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GLOSSARY

The definitions were collected from different sources by using Google. com gngine
https://www.google.com/ (1)

Chronic Cough: Any cough> 2 weeks duration used as an indicator to index of suspicion for
TB. Or cough was defined as acute if less than 2 weeks duration and as chronic otherwise o
productive cough for more than 2 weeks, which may be accompanied by other respirato
symptoms.

Cough: Is usually withexpectoration, with or without blood stained sputuand may be
accompanied by one or more of the following symptoms: weight loss; chest pain; shortness

breath; intermittent fever; night sweats; loss of appetite; fatigue and malaise.

Rural community: A community having smaller populations and dealing in lots of agricultural

activities.

Purified Protein Derivative (PPD): Purified protein derivative tuberculin a sterile dabn of a
purified protein fraction precipitated from a filtrate of tubercle bacillus grown on a special
medium; used in tuberculin tests. Or the Purified Protein Derivative (PPD) is an antigen used
the diagnosis of Tuberculosis infection.

Avian PPD: Tuberculin purified protein derivative, avian (Tuberculin PPD, avian) is a
preparation obtained fromflycobacterium aviunstrain D4 ER capable of revealing a delayed
hypersensitivity in an animal sensitized to micro-organisms of Miyeobacterium avium

complex

Bovine PPD: Tuberculin purified protein derivative, bovine (Tuberculin PPD, bovine) is a
preparation obtained from the heat-treated products of growth and lySlgcobacterium
bovisstrain AN-5 capable of revealing a delayed hypersensitivity in an animal sensitized t
Mycobacterium tuberculosis complex species.

Comparative Cervical Intradermal Tuberculin Test (CCIT): The intradermal injection of

biologically balanced bovine PPD tuberculin and avian PPD tuberculin at separate sites in tl

XV



mid-cervical area to determimelayed type hypersensitivity (Immune resporfsefomparing the

response of the two tuberculin’s 72 hours (plus or minus 4 hours) following injection.

Bovine: Of, relating to, or resembling a ruminant mammal of the gBogssuch as an ox, cow,
or buffalo. Or relating to, or belonging to tBevini (cattle), a bovid tribe including domestic

cattle.

Cattle: Cattle (colloquially cows) are the most common type of laegeesticated ungulates.
They are a prominent modern member ofstligamily Bovinae, are the most widespread species
of thegenus Bos. Or large ruminants with horns and cloven hoofs, domesticated for meat or milk,

or as beasts of burden.

H37Rv: A Laboratory Virulent Strain d¥lycobacterium tuberculosis

Pretest measurement: The measurement of skin fold of the injection site before administering
PPD.
Posttest measurement: the measurement of skin folds of the injection site after 72hrs +4hrs

after PPD administration.

Negative reaction/cattle: If the increase in skin thickness at the bovine site of injection is less

than or equal to the increase in the skin reaction at the avian site of injection.

Inconclusive/dubious result: If the increase in skin thickness at the bovine site of injection is

from 1to 2 or 1 to 4 mms greater than the avian reaction. There is some uncertainty as to t
disease status of inclusive results and therefore they must be re-tested and occasionally,

presence of other diseases, or exposure to bacteria simifarbiovis can cause a positive test

reaction, even if there is no TB infection.

Positive reaction/cattle: If the increase in skin thickness at the bovine site of injection is more

than 2 or 4 mm greater than the reaction shown at the site of the avian injection.

Sputum: A mixture of saliva and mucus coughed up from the respiratory tract. Or is mucus-like

material found in the lungs.
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Body condition scoring (BCS): Body condition scoring is a management tool that can be used
to evaluate the body status of cattle by using three major scoring grades, namely; lean, medi

and fat for this study

Household: Which consists of one or more people who live in the same dwelling and also shar
at meals or living accommodation, and may consist of a single family or some other grouping ¢

people.

Bovine tuberculosis: A disease of bovine caused Blycobacterium boviand tested positive

for intradermal tuberculin skin tests.

AFB positives: This bacterium is completely acid-fasstgin with carbol fuchsin and not
decolorized by acid alcohol positive test result from the acid-fast stain aon$ the patient has
TB.

Presumptive TB case: Any person who presents with symptoms or signs suggestive of TB. The
most common symptom of pulmonary TB is a productive cough for more than 2 weeks, whic
may be accompanied by other respiratory symptoms (shortness of breath, chest pai
haemoptysis) and/or constitutional symptoms (loss of appetite, weight loss, fever, night swea
and fatigue).

Case of tuberculosis: A person showed at least one or more sputum positive for AFB and diagnosec
as TB patient and decided to treat him/her with a full course of TB treatment.

Tuberculosis negative households: Households did not have TB history and did not have

chronic cough which lasts for more than two weeks before commencement of the tuberculin tes
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ABSTRACT

Introduction: Tuberculosis is a major global public health problem resulting in considerable
morbidity and mortality. According to 2012 World Health Organization report, an estimated 8.¢
million people developed tuberculosis and1.3 million died from the disease (including 320 00
deaths among Human Immunodeficiency Virus (HIV) positive people). Ethiopia is one of the
highest tuberculosis burden countries in the world, which raffksarBongst the 22 high
tuberculosis burden countriel Ethiopia, it was also estimated that about 41% of tuberculosis
cases were HIV positive. The transmissionMycobacterium tuberculosifom humans to
humans is well known globally; however, little is known about the transmission of
Mycobacterium tuberculosisomplex species between humans and animals, in particular cattle.
Bovine tuberculosis is endemic in Ethiopia. Intimacy of cattle and humans in rural farming
communities may transmMlycobacterium boviso humans. However, there is little information
about the possible transmission of tuberculosis between humans and cattle in Ethiopia. T
contribution of Mycobacterium tuberculosifo bovine reactivity is also unknown. Although
bovine tuberculosis is a known zoonosis, it is mainly a disease of cattle. Humans could t
infected by consuming raw milk and, to some extent, by inhaling droplet nuclei. Cattle owned b
tuberculosis patients revealed higher bovine tuberculosis tuberculin skin test result and this mig
be due to the possible infection of cattle wMlgcobacterium tuberculosiShe causative agent
responsible for the infection in both populations could be identified using molecular technique:
This research work aimed to investigate the role of cattle in the occurrence of pulmonar

tuberculosis in humans at a rural community in Ethiopia.

Methods: The study used both cross-sectional and case-control designs in Northeast al
Northwest parts of the Amhara Region. A cross-sectional study was employed to determine t
presence of bovine tuberculosis among cattle owned by presumptive pulmonary tuberculos
cases. A comparative cross-sectional study was conducted on 124 cattle owned by househc
with confirmed pulmonary tuberculosis and 381cattle owned by households without tuberculos
to determine the likelihood of bovine tuberculosis among livestock’s in the two groups. A case
control study was conducted on 35 households with at least one pulmonary tuberculosis case

105 households without tuberculosis to determine the risk of bovine tuberculosis in humans.
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Besides, laboratory based deletion typing and spoligotyping that was carried out fo
Mycobacterium tuberculosisolated from acid fast bacilli confirmed pulmonary tuberculosis
patients. A comparative cervical intradermal tuberculin skinwastconducted on all the study
subjects (cattle) using bovine and avian purified prateirvatives as an antigen. Based on the
skin test reaction measurement, the cattle were categorized as negative, doubtful and positive
the measured difference between the bovine and avian injection site is below 1, 1- 4 and >4,
<1, 1-2 and >2, respectiveljdl sputum samples collected from presumptive tuberculosis cases
as well as tuberculosis confirmed human patients were cultured on Lowenstein-Jensen medit
(tubes containing glycerol and sodium pyruvate) and polymerase chain reaction, deletion typin
spoligotyping and single nucleotide polymorphism were performed for positive culture findings
to identify theMycobacterium tuberculosis straingvolved for human tuberculosis infection.

Closed questionnaires and forms were used to collect the required data.

Results: Of the 124 sputum samples collected from presumptive tuberculosis cases 4/124 (3.2¢
were culture positive. Polymerase Chain Reaction using region of difference-9 as a marker h
confirmed that 2/4 (50%) were found to Beycobacterium tuberculosighile the rest were

atypicalMycobacterial species

Of the 381 cattle tested 5/381 (1.31%) were found to be tuberculin positive (prevalence of 1.31
with 95% CI: 0.2.0, 2.5) and 10/381 (2.63%) (Prevalence of 2.63% with 95% CI: 1.0, 4.2) wer:
positive for the test according to a cutoff value > 4mms_and > 2mms, respectively. About 67¢
(6/9) of the individuals who owned bovine tuberculosis positive cattle had the habit of drinking
raw milk. Of the 10 positive cattle, five of them resided in lowland (Kola) areas (1300-1500
meters above sea level). However, none of the owners of tuberculin positive cattle were found

be tuberculosis positive.

Using >2mm as a cutoff value for the diagnosis of bovine tuberculosis, the study revealed that .
overall apparent prevalence of 23.6% and individual cattle apparent prevalence of 8.7% ft
bovine tuberculosis in the study area with an odds of nearly three times (AOR= 2.90, 95% C
1.50, 5.54) higher bovine tuberculosis among cattle owned by households with tuberculosis. T

findings indicated that 49.3% and 61.4% were having the habit of drinking raw milk and eatin
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uncooked meat, respectively. More than three fourth of the study subjects did not know tf
benefit of boiling milk. About 70.7% knew there is chance of disease transmission from animal
to humans. Of the total respondents participated in a case - control study, 78.6% did not isolz
their sick cattle and 87.1% kept the sick cattle with them.

Among the TB cases, 31.4% reported sharing the living room with their cattle as compared
only 9% of controls. It was also disclosed that 42.9%, 37.1% and 14.3% of the cases shar
utensils, gave their urine to cattle and urinate on a cattle feed, respectively, as compared
36.2%, 27.6% and 4.8% of the controls. Based on >2mms as a cutoff value bovine tuberculo:
was recorded in 48.6% of the cases and 15.2% of controls, more than 8 times higher for ca:
(AOR=8.32, 95% CI; 2.82, 24.60).

In total, 70 acid fast bacilli positive sputum samples were collected in the study areas. The age
subjects ranged from 18 to 63 years with a mean age of 35.7 + 13.24 years. Of the total 70 a
fast bacilli positive sputum samples, 50/70 (71.4%) were culture positive, from which 37.1 an

31.5% had the habit of drinking unboiled milk and eating uncooked meat, respectively.

Using deletion typing all the isolates were identified Mgcobacterium tuberculosis
Spoligotyping revealed 94% (47/50) interpretable patterns and three lineages namely; Ea:
Africa-Indian (57.4%), Euro-American-African (38.3%) and Ethiopian (lineage-7) 2/50 (4.3%).
Lineage 7 was registered only in Noiollo Zone In this study 8 clusters (with cluster size
ranging from 2 to 8), 8 unique and 10 new patterns were recorded. Shared International Tyf
(SIT) (21, 25, 26, 35, 53, 109, 149 and 289) were found as clusters among which SIT 25 (7) a

SIT 289 (8) were the predominant ones.

Conclusion: About 3.2% (4/124) of sputum samples collected from individuals with chronic
cough were culture positive, of whom 50% (2/4) were found thlypeobacterium tuberculosis
by polymerase chain reaction. The findings indicate that bovine tuberculosis is a threat |
Ethiopia and implicated possible transmission of tuberculosis between humans and cattle whe
human pulmonary tuberculosis cases could serve as a possible souxbgcatfacterium

tuberculosisinfection to cattle. House sharing was found as a contributing factor in bovine
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tuberculosis test reaction. Therefore, mechanisms should be developed to create awarens
Separate houses for cattle should be constructed to minimize the risk of cross infections a
further study regarding the possible infection of cattle Wiycobacterium tuberculosithus
recommended. Similarly, households with bovine tuberculosis had a higher chance of gettir
pulmonary tuberculosis. It is, therefore, necessary to investigate whether the pathoge
responsible igvlycobacterium tuberculosisr Mycobacterium bovigand appropriate measures
should be taken to prevent spread of tuberculosis in both humans and livestock. This study a
revealed that 3Mycobacterium tuberculosiineages, namely; the ancient, intermediate and
modern were identified. Besides, considerable clustering, which indicates current tuberculos
transmission was also reported in the study areas.

Key words: bovine/cattle, bovine tuberculosis, cough, households, human TB, lineage, North

Gondar /Wollo, risk, skin test, Spoligotyp, tuberculosis, typing, Ethiopia
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1. INTRODUCTION

1.1. Background

Human tuberculosis (TB), caused bl tuberculosis (M.tb)and occasionally bi. bovisand

M. africanum(2), is among the oldest diseases and the seventh leading cause of death worldwi
(3). Human TB is a serious challenge, particularly for many of the developing countries in th
world and the World Health Organization (WHO) (4) reported that 98% of TB deaths occurrec
in the developing world affecting mostly young adults in their productive ages. In 2013, WHC
(5) reported a decline in the impact of tuberculosis by the year 2012, with 8.6 million peopl
infected and 1.3 million died from tuberculosis. Shukla (6) mentioned that TB is still killing
nearly 5000 people every day. If TB is left unchecked within 20 years, it will kill 35 million
people (7). The emergence of Human Immunodeficiency Virus (HIV) has paved the way for th
resurgence oMycobacterium tuberculosisfection and resulting in an increased morbidity and
mortality worldwide (8-10).

TB in Ethiopia is well known since years back and still remains being a major health problen
contributing to the morbidity and mortality of a considerable number of people. Ethiopia rank:
39 in Africa and 8 amongst the 22 highest TB burden countries in the world (5). In Ethiopia,
TB was the second leading cause of hospital admitted deaths in 2003/04 (11), and it is ender
in Amhara Regional State as well, where in 2008 the Regional Health Bureau reported 3.5% T
death rate (12). Besides, sputum samples collected from different health institutes in the Regi
were cultured and among 240 culture positive samples 237 Mygebacterium tuberculosis
strains based on RD9 analysis (13). Before years back tuberculosis in Ethiopia was markec
increasing (14), however, nationally, in 2013, the TB incidence rate has fallen to 224 pe
100,000 of the population compared 369 in 1990 and TB prevalence rate has fallen by 50.5
Besides, in the same year excluding HIV related deaths; TB mortality was estimated to be 32
100,000 of the population and about 13% of all new TB cases are also HIV co-infected (15).



The sources of infection favl. tb are mainly those humans who are developing active TB (16).
However,M. tb has been isolated from different animal species, including bovines/cattle (17
18), which should be seen as a challenge to further move in the prevention and controllir
efforts made to tackle the disease. Althodjhtuberculosiss the main cause of human TB, the
main causative agent of bovine THycobacterium bovis (M. bovig) well described to infect
humans, primarily through close contact with infected cattle or consumption of contaminate
animal products such as unpasteurized milk. Globally, most cases of zoonotic TB are caused
M. bovis and cattle are the major reservoirs (19, 20).

Little is known about the transmission Bf. tb complexfrom cattle to humans. Nowadays
molecular techniques are becoming powerful tool that are widely used td/iygmbacterium
tuberculosiscomplex species to know TB transmission dynamics (21-25). Understanding TB
epidemiology, determining either TB relapse or exogenous re-infection, outbreak investigatio
and assessing laboratory cross contaminations as well as identification of the spread of clone:
possible using genotyping (26-31).

Human TB of animal origin is an important public lleaconcern particularly in developing
countries. More than 94% of the world populations live in countries where the control of bovine
tuberculosis (BTB) in cattle is limited or absent. In Africa, approximately 85% of cattle and 82%
of the human population live in areas where BTB is prevalent (32). Research works undertak
in Ethiopia revealed the presence of bovine tuberculosis (33, 34). Knowing the possible sourc
of Mycobacterium tuberculosisould help the disease prevention and contismlation of
Mycobacterium tuberculosig cattle and the presence of BTB in Ethiopia were the bases to
carry out the research work with the aim of investigating the role of cattle in the occurrence c

pulmonary tuberculosis in humans in a rural community in Ethiopia.

1.2. Statement of the problem

Tuberculosis is a serious health problem to the world population and remains a major heal
constraint to humans, patrticularly for those who live in most developing countries, including
Ethiopia. The problem is more serious in humans than in animals because of the potential to

infected by a group oMycobacterial speciessuch asM. tuberculosis(the primary), M.



Africanum, M. bovis(primary animal’s pathogen)M. microti and M. canetti. Poor living
standards in the country, common tradition of house sharing with animals and the complicatic
of the disease with HIV/AIDS magnify importance of the disease in Ethiopia. The attempts mad
so far to tackle TB have not been yet satisfactory. Shukla (6) mentioned that TB is still killing
nearly 5000 people every day and 1.5 million deaths in 2013 alone. According to the report ma
by the World Health Organization (WHO), in 2005 two billion people were infected Miith

tuberculosisand 5-10% of carriers will become sick in their lifetime (4).

The disease is still responsible for considerable human morbidity and mortality as well a
economic losses by affecting young people at their productive ages, particularly in developin
countries of the world. In general, if tuberculosis is left unchecked within 20 years, almost on
billion people will become newly infected, 200 million will develop the disease and 35 million
people will die of it (35). The problem could be worsened by prevailing HIV/AIDS, occurrence
of multi-drug resistant (MDR) and extensively drug resistant (XDR) strains (36). Multidrug
resistant TB and XDR-TB had been reported in a number of countries in the world and abo
3.6% of new TB patients in the world were multi-drug resistant (MDR), where the levels are
higher, about 20% in those previously treated TB patients. About 10% of MDR-TB cases ar
also resistant to the two most important second-lines anti TB drug classes, or called extensive
drug-resistant TB (XDR-TB). In 2013, 92 countries reported at least one XDR-TB case (37).

Ethiopia is one of the highest TB burden countries in the world, and according to the currel
estimate, ranks"8amongst the 22 global TB high-burden countries (5). The World Health
Organization report in 2012 showed that there were about 1.6% of new MDR-TB cases and 12
of retreatment cases with MDR-TB in Ethiopia (38). In the country, it was also estimated tha
about 41% of TB cases were HIV positive. Drug sensitivity test survey conducted in the countr
between 2003 and 2006 showed that levels of MDR-TB were 1.6% and 11.8% in new cases &
re-treatment cases of TB patients, respectively (39). These figures indicate how the disease i
threat in the country from different perspectives. The existence of the problem in the Amhar
Region could be well described by the annual report made by the Regional Health Bureau
2008. The report indicated 21.6% TB case detection and 3.5% TB death rates for the ent

Region.



Tuberculosis is not only a deadly disease but also requires high cost for treatment, diagnos
management, prevention, control as well as elimination efforts. According to reports, 80% of th
victims are aged between 15 and 49 and are in the most mcmily productive years of their
lives. TB carriea direct costo the health service (diagnosis, treatment and@npatients and

their family (drugs, transportation) as well as iadirect costto society, the family and the
community. The estimated costs to poor household4 2ugillion USD per yearA systematic
review conducted on costs to health services and the patient of treating TB showed that from t
provider perspective, mean drug sensitive TB treatment costs per patient were US$14,659
high-income countries, US$840 in upper middle-income countries, US$273 in lower middle
income, and US$258 in low-income countries while the respective costs for treating MDR-TE
were US$83,365, US$5284, US$6313 and US$1218(40).

For instance, over the next 10 years TB will take 1-3 trillion USD the world’s poorest countries
in particular developing nations where 94 and 98% of TB cases and deaths occur, respective
TB and poverty show a vicious cycle (bad news for the 2.7 billion people who live on 2 USD pe
day or less); whereby TB exacerbates poverty, which in turn increases the likelihood c
contracting TB. The World Bank estimated that loss of productivity attributed to TB is 4-7% of
some countries gross domestic product (GDP) (41). Others, such as monitoring and evaluatic
of TB programs, capacity buildings for human resources and institutions as well as establishit
new diagnostic laboratories are additional costs which can inflate the amount of money invest
for TB. For instance, in 2007, Ethiopia requested a support from the Foundation for Innovativ
New Diagnosis (FIND) for the establishment of thlycobacteria Growth Indicator Tube

(MGIT) liquid culture system, the Capilia rapid identification system and the GenoType
MTBDRplus line probe assay-based molecular system for rapid detection of MDR-TB. In
collaboration with the then EHNRI (Now named as Ethiopian Public Health Institute), CDC-
Ethiopia, the International Laboratory Branch (ILB) at GAP-CDC in Atlanta and other partners
(Johns Hopkins University), FIND developed a comprehensive work plan to strengthen TE
laboratory services at two central (EHNRI and St. Peter's Hospital) and four regional leve
laboratories. Besides, FIND posted one full-time international consultant for giving trainings an
supplied those laboratories with MGIT instruments and reagents, GenoType MTBDR plus tes

and instruments, and Capilia rapid identification tests (42). This huge estimate of money lo:



would have been used for other developmental issues, particularly for countries like Ethiopia,

TB was controlled or prevented at the lowest minimum level.

The transmission dfA. tuberculosiSrom humans to humans is well known and still researches
are continuing. However, the transmissionvbftuberculosisrom humans to animals, or vice-
versa is not well studied. Isolation and characterization the causative agents of TB from animze
and human patients could show the transmission pattern of the etiology between human a
animals.Conditions like sharing common living rooms may ligaiie the inhalation of infectious
droplets by animals, while human patients sneeze or cough or drop/spit out their discharges &
sputum on the floor and feed of animals. In most of the rural places in the region, there is
tradition, which is practiced to urinate on the grasses where animals are grazing or hays ready
feed. If a person is infected with tuberculosis, there is a chance to excrete the bacteria throu
urine and there will be a probability of picking the agent by animals (43). In this respect, thos
cattle contracting the infection may serve as a hodWfauberculsosisand used as a source of

infection.

In Ethiopia, little is known about the transmissiorMyfcobacterium tuberculosisomplex from
cattle to humans. The reason why TB still remains challenging might be due to the possibility c
Mycobacterium tuberculosi® adapt different host ranges lik&ycobacterium boviswhich is
closely related to itThe combination of the enormous burden of TB as allhe inconsistent
availability of cost-effective interventions, makes TB one of the highest priorities for action in
international health (6). Thus, this study aims to answer the possible role of cattle on tt
occurrence of human pulmonary tuberculosis



1.3. Rationale of the Study

Ethiopian economy is currently led by agricultureodtlof its population lives in rural areas,
which is estimated to be about more than 83% (44). The life of the rural community is depende
on agriculture and the contribution of livestock to their livelihood is so enormous, particularly
for pastoralists and agropastoralists whose live are mainly supported by livesivelstock

also used as a source of meat and milk as well as foreign currency earning. Therefore, t
connection between animals, particularly cattle and farmers, pastoralists and agropassoralists
so close. Globally there are a number of neglected zoonoses and their effect could be immense
most of the developing world. In our country there is intimacy of cattle with humans is so vivic
in the country (even to the level of common house sharing), this creates a very conduci
environment for the transmission of diseases, particularly zoonotic ones, from animals to huma

Or vice-versargverse-zoonoses)

Despite the isolation of the agent from cattle, the role of animals im#irtenance and
transmission oM. tuberculosishas not been studied in depth in Ethiopia in general and the
Amhara Region in particular. Therefore, establishing the possibility of infectioiM.of
tuberculosidrom animals to humans awmite versaas well as understanding the possible mode
of transmission can help the prevention, control and eventual eliminatiwh wiberculosis
which is maintained in cattle can result in the development of new infections or re-infection ir
the household and hence the finding of the same lineages from both populations will contribute
lot to the local community, the region, the nation as well as the world community. The finding
also enables to bring attitudinal changes by the livestock owners, health workers as well .
researchers on the issue and hence its contribution in the farming community, academic as w
as research institutions will be so great. The research experience and the findings obtained h
will be extrapolated and used to other areas in a wider scale to see the importance of cattle ¢
source ofM. tuberculosisto human beings. Overall, the research targets on improving human
health, supporting the efforts made to prevent and control TB in the country and playing a gre
role in the process of building a productive community. Thus, the study aims to assess the role
cattle on the transmission of pulmonary TB in humans in attempting to answer the following

research questions.



Do Mycobacterium tuberculosis complex specietected from chronic coughers and
their cattle react to bovine tuberculosis skin test?

Do cattle owned by pulmonary tuberculosis patients react differently to bovine TB skin
test compared to those owned by non-tuberculosis patients?

Does bovine tuberculosis serve as a risk factor for the occurrence of human TB?

4. Are isolates from bovine skin test positive cattle the same as isoldtedudferculosis

complexfrom humans?



1.4. LITERATURE REVIEW

1.4.1. The biology ofMycobacterium tuberculosis

1.4.1.1.Mycobacterium tuberculosisomplex species

Tuberculosis, is caused by a genus calMgcobacterium which belongs to the genera
Mycobacterium tuberculosis complekat includes species such & tuberculosis, M.
africanum, M. canetti and M. bovis, M. micr@nd M. pinnipedii (45, 46).Mycobacterium
tuberculosiswvas thought to have been derived frétyicobacterium bovig22), but more recent

evidence suggests that both have a common ancestor (47).

The genusMycobacteriaare aerobic, non-spore forming, non-motile, slightly curved or straight
rods (0.2 to 0.eum by 1.0 to 1Qum) or pleomorphic bacilli or coccobacilli which may branch
and are acid fast. The distinguishing features of pathodéydobacteriaare the formation of
characteristics cords (48Mycobacteriaare more resistant to disinfectants than vegetative
bacteria (49, 50), and are easily inactivated by heat (> 65 °C for at least 30 min) and by ultr
violet (UV) light, but not by freezing or desiccation (S¥)ycobacteriaare able to survive from
weeks to months on inanimate objects, if protected from sunlight (51), where direct sun ligl
kills the bacilli in 5 minutes, but they can survive in the dark for long periods and therefore

indoor transmission could occur at a higher degree.

The genus,Mycobacterium comprises of some pathogenic to man and animals, some
opportunistically pathogenic, while others essentially saprophytic living in water and soil (52
53). The classic species Blycobacteriumthat cause disease in man and animals inciMde:
bovis, M. tuberculosis, M. paratuberculosis, M. avium, M. lepaael M. lepraemurium
Tuberculosis in mammals is causedMytuberculosiscomplex M. bovis, M. tuberculosis, M.
microti, M. africanum) and byM. aviumin birds. Mycobacteriumspeciesother than theM.
tuberculosiscomplex that cause TB like diseases in man and animals are commonly calle
‘atypical Mycobacteria (45). AtypicalMycobacteriaare not pathogenic to man and animals,
except in certain situations such as direct inoculation into wounds or introduction into immuno
compromised hosts due to immunosuppression like in the case of HIV infections (46); howeve

they are very important during diagnosis as they sensitize man/animals to tuberculin test (54).
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Mycobacteriumspeciesgrow on media like Léwenstein-Jensen (LJ) and Stonebrink's medium.
Tubercle bacilli are aerobes, but growthMf tuberculosisandM. boviscan be enhanced at 5-
10% CQ (carbon dioxide) and the optimal growth temperature ¥ 3kcept forM. avium,
which needs a temperature of 402@245).

