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EPIDEMIOLOGY OF TUBERCULOSIS IN BOVINE AND SWINE, AND ITS
ZOONOTIC IMPLICATION IN CENTRAL ETHIOPIA
Kassa Demissie Abdi
PhD dissertation
Addis Ababa University (2021)

ABSTRACT

Tuberculosis is a global priority disease of humans and animals. Bovine tuberculosis has been
first reported in Ethiopia in the year 1967. Since then its prevalence has been rising. The
nationwide prevalence of bovine tuberculosis has been estimated (5.8%) very recently in
Ethiopia and the animal level prevalence ranges from 0.8%-54.6%; the highest prevalence was
being reported in intensive dairy farms in and around cities while the lowest prevalence was
being recorded in grazing animals in rural areas. However, there are emerging dairy cattle farms
in Debre Berhan milkshed where the current epidemiological picture of bovine tuberculosis has
not yet been elucidated. Similarly, there is little scientific information on the epidemiology of
tuberculosis in swine in the country although swine production has been growing in central
Ethiopia since two decades following the privatization policy. Besides affecting animals and
reducing their productivity, animal tuberculosis is transmitted to and causes illness in humans.
However, there is little information on the magnitude of human tuberculosis of animal origin in
Ethiopia that requires additional studies. This study was initiated to investigate the epidemiology
of tuberculosis in bovine and swine and its zoonotic implication in central Ethiopia. A cross-
sectional study was conducted on 96 herds consisting of 625 heads of dairy cattle in Debre
Berhan milkshed and 11 herds comprising of 329 heads of swine raised in selected sites in
central Ethiopia. Skin testing was carried out by making use of single intradermal cervical
comparative tuberculin test for cattle and single intradermal comparative tuberculin test for
swine. Moreover, mycobacterial culturing, gross and microscopic characterization of
tuberculosis like lesions and molecular typing of mycobacteria were used. Face-to-face interview
using semi-structured and open-ended questionnaire was also presented to 165 respondents (146

farm workers and 19 human health professionals) to assess their knowledge and practices on the
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zoonotic transmission of tuberculosis from farm animals to humans. The finding showed that the
apparent individual animal level prevalence of bovine tuberculosis was 17% (106/625; 95% CI:
14.2-20.2) at >4mm and 18.4% (115/625; 95% CI: 15.5-21.7) at >2mm cut-off values in 625
heads of dairy cattle tested. Whereas, the herd prevalence was 16.7% (16/96; 95% CI: 10.1-26)
at >4mm and 22.9% (22/96; 95% CI: 15-33) at >2mm cut-off values in 96 dairy herds tested.
Multivariable logistic regression analysis at >4mm cut-off value revealed that dairy cattle with
poor body condition score (AOR = 3.7; 95% CI: 1.6-8.4; p = 0.002), in the large herd size
(AOR=29.5; 95% CI: 5.6-154.1; p = 0.000) and of exotic breed (AOR = 3.7; 95% CI: 1.3-10.7;
p = 0.018) had 4, 30 and 4 times the odds of tuberculin positivity with statistical significance,
respectively compared to their counterparts. The apparent individual animal level prevalence of
bovine tuberculosis in swine was 3% (10/329; 95% CI: 2-6) at > 2mm cut-off value. In the total
9 clusters tested, the herd prevalence was 11% (1/9; 95% CI: 1-49) at >2mm cut-off value. In
addition, the abattoir lesion prevalence of tuberculosis in swine was 4.1% (26/640; 95% CI: 2.8-
6.0) on the basis of gross tuberculosis like lesions. The awareness level of farm
owners/attendants towards the transmission of tuberculosis from farm animals to humans was
generally low. Culturing of tuberculosis like tissue lesions from swine and human sputa from
suspected active TB patients as well as molecular typing indicated M. tuberculosis as the
principal finding. In conclusion, the current study demonstrated the endemic occurrence of
animal tuberculosis in the study areas and low level of public awareness towards its zoonotic
transmission. Poor body condition, large herd size and exotic breed were important predictors of
bovine tuberculin positivity in dairy cattle. M. tuberculosis was the predominant species cycling
in the study areas. The findings of the current study compliment research works done so far in
Ethiopia and contribute its own share to the control options of bovine tuberculosis. The study

forwarded recommendations for intervention and future research.

Keywords: Bovine tuberculosis, Central Ethiopia, Dairy Cattle, Epidemiology, Public

awareness, Swine, Tuberculin
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1. INTRODUCTION

Tuberculosis (TB) is a chronic granulomatous, debilitating and contagious disease that has existed for
millennia. It remains a major important global disease which affects both humans and animals (Dibaba et
al., 2019; WHO, 2020). TB, like other chronic inflammatory diseases, is characterized by the
generation of oxygen and nitrogen free radicals. The generation of free radicals in excess of the
antioxidant capacity of the host leads to cellular and eventually systemic oxidative stress.
Oxidative stress resulting from the consumptive depletion of protein and non-protein
antioxidants can further be complicated by inadequate dietary replenishment (Palanisamy et al.,
2011).

Tuberculosis is a communicable disease, a major cause of ill health, one of the top 10 causes of
death worldwide and the leading cause of death from a single infectious agent (ranking above
human immunodeficiency virus/acquired immunodeficiency syndrome: HIV/AIDS). In 2020,
about 10 million people developed TB and 1.4 million died including 208 000 among HIV-
positive people. TB can affect anyone anywhere. About 90% of the people who develop the
disease are adults. There are more cases among men than women. Of those who fell sick with TB
in 2020, 87% were in 30 high TB burden countries. Incidence rates at national level vary from
less than 5 to more than 500 per 100 000 population per year. TB is a disease of poverty and
economic distress, vulnerability, marginalization, stigma and discrimination. About a quarter of
the world's population is infected with Mycobacterium tuberculosis (M. tuberculosis). However,
it is curable and preventable. Ethiopia is one among the 14 high burden country lists for TB,
TB/HIV and multidrug-resistant tuberculosis (MDR/TB) defined by World Health Organization
(WHO) for the period 2016-2020. These 14 countries accounted for 63% of the estimated global
number of incident TB cases in 2020. The total TB incidence for Ethiopia based on estimated
epidemiological burden of TB in 2020 for 30 high TB burden countries, WHO regions and
globally is 140 per 100 000 population. HIV prevalence among incident TB cases in Ethiopia is
6.5% per 100 000 population. Similarly, the HIV-positive TB incidence for Ethiopia is 10 000
among 112 000 000 national population (WHO, 2020).



Globally, TB causes more adult death than any other single infectious diseases as 95% of cases
and 98% of deaths occur in the developing world. Of notified TB cases, 95% of them are
occurring in low and middle-income countries. It is responsible for one-third of all deaths of
HIV-infected individuals in Africa (Kaneene and Thoen, 2004; Shitaye et al., 2007; Sakamoto,
2012; Ashenafi et al., 2013; Souza de Lima et al., 2016).

Bovine TB (bTB) is a chronic contagious infectious and granulomatous disease of many
domestic and wild animals, swine, poultry, wild birds and people. Bovine TB has a wide host
range as it occurs in almost all vertebrates and in some cold-blooded animals. It has various
routes of transmission. The disease is distributed worldwide throughout the year (Thoen et al.,
1995; Tsegaye et al., 2010). Bovine TB is of as great importance in Africa as it is elsewhere and
it is endemic and widespread in African countries affecting the animal industries and human
health posing serious public health threats (Cosivi et al., 1998; Youssef and Ahmed, 2014;
Dibaba et al., 2019). Bovine TB is characterised by progressive development of granulomas in
tissues and organs, more significantly in the lungs, lymph nodes, intestine and kidneys including
others (Radostits et al., 2007; Romha et al., 2014).

Bovine TB has affected animals and humans health since antiquity. The epidemiology of TB in
animals is complex, and is even more so in Africa, given the extreme variations in ecosystems,
poor border control, and farming practices that vary from extensive to intensive and, in many
instances, the movement of livestock over vast distances because of nomadism and
transhumance (Dibaba et al., 2019). Mycobacterium bovis (M. bovis), the causative agent of
bTB, has no known geographical boundaries. Despite these ominous features of M. bovis, to date
there have been only projected global estimates of the disease burden. There has been no
international effort to determine the actual disease burden owing to the non-availability of a
reliable user-friendly laboratory methodology for early detection of M. bovis in clinical samples.
Bovine TB has been controlled in farm animals in developed countries and continues to occur in
developing countries. In Africa, approximately 85% of cattle and 82% of the human population
live in areas where the disease is prevalent. There are limited reports from developing countries

relating to the prevalence of infection with M. bovis in cattle. Detection of M. bovis in bovine



samples has become necessary as infected animals are potentially capable of infecting humans
(zoonotic tuberculosis). Besides M. bovis, transmission of M. tuberculosis from infected humans
to animals and back has been reported (reverse zoonosis). Hence, M. bovis and M. tuberculosis
pose a potential health hazard to both animals and humans (Mishra et al., 2005). The infection

caused by M. bovis is clinically indistinguishable from M. tuberculosis (Maas et al., 2002).

Cattle and swine TB was one of the commonest diseases affecting and killing millions of
livestock not very long ago. The main reservoir of M. bovis infections in cattle is infected cattle.
Infected cattle also serve as the source and reservoir of infection for bTB in humans. Humans
can contract bTB by ingesting the bacteria in raw milk and milk products (Shitaye et al., 2007;
Mandal, 2013).

Swine are susceptible to M. tuberculosis complex (MTBC) and M. avium complex (MAC)
(Arega et al., 2013; Thoen, 2013). M. bovis is transmitted to swine mainly by ingestion of
infected meat, milk and their products or by aerosolisation. It typically causes a persistent
infection with production of granulomas of the lymph nodes, lung and may become systemic
affecting most internal organs. It was originally thought that wild boars were the dead-end hosts
for M. bovis. It has been suggested that there is a correlation between the occurrence of TB in
swine and a direct or indirect contact of swine with tuberculous humans, cattle or birds. The
presence of TB in swine in virtually all countries where swine are farmed has long been reported.
M. avium infection in swine causes lesions indistinguishable from those caused by M.
tuberculosis in humans or M. bovis in cattle (Weeks, 1985; Maas et al., 2002; Tibbo et al., 2008;
Meng et al., 2009; Arega et al., 2013; Romha et al., 2014). M. avium can affect all species of
birds, swine and cattle. M. tuberculosis primarily affects humans but can also be transmitted to

swine, cattle and dogs (Admassu et al., 2015).

It is important to note that tuberculous lesions, in swine due to M. bovis, have been reported in
wild swine in several countries in Europe in recent years. In industrialized countries most
tuberculous lesions in swine are caused by bacteria of the M. avium complex (MAC: M. avium

subspecies hominisuis, M. avium subspecies avium and M. intracellulare). Lesions are most
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often observed in lymph nodes associated with the gastrointestinal tract. However, it is important
to emphasize that some swine may develop progressive disease involving the liver, spleen and

other organs of the abdominal and thoracic cavities (Arega et al., 2013; Thoen, 2013).

The incidence of TB in swine depends mainly on its exposure to tuberculous products from
cattle, birds or man. It was suggested that transmission of TB from birds to swine could occur on
farms where the species are kept in close proximity. Nevertheless, the epidemiology of avian TB

in swine was still thought to be in need of clarification (Windsor et al., 1984).

Tuberculosis in cattle is a chronic disease that usually takes many months to a year before the
development of clinically evident infections. There is a high prevalence of latent and hidden
cases as well. Most infected cattle only manifest the clinical signs at adult age. Cases of bTB are
occurring in swine either as a direct contact with infected cattle on smaller mixed species farms;
some cases, however, have occurred in independent outdoor swine herds possibly as a result of
domestic and wildlife contamination of the environment. There is no compulsory slaughter of
individual cattle/swine or cattle/swine herds infected with bTB. The presence of bTB and its
growing threat to swine is a complex issue with key animal health strategy implications. Smaller
farmers must be aware of the risks and consider the environmental risks to their swine caused by
proximity to cattle (Meng et al., 2009; Mandal, 2013; White, 2016).

