (EA)
Lineage consisting 87.2% of the isolates. This finding is in line with the findings of where they
reported high prevalence of lineage 4, the most common lineage in Ethiopia (Mihret et al.,
2012; Diriba et al., 2013; Firdessa et al., 2013; Garedew et al., 2013; Debebe et al., 2014 and
Disassa et al., 2015). EA is the most dominant lineage in the world (Reed et al., 2009) and in
Ethiopia ranging from 32.5% in Gambella border to South Sudan (Asebe et al., 2016), to 86.8%
in central Ethiopia (Bedewi et al., 2017). It can be hypothesized that the EA lineage might have

been introduced to Ethiopia by Europeans during the Italian invasion of Ethiopia.

Screening of the SITVIT2 database also identified 3.5% (3/86) of the isolates as members of
M. africanum. This finding is in line with the findings of where they reported by (Nuru et al.,
2015). M. africanum has been reported to be an important cause of human TB in the west
African countries including Burkina Faso (Ledru et al., 1996), Guinea-Bissau (Kallenius et al.,
1999), Senegal (Viana-Niero et al., 2001), Cameroon (Niobe-Eyangoh et al., 2003),
CoteD’Ivoire (Niemann et al., 2004), the Gambia (Jong et al., 2006), Nigeria (Cadmus et al.,
2006) and Sierra Leone (Homolka et al., 2008), Further studies are needed to explore
evolutionary aspects that may have contributed to the spread of M. africanum in the study

population.

Among 86 isolates, 2 (2.3%) isolates was identified as M. bovis. The two human M. bovis
isolates had clearly the same spoligopatterns, suggesting that they originated from the same
sources. The spoligotype is identical to SB1443 in thewww.mbovis.org database. The M. bovis
isolates from human pulmonary TB patients matched with the spoligotype of the animal
isolates (SB1443), which has been isolated from cattle in West Africa countries of Nigeria
(Mller et al., 2009), thus indicating cattle-to-human transmission. The overall contribution of
M. bovis for TB in east Shewa zone central Ethiopia was low (2.3%) similar to other Ethiopian
reports (Belay et al., 2014; Berg et al., 2015; Nuru et al., 2015; Zewdie et al., 2016). This
finding was supported by the findings of other studies (Firdessa et al., 2013) which shows the
involvement of M. bovis for TB and presumably linked to contact with infected cattle and
consumption of raw milk and meat (Ayele et al., 2004). Higher prevalence of M. bovis in

human TB patients has also been reported in Nigeria (Idigbe etal., 1986; Mawak et al., 2006)
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Ghana (Addo et al., 2007) and Uganda (Oloya et al., 2008). This variation may be due to

differences in transmission pathways or in sampling and diagnostic techniques.
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5. GENERAL DISCUSSIONS

This study was conducted in East Shewa Zone on TB in cattle and in contact humans using
purified protein derivatives skin test, postmortem examinations of TB-like lesion at abattoir,
sputum samples from health institutions, bacteriological culture in TB lab and molecular typing
in the study area.

Bovine tuberculosis is known to be endemic in cattle of Ethiopia particularly in dairy farms
with a prevalence ranging from 0.8 to 46.8% in different husbandry system and breed of cattle
(Ameni et al., 2003) based on SICCTT. However, no information is available on the prevalence
of bovine tuberculosis in beef cattle feedlots of Ethiopia particularly on Borena breed managed
under private fattening export farms located in and around Adama town.

The present study based on SICCTT has shown an apparent individual animal prevalence of
BTB as 2.1% in the dairy farms of Adama city and in the beef feedlot was 4.39% at >4 mm
cut-off point and 9.58% at >2mm cut-off point. In the dairy farm, the finding is comparable to
a previous report of 2% in Ethiopia (Gumi et al., 2012) and 2.4% in Tanzania (Katale et al.,
2013). However, it is considerably lower than the figures reported by much of the previous
studies in Ethiopia, 7.9% (Ameni et al., 2003), 13.5% (Ameni et al., 2007), 30% (Firdessa et
al ., 2012), 7.1% (Nega et al., 2012), 13.64% (Ashenafi et al., 2013), 18% (Mamo et al., 2013),
and 5.5% (Dejene et al., 2016). Out of 206 herds tested, only 15 (7.3%) had one or more
tuberculin positive animals and the number of tuberculin reactors varied widely (0 to 55.6%)
between the herds. The present herd-level prevalence too, was considerably lower than the
range of estimates (12.5 to 56%) documented in the aforementioned previous studies.