Members of theMycobacterium tuberculosisomplex (MTBC) are slow growing and are
causative agents of human and animal TB. Species in this complex irndluiddrerculosis(the
major cause of human tuberculosid), bovis, (themajor cause of animal tuberculosis), bovis
BCG, M. africanum, M.canetti, M. caprae, M.micrathnd M. pinnipedii In older systems,
Mycobacteriawere grouped based upon their appearance and rate of growth, however, mo

recently classification is based upon common ancestors systems (28).

1.4.1.2 Mycobacterium tuberculosimeages

In “the fourth international spoligotyping database” (27), the population genetics of 39,29¢
strains from 122 countries were identified; some main TB families/lineages were describec
Those identified in eight regions of the world are described as follows: (I) the Central-Asic
(CAS) family was essentially localized in the middle-East and Central Asia (21.2%), anc
preferentially in India (75%), (II) Haarlem (H) family was distributed 25% of the isolates
globally while it dominated in South America by constituting around 50% of the isolates there
(1) the Latin-American-Mediterranean (LAM) constituted 50% of the other half of the strains
from South America, (IV) the “T” family is less well defined and includes more than 600
unclassified strains and this lineage is currently stratified into 5 sub-clades (T1-T5), (V) the Eas
African-Indian (EAI) (also called CAS) family was more abundant in south-east Asia, particulat
in Vietnam and Thai Land (32%), (VI) the X family was highly prevalent in North America
(21.5%) and Central American (11.9%) regions, (VII) the Beijing and the Beijing related strain:
represented about 50% of the strains in Far East- Asia and 13% of isolates globally. In sor
areas of the world the same lineagedoftuberculosisvere isolated from human TB patients
and animals owned by them. In Ethiopia despite close intimacy between cattle and humans, t

possibility of cross infection with this agent is not done in detalil.



1.4.1.3. General CharacteristicsMycobacterium tuberculosis

Mycobacterium tuberculosigMTB), also known agubercle bacillusor Koch’s bacillusis a
pathogenic bacilli species in the gemdgcobacteriumaffecting mainly human beings. Primarily

it is a pathogen of the mammalian respiratory system and in most of the cases it infects the lur
and causing pulmonary tuberculosis (55). The bacteMntuberculosisdivides every 15-20
hours, which is extremely slow compared to other bacteria, which tend to have division time
measured in minutes, examgscherichia coli(E. coli) can divide roughly every 20 minutes)
(56-58). It is a small bacillus that can withstand weak disinfectants and can survive in a dry sta
for weeks. Its cell wall, which is rich in lipids (e.g., mycolic acid), is likely responsible for this
resistance and is a key virulence factor (58). The ability to constructberculosianutants and

test individual gene products for specific functions has significantly advanced the understandir
of the pathogenesis and virulence factorsMf tuberculosis Many secreted and exported

proteins are known to be important in its pathogenesis (59).

Mycobacterium tuberculosis a fairly large nonmotile rod-shaped, measuring 2-4 micrometers
in length and 0.2-0.5 micrometers in widtlycobacterium tuberculosis an obligate aerobe
and for this reason, in the classic case of tuberculosis, it is always found in the well-aerate
upper lobes of the lungs. The bacterium is a facultative intracellular parasite, usually
macrophages. It takes 4-6 weeks to get visual colonies on mediaM48)berculosican
survive for months on dry inanimate surfaces (6BI). tuberculosigan survive in cockroach
feces for 8 weeks, sputum on carpet (19 days) and wood (over 88 days), moist and dry soil
weeks), and in the environment for more than (74 days ) if protected from light (possibly longe
if in feces) (61-64).

1.4.1.4. Source of infection

The most common source of infection for TB is the human case whose sputum is positive for t
tubercle bacilli (active TB patient). Moreover, those who are totally not treated or treatec
inadequately can also be used as a source of infection. People who have just started on
treatment and who have a poor response to treatment can also be used as a source of infec
and milk containingVlycobacterium boviscould be a source of infection to humans (65-68).
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Besides, under WHO (69) recommendations individuals who suffered from a chronic cough for
duration of two and more than two weeks are considered to be presumptive TB cases and hence t
are advised to be examined for tuberculosis. Because of the contagious nature of TB and its poten
for devastating morbidity and mortality for individual patients and society, TB should be consideret
early in the evaluation of patients with chronic cough. In areas where TB prevalence is high or i
populations which are at high risk of TB (e.g., HIV-seropositive persons), the tuberculosis diagnos
should be considered in all patients with chronic cough, sputum production, hemoptysis, fever,
weight loss. Some high-risk persons may have TB even with normal physical examination and che
radiograph findings, especially when they are immunocompromised A7@atient with lung TB,

usually sputum positive can disseminate while coughing, talking, singing, spitting and sneezing b
releasing tiny infectious droplet nuclei and the nuclei can spread into the air and can then reme

suspended in the air for long periods depending on the condition (65, 71).

1.4.1.5.M. tuberculosisn animals

Although transmission oM. tuberculosisbetween animals and humans has not been clearly
reported, the bacteriumdl. tuberculosishas also been isolated from animal species (e.g., birds,

elephants, and other mammals) and some are described hereunder.

Elephant

Michalak and his colleagues (72) reported short, fat, relatively scant number of acid-fast bacil
presumptively diagnosed abl. tuberculosis from Elephant lung caseous necrosis and
mediastinal lymph node lesions. Of the 12 elephant handlers tested, 6 (50%) were PPD-positi
Three sputum samples were smear-negative for acid-fast bacilli, although one Wwelded
tuberculosisupon culture. The sputum isolate from the handler with active TB was comparec
with the isolates from the Elephant. The isolates had identi6alLBRFLP pattern, differing by

< 2 bands. Additionally, all isolates had the identical TBN12 RFLP pattern, except the isolat
from the elephant that died from the disease, which demonstrated a shift of one band. Similar
in the review made by Shimshony (73)ere were 34 confirmed cases of TB in elephants in the
United States between 1994 and 2005. Among the total 34 cases 31 of them were in Asi
elephants and 3 in African elephants. In 33 of the cases, the etiologic agent was fouMl to be

tuberculosis.
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Cattle

Among domestic animals, infection wiM. tuberculosishas been most frequently identified in
cattle (17, 74-76). According to published data, the prevalendé efiberculosisinfection in
cattle herds did not exceed 1% in the majority of studies (76-79). However, a few exception

like Algeria and Sudan with 6.2 and 7.4% prevalence, respectively, were reported (80, 81).

In a case report, in Slovenia 78 cattle were subjected to bovine TB skin test using Bovine al
Avian PPD (Bioveta) and 16 of them showed positive reaction. Among the total 16 PPD positiv
cattle, 3 showed strongest reactivity to tuberculin test were slaughtered for farther bacteriologic
and then molecular tests. The mandibular, mediastinal and portal lymph nodes were collect
and sent for bacteriological examination. No acid-fast bacilli were detected on Ziehl-Neelser
stained impression smears. However, after 28-days incubation of LJ media inoculated with tl
mixed specimen of mediastinal and portal lymph nodes, a few colonies appeared, which we
acid fast positive on Ziehl-Neelsen staining. The bacteria were positive for Niacin, nitrate
reduction and pyrazinamide reactivity and negative for thiopen-2-carboxylic acid hydrazide

susceptibilitytestand it was aerobic.

Additionally, both the AccuProbiglycobacterium tuberculosiSomplex Assay (GenProbe, San
Diego, Calif.) and an in-house PCR, targeting the 123-bp portion6dfL(X17), identified the
isolate as a member ®f. tuberculosiscomplex. A banding pattern is seen, which is specific for
M. tuberculosisin the meantiméV. tuberculosiswvas isolated from sputum of one of the cattle
farm workers. Both isolates were analyzed by restriction fragment length polymorphism (RFLP
typing using 1S6110-based, following the standardized protocol (17). Mhéuberculosis
isolates from the cow and farm worker, together with a number of epidemiologically unrelate
strains, were analyzed by@$10based. TheM. tuberculosisisolates from the cow and farm
worker showed an identical RFLP pattern. A 100% homology of the two isolates was als
confirmed by computer-assisted analysis of RFLP patterns and this might suggest possibility
reverse zoonoses (17). Even though Zebu breeds are resistant to TB infections compared
exotic and their crossed. tuberculosishas also been isolated in Ethiopia form TB lesions of
cattle (82).
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Although M. tuberculosign cattle most frequently produces a quickly vanishing infection rather
than a progressive disease, the infected animals do react positively when challenged w
tuberculin despite having short tuberculin sensitization duration (83, 84). Thus, when
tuberculin-positive animal is recognized during a routine tuberculin testing for the first time in
the previously tuberculin-negative herd, and particularly when the tuberculin-positive animal i
young, the possibility of human TB infection among farm workers or animal attendants shouls
be considered (85). As reported by several authors (79, 85-87), animal attendants with acti
pulmonary TB represent an important sourceMof tuberculosisfor animals, spreading the
mycobacterium via sputum, urine, or feces (88) and as a result of such spreading, the classi
form of TB may occasionally develop in animals living in close contact with humans with active
TB (84).

A study of TB infection conducted in cattle in three districts of Western Gojjam, Ethiopia,
indicated a three-fold higher prevalence in bovines owned by tuberculosis patients than tho
owned by non-tuberculosis patients. tuberculosig15.4%),Mycobacterium bovi$44.1%) and
atypical Mycobacteria (38.5%) were identified from milk of tuberculin-positive cows using
biochemical tests in the study. SimilarM, tuberculosig74.5%),M. bovis4.9%) and atypical
Mycobacteria (8.5%) were identified from sputum and fine needle aspiration specimens of
tuberculosis patient cattle owners. Mutual transmission of mycobacterium from animals t

humans and vice versa has been signified (18).

Sheep and goats

Sheep and goats are quite resistarilygobacteriumnfections, however, a study conducted in
pastoral community of Ethiopia showed thMycobacterium tuberculos(SIT-149) was isolated

from goats tuberculous lesions (89).
Dogs

Bonoyska and colleagues (90), conducted experimental studies to asses the susceptibility of d
to M. tuberculosisnfection in Bulgaria (Sofia). The study showed that in most cases, the diseas
runs subclinically with lesions localized mainly in the lungs, lymph nodes, small intestine, liver.

kidney and spleen. Histologically, granulomatous inflammation, caseasation and predomina
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epitheloide macrophages with single lymphocytes were demonstrated. According to that stud
83 (86.5%) of PCR results coincided with bacteriological findings, 82 (85.4%) with the
pathological and 71 (74.0%) with bacteriological and pathological results. From the result
obtained, it is possible to say thét tuberculosisinfected dogs can also serve as source of

infection to humans and other animals.

Green-Winged M acaw (Ara chloroptera)

Infection withM. tuberculosisn birds is rare, however, the Psittacine birds, parot family are
known to be infected witM. tb mainly due to close contact with tuberculous owners. Previously
there were four reports of Amazon parrot infections wWithtb (91-94). Besides a report in
Neyork City revealed isolation &flycobacterium tuberculostsom the eyelid, skin, tongue, and
lungs of a green-winged macawré chloropterg bird (95). The authors confirmed that two
persons living in the same household were culture positive for pulmonary tuberculosis 3 to
years before tuberculosis was diagnosed in the bird. They noted that an infected bird may be
sentinel for human infection (95). All of the parrots presented with cutaneous growths on th
head and neck and had localized granulomas in the eye and retrobulbar tissues, the sinuses
nares, and the oral cavity. Two parrots were found to have systemic infections at necropsy (¢
93).

1.4.1.6. Bovine tuberculosis (BTB)

BTB is a diseas®f mainly cattle caused bylycobacterium bovisThe causative agent belongs
to theMycobacterium tuberculossomplex (MTBC) (96-98), which can infect most mammalian
species (99). The MTBC is a group of very closely related pathogens, which can caus
tuberculosis disease with similar pathology in a variety of mammalian hosts (96). BTB is
generally a respiratory disease and is chronic, which is difficult to diagnose clinically in cattle
although emaciation, loss of appetite, chronic cough and other signs of pneumonia could |

symptoms developing at relatively late stages of the infection (20).

BTB can have a direct effect on milk and meat production as well as animal reproduction ar
indirect effect like international trades (100). BTB can also infect wildlife, for instance, in

Kruger National park in South Africa, 38% of the buffaloes were infected Miitlovis strains,
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which originally introduced from domesticated cattle (101), and this cycle could hamper diseas
control/eradication schemes (102, 103). Animals like lions and cheetah are spillover hosts f
the disease causing agent (101). BTB also has a zoonotic potential and it is a great public he:
concern (104, 105), and zoonotic transmissiomMofbovis may occur in countries where the
disease remains enzootic. In San Diego (California), WbApvisinfection accounted for 45%

of the TB cases in children of Hispanic origin where BTB is prevalent (105).

It is reported that persons infected with boviswere 2.6 times more likely to die during
treatment than those witk. tuberculosisnfections (105). The poor, especially in developing
countries, are thought to be at highest risk to contract zoonotic tuberculosis (106). The disease
more important in countries like Africa, particularly the arid and semi-arid regions, where >50%
of African cattle, sheep and goats are raised (107) and millions livelihood depends on livestoc
farming (106). Consumption of contaminated milk represents the most important route o
infection (19, 20). BTB is also endemic to Ethiopia, though the prevalence varies from place t
place. The disease causing agent also isolated from different animal species, including hum
TB patients. The disease severity in cattle could vary according to breed, age, sex, managem
systems and body conditions (108, 109).

1.4.1.7. Modes of transmissions

Tuberculosis, which is less contagious compared to others, is spread through water/air dropl
which are expelled when TB diseased individuals cough, sneeze, speak, spit, or sing and amc
these coughing generates the largest number of droplets of all sizes. To transmit infection, t
particles must be fresh enough to carry a viable organism. The frequency and vigor of cough a
the ventilation of the environment influence transmission of the infection (110). As the exhale
particles remain airborne, they become dehydrated and decrease in size until they reach to 1-
named as droplet nuclei (contain about 3 bacilli) (48). The tubercle bacilli can enter the boo
through the airway that is nasal passages and lungs; the droplet nuclei can avoid the defe
system of the upper airway and bronchi, and finally reach the alveoli where infection can occt
(48). As a rule, close, frequent, or prolonged contackeisded to spread the disease and persons
with prolonged, frequent or intense contact are at higher risk of acquiring infection having

chance of 22% (111). Of course, if a severely infected patient emits huge numbers of bacilli, tt

15



chance of transmitting the infectious agent is much greater. Pertaining to proximity, only abot
one in three close contacts and fewer than 15% of more remote contacts are likely to becol
infected with TB (112).

The probability of transmission depends upon: infectiousness of the person with TB (quantit
expelled), environment of exposure, duration of exposure, and virulence of the organism and t
chain of transmission can be stopped by isolating patients with active disease and starti
effective anti-tuberculous therapy (113). Drug-resistant TB is transmitted in the same way &
drug-susceptible TB. Primary resistance develops in persons initially infected with resistar
organisms. Secondary resistance (acquired resistance) develops during TB therapy due
inadequate treatment regimen, not taking the prescribed regimen appropriately or using lc
quality medication (113). The fetus of an infected mother may contract TB by swallowing the
bacilli in the amniotic fluid during pregnancy if the mother is a TB patient (112). Tuberculosis
transmission is unlikely to occur from individuals with extra-pulmonary TB because infectious

particles are usually not aerosolized (113).

1.4.1.8. Airborne transmission

The risk of infection is exogenous that the agent is transmissible through air. For this type
transmission, the agent must remain buoyant in the air. The velocity of a droplet falling to th
ground depends on the surface and diameter. For instance, in moisture saturated air drop!
would fall to the ground from a height of 2meters in less than 10 seconds. The liquid drople
tend to evaporate and thereby diminishing their size. The duration of time droplets remain |
unsaturated air is proportional to its size where very small droplets evaporate immediately al
large droplets settle rapidly and reach the ground without evaporation. The droplet nuclei a
about 1 to 5 microns in diameter. If inhaled, droplets less than 0.1micrometer are more likely 1
reach the alveoli and then produce infection. Contrary to this, droplets higher than 5 micromete
will not reach the alveoli and hence will not produce infection. Besides the distance, ai
circulation and ventilation also determine the probability of airborne transmission anc
susceptible host to acquire infection. The volume into which the bacilli are expelled determine

the probability that a susceptible individual becomes infected. Ventilation dilutes the
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concentration of infectious droplet nuclei. Since surgical masks do not filter particles less tha

5mm and do not seal the mouth as well as the nose they are low efficient in the prevention (68)

The risk of developing tuberculosis after getting infection is largely endogenous, whict
determined by the integrity of the cellular immune system (most likely elders). The importanc
of any risk factor in public health is determined by both the strength of the association and tf
prevalence of the risk factor in the population. One cough can generate 3000 droplet nucl
Talking for 5 minutes can generate 3000 droplet nuclei and singing can generate 3000 drop
nuclei in one minute. Sneezing generates the most droplet nuclei by far (tens of thousands, ab
40,000 droplets), which can spread to individuals up to 10 feet away. Each one of these dropl
may transmit the disease since the infectious dose is very low for this bacterium that is inhalir
less than 10 bacteria may cause an infection (48). The probability that TB will be transmitte
depends on three factors: the infectiousness of the person with TB, the environment in whic

exposure occurred, and the duration of exposure (113).
1.4.1.9. Tuberculosis

The reaction taM. tuberculosignfection is not similar in all humans and animals. Instead, they
display a whole spectrum of symptoms. The extreme ends of this spectrum are referred to as
"polar manifestations” of mycobacterioses. At one extreme, some infected people display only
cell mediated immunity (CMI) reaction to the infectiddycobacterium This end of the
spectrum is the contained form of mycobacterioses. At the other end of the spectrum, infect
people display only a humoral reaction and do not display a CMI reaction and this end of tf
spectrum is the aggressive form of mycobacterioses (114). Most people infected wit
Mycobacteriado not display either of the extreme forms mentioned above, but display symptom
that are somewhere in between the two extremes. The position in the spectrum is determined

the strength of their CMI reaction to the infectigcobacteria

SomeMycobacteriaare capable of interfering with the immune system of the infected host, thus
causing a spectrum of reactions in different hosts. For example, they may produce a toxin tf
interferes with the action of certain T-cells, thus suppressing a correct T-cell reaction to the
presence (114)SomeMycobacteria can evade (the exact evading mechanism is unknown) the

defenses of the immune system by hiding inside macrophages that normally ingest and dest
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bacteria, although they are not always successful at destroying them. When macrophages fai
destroy theMycobacteria the human immune systems form granulomas around the infected
macrophages where layers of two different types of T cells surround the infected macrophac
sealing it inside a barrier called granuloma from which it cannot escape. Since the infectin
Mycobacteriais "contained" inside the granuloma, this formMbfcobacterid disease is known
as the contained form, which is typified by low numbers of infechitygobacteriaand high

levels of inflammatior{114).

1.4.1.10. The burden of tuberculosis

In 2012, an estimated 8.6 million people developed TB and 1.3 million died from the diseas
(including 320 000 deaths among HIV-positive people). The rate of new TB cases has be
falling worldwide for about a decade, achieving the Millennium Development Goal to reverse
the spread of TB by 2015. Globally, TB mortality rate has fallen by 45% since 1990. Althougt
most TB cases and deaths occur among men, the burden of disease is high among women
2012, an estimated 410, 000 women died from TB (250, 000 among HIV-negative women ar
160, 000 among HIV-positive women). There were also an estimated 74,000 TB deaths amo
HIV-negative children (115)Tuberculosis is a global pandemic with higher rategfrica (a

qguarter of all TB cases), while half of all new cases are in Asia (Bangladesh, China, Indic
Indonesia, Pakistan and The Philippines) and almost 9 million new TB cases occurred in 20(
in the globe (116). Howevedpe to rapid increase in Africa, global TB incidemstill growing

at 1% per year while intense control efforts help to decline in other regions (117). Africa alone i
estimated to have approximately 170 million TB patients and various sources estimated th
between 2000 and 2020 nearly one billion people will be newly infected with TB, 200 million

will become sick and 35 million will die (118).

The World Health Organization (WHO) estimated that among the TB infected people, 5 to 1
percent will become sick in their lifetime. Of the 8.7 million annual TB cases in 2011, about 0.
million occurred in children (under 15 years of age) (38). Of 90-95% persons infecteld.with

tuberculosis the immunological defense either kills the inhaled or ingested bacilli or keeps then

suppressed (silent focus) causing latent Tuberculosis infection. If untreated, TB leads to dealt
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within 5 years in at least half of the patients, about 20 to 25% would have natural healing and
to 30% would remain chronically ill, thus continuing to spread the disease in the communit
(119).

The disease is responsible for millions of deaths annually with a global case fatality of 27%
although it has reached up to 81% in African countries; with a lowest fatality rate in America, a
6% (120, 121) and it accounts for 2.5 % of the global burden of disease and is the commone
cause of death in young women, killing more women than all causes of maternal mortalit
combined (122). It is the second cause of death worldwide after HIV/AIDS (122, 123), anc
therefore unless intensive efforts are made, it is estimated that between 2002 and 2020, millic
of people will be newly infected, over 150 million people will get sick, and 36 million will die
of TB - if control is not further strengthened (124). Tuberculosis hinders economic developmer
because 75% of the people with TB are within the economically productive age groups of 1!
54years (125).

Over 95% of TB deaths occur in low and middle-income countries, and it is among the top thre
causes of death for women aged 15 to 44. In 2012, an estimated 530 000 children became ill w
TB and 74 000 HIV-negative children died of TB (5). From a TB patient perspective the meal
total costs for TB treatment ranged from 55 to 8198 USD dollars, with an un-weighted averac
of USD 847. On average, 20% (with maximum of 62%) of the total cost was due to direc
medical costs, 20% (with maximum of 84%) to direct non-medical costs, and 60% (16—94%) t

income loss (126).

Each person with active TB infects on average 10-15 people every year (124). Globally, s
million people die every year due to HIV, tuberculosis and malaria, of those, nearly one-third c
the deaths are due to TB. TB accounts for about 25% of all avoidable adult deaths in developi
countries (127). According to WHO 2008 estimate, the largest number of new TB cases occurr:
in the South-East Asia Region, which accounted for 34% of incident cases to the glob
However, the estimated incidence rate in sub-Saharan Africa is nearly twice that of the Sout
East Asia Region with over 350 cases per 100 000 population. The number of new cases aris
each year is still increasing globally in the WHO regions of Africa, the Eastern Mediterraneal
and South-East Asia (128).
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As literatures indicate, infection with HIV increases the incidence of TB. Since HIV weakens the
immune system, someone who is HIV positive and infected with TB bacilli is many times more
likely to become sick with TB than someone who is infected with TB bacilli, but not HIV
positive. TB and HIV form a lethal combination, each speeding the other's progress. Peop
living with HIV and infected with TB are 21 to 34 times more likely to develop active
tuberculosis than people without HIV (129herefore, the increasing global burden of TB is
linked to human immunodeficiency virus (HIV) infections (130) since as many HIV-infected
individuals are co-infected with TB, that could contribute to the rise in the incidence anc
mortality (131, 132). According to the WHO Global TB report, in 2011, the proportion of TB
cases co-infected with HIV was highest in the African Region where the Region accounted fc
79% of TB cases among people living with HIV (38, 119). In the same year (2011), an estimate
990,000 deaths (14/100,000 populations) occurred among HIV negative cases of TB includir

0.30 million deaths among women.

In Africa, the dual epidemics of TB and HIV is imp&ve, where HIV has been the most

important contributing factor in increasing the incidence of TB over the last 10 years. In region:
like sub-Saharan Africa, up to 80% of individuals with active TB disease are also HIV-positive
The dual epidemics are also of growing concern in Asia, where two-thirds of TB-infected peopl
live and where TB now accounts for 40 percent of AIDS deaths. The overlap of TB-HIV co-
infection with MDR-TB and extensively drug-resistant TB present a tremendous challenge an
threatens progress in controlling TB and HIV/AIDS and in eliminating the mortality associatec
with these diseases. Persons who are infected with TB and HIV are 30 times more likely 1
develop active TB disease; similarly infection with TB enhances replication of HIV and may

accelerate the progression of HIV infection to AIDS (133)

In Ethiopia, a national population based TB prevalence survey conducted in 2010/11 reveal
that the prevalence of smear positive TB among adults and all age groups was found to be ]
and 63 per 100,000 populations, respectively. The study also indicated the prevalence

bacteriologically confirmed TB to be 156/100,000 populations and by extrapolations of the
result, the prevalence of all forms of TB in Ethiopia is estimated to be 240/100,000 populatior
(119). According to the WHO global TB report 2012, there were an estimated 220,000 (258 p
100,000 populations) incident cases and 200,000 (237 per 100,000 populations) prevalence ce
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of TB, with an estimated 15,000 deaths (18/100,000 populations due to TB, excluding HI\
related deaths in Ethiopia in 2011(38). Based on 2011 health and health related indicators sun
of FMoH, TB was the third leading cause of death in Ethiopia (119). In the country during the
year 2010/11 there were a total of 159,017 TB cases and among those, 151,866 (95.5%) were
forms of new cases of TB. The proportion of new smear-positive, smear negative and EPT
among all new cases was 32.7%, 34.8%, and 32.5% respectively. Re-treatment cases represe
about 2.9% of all notified TB cases (119). By the year 2012, TB/HIV surveillance, 91.2% of
HIV infected individuals which were newly enrolled in HIV care were screened for TB; of those
8.6% were found to have active TB. It was also reported that of 87% of TB cases undergone H
test 19.7% tested HIV positive. Anti-TB drug resistance survey conducted in 2005 by
EHNRI/FMoH among 804 newly diagnosed TB cases, 1.6% were found to be infected witl
multidrug resistant TB (MDR-TB). The rate of MDR-TB among specimens from 76 previously
treated TB cases was 11.8% (119). According to the WHO 2012 report, there were an estimat
1700 and 550 MDR-TB cases among notified new and re-treatment pulmonary TB cases

2011, respectively in Ethiopia (38).

1.4.1.11. Public health impacts of Tuberculosis

The public health impacts of human tuberculosis are immense. The existence of latent TB whe
one-third of the world population infected with TB (134), the disease direct morbidity and
mortality, the costs incurred to curve the disease problem and subsequent manageme
(economical concern), loss of production as well as the emergence of drug resistant problel
could be stated as major public health impacts of TB. Besides, susceptibility to TB in HIV-
infected populations is another serious health problem throughout the world. As it is known, Tl
is in the top three diseases which is a highly contagious and life-threatening infection. Amon
the issues, Multidrug-resistant TB (MDR-TB), which poses a grave and growing threat to globse
public health, has been increasing in incidence in many areas during the past decade. Th
situations, particularly the global resurgence of TB and the rapid emergence of MDR-TB
underscore the importance of the development of new antituberculous drugs. However, there
a number of constraints (the research is expensive, slow and difficult, and requires specializ
facilities for handling MTB) that have deterred companies from investing of new anti-TB drugs

There are few animal models that closely mimic the human TB disease and hence il
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development time of any anti-TB drug will be long (135). Once a drug resistant strain ha
developed, it can be transmitted directly to other individuals just like drug susceptible TB and it
spread is undermining efforts to control the global TB epidemic (136). WHO estimates tha
450,000 people developed MDR-TB in 2012, leading to 170,000 deaths; but less than one in fc
cases were identified and treated appropriately. An estimated one in ten cases of MDR-TB ha
XDR-TB, which had been reported in 92 countries by the end of 2012 (137).