Research indicated bTB is endemic in Ethiopia. Prevalence is varying from 0.8-10% in extensive
rural farming systems while higher prevalence has been reported in intensively managed dairy
farms (Firdessa et al., 2012). The overall contribution of M. bovis to human TB in Ethiopia is
minor but greater in specific areas. Monitoring of zoonotic transmission is needed in urban areas
in Ethiopia with high rates of bTB associated with intensive farming of imported dairy cattle and
among pastoralist populations from which human M. bovis cases were identified. Zoonotic
transmission of M. bovis can be excluded as the predominant cause of the high national incidence
of TBLN in Ethiopia. Mapping of disease by spoligotyping and mycobacterial interspersed
repetitive units-variable number tandem repeat (MIRU-VNTR) analysis showed an integrated

distribution of the tuberculous lymphadenitis (TBLN) and pulmonary TB forms, which suggested
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that cases of TBLN arise from within the pulmonary TB transmission network rather than from

an external zoonotic source (Firdessa et al., 2013).

1. 1. Rationale

The occurrence of bTB in domestic animals together with companionship between livestock
owners and their animals is a potential danger of transmission to humans given that M. bovis is
inherently resistant to pyrazinamide which is one of the safest first line anti-TB drugs. It clearly
shows the difficulty of treating human patients once infected with M. bovis. This problem is

exacerbated by the absence of government policy to study and control bTB in Ethiopia.

Cattle and swine TB are transmissible to humans. Humans acquire bTB from cattle through
ingestion of raw milk and beef as well as aerosolization by close contact and sharing night
shelter. On the other hand, humans share TB from swine via aerosolization during close contact.
The experience of mixed farming system of livestock in Ethiopia facilitates interspecies

transmission of animal TB through sharing feed, water and shelter.

Researchers reported the endemic occurrence of bTB in dairy cattle in Debre Berhan milkshed
(Kiros, 1998; Shimeles, 2008; Woldemaryiam et al., 2021) and swine in central Ethiopia
(Shitaye et al., 2006; Arega et al., 2013). These reports are the only available information on TB
in cattle and swine in the current study areas. Some of these studies involved small sample size
and had limited geographical coverage to describe the status of bTB. Specifically, the studies so
far carried out on bTB in dairy cattle did not cover most of the dairy farms included within Debre
Berhan milkshed. On the other hand, the studies so far conducted on bTB in swine are abattoir
based and did not use single intradermal comparative tuberculin (SICT) test as a screeing test to
diagnose bTB. Hence, this study is the first of its kind in involving farmed swine and using SICT
test as a screeing test. Cattle are the principal hosts and the best biological indicators of bTB

which served as a control to study same in swine.



There are currently emerging dairy and swine farms in central Ethiopia because of the
encouraging privatization policy of the government to satisfy the growing demand for milk and
pork. The demand for milk is increasing from time to time due to establishment of new towns
and increase in population size. In addition, the demand for pork by the Chinese people is also
increasing as a result of the strong bond created between the government of Ethiopia and China.
The number of foreign pork consumer people in general is increasing from time to time. In
majority of the cases, however, the awareness level of farm owners towards the zoonotic
transmission of bTB from animals to humans is generally low. Expansion of farms and low level
of public awareness about the zoonotic transmission of animal TB to humans create favourable
conditions for TB to occur in animals and be transmitted to humans. Therefore, the current status
of bTB in cattle and swine, risk factors (at animal, herd and environment levels), levels of
awareness of farm owners and farm biosecurity issues were not studied in detail in the current
study areas. This study was thus initiated to elucidate the epidemiology and public health
significance of bTB in dairy cattle and swine which would contribute its share towards the

launching of practical and cost-effective control methods of same in Ethiopia.

1. 2. Research Questions

1. What is the prevalence of bTB in dairy cattle of Debre Berhan milkshed?

2. What is the prevalence of TB in swine in selected sites of central Ethiopia?

3. Which risk factors play important role to precipitate bTB in cattle and swine in central
Ethiopia?

4. What is the species of TB cycling in swine and dairy farmers (in Debre Berhan milkshed) in
central Ethiopia?

5. What is the awareness level of farm owners/workers on zoonotic importance of bTB in

humans in central Ethiopia?



1. 3. Hypotheses

Ho1l: The prevalence of bTB is high in dairy farms of Debre Berhan milkshed, central Ethiopia.
Ho2: The prevalence of TB in swine is low in central Ethiopia.

Ho3: There are important risk factors precipitating bTB in cattle and swine in central Ethiopia.
Ho4: MTBC are the major cause of swine and human TB in central Ethiopia.

Ho5: The awareness of farm owners about the transmission of TB from animals to humans is

low.

1. 4. Objectives

1. 4. 1. General objective

eTo investigate the epidemiology of TB in bovine and swine, and its zoonotic implication in

farm owners/animal attendants in central Ethiopia.

1. 4. 2. Specific objectives

P To estimate the prevalence of bTB in dairy cattle of Debre Berhan milkshed,

» To estimate the prevalence of TB in swine at ATVET, Bishoftu and Akaki Kality, as well as
investigate the gross and microscopic lesions of TB in swine,

P To assess important risk factors associated with the occurrence and transmission of TB in
bovine and swine,

» To isolate and identify mycobacteria from swine tissues and human sputa using mycobacterial
culturing and molecular typing, and

»To assess the knowledge and practices of farm owners and/or animal attendants on the

zoonotic transmission potential of animal TB to humans.



2. LITERATURE REVIEW

2. 1. Tuberculosis

The name TB comes from the nodules called 'tubercles’ (or nodular granulomas) which are
formed in the lymph nodes of affected animals (Verma et al., 2014). TB is a term that
encompasses various diseases caused by bacteria of the MTBC and other mycobacterial species
such as MAC (Kaneene and Thoen, 2004; Sakamoto, 2012).

Tuberculosis is a complex and multi-species disease which can be of three types: human, bovine
and avian TB. Gross lesions of TB were most often in the lungs which have a predilection for the
lung tissues rich in oxygen supply (Maas et al., 2002; Merck, 2006; Malama et al., 2013; Ejeh et
al., 2014).

The World Organisation for Animal Health (OIE) classified bTB as a List B disease, meaning
those transmissible diseases with socioeconomic and/or public health implications that are
significant to be controlled (Cosivi et al. 1998). M. bovis is a zoonotic organism and should be
treated as a risk/hazard group Il organism with appropriate precautions to prevent the
occurrence of human infection (OIE, 2018). Infection with M. bovis has been reported in 69% of
the tropical countries around the world and in 80% of African countries. The potential for
causing widespread dissemination of infection and development of clinical disease is probably
greater in intensively managed animals and multi-species systems with high population densities
than in natural free-ranging ecosystems ( (Dibaba et al., 2019).

Theoretically swine could form a huge reservoir for M. bovis but fortunately they are slaughtered
before they reach the infectious stage. The marked decrease in M. bovis infections in cattle is
being accompanied by a similar decrease in infections in swine. Mycobacteria were isolated from

566 swine in Germany in 1971-75 and M. bovis infection was found in only 1% and not a single



case of M. tuberculosis infection. In 1961-70, the situation had been quite different in that 4.3%
of M. bovis has been found. The Veterinary Service Laboratories in Ames, lowa, USA, examined
tissues from tuberculous swine collected between 1971 and 1974. Of the 1,591 isolations, 15
strains (1%) were M. bovis and none was M. tuberculosis. In general, mammalian tubercle bacilli
are tending to disappear from swine, but lesions caused by other mycobacteria still occur, and
cannot be differentiated at meat inspection or by histology. If either M. bovis or M. tuberculosis
is found, an attempt must be made to trace its origin (Kleeberg, 1984). Increasing isolates of M.
tuberculosis in livestock raises the question if they may become a reservoir of human TB (Cosivi
et al., 1998).

Swine TB due to M. avium is minimally contagious in swine herds but it has great economic
impact because meat from a large number of slaughtered swine of American farmers and meat
packing industry cannot be sold as roasts, chops or hams. Moreover, the spread of M. avium by
contact and the danger of transmitting the disease to the offspring are minimal too. Instead many
carcasses must be cooked prior to processing or they may even be condemned. The swine are
healthy and show no clinical signs of disease. The meat inspector finds the lesions when the

animals are slaughtered (Weeks, 1985).

2. 2. Aetiology

The taxonomic classification of mycobacteria is described as follows (Radostits et al., 2007;
Anon, 2009; Ejeh et al., 2014):

Kingdom: Bacteria

Phylum: Actinobacteria

Order: Actinomycetales

Suborder: Corynebacterineae

Family: Mycobacteriaceae

Genus: Mycobacterium

Species: Mycobacterium tuberculosis, Mycobacterium bovis, etc.



Mycobacteria share common characteristics with bacteria such as Corynebacterium, Nocardia,
and Rhodococcus. These bacteria also express unique mycolic acids in their cell envelope that
play a critical role in the structure and function of the cell wall. Their cell wall is rich in lipids
called mycolic acid that provides them the thick waxy coat. The waxy cell wall confers many of
the unique characteristics of Mycobacterium: acid-fastness, extreme hydrophobicity, greatly
contributing for the bacteria resistance to many disinfectants, common laboratory stains,
antibiotics and physical injuries, drying, acidity/alkalinity as well as distinctive
immunostimulatory properties. The mycolic acid probably also contributes to the slow growth
rate of some species by restricting the uptake of nutrients. Mycobacteria of the MTBC are
aerobic, non-motile, non-capsular, non-sporulating, weakly Gram positive, slow-growing and
non-photochromogenic acid-fast bacilli that appear microscopically as straight or slightly curved
rods, 1 to 4um in length and 0.3 to 0.6um wide. Mycobacteria are facultative intracellular
bacteria that multiply within phagocytic cells particularly macrophages and monocytes. They
have a slow generation time of about 15-20hours. Isolation of the bacteria can require 3 to 8
weeks of incubation because they are slow growing. Results of experimental studies indicated
that the strain, dose, prevailing conditions for growth of the organism and route of inoculation
may influence the time required to produce disease (Kaneene and Thoen, 2004; Strain et al.,
2011; Sakamoto, 2012; Birhanu et al., 2015).

M. tuberculosis, M. bovis, M. bovis BCG, M. canettii, M. africanum, M. pinnipedii, M. microti,
M. caprae, the dassie and the oryx bacillus and the recently discovered M. mungi are closely
related species that form the MTBC pathogenic subgroup. These are generally regarded as host
adapted but they have the ability to spillover into other species. M. bovis is the main aetiological
agent /primary cause/ of bTB and appears to be strongly cattle adapted but is able to infect
humans. Cattle are the primary hosts for M. bovis (Anon, 2009). However, it does not appear to
easily be transmitted between people. M. tuberculosis and M. bovis are the most important
species in MTBC which commonly cause human and animal TB, respectively with concomitant
negative consequences for human and animal health and economic costs (Strain et al., 2011;
Katale et al., 2012; Vordermeier et al., 2012; Rekha et al., 2015). A new species, M. bovis

subspecies caprae previously classified as M. tuberculosis subspecies caprae has been identified
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as a cause of infection in goats and humans in Spain and goats, cattle, deer and swine in Europe
(Radostits et al., 2007).

Detailed phylogeographic and statistical analysis was performed on African diversity of M.
bovis. For that, 1504 genotypes using 48 markers (43 spoligotype spacers and 5 VNTRs; 43
biallelic and 5 multiallelic) to which 45 new genotypes were added from Mozambique. Ancient
lineages are mostly from Eastern Africa (Ethiopia, Tanzania) and Northern Africa (Algeria,
Tunisia) although some haplotypes with minor frequencies from Central Africa are also present.
On an overview analysis of the network, Eastern and Northern Africa seem to display a deeper
ancestry of M. bovis compared with other African regions. Most of the M. bovis genotypes
radiate into several clades from a single major coalescence point (Figure 1) (Inlamea et al.,
2020).
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Figure 1. Phylogenetic tree of MTBC in Africa (Inlamea et al., 2020)
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M. bovis is the most universal pathogen among mycobacteria and affects many vertebrate
animals (Anon, 2009). All species and age groups including humans are susceptible to M. bovis.
Cattle, goats and swine are the most susceptible whereas sheep and horses are showing a high
natural resistance (Radostits et al., 2007). Moreover, it is one of the causative agents of human

extrapulmonary tuberculosis (Katale et al., 2012).