Concerning the beef feedlot, the study revealed a low prevalence of bovine tuberculosis in beef
cattle and indicated the presence of epidemiological risk factors for infection among cattle of
the feedlots such as the origin of the cattle and age of the animal as important factors. Indicating
the fact that these feedlots established for export of fattened live beef cattle, the findings of this
study warrants the need of designing a control strategies at feedlot level and testing during
quarantine period of the animals.

The study generated information of the prevalence and distribution of lesions of BTB in cattle
slaughtered at Adama Municipal Abattoir and Bishoftu ELFORA Export abattoir in East
Shewa, central Ethiopia. Based on postmortem examination at the abattoir, the prevalence of
gross lesions of BTB was found to be 4.22%, which is comparable with the results reported by
(Demelash etal. 2009) in Yabello municipal abattoir, (Teklu et al., 2004) in Hosanna and (Berg
et al. 2009) in Addis Ababa.

In the present study, MTC species were isolated from 86 TB patients from Bishoftu and Adama
Referral hospitals and Adama Health Center who visited health institutions. In parallel, 21 MTC
species were isolated from TB lesions of cattle slaughtered at Adama Municipal Abattoir and
Bishoftu ELFORA Export Abattoir. The isolates were identified at strain and lineage levels on
the basis of spoligotyping and compared with the strains in the SITVIT2 Database.
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The isolation of M. bovis from humans, as well as the isolation of MTB from cattle, indicates
transmission between cattle and humans. Thus, the studies conducted in Ethiopia and elsewhere
in the world (Ocepek et al 2005; Cadmus et al 2010) have confirmed the transmission of
mycobacteria between animals and humans. Therefore, TB is of public health importance in
Ethiopia and warrants locally adapted diagnosis and treatment protocols.
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6. CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This study demonstrated low prevalence of BTB both in dairy farms located in Adama Town,
and cattle that are slaughtered at Adama Municipality and Boshoftu ELFORA export abattoirs.
Furthermore, the isolation of M. bovis from humans, as well as the isolation of MTB from cattle,
indicates the possible transmission of mycobacteria between cattle and humans. Therefore, TB
is of public health importance in Ethiopia and warrants locally adapted diagnosis and treatment

protocols.

6.2 Recommendation

> Initiation of practically applicable methods for the control of BTB in cattle herds at
Adama is recommeded. These can include registration of each dairy cattle, control of
the movement of dairy cattle and regular testing of herds.

» Public education on the transmission of mycobacteria between cattle and humas is

recommended.
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Appendix I: list of figures

Appendix Figure 2. Strong bovine tuberculin reactor after 72 hours post tuberculin injection
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Figure 3 Tuberculosis lesions in the thoracic cavity of adult cattle at abattoir, in Central Ethiopia
September 2015 (arrow shows tuberculosis lesion).
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Appendix I1: consent

Study Participant Consent Form

Name of the participant: Age Sex Code Study site/Health facility

I confirm that I, and/or my parent (s) (in individuals under 18 years) have been given adequate
information about the research project. |1 and/or my parent have been requested to provide
sputum. The researchers informed me and/or my parent that there is no risk associated with
participating in the study or providing the requested samples. | and/or my parent have
understood that the results of clinical and laboratory diagnosis will be used for research
purposes and the information related to myselffmy family will be kept strictly confidential. 1
and/or my parent well informed that participation in the study is voluntary and | and/or my
family can withdraw anytime without giving any reason. Moreover, | am and/or my family
fully aware that non-participation in this project will not subject me or my family to any health
service denial from this health facility either now or in the times to come. | and/or my parent
confirm that all the information provided to me is very clear and has been conveyed by the
language that I fully understand. Finally, I and/or my parent agreed to participate in the study,

and I and/or my parent signed this informed consent.

Name of participant............cccoeevereeereeennnn. Signature............... Date......
Name of parent/guardian Signature............ Date......
Name of obtaining consent...............c......... signature............. Date -----
Name of WItness...........ooeevviieiieinnnn.. Signature............ Date......
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