As of 2013, 3.7% of new tuberculosis cases have MDR-TB, where levels are much higher |
those previously treated for tuberculosis reaching about 20%. About 9% of MDR-TB cases als
had resistance to two other classes of drugs, or extensively drug-resistant TB (XDR-TB). B
March 2013, 84 countries had reported at least one XDR-TB case. WHO estimated that the
were about 0.5 million new MDR-TB cases in the world in 2011 and about 60% of these case
occurred in Brazil, China, India, the Russian Federation and South Africa alone (“BRICS’
countries). Forty eight percent of patients with MDR-TB enrolled on treatment in 2009 were
reported to have been successfully treated (138). The drug resistant issue now days also c

burdened by the occurrence of totally drug resig¥ydobacterialtuberculosisstrains (139).

Apart from susceptible tuberculosis, Ethiopia iasong the high MDR-TB burden countries

(5), where in 2013, the estimated annual number of MDR-TB cases was 2,000-2,500. Tt
prevalence of MDR-TB is increasing at an alarming rate from a baseline rate of 1.6% amor
new TB cases in 2005 to current level of 2.3% in 2014; similarly, the rate has increased frol
11.8 to 17.8% among previously treated cases (140). Extensively drug resistant -TB burden
Ethiopia is not known, but two XDR TB cases were reported from research done in the Nation
Referral Laboratory, Ethiopia(141). The available evidences also indicates clear geograph
variations with the highest prevalence rates in major urban settings, for example Addis Abalt
and largely pastoralist regions like Afar and Somali (142). Besides the high TB/HIV co-infectior

is also a major concern to the country.
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1.4.1.12. Risks for human tuberculosis

Anyone can get TB, but risk factors could contribute for the disease occurrence. Factors lik
age of the individual, presence of chronic diseases, weakened immune system by abnormalit
like HIV/AIDS, diabetes, end stage kidney disease, certain cancers, anticancer drug
malnutrition etc., traveling or living in certain areas (like Sub-Saharan Africa, India, China,
Pakistan), poverty and substance abuse as well as occupations/living place would contribute
TB occurrence (143). The risk factors associated with the development of TB include huma
immunodeficiency virus infections, fibrotic lesions, silicosis (approximately 30 folds),
carcinoma, hemophilia, immunosuppressive treatment/s, hemodialysis, underweight, diabetes
times higher), gastrectomy, bacilli infective dose, age (adolescent and > 60years) and rer
failure (10-15 times higher).

Genetic factors like sex, body build (example, low body mass index), blood groups (higher i
blood groups AB or B than O or A), and virgin populations can also be considered as a ris
factors. Besides, environmental factors smoking (20 cigarettes per day will increase the risk |
2-4 times), alcohol abuse, nutrition (malnutrition, vegetarian and vitamin D deficiency) play &
significant role for the development of tuberculosis. Furthermore, though there is no soli
evidence concerning the role of pregnancy, there is an indication that the post-partum perit
might double the risk of progression to TB (144-147). Levels of education as well as hygieni

conditions also serve as a risk factor for the occurrence of tuberculosis (148, 149) .

For the development dflycobacterial infections, the agent infective dose, strain virulence (cell
wall and protein), drug resistance and infection Withbovis aswell as HIV/AIDS are among
reported risk factors (150). Tubercle bacilli could present in sputum, gastric lavage fluids
cerebrospinal fluid, urine, and in a variety of tissues. The tubercle bacilli may survive in heat
fixed smears and may be aerosolized in the preparation of frozen sections and durir
manipulation of liquid cultures. Because of the low infective do9d.dliberculosig(i.e., ID50

<10 bacilli), sputa and other clinical specimen from presumptive cases or known cases ¢
tuberculosis must be considered potentially infectious and handled with appropriate precautior
Accidental needle-sticks are also a recognized hazard (151). The principal means of transmiss
occurs by infective particles. Active TB patients will usually cough, as a result of typical chronic

pulmonary inflammation, which constitutes the main dissemination mechanism for the pathoge
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to new hosts (152). Infection usually occurs from person to person through the inhalation of tt
infective particles (153). Experiments with animal models demonstrated that particles i
suspension containing 1 to 10 bacilli are enough to cause infection. The main determinants
risk of infection are the concentration of bacilli in an exhaled particle from a source, its

aerodynamic features, the ventilation rate, and the exposure period (150, 154).

For centuries, TB has been linked anecdotally with environmental risk factors that go hand-ir
hand with poverty: indoor air pollution, tobacco smoke, malnutrition, overcrowded living
conditions, and excessive alcohol use. Now scientists are presenting convincing evidence to b:
these associations, leading some TB experts to argue that control programs must confrc
underlying risk factors to limit the spread of the disease. Confronting that risk femttdsoffer

broad population-level benefits (155). The environment determines the path that TB drople
nuclei take after they have become aerosolized. This determines whether or not a suscepti
individual can inhale these particles and possibly become infected with TB. Characteristics of t
environment include the size of the space and the ventilation, where, the smaller the space ¢

the poorer the ventilation, the higher the risk (156).

1.4.1.13. Diagnosis of tuberculosis

The diagnosis of TB is made on the basis of laboratory test results, which is the standard test
tuberculosis. Tuberculin skin test (which detects the presence of infection, not of active TB) b
using pure protein derivative (PPD) antigen prepared from culturé @diberculosisis also

used as tool (157). Because the symptoms of TB cover a wide range of severity and affect
body parts, diagnosis on the basis of symptoms is not always possible. Often, the first indicati
of TB is an abnormal chest x-ray or other test results rather than physical discomfort. To verif
the test results of chest x-ray, a sample of sputum or a tissue sample (biopsy) or body fluids li
spinal fluid or urine or liver as well as bone marrow can be taken for culture. Three to five
sputum samples should be taken early in the morning. If necessary, sputum for culture can
produced by spraying a salt solution into the windpipe(157).

One important new advance in the diagnosis of TB is the use of molecular techniques to spe

the diagnostic process as well as improve its accuracy. As of late 2005, four molecule
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techniques are increasingly used in laboratories around the world. They include polymera:
chain reaction to detedycobacterid DNA in patient specimens; nucleic acid probes to identify
Mycobacteriain culture; restriction fragment length polymorphism analysis to compare different
strains of TB for epidemiological studies; and genetic-based susceptibgiiypg to identify

drug resistant strains d¥lycobacteria(157). Advances imolecular biology and molecular

epidemiology enhance better understandirtpe molecular basis of drug resistance in TB.

Non-conventional diagnostic approaches, including the search for biochemical markers ar
detection of immunologicaksponse facilitates for early detectionhdf tuberculosisand these
methods have providettw tools for rapid and effective diagnosis of TB. However, the high cost
of mostof the techniques, and the need for sophisticatgigpment and skilled personnel have
precluded their implementati@m a routine basis, especially in developing countries (158-160).
In general clinical symptoms, chest radiography, culturing on LJ or other media following
decontaminatiorand liquefaction procedures, smear based identifications (AFBh is still
considered as the major epidemiological tool in the diagnosis of tuberculosis, although les
important biochemical tests, drug susceptibility test (DST), PPD skin test and Post-mortel
examinations (PME particularly in cattle) and molecular techniques that used to study th
distribution and determinants of disease occurrence in human populations are employed

diagnose TB or could be used as epidemiological tools (161-165).

The World Health Organization (WHO) aims to detect at least 70% of infectious TB cases an
cure 85% of detected cases (166) to control TB, however, the lack of resources in TB hic
burden countries (121), smear microscopy constitutes a simple, inexpensive and fa
recommended passive case detection method. According to WHO, two sputum specimens
collected from presumptive pulmonary TB cases, who are persons with persistent cough for
least 2 weeks (167) and examined for Acid Fast Bacilli (AFB) through Ziehl-Neelsen staining
This screening increases the probability of ascertaining a TB case and gives maximal detecti
of infectious cases (168).

Case detection is primarily passive by direct smear examination of persons who present to t
health service with productive cough for more than 2 weeks. Health seeking behavior of tho:

individuals with chronic cough for 2 weeks and more is not well practiced in the community anc
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studies regarding population or community based presumptive tuberculosis cases is scarce in
studyZone Acute or chronic infections of the respiratory systems may lead to acute or chronis
cough. Both latent and active TB could be often undiagnosed in many health institutes. Cough
among the cardinal signs of TB (169). Since tuberculosis is contagious, individuals with chroni
cough should be investigated. In particular, chronic cough was found to be both highly sensiti
and to have a reasonably high positive predictive value for smear-positive TB at the primar
health-care level in studies in the pre-HIV era leading up to the development of the DOT.
strategy (170-172). Cough was defined as acute if less than 2 weeks’ duration and as chro
otherwise (173).

Upon progression, TB would lead to the formation of cavitation that could contain sputum witk
aboutl million TB bacilli per ml. Besides the destruction of healthy lung tissues they eventuall
reach to the airway and if the TB bacilli destroy the wall of the airway, there will be a connectior
to the outside, thus transported up into the trachea and coughed up. People with pulmonary
cough a lot (seen in about 85% of people with pulmonary TB), initially; people with pulmonary
TB have a dry, persistent cough, often worse at night and is accompanied by fever and excess
sweating. As the destruction of lung tissue worsens, the sputum could be stained with bloc
(174).

In a study done at six health care facilities in San Juan de Lurigancho district, Lima, Peru, t
smear positivity was 7.3% (321/4376). Of the 4376 adults submitting sputa, 55.3% (241¢
reported cough for <14 days. In this group, smear microscopy yielded 3.2% (78/2418) positiv
results vs. 12.4% (243/1958) in patients coughing for 14 or more days. Having cough for >
weeks, being referred by health care staff, was among independent determinant of sme
positivity (175). The sputum of an infectious patient requires some 5,000 bacilli in 1ml of
sputum to yield a positive smear and 10,000 to identify a smear as positive with a 95¢
probability. It should be important to note that patients with a positive smear are by far mor
infectious than those having a negative one. Despite the presence of droplet nuclei in the ¢
probability of becoming infected varies depending on the distance between the source and f
recipient. Although sputum smear positive patients are the major source of infection for th

community smear negative, patients are also responsible for 15-20% of transmissions (68).
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1.5. Conceptual Framework

CattleTB

Human PTB

Environmental
Risk factors

Cattle
related risk
factors

Human risk
factors

Sociocultural
factors

Figure 1: Conceptual Framework of the Study

Description of the conceptual model: TB patients/presumptive TB cases live in the same house
with their cattle. Patients discharge the causative organism to the environment with possib
contamination of cattle feed and water. The sociocultural characteristics will also play a role i
the transmission dynamics. In fact, there will be aerosol transmission of the agent to cattle
susceptible house members and ingestion by cattle. When cattle are infected, they will discha
the agent and either humans or animals will pick the infectious organism. Humans will get eithe
new infection or re-infection from cattle and humans again will release the causative agent ai
cattle become infected with the agent. By doing so, a sort of vicious circle will be created and tt
disease will reveal itself for a long period of time in one house. This framework clearly show:
the possible epidemiological role of cattle in the occurrence of human pulmonary TB (PTB) b

harboring the causative ageht, tuberculosis
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2. OBJECTIVES

2.1. General Objective

Epidemiological study on the role of cattle in the occurrence of pulmonary tuberculosis in
humans in rural communities of Amhara Region, Ethiopia.
2.2.Specific Objectives
1. To determine tuberculosis infections in cattle and cattle owners in north western parts «
rural Ethiopia
2. To compare BTB status among cattle owned by TB positive and TB negative householc
in north western and north eastern parts of rural Ethiopia
3. To assess Bovine Tuberculosis (BTB) as a risk factor for developing pulmonary
tuberculosis in humans in north western and north eastern parts of rural Ethiopia.
4. To ldentify and Characterizdycobacterium tuberculosisolated from Cattle Owners in

north western and north eastern parts of rural Ethiopia.

2.MATERIALSAND METHODS
2.1. Study Area

The Amhara National Regional State (ANRS) is found in the North-western part of Ethiopia
Geographically the Region is located between 9°20' and 14°20' latitude North and 30°20" at
40°20' longitude east. The climate of the area is characterized by long rainy season (June
September) and short rainy season (February to March) and extended dry season (Octobe
February). The average annual rainfall is 750 mm, while the average monthly ambier
temperature ranges from°8&o 4®c. The case detection and TB death rate for the entire Region
was 21.6% and 3.5%, respectively (176). In the Region livestock and livestock products accou
for some 80% of mean farm cash income (including the value of subsistence consumption). T
farming community of the area follows traditional system of livestock production. The main

sources of variability in output lie in livestock density rather than individual animal productivity
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(177). With other risk factors, increased livestock density in the household will increase diseas
transmission, particularly zoonotic onddis in fact leads to congestion during housing that
favors disease transmission, particularly of zoonotic diseases like TB. According to the Ministr

of Agriculture (177), the average number of cattle per household is around three.

The study was particularly conducted Meket, Gidan Gubalafto/Woldeya Habru and
RayaKoboDistricts of North Wollo Zone and Dembig Chilga, Dabat, Debark Adarkay and
WegeraDistricts of North GondarZone Amhara National Regional State (ANRS), Northwest
and Northeast parts of Ethiopia, where the livelihood mainly is mixed farifRiggre-2). Based

on the 2007 Census (178), the study place covered an estimated area of 58,117.13 sqL
kilometers with a total population of 4,429,931, of whom majorities are rural dwellers
accounting for about 90% and 85% in Nofollo and NorthGondarZones, respectively (178).
The study areas in NortWollo Zoneincluded,Meket,Habru, Gidan Gubalaftg Weldeyaand
Raya-KobaDistricts, where the Ethiopia lineage (LineageM) tuberculosishas been reported
were selected purposefully. In additidembig Chilga andDebark Districts in North Gondar
Zonewere included for this study.

These study sites were selected purposefully due to reasons described below. The Arma
Hansen Research Institute has been conducting research on bovine tuberculosis in these ar
including in Weldeyaand Gondar Hospitals. Those hospitals were used to collect fine needle
aspirates from extra-pulmonary TB patients whereas abattoirs were used to collect tuberculo
lesions from cattle and the practice supported the current study. In addition to Wsldeya

area the presence of Lineage-7 has recently been reported by AHRI and this gives an ex
interest to include the area in this study. Furtherm@andar Hospital is under University of
Gondarwhich is the host institute of the PhD candidate and hence using the available resourc
for the research is much easier. Hospitals and health centers with better facilities which practic
TB diagnosis in the two select@dnes of the Amhara National Regional State were used for this
study.GondarUniversity andWeldeyaReferral Hospitals were used as main sites to collect acid
fast bacilli positive sputum samples from health institutes at their respZcines. Besides in
North Wollo Zonea community based household study was conducted to assess tuberculos

infections in humans and their cattle.
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A. North Gondar Zone

B. North Wollo Zone

Figure2: Map of the study sites
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2.2. Study Design and Duration

The study included three epidemiological designs; namely, a cross-sectional survey (CSS),
comparative cross-sectional (CCS) and a case- control type (CC), which were undertaken 5-
December, 2012 (CSS), September to November, 2013 (CCS and CC), and August 2012

December 2014 (laboratory works).

2.3. Source and Study Population

Individuals who owned cattle and came to hospitals for diagnosis of tuberculosis and wel
willing to participate constitute the source population. Besides, willing individuals in the rural
community who owned cattle were also used as a source population particularly by allowin
tuberculin skin test to be conducted on their cattle as a comparative or control groups. Cat

owned by both individuals also served as source population.

Individuals with chronic cough who are presumptive pulmonary TB cases, acid fast bacill
confirmed pulmonary TB patients and their cattle were used as the study population. Househol
without TB who owned cattle were used as controls in both comparative cross sectional and ce

control studies.

2.4. Exclusion criteria

The following were excluded from the study.

= Individuals having unproductive cough and those with less than 2weeks duration of cough,

= Households who have no cattle,

= Patients under TB treatment and children aged below 15 years,

= Individuals with sputum not produced within 15 minutes,

= Individuals having a history of tuberculosis as well as a history of cough for more than twc
weeks,

= Cows delivered few days before skin test and cattle younger than 6 months old as well
cattle added to the herd with less than 6 months of durations,

= Cows at last trimester and sick or poor body conditioned cattle during the time of visit,

= Cattle under treatment and oxen used for plough during the study time,

= Aggressive cattle.
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2.5. Sample Size and Sampling M ethods

2.5.1. Sample size determination

For the cross sectional tuberculosis infection study, single population proportion sample si:
determination formula, which is indicated below (179) was used. For this study since th:
prevalence of lineage 7 in cattle was not known, 50% prevalence, 5% precision level and 95
confidence interval was taken as an assumption and therefore, 314 bovines were required to
tested.Gidan Gubalaftg Rayakoboand Meket Districts were selected purposefully and the
sample size was distributed proportionally to each District. Thus, 39, 79, 79 and 117 cattle we
planned to be tested i@idan (Eyela Kebele and Tikur Wuha KebgleSubalafteo(Woynye,
Gosho Ber, Ahuntegegand Sibilkay Kebeles RayaKobo(Addis-alemandRobit areaKebele3

and Mekete(033 and 044&ebele} Districts, respectively. Assuming on average of 3 cattle are
owned by a single household in Amhara Region, approximately 105 households were required
be included in the study. For comparison purpose the unmatched case-control with douk
population proportion sample size determination formula was employed using Epilnfo (180
epidemiological software. With the assumption of 15% (18) bovine TB among non-TB-
households and 41.4% among TB positive-households and a confidence interval of 95% with
power of 80%, a ratio of cases to comparison group of 1:3 and adding 10% non-response rate
required sample size was 35 households with TB cases and 105 households without TB. /

culture positive isolates were used for molecular typing.

n = (Zo/2)*x expected prevalence (pe) (1-expected prevalence)

d2

Where n = number of sample size
2 d absolute precision (5%)
Pe = expected prevalende toberculosisn cattle (50%)

Z/2=is 1.96 (the z-score at 95% Confidence interval)
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2.5.2. Sampling methods

Previous experience of bovine tuberculosis work, isolation dydobacterium tuberculosis
from 19 cattle tissue samples\ivioldeya availability of trained veterinary personnel regagli
identifications of bovine TB lesions, and the PI's (principal investigator) awareness of the stud
areas as well as the detection of lineage 7 in N&tlo Zonewere some of the reasons that
guided the selection of the sites purposefully. Individuals suffering from chronic cough with
duration of two or more weeks were considered as presumptive tuberculosis cases (181, 1€
Aiming to haveMycobacterium speciesolate, chronic coughers were identified in selected
Districts of North Wollo Zoneby health extension workers. THebelesvere selected based on
the report of having a high TB occurrence or being suspected to have TB by the local authoriz
personnel. Pulmonary TB confirmed cases were recruited from health institutes, ridanaly;
Rayakobo, Meket, Aykahd Dembiahealth center as well a&oldeyiaand Debark hospitals.

Control or comparative households were selected during the field work.

2.6. Survey Instruments

2.6.1. Instruments for sputum sample collection, culturing and skin testing

Materials used for sputum sample collection were, universal bottles, ice box, ice packs
refrigerator/freezer and gloves. Ropes, automatic digital caliper, tuberculin syringes, cottot
blades, gloves, purified protein derivatives, ice box, ice packs, alcohol, adrenalin, albendazc
and battery/cell were used for cattle intradermal skin testing. Sputum, LJ media, phospha
buffer saline solution, tubes, racks, pen/marker, logo, microscope, biosafety cabinet, vorte
machine, centrifuge, sodium hydroxide, hydrochloric acid, phenol red, M-Torck papers, plasti
bags, aluminum foil, loop, slides, acid fast staining reagents and materials and incubator were 1

materials used for culturing.
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2.6.2. Instruments for the PCR

Mycobacteriapositive control straingM. tuberculosis H37R\And M. bovis AF2122/97. PCR
Thermocycler, laminar flow cabinet, cleaning agent DNA away/equivalent, pipettes, filter tips.
nucleas free water (Qiagen), HotStar Tagmaster Mix kit (Qiagen; Prodcut No. 203445, whic
includes DNA polymerase, buffer, MgCland dNTPS), stock solutions of oligonucleotide
primers, namely: 100uM RD4-FlankFW ( 5’-CTC GTC GAA GGC CAC TAA AG-3’), 100uM
RD4-FlankRev (5-AAG GCG AAC AGA TTC AGC AT-3’), 100uM RD4-interanlFW ( 5'-
ACA CGC TGG CGA AGT ATA GC-3), 100uM RD9-FlankF (5
AACACGGTCACGTTGTCGTG-3), 100uM RD9-FalnkRev (5'-
CAAACCAGCAGCTGTCGTTG-3)), 100puM RD9-InternalRev (5'-
TTGCTTCCCCGGTTCGTCTG-3’), 100uM, RD10- FlankFW ( 5-TTG CTT CCC CGG TTC
GTC TG-3'), 100pM RD10- FalnkRev ( 5-GAA GCC CTA CAT CGC CAA G-3’), 100uM
RD10- InternalrRev (5'-GAA GTC GTA ACT CAC CGG GA-3’) and heat killed cells that need
to be detected. Besides, Agarose gel electrophoresis equipni@kfsladder and loading dye,

agarose gel, 1XTAE running buffer and ethidium bromide were also used (183).

2.6.3. Instruments for Spoligotyping

Spoligomembrane of good quality (can be used mangs) and all reagents needed for PCR

amplifications. Equipment’s like water baths, glass miniblotter, measuring cylinders, scales
magnetic stirrers, pH meter, thermocyclers, autorad and hybridization oven were used. Amol
the consumables intended to be used were Stock solutions, Buffer solutions (10% SDS, Sodit
Dodecyle Sulphate), 0.5M EDTA 2X SSPE (Saline sodium Phosphate-EDTA) as well as othe
chemicals/salts needed for hybridization and detection also utilized. In addition positive an

negative controls and samples to be typed were used (183).
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2.7. Data Collection M ethods

2.7.1. Questionnaire

A questionnaire was used to identify the possible factors that could be associated with tt
infection and transmission of BTB, zoonotic risk, in TB households. Most of the questions in th
guestionnaire were closed and organized to collect data on socio-demographic, livestock relats
human knowledge of zoonoses diseases as well as tuberculosis, consumption habits and hun
livestock interface. The questionnaire was pretested before the actual study. Moreover forr
were used to record relevant information pertaining to activities related to the research wor
Skin test and different laboratory techniques were also used to collect results regarding bovi

tuberculosis and the disease causative agents.

2.7.2. Intradermal skin test on Cattle

Comparative cervical intradermal tuberculin test was conducted as per the manufacturer
recommendation (184). The operation was performed on either side of the animal middle ne
region. Two circular areas of about 2.5cm diameter, about 12-15 cm apart, on the cervical ar
of the skin, were shaved using a scalpel blade. The initial skin thickness was measured witt
digital caliper (185)Measurements were read to the nearest millimeter. For the study, Lelystac
(Netherlands) products and AVITUBAL-25,000injMycobacterii avium(strain D 4 ER,

25,0001U/ml) and BOVITUBAL Mycobacterium bovjsstrain AN-5 25,000 1U/ml) PPD

antigens were used (186). From the products 0.1 ml (20001U/ml) of bovine tuberculin PPD &
one site and 0.1ml (20001U/ml) of avian tuberculin PPD at the other site were injected into th
dermis using BD1/2 tuberculin syringe (187). Correct injection was confirmed by palpating &
small pea-like swelling at each site of injection. Skin thickness was measured again at bo
injection sites after 72 hrs + 4hrs. The reaction at each site was derived by calculating tt
difference of the two tests. The results were interpreted according to the manufacture
recommendations (184) using the cutoff point for positivity of the test, that is >4mms difference
calculated as the difference between skin thicknesses of bovine tuberculin (B) and avie

tuberculin (A) injection sites (B — A). But, Ament al., (188) reported >2mm difference as
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positive in Ethiopia and his cut off value also used considered for this study to calculate tr

difference.

Based on the manufacturer's recommendation and appraisal by Atredni (188) the skin test

results were interpreted as positive, if the reaction number to bovine exceeds the reaction
avian tuberculin by more than 2 mm and 4mm; or clinical symptoms such as diffuse or extensi\
edema, exudation, necrosis soreness or inflammatory reaction of relevant lymphatic vessels
lymphatic nodes were discovered in the application place of bovine tuberculin. Results wel
considered dubious if the reaction measurement for bovine TB is from 1-2 mm and 1-4mr
greater than the reaction to avian tuberculin or no clinical symptoms were discovered. If th
reaction number is the same or lower than for avian tuberculin with no clinical symptoms wer

observed in either site; the result was considered as negative.

2.7.3. Cattle body condition scoring

For the purpose of this study, the method mentioned by Nicholson and Butterworth, (189) wit
modifications was used to determine the body condition of the zebu cattle. All cattle older tha
six months of age in herds owned by the selected households were subjected to skin test. Mos
the cattle included in the study were local zebu breeds and some crosses kept under exten:
management systems. For each tested cattle, sex, breed, age, source and body condition s
(BCS) were collected and recorded at the time of the test. The body condition of each of tt
study cattle was scored using guidelines established by Nicholson and Butterworth, mainly bas
on observations of anatomical parts such as the vertebral column, ribs, and spines and w

scored as lean (score 1 to 2), medium (score 3) or fat (score 4 to 5) (189).
2.7.4. Sputum sample collection and Mycobacteria isolation

M. tuberculosigsolation sputum samples were collected from individuals having chronic cough,
according to Cheesbrough (190). Presumptive TB cases were asked to produce an “on sp
sputum specimen in a 20 ml screw plastic container under the supervision of a trained laboratc
technician in the open air. Those cases who produce sputum were asked to give additiol
sputum samples on the second day and then on the spot. The sputum samples obtained from «

patient was put in an icebox with ice packs (4°C), and immediately after collection, it wa:s
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transferred to the hospital laboratory to be stored &C-.2Dhe samples collected from each site

transported to Armauer Hansen Research Institute (AHRI) TB laboratory to be processed.