Infection of animals by M. tuberculosis has been reported but again it is generally accepted that
this represents spillover of infection from humans to animals and that animal populations cannot
sustain M. tuberculosis. This apparent attenuation of M. tuberculosis in animal hosts is all the
more intriguing given that genome studies have shown us that the M. bovis genome is merely a
reduced version of the M. tuberculosis genome; hence, M. bovis does not have any "'virulence"
loci for animals per se that have been lost in M. tuberculosis. Instead it appears likely that
differential expression of a range of genes between M. tuberculosis and M. bovis explains their

specific host predilections (Whelan et al., 2010).

Swine are natural hosts for mycobacterial infections including those due to M. bovis (Weeks,
1985; Bolin et al., 1997). Swine TB is caused by M. tuberculosis, M. bovis and M. avium. It
causes tubercles in various organs, pneumonia, enteritis and hepatopathy. Moreover, it causes
clinical disease in both European and African suids (Fowler, 1996). The most common cause of
swine TB is M. avium serotype 4 but infection with mammalian tubercle bacilli including M.
tuberculosis, M. bovis and M. africanum occur coincident with infections of cattle, wildlife and
human beings with these agents. Mycobacterial agents are present in the environment and there
are many serotypes of M. avium. The organisms are very resistant to temperature changes and

can survive a long time in soil, water and bedding (Weeks, 1985; Bolin et al., 1997).

Mycobacteriosis (NTM: non-tuberculous mycobacteria; environmental mycobacteria; atypical
mycobacterial; MOTT: mycobacteria other than tuberculosis) is associated with members of the
M. avium-intracellulare complex which includes M. avium subsp. avium, M. avium subsp.
paratuberculosis, M. avium subsp. sylvaticus and M. intracellulare and occasionally to other less

well-defined mycobacterial species such as M. kansasii, M. chelonae, M. fortuitum, M. aquae, M.
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cookii and M. scrofulaceum. Accuracy in the identification of these organisms has been
enhanced by the use of modem molecular techniques (Radostits et al., 2007; Mamo, 2014). Some
of the NTM isolated and characterized in pastured cattle in Ethiopia were M. avium subspecies
tropicalis, M. intracellulare, M. gordonae, M. arupense, M. holsaticum, M. acapulcensis, M.
colombiense, M. engbaekii, M. monacense, M. mucogenicum, M. nonchromogenicum, M.
peregrinum, M. vaccae and M. fortuitum. These subspecies have been isolated from typical
granulomatous TBLs in different tissues including lung, thoracic lymph nodes (broncheal and
mediastinal lymph nodes), retropharyngeal lymph nodes, mesenteric lymph nodes and hepatic
lymph nodes. However, the pathogenesis of NTM subspecies and their significance in the

epidemiology of animal TB infection is poorly understood (Mamo, 2014).

M. avium serotypes 1, 2, 4, 5 and 8 were isolated from tissues of affected swine. These serotypes
are responsible for approximately 85% of the mycobacterial infections found in swine of the
United States. The M. avium-intracellulare complex consists of 28 serovars and two species.
Currently, serotypes 1-6, 8-11 and 21 are M. avium and serotypes 7, 12-20, and 25 are M.
intracellulare. The remaining serotypes do not fit with either species. The classical M. avium
serovars 1-3 are the cause of TB in domestic and wild birds. Serovars 1, 2, 4-6, 8-10 and 21
appear to be the most common in infections of domestic livestock. Individual swine may be
infected with more than one serovars. Recently, it is proposed to restrict the designation of M.
avium subsp. avium to the "bird-type' isolate (serotypes 1-3) and to use the designation M.
avium subsp. hominissuis for serotypes 4--6, 8-11 and 21 (Songer et al., 1980; Radostits et al.,
2007).

The M. avium-intracellulare complex comprises ubiquitous opportunistic pathogens of a large
range of species in livestock. They have got most importance in swine. TB associated with these
organisms in livestock is not usually manifested clinically and is not a major disease problem but
infected animals react to the mammalian tuberculin test are creating difficulty in M. bovis TB
eradication programmes. Outbreaks in swine herds can cause significant losses because of

carcass condemnation. In swine, a significant proportion of reactors to tuberculin are due to
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infection with organisms of this complex and infected cattle and swine are potential sources of

infection for the increasing number of MAC infections in humans (Radostits et al., 2007).

2. 3. Epidemiology

Bovine TB is found throughout the world, widespread in cattle around the world, present in
many wildlife species and domestic animals. This has serious implications for international trade

and export of animals and animal products including beef (Le Roex et al., 2013).

Improved surveillance and accurate reporting by a country's Veterinary Services contribute to the
prevention and control of bTB at the animal source. Forty-four percent of countries reported bTB
via the OIE World Animal Health Information System (WAHIS) between January 2017 and June
2018. Only a quarter of the affected countries were applying all the relevant control measures. Of
the 188 countries and territories reporting their bTB situation to the OIE, 82 countries (44%)
were affected with a widespread distribution of the disease (Figure 2). Among the 82 affected
countries, 29 (35.4%) countries reported the presence of bTB in both livestock and wildlife. In
addition, two (2.4%) countries reported bTB presence in only wildlife compared to 52 (62.2%)
which indicated the infection in only livestock. Moreover, among these 82 affected countries, 66
(80.5%) provided quantitative data for outbreaks via WAHIS, demonstrating relatively good
reporting of the global situation of this disease. The persistence of infection in wildlife poses
challenges for disease control in some countries due to the potentially significant impact of

wildlife as reservoirs and spillover hosts to domestic animals (OIE, 2019).
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Figure 2. Global epidemiology of bTB and its control (OIE, 2019)

Note: Ethiopia is referred by absent because there is no government launched programme to study the epidemiology
of bTB and to institute the appropriate control measures at a national level. The efforts so far exerted are either from

the sides of few professionals or institutions or both in synergy (Personal view).

Bovine TB is more prevalent in Africa, parts of Asia and Latin America. Sporadic (particularly
11% in Africa) and endemic occurrences of bTB have been reported in developing countries
such as in 46% of African, 44% of Asian and 35% of the South American and the Caribbean
countries. In developed countries that have had rigorous bTB control programmes in place for
many years, TB in animals is now a rarity with occasional severe outbreaks occurring in a small
group of herds. The prevalence of the disease is high in the tropical and sub-tropical countries
and is usually signaled by detection in carcasses at abattoirs (Radostits et al., 2007; Admasu et
al., 2014; Verma et al., 2014). M. bovis infection occurs more frequently in older cattle than

yearlings and calves. Larger herds of cattle had a higher rate of bTB (Katale et al., 2012).

The origin of bTB in Africa was believed, until recently, to be associated with the importation of
infected cattle mainly from Europe and other continents essentially during the past three
centuries (Malama et al., 2013; Wichatitsky et al., 2013; Caron et al., 2014). New studies have
revealed the existence of at least three clonal complexes of M. bovis which each appears to occur
predominantly or exclusively in a geographically localized region of the world. The presence of

M. bovis strains belonging to the European 1 clonal complex in South Africa, Tanzania and
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Zambia may therefore indeed be explained by historical livestock trade links between the UK
and these African countries. Two additional clonal complexes, African 1 and African 2, have
been detected in several countries in Westcentral and East Africa, respectively but very rarely
outside Africa. The origin of these two M. bovis complexes is unknown and there is a possibility
that their progenitors evolved in cattle in Africa any time between the appearance of classic M.
bovis over 2000 years ago and colonial times. Given the exceptional diversity of African wild
mammal species, especially ruminants, presumed to be immunologically naive to the infection.
The disease might spillover to wild African species especially those that are taxonomically

related to the domestic bovid reservoir host (Wichatitsky et al., 2013).

Detection of contact-neighbour herds where bTB infection could have been expanded from the
farm of origin is possible by employing epidemiologic investigation systems (De Kantor et al.,
2008). Many factors could contribute to M. bovis hotspot foci including the presence of
mycobacteria in the environment, intensive management practices and overcrowding at watering
points, in communal grazing areas and auction markets. The prevalence of M. bovis in cattle has
been reported to be higher in intensive system than in pastoral production system. The similarity
of M. bovis isolates from different geographical locations was attributed to free movement of
cattle, sale and a decline in the provision of public veterinary services. These all impeded bTB
control programmes that might contribute to its spread. Flooding has also been suggested as a
propagating factor of M. bovis in the environment (Katale et al., 2012).

There is a risk of bTB spillover from wildlife to livestock and vice versa although the
environmental pathways and frequency need to be determined. Infection of wild animals by bTB
caused by M. bovis is raising concern worldwide. The first reported diagnosis of M. bovis
infection in African free-ranging wild mammals was during the 1920s followed by the
confirmation of the African buffalo (Syncerus caffer) as a maintenance host during the late
1990s. But it is unclear when African wildlife first became exposed to the pathogen. So far, more
than 60 wild mammal species worldwide have been shown to be infected with M. bovis although
only a few have been demonstrated to play the role of maintenance hosts (Anon, 2009; Malama
et al., 2013; Wichatitsky et al., 2013; Caron et al., 2014).
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The epidemiology of bTB is influenced by many risk factors such as genetic, behavioural,
biological or environmental which have effects on transmission, establishment of infection and
expression of disease. The incidence of bTB in cattle progeny is also affected by hereditary and
maternal influences. Factors associated with the occurrence of animal TB are sex, breed and

management (Verma et al., 2014).

M. bovis and M. avium readily affect wild swine. Warthogs were involved in the epidemiology of
TB in Africa, Cape buffalo and domestic cattle in Uganda. Diseases caused by these organisms
may be transmitted to domestic livestock and this may complicate government disease

eradication programmes (Fowler, 1996).

The evidence in the East African region generally suggests low prevalence of bTB in both
domestic and wild animals with notable exceptions in intensive dairy husbandry systems in some
countries such as Ethiopia, Uganda and Tanzania as well as in pastoral system in Uganda. The
spillover of bTB into humans in the region is poorly documented except Ugandan studies
reported an average of ~3% of human TB infection. In Ethiopia, despite the very high prevalence
of extrapulmonary TB (EPTB) in humans which is suggestive of bTB infection, M. bovis was
only isolated in 4 out of 964 EPTB patients (Firdessa et al., 2013). Three out of 173 pulmonary
TB patients were M. bovis positive and none of the suspected lymphadenitis TB cases were
positive in another study among pastoralists in close physical contact with livestock in
Southeastern Ethiopia. Bovine TB infection of buffalo and baboons has also been confirmed in
Kenya and several wildlife species have been found positive to serological rapid tests in Ethiopia
(Tschopp et al., 2010; Wichatitsky et al., 2013; Caron et al., 2014).

Bovine TB infections may be maintained, independently or not, within livestock and wildlife
populations whereas human infections result from pathogen spillover from animals and very
rarely from human-to-human transmission (Wichatitsky et al., 2013; Caron et al., 2014). Most of
the studies of bTB in Ethiopia were conducted in Addis Ababa, Amhara, Oromia and Southern
regions while no valid published study was obtained from Benishangul-Gumuz, Harari and Dire
Dawa regions. On the other hand, few studies were undertaken in Afar, Gambella, Somali and
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Tigray regions. Variable animal level prevalence of bTB was recorded in the districts of the
regions ranging from 0.8-54.6%. The highest prevalence was being reported in intensive farms in
and around cities while the lowest prevalence was being recorded in grazing animals in rural
areas (Figure 3) (Sibhat et al., 2017).
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Figure 3. Epidemiology of bTB in Ethiopia (Sibhat et al., 2017)

2. 3. 1. Occurrences

Bovine TB has a global distribution that occurs in every country of the world (Dibaba et al.,
2019) and is of major importance in dairy cattle. It is under strict control in most developed
countries but is still a major cause of loss in many developing countries (Tschopp et al., 2011).
Lymphadenitis in swine associated with tubercle bacilli organisms is reported from all continents
(Radostits et al., 2007).

The species of animals reported to be spillover hosts include sheep, goats, horses, swine, dogs,

cats, ferrets, camels, llamas, many species of wild ruminants including deer and elk; elephants,
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rhinoceroses, foxes, coyotes, mink, primates, opossums, otters, seals, sea lions, hares, raccoons,
bears, warthogs, large cats (including lions, tigers, leopards, cheetahs and lynx) and several
species of rodents. Most mammals may be susceptible. Little is known about the susceptibility of
birds to M. bovis although they are generally thought to be resistant (Anon, 2009).

Bovine TB is still widespread in Africa, parts of Asia and some Middle Eastern countries (Anon,
2009). Africa is assumed to bear the highest consequences of zoonotic TB worldwide because of
the frequent and concurrent presence of multiple risk factors (Muller et al., 2013). Bovine TB in
animals has been reported from 33 of 43 African countries. Human bTB cases have been
described in some Sahelian countries like Ghana, Niger, Uganda, and Tanzania and in
immigrants from Chad. The representative proportion of bTB in human TB is estimated at less
than 5% worldwide (Gumi et al., 2012; Caron et al., 2014).

Several studies conducted since 2006 have confirmed that bTB is endemic in cattle of Ethiopia
and prevalence varies from 3.5-50% depending on the geographical locations, breeds and
husbandry practices (Gumi et al., 2012; Caron et al., 2014). Moreover, the prevalence varies
from 0.8% to around 10% in extensive rural farming systems while higher prevalences have been
reported from regions in Ethiopia where intensive husbandry systems are more common
(Firdessa et al., 2012). Furthermore, bTB is endemic in the cattle population of the Ethiopian
highlands but the prevalence varies by areas depending on the prevailing breeds (exotic taurin
breeds versus local Zebu breeds) and farming practices. High prevalence (7.9- 78.7%) was found
in periurban and/or urban areas which are characterized by high numbers of dairy farms, exotic
breeds and their crosses kept under intensive or semi-intensive husbandry systems. In contrast,
low bTB prevalences (0-2.4%) were found in cattle among mixed farming smallholders in rural
areas in the highlands where they keep Zebu cattle in smaller numbers under traditional
management system (Tschopp et al., 2010; Caron et al., 2014). The geographical distributions of
Mycobacterium isolates are depicted by (Figure 4) (Berg et al., 2009) and Mycobacterium strains

are depicted by (Figure 5) (Conceicao et al., 2020).
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Figure 4. Geographical distribution of Mycobacterium isolates from cattle slaughtered in

Ethiopian local abattoirs. The isolates from respective abattoirs are indicated in respective box and the

characterized spoligotype patterns are also indicated by number. Approximate area coverage for each abattoir is
shown by a solid circle. doi:10.1371/journal.pone.0005068.9001 (Berg et al., 2009)
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2. 3. 2. Sources of infection

Cattle: Infected cattle are the main sources of infection for other cattle, other animals and human
beings. M. bovis was isolated from tuberculin skin tested positive cows' milk (4/30: 13.3%) based on
conventional biochemical characterization (Ameni et al., 2001). The isolation of M. bovis from milk
suggests a risk of infection of humans through consumption of raw milk (Tschopp et al., 2011).
Calves may be born with TB from infected dams. Animals with gross lesions that communicate
with airways, on skin or intestinal lumen are obvious disseminators of infection. Cattle in the
early stages of the disease, before any lesions are visible, may also excrete viable mycobacteria
in nasal and tracheal mucus. Moreover, TB may remain "'silent” for years. Unfortunately,
infected animals that appear healthy may be capable of transmitting infection (Maas et al., 2002;
Radostits et al., 2007). M. bovis (spoligotypes SB0133 and SB0303) was isolated from human
sputa collected from pastoralists in Southeastern Ethiopia (Gumi et al., 2012). Cattle serve as
sources of infection to swine (Arega et al., 2013).

The M. bovis isolates from human pulmonary TB patients matched with both the dominant
spoligotype of the animal isolates in Southeastern Ethiopia (SB0133) and with SB0303 which
has been isolated from cattle in central Ethiopia as well as in other countries of East Africa
indicated cattle-to-human transmission. The most common spoligotype pattern among the animal
isolates was SB0133. Previously this spoligotype was reported as the second most dominant
strain in Ethiopian cattle and it is a common type in East Africa (Biffa et al., 2010; Berg et al.
2011). All M. bovis isolates (4 in number) from humans showed typical bovine spoligotype
profiles (Firdessa et al., 2013).

Reports of person-to-person spread of M. bovis infection are rare strengthening the belief that
M.bovis is not as infective for humans as M. tuberculosis (Admassu et al., 2015).

Human: The isolation of M. tuberculosis by biochemical characterization from cows' milk with
tuberculous mastitis, which is of rare occurrence, indicated a possible reciprocal transmission
between cattle and man. Several other workers have similarly isolated M. tuberculosis from milk

(Elias et al., 2008). Berg and others (2009) isolated M. tuberculosis by molecular techniques
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from tuberulous tissue (2/18: 11%) collected from cattle slaughtered at Butajira abattoir. M.
tuberculosis (SIT149) was isolated for the first time in Afar by molecular techniques from
tuberculous tissue collected from tuberculin reactor goat suggesting the possibility of its
transmission from human to goat (Mamo et al., 2012). Similar single strain of M. tuberculosis
(SIT 149 of the E-A lineage) which is dominant in Ethiopia has been isolated in a camel with
disseminated TB lesions from pastoral region in Southeastern Ethiopia. This is the first known
report of M. tuberculosis from a camel in Ethiopia indicating the likelihood of human-to-camel
transmission. The authors considered it as a rare event (Gumi et al., 2012). Isolation of M.
tuberculosis from gross TBLs was frequently reported in Ethiopian cattle (Berg et al., 2009;
Ameni et al., 2010).

Different studies have reported the isolation of M. tuberculosis from domestic and wildlife
animals. Recent studies in Ethiopia have reported transmission of M. tuberculosis from humans
to cattle. Molecular characterization of isolates from five cattle in Sellale, central Ethiopia
revealed the presence of M. tuberculosis strains (SIT149 and SIT53). These cattle were
tuberculin reactors and with visible lesions of milder severity. These two strains were the most
commonly isolated ones from farmers who possess cattle. Cattle are likely to be exposed
primarily through inhalation of droplets of cough from active pulmonary TB cases of farmers
and less often by ingestion of pasture contaminated with expelled bacilli in sputum, urine and
faeces from infected farmers but the exposure may not lead to disease. Similarly, the traditional
animal husbandry practice of chewing tobacco and spitting its juice into the oral cavity of cattle
could also be considered as a means of transmission of M. tuberculosis from farmers to their
cattle. Chewing tobacco is widely practiced in Sellale and spitting its juice into the oral cavity of
cattle is usually done with the assumption of deworming against many gastrointestinal parasites.
It was learnt that the local custom of spitting chewed tobacco or tobacco juice into the mouths of
cattle has animal husbandry significance. According to the respondents, animals fed on tobacco
had good body condition and in a better health as compared to animals that did not feed on
tobacco. As a result, this custom has widely been accepted and practiced by the community in

Sellale. Both men and women chew tobacco for this purpose (Ameni et al., 2013).
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An increasing number of M. tuberculosis was isolated from cattle in recent years (Radostits et
al., 2007) and M. tuberculosis seems to be more frequently transmitted in Ethiopia from humans
to livestock than M. bovis from cattle to humans (Gumi et al, 2012). Unfortunately, infected
people that appear healthy may be capable of transmitting infection. M. tuberculosis is
occasionally isolated from cattle or swine with tuberculous lesions but in rare occasions. Swine
may develop minor lesions in their lymph nodes. M. tuberculosis infections in swine are usually
the result of feeding offal from a tubercular household or contact with a tuberculous attendant
(Maas et al., 2002; Radostits et al., 2007). In humans, only 10% of people infected with M.

tuberculosis will develop TB disease in their lifetimes (Admassu et al., 2015).

Wildlife Reservoirs: A large number of wildlife/feral species are naturally infected with M.
bovis. Certain wildlife species appear to be significant maintenance hosts and reservoirs for
infection in cattle in some areas of the world while most wildlife animals are unimportant as
sources for infection to cattle. These reservoirs escape traditional test and slaughter control
programmes and result in regions where the disease remains endemic in cattle herds. Different
reservoirs that serve as maintenance and spillover hosts in different countries of the world are
indicated hereunder (Radostits et al., 2007):

» The epidemiology of bTB in cattle and infection of cattle is believed to be from infected
badgers' (Meles meles) urine and faecal contamination of pastures in Southwest England and
Ireland.

» Spread infection to cattle through comingling or sharing of winter feed resulting in foci of
herd infections by infected red deer in Great Britain and Ireland.

» Infection to cattle is believed to occur when there is cattle-possum contact on the pasture-bush
margin and curious cattle sniff moribund brush-tail possums (Trichosurus vulpecula) in New
Zealand.

» Mule deer (Odocoileus hemionus), white tailed deer (0. virginianus), elk (Cervus elaphus
canadensis) and bison (Bison bison) can act as maintenance hosts in North America.

» Buffaloes (Syncerus caffer) can act as maintenance hosts in South Africa.

» Water buffaloes (Bulbalis bulbalis) can act as maintenance hosts in Australia.

Birds and Environment: Tuberculous birds may continue to be sources of infection for swine

although other environmental sources may be more significant. Improper handling of bird wastes
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fed to swine also may allow transmission of the disease. Soil and water are other possible
reservoirs of infection for swine. Pathogenic mycobacteria may survive for more than 4 years in
soil and litter contaminated by birds with TB. Studies have shown that MAC often found in
samples of sawdust and wood shavings used for swine bedding are sources of M. avium
subspecies hominisuis in swine. The mycobacteria may multiply under proper conditions of
moisture and temperature which could explain the seasonal occurrence of TB in some herds. The
presence of lesions in the intestinal wall with subsequent swine-to-swine transmission probably
is due to shedding of mycobacteria in the faeces. Granulomatous lesions of lungs, mammary
glands and uterus may also occur with the potential for transmission of organisms from these
sites. Thus, the addition of infected breeding stock could introduce the disease within a herd and
transmission from infected sows to their litters may maintain the disease within a herd (Thoen,
2013).

Organisms of the M. avium-intracellulare complex are ubiquitous in nature and cosmopolitan in
free-ranging, captive and domestic birds. It can be isolated from soil, plants, water, animal feed
and animal bedding. Avian TB likely exists in free-ranging wild birds wherever there are major
bird concentrations. Infected birds nesting in animal or feed buildings are the most common
sources of M. avium subspecies avium of serotypes 1-3 which can contaminate feed and water
supplies. In contrast, isolates of M. avium subspecies horninissuis (serotypes 4-6, 8-11 and 21)
are commonly isolated from the environment and can be isolated from various species of flies
and beetles that inhabit the ground, bedding and feed in farm environments. The organisms are
resistant to survive in acidic and humid environments of peat bogs as well as decomposed faeces.
The lipopolysaccharide bacterial wall promotes survival in environments inside and outside
barns for extended periods of time. Seasonal trends of TB in wild birds have not been
documented. The chronic nature of this disease guarantees its presence year-round for both wild
and captive birds. The location of primary lesions is an indication of the route of exposure.
Intestinal lesions suggest ingestion of M. avium in contaminated feed or water. Lesions in the
lungs and other areas of the respiratory tract suggest inhalation as the route of exposure
(Radostits et al., 2007).
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2. 4. Methods of Transmission

Transmission involved a general principle that has been proposed to be approximately 20% of
the host population contributes 80% of the net transmission potential of a very wide varieties of
diseases (the '"20/80" rule), i.e. a small proportion of a population having a disproportionate
effect on the overall transmission of disease (Strain et al., 2011). In addition to a broad host
range, Mycobacterium also occurs in numerous biotopes including water, soil, protozoa, aerosols

and fresh tropical vegetation (Verma et al., 2014).