Briefly, an equal amount of Phosphate-buffered saline solution was added to the sputum and tr
decontaminated, digested with equal volume of 4% sodium hydroxide for 15 minutes. The
vortexing was done in a closed tube for 1-3 (5) minutes till the mixture becomes homogeneol
The homogenate was centrifuged at 3000 rpm for 15 minutes. Neutralization done by usir
concentrated hydrochloric acid. In order to monitor neutralization 1 or 2 drops of phenol red we
added. The supernatant was decanted and the sediment was inoculated onto Lowenstein-Jel
medium (tubes containing glycerol and sodium pyruvate) using the drop method. The tubes we
incubated at 37°C and examined for growth weekly for 12 weeks (191, 192). Cultures wer
considered negative if there was Mgcobacteriagrowth after 12weeks of incubation. Growth

of Mycobacteria was confirmed by detection of a typical colonial morphology and by
microscopy for AFB after Ziehl-Neelsen staining. Positive cultures were sub-cultured ontc
another set of media and were incubated for another 3—4 weeks for further identificatior
Polymerase chain reaction using RD4 and RD9 as a marker was conducted. Armauer Han:
Research Institute (AHRM. tuberculosiqfH37Rv) andVl. bovis(AHRI N0.1632) isolates were

used as a positive control.

2.7.5. DNA extraction

To run molecular techniques the genetic material of isolated mycobacterium should be extracte
To extract a loop full of colonies was taken from culture positive Lowenstein-Jensen media ar
was transferred to the 1.5ml tube containing 200 pl of 1% Tris-EDTA (TE) buffer. The re-
suspended bacteria was heated danyabath at 90°C for 40 min and centrifuged at 10,09

10 min. The supernatant wasrocessed for target DNA isolation in the laboratory using the
method described by Chakravorty and Tyagi (193).

2.7.6. PCR using direct repeat deletion technique

Differentiation ofMycobacterium tuberculossomplex species is made by PCR amplification of
species -specific DNA fragments. There is little evidence for recombination among these speci
and therefore they are suggested to be strictly clonal (194). The evolutionary relationship amol
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the complex is based on specific “Region of Difference” (RD) genetic elements that are delete
along the phylogeny. The assumption of clonality among these species suggests that a lost
can not to be restored; these RD regions are either present or deleted in a species of the comg
which helped to characterize unknown isolates. Deletion typing is a multiplex PCR using thre
different primers. A strain with the RD4 deletebl.lpovig and RD9 present typed a4.
tuberculosis An isolate that has the RD9 deletéd.lfovis or M. africanun), but the RD10

present can be classified Ms africanum

Polymerase Chain Reaction (PCR) was performed for all culture positive samples to identify tf
species oM.tuberculosiscomplex causing tuberculosis both in cattle and in human using both
RD4, RD9 and RD10 regions as a marker. The amplification products were analyzed b
electrophoresis on 1.5% (W/V) agarose gel containing 1x ethidium bromide to be visualized wit
Ultraviolet rays (195). If the PCR results confirm the presence of both RD4 and RD9 region:s
then the disease causing organism will be eithetuberculosisor M. microttii but not the rest

of M. tuberculosisspecies. If RD9 is present: RD9-Ff and RD9Int will amplify a product size of
1.5Kbp; thus it iM. tuberculosisin order to differentiate strains in MTBC Spoligotyping was
performed In General to run the PCR-deletion typing and gdyiping procedure the standard
operation procedure used at AHRI, which is adopted from Veterinary Laboratory agency (VLA)
UK, was followed.

2.7.7. Spoligotyping

Spoligotyping (spacer oligonucleotide typing) was carried out using the protocols used for AHR
spoligotyping. Spoligotyping includes three main methods namely; PCR amplification of
specific spacer sequence of the strain, hybridization to a spoligomembarne and detection. Tl
method used to detect and type bacteria of the gbtye®bacterium tuberculosisomplex
(MTC). The genome of MTC carry a single region on the chromosome called the direct repe
locus and DNA polymorphism in this locus allow for strain typing. It comprises of multiple
copies of a 36- base pair (bp) direct repeat (DR) that is reiterated usually between 10 and
times. Each repeat is separated from the next by a sequence of non-repetitive DNA, callec
spacer. Each spacer sequence contains between 37-41 bp. In the MTC more than 100 differ

spacer sequences have been identified. Of these 43 (which are derived from DNA sequences
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the DR regions in the strains . tuberculosidHs7Rv andM.bovisBCG) have been selected for
use in spoligotyping. The presence or absence of specific spacers allows for typing of MT
isolates. A copy of the insertion sequel8@110 is commonly inserted into a specific site in one
of the repeats in the DR locus. The 43 spacer nucleotides used in spoligotyping are synthesi:
and modified with a “5’-amino-modifier C6” and they can covalently bound to a biodyne C

membrane (183).

The PCR was performed on heat killed cells and only small amount of DNA template wa:
required. The PCR amplification of the spacers is accomplished by using the primers RDa (&
GGT TTT GGG TCT GAC GAC-3’) and RDb (5-CCG AGA GGG GAC GGA AAC-3),
which can anneal to all repeat sequences and thereby enables for amplification of all spacers t
occur in the DR region of the specific strain. The PCR products will become labeled with biotir
since the DRa primer is biotinylated. The PCR products amplified from each sample wer
loaded on to the membrane at right angle to the 43 parallel spacer lines by using a miniblot
and left for hybridization. After hybridization the membrane was washed with buffer to remove
the non-hybridized and non-specific bound PCR products. The step was followed by incubatic
with conjugated streptavidin-peroxidase, of which streptavidin binds to the biotin labeled PCF
products (183).

The presence or absence of spacers in specific strains was then detected by an enhar
chemiluminescence (ECL) detection system onto an autorad (photographic film). When th
membrane was exposed to ECL a substrate for peroxidase, the autorad will detect light sign
where hybridization has occurred and thereby produces a pattern that allows for spoligotyping
an isolate. The details of the procedures could be traced from AHRI SOP. Acceptable resu
include clearly defined squares on a clear background. Ensure that the controls have worke
especially the negatives (water) control (183). Spoligo pattern was analyzed by comparing it wi
online spoligotype data base website, SPOLDBA4.0 (http://www.pasteur-
guadeloupe.fr:8081/SITVITDemo).
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2.7.8. Single Nucleotide Polymorphisms (SNPs) typing

The lineages of the isolates were predicted by Spoligotyping, but final confirmation for Lineage
3 and Lineage 4 were done by SNPs typing using real-time PCR. We performed the TagM:z
Real-time PCR (Rotor Gene) SNP assay for lineage 4 (Euro-American-African, EAA- lineage
and lineage 3. The lineage 4 was defined by katG 463 SNP and the assay was performed
described (196) the lineage 3 was defined by Rv3804c_0012s SNP and assay was perforn

using standard procedures (197).
2.7.9. Tissue samples

Six highly reactive animals for tuberculin skin test were bought and sacrificed. Specimens ¢
suspected lesions obtained from the sacrificed animal/s usddyfmbacteri isolation and
about 8-10g of suspected tissue were collected for culturing (198, 199). Identified tissue sampl
were put in a universal bottle containing phosphate buffer saline sollihentissue samples
obtained from each slaughtered animal were put in a cooler with ice packs (4°C) an
immediately after inspection transferred to the hospital laboratory to be stored@t o220
refrigerator. The samples collected from each site were put in a cooler with ice packs (4°C)
transport to Armauer Hansen Research Institute (AHRI) tuberculosis laboratory within twc
weeks post collection. The tissue samples transferred to deep freezer in AHRI and the

processed and cultured in AHRI TB laboratory.

In short, tissues were minced in a tissue grinder by adding phosphate buffer saline solution a

then decontaminated by adding 4% sodium hydroxide. Then vortexing was done in a closed tu
for 1-3 (5) minutes till the mixture becomes homogeneous. The homogenate was centrifuged
3000 rpm for 15 minutes. Neutralization was done by using concentrated (1%. 0.1N
hydrochloric acid. In order to monitor neutralization 1 or 2 drops of phenol red was added. Th
supernatant was decanted and the sediment was inoculated onto Lowenstein-Jensen med
(tubes containing glycerol and sodium pyruvate) using the drop method. The tubes wel
incubated at 37°C and examined for growth weekly for 8-12 weeks (200). Cultures wer
considered negative if there is Mycobacteriagrowth after 12 weeks of incubation and growth

of Mycobacteria was confirmed by detection of a typical colonial morphology and by
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microscopy for acid fast bacilli (AFB) after Ziehl-Neelsen staining. Positive cultures were sub.

cultured onto another set of media and incubated for another 3—4 weeks for further identificatiol

2.7.10.Milk samples

It is believed that some of tuberculin reactor cows will excrete tubercul bacilli in their milk. It is
impossible to buy and sacrifice all reactor animals under the situation that we have in Ethiopi
The teats of skin test positive cow/s were washed and swabbed with 70% alcohol to minimi:
possible contaminations. Milkers were asked to wash their hands using detergents before milki
their cows. After complete dry of the hands of the milker and the teats, the cow was milked ar
a total of 30ml of the last streak milk was collected from each cow using sterile 200ml univers:
bottles(201).

Seven milk samples obtained from test positive lactating cows was put in a cooler with ice pac
(4°C) and immediately after collection transferred to the hospital laboratory to be storeit at -20
or refrigerator. The samples collected from each site, were put in a cooler with ice packs (4°C)
transport to AHRI tuberculosis laboratory to process and culture. The subsequent procedures

the same as tissue sample processing.

2.8. Data Management and Analysis

During the study period good data management pescsach as study monitoring, timely data

archiving and transferring, sorting and filing were done. The collected data were coded ar
entered into Epilnfo version 3.2.1(180) by double data entry. Data cleaning and analysis we
done using SPSS software version 20.0 (202). Descriptive statistics like frequency distribution
percentages, means and standard deviations were used to describe the findings. Tables, ct
and graphs were used to present the results. Logistic regression was employed to assess the
factors. Significance was considered at a p-value <0.05. The manufacturer >4mms andtAmeni
al. (188) >2mms cutoff values of the skin test measurements were used to determine the skin t
results. All data were collected in collaboration with experts and checked regularly while

collecting the data by the principal investigator. All tuberculin tests were conducted by the samr
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person and sputum sample collection and culturing were done by laboratory personnel. Analy:
employed for each specific objective is presentebainie-1.

2.8.1. Variables

The variables for this research could be divided into two, namely dependent and independent

variables.

Dependent variables

Human TB
Mycobacterium tuberculosisolated from pulmonary TB confirmed and presumptive TB cases
and skin test positivity (Bovine TB)

Independent variables

Cattle age, sex, breed, body condition and source (origin of cattle)
House sharing, common water source, disease knowledge, utensil share, house ventilation,
feeding urine, spitting on animal feed.

2.9. Data Quality Control

Training was given to data collectors on how to collect data from owners through the prepare
guestionnaires and supervised while administering the questionnaire. To ensure the performat
of the questionnaire, pre-test was conducted. All standard operations procedures were maintait
in all types of activities, such as intradermal skin test, post-mortem examinations, samp
collections as well as transportations of specimen and laboratory works. The validity of th.
laboratory results were checked by determination of growth by appreciating their morphology
AFB staining of the culture and looking acid fast bacilli and sub cultured for further
identification. The data were entered by EPIINFO and double entry was applied. Data wet

checked many times for its accuracy before commencing data analysis.
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2.10. Ethical Considerations

Ethical clearance was obtained from the College of Health Sciences, Addis Ababa Universit
Institutional Review Board (IRB) and AHRI/ALERT (Armauer Hansen Research Institute)
ethics committee. Permission was obtained from the Amhara Regional Health Bureau and fro
North Gondar and NorthWollo as well as respective District health departments. In addition,

permission was also obtained from Zonal department of agriculture and District agriculture
offices in eachzone The aim of the study was explained to all participants of the study and
willingness was asked to participate in the study. If he/she was willing to participate, writter
consents were taken and sputum samples were collected and then their cattle were tested
bovine tuberculosis. The participants were told their right to withdraw from the study at any
time. Confidentialities were maintained and to maintain confidentiality codes were used rathe
than participants' names. Based on the results, individuals who owned positive as well
doubtful cattle were advised and those chronic coughers whose sputum samples were cultu
positives communicated through health institutes to receive appropriate anti-TB treatments a
conduct family screening. Individuals still had cough and other TB related signs after treatmel
were consulted to go to health centers for possible checkups. All participants were given hea
education on safe food practices. All tested cattle received antiparasitic drugs as per tl
recommended dosage. Besides, all oxen were slaughtered in humane and their carcass bu
Possible slight swelling on the site of tuberculin injection could be seen as harm to the cattl

Summary of objectives, designs, study subjects and data analysis is preséatgd-in
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2.11. Summary of the Study

Table 1: Summary of objectives, designs, study subjects and data analysis

Objective Design Study subjects Data analysis
To  determine  Tuberculos 124 TBpresumptive PTE

infection in cattle and cattleCross-sectional|l cases Descriptive
owners in north western parts |of 381 cattle owned by them X2 test
rural Ethiopia.

To compare BTB status amo 481 cattle owned by 35 H Descriptive
cattle owned by TB positive andCross-sectional| with TB and 105 HH without | Logistic
TB negative households in nortltomparative TB regression
western and north eastern partg of

rural Ethiopia.

To assess Bovine Tuberculo

(BTB) as a risk factor for A Cross- -Bovine TB positive cattle Descriptive
developing pulmonary sectional Case-| -35 HH with TB and 105 HH | Logistic
tuberculosis in humans in norttcontrol without TB regression
western and north eastern partg of

rural Ethiopia.

To Identify and Characteriz

Mycobacterium tuberculosisLaboratory 70 AFB positive sputum Descriptive
Isolated from Cattle Owners inbased samples

north western and north eastern

parts of rural Ethiopia.

*Laboratory based: Not a design, but we used it for the collected samples
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3. DISSMINATION OF RESULTS

The results will be disseminated to users by means of arranging seminars and workshoj
Leaflets could also be used to address a number of communities. Posters could be prepare
post at different places and during international and national meetings. Mass Medias could |
attempted to disseminate in a wider scale and reach to most of the communities. Above all fo
publications will be done to address the scientific community and those interested institutes

well as individuals.
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4. RESULTS

4.1. Tuberculosis Infection in Cattle and Cattle Ownersin North Wollo Zone, Ethiopia

The study covere®ega (highland) 3 (30%)Woina Degamidland) 6 (60%) an&olla (lowland) 1
(10%) agroecologicafones. One hundred twenty four individuals were reported to have a chronic
cough in the four districts of NortWollo Zone Nearly hree fourth of the participants were males.
The age of participants ranged from 18-80, with a mean age of 50 (+ 15), and nearly one third
the participants aged 40-50 years. About 60% of the individuals were having family size rangin
from 1 to 5. About 92% of the participants reported to be followers of Orthodox Christianity. Of
the participants, about 71.8% were illiterate/traditiofiab{e-2).

Table 2: Characteristics of presumptive TB cases in N@vbtlo Zone, Eastern Amhar region,
Ethiopia, 2013.

Characteristics Frequency (n=124) %
EcoZones

Dega 3 30
Woina Dega 6 60
Kolla 1 10
Sex

Male 91 73.4
Female 33 26.6
Age

<29 10 8.1
29-39 19 15.3
40-49 37 29.8
50-59 27 21.8
>60 31 25.0
Family size

1-5 74 59.7
6-10 50 40.3
Religion

Orthodox 114 91.9
Muslim 10 8.1
Education

llliterate /traditional 89 718
Primary 30 24.2
Secondary and above 5 4.0
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As it is presented iTable-3, 17.7% (22/124) of the participants had tuberculosis history in their
household. Of the individuals with TB history 86.4% (19/22) started treatment and all of them hav
completed their treatment. Nearly 60% of the participants were suffering from chronic cough fo
more than 2 months. Chronic cough is not seen as a serious problem in the study area and he
nearly 77% of them were not taking any action, and of those who took actions only one person w
seeking modern treatment and the others seek traditional. Nearly three fourth (73.4%) and more tt
half (52%) of the participants were having the habit of taking unboiled milk and raw meat,
respectively. Of the participants only 12% were having contact with tuberculosis diagnosed patient
Although there is no association, all culture positive individuals were having the habit of taking
unboiled milk as well as raw meat. From the collected 124 presumptive TB cases sputum sample:
Mycobacterial speciesyhich accounted about 3.2%, were grown in LJ media. Polymerase chain
reaction using deletion method revealed that 2/4 (50%) of the isolatedwereerculosis

Table 3: TB history, feeding habits and sputum culture result of presumptive TB cases in North
Wollo zone, Eastern Amhara region, Ethiopia, 2013.

Characteristics Freguency (n=124) %
Household TB history

No 102 82.3
Yes 22 17.7
Cough duration

2weeks-4weeks 37 29.8
>4weeks -8 weeks 13 10.5
>8 weeks 74 59.7
Action taken to combat cough

No 95 76.6
Yes 29 23.4
Household contact with TB patient

No 109 88.0
Yes 15 12.0
Drinking unboiled milk

Yes 91 73.4
No 33 26.6
Eating raw meat

Yes 64 51.6
No 60 48.4
Sputum cultureresult

Negative 120 96.8
Positive 4 3.2
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As indicated inTable-4 below, all positive cultures (100%) were found in males and out of

which 2 of them were living in the mid-altitude. Equal positive cultures were recorded in those
who were illiterate and attending formal and informal education. Using the mean age 50 years
a cutoff point 3 of the 4 culture positives were in those who were above 50 years and 3 of
culture positives in those who had cough duration of more than 4 weeks. Three of the positiv
took traditional treatments to curve cough situation. All culture positive individuals reported no
having a TB history in their house and none of them had contact history. Of the total participan
who had their cattle tested, 73.4 and 51.6% had habit of taking unboiled milk and uncooke
meat, respectively. Polymerase Chain Reaction (PCR) using RD9 as a marker indicated tha
among 4 sputum culture positives wérle tuberculosis.The PCR indicated that two of them

were atypicaMycobacterial species
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Table 4: Distribution of sputum culture positive results with some predictors in Ngaito
zone, Eastern Amhara region, Ethiopia, 2013.

Sputum cultureresult (n=124)

Category Total Positive (%)
Sex

Male 93 4(3.2)
Female 31 0(0)
EcoZone

Highland 55 1(0.8)
Midland 55 2(1.6)
Lowland 14 1(0.8)
Education

llliterate 86 2(1.6)
Formal & informal education 38 2(1.6)
Age (mean=5Q + 15)

Below the mean 68 1(0.8)
Above the mean 58 3(2.4)
Cough duration

2- 4 weeks 37 1(0.8)
>4 weeks 87 3(3.2)
TB history in the household

No 102 4(3.2)
Yes 22 0
Taking appropriate Rx

No 105 4(3.2)
Yes 19 0
Completing Rx course

No 105 4(3.2)
Yes 19 0
Habit of drinking raw milk

No 33 0
Yes 91 4(3.2)
Habit of taking raw meat

No 60 0
Yes 64 4(3.2)
Contact with TB patient

No 109 4(3.2)
Yes 15 0
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In this work, 381 cattle owned by these households were tested intra-dermal by using APPD (Avic
purified protein derivative) and BPPD (Bovine purified protein derivative). Characteristics of cattle’s
are presented ifable-5. Of the total cattle tested males contribute 192 (50.4%). The mean age o

cattle was 6.0341+ 3.5246 and 63.5% (almost two-third) were having medium body conditions

Table5: Cattle characteristics and their skin test results in sel&etkdles of NorthWollo zone,
Eastern Amhara region, using >2mm as a cutoff value, Ethiopia, 2013.

CIDT result (n=381)

Category Cattletested +veNo (%) -ve No (%) Inclusive No (%) X?/P-value
(No)

Breed

Local 365 10 (2.63) 345 (90.6) 10 (2.63)

Cross 16 0 14 (3.7) 2 (0.5) 0.5

Source

Home bred 286 10 (2.63) 268 (70.3) 8(2.1)

Purchase 95 0 91 (23.9) 4(1.1) 0.07

Sex

Male 192 5 (1.3) 183 (48.0) 5 (1.3)

Female 189 5(1.3) 176 (46.2) 7(1.8) 0.97

Body condition

Lean 65 0 66 (17.3) 0

Medium 242 6 (1.5) 227 (59.6) 8(2.1)

Fat 74 4(1.1) 66 (17.30 4(1.1) 0.1
EcoZone

Dega 173 4(1.1) 166 (43.6) 3(0.8)

Woina Dega 151 1(0.3) 148 (38.8) 2 (0.5)

Kolla 57 5(1.3) 45 (11.8) 7 (1.8) 0.005
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Based on manufacturer recommendation, 5 (1.31%) cattle were found positive, howeve
according to previous cut off proved by Amehal., in 2008 10 (10/381) (2.63%) were positive
for the test. From the tested cattle nearly two-third (63.5%) of the cattle and among the positi\
once 60% of them were having medium body conditions. Lean cattle did not show positiv
reaction. Highest positivity (with a reading >4mms) was recorded in Raya-Kobo DiAtlist,
alem Kebele where 5/57 (8. 8%) cattle revealed bovine TB. The total households in the
AdisalemKebelewere 312, of which 14 households (4.5%) were reported as having chronic
cough and of these reactor cattle were recorded in four households, which is about 28.8
According to the manufacturer recommendation 12 (3.2%) inconclusive test results wer
obtained. In general, according to the cutoff point by Ane¢r@l., 2008 among the ten positive
cattle, females contribute 50% and 4 (40%), 1 (10%) and 5 (50%) cattle were positive for th
test inDega WoinadegaandKolla Kebeles respectivelyTable-5).

About 3.2% of the cattle showed inconclusive results. Excluding inconclusive test result cattle
Fisher's exact test showed a significance difference (P<@?6512.13 with 2 df) in skin test
reaction among different agro-climatfones. When inconclusive cattle considered as positive

and negative, the differences were significant having a P-value of 0.0001 and 0.005, respective

According to manufacturer recommendation, from 381 tested cattle 5 of them showed positi\
results (BTB), in particular ilRayakobo DistrictAddis-alem Kebelewhich is characterized by
Kola (equivalent to low land) agroclimati€one and this, contributes about 1.31%. Based on
this the prevalence of bovine tuberculosis in this study was 1.31% (95% CI: 0.002, 0.025). Whe
the cut off skin fold measurements was taken as >2mm (188), the number of positive catt
recorded lifted to 10, which in turn raised the prevalence to 2.63 (95% CI: 0.01, 0.042).
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4.2. Distribution of Bovine Tuberculosisin North Gondar and North Wollo Zones, Amhara

region, Ethiopia

A total of 481 cattle were tested, with 76% from Nd&bndar, with male to female ratio of
1:1.2 and a mean age of 5.2 + 3.3 years. Among them, 76% (365/481) cattle were home-bred :
87.1% (419/481) were local; 61.3% (295/481) had medium size, 24.1% (116/481) were lean al
14.6% (70/481) fatTable-6).

Using >2mms as a cutoff value, 4.6% (22/481) and 4.2% (20/481) had skin test positive resu
in households with TB and without TB, respectively. With the same cutoff value, the individual
cattle prevalence of bovine TB was 15.3% (95% CI: 9.4, 21.2%) and 5.9% (95% CI: 3.4, 8.5
among TB and non-TB households, respectively. In this study an overall individual apparer
prevalence of 8.7% (95% CI: 6.2, 11.3) was recorded.

On the other hand, using >4mms cutoff value, the individual cattle prevalence of bovine TB we
5.6% (95% CI: 1.8, 9.3) and 0.6 % (95% CI: 0.2, 1.4) among TB and non-TB households
respectively, making the overall individual cattle prevalence of 2.1% (95% CI: 0.8, 3.4). Abou
30% (42/140) of the households/herds and 13.5% (65/481) of the individual cattle had doubtf
bovine TB results based on >4mms cutoff value, of which 31.4% (11/35) were from TB
households and 29.5% (31/105) without TB households.
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Table 6: Characteristics of tested cattle in No@bndarand NorthWollo zones, Amhara
Region, Ethiopia, 2014.

Households (n=481)
With tuberculosis (n=144)  Without tuberculosis (n=337)

Category No (%) No (%)
Study Area

North Gondar 117 (81.2) 247 (73.3)
North Wollo 27 (18.8) 90 (26.7)
Sex

Male 75 (52.1) 145(43.0)
Female 69 (47.9) 192 (57.0)
Mean age of cattle 5.6 + 3.0 52 + 3.0
Breed

Local 126 (87.5) 293 (87.0)
Cross 18 (12.5) 44 (13.0)
Sour ce

Homebred 103 (71.5) 262 (77.7)
Purchase 41 (28.5) 75 (22.3)
Body condition

Lean 28 (19.5) 88 (26.1)
Medium 85 (59.0) 210 (62.3)
Fat 31 (21.5) 39 (11.6)
Bovinetuberculosis

>4mms

Dubious 20 (13.9) 45 (13.4)
Negative 116 (80.5) 290 (86.0)
Positive 8 (5.6) 2 (0.6)
>2mms

Dubious 6 (4.2) 27 (8.0)
Negative 116 (80.6) 290 (86.0)
Positive 22 (15.2) 20 (6.0)

As it is shown inTable- 7, households with TB amounted for 20% (7/35) (95% CI: 6.7, 33.7)

and 48.6% (17/35) (95% CI: 32.0, 65.1) BTB, while those without TB revealed 2% (2/105) (95%
Cl: 0.7, 4.5) and 15.2% (16/105) (95% CI: 8.4, 22.1) BTB using >4mms and >2mms cutof
values, respectively. An overall household/herd apparent prevalence of 6.4% (9/140) (95% C
2.4, 10.5) and 23.6% (33/140) (95% CI: 16.5, 30.6) BTB were registered using >4mms an

>2mms cutoff values, respectively.
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Table 7: Skin test results at household/herd level in N@timdarand Northwollo zones,
Ambhara Region, Ethiopia, 2014.

n=140
M easur ements Test Result Household with TB (n=35)  Household without TB (n=105)
No (%) No (%)
BTB >4mms Negative 28 (80) 103(98.1)
Positive 7 (20) 2(1.9
BTB >2mms Negative 18 (51.4) 89 (84.8)
Positive 17 (48.6) 16 (15.2)

As presented iffable- 8, based on >2mms as a cutoff value, adjusted for age, body condition,
source, sex and breed of the individual animal the odds of bovine TB that cattle owned by T
cases was about 3 times (AOR=2.90, 95% CI: 1.50, 5.54) higher compared to those cattle owr
by households without TB and the difference was highly significant (p= 0.002). In this study
sex, age, breed, source and body condition of the cattle were not associated with the occurre
of bovine TB.
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Table 8: Bovine tuberculosis in Nort@ondarand Northwollo zones, based on >2mm as a
cutoff value, Amhara region, Ethiopia, 2014.