Transmission of an infection in air droplets is direct transmission. Direct contact with infected
animals (aerosol inhalation) or contact with infected animal excreta can spread TB. When milk is
the main/ideal vehicle then transmission is said to be indirect (Kleeberg, 1984). The importance
of these routes varies between species (Anon, 2009; OIE, 2009; Malama et al., 2013; Verma et
al., 2014; Youssef and Ahmed, 2014). Inhalation /aerosolization/ is the almost invariable portal
of entry of M. bovis in housed cattle with close contact and it is considered to be the principal
mode of transmission even in those at pasture (Radostits et al., 2007). Transmission by air
droplets is however more frequent than was previously thought. When M. tuberculosis infection
decreases while cattle TB is still present, most pulmonary TB cases may be due to M. bovis
(Kleeberg, 1984).

Tubercle bacilli of M. bovis are excreted in the exhaled air (respiratory discharges), sputum,
faeces (from both intestinal lesions and swallowed sputum from pulmonary lesions), milk from
infected mammary glands, urine, semen, vaginal and uterine discharges (lochia in cows with
tuberculous endometritis) and discharges from open peripheral lymph nodes. Natural
transmission of M. bovis can occur between domestic and wild animals of the same or different
species, from animals to humans and, more rarely, from humans to animals or between humans.
M. bovis infection in cattle can be transmitted by a number of routes and transmission of
infection is possible both in the field and indoors. The possible routes of infection include the

respiratory, alimentary, percutaneous and the teat canal. However, the percutaneous and
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transplacental routes of infection are unusual and intrauterine infection of calves occur only
when bTB is common (Shimeles, 2008).

It is the route/mode of infection that determines the clinical signs of the disease. Adult cattle are
usually infected by inhaling invisible infected droplet nuclei (containing the bacteria) into their
lungs after expelled from the lungs of infected animals (Mandal, 2013). Calves are often infected
by ingesting contaminated raw milk from infected mammary glands of cows. The ingestion of
infected milk by young animals is a common method of transmission where the disease is
endemic but mammary infection occurs late in the course of the disease and is less common in
countries with advanced control programmes. Calves can also become infected through breaks in
the skin. Other uncommon routes of infection include intrauterine infection at coitus, by the use
of infected semen or of infected insemination or uterine pipettes and intramammary infection by
the use of contaminated teat siphons or by way of infected cups of milking machines (Radostits
et al., 2007). Cutaneous, genital /venereal/ and congenital infections have been seen but are rare.
An animal can spread the disease to many other herd mates before it begins to manifest clinical
signs. Therefore, movement of undetected infected domestic animals and contact with infected
wild animals are the major ways of spreading the disease (Anon, 2009; OIE, 2009; Malama et
al., 2013; Verma et al., 2014; Youssef and Ahmed, 2014).

The survival of the organism in the environment is influenced by temperature, moisture,
exposure to the desiccating effect of sunlight and ultraviolet light. The organism can survive for
long periods in faeces and soil but most studies showed that survival on pasture is measured in
weeks rather than months and that environmental contamination of pasture is not of major

importance in the epidemiology of the disease in cattle (Radostits et al., 2007).

Infection by ingestion is possible at pasture when faeces contaminate the feed and communal
drinking water and feed troughs but a large infective dose is required. Under natural conditions,
stagnant drinking water may cause infection up to 18 days after its last use by a tuberculous
animal whereas a running stream does not represent an important source of infection to cattle in

downstream fields (Radostits et al., 2007; Australian Government, 2012).
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The feeding of tuberculous cattle carcasses to swine has also caused a severe outbreak of the
disease. Unusual sources of infection are infected cats, goats or even humans. Stockmen with
genito-urinary infections have transmitted infection to cattle through urinating in the cattle
environment (Radostits et al., 2007). Ingestion appears to be the primary route of transmission in
swine, ferrets, cats and probably deer. In addition, cats can be infected by the respiratory route or
via percutaneous transmission in bites and scratches. Non-human primates are usually infected
by inhalation. Aerosol transmission also seems to be the main route of spread in badgers but
transmission in bite wounds can be significant. Badgers with advanced disease can shed M. bovis
in the urine and organisms have been found in the faeces. Due to behavioural changes, badgers
and possums are most likely to transmit M. bovis to cattle during the late stages of disease (De
Kantor et al., 2008; Anon, 2009; Australian Government, 2012; Verma et al., 2014).

The frequent occurrence of EPTB is a result of transmission by ingestion and not of a particular
affinity of M. bovis for certain abdominal organs. Enormous numbers of tubercle bacilli can be
excreted by a cow with tuberculous mastitis. The milk of one cow excreting M. bovis with
enough viable bacilli could contaminate the milk of 100 cows when their milk is mixed in
factories. Any remaining infected milk is left to farmers to feed their calves. One bulk
transportation may also result in large quantities of milk becoming infected. TB only becomes a
serious problem in cattle when a dairy industry is established particularly when European breeds
are introduced. Thus, the dairy industry contributed heavily to the spread of M. bovis in cattle.
Pockets of high-density dairy farming concentrated around the towns are heavily infected
(Kleeberg, 1984; Wichatitsky et al., 2013; Caron et al., 2014).

M. tuberculosis infection is largely spread from human-to-human whereas M. bovis infection has
been identified as a zoonotic disease with most cases of human infection attributable to animal
sources. Although many mycobacterial species are environmental, M. tuberculosis and M. bovis
are strictly parasitic. The mycobacteria other than tuberculosis complex (MOTT) which includes
M. avium subsp avium and M. avium subsp intracellulare isolated from animals have been also
isolated from immunocompromised (i. e, those with human immunodeficiency virus /HIV/

infection) humans but seldom from immunocompetent humans. Recently, there has been
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increased interest among public health officials in drug-resistant strains of M. tuberculosis, M.
bovis, and M. avium because several have been isolated from HIV infected and non-

immunocompromised humans (Kaneene and Thoen, 2004; Sakamoto, 2012).

Swine infected with some serovars excrete the organism in their faeces. The use of dirt floors or
deep litter in swine, rather than bare concrete or slats, increases the risk of infection and the
development of macroscopic lymphadenitis in large numbers of swine. The length of time that
swine are kept on the litter is also important and severe outbreaks can occur for the entire period
from weaning to slaughter. Sawdust, straw, peat and wood shavings have all been found to be
highly infected. Serovars 4 and 8, in particular, have been associated with infection from bedding
(Radostits et al., 2007).

The classic M. avium serovars 1-3 are the cause of TB in domestic and wild birds which are
infected by ingestion of contaminated feed or soil and excrete large numbers of organisms in
faeces. Although infection in domestic livestock is commonly contracted from domestic poultry,
from soilborne infection or from pen floors or feeds contaminated by wild birds, swine-to-swine
transmission can also occur (Radostits et al., 2007). Infection could persist within a herd and
considered that the disease might be maintained in some herds by swine-to-swine transmission.
The normal picture on a farm of a single animal is to become infected but to show no sign of
disease until it has been slaughtered. Even when sows are diseased, no ""open™" lesion has been
seen. It was surprising that none of the sows were positive to the tuberculin test considering the
number of swine with lesions. It was indicated that 80% of swine are infected via the tonsil
although lesions are usually first observed in submaxillary lymph node. Transmission to the
pulmonary lymph nodes occurred after haematogenous spread to the lungs. Lesions in liver and
spleen are thought to develop later than in the lungs unless there is a heavy bacteraemia
(Windsor et al., 1984).

The migration of bacteria through mucus and lymphoid tissue in the gut is facilitated by
simultaneous digestion of nutrients. Milk products such as yoghurt and cream cheese made from

unpasteurized milk have been found to contain TB bacilli 14 days after manufacture and butter
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as long as 100 days after manufacture (Kleeberg, 1984). Large numbers of organisms may be
shed in the late stages of infection. Asymptomatic and anergic carriers occur. All infected cattle
may not transmit the disease (De Kantor et al., 2008; Anon, 2009; Australian Government, 2012;
Vermaet al., 2014).

2. 5. Risk Factors

The main risk factors of bTB in African cattle populations include the type of production system
(intensive dairy farms and use of upgraded B. taurus breeds), animal movements (importing
animal herds and transhumance) and absence or inefficiency of bTB surveillance and control
measures (Wichatitsky et al., 2013).

2. 5. 1. Environmental risk factors

M. bovis can survive for several months in the environment particularly in cold, dark and moist
conditions. At 12-24°C (54-75°F), the survival time varies from 18 to 332 days depending on the
exposure to sunlight. This organism is infrequently isolated from soil or pastures grazed by
infected cattle. Although M. bovis can be cultured from artificially stored samples for nearly two
years under some conditions, it appears to survive in natural pastures for, at most, a few weeks.
In a recent study, M. bovis remained viable for 4 to 8 weeks in dry or moist soil samples in 80%
shade at 34°C (93°F). In another study, it was destroyed within four days on New Zealand

pastures in either summer or winter (Anon, 2009).

Housing predisposes to the disease as does high stocking density. The disease is more common
and serious where intensive husbandry is practiced. The closer the animals are in contact the
greater is the chance that the disease will be transmitted. In spite of the low overall incidence in
countries where cattle are at pasture all the year round, individual herds with 60-70% morbidity
may be encountered (Radostits et al., 2007).
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2.5. 2. Host risk factors

Zebu (Bos indicus) type cattle are thought to be much more resistant to bTB than European cattle
(Bos taurus) and the effects on Bos indicus are much less severe. But under intensive feedlot
conditions, a morbidity of 60% and a depression of weight gain can be experienced in
tuberculous zebu cattle. TB may also be encountered in elk, wild deer of various species, water
buffalo, camels, bison, wild carnivores, monkeys and other wild fauna as well as birds. Most are
dead end-hosts but some may act as important reservoirs of infection for cattle (Radostits et al.,
2007).

The disease levels in swine reflect those in the local cattle population from which the infection is
driven either by the ingestion of dairy products or by grazing over the same pasture with infected
cattle. The lower relative prevalence in swine is due to a number of factors particularly the
tendency of the disease to remain localized in this species and the early age of slaughter.
Prevalence is higher in older swine. When the disease is common among dairy cattle in an area,
10-20% of the local swine are likely to be infected. A high prevalence has been observed in
swine bedded on shavings infected with M. bovis. Feral swine can be infected but the prevalence
also reflects the prevalence in local cattle populations and they appear to be dead end-hosts
(Radostits et al., 2007).

The main risk factors of bTB associated to the environment, host and agent are classified into
animal, herd and region/country levels and are depicted by (Figure 6) (Humblet et al., 2009).
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Figure 6. Main risk factors of bTB classified into animal, herd and region/country levels
(Humblet et al., 2009)

2. 5. 3. Pathogen risk factors

The causative organism is moderately resistant to heat, desiccation and many disinfectants. It is
readily destroyed by direct sunlight unless it is in a moist environment. The bacilli may remain

viable for weeks in warm, moist and protected positions (Radostits et al., 2007).
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2. 6. Economic Importance

Controlling a chronic disease like bTB is expensive (Tschopp and Assefa, 2016). Bovine TB is
still common in less developed countries and severe economic losses can occur from livestock
deaths, chronic disease and trade restrictions /market impairments/. Apart from these, advanced
TB may lead to death of the animals (Radostits et al., 2007; Verma et al., 2014). In some
situations, this disease may also be a serious threat to endangered species (Anon, 2009). Bovine
TB is of major importance in dairy cattle causing a high morbidity and loss of production as
infected animals lose 10-25% of their productive efficiency. Direct losses due to the infection
become evident by decrease in 10-18% milk and 15% reduction in meat production. It can also
be a financial burden to farmers owning infected cattle. It has been suggested that cattle with
bTB have a reduced productivity affecting milk yield, animal welfare and causes poor carcass
quality /value/ as well as reduced pulling power in traditional farming system (Radostits et al.,
2007; Firdessa et al., 2012).

The economic loss caused by bTB and its impact is enormous due to high cost of eradication
programmes and has serious consequences for movements of animals and their products,
biodiversity, public health and significant economic effect. Bovine TB has serious economic
impacts not only for the animal owners but also for the regional and national economies through
decreased animal productivity besides being a public health threat (Tschopp, et al., 2013).
Worldwide agricultural losses due to bTB are estimated at around $3 billion annually (Ali et al.,
2013). The economic losses due to the presence of bTB in Mexico could be calculated in the
order of US$ 450 million as a consequence of limited exportation of livestock to the United
States of America (Enriquez-Cruz et al., 2010). The eradication of bTB in the US did cost 538
million USD between the years 1917-1992. Its current cost in the UK is £100 million per year
(Tschopp and Assefa, 2016). Additional economic losses are suffered through the slaughter of
livestock and regular bTB testing incurs a vast expense (Le Roex et al., 2013). Moreover, bTB is
an economic burden through cost of control, loss in trade markets and cost of eradication

programmes (Tschopp et al., 2011). The economic loss incurred by cattle dealers due to bTB
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infection in cattle was estimated at US$1 million in Togo (West Africa) in 1985 based on the

meat condemned at abattoirs because of the presence of bTB lesions (Wichatitsky et al., 2013).

The lesions of swine TB cannot be differentiated from those caused by, for example, M.
tuberculosis on gross examination. Therefore, caution is necessary. This, unfortunately, reduces
the value of the carcass by 50%. If lesions are found in three body cavities, the meat is
condemned thereby causing a total loss. Swine TB has a devastating economic effect on
individual producers. Miliary TB of both lungs with evidence of TB elsewhere is the reason
enough for total condemnation of the carcass (Songer et al., 1980; Windsor et al., 1984; Weeks,
1985).

Major financial loss from clinical disease does not occur but at slaughter organs with tuberculous
lesions are discarded and the entire carcass may be condemned or require heat treatment before
being released for human consumption. The meat is cooked if lesions are found in two body

cavities before being released for human consumption (Radostits et al., 2007).

Carcasses found to have granulomas compatible with TB is to be cooked at 77°C (170°F) for 30
minutes. Carcasses processed in this manner lose most of their commercial value to the extent of
75% and the additional labour in cooking is an added expense. Also, many processing plants fail
to have facilities for cooking; therefore, the carcasses are subsequently condemned. It is
important to emphasis that tissues from swine naturally infected with M. avium have not been
utilized because of anticipated bad publicity for government agencies and the pork industry
(Thoen, 2013).

2. 7. Zoonotic Importance

Host genetic factors are strongly associated with the development of TB as 5-10% of M.
tuberculosis infected immune competent individuals develop the disease in their life time.

Several studies have associated alleles of the Human Leukocyte Antigen (HLA) class Il to TB
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which is the most common in pulmonary TB patients showing strong association with
susceptibility to the disease (Souza de Lima et al., 2016). Humans are considered as the principal
reservoir hosts for M. tuberculosis. The human-to-human infection cycle rotates; however,
tubercle bacilli have a wide host range and M. tuberculosis has been detected in fish, reptiles,
birds and mammals including marine animals. Naturally, the first infection of these animals with
M. tuberculosis is caused by humans and then infection may occur between animals which in

turn become the source of infection in humans (Rekha et al., 2015).

The period of communicability of both bovine and human TB is extremely long compared to that
of other airborne and foodborne infections. It is agreed today that man is as susceptible to the
bovine as to the human tubercle bacillus. Although there have been reports of the transmission of
M. bovis from man-to-man, the disease does not seem to spread in the same way as TB caused by
M. tuberculosis. Most cases end blind without further transmission. EPTB frequently remains
undiagnosed during life time. Only a few cases of infection acquired from human urine have
been described. Infection is usually family-based and primarily affects children though some
cattle were infected by urine from persons infected with M. bovis in the Netherlands. Of 50
patients held to be responsible for infecting herds of cattle, 24 had urinary TB. These patients
infected a total of 259 cattle or 41% of those in the affected herds. The British group believed
that some bovine strains had spread from person-to-person but in most cases it was very difficult
to determine the source of infection (Kleeberg, 1984; Wichatitsky et al., 2013; Caron et al.,
2014).

Zoonotic TB is a form of TB in people caused by M. bovis which belongs to the MTBC. It often
affects sites other than the lungs (extrapulmonary) but in many cases is clinically
indistinguishable from TB caused by M. tuberculosis (Anon, 2017). The sources of zoonotic TB

(inhalation, contact and ingestion) are depicted by (Figure 7).
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Figure 7. Zoonotic tuberculosis (Anon, 2017): close contact between a cow and a woman
facilitates M.bovis transmission via inhalation, a woman cutting meat may
facilitate M.bovis contact transmission through broken skin with a knife,
undercooked meat and underboiled milk may facilitae M.bovis

transmission through ingestion.

M. bovis and M. tuberculosis are extremely closely related genetically, antigenically and
phylogenetically. MTBC share more than 99.95% chromosomal identity at the nucleotide level
and have a virtually identical 16S rRNA/16S rDNA/ gene sequence but differ widely in terms of
their host tropisms, phenotypes and pathogenicity (Bolin et al., 1997; OIE, 2009; Vordermeier
et al., 2012; Mamo, 2014; Birhanu et al., 2015). Bovine TB is more prevalent in dairy workers
exposed to poor control areas of M. bovis. The pulmonary form of bTB is more developed in
occupational groups working with animals infected with M. bovis on farm or slaughterhouse than
the alimentary form of the disease (Verma et al., 2014). Lesions produced in humans infected
with M. bovis and M. tuberculosis are similar clinically, radiologically and histologically but
differ somewhat in their tissue distributions. The primary route of infection of M. bovis is more
commonly oral as opposed to a respiratory route of infection for M. tuberculosis. This results in
lesions more often in cervical and abdominal lymph nodes in M. bovis infections than in M.
tuberculosis infections. However, the distinction is far from absolute; primary pulmonary M.
bovis infections do occur and respiratory tract disease was found in up to 89% of M. bovis
infections described in the last three decades (Bolin et al., 1997; OIE, 2009; Vordermeier et al.,
2012; Mamo, 2014; Birhanu et al., 2015).

The public health significance of MAC infections in man is now recognized as the most common

secondary bacterial infection in patients with acquired immunodeficiency syndrome (AIDS). The
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bacteria are most often of environmental origin. M. avium and other mycobacteria abound in the
environment and occur in food and drinking water; therefore, it is not surprising that they are
present in the human alimentary tract. Thus, the alimentary tract could be the source of
frequently disseminated M. avium infections in patients with AIDS (Thoen, 2013).

There are many authenticated cases of M. avium infection in people although humans are
considered highly resistant to this organism. Avian TB is generally considered noncontagious
from an infected person to an uninfected person. Infections with atypical mycobacteria are not
uncommon in humans and it is more likely to occur in persons with preexistent diseases
especially those involving the lungs and have higher prevalence in persons whose immune
systems are impaired by an illness such as AIDS or steroid therapy. Members of the M. avium-
intracellulare complex cause both pulmonary infections in immunocompetent individuals and

disseminated diseases in acquired immunodeficiency syndrome (Radostits et al., 2007).

Animals or animal products may be a source for human infection but direct associations are
difficult to prove (Radostits et al., 2007) and TB is one of the diseases of cattle and swine
transmitted to humans (Fowler, 1996). Although not clinically ill, human workers have been
found to be infected on farms when the disease occurred in swine. It is likely that infections in
humans and animals on the same farm come from one source but it is also possible that spread
from animals to humans occurs (Radostits et al., 2007). Therefore, the typing of strains isolated
from patients is the only effective means of identifying the causative organisms. Hence, in many
regions of the world, M. tuberculosis infection is so widespread and occurs so early in life that
most persons coming into contact with M. bovis are protected because of immunity conferred by
M. tuberculosis (Kleeberg, 1984). Resurgence of the disease in developed countries in
association with wildlife reservoirs has resulted in a spillover into human populations. The
widespread occurrence of TB in exotic animals maintained in captivity adds to the public health
importance of these infections (Radostits et al., 2007).
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2. 8. Pathogenesis

Developing technologies support the fact of identical pathogenesis because of unusually high
conserved sequence similarity in genome of TB causing bacteria in more than 99.95% animals.
Basic pathogenic mechanisms are more or less the same in case of bTB and human TB (Verma
et al., 2014). TB spreads in the body by two stages (Radostits et al., 2007):

» the primary complex, and » post primary dissemination

The primary complex consists of the lesion at the point of entry and in the local lymph node. A
lesion at the point of entry is common when infection is by inhalation. When infection occurs via
the alimentary tract, a lesion at the site of entry is unusual although tonsillar and intestinal ulcers
may occur. More commonly, the only observable lesion is in the pharyngeal or mesenteric lymph
nodes. A visible primary focus develops within 8 days after entrance of the bacilli. Calcification
of the lesions commences about 2 weeks later. The developing necrotic focus is soon surrounded
by granulation tissue, monocytes and plasma cells and the pathognomonic ‘‘tubercle™ is
established. Bacilli pass from this primary focus and 90-95% of cases in cattle is in the regional
lymph nodes of the respiratory tract and cause the development of a similar lesion there. The
lesions in the lungs in cattle occur in the caudal lobes in 90% of the cases. In calves fed
tuberculous milk, the primary focus is likely to be in the pharyngeal or mesenteric lymph nodes

with hepatic lesions as the major manifestation of postprimary spread (Radostits et al., 2007).

Postprimary dissemination from the primary complex may take the form of acute miliary TB,
discrete nodular lesions in various organs or chronic organ TB caused by endogenous or
exogenous reinfection of tissues rendered allergic to tuberculo-protein. In the latter case, there
may be no involvement of the local lymph node. Depending upon the sites of localization of
infection, clinical signs vary because the disease is always progressive and there is constant
underlying toxaemia which causes weakness, debility and eventual death of the animal
(Radostits et al., 2007).

The disease in cattle, horses, sheep and goats is progressive and generalized TB is common.

Localization as non-progressive abscesses in the lymph nodes of the head and neck in swine is

38



the most common finding (Radostits et al., 2007). On the other hand, tuberculous lesions
occurring in swine were characterized by advanced calcification and by a lack, in most cases,
of viable mycobacteria. The lesions were limited in all cases to the lymph nodes of the digestive
tract. These findings indicated that the exposure was by way of the gastrointestinal tract and the

infection was initiated early in the life of swine (Songer et al., 1980).

M. avium after ingestion penetrates the wall of the pharynx near the tonsils or the wall of the
small intestine and becomes localized in the submandibular and/or mesenteric lymph nodes.
Small lesions develop in these lymph nodes. The health and condition of the infected swine
usually are not affected which is often impossible to establish a clinical diagnosis in these
animals. It should also be noted that in herds in which TB has been diagnosed, M. avium has
been isolated from the lymph nodes of swine that were negative to skin tests, presented no

lesions in the tissues and had no signs of illness (Thoen, 2013).

The study on M. bovis is preferred over M. tuberculosis infection in swine for the following
reasons (Bolin et al., 1997):

» first, swine are naturally infected with each of these organisms and the lesions produced are
indistinguishable. Therefore, it is likely that swine are equally susceptible to M. bovis and M.
tuberculosis.

»second, because these organisms are so closely related, many studies in TB are done with M.
bovis. In fact, much of the work on the pathogenesis and prevention of TB has been done in
animal models infected with M. bovis.