Bovine tuberculosis (n=481) 95% ClI

Category Positive No  Negative No (%) AOR L ower Upper
(%)

Sex
Male 18 (3.7 20z (42.0 1.C
Female 24 (5.0) 237(49.3 1.35 0.67 2.70
Age® (mean) in year 5.6 + 3.0 52+ 3.0 0.99 0.89 1.10
Breed
Local 34(7.1) 38E(80.0' 1.C
Cros: 8(1.7) 54(11.2 1.42 0.40 341
Source
Homebrec 28 (5.8) 337(70.1 1.C
Purchas 14(2.9) 10z (21.2 1.603 0.76 3.34
Body condition
Lean 6(1.2) 11C(22.¢ 1.C
Medium 29 (6.0) 26€ (55.3 1.90 0.60 4.80
Fa 7 (1.5 63(13.1 1.60 0.50 5.10
Household TB status
Negative 20(4.1) 317(66.0 1.C
Positive 22 (4.5) 122 (25.4 2.90 1.50 5.54

8. age was not categorized
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4.3. Bovine Tuberculosis (BTB) as a risk factor for developing Tuberculosisin humans in

therural community of Ethiopia

As shown inTable 9, on average the age of participants was 42.13 +13.70, ranging from 15 ftc
82 years old. Males accounted for 88% (120/140) and among the cases more than half wi
females 51.4% (18/35). Majority of the participants (80.7%) were married, (43% were marriec
among TB cases compared to 93.3% to that of non —TB). llliterate or traditionally educate
individuals accounted for 66% and 97.1% of the study participants were Orthodox Christianit
followers. Of the TB cases 17.1% were attended high school and above levels of educati
compared to 7.6% of the controls. About 23.6% (33/140) of individual herds were positive fol
bovine tuberculosis.

Table 9: Socio-demographic characteristics of study participants in Newtidarand North
Wollo zones, Amhara Region, Ethiopia, 2014.

Households (n=140)

Category With tuberculosis (N=35)  Without tuber culosis (N=105) Total
No (%) No (%) No (%)

Socio-demographic

Sex

Male 17(48.6) 103(98.1) 120 (85.7)

Female 18 (51.4) 2 (1.9 20 (14.3)

Age (Mean) 42.13 +13.70

Marital status

Married 15 (42.9) 98 (93.3) 113 (80.7)

Single 16 (45.7) 6 (5.7) 22 (15.7)

Divorced/widowed 4(11.4) 1(1.0) 5 (3.6)

Educational status

llliterate /traditional 16 (45.7) 73 (69.5) 89 (65.6)

Primary 13 (37.2) 24 (22.9) 37 (26.4)

High school and above 6 (17.1) 8 (7.6) 14 (8.0)

Religion

Orthodox 34 (97.1) 99 (94.3) 133 (95.0)

Others 1(8.9) 6 (5.7) 7 (5.0)

Household (HH) BTB"

HH with BTB 17 (48.6) 16 (15.2) 33 (23.6)

HH without BTB 18 (51.4) 89 (84.8) 107 (76.4)

“The mean age for both households “BTB: bovine tuberculosis
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In the study areas, all farmers were keeping cattle for the purpose of farming and milk us
Nearly half, 49.3% (69/140) and 61.4% (86/140) were having the habit of drinking raw milk anc
consumption of uncooked meat, respectively. About 67.1% (94/140) of the participants did nc
know the benefits of drinking boiled milk. Among the study participants, 70.7% (99/140) anc
85.7% (120/140) knew the possible transmission of disease from animals/cattle to human a
human tuberculosis, respectively. Twenty nine point three percent (41/140) and 21.4% (30/14
of cattle owners responded the presence of cattle having cough and showing losing weig|
respectively. Of the participants, 78.6% (110/140) did not isolate their cattle when they get sic
and 87.1% (122/140) keep sick cattle with themsg[Veble-10).

Table 10: Feeding habits and disease knowledge among cattle owners inGéordiarand
North Wollo zones, Amhara Region, Ethiopia, 2014.

Households (n=140)

Category With TB (n=35) Without TB (n=105) Total
No (%) No (%) No (%)

Consumption of raw milk

No 10 (28.6) 61 (58.1) 71(50.7)
Yes 25(71.4) 44 (41.9) 69 (49.3)
Consumption of raw meat

No 23 (65.7) 31(29.5) 54 (38.6)
Yes 12 (34.3) 74 (70.5) 86 (61.4)

K nowledge assessment
Consumption of boiled milk benefit

No 22 (62.9) 72 (68.6) 94 (67.1)
Yes 13 (37.1) 33 (31.4) 46 (32.9)
K nowledge on zoonoses diseases

No 17 (48.6) 24 (22.9) 41 (29.3)
Yes 18 (51.4) 81(77.1) 99 (70.7)
Knowledgeon PTB

No 7 (20.0) 13 (12.4) 20 (14.3)
Yes 28 (80.0) 92 (87.6) 120 (85.7)

Cattlerelated knowledge
Cattlethat cough

No 22 (62.9) 77 (73.3) 99 (70.7)
Yes 13 (37.1) 28 (26.7) 41 (29.3)
Cattlewith wasting

No 21 (60.0) 92 (87.6) 113 (80.7)
Yes 14 (40.0) 13 (12.4) 27 (19.3)
Sick cattleisolation

No 28 (80.0) 82 (78.1) 110 (78.6)
Yes 7 (20.0) 23 (21.9) 30 (21.4)
Keeping sick cattle

No 4 (11.4) 14 (13.3) 18 (12.9)
Yes 31 (88.6) 91 (86.7) 122 (87.1)
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Among the participants, 22.1% (31/140) exercised sharing a house with their cattle/animals. (
individuals with tuberculosis 31.43% (11/35) were sharing their living rooms. Assessing som
possible risk factors, 7.1% (10/140) individuals were urinating on cattle feed/hay, 30.0%
(42/140) were giving their urine to cattle or cattle licking their urine, 25.7% (36/140) answerec
cattle lick their hands, about 38% (53/140) sharing utensils, 32.9% (46/140) spitted sputum in tl
house, 44.3% (62/140) of the houses were having ventilations (window or holes) and near
18% (25/140), were using common water souréeble-11).

As it is presented i able- 11, adjusted for taking unboild milk, sharing living rooms, cattle
licking human urine, urinating on cattle feed, human spitting sputum in the house, hous
ventilation, using the same water source and knowing zoonoses diseases. The odds of househ
with positive bovine tuberculosis to acquire tuberculosis was more than 8 (95% ClI; 2.82, 24.6(
times higher compared to bovine TB negative households. Raw milk taking (AOR=8. 80
95%Cl; 2.60-29.81), human urinating on cattle’s feed (AOR=12. 10, 95% CI; 1.80, 81.20) an
house ventilation (AOR= 5.50, 95%CI; 1.60, 18.9) were also the contributing factors for the
possible circulation dycobacterium tuberculosis complexthe households.
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Table 11: Risk factors associated with the occurrence of human TB in lanidarand North
Wollo zones, uisng >mm as a cutoff value, Amhara Region, Ethiopia, 2014

Households Human TB (n=140) 95% ClI

Category Controls (N=105) Cases(N=35) AOR Lower Upper
No (%) No (%)

Bovine TB
Negative 89 (84.8) 18 (51.4) 1.0
Positive 16 (15.2) 17 (48.6) 8.32 2.82 24.60
Sharing living rooms
No 85 (81) 24 (68.6) 1.0
Yes 20 (9) 11(31.4) 0.31 0.01 0.99
Urinating on hay/feed
No 100 (95.2) 30 (85.7) 1.0
Yes 5(4.8) 5143 1210 18 8122
Urinelicking
No 76(72.4) 22(62.9) 1.0
Yes 29 (27.6) 13(37.1) 1.10 0.32 3.60
Cattlelicking hand
No 78 (74.3) 26 (74.3) 1.0
Yes 27 (25.7) 9 (25.7) 0.14 0.03 0.60
Sharing utensils
No 67 (63.8) 20 (57.1) 1.0
Yes 38 (36.2) 15 (42.9) 1.97 0.70 590
Spitting sputum in the house
No 75 (71.4) 19 (54.3) 1.0
Yes 30 (28.6) 16 (45.7) 264 0.90 770
House ventilation
No 61 (58.1) 17 (48.6) 1.0
Yes 44 (41.9) 18 (51.4) 5.50 1.60 18.9
Using same water source
No 89 (84.8) 26 (74.3) 1.0
Yes 16 (15.2) 9 (25.7) 1.80 0.51 6.11
Habit of taking unboiled
milk
No 61 (58.1) 10 (28.6) 1.0
Yes 44 (41.9) 25 (71.4) 8.80 26 20.81
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4.4. ldentification and Characterization of Mycobacterium Tuberculosis Isolated from
Cattle Ownersin North Western and North Eastern Partsof Rural Ethiopia.

The socio demographic characteristics of AFB patients showed that age of participants rang
from 18 to 63 years old with a mean age of 35.7 years + 13.24, of whom, 45 (64.3%) wel
between 18 and 40 years, 39 (55.7%) were from NBahdar Zonewith 1:1 male to female

ratio. Among the participants, 64.3%, 82.9%, 41.5%, 60.0%, 38.6%, 20.0%, 52.9%, 38.6% ar
71.4% were illiterates, rural dwellers, farmers, married, were having contact with TB patient:
before, treated with anti-TB drugs before, took unboiled milk, took uncooked meat and reveale

culture positive results, respectivelyaple-12).

Seventy AFB positive sputum samples were collected in North East and North West Ethiopi
from pulmonary tuberculosis patients. Sputum samples were collected from 8 different heal
institutes which are found in NortBondarand NorthWollo Zones. Of the total AFB positive
sputum samples 28/70 (40%) and 22/70 (31.4%) were culture positive from Gtorttar and
North Wollo Zones, respectively. Among culture positives 22/70 (31.4%), 28/70 (40%), 36/70
(51.4%), 42/70 (60%), 23/70 (32.8%), 33/70 (47.1%), 17/70 (24.3%), 10/70 (14.3%), 26/7(
(37.1%) and 22/70 (31.5%) were males, females, illiterate, rural dwellers, farmers, marriec
those had previous contact with TB patients, those received anti-TB treatment before, tho
experienced drinking unboiled milk and those practiced consuming uncooked meat, respective
Those leading school lives (primary, secondary and college) contributed about 22.9% (16/70) f
culture positivity, which could serve as a good medium for TB transmission due to the possibl
chance of the congregationgble-12).
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Table 12: Socio-demographic characteristics of AFB positive patients and sputum culture result
in NorthGondarand Northwollo zones, Amhara Region, Ethiopia, 2014.

Cultureresult (n=70)

Category Frequency No (%)  NegativeNo (%)  Positive No (%)
Zone

North Gondar 39 (55.7) 11(15.7) 28(40.0)
North Wollo 31 (44.3) 9(12.9) 22(31.4)
Sex

Male 35 (50) 13(18.6) 22(31.4)
Female 35 (50) 7(10.0) 28(40.0)
Educational status

llliterate/informal education 47 (67.1) 11(15.7) 36(51.4)
Primary 13 (18.6) 6(8.6) 7(10.0)
Secondary and above 10 (14.3) 3(4.3) 7(10.0)
Dwelling

Urban 12 (17.1) 4(5.7) 8(11.4)
Rural 58 (82.9) 16 (22.9) 42 (60.0)
Occupation

Merchant 5(7.2) 2(2.9) 3(4.3)
Student 14 (20.0) 7 (10.0) 7 (10.0)
Housewife 19 (27.1) 5(7.1) 14(20.0)
Government employee 3(4.3) 0 (0) 3(4.3)
Farmer 29 (41.5) 6(8.6) 23(32.8)
Marital status

Single 19 (27.1) 7(10.0) 12(17.1)
Married 42 (60.0) 9 (12.9) 33 (47.1)
Divorced/widowed 9 (12.9) 4 (5.7) 5(7.2)
History of contact with TB patients

No 43 (61.4) 10(14.3) 33(47.1)
Yes 27 (38.6) 10 (14.3) 17(24.3)
Anti-TB treatment before

No 56 (80.0) 16(22.9) 40 (57.1)
Yes 14 (20.0) 4(5.7) 10 (14.3)
Taking unboiled milk habit

No 33 (47.1) 9(12.9) 24(34.3)
Yes 37 (52.9) 11(15.7) 26(37.1)
Taking uncooked meat habit

No 43 (61.4) 15(21.4) 28(40.0)
Yes 27 (38.6) 5(7.1) 22(31.5)
Sputum sample 70 (100) 20 (28.6) 50 (71.4)

After deletion typing the isolates were characterized using spoligotyping and were compare
with the International SpolDB4 database. Of these, 71.4% (50/70) were found culture positiv
and spoligotyping was conducted on these isolates. Ninety four percent (47/50) and 6 % (3/5
showed good interpretable patterns. Forty six point eight percent (22/47) and 53.2% (25/47) we
from North Wollo and NorthGondar Zones, respectively. As it is presentedRigure-3, three

lineages namely; lineage 3 (East African-Indian) 57.4% (27/47), lineage 4 (Euro-American
African) 38.3% (18/47) and lineage 7 (Ethiopia) 4.3% (2/47) were recorded in the study area
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Among lineage 3, 5 SITs and 6 new SITs, lineage 4, 9 SITs with 4 new SITs and lineage 7,
SITs (NorthWollo Zon@ were identified in both areas. In general 16 shared international types
with 10 new ones were disclosed by the current study. Among the SITs, 16 &bd 289 were

the predominant proportions. Among the 10 new SITs, 6 of them wereSoomiarZone Based

on spoligotyping 8 clusters (with a cluster size ranging from 2-8), 8 unique and 10 new patterr
were identified in the study areas. SITs 21, 25, 26, 35, 53, 109, 149 and 289 were found
clusters in bottzones. From 3 cluster size/isolates of SIT 53, and SI'weée found in North
Wollo Zone each accounted for 66.7% (2/3). SIT 149 with cluster size 2 and SIT 109 with
cluster size 2 were noticed from NoMYollo Zoneonly. SIT 35 and SIT 21 each with cluster
size 2 reported in Nortlsondar Zone particularly the first one registered @hilga District.
Among SIT 25 having a cluster size 7, 57.1% (4/7) and SIT 289 with cluster size 8, 75% (6/¢
occurred inDebark District areas andChilga District of North Gondar Zone respectively

(Table-13). The rest was identified as unique.

20
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EAI EAA Ehiopian

Lineages

EAIl: East African-Indian EAA: Euro-American-African

Figure 3: Mycobacterium tuberculosisieages identified from cattle owners in No@bndar
and NorthWollo Zones, Amhara region, Ethiopia, 2014
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Table 13: Description of Spoligotype International Types (SITs) represeMirtgberculosigsolated from cattle owners AFB
positive sputum samples in Noi@ondarand Northwollo zones, Amhara Region, Ethiopia, 2014.

n=47
SITS Spoligotype patterns L No Disgtribution
21 == == == za s =sn=s=x=x|] 3 2 NG
25 | 3 7 3NW,4ANG
New = o = (5 (B (B = maEamame] 3 1 NG
New & s e B (5 (o (o G2 mememmed 3 1 NG
New = = O f= F= (= (= (= fl= o= EEEE@@Q 3 1 NG
1199 f= = A= f= (= f= (= (= (= (2 @2 (2 @5 (= O 2 G2 a:a:a:a:ail 3 1 NG
289 @2 = = (2 (5 (= (2 (5 @2 05 5 @2 05 05 @9 e 0 0 o= o = o e o= 8 2NW,6NG
New f= (= F= T = = o e e o= G = o= o= N C= G = : : . @@ﬁl 3 1 NW
26 f= (= F= e = o = e o G = o= o= e = @@@@@ﬁ] 3 3  2NW, ING
New f= (= f= (= (= f= (= (= F = (= (= @@ﬁl 3 1 NW
New f= f= f= (2 (2 Fe D B F= [ (B F= [ (8 (O = (9 A= == lc=e=lC= | 3 1 NG
910 = = = Fl f= = f= (= (2 F e O 'iﬁéﬂ-«@@—-@ﬁ] 7 1 NW
1729 (= (= = = G2 (= (= (4 (ol 0= @4 60 0= 65 65 6= @2 64 7 1 NW
53 B DK DX BRI DK DX B DK DX BRI DK D) K] D] D BRI D) D) BR) D] D) D) D) D DR D) D) D) D) D) D) DA @KK@@@M 4 3 2NW,ING
52 (AR AS A Ra iy RS A A aaig s an g aa SR g angAs s aaEASEany sy anyaagasEanyIagasyas s asyasyes 0o m @;\@;\@4 4 1 NW
New HE E EEEEEBN [ BN BN BN BN BN BN BN BN BN BN BN | [ BN BN BN BN BN BN BN BN | L N BN | lll|4 1 Nw
41 | 4 1 Nw
42 | 4 1 Nw
149 B4 D} DK PR DK D) ] D D B< DK DX BRI D<) D) B D) DR B K] D) B M@@@@@M 4 2 Nw
New f= [ f= f= f= f= (2 (= (= (= (3 (5 (= f= (= = ﬂ?-ﬂ?-ﬂ/—-l 4 1 NW
New | { PP APt bt t] 4 1 NG
3 LA A A A A A A A A E e E A e E AT A aE t Pt bttt 4] 4 2 N6
New +4+ 44+ttt FHEFE FHEFE AL tt4t 44 4 1one
O AL A AL AL AL A A A A A A A A e A AL i+ t 4 4] 4 1 N6
4 Efc=Nc-lc=No-lc=c-lc> e mmmmamd 4 1 NG
109 f= (= (= F (0 (2 F 0 O A2 F= (B O F (s fl (0 (2 F e A A s 2= a—ﬂa—ﬂa—ﬂ@@@—-@ﬁl 4 2 NW

SITs: Spoligotypes/Shard International types

NW:\WNolith NG: NorthGondar

No: Number of isolates

Black boxes: Interpretable patterns (represents the presence of the specific spacers at position), while the rest are not interpretable patterns.
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4.5. Summary of the Main Findings

Tuberculosis infections were recorded in both humans (presumptive as well as AFB confirme
TB cases) and cattle population owned by them with 3.2% (4/124) isolatidyoofbacterium
speciesand 2.6% (10/381) BTB based on >2mm measurement difference, respectively. Of th
Mycobacterium specigbalf of them were belonging tdycobacterium tuberculosend the rest
were atypicaMycobacteria There were higher BTB positive cattle 8.8% (5/57) in low altitude
areas compared to mid and high altitudes. About 67% (6/9) of the presumptive TB cases wi
owned positive cattle were having the habit of drinking raw milk. The comparative study
revealed an overall herd BTB and individual apparent prevalence of 23.6% and 8.7%
respectively, with an odds of nearly three times (AOD, 2.90, 95% CI: 1.50, 5.54) higher BTB ir
cattle owned by TB confirmed households compared to those cattle owned by househol
without TB. Evaluation of BTB as a risk factor for the occurrence of human pulmonary TB
showed that the odds of households with BTB is about 8 times (AOR= 95% CI; 8.32, 2.82
24.60) higher than those households without BTB to develop PTB. From the collected AFt
sputum samples (who own cattle) 71.4% (50/70) were culture positive and based on molecu
techniques 94% (47/50) were confirmed Mgcobacterium tuberculosiand three lineages
namely, East-African-Indian (57.4%), Euro-American-African (38.3%) and Ethiopian (lineage-
7-North wall area) (4.3%) with clusters ranging from 2-8 size SITs were recorded in the stud
areas. Unfortunately we failed to isold#ycobacterium tuberculosis complepecies either

from milk or tissue samples collected and processed from CCIDT positive cattle.
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5. DISCUSSION

Objective 1. Tuberculosis Infection in Cattle and Cattle Ownersin North Western parts of

Ethiopia

Human TB, which is primarily caused . tuberculosis(203),could also be caused wii¥.
bovis (BTB) since it is a known zoonosis (204). The global contributiod.dbovisto human
TB has been estimated to be about 3.1% of all human TB cases (19). Its role in human TB
Africa is not well studied, but the agent is isolated in some African countries including Ethiopie
from human sputum samples (18, 201, 205-216). Reports from countries like Egypt, Nigeric

Zaire and Tanzania confirmed bovine type human tuberculosis from their patients (217-220).

Of 124 sputum samples collected from chronic coughers, 4 culture positives were isolate
accounting for about 3.2%. A tuberculosis survey conducted in Ethiopia indicated 0.2%
(110/51667) culture positivity from presumptive pulmonary TB cases (221). A study conducte
in the rural community of South-west Ethiopia revealed a culture positivity of about 4% (222)
The current result (3.2%) is almost similar to the last report. The differences between the:
results is expected to be due to differences in the quality of sputum sample, time of sputu
sample collections, cold chain systems during collections and transportations as well as the tir
of processing after collection. Fifty percent of the isolates were confirmed as atypica
Mycobacterial speciesAs it is indicated in literature people could be infected with atypical

Mycobacteriaor Mycobacteriaother than tuberculosis (MOTT) and some of them could lead to

disease development in different parts of the body including the lungs (208, 223).

In the current study 381 cattle owned by chronic coughers were tested for bovine TB an
prevalence of about 2.63% was documented. The prevalence of BT®eskanmareko
Woldeya Bakogazer Districts and Bale mountains were 7.9%, 1.2%, 4.3% and 2.0%,
respectively (with an overall prevalence of 3.1%) (224). Studies reported that, prevalence
BTB in small scale dairy production systems ranged from 3.5%&s@llato 14.2% inWolaita
Sodoareas (225, 226), and prevalence in intensive dairy farms ranged from 4.5 to 73.6%

Desiearea(227, 228), whereas in the traditional management system it ranged from 3.4% (We
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Wolegg to 22% Kombolcha (227, 229). The present finding is higher than the findings from
Woldeyaarea, but almost similar with the overall findings reported by Tscabab (224).

This finding showed relatively lower values compared to the reports for small scale and intensi\
dairy production as well as traditional management systems. In general the low prevalen
recorded in this research compared to different management systems might be explained by
differences in breed types/composition, the way of management of cattle, the environment a
the body condition of the cattle during testing season, which is related to the availability of fee
for the cattle. The difference betweBrga WoinadegaandKolla areas in BTB was significant
(P<0.05,x°>= 12.13 with 2 df). A study in Ethiopia indicated that the prevalence is relatively high
in the highlands, having an altitude of >2000meters above sea level (230). Indeed the presence
difference in skin test positivity in geographical locations is described by Platligl, (231).
However, this needs further investigation, because reports in human TB showed a high

prevalence in low altitudes(232, 233).

All cattle that showed a positive result for the test were local zebu breed and 100% home-bre
having a longer contact period (with a mean age of 6.034 + 3.53 years) with the househol
Longer contact period might act as a source of infection to the family members as well as cat
including other animal species and at large to the community. As a result of longer duration «
stay with the household, females, particularly lactating cows will serve as a permanent source
infection since it has been reported that a single cow can excrete sufficientvMyaioleacteria

in milk to make even pooled milk infective (198) and infection of the udder has been found ir
varying proportions of tuberculous animals as high as 5.4% (198, 234). Studies in selected are
of Nigeria revealed that 12/35 (34.3%) of the positive milking cows exd/igtobacteria
confirmed by acid fast bacilli stains (235). A similar study conducted on 805 milk samples ir
pastoral areas of Tanzania revealed 31 (3.9%) acid fast positiviiylmrbacteriaand among
those two of the isolates were confirmedMvasbovis(201). Even apparently healthy cattle can
excrete the bacilli (236, 237). The condition could be worsened if infants/children anc
individuals whose immunity is compromised consumed such type of milk and its products
Besides taking unboiled milk, these positive cattle could be sold for different reasons and play

role in the BTB transmission in the area where they are relocated.
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In this study area 74% presumptive TB cases had the habit of taking raw/unboiled milk and fro
the 9 households having positive BTB on their cattle, 6 (nearly 67%) of them were taking
raw/unboiled milk. According to reports made by Felleke and Geda (238), in Ethiopia, it i
estimated that 68% of the total milk produced is used for human consumptions in the form ¢
fresh milk, butter, cheese and yogurt. The percentage of taking raw milk among chronicall
coughing individuals is higher compared to their findings and this could be related to the stuc
settings whereby all participants in this study were rural inhabitants having little awareness abo
the effect of consuming unboiled milk. Polymerase chain reaction conducted from Albanian mill
samples in Tirana University revealed the presence of the MTC gene in 36/50 (72%) of the test
samples would support the possibility of ingesting the disease causing agent (239).

About 60% of the study individuals were suffering from chronic cough for more than two
months and nearly 77% of the participants were not taking any action to cure their cougl
Besides, three-fourth (75%) of the culture positive ones had cough duration of more than tw
months. These will increase the chance of disease transmission; if the individual is infected wi
tuberculosis since smear negative-culture positive cases are responsible for 20% of tuberculc
transmission(240, 241). A person with active tuberculosis can release droplet nuclei containir
up to 3 bacilli while coughing, sneezing or talking. Coughing and a single sneezing can genere
about 3000 and 40,000 droplet nuclei, respectively(65, 242). In the rural community most famil
members are living together in a one room house and therefore, the likelihood of TE
transmission would be high since the number of infectious droplets released from diseas
individuals is high. Besides, the infective dosé/yicobacterium tuberculosis complex specses
very low (IDso1-10 bacilli) (243, 244). Three-fourth of the culture positive individuals were aged
above 50 years old and this might be related to the decline in host immunity as age increases .
this is supported by Chan and his colleagues (245) referring that immunologic abnormalities |
elders led to tuberculosis development. Different authors also indicated that active TB i
characterized by a profound and prolonged suppressibh tfberculosis(MTB) specific T-

cell responses, as evidenced by decreased production of the cytokines interleukin (IL) -2 al
interferon (IFN) ¥ (246-250).
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Objective 2: Distribution of Bovine Tuberculosisin North Gondar and North Wollo Zones,

Ambhara Region, Ethiopia

The current study, mainly conducted on local zebu cattle and some cross breeds, indicated

importance of bovine tuberculosis (BTB), particularly in cattle owned by TB diagnosed
households in the study area. Based on >4mm measurement difference an overall household/t
of 6.4% and 2.1% of an individual cattle apparent prevalence of BTB were documented. Hel
(household) and individual cattle apparent prevalence of 20% and 5.6% registered, respective
among TB households (cases). In the control groups 2% and 0.6% of herd and individual cat
apparent prevalence, respectively were recorded. On the other hand, using >2mms as a cu
value, 23.6% and 8.7% of an overall household/herd and individual cattle apparent prevalence
bovine TB were observed. Using the same cutoff value 48.6% in households with TB and 15.2

in households without TB apparent prevalence of bovine tuberculosis were documented.

Adjusted for age, sex, body condition, breed and source, at an individual cattle level, the risk of
cattle to be positive for bovine TB, owned by TB affected individuals was about three time:
higher (using >2mms as cutoff) compared with those cattle owned by non-tuberculosi
households. In Ethiopia, a herd prevalence of 19%, 44% and 51.4% of bovine tuberculos
(BTB) were reported iBoji district, Afar andJima dairy herd, respectively (251-253 study
conducted in and aroundekelearea, Tigray regional state, Ethiopia, revealed an overall farm
BTB prevalence of 13.9% and 54% of herd prevalence (254).