The hosts' response to mycobacteria and ability to control the infection involve local as well as
systemic factors. Local factors such as production of cytokines (e.g., interferon-y) may result in
activation of macrophages at the site of infection with subsequent control of mycobacterial
replication. Lack of activated macrophages at the local site of infection may lead to extensive
replication of the mycobacteria within nonactivated macrophages and extension of the lesions
(Bolin et al., 1997). IL-4 and other Th2 cytokines are elevated in patients with active TB and
high pulmonary IL-4 expression has correlated with cavitation. IL-4 has a pathogenic role during
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late TB disease by downregulating protective Thl responses. Th2-skewed responses are also
more commonly observed in TB patients living closer to the equator possibly due to helminth
coinfection, high exposure to saprophytic mycobacteria or higher M. tuberculosis inoculum. This
effect may be responsible for the uneven efficacy of BCG vaccination in different parts of the
world (Sakamoto, 2012).

Human M. tuberculosis infections usually begin by inhalation of aerosol droplets containing
tubercle bacilli directly expectorated from an individual with “open’’ pulmonary disease. The
infectious dose for a person is reported to be between 1 and 200 bacilli. However, a single
aerosol droplet can contain from 1 to 400 bacilli. It is unclear what is considered a biologically
relevant dose. The bacilli travel to the alveoli where they are rapidly phagocytosed by alveolar
macrophages. These macrophages are stimulated to produce proinflammatory cytokines and
chemokines driving the recruitment of more leukocytes to the site of infection. Neutrophils and
monocytes arrive first, phagocytose additional bacteria, secrete more cytokines and chemokines
and begin to organize the early granuloma. Dendritic cells also phagocytose M. tuberculosis and
then migrate to regional lymph nodes to present mycobacterial antigens to lymphocytes.
Interestingly, the upper lung lobes of human favour bacillary growth due to higher oxygen

pressure and delayed immune responses (Sakamoto, 2012).

2. 9. Clinical Findings

Tuberculosis is usually a chronic debilitating disease and usually has a prolonged course in cattle
but it can occasionally be acute and rapidly progressive. Early infections are often asymptomatic
because no symptoms occur in early stage of the disease. The symptoms of bTB usually take
months or years to develop in cattle; however, in late stage, the usual clinical signs include loss
of appetite, weight-loss, weakness, a mild (a lowgrade) fluctuating fever, intermittent hacking
cough, progressive emaciation, diarrhoea, large prominent lymph nodes, anorexia and induration
of udder. On the other hand, infections can also remain dormant for years and reactivate during
periods of stress or in old age (Anon, 2009; Verma et al., 2014). In cattle, clinical evidence of

TB is usually lacking until very extensive lesions have developed. For this reason, its diagnosis
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in individual animals and an eradication programme were not possible prior to the development
of tuberculin by Koch in 1890. In some animals, the only symptom may be abscesses of
unknown origin in isolated lymph nodes and symptoms may not develop for several years. In
other cases, the disease may be disseminated with a rapid fulminating course. However, the

bacteria can also lie dormant in the host without causing disease (OIE, 2009).

Some general signs are also evident although signs referable to localization in a particular organ
usually attract attention to the possible occurrence of TB. Some cows with extensive miliary
tubercular lesions are clinically normal but in most cases progressive emaciation unassociated
with other clinical signs occurs. In spite of good appetite, TB can be suspected due to the fact
that a capricious appetite and fluctuating temperature are commonly associated with the disease.
The hair coat may be rough or sleek. Affected animals tend to become more docile and sluggish
but the eyes remain bright and alert. These general signs often become more pronounced after
calving (Radostits et al., 2007; Verma et al., 2014).

Lungs: Pulmonary involvement is characterized by a chronic cough due to bronchopneumonia.
The cough is never loud or paroxysmal, occurring only once or twice at a time and is low,
suppressed and an intermittent hacking moist. It is easily stimulated by squeezing the pharynx or
by exercise and is most common in the morning or in cold weather. In the advanced stages when
much lung has been destroyed, dyspnoea, moist cough or tachypnoea with increased rate and
depth of respiration becomes apparent. At this stage, abnormalities may be detected by
auscultation and percussion of the chest. Areas with no breath sounds and dullness on percussion
are accompanied by audible squeaky crackles. It is most often audible over the caudal lobes. TB
pleurisy may occur but is usually symptomless because there is no effusion. Involvement of the
broncheal lymph nodes may cause dyspnoea because of constriction of air passages and
enlargement of the mediastinal lymph node is commonly associated with recurrent and then
persistent ruminal tympany. In the terminal stage, infected animals become extremely emaciated
and develop acute respiratory distress. In some animals, the retropharyngeal or other lymph
nodes enlarge and may rupture and drain. Greatly enlarged/large prominent lymph nodes can
also obstruct blood vessels, airways or the digestive tract (Radostits et al., 2007; OIE, 2009;
Vermaet al., 2014).
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Intestine: Intermittent diarrhoea and constipation may be seen if the digestive tract is involved
(OIE, 2009) and rarely tuberculous ulcers of the small intestine cause diarrhoea. Enlargement of
retropharyngeal lymph node causes dysphagia and noisy breathing due to pharyngeal
obstruction. Pharyngeal palpation or endoscopy reveals a large, firm and rounded swelling in the
dorsum of the pharynx. Chronic and painless swelling of the submaxillary, prescapular, precrural

and supramammary lymph nodes is relatively rare (Radostits et al., 2007).

Uterus and testes: Reproductive disorders include uterine TB which is uncommon with bovine
strains except in advanced cases. Spread by contiguity from the uterus causes peritonitis, bursitis
and salpingitis. The lesions in the salpinx are taking the form of small enlargements containing a
few drops of yellow fluid. In tuberculous metritis, there may be infertility or conception may be
followed by recurrent abortion late in pregnancy or a live calf is borne which in most cases dies
quickly of generalized TB. Lesions similar to those of brucellosis occur on the placenta. In cows
that fail to conceive, there may be a chronic purulent discharge heavily infected with the
organism and the condition is very resistant to treatment. A number of cows will have an
associated tuberculous vaginitis affecting chiefly the ducts of Gartner. Rare cases of tuberculous
orchitis are characterized by the development of large, indurated and painless testicles (Radostits
et al., 2007).

Mastitis: Tuberculous mastitis is of major importance because of the danger to public health,
spread of the disease to calves and the difficulty of differentiating it from other forms of mastitis.
Its characteristic feature is a marked induration and hypertrophy which usually develops first in
the upper part of the udder particularly in the rear quarters. Palpation of the supramammary
lymph nodes is essential in all cases of suspected tuberculous mastitis. Enlargement of the nodes
with fibrosis of the quarter does not necessarily indicate TB but enlargement without udder
induration suggests either TB or lymphomatosis. In the early stages, the milk is not
macroscopically abnormal but very fine floccules appear later and settle after the milk stands
leaving a clear amber fluid. Later, the secretion may still be an amber fluid only (Radostits et al.,
2007).
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Tuberculosis infection is usually sporadic in swine herds but in some herds it can be enzootic.
The naturally occurring disease is non-progressive and usually restricted to the lymph nodes of
the head, neck and mesentery. Occasional generalized cases occur and an outbreak of pulmonary
TB associated with M. avium has been recorded in swine. The lesions may be free of suppuration
and resemble neoplastic tissue but granulomatous and occasionally caseous lesions in lymph
nodes also occur. Similar lesions are associated with Rhodococcus equi. Granulomatous lesions
which develop in the tonsils and intestinal wall result in the passage of organisms in the faeces
for at least 55 days and transmission to incontact swine occurs readily. Tuberculous lesions in
cervical lymph nodes of swine usually cause no clinical abnormality unless they rupture to the
exterior. Generalized cases present a syndrome similar to that seen in cattle although tuberculous
involvement of the meninges and joints is more common. Generalized cases of TB in cattle are
denoted by the presence of miliary TB with small, transparent and shot-like lesions in many
organs or by pulmonary lesions which are not well-encapsulated and caseated. The presence of
bronchopneumonia or hyperaemia around pulmonary lesions is highly suggestive of active
disease. Cases with tuberculous mastitis or discharging tuberculous metritis must also be
considered as likely to be potent spreaders of infection (Radostits et al., 2007).

2. 10. Diagnosis and Clinical Pathology

2. 10. 1. Tuberculin skin test

Antemortem evaluations are critical components of TB control programmes throughout the
world. One of the most reliable and practical methods of diagnosis in infected domestic animals
at this time is assessment via the tuberculin skin test which is the standard and official OIE
prescribed antemortem test for the diagnosis of bTB infection in live animals in the field as well
as international trade (OIE, 2009). The tuberculin skin test has been used to identify animals
exposed to pathogenic mycobacteria. Tuberculin skin testing of livestock has been the
cornerstone of on-farm active surveillance of bTB for many years. Testing is also applied for the
purpose of import, export, entry into semen production centres and to support disease
investigations (CFIA, 2019). Occasionally, the sputum and other body fluids may be collected
from live animals for mycobacteriological examination (Anon, 2009).
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Tuberculin skin test is primarily a screening test with low sensitivity (Verma et al., 2014). This
test has been practiced since more than a century in bTB control campaigns all over the world
and it is still largely used for field testing (De Kantor et al., 2008). This test involves the
intradermal administration of purified protein derivatives /PPDs/_in vivo diagnostica. Injection
of tuberculins into animals infected with mycobacteria is allergic to the mycobacterial tuberculo-
protein contained in tuberculins (Kaneene and Thoen, 2004; OIE, 2009). Tuberculin is a
concentrated sterile culture filtrate of tubercle bacilli which is prepared from cultures of M.
tuberculosis or M. bovis after being grown on glycerinated beef broth and more recently on
synthetic media which provides a means of detecting the disease. Bovine tuberculin is more
potent and specific (Anon, 2009; OIE, 2009). The basis of tuberculin testing is the induction of
delayed type hypersensitivity (DTH) reaction to the intradermal injection of antigenic substances
derived from a laboratory strain of M. Bovis (CFIA, 2019). A positive reaction constitutes a
diffuse swelling at the injection site and local inflammation of the skin as a result of DTH
reaction (Kaneene and Thoen, 2004; OIE, 2009).

The hypersensitivity response results in the accumulation of cells and fluid in the dermis which
creates swelling at the injection site. In test positive animals, the intradermal skin reaction
develops within 24 hours post-injection reaching a maximum by 48-72 hours which is
characterized by erythema and swelling but rarely to the point of induration or ulceration (CFIA,
2019). On the other hand, reactions at the injection site fail to develop in uninfected animals. The
sensitivity and specificity of the intradermal test often depend on the field conditions, prevalence
of infection and other factors (Kaneene and Thoen, 2004; OIE, 2009).

The tuberculin test involves measuring the skin thickness before any injection, injecting PPDs
into the measured area of a skin fold and remeasuring as well as recording any subsequent
swelling at the site of injection two to three days later depending on the species of animals being
tested. The reaction is read and compared after 48-72hours post-injection. In cattle, it can be read
between 48-72hours for maximum sensitivity and at 96 hours for maximum specificity. The
same skin calipers calibrated into mm will be used before and after PPD injection. Moreover, the

same person should measure the skin thickness before and after injection. Most farms during a
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bTB breakdown are required to test cattle/swine every 60 days (Butler et al., 2010; Thoen,
2013).

Mixed avian and mammalian tuberculins may be used when no attempt is being made to
determine the type of infection. The single intradermal comparative cervical tuberculin test
(SICCTT) in cattle and the single intradermal comparative tuberculin test (SICTT) in swine can
be performed using both biologically balanced PPDs of M. avium and M. bovis (Thoen, 2013) to
differentiate between animals infected with M. bovis and those responding/sensitizing/ to bovine
tuberculin as a result of exposure to other environmental mycobacteria. This sensitization can be
attributed to the antigenic cross reactivity among mycobacterial species and related genera. The
comparative test depends on the greater sensitivity to homologous tuberculin. Both avian and
bovine tuberculins are injected simultaneously in bovine into two separate sites on the same side
of the mid-neck horizontally, 12cm apart, one above the other and the test is read 72hours later
(Radostits et al., 2007; Anon, 2009). M. avium and M. bovis may be injected in swine at the left
and right sides of the base of the ears, respectively to get useful information about exposure to
either MTBC or to MAC organisms (Thoen, 2013).

The maximum skin thickening may not occur until 48hours after injection if the swine is infected
with either M. bovis or M. avium (Radostits et al., 2007). Positive reactions usually include
swelling and redness and they may vary in size and intensity. Haemorrhage and ulceration may
occur at the site of injection. The reliability of the tuberculin test when used on individual swine
has been questioned. The tuberculin test can be used successfully as a herd test although false
positive reactors occur. Enzyme linked immunosorbent assays (ELISA) have been described for
obtaining information on the presence of mycobacterial antibodies in the sera of the swine
naturally exposed to clinically significant mycobacteria. However, these tests have not come into
widespread use since some animals fail to develop detectable antibodies in their sera for several

weeks or months following natural exposure (Thoen, 2013).

Avian tuberculin PPD is used as a control for nonspecific reactions. The greater of the two

reactions indicates the organism responsible for the sensitization. The test is not generally
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intended for primary use in detecting reactors but only to follow up known reactors to determine
the infecting organism. Its use as a primary test is recommended when a high incidence of avian
TB or Johne's disease is anticipated or when vaccination against Johne's disease has been carried
out. The comparative test is adequate to differentiate between vaccination against Johne's disease
and TB. The distinction is easier when the time between vaccination and testing is longer
(Radostits et al., 2007; Anon, 2009).

All animals over 3 months of age should be tested and positive reactors disposed of according to
local legislation. Infected herds are usually quarantined and animals that have been in contact
with reactors are traced. Affected herds are re-tested periodically to eliminate cattle that may
shed the organism. Suspicious reactors are retested at intervals appropriate to the test used. At
the initial test, a careful clinical examination should be conducted on all animals to insure that
there are no advanced clinical cases which will give negative reactions to the test. Doubtful cases
and animals likely to have reduced sensitivity particularly old cows and those that have calved
within the previous 6 weeks may be tested by one of the special sensitivity or serological tests or
re-tested subsequently. The comparative test should be used where infection with M.
paratuberculosis or M. avium is anticipated or where a high incidence of reactors occurs in a

herd not showing clinical evidence of the disease (Radostits et al., 2007; Anon, 2009).

False-positive reactors (no gross lesion reactors) may occur due to animals sensitized to other
mycobacterial allergens including those of human or avian TB or Johne's disease, relatively non-
pathogenic mycobacteria, e.g. skin TB and ingestion of non-pathogenic mycobacteria in
permanent waters inhabited by birds or poultry litter fed to cattle/swine when the birds are
infected with M. avium, animals sensitized to other allergens, e.g. Nocardia farcinicus, animals
injected with irritants at the injection site prior to reading of the tuberculin test and when
compensation rates for reactors exceed true cattle/swine prices (Radostits et al., 2007). False-
negative responses are sometimes seen in animals soon after infection (early cases i.e. 6 weeks
after infection), in the late/advanced stage of TB, in those that have recently calved (cows which
have calved within the preceding 6 weeks), in those with poor immune responses, those that

were retested within 8-60 days after single intradermal testing, old cattle/swine, low-potency
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tuberculin or bacterial contamination of the tuberculin and variable doses with multi-dose
syringes (Radostits et al., 2007; Anon, 2009; Verma et al., 2014).

Care must be taken in placing tuberculin injections as sensitivity varies from place to place in the
skin of animals. The cervical fold /neck skin/ is much more sensitive than that of the caudal
/anal/ fold which the latter provides greater specificity. The subjective method of palpation is
more accurate. The neck area has the advantages that reactions are more pronounced, animals
can be retested immediately and the area is more sanitary. Its disadvantages are that restraint of
each animal is necessary and the proportion of no-visible-lesion (NVL) reactors increases. The
exact dose for the particular tuberculin should be strictly adhered to when the cervical skin test is
used. A dose of one-tenth (0.1mL) PPD is recommended for herds of unknown status and 0.2mL
in known infected herds when cases with low sensitivity are to be carefully sought. The method
of injection of tuberculin also has some importance when the cervical site is used. A careful
intradermal injection produces the largest swelling. Variations in technique appear to have little
effect on the size of reaction when the caudal fold is used (Songer et al., 1980; Radostits et al.,
2007; Verma et al., 2014). The amount of tuberculin used and the site of injection in swine have
varied depending on the investigator (Thoen, 2013). Mid-cervical test (MCT) is the standard
official screening test for TB in cervids. The test involves an intradermal injection of 0.1mL of
both avian and bovine tuberculins (PPDs) in the mid-cervical area (approximately 8cm square)
with observation and palpation at 72 hours + 6 hours (CFIA, 2019). Tuberculin skin tests of

domestic animals with various interpretation criteria are depicted in (Table 1).

Infection in swine exposed to M. avium is usually associated with the lymph nodes of the head
and the digestive tract and rarely spreads to other locations. Diagnosis of TB by physical
examination of live swine is usually impossible. Visual examination of infected sites at slaughter
cannot differentiate lesions of TB from those caused by other microorganisms or conditions; a
confirmed diagnosis should be based on mycobacteriologic examination from these sites.
Diagnosis of TB in swine on a herd basis is important and usually depends on detection of

infected lymph nodes from swine at slaughter. When TB has been confirmed by microscopic and
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bacteriologic examinations, the potential sources of infection should be determined and the

management practices to eliminate the source, if possible, should be altered (Thoen, 2013).

Table 1.Tuberculin test of domestic animals with different cut-off values

Species Dose of  Injection  DTH Interpretations

PPDB site time Positive  Negative Reference

Bovine

eStandard (Holstein) 0.1mL MCT/CFT 72+6h >4mm <2mm OIE, 2009

eScvere (Zebu) 0.1mL MCT/CFT 72+6h >2mm <2mm Ameni et al.,
2008
Caprine 0.1mL CFT 72+6h >3.5mm <3.5mm  Tafess et al.,
2011
Ovine 0.1mL CFT or 72+6h >5mm <5mm Radostits et al.,
Inside of 2007;
the thigh CFIA, 2019
Camelids 0.1mL PAT 72+6h >1.5mm <1.5mm CFIA, 2019
>3mm <3mm Jibril et al.,
2018
Swine 0.1mL BE 48h >2mm <2mm CFIA, 2019
APHA, 2019

PPDB: Purified protein derivative of bovine antigen; DTH: Delayed type hypersensitivity reaction; CFT: Caudal
fold test; MCT: Mid-cervical test; PAT: Postaxillary test; BE: Base of the ear test

The detection of TB in live swine has been a major hindrance in efforts to study swine TB.
Clinical signs of diagnostic value are, of course, not present and the reliability of the tuberculin
test has been questioned. Reported inaccuracies in tests may be due to a lack of cross-reactivity
between the infecting M. avium serotype and the serotype used to prepare the skin test reagent or
in some cases to improper administration of the tuberculin. Avian old tuberculin was used in all
skin test procedures. The correlation established between proportions of swine reacting to

tuberculin and swine containing lesions of TB at slaughter implies that this test may have use
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epidemiologically if not diagnostically. Tuberculin skin tests performed on swine and then
slaughtered showed a 97.1% correlation between the number of swine responding to tuberculin
and the number found to have tuberculous lesions at slaughter. No correlation of skin test
response and presence of lesions was possible for individual swine but these results imply that
the test may have value when used to determine prevalence of the disease in a herd of swine
(Songer et al., 1980).

Many suspicious reactions occur in swine because of the tendency of lesions to regress and the
sensitivity to tuberculin to diminish. Maximum sensitivity is occurring 3-9 weeks after infection.
A retest in 6-8 weeks should determine whether or not the disease is progressing. Although
positive reactors may in time revert to a negative status, there may be macroscopic lesions in
these animals at necropsy. However, viable organisms are not usually recoverable from the

lesions because the infection is apparently having been overcome (Radostits et al., 2007).

The greater of the reactions to either PPDA or PPDB indicates the organism responsible for the
sensitization. It is not uncommon to observe overlap of bTB and MAC positivity in cattle due to
either antigenic cross reactivity and/or co-infection. There exists no clear evidence on the
immunological relationship between these two but studies have shown that co-infection with
MAC compromises bTB skin test results by negatively influencing the sensitivity of the
tuberculin test. Cattle sensitized by MAC might conceal M. bovis for a period of time. However,
it is not clear to what extent this disease could jeopardize the detection of bTB with skin test thus
requiring further research (Mekonnen et al., 2019). The lesions of MAC at postmortem
inspection are characteristic but culture and identification of the organism is required for
confirmation. Growth is slow and PCR technologies offer faster diagnosis with some ability to
differentiate between individual species and serovars. Smears of lesions associated with some of

these agents do not stain positive with acid-fast stains (Radostits et al., 2007).

Few clinicopathological tests are carried out because of the universal dependence on the
tuberculin test for diagnosis and the policy of slaughtering all positive reactors whether they are

open cases or not. Sputum or discharges may be examined by inoculation into guinea-pigs but
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improved cultural techniques and the use of nucleic acid probes make laboratory animal
inoculation unnecessary. The basis of all TB eradication schemes to date is the tuberculin test
and a knowledge of the various tests used, their deficiencies and advantages is essential. It
should be remembered, however, that clinical examination is still of value particularly in seeking
out the occasional advanced cases which do not give a positive reaction to a tuberculin test
(Radostits et al., 2007).

Delayed type hypersensitivity reaction develops in swine inoculated with M. bovis orally or
intradermally. Swine and humans have similar patterns of resistance and susceptibility to virulent
mycobacteria and develop lesions with a similar histologic character (Bolin et al., 1997). Some
decrease in skin sensitivity after parturition occurs in sows infected with M. bovis but may not
occur when the infection is associated with M. avium. Comparative tests work efficiently in this

species with little or no reaction to heterologous tuberculin (Radostits et al., 2007).

2. 10. 2. Postmortem inspection

Lesions occurring in swine naturally infected with M. bovis and M. tuberculosis are
indistinguishable (Bolin et al., 1997). Detection of mycobacterial disease in a live animal is often
very difficult; therefore, the presence of disease must be determined by postmortem examination
(Thoen, 2013). Abattoir surveillance, cattle identification and tracing systems to attain an
effective traceback investigation to the farm of infection origin in cases of animals with TB

lesions detected at slaughterhouse inspection should be conducted (De Kantor et al., 2008).

Gross lesions: Granuloma is an organized pathological structure that consists of differentiated
macrophages (epithelioid macrophages) with a characteristic morphology, T-lymphocytes, some
B-lymphocytes, dendritic cells, neutrophils, fibroblasts and extracellular matrix components. The
complex, dynamic interactions within granulomatous lesions reflect a composite of macrophage
and helper-T cell function, cytokine production and mycobacterial activity that in turn influence
the morphological appearance of granuloma. Lesion, necrosis, liquefaction, mineralization and
regression represent some of the outcomes of these interactions that dictate lesion size,

appearance and ultimately the presentation of disease in the host (Mamo, 2014).
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Tuberculous granulomas in cattle usually have a yellowish appearance with caseous, caseo-
calcareous or calcified in consistency and are sometimes encapsulated. Tuberculous granulomas
or tubercles in cattle are commonly found in the lymph nodes particularly those of the head and
thorax (bronchial, mediastinal, retropharyngeal and portal lymph nodes) along with tissue
affected. Apart from this, tubercles are also common in the lung, spleen, liver and the surfaces of
body cavities. However, in disseminated cases multiple small granulomas may be found in
numerous organs such as female genitalia but are rare on the male genitalia (Radostits et al.,
2007; Anon, 2009; Katale et al., 2012; Verma et al., 2014; Mamo, 2014). In countries with good
control programmes infected cattle typically have few lesions at necropsy. Most of these lesions
are found in the lymph nodes associated with the respiratory system. However, small lesions can

often be discovered in the lungs of cattle if the tissues are sectioned (Anon, 2009).

Granulomas in swine were predominately observed in submandibular lymph nodes and to a
lesser extent in other body locations. The submandibular ly