Similarly, a cross sectional study of BTB conducted in Ambo @olo Kutayedistricts,

Ethiopia, showed an overall individual and herd prevalence of 1% and 7.02%, respectively (255
Besides, in the districts BTB was more prevalent in cattle owned by tuberculosis househol
(1.36% at an individual and 12% at herd levels) compared to non-tuberculosis households (0.€
and 3.13% at individual and herd levels). The prevalence and the BTB status more or less ag
and support the present result. However, contrary to the above mentioned study from cat
owned by the TB patient's higher prevalence of BTB at herd level was registered in thi

comparative cross-sectional study.
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Studies done in different parts of Ethiopia indicated the presence of high prevalence of BTB |
cattle owned by TB diagnosed owners than TB negative ones at herd and individual cattle leve
For instance, of 11 TB households, 36.4% (4/11) (251) and 62.5% (5/8) (256) in Northwe:s
Ethiopia and Jimma dairy herd, respectively, had BTB reactor herds. ee&n@8), reported a
significantly higher prevalence of BTB in cattle owned by TB patients than in cattle owned by
non-TB owners and at the same time ascertained by isolstingberculosis (M.tbandM.
bovisfrom sputum and fine needle aspiration specimens of TB patient cattle owners. Bésides
tb was isolated in grazing cattle in Central Ethiopia. In Nigeria 11.8% prevalence was reporte
in cattle owned by TB positive owners (257) and Aishatu (258) denoted that high TB prevalenc

trend among human patients in Nigeria has similar trend among cattle populations.

The presence of higher BTB reactor cattle in cattle owned by TB positive households than T
negative ones could suggest that either of them could be a source of infection for the other creatin
sort of vicious cycle (19). From the current study and other literature, human TB may be transmitte
to cattle or that cattle TB may be acquired from humans (255, 259, 260) and, théeftrmight

be a possible cause of the skin test positivity in cattle. A study carried out in and #Melete

reported that those who owned cattle had 5% TB patients in their house compared to 3% TB patiel
in the house for those who did not own cattle (254). A report in Spain indikbtednfection of

cattle and the source of infection was human TB patient (261). Apart from the possible contributio
of M.tb for skin test positivity, the difference in skin test result might be related to the differences ir
the cattle husbandry system, nutritional status of the animal, breed differences(19) number of T
case households, number of cattle (herd size) (262) owned by the TB cases, coverage as well as ¢
stay/relocation in the household, the use of proper cold chain systems and technical disparity as w

as cattle immunity/circulating antibodies (263)

Based on the current comparative intradermal skin test referring to >4mms, the proportion
dubious/inclusive herds 42/140 (30%) as well as individual cattle 65/481 (13.5%) seem
important because of the fact that such cattle could serve as a source of infection to other ca
or humans and this was evidenced by culturintylp€obacterium specigsom suspected BTB
lesion (264) and milk samples (258). Besides, a study conducted in India showed 26.7% doubt
skin test result and among the doubtful cattle 66.7% revealed positive results with interfera
assay (265).
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Objective 3: Bovine Tuberculosis (BTB) asarisk factor for developing Tuberculosisin

humansin the rural community of Ethiopia

Bovine tuberculosis, one of the neglected zoonotic diseases, is a worldwide problem and cont
of the disease remains difficult for many developing countries, including Ethiopia. In Ethiopia.
bovine tuberculosis was reported from different corners of the country reaching with a her

prevalence of up to 62.5%(256).

Based on case control study, among the participants, 70.7% knew disease transmission fr
cattle to humans and mentioned some of the diseases, particularly anthrax and rabies, while tt
knowledge regarding BTB was limited to few individuals with some form of education. Ameni
and his colleagues reported that 38.3% of the respondents knew about BTB (266). Th
difference on the awareness of BTB might be attributed to lower participation of veterinary
personnel’s in the public health issues, little attention given by health extension workers or hig

participation of illiterates in the current study compare@/tahalie-Jida(Ethiopia) districts.

Of the study households, higher proportion of participants (85.7%) knew human tuberculosi:
The higher percentage of awareness about humans TB might be related to the existing hec
extension activities practiced and implemented in the country health programs, in mass med
particularly radio. Despite creating awareness as to the possible risk of food borne diseas
nearly half (49.3%) of the participants, were having a habit of consuming raw milk and 61.4% c
them were eating uncooked meat. Besides, more than two-third (67.1%) of the respondents in
current study did not know the benefit of using boiled milk. In a study conducted i onoali
(Niger), more than 68% of the household families consumed unpasteurized milk (148) and
study carried out inWuchalie-Jida (Ethiopia) districts showed 52.1% of the interviewed
households used to drink raw milk and of the respondents Waichale-Jida90% ate raw as

well as cooked meat (266). Relatively a lower percentage of raw meat and milk consumption hal
was recorded in the current study, compared to studies done in Niger, while a relatively closer figure
reported fromNuchali-Jidaarea and this might be related to having similar cultural settings between
the study sites in Ethiopia, while the higher figure in Niger could be justified as having different socic

cultural settings. The habit of raw meat consumption in the current study was very low compared
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the findings fromWuchali-Jidadistrict and this might be a reflection of the effects of increased

community awareness about the use of boiled milk and cooked meat consumption.

Our study revealed that, 22.4% (31/140) households were sharing living rooms with cattle
Although sharing living rooms was not seen as a contributing factor in the occurrence of hume
TB in households with BTB, cattle which harkddycobacterium tuberculosis complex species
could serve as a source of infection to humans by releasing droplet nuclei during coughing (26
Similarly Ayele and co-authors(20) reported that inhalation of dust particles or bacilli containing
aerosols released from cattle could cause pulmonary TB in humans. The survival of the bacilli
the dark for hours will facilitate transmissionMf tuberculosiomplex specieg’1). The more
droplet nuclei, space, ventilation, air circulation as well as air pressure are the factors that cot

increase the probability ®fl. tuberculosicomplexransmission (268).

Adjusted for different predictors, the odds of human TB in households with BTB was more thal
8 (95% ClI; 2.82-24.60) times higher compared to households without BTB. As close contact is
predisposing factor for TB transmission between humans (71, 268), prolonged close contact(2¢
273) between the cattle with TB and humans could result in longer duration of exposure th
would lead to higher risk for the disease transmission between the two populations. Most of tt
houses in the current study were not having adequate ventilation or were completely close
Having house ventilation was found as a contributing factor in the occurrence of human TB i
households with bovine BTB. The odds of house ventilation for the occurrence of human TB i
households with bovine TB was 5.50 (95% CI: 1.60, 8.90) times to households without BTB. |
is known that inadequate ventilation could result in insufficient dilution or removal of infectious
droplet nuclei which enhance the transmissioMotuberculosis comple§/1, 268). However,

in this study the definition used for ventilation and the perception of ventilation by respondent
might be inadequate, and can be a concern for information bias, in the association betwe
ventilation and TB.

In this study, about 7.1% of the participants were urinating on animal feed and this was found
be as contributing factor (AOR: 12.10, 95%CI; 1.80-81.20) for the occurrence of human TB i

households with BTB. As evidenced by different authors, urine could contain Mycobacteriun
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bacilli when a person is infected with either disseminated or localized TB. Mortier and his
colleagues (274) isolateil. tuberculosisfrom human urine samples and Torrea and his
colleagues (275) detectddlycobacteriumuberculosiscomplex in HIV-infected and uninfected
pulmonary and extra pulmonary tuberculosis patients in Burkina Faso. In Italy (276), researche
also detectetycobacterium tuberculosisomplex using rapid gen-probe amplification test. The
possible explanation for this contribution is that when infected individuals urinate on animal’
feed, the feed will be contaminated by tubercle bacilli and then taken by cattle. In this cas
infected cattle might serve as a continuing source of infection to the owners thereby re-infectic
or new infection could be possible despite the patients received adequate treatment and cure

the disease.

Apart from that unboiled milk drinking was associated with the manifestation of TB in
households whose cattle was having BTB and the risk was 8.80 (95%CI: 2.6, 29.81) high
compared to households without BTB. In line with this the odds of house sharing and habit ¢
hand licking for the occurrence of human PTB who own cattle were 0.31 (95% CI: 0.01, 0.9
and 0.14 (95% CI: 0.03, 0.60) lower compared to their counterparts, respectively. These factc

might favor the circulation of the disease causing agent between human and cattle populations.

The risk of bovine TB to the occurrence of human TB in the current study could be seen in lig
with the detection of 6.2% and 7.4RAh tuberculosigorevalence in cattle in Algeria and Sudan,
respectively (80, 81). Besidellycobacterium speciesould be excreted with the milk (277).
This might suggest the possible role of cattle in the maintenance as well as transmission

tuberculosis to humans.
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Objective 4: 1dentification and Characterization of Mycobacterium Tuberculosis | solated
from Cattle Ownersin North Western and North Eastern Parts of Rural Ethiopia.

Genotyping is contributing a lot to understand the epidemiology of TB and provides informatior
on its transmission dynamics. In this study, 78.7% of SITs were matched with standar
spoligotype database, while 21.3% were new ones. The current study revealed the presence
four lineages in northwest and northeast Ethiopia. The majority (57.4%) were the East Africar
Indian lineages (EAI; L-3) followed by Euro-American-African (EAA; L-4) (38.3%) lineages,
which were found in botEones, while Ethiopian (L-7) (4.3%) were found in Nok¥ollo Zone

only. A study done in Amhara region revealed 15.6% of lineage 7(&8e EAIl strains
reported as one of the major genotypes in many countries of Southeast Asia and Africa (279),
higher proportion of this lineage finding in the current study could be the main reason. i
contrast to the current finding, lower value of EAI lineages were reported in a study conducte
on farmers in mixed type multipurpose cattle raising region of Ethiopia, the majority 78.5% were
Euro-American lineage followed by East-African Indian 17.7% (280) and Rebuma and hi
colleagues also reported the presence of those lineages inZbo& and reported 71%
(442/662) and 25% (153/622) lineage 4 and 3 from PTB patients, respectively, and 70¢
(229/328) and 24% (79/328) lineage 4 and 3 from TB lymphadenitis (TBLN) patients,
respectively (281). The Authors also reported relatively higher percentage of 13% (17/133) of
new lineage, named as lineage-7 (281), which placed between ancient lineage 1 and mod
lineages ofMycobacterium tuberculosighylogeny prominently in NortkVollo (Weldeya area
compared to the current study. The difference in the proportion could be due to sample size
the case of NortiWollo Zone and geographical situations in the case of central Ethiopia. In
Uganda, researchers reported 22% (394/1746) and 11% (187/1746) L- 4 and 3, respective
(282). The current finding showed relatively higher values compared to the work in Uganda ar
this might be due to the presence of dominant and common types of prevailing isolat
differences in both countries. Lineage East African-Indian showed higher cluster size by SIT 2
(7 cluster size) and 289 (8 cluster size). Clustering showed the possibility of a shared source

recentMycobacterium tuberculosiafections in the study area.
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6. VALIDITY AND GENERALIZABILITY

6.1. Validity

To maintain the validity of the study the following issues were addressed. The questioner w:
pretested and training was given ahead to data collectors prior to work proper. Tuberculin sk
test was carried out by an expert following the recommendations and all laboratory works wel
done by laboratory technologists and molecular biologist. Tuberculosis suspected and acti
cases were identified by health professionals. Samples were collected by laboratory technoloc
and meat inspection was supported by meat inspectors. Cold chain systems were tried to m
standards despite power fluctuation. Data were sorted and double entered timely. Data cleani
coding and recoding were done before analysis. Selection bias was controlled by clear
identifying or defining the study population and selection of the appropriate control or
comparison groups. Information bias was prevented by well dedigioséd as well as precise)

pretested questionnaire and using standard test materials and procedures. Logistic regression

used to control potential confounding effects of some variables on the main outcome variable.

6.2. Reliability

Cattle skin testing by an expert following the recommendations, sputum samples collections at
laboratory works by laboratory technologists and molecular biologists, screening of presumptiv
TB and confirmed cases by health professionals and collection of TB lesions from humanity
slaughtered oxen tissue by trained meat inspectors were employed to maintain consisten
Furthermore, standard operating procedures were followed at each activity.

6.3. Generalizability

Due to the nature of the disease, the study followed purposive sampling method and based
participants willingness and therefore, these could preclude from generalizing the finding:
However, the findings of this study could be generalized to areas having similar settings in tt

country, in particular in the Northeastern and Northwestern parts of the Amhara Region.
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6.3. Implications

The results could support TB program activities, which mainly focus on the disease preventic
and control. Furthermore, it could drew the attention of policy makers to look cattle as
possible source to human PTB, and this lead them to decide to deal in studies like this one i

more detailed and well organized manner at different corners of the country.

7. STRENGTH, LIMITATIONSAND CHALLENGES

7.1. Strength

Although failed to isolate the etiological agent from BTB positive cattle, the study indicated
cattle as a possible source of human pulmonary tuberculosis. BTB situation in households wi
TB using 1 case: 3 controls/comparative groups should be seen as strength of the study. Tes
almost all eligible cattle should also be considerd as strong side of the study. With the limite
resources that we had removal of six BTB positive cattle from a family should be seen as strol
side from public health point of view.

7.2. Limitations

Purposive sampling of the study areas with purposive sampling methods, lack of a comparati
or control groups for tuberculosis infection assessment and failure to resample negative chror
coughers, smaller sample size in all cases and inability to recheck dubious cattle were t
limitations of this study. Moreover, although NMycobacterium tuberculosiineages were
recorded in this study failure of isolation of anyMycobacterium tuberculosis complex species
from skin test positive cattle should be seen as a limitation of this study since the aim of tr
study was to see the possible role of cattle in the epidemiology of human tuberculosis
determining the presence of cross infections with detecting the same strain in the same hou
Besides, geographical locations, withdrawals from participation after giving written, in most of
the areas maintaining cold chain system were difficult due to power interruption anc
unwillingness to use the institute cold chain materials, lack of finance, inability to buy all

positive cattle for tubercle lesion detection and then culturing, failure to retest cattle witt
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inclusive test results and Refusal to participate by some TB confirmed individuals were th

limitations which could affect the power of the study.

7.3. Challenges

Some of the problems faced during the working times are summarized as follows. Gettin
inadequate confirmed pulmonary TB human patients who own cattle were the prime setbac
Frequent relocation of those laboratory technicians who agreed to collect AFB positive sputu
samples were somehow contributed for a lower sample size. Besides, getting households
control/comparative group were challenging. The work was labor intensive and cattle kick a
well as horn attacks were also the usual occurrence during skin test and sample taking. Drivi
purchased positive cattle to slaughtering places were also tough. Leaving test positive a
inclusive cattle within the herd was also an ethical challenge since these animals could serve &
future source of infections. Owners do have a right to know the status of their cattle after ea
test and telling the result, especially when the animal is doubtful or positive was a source «
frustrations to the owner, thereby leading him/her to sell the animal/s as a means of culling al
facilitating further disease spread to another area, which paves ways to additional/new disee

epidemiology.
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8. CONCLUSION

TB is a bacterial infection and one who is latently infected can develop active pulmonary TB. Th
current study can tell us the advantage of culturing since all of the culture positive chronic coughe
were smear negatives. In this study, four households (3.2%) having different family size wer
benefited since treatment for the cases and screening to the families were implemented. The findir
show that atypicaMycobacterial specie;n humans should be seen as a problem in Naftiio

Zone According to the findings, the cattle owned by presumptive TB cases individuals were affecte
with Bovine TB with a prevalence of 2.63% and more than two-third of the individuals who usually
drink raw milk suffered from chronic cough. Positive cattle owned by these individuals will remain
source of infections. The findings of the current study could serve as a springboard for futur
possible cross infection assessmentgtobacterial speciesetween the two populations.

The current comparative study indicates the presence and importance of BTB whereby the odds
cattle owned by pulmonary TB households was nearly three times compared to those cattle owned
non-pulmonary TB households in Nor@ondar and Wollo Zones of Amhara regional state. This

denotes the possible transmission/spread of the disease in the studied rural areasZémesoth

bovine TB dubious cattle were recorded. The existing cattle management practices, the practice
free and mixed grazing as well as sharing common water sources and free livestock movement in
study area is likely to facilitate the expansion of the disease in the areas. BTB eradication fro
livestock is expensive, but it is possible to minimize the possible spread of the disease by regul

testing/surveillance, segregation and creation of awareness among livestock owners.

Human tuberculosis is mainly caused My tuberculosisand at times byM. bovis. In this study

bovine TB has been seen as an exposure to human pulmonary TB occurrence. Prolonged cl
contact between human and cattle could contribute for the transmission of the disease. Apart from
drinking unboiled milk and urinating on animal feeds were found as a factor for the occurrence c

human TB. Those who did not share their house with their cattle were less likely to reveal TB.

From acid fast bacilli positive sputum samplesiyobacterium tuberculosineages, namely; the
primitive, intermediate between the modern lineages and modern were identified in the study are:
Among the isolates, 61.7 % (29/47), (including the new isolates to the denominator) were clustere

indicating the presence of recent tuberculosis transmission in both areas.
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9. RECOMMENDATIONS

Households and the community: The households as well as the community should construct a
separate house for animals and humans. They should also use a separate utensil for the
populations. Moreover, they should avoid using common water sources for animals an
themselves, and if it is a must they should exercise using the water after boiling. In most of tt
areas there is a habit of consuming uncooked meat and drinking unboiled milk and these shot
be prohibited in order to avoid possible risk of zoonoses. They should also develop heal
institute visiting in case of chronic cough occurrences. The house should have adeque

ventilation.

District health departments and health institutes: They should strengthen the health extension

activities, which is already in place. They should create awareness to the community regardi
diseases like tuberculosis transmission from animals to humans. Health institutes should scre
presumptive TB cases and subject to further laboratory examinations. In addition, they shou

improve active case detection.

Zonal health department and regional health bureau: These bodies should give training and
work on capacity building, monitoring and support activities related to TB. They should seel
financial support to run research activities. The presence of Lineage-7 in \Wolih Zone

should be given emphasis since it result in prolonged patient delay in seeking treatment.

Resear cher g/resear ch institutes: Research is key to curb TB situations in our country and at

large to the globe. Further exploration in a larger scale and better design should be implement
The role of animals to human TB is an area that should be investigated in detail. There we
occurrences of extra-pulmonary TB development after complete anti-TB treatment and thi
should be addressed. Although it is advocated, researches related to poverty reduction shoulc
given more emphasis. Since there is resistance difference between the exotic and local cattle
TB infection reaction the cutoff value to skin test results to our cattle need to be standardize
The contribution of atypicallycobacteriato human pulmonary TB as well as cattle should be

assessed in detail. Researchers should give weight to skin test doubtful results. Determinat

of the new SITs isolates is suggested. Moreover, the occurrence of lineage 7 (Ethiopia)
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Woldeyia area should be investigated in accordance with the socio-cultural aspect of th
community. Research on causes of BTB in cattle/animals should be carried out.

Ministry of health and agriculture: Since these are decision makers, they should work in
coordination to mitigate TB situation in the country. Ministry of Agriculture and rural
development should practice regular BTB testing/surveillance.

Policy Makers: In order to avoid further bovine TB transmission, test positive animals should be
removed from the herd or the households by following a test and slaughter policy, which actual
requires compensations to the owners, which needs policy. Allocation of funds for future
research.

10. FUTURE STUDIES

= Verification of the role of cattle in the occurrence of human pulmonary TB and
role of humans for cattle BTB positivity.

= Importance of atypicaMycobacterial speciegas a cause of chronic cough in
humans

= Prevalence of extra pulmonary TB Development after anti-pulmonary TB
treatments

= Zoonotic disease knowledge assessment in the rural community

= Epidemiological study on Bovine tuberculosisknbo Giranarift valley, North
Wollo Zone Eastern Amhara
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13. ANNEX

Annex13.1: Subject Information Sheet and individual consent form in English with

equivalent Amharic versions

13.1. 1. Information Sheet

Dear respondent

Good morning/Good afternoon. Thank you for your interest in talking with me today. | am

who is a member of a team conducting a study tolasgesstuberculosis as a

Risk Factorfor the occurrence of human pulmonary tuberculosigour locality. The study is
conducted as part of a PhD research conducted under the school of public health, College

Health Sciences, Addis Ababa University.

The purpose of my visit today is to take information from you on the aforementioned issue. Th
screening of you as a tuberculosis patient will be done by the physician. After screening, if yc
are willing to participate in the study, | will collect about 5ml of sputum sample from you and |
will ask you few questions lasting for about 15-20 minutes. All the information given will be
confidential. If your result is positive for tuberculosis you will be referred soon as possible tc
nearby health institution to get an appropriate treatment. In addition, | will conduct intraderams
tuberculin skin test on your cattle and read them after 72 hours for the possible reactions. Yo
cattle will receive Anthelmintics at the recommended dosage after testing is done. There is |
harm to your cattle up on testing them except possibility of hypersensitivity reactions that migt
be seen in few cattle. However, swelling at the injection site is observed if your cattle is positiv
to the test and this swelling disappears through time. | will take about 30ml of milk samples fror
your positive cows and buy some positive male cattle with a market price to scarify and collet
tubercle lesions from them. The samples taken from you and your cattle will only be used fc
culturing and then typing, which is the central point of the research. The findings obtained afte

processing the samples will be communicated to you.

Your name will not be written on this form and will never be used in connection with any of

your information. You do not have to answer any question that you do not feel comfortable witl
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and you may end this task any time. However, your honest answers to these questions will hs
me a lot. Your participation in the study is fully based on your interest and choice and hence 1
financial payment will be made for your participation. Your participation or non-participation
will not be related with the health service that you will get from governmental and non-
governmental institutions. If you have any un-clarity on my visit you can ask me now so that
can elaborate it. If you come across with any concern during my stay with you, you can stop n
and raise it anytime you want to. It is also possible to communicate the principal investigatc
through the telephone address +25191175 2959 or the institutional review boards whic
approved the study through the telephone address +251115538734 and ALERT/AHRI Revie
Committee secretary 251-0113211567.

Data collector: Please encourage him to raise questions

13.2. Informed Consent Form

| have been well aware that this research undertaking is a PhD research project to be conduc
by Araya Mengistu the principal investigator coordinated by Addis Ababa University school of

public health and Armauer Hansen Research Institute.

v' | have been fully informed in the language | understand about the research proje
objectives. | knew that the interview will take 15-20 minutes. | was also well informed
that all the information | provide will be kept confidential. | understood that my
examination will be done by physician.

v | knew sputum samples will be collected from me without any harm and skin tests will be
conducted on my cattle resulting in swelling at the injection site if they are positive for
the test and some of my cattle might be sensitized with no threat to the life while takin
the test. | knew that my cattle will get medicaments after tests and they will be examine
after 72hrs for the results.

v"In addition | knew that milk samples will be taken from my cow if it is positive to the
test. | agreed to sell my male cattle with a market price if it is positive to the test. | knew
that | have the right to withdraw from the study at any time and to withhold information. |
was also enlightened that none of my health benefits will be affected by not participatint

in the study. | have read this form, or it has been read to me in the language
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comprehended and understand the condition stated above, therefore, | am willing ar

confirm my participation by signing the consent.

Participant

Name Signature Date
I nterviewer

Name Signature Date
Witnesses

1 2.

Super visor §Resear cher

Name Signature Date

Note: In case of unclarity you can communicate
Principal investigator (Araya Mengistu): +25191175 2959 or Supervisor: 0912459707 or

The institutional review boards which approved the study through the telephone address
+251115538734 and ALERT/AHRI Review Committee secretary 251-0113211567.

Addis Ababa University, School of Public Health: P.O. Box: 9086ll: 011-5-157701, Fax:
011-5-517701.
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INFORMED CONSENT

Par ent/guar dian name -

> |, whose name is written above, have decided to allow my child to participate in the stud
after getting the following information explained clearly.

» That if | am volunteer to allow my child to give specimen, my child will know his TB status.
I knew that test will be free of charge. | have been told that specimen taken from my child i
sputum. If test result confirms that he/she is TB positive, he/she will get free treatmen
services for TB whether | will participate in study or not.

> | have been told that he/she will be asked about potential risk factors for manifestation of TE
I have been told that if study unrelated conditions are found during examination, my chilc
will be given consultation by a health professional and forwarded to a duty physician o
health facility where he/she can get a health care. | have been told that intradermal skin te
will be conducted on my cattle to know the status of TB in my cattle. | have been told that
have the right not to take part in the study and that | can terminate participating in the stuc
whenever | wish so, and that this will not affect in any way my child from getting treatment
from health facilities for any health problem. | knew that | shall get no incentive for my
participation in the study.

> | knew that the confidentiality of any information obtained from the laboratory examination

and reply will be secured. After giving thorough thoughts on the issues explained above,
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hereby ascertain that | have accepted the invitation and am willing for participating my chilc

in the study.
Parent/guardian Signature: Date:
Name of supervisor/researcher: Sig. Date:
Name of witnesses: 1. Sig. Date:

2. Sig. Date:

N.B. If you have any question, please communicate Dr Araya Mengistu (0911752959), Dr Fikr
Enquselassie (0912459707), AAU, Medical Faculty IRB 0115538734 or AHRI IRB 011311334.

Addis Ababa University-Faculty of Medicine, School of Public Health, P.O. Box 9086, Tele:
011-5-157701, Fax: 011-5-517701

INFORMED ASSENT (15-17 years)

> |, whose name is written below, have decided to take part in the study after getting th
following information explained clearly.

» That if | am volunteer to give specimen, | will know my TB status. Test will be free of
charge. | have been told that the specimen taken from is sputum. If test result confirms tha
am TB positive, | will get free treatment services for TB whether | will participate in study or
not. | have been told that | will be asked about potential risk factors for manifestation of TB.

> | have been told also if study unrelated conditions are found during examination, | will be
given consultation by a health professional and forwarded to a duty physician or healt
facility where | can get a health care. | knew that | have the right not to take part in the stud
and that | can terminate participating in the study whenever | wish so, and that this will nc
affect in any way my getting treatment from health facilities for any health problem. | have
been told that | shall get no incentive for my participation in the study. | have been told that
shall get no payment for my patrticipation in the study. Rather, | shall get TB test done fre
of charge with pre and post-test counseling and that the result will be sent to my physician.

» | understood thathe confidentiality of any information obtained from my laboratory
examination and reply will be secured. After giving thorough thoughts on the issue:
explained above, | hereby ascertain that | have accepted the invitation and am willing t

participate in the study.
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Name of the participant: Sig: Date:

Name of data collector Sig: Date:
Name of supervisor/researcher: Sig. Date:
Name of witnesses 1. Sig. Date:

2. Sig. Date:

N.B. If you have any question, please communicate Dr Araya Mengistu (0911752959), Dr Fikr
Enquselassie (0912459707), AAU, Medical Faculty IRB 0115538734 or AHRI IRB 011311334.

Addis Ababa University-Faculty of Medicine, School of Public Health, P.O. Box 9086, Tele:
011-5-157701, Fax: 011-5-517701.
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Annex13. 2: Questionnaires

School of Public health, AAU

Armauer Hansen Resear ch Institute

Quedtionnaire to Assess bovine tuberculosis as a Risk Factor for the occurrence of human
pulmonary tuberculosis in North Gondar and North Wollo Zones, in Amhara National Regional

State, Ethiopia.

SN | Questionnaire

Detailed to beresponded

A | Socio-demographic information

1 Name: Date
Sex: Male (1) Female (2) House No__
Age: Marital status: Married (1) Single (2) Divorced(3) Widowed (4
2 Dwelling Urban (1) Rural (2) Periurban (3)
3 Agroclimatic Zone Dega (1) W/dega (2) Kolla (3)
4 Number of families Male Female
Children under 5yrs: Male_ Female

5 llliterate (0) Elementary (1)  High school (2)
Education status Collage (3) Informal (4) Others (5), specify
6 Religion Orthodox(1) Muslims (2)
Other (3), Specify
7 Ethnicity Ambhara (1) Tigray (2) Agew/Agawi (3)

Others (4), specify

B Animal infor mation

1 Types of animals

Breed types (use number): Local

Cattle (No) Ox Cow

Cross
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Heifers Bull Calves <6émths >6mth-lyear

Sheep: Male __ Female Goats Male_  Female

Equines: Horse Mule __ Donkey

Purpose of keeping Draught (1) Prestige (2) Milk (3) Meat (4)
2 If for milk use, Do you sale milk? No (0) Yes (1); if yes:

For whom do you sale? Local (1) Trader (2)  Civil (3) I do not Know (4)
3 If you boil or cook, do you know| No (0) Yes (1), could you Mention the reason

the reason?

Raw milk: No (0) Yes (1) Boiled milk: No (0) Yes (1)

4 Feeding habit Raw meat: No (0) Yes (1) Cooked meat: No (0) Yes (1

School of Public health, AAU

Armauer Hansen Resear ch Institute

Questionnair e to Assess bovine tuberculosis asa Risk Factor for the occurrence of human
pulmonary tuberculosisin North Gondar and North Wollo Zones, in Amhara National Regional

State, Ethiopia.

SN | Questionnaire Detailed to beresponded Skip
C Cattle management/husbandry
1 Cattle management/feeding Free grazing (1) Stall feeding (2)  Mixed (3)
system
2 Your cattle keeping (day time) Keeping alone (1) Mixing with others (2)

Keeping during night time

House sharing (1) Separate house (2)

Other (3), Specify

If it is a separate house, mention the distance (meters) from the main house

If it is a separate house, who look after them? Son (1) )Father (2)

Hired (3) Other (4), Specify
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Herding of your animals All together (1) Separate(2)
Housing of your animals All together (1) Separate (2)
Watering point for animals (WP)|  Different wP (1) The same WP (2)
Did you usethe same water sour ce for home consumption? No (0) yes (1)
If the same source, do you treat the water? No (0) yes (1)

If you treat, what is the method used? Chemicals (1) Boiling (2) Filtration (3)

Did you add cattle to your herd recently? No (0) Yes (1) . If yes, for what purpose?
skip

Did you sale cattle? No (0) yes (1) . If yes, why?

Did you sale a sick cattle? No (0) Yes (1), If yes If no skip
Did you tell the reason why you are selling? No (0) Yes (1). IF yes, why?

Do you know disease/s transmitted from animals to human? No (0) Yes (1)

If yes, could you mention them? If no skip
Currently do you have animals having cough? No (0) Yes (1).

If yes, Male (1) Female (2)__ If no skip

Duration of cough < 3months (1)  3- 6 months (2) 6mths-1yr (3) >1year (4)

Have you tried treatment? No (0) Yes (1). If yes, How was the response? No (0) Good (1)

How isthe body condition of theanimal/s? Good (1) Deteriorating (2) No change (3)

Do you have animalswith wasting conditions? No (0) Yes (1)

Do you isolate the animal/s? No (0) Yes (1)

Do you keep such animal in your house? No (0) Yes (1)

What is your decision, if not cured? Slaughter (1) Sale (2) Gift (3) Other (4) specify
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School of Public health, AAU

Armauer Hansen Resear ch Institute

Questionnaire to Assess bovine tuberculosis as a Risk Factor for the occurrence of human

pulmonary tuberculosis in North Gondar and North Wollo Zones, in Amhara National Regional
State, Ethiopia.

SN | Questionnaire Detailed to be responded Skip
D Tuberculosis knowledge/history
1 Did you know tuberculosis before? No (0) Yes (1) If no skip
Where do you think it comes from? | have no idea (1) Air (2) Dust (3)
Other (4), specify
For how long did you stay with the | <6émths (1) >6mths-1yr (2) >1yr (3)
) disease before diagnosis?
3 Have you tried traditional medicine?| No (0) Yes (). If yes, If no skip
Where did you get?
4 Do you have other family member | No (0) Yes (1) How many?_ If no ski
affected with TB?
5 Where did you acquire the infection? From family (1) From guest (2) from neighbor (4)
I do not know (5) Other (6), specify
6 Do you know the type of TB the No (0) Yes (1), Ifyes, EPTB (1) PTB (2) If no skip
patient affected with?
7 Have you got the appropriate No (0) Yes (1)
Treatment?
8.1 | Did you complete the course? No (0) Yes (1)
8.2 | If your answer is no for No 8.1 why?| Lack of money (1) Lack of awareness (2) Other (3) Specify
9 Have you ever come with relapse? No (0) Yes (1)
10 If TB positive cattle obtained in your| Sell (1)  Slaughter(2) Keep the animal (3)

herd what you are going to do?
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School of Public health, AAU

Armauer Hansen Resear ch Institute

Questionnaire to Assess bovine tuberculosis as a Risk Factor for the occurrence of human

pulmonary tuberculosis in North Gondar and North Wollo Zones, in Amhara National Regional
State, Ethiopia.

SN | Questionnaire Detailed to be responded Skip
E Wildlife interface
1 Are there wild animals around? No (0) Yes (1), if yes If no skip
Could you list them?
If yes for No 1- Is there contact between wild and
domestic animals
No (0) Yes (1)
2 What are the common contact places Grazing place (1) Water points (2)
F Possible human contact with cattle
1 Do you share utensilswith cattle? No (0) Yes (1);if yes If no skip
Could you mention them?
2 Do you have a habit of drenching medicaments | No (0) Yes (1)
with your mouth to cattle? Or giving after
chewing?
3 Do your cattle have behaviour of licking No (0) Yes (1)
human urine?
4 Do you giveyour urineto cattle? No (0) Yes (1)
5 Do you urinate on hay/straw? No (0) Yes (1)
6 Do animalslick your hand/head? No (0) Yes (1)
7 Do you have a habit of spitting sputum in the
house? Animal feed?
No (0) Yes (1)
G Cattle Housetype and sanitary/hygienic issues
1 House/pen type: Roof Corrugate (1) Hat(2) Open air(3)
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Floor

Concert (1) Stone (2) Soil (3)

Grass mulching

No (0) Yes (1)

House ventilation

Closed (0) Have windows/fenestratiol
) Holes (2)

N

House(pen) cleaning habit

Perday (1) Once in 2-3 days (2)
Twice a wk (4)

Once in a week (3) Occasionally (5)
No cleaning at all (6)

Personal hygiene

washing after cleaning house/pen (1)
Washing before milking (2)

Washing after milking cows (3)
Occasinal washing after/before
activities (4)

Do you use deter gents?

No (0) Yes(1); if yes

If no skip

What type of detergent you are using?

Modern (1) Local/traditional (2)
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Addis Ababa University, School of Public Health Armauer Hansen Resear ch Institute

Study Title: The Epidemiological Role of Cattle in the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Questionnaires used to collect data from chronic coughersin North Wollo Zone.

1. Area: Region___ Zone District Kebele
Got Edone
2. Socio-demographic Data: Name (head) Sex Male 1—Female 2
Age Religion Filed IDNo AHRIIDNo__
Family size:_ Male Female
Age: Under 5 (1) >5-15 (2) >15-25 (3) >25-35(4)
>35-45(5) >45-55 (6) >55 (7)

Education llliterate (0) Primary education (1) Secondary education (2)
University (3) Informal (4)
. Was there a history of tuberculosis in the household? No (0) Yes (1)

. If yes, did the patient get appropriate treatment? No (0) Yes (1)

. Number of individuals having cough in the household

. Duration of cough (More than 2wks):

3
4
5. Did the patient complete his course of treatment? No (0) Yes (1)
6
7
8

. Action taken to combat the cough No action taken (0) Local/traditional treatment (1) Modern
)
9. If action was taken, Conditions after taking the treatment: No change (0) Improved (1)
Aggravated (2)
10. Habit of drinking unboiled milk: No (0) Yes (1)
11. Habit of eating uncooked meat: No (0) Yes (1)
12. History of contact with tuberculosis patient: No (0) Yes (1)

128



NA%7¢ NLEP AAAP o320 (027 oA B AG@- 0. N3 2202 hFT
P984 T@7 715 A1od NEN NN Atmémé APTF PPN aomPd

1. AhA: had 7y L5 P00 1T PAPC LT
2. hMmPAL avlB: Qg° s @3 (1) 0 (2) 0fo%

4 LoI5 T

PO M T et

hagent oot 3 (1) >5 -15 ool (2) >15-25 (3) >25-35(4) >35-45(5)
>45-55 (6) >55 (7)
PIIPVCT U PATOIL (0) AIE L% (1) U-AE 248 (2) hets (3)
NG LAV (4)
3. 0 @-0F PR NTF INC? AAINLS® (0) AL (1)
DANL AP WPYE (RN 30190 AT VNgeS AT INC? AATT9R (0)
ATIEA (1)

P

5. hol.@ PURIPS THOF @LCAA? AAMLLNT® (0) MCAA (1)

6. MLT2 O-0T e8¢ AN LAVTD OHF ADTF hd- 2

7. Ad A9°F POA UL BLLA? (hu-ad A7 NAL)

8. AAA- 9°F ACIPE +ONL?  AMFONLI® (0) VAR VRS (1) HaoGeP (2)
9. AAA- ACoPE hONL: hVn™G LA PAA- U3 F AT PADY® (0) AD-T

ada- (1) A0NaA (2)
10. PATLA O PoomMVT AL AALT?  PATSS (0)  AAT (1)
11. eATPPA 0D oo AT AL hAPT? AT (0) A (1)
12. 0N b0 a@- IC 75T INEPT2? AAINGES® (0) 1T (1)

129



Format 3: Case Record Form-Sputum Sample

Name of the health institute:

Date

Centre Card No. Code No. AHRI No

1. Age

2.Sex: 1.|_| Male |_| 2.Female

3.Address: |_| 1.Urban / Rural Keb /PA House No
Got

4. Occupation: |_| 1. Merchant |_| 2. Student |_| 3. Housewife
|_| 4. Government employee |_| 5. Peasant
|_| 6.Abattoir worker |_| |_| 7. others specify
5. Educational Level:|_| 1.llliterate |_| 2. Primary School |_| 3. Secondary School
| | 4. Diploma |_| 5. Degree |_| 6. Others specify
6. Martial status: |_| 1. Single |_| 2. Married |_| 3. Divorced |_| 4. Widowed
|_| 5. Living with Partner

7. Family size (number of people living in one household):

8. Ethnic group: |_| 1. Amhara|_| 2. Oromo |_| 3. Tigre
|_| 4. Agew |_| 5. Guragie |_| 6. Others specify
9. Religion: |_| 1. Christian ( Orthodox, protestant, catholic) |_| 2. Muslim
|_| 3. others specify

10. History of contact with tuberculosis patients: |_| 1. Yes |_| 0. No

If yes, who was it? |_| 1. Family member |_| 2. Neighbours |_| 3. Friends

|_| 4. Others

11. History of BCG vaccination (for children): |_| 1. Yes |_| 0. No

12. How many cattle do you have?
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Addis Ababa University, School of Public health Armauer Hansen Research Institute

Annex 13. 3: Formats used for different pur poses

Study Title: The Epidemiological Role of Cattle in the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Form- I: Format used to record PPD skin test on cattle

Zone District Kebele Got
Date
Skin thicknessin mm
Cattle history Avian Bovine
Sno | Owner Owner | Breed | IDNo Sex | Age | Color/ | Source | B.C | PRT | PT | PRT | PT | DI | IN
name Id name F T
1
2
3
4
5
6
7
8
9
Source: Body Condition (B.C)
HB: Homebred L: Lean
P: Purchase M: Medium
G: Gift F: Fat
PRT: Pre-test PR: Posttest DIF: Measurement difference between Bovine and avian test

sites INT: Interpretation
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Addis Ababa University, School of Public health Armauer Hansen Research Institute

Study Title The Epidemiological Role of Cattlein the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Form-I1: Format used to collect tissue/milk samplesfrom cattle

Animal history
Da | Owner | Owner | Distri | Kebel | Breed | IDNo | Sex | Age | Color | Sourc | B. ST- | Lesio | Sample
te | Name | ID ct e Iname | e C M ntype | type
NB:

If the sample was tissue: specified as Lung, lymph node, Head lymph node, Liver, Intestine
Type of lesion: Characterize as Generalized, local, calcified

BC: Body Condition score

ST-M: Skin Test Measurement
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Addis Ababa University, School of Public health Armauer Hansen Resear ch I nstitute

Study Title:The Epidemiological Role of Cattlein the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Form I11._Contact Slip: For Sputum AFB Positive Individuals

1. Name of the health institute: Zone
District._
2. Date Centre Card No. Code No.
3. Name of the patient (head) Sex Male 1—Female 2
4. Specific area to contattebele Got/Village
Liyu Got Cell Phone

Estimated distance from the health institute (could be explained in Hours)

Road accessibility: Yes No

Name of th&ebeleLeader (any locally authorized person who will know the patient)
Phone Number

8. Preferred days to contact you and conduct SKIN test on your cattle
9. Could you arrange persons having cattle to carry out skin test on their cattle? Yes No__
Addis Ababa University, School of Public health Armauer Hansen Resear ch I nstitute

Study Title:The Epidemiological Role of Cattlein the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Form- 1V: Format used to collect sputum sample from Tuber culosis Patients (AFB positives)

Date Zone District Kebele Got
Patient Name Fome Hospital ID Possible contact person
Age Sex Sample code AHRI No Type of Tb (pulmonary)
Responsibility in the house | New case Relapse Suspicion of MDR (Yes/No)

If relapse treatment given | Sample collected by

Sample storage Name Sig Date |
Date transported to AHRI__ |  Received by Sig Storage site
Possible remarks:
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Addis Ababa University, School of Public health Armauer Hansen Resear ch I nstitute

Study Title:The Epidemiological Role of Cattlein the Occurrence of Human Pulmonary
Tuberculosisin the Rural Community of Northwest and Northeast Parts of Amhara
Region, Ethiopia

Form- V: Format used to record laboratory results

Date submitted to AHRI Zone District Kebele Got
Patient ID Sample type (Sputum) AHRI No

Sample code Date processed

Culture positivity AFB Stain

Glycerol Pyruvate  Both_ |

DNA amount Spoligotyping

Deletion typing_ Species

Species Further test

Possible remarks
Date submitted to AHRI Zone District Kebele Got
Owner Name Sample type ( Milk or tissue) AHRI No

Sample code Date processed
Cattle Name Culture positivity AFB Stain

Glycerol Pyruvate Both |

DNA amount Spoligotyping

Deletion typing Species

Species Further test
Possible Remarks
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Annex13. 4: Intrader mal Skin Test Procedure

Proper restraining
Il

Injection site preparation

PPDs charged

U
Pretest skin thickness measuren

Advice to the owner just to remind:

To come back after 72hrs post injection

Not to plow oxen till reading
!

Post injection skin thickness measurer

|
Calculating the difference between the

post and pretreatments
|}
Telling the result by keeping confidentiality

I
Giving Anthelminticgo all tested cattle

1

{1
Injection <\§
IL

v" Advice to all, particularly for test/BTB
positives and dubious ones
v Negotiation for price for positive oxen

Collection of:
-Milk samples or
-Lesions from Positive cattle
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Tuberculosis Infection in Cattle and Cattle Ownersin North Eastern parts of Ethiopia
Araya Mengistd”, Fikre Enquselassfe Fikrte Mulati¥, Elena Haild and Demissew Beyere

IFaculty of Veterinary Medicine, University of Gondar, Gondar, Ethiopia

2School of public health, College of health sciences, Addis Ababa University. Addis Ababa, Ethiopia

SArmauer Hansen Research Institute, Addis Ababa, Ethiopia

¥ Corresponding author: armen.kassa@gmail.com or kassaaraya@yahoo.com , Phone: +251-0911752959

Abstract

Introduction: Ethiopia is one of the highest TB burden countries in the world. Transmisdibntutferculosis
betweenhumans is well known, however, little is known about the transmissiavi. afiberculosis complex
species between human and animals, in particular cattle. The purpose of this study was, therefore, to investi
the status of bovine tuberculosis infection in cattle owned by tuberculosis suspected households aMl isolate
tuberculosis complex species from sputum of chronic coughers in NéfHo Zone of the Amhara National

Regional State, Ethiopia.

Method: A cross-sectional study was conducted in selebteobles of North Wollo Zone. An intradermal
tuberculin skin test was carried out on 381 cattle and sputum samples collected from 124 chronic coughe
Sputum samples were cultured and positive ones were identified by polymerase chain reaction using RD4
RD9 as a marker.

Result: Of the 124 sputum samples cultured, 4/ 124 (3.2%) were positive. Polymerase Chain Reaction using |
confirmed that 2/4 (50%) were found to Me tuberculosis while the rest was atypicMycobacterial species. Of

the 381 tested cattle 5/381 (1.31%) and 10/38 (2.63%) were found positive according to manufactur
recommendation (with a cutoff value > 4mms) and a cutoff value > 2mms, respectively. About 67% (6/9) of tt
individuals who owned positive cattle were having the habit of drinking raw milk. Among the ten positives, five
of them resided in lowlandplla) areas (1300-1500mabs). However, none of the owners of tuberculin positive
cattle were found to be TB positive.

Conclusion: This study has shown 3.2% of culture positivity and of these two were foundotbleerculosis.

The sputum sample culturing from suspected chronically coughing individuals would help detection of the T
causative agents. According to the current findings BTB is considerable in Ethiopia and cattle should be seen
potential source of zoonotic TB to humans.

K ey words. bovine/cattle, bovine tuberculosis, cough, North Wollo, skin test, tuberculosis.



Introduction

Human TB, caused bil. tuberculosis (M.tb), is among the oldest diseases in the world and is the

seventh leading cause of death worldwide [1]. WHO [2] reported that 98% of tuberculosis deatt
occurred in the developing world, affecting mostly young adults in their productive ages. Despite effor
made, globally or nationally to curb the effects of TB, different studies have shown that the trend
pulmonary TB remained as a health problem in the world [3-7]. In 2013, WHO [8] reported a decline i
the impact of tuberculosis by the year 2012.The challenge of TB is becoming complicated by tf
occurrence of HIV/AIDS, the emergence of multi-drug resistant TB and extremely multi-drug resistar
and to some extent with totally multidrug resistant strains reported in some parts of the globe [9]. TB
still killing nearly 5000 people every day and 1.8 million deaths in 2008 alone [10]. If TB is left
unchecked within 20 years, it will kill 35 million people [9].

Ethiopia ranks third in Africa, '8among the 22 highest TB burdened countries in the world and the
prevalence of all forms of TB is estimated at 261 per 100 000 population, leading to an annual mortal
rate of 64 per 100 000 population [11]. In 2008 the Amhara National Regional State Health Bure:
reported 1.6% and 3.5% TB case detection and TB death rates, respectively [12]. The sources
infection for M. tb are mainly those humans who are developing active TB [13]. Howelhéh has

been isolated from different animal species, including bovines/cattle, which should be seen as
challenge to further move in the prevention or controlling effort made to tackle the disease. In Ethiopi
little is known about the transmissionMf tb complex from cattle to humans. The purpose of this study
is therefore, to investigate/determine the prevalence of BTB and see the possible role of cattle in
epidemiology of human TB and isolatycobacterium tuberculosis complex (MTC) species in North

Wollo Zone, the Amhara National Regional State.

M ethodology
Sudy area

This study was conducted in Northollo Zone, Amhara National Regional State (ANRSYoredas
namely; Meket, Gidan, Gubalafto/Woldeya and RayaKobo, were included in the study. Thé&ebeles



comprised of lowland, mid-altitude and highlands. Poee has a total population of 1,500,303 and a
total of 355,974 households were counted and the cattle population was 836697 [14].

Sudy Design and study setting: The study was Cross sectional and community based, which was
conducted from December 5-24/2012.

Sudy population, sampling method and sample size

In this study, individuals suffering from chronic cough for a duration of two or more weeks were
suspected as tuberculosis cases [15, 16]. Sputum samples were collected from TB suspected individ
who own cattle and comparative cervical intradermal tuberculin test (CCITT) were conducted on the
cattle. Single population proportion sample size determination was used, with the assumptior
prevalence of 509%. tuberculosis and [17, 18] 5% precision and 95% confidence interval. Based on
this, 314 bovines were required to be testedlan, Gubalafto, Rayakobo and Meket Woredas were
selected purposefully and 314 cattle’s were distributed proportional to sample size t/ceeda
Based on these 39, 79, 79 and 117 cattle were planned to be t&SidahifEyela Kebele), Gubal afteo
(Woynye and Shilkay Kebeles), RayaKobo (Addis-alem and Robit areaKebeles) and Mekete (033 and
044 Kebeles) Woredas, respectively. Assuming an average of 3 cattle owned by a household in Amhar
region, approximately 105 households were required to participate in the study. ThEamleslisted
above (study sites), were selected based on the report having a high TB occurrence or being suspect

have TB by the local authorized personnel.
Intradermal Skin test on Cattle

Comparative cervical intradermal tuberculin test was conducted as manufacturer's recommendatsi
[19]. The operation was performed on either side of the animal middle neck region. Two circular are
of about 2.5cm diameter, about 12—-15 cm apart, on the cervical area of the skin, were shaved usir
scalpel blade. The initial skin thickness was measured with a digital calipeMg@jurements were

read to the nearest millimeter. Lelystad (Netherlands) products of 0.1 ml (20 000 IU/ml) of bovin
tuberculin PPD at one site and 0.1 ml (25 000 IU/ml) of avian tuberculin PPD at the other site we
injected into the dermis using BD1/2 tuberculin syringe [21]. Correct injection was confirmed by
palpating a small pea-like swelling at each site of injection. Skin thickness was measured again at b

injection sites after 72 hrs + 4hrs. The reaction at each site was derived by calculating the difference
3



the two tests. The results were interpreted according to the manufacturer recommendations [19] us
the cutoff point for positivity of the test, that is >4mms difference, calculated as the difference betwee
skin thicknesses of bovine tuberculin (B) and avian tuberculin (A) injection sites (B — A). But, &meni

al., (2008) [22] reported >2mm difference as positive in Ethiopia. Based on his report, the test w:

considered positive if the difference was greater than 2 mm.

Cattle body weight estimation

For the purpose of this study the method mentioned by Nicholson and Butterworth, (1986) [23] wit

modifications was used to determine the body condition of the zebu cattle.

Sputum Sampl e collection and processing

For M. tuberculosis isolation sputum samples were collected from individuals suffering from chronic
cough, according to Cheesbrough [24]. Suspected cases were asked to produce an “on spot” spL
specimen in a 20 ml screw plastic container under the supervision of a trained laboratory technician
the open air. Those cases who produced sputum were asked to give additional sputum samples or
second day and then on the spot. The sputum samples obtained from each patient was put in an ice
with ice packs (4°C), and immediately after collection, it was transferred to the hospital laboratory to t
stored at -2&. The samples collected from each site transported to Armauer Hansen Resear
Institute/AHRI TB laboratory to be processed.

Briefly, an equal amount of Phosphate-buffered saline solution was added to the sputum and tf
decontaminated, digested with equal volume of 4% sodium hydroxide for 15 minutes. Then vortexir
was done in a closed tube till the mixture becomes homogeneous. The homogenate was centrifuge
3000 RPM for 15 minutes. Neutralization done by using concentrated hydrochloric acid. In order 1
monitor neutralization 1 or 2 drops of phenol red was added. The supernatant was decanted and
sediment was inoculated onto Lowenstein-Jensen medium (tubes containing glycerol and sodit
pyruvate) using the drop method. The tubes were incubated at 37°C and examined for growth weekly
12 weeks [25, 26]. Cultures were considered negative if there was no mycobacteria growth aft
12weeks of incubation. Positive cultures were sub-cultured onto another set of media and incubated
another 3—4 weeks for further identification. Polymerase chain reaction using RD4 and RD9 as a mar|
was conducted. Armauer Hansen Research Institute (ANRIKuberculosis (H37Rv) andM. bovis

(AHRI N0.1632) isolates used as a positive control.
4



Data management, entry, analysis and data quality

Good data management practices such as study monitoring, timely data archiving and transferri
sorting and filing were done. The collected data were coded and entered into Epilnfo version 3.2.1 [2
Data cleaning and analysis were done by using SPSS software version 16.0 [28]. Descriptive statis
like frequency distributions, percentages, mean and standard deviations were used to describe
findings. Tables were used to present the results. The chi-square test was conducted to as
associations. All statistical tests were two-sided and significance was considered at a p-value <0.05.
data were collected in collaboration with experts and checked regularly while collecting the data by tl
principal investigator. All tuberculin tests were conducted by the same person and sputum samj

collections and culturing done by laboratory personnel.
Exclusion criteria

Individuals having unproductive cough, less than 2weeks duration of cough, those who have no cattle
well as under TB treatment and below 15 years were excluded. If sputum was not produced within
minutes he/she was exempted. Female cattle either recently delivered or at their last trimester, ne

added, and those less than 6 months of old as well as aggressive cattle were not included in the study

Ethical considerations

Ethical clearance was obtained from the college of health sciences, Addis Ababa University institutior
review board (IRB) and AHRI/ALERT (Armauer Hansen Research Institute) ethics committee
Permission was obtained from the Amhara Regional Health Bureau. The aim of the study was explair
to the patient who was complaining chronic cough with one or more additional clinical signs and his/h
willingness were asked to participate in the study. If he/she is willing to participate, consent were tak
and sputum samples were collected. Confidentialities were maintained and to maintain confidential
codes was used rather than participants' names. Based on the results individuals who own positive ¢
were advised and those individuals whose sputum samples were cultured positives communica

through health institutes to receive appropriate treatments and conduct family screening



Results

The study covereega (highland) 3 (42.9%)Woina Dega (midland) 3 (42.9%) anHolla (lowland) 1 (14.2%)

agroecologicakones. One hundred twenty four individuals (households) were reported to have a chronic coug

in four words. Of the study participants, 76% were malaisle 1.

Table-1: Characteristics of TB suspected cases in NéktHo Zone, Ethiopia, 2013.

Characteristics (n=124) No (%) Characteristics No (%)

Sex Male 91 (73.4)| Religion Orthodox 114 (91.9
Female 33 (26.6 Muslim 10 (8.1)
18-28 10 (8.1) lliterate 86 (69.4)
29-39 19 (15.3) Primary 30 (24.2

Age inyears | 40-50 37 (29.8)| Education Secondary 4 (3.2
51-61 27 (21.8) University 1(0.8)
>62 31 (25.0) Traditional 3(2.4)

The mean age of participants was 50 (+ 15) and nearly one third of them aged between 40-50 years.
majority (nearly 60%) of the individuals was having family size ranging from lyear-5years age. AboL
92% of the participants reported to be followers of Orthodox Christianity. Of the participants abot
69.4% were illiterateTable-1).



Table-2: Tuberculosis history, feeding habit and sputum culture result of TB suspected cases in Nor
Wollo Zone, Ethiopia, 2013.

Characteristics (n=124) No (%)
Household TB history No 102 (82.3)
Yes 22 (17.7)
Receiving Treatment No treatment 105 (84.7)
Treated 19 (15.3)
Completing anti-TB Rx course Incomplete 105 (84.7)
Completed 19 (15.3)
Cough duration > 2wks-1month 37 (29.8)
>1month-2 months 13 (10.5)
>2months 74 (59.7)
Action taken to combat cough No action 95 (76.6)
Modern 1(0.8)
Traditional 28 (22.6)
Household contact with TB patient | Yes 109 (88.0)
No 15 (12.0)
Feeding habit Drinking unboiled milk 91 (73.4
Drinking boiled milk 33(26.6
Eating raw meat 64 (51.6)
Eating cooked meat 60 (48.4)
Sputum cultureresult Negative 120 (96.8)
Positive 4(3.2)

As it is presented ifable-2, among the participants, 17.3% and 15.3% had a TB history in their household anc
the patients were received antituberculosis treatment, respectively. Among the treated ones, only 15..
completed a course of antituberculosis treatment. Chronic cough is not seen as a serious problem in the study
and hence nearly 77% of them were not taking any action and only 1% was seeking modern treatment for t
ailments. Nearly 60% of the participants were suffering from chronic cough for more than 2 months. Nearly thre
fourth (73.4%) and more than half (nearly 52%) of the participants had the habit of taking unboiled milk and ra
meat, respectively. Of the participants only 12% were having contact with TB diagnosed patients. Although the
is no association all culture positive individuals were having the habit of taking unboiled milk as well as ray
meat. From the collected 124 TB suspected sputum sampgsabacterial species, which accounted about
3.2%, were grown in LJ media. Polymerase chain reaction using deletion method revealed that 2/4 (50%) of
isolates wereM. tuberculosis. Distribution of sputum culture positive results with some predictors is presented in
Table-3.



Table-3: Distribution of sputum culture positive results with some predictors, 2013.

Sputum cultur e results(n=124)

Category Total | Positive (%) Negative (%)
Sex Male 93 4(3.2) 89(71.8)
Female 31 0(0) 31 (25.0)
EcoZone Highland 55 1(0.8) 54 (43.5
Midland 55 2(1.6) 53 (42.7
Lowland 14 1(0.8) 13 (10.5
Education: llliterate 86 2(1.6) 84 (67.8
Formal & informal education 38 2(1.6) 36 (29.0
Age (mean=50 + 15): Below the mean 68 1(0.8) 67 (54.1
Above the mean 58 3(2.4) 53 (42.7
Cough duration: >2wks-1month 37 1(0.8) 36 (29.0
>1month 87 3(3.2) 84 (67.8
TB history in the household: No 102 4 (3.2) 98 (79.0
Yes 22 0(0) 22 (17.8)
Taking appropriate treatment No 105 4(3.2) 101(81.5
Yes 19 0(0) 19 (15.3)
Completing treatment course No 105 4(3.2) 101 (81.5
Yes 19 0(0) 19 (15.3)
Habit of drinking raw milk : No 33 0(0) 33 (26.6
Yes 91 4(3.2) 87 (70.2
Habit of taking raw meat: No 60 0(0) 60 (48.4
Yes 64 4(3.2) 60 (48.4
Contact with TB patient: No 109 4(3.2) 105 (84.7
Yes 15 0(0) 15 (12.1)

As indicated inT able-3, all positive cultures (100%) were belonging to males and out of which 2 (50%)
of them lived in the mid-altitude. Equal positive cultures were recorded in those who were illiterate ar
attending formal and informal education. Using the mean score (50yrs as a mean), three fourth of
culture positives where aged beyond 50 years. Besides, three fourth of the culture positives had a co
duration of more than 1month and 75% of them took traditional treatments to curve cough situation. £
culture positive individuals were not having a TB history in their house and there was no contact histol
Polymerase Chain Reaction (PCR) using RD 9 as a marker indicated that 2 (50%) among 4 sput

culture positives werbl. tuberculosis while the rest were atypicMycobacterial species.

Of the total participants who allowed their cattle to be tested 73.4% and 51.6% of them consum
unboiled milk and uncooked meat, respectively. In the actual work 381 cattle owned by thes
households were tested intra-dermal by using APPD (Avian purified protein derivative) and BPPI
(Bovine purified protein derivative). Of the total cattle tested males contribute 192 (50.4%). The mee

age of cattle was 6.0341+ 3.5246 and the majority of cattle 63.5% (almost two-third) were havin



medium body condition. Almost 96% of the cattle tested were local zebu and 75% of them were homr
bred [T able-4).

Table4: Characteristics of tested cattle and skin test results in seléabelds of NorthWollo Zone, Ethiopia, 2013.

Skin test result (n=381)

Categories CattleNo (%) | Positive® No (%) Negative? No (%) | Inclusive® No (%)
Breed": Local 365 (95.8) 10 (2.6) 359 (94.3 12 (3.1)
Cross 16 (4.2) 0 (0) 0 (0) 0 (0)

Source” " Home-bred 286 (75.1) 10 (2.6) 359 (94.3 12 (3.1)
Purchase 95 (24.9) 0(0) 0(0) 0(0)

Sex : Male 192 (50.4) 5(1.3) 183 (48.0) 5 (1.3)
Female 189 (49(6) 5(1.3) 176 (46.2) 7 (1.8)

Body condition™ : Lean 65 (17.1 0 (0) 66 (18.4) 0 (0)
Medium 242 (63)5) 6 (60) 227 (63.2) 80 (66.7

Fat 74 (19.4) 4 (40) 66 (18.2) 4(33.3

EcaZone™ ™ Dega* 173 (45.4) 4(1.1) 166(43.6) 3(0.8)
WoinaDega® 151 (39.6) 1(0.3) 148 (38.9) 2 (0.6)

Kolla® 57 (15.0) 5(1.3) 45 (11.8) 7 (1.8)

*: refersto indigenous zebu cattle and crosses of Holstein-Frisian in the study area

**: refersto the origin of cattle to the owner,

***: indicates the nutritional status of cattle during the time of testing

**** indicates the three major agro-climatic Zonesin North Wollo Zone

L. differences in skin fold measurement greater than 2mms; 2 differences in skin fold measurement ranges between greater
1mms- <2mms; 3; differencesin skin fold measurement less than 1mms

4. Dega: equivalent to high land area; ®: WoinaDega: Equivalent to Mid altitude; &: Kolla: equivalent to low land

Based on manufacturer recommendation [19] 5 (1.31%) cattle were found positive. As it is shown
Table- 4, according to previous cut off proved by Anetril., 2008 [22] of the tested cattle 10 (10/381)
(2.63%) were positive for the test. Highest positivity (with a reading >4mms) was recorded in Ray:
Kobo Woreda, in Adis alem Kebele, where 5 (~8. 8%) cattle revealed BTB out of 57 tested cattle. The
total households in the Adisaledebele were 312, of which 14 households (4.5%) were reported as
having chronic cough and of these reactor cattle were recorded in four households, which is ab
28.8%. According to the manufacturer recommendation 12 (about 3.2%) inconclusive test results we

obtained. Of the positives females contribute 50% of skin test positivity. In general, according to Ame



et al., 2008 [22] report among the ten positive cattle, 4 (40%), 1 (10%) and 5 (50%) cattle were positi
for the test iDega, WoinaDega andKolla Woredas, respectively.

From the tested cattle nearly two-third (63.5%), and among the positive once 60% of them were havi
medium body condition. Lean cattle did not show positive reaction. The majority of cattle (359/381
which accounted about 94.2%, were negative for the test. Excluding inconclusive test result catt
Fisher's exact tesfT@ble-4) showed a significance difference (P<0.4%; 12.13 with 2 df) in skin test

reaction among different agro-clima#ones.

Bovinetuberculosis

According to the Purified Protein Derivative manufacturer's recommendation [19] from 381 tested catt
5 of them showed positive results, in particular in Rayakdlooeda, Addis-alemKebele, which is
characterized b¥olla (equivalent to low land) agroclimatifone and this, contributes about 1.31%.
Based on this, the prevalence of BTB in this study was 0.013 (95% CI, 1-03%). In another scena
when the cut of skin fold measurements is taken as >2mms, according to é&m@en{2008) [22] the
number of positive cattle recorded lifted to 10, which in turn raises the prevalence to 2.63%. Six (6/
nearly 67%) individuals among nine who owned positive cattle and reported having a chronic cout

were having the habit of drinking unboiled milk.
Discussion

Although the role oM. bovisin human TB in Africa is not well known, its global contribution has been
estimated about 3.1% of all human TB cases [29]. But the agent is isolated in some African countri
including Ethiopia from human sputum samples [30-43]. Reports made in countries like Egypt, Nigeri

Zaire and Tanzania confirmed bovine type human tuberculosis from their patients [44-47].

Of 124 sputum samples collected from chronic coughers 4 (3.2%) culture positives (2 of thevh were

tuberculosis based on PCR), were isolated. A tuberculosis survey conducted from October 2010-Jul
2011 in Ethiopia, indicated 0.2% (110/51667) culture positivity from pulmonary TB suspected case
[48]. A study conducted in the rural community of South-west Ethiopia revealed a culture positivity o
~4% (17/482) [49]. The current result lies within the limits of the two findings. The variability between
these results might arise from differences in the quality of sputum sample, time of sputum samy

collections, cold chain systems during collections and transportations as well as the time of process
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after collection. Fifty percent of the isolates confirmed as atypbalobacterial species. As it is
indicated in literature people could be infected with atypical Mycobacteria or Mycobacteria other tha
tuberculosis [MOTT] and some of them could lead to disease development in different parts of the bo

including the lungs [50].

Majorities suffered from a chronic cough for more than 2 months and more than three-fourth (77%) -
participants did not take any action to cure their cough as well as 75% of the culture positives had col
duration of more than 2 months. These factors will increase the chance of disease transmission; if
individual is infected with tuberculosis since smear negative-culture positive cases are responsible
20% of tuberculosis transmission [51, 52]. Three-fourth of the culture positive individuals were age
beyond 50 years old and this might be related to the decline in host immunity as age increases. Ct
and colleagues 1995 [53] reported that immunologic abnormalities in elders led to tuberculos

development.

Among the coughing individuals, 74 % (nearly three fourth) were having the habit of taking
raw/unboiled milk. Taking unboiled/raw milk could be a potential source of infection to humans a:
described above since infected cows excidtebovis via milk [54]. Polymerase chain reaction
conducted from Albanian milk samples in Tirana university revealed the presence of the MTC gene
36/50 (72%) of the tested samples would support the possibility of ingesting the disease causing ag
[55].

In the current study, 381 cattle owned by chronic coughers were tested and prevalence of 2.63 \
recorded. The prevalence of BTBMeskanmareko, Woldeya, Bakogazer Woredas andBale mountains

was 7.9%, 1.2%, 4.3% and 2.0%, respectively with an overall prevalence of 3.1% [56]. The prevalen
in small scale dairy production systems ranges from 3.586dlha to 14.2% inWolaita Sodo area [57,

58]. The prevalence in intensive dairy farms ranged from 4.5%- 73.@%sia area [59, 60], whereas

in the traditional management system, it ranged from 3.4% (Welgga) to 22% Kombolcha) [59,

61]. The present finding is a bit higher to the findings\ofdeya area, otherwise, it is in agreement
with the overall findings reported [yschoppet al. (2009) [56] and fall within the ranges of her findings.
The difference inNoldeya area might be attributed to the time difference in conducting intradermal skin

test, the area covered as well as the sampling techniques. The current finding difference from differ
11



management systems might be described to the differences in breed types/composition, the way
management of cattle, herd size, the environment and the body condition of the cattle during test

time, which is related to feed availability.

All cattle showed a positive result for the test was local zebu breed and 100% home-bred, having
longer contact period (with a mean age of 6.0341+ 3.5246) to the household. Longer contact per
might act as a source of infection to the family members as well as cattle including other animal spec
and at large to the community. As a result of longer duration of stay with the household, female
particularly lactating ones will serve as a permanent source of infection since it has been reported th:
single cow can excrete sufficient viable mycobacteria in milk to make even pooled milk infective [54
[64] and infection of the udder has been found in varying proportions of tuberculous animals as high
5.4% [54, 62].

The difference betweebega, WoinaDega andKolla areas in BTB was significant (P<0.G8= 12.13

with 2 df). Report in Ethiopia indicated that the prevalence is relatively high in the highlands, having &
altitude of >2000masl [63]. Indeed the presence of difference in skin test positivity in geographici
locations is described by another author [64]. However, this needs further study since altitude in hurr
TB showed a higher TB prevalence in low altitudes [65, 66]. Purposive sampling of the study areas, le
of a comparative study, focusing on chronic coughers as well as failure to resample negative chro

coughers could be seen as a limitation of this study.

Conclusion and recommendations

Despite the current finding in this study looked small and lacked representativeness, the work can tell
the advantage of culturing since all of the culture positive chronic coughers were smear negatives. Th
culture positive ones are active pulmonary TB cases and hence the spread of the agent to the famil
those who had/have contact with them is more likely. In this study four were found positive culture,
which half were atypical Mycobacteria. The finding of atypMstobacterial speciesin humans should

be seen as a problem in the study aréas.presence of skin test positive cattle in different herds owned by

different households should be seen as an indication as to the possible source of infection to humans, in partic
zoonotic TB. In this study, more than two-third of the individuals suffered from chronic cough and ownec
positive cattle practiced consuming raw milk, whereby infected cows excrete the bacilli via milk chance of takin

the BTB causative agent. A prevalence of 2.63% was recorded and those positive cattle might remain as a so
12



of infection for the family, to the neighbors and at large to the community as well as to other animal species. Ev
though bovine TB was not found from culture positive chronic coughers, the current approach to see the B’
situation on their cattle owned by them will serve as a springboard for future possible cross infection assessn

of Mycobacterial species to both populations.

Early detection of chronic coughers, identification of the causes of chronic cough, family membel
screening for TB, treatment for active pulmonary TB cases, repeated sputum sample collection &
processing for the chronic coughers as well agans of exclusion or culling of positive cattle to break the

possible cycles of BTB in the study area and continual community awareness with further research based
altitudes are recommended. Besides, to have a better picture as to the prevalence of the disease among indivi

who suffered from chronic cough case control study is suggested.
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Bovine Tuberculosisin rural Ethiopia: A comparative Cross-sectional Study on Cattle Owned by
Households with and without Tuberculosis

Abstract

Background: Bovine tuberculosis (TB) is endemic in Ethiopia. Intimacy of cattle and humans in rural
farming communities may transnhitycobacterium bovisto humans. However, there is little information

about the possible transmission of pulmonary tuberculosis between humans and cattle. The current study
aimed at investigating the likelihood of bovine TB among livestock in households with a confirmed

pulmonary TB cases.

Method: The households studied were those where TB had been diagnosed in any household membel
(35 pulmonary TB case households) in comparison to households without a person diagnosed with
pulmonary TB (105 comparison householdSattle owned by both households were tested with the
comparative intradermal skin test (CIDT) to collect primary data using forms. Logistic regression was

used to assess the factors associated with CIDT reactivity in both households.

Results: The study revealed 23.6% (n=140) of an overall household/herd and 8.7% (n= 481) an
individual cattle apparent prevalence. The odds of bovine TB among cattle owned by households with
pulmonary TB was about three times (2.90, 95% CI: 1.50-5.54) higher compared to those cattle owned
by households without pulmonary TB.

Conclusion: The study implicated possible transmission of TB between humans and cattle. It is

necessary to investigate whether the pathogen responditléuiser culosis or M. bovis.

Key words: bovine tuberculosis, cattle, household, tuberculosis.



Background

Tuberculosis (TB), one of the oldest and among the most devastating of human diseases, is a
bacterial infection mainly caused Wycobacterium tuberculosis (M.tb). In 2012, 8.6 million
people were infected and 1.3 million died from'TBine million people become ill with TB

each year and around 5000 people die in a singfe*day

Ethiopia ranks 3 in Africa and & amongst the 22 highest TB burden countries in the world.

The prevalence of all forms of TB is estimated at 224 per 100 000 population and an annual
mortality rate of 18 per 100 000 population. The incidence rate of all forms of TB is estimated at
247 per 100 000 population, while the smear positivity rate is about 32.0%. TB case detection

rate, the treatment success rate and TB cure rate are 64%, 90% and 89%, reSpectively

Although M. tuberculosis is the main cause of human pulmonary TB (PTB), the main causative
agent of bovine TBM. bovis, is well described to infect humans, primarily through close contact
with infected cattle or consumption of contaminated animal products such as unpasteurized milk.
Globally, most cases of zoonotic TB are causeibiovis, and cattle are the major souréés
Infection to humans can also occur through wound contamination during slaughtering or
inhalation of bacteria in the air exhaled by infected animals. Direct transmission from animals to
humans through the air is thought to be rare Nbubovis can be spread directly from person to
person when people with the disease cough or shdekzewise, transmission dflycobacterium

tuberculosis from human TB patients to cattle could also be possible

Bovine TB is endemic in Ethiopia with a prevalence of 10% to 4% In humansM. bovis

causes TB disease that can affect the lungs, lymph nodes, and other parts of‘thédveeler,

the relationship of human pulmonary tuberculosis mainly causédlybgbacterium tuberculosis

to cattle skin test positivity owned by households with pulmonary TB is not well understood.
Still pulmonary TB is a problem in the country. Sirdgcobacterium tuberculosis is isolated

from cattlé'; they may serve as a sourceMycobacterium tuberculosis infections to humans,
indicating the possibility of reverse zoonosis and therefore, this study was carried out to assess
prevalence of bovine TB status in cattle owned by individuals with confirmed human pulmonary



TB cases compared to those owned by pulmonary TB free households in the rural northwestern

and northeastern Ethiopia.

M ethodology

Study setting and design

This study used a comparative cross-sectional design and was conducted in North Gondar and
North Wollo zones of Amhara National Regional State, north western and north eastern Ethiopia,
where the livelihood is mainly mixed farming. Dembia, Chilga, Dabat, Debark, Adarkay and
Wegera from North Gondar zone and Meket, Gubalafto, Habru and Raya Kobo in North Wollo
zone were the study districts where those willing to conduct tuberculin skin test on their cattle
confirmed PTB human cases living. Based on the 2007 Ethiopian C¢&nthes study site
covered an estimated area of 58,117.13 square kilometers with a total pomdation of
4,429,931. Rural dwellers accounted for about 90% and 85% in North Wollo and North Gondar
zones, respectivel§s The data collection was carried out between September and November
2013. Health institutions of the two zones were used as a source to identify individuals diagnosed

with pulmonary TB.



A. North Gondar Zor

B. North Wollo Zon:

Fig 1: Map of the study sites



Study subjects/populations

TB patients who owned cattle were identified in their respective health institutes (purposefully
selected public health centers as well as hospitals) and traced back to their home guided by
health workers or veterinarians in the respective sites. A human TB case was defined as a smear
positive adult pulmonary TB patient (aged 18 and above years) diagnosed at the respective health
institutes in the study zones while pulmonary TB negatives were apparently healthy individuals
(aged 18 and above years, as a household dexdglid not have any clinical signs suggestive of
pulmonary TB or had no history of TB in the family in the past as well as no chronic cough,
which lasted for more than two weeks prior to data collection. All cattle older than six months of
age in herds owned by households with and without TB cases were tested using a comparative
cervical intradermal tuberculin test. Cattle included in the study were local zebu breeds and some
crosses kept under extensive management system. For each tested cattle, sex, breed, age, source
(homebred or purchased) and body condition score (BCS) were collected and recorded at the
time of the test. The body condition of each of the study cattle was scored using guidelines
established by Nicholson and Butterworth (1986Cattle which were under 6 months of age,

new additions to the herd (less than 6 months duration), pregnant cows near to term, sick cattle
during the time of the visit, cattle under treatment, highly aggressive cattle and oxen used for

plowing during the time of study days were excluded from tuberculin skin testing.

Sample size deter mination

The sample size was calculated taking into consideration a comparative cross-sectional design
with the assumption of 15% bovine TB among the non-pulmonary TB households and 41.38%
among the pulmonary TB households, confidence interval of 95% with a power of 80%, a ratio
of cases to comparison group of 1:3; (findings of 15M$6obacterium tuberculosis and 44.1%
Mycobacterium bovis from collected milk samples by Feteeteal., 1! were used to calculate the
sample size). Adding 10% non-response the required sample sizes were 35 households with
pulmonary TB and 105 households without pulmonary TB cases. The distribution of the samples
was based on the identified, confirmed pulmonary TB cases during the follow up periods in both

study zones. Those eligible cattle owned by both households were tested



Bovine TB diagnosis procedur e: Tuberculin intradermal skin test

Comparative cervical intradermal skin test was performed to know the status of bovine
tuberculosis in the study areas. For this test AVITUBAL-25000 IU/ml-inj. ads us.vet,
Mycobacterium avium (strain D4 ER, 25000IU/ml) and BOVITUBALMycobacterium bovis,

strain AN-5 25.000 IU/ml) PPD antigens were used at a dose rate of 0.1ml each intraéfermally
First the injection sites; for injection of avian tuberculin about 10 cm from the crest of the neck
and bovine tuberculin about 12.5cm lower on a line roughly parallel with the line of the shoulder
or on different sides of the neck in young cattle, if there is no room to separate the two, were
shaved and cleansed. Then a fold of skin within each clipped area taken between the forefinger
and the thumb was measured using digital caliper and the test antigen injected using a BD1/2
tuberculin syringe (graduated) based on manufacturer recommenéatighs correct
administration was confirmed by palpating a small pea-like swelling at each site of injection.
Evaluation of results was done 72 + 4hrs after injection. The result was considered as positive, if
the reaction number to bovine exceeds the reaction to avian tuberculin by more than 2mm and
4mm; or clinical symptoms such as diffuse or extensive edema, exudation, necrosis soreness or
inflammatory reaction of relevant lymphatic vessels or lymphatic nodes were discovered in the
application place of bovine tuberculin. Results considered inclisiife the reaction
measurement for bovine TB is from 1-2 mm and 1-4mm greater than the reaction to avian
tuberculin or no clinical symptoms were discovered. If the reaction number is the same or lower
than for avian tuberculin with no clinical symptoms were observed in either site; the result

considered as negative.

Ethical consider ations

Ethical clearance was obtained from the Institutional Review Board (IRB) of the College of
Health Science, Addis Ababa University and AHRI/ALERT (Armauer Hansen Research
Institute) ethics committee. Permission was obtained from the Amhara Regional Health Bureau
and from North Gondar and North Wollo Zones as well as respective health departments.
Permission was also obtained from Zonal department of agriculture and agricultural offices in
each zone. Written consent or assent was taken from each participant TB cases and comparative

groups. Confidentiality was maintained by using codes instead of participants’ names. During the



study period advice was given to those households identified as bovine TB positive or doubtful.
Individuals still had cough and other TB related signs after treatment were consulted to go to
health centers for possible checkups. All participants were given health education on safe food
practices. All tested cattle received antiparasitic drugs as per the recommended dosage. All
participants were enrolled only upon giving written consent, which was previously approved by

the ethics committee.

Data management and analysis

During the study period, good data management practices (including survey monitoring as well
as on site supervision, timely data archiving and transfer, sorting and filing) were implemented.
The collected data were coded and entered into Epilnfo versiort®3aRd exported to SPES

for analysis. The manufactutér>4mms and Amenit al.,'®>2mms cut-off values of the skin

test measurements were used to determine the skin test result. Descriptive statistics was done
using frequency distributions, percentages, mean and standard deviations. Multiple logistic
regression was used to assess factors associated with positive bovine tuberculosis. During the
analysis a household/herd was considered positive if one head of cattle among others was

positive for the skin test.
Results

Of the total 481 cattle tested for bovine TB, 76% and 1:1.2 were from North Gondar zone and
with male to female ratio, respectively. The mean age of cattle was 5.6 + 3.0 and 5.2 + 3.7 years
for those cattle owned by households with pulmonary TB and without pulmonary TB,
respectively. Among them, 76% (n=481) cattle were homebred (reared at home) and 87.1% were
local; 61.3% had medium size, 24.1% were lean and 14.6%dhatef1).

Using >2mms as a cut-off value, 4.6% (22/481) and 4.2% (20/481) had skin test positive cattle in
households with PTB and without PTB, respectively. With the same cut-off value, the individual
cattle prevalence of bovine TB was 15.3% (95% CI: 9.4 -21.2) and 5.9% (95% CI: 3.4-8.5)
among PTB and non-PTB households, respectively. In this study an overall individual apparent
prevalence of 8.7% (95% CI: 6.2-11.3) was recorded.

On the other hand, using >4mms cut-off value, the individual cattle prevalence of bovine TB was
5.6% (95% CI: 1.8-9.3) and 0.6 % (95% CI: 0.2-1.4) among PTB and non-PTB households,



respectively, making the overall individual cattle prevalence of 2.1%, 95% CI: 0.8-3.4). About
30% (42/140) of the households/herds and 13.5% (65/481) of the individual cattle had inclusive
bovine TB results based on >4mms cut-off value, of which 31.4% (11/35) were from PTB
households and 29.5% (31/105) without PTB households.

Table-1: Characteristics of tested cattle in North Gondar and North Wollo Zones, Ethiopia, 2014.

Households (n=481)

With PTB Without PTB  Total
Category No % No % No %
Study Area
North Gondar 117 81.2 247 733 364 75.7
North Wollo 27 18.8 90 26.7 117 24.3
Sex
Male 75 521 145 43.0 220 457
Female 69 479 192 57.0 261 54.3
Cattleage (Mean) in years 56 + 3.0 52 + 3.0
Breed
Local 126 87.5 293 87.0 419 87.1
Cross 18 125 44 13.0 62 12.9
Source
Homebred 103 715 262 77.7 365 75.9
Purchase 41 285 75 223 116 24.1
Body condition
Lean 28 195 88 26.1 116 241
Medium 85 59.0 210 623 295 61.3
Fat 31 215 39 11.6 70 14.6
Bovinetuberculosis
>4mm
Inclusive 20 13.9 45 134 65 13.5
Negative 116 80.5 290 86.0 406 84.4
Positive 8 56 2 0.6 10 2.1
>2mm
Inclusive 6 4.2 27 8.0 33 6.9
Negative 116 80.6 290 86.0 406 844
Positive 22 15.2 20 6.0 42 8.7

As it is shown inTable- 2, households with PTB showed 20% (7/35) (95% CI: 6.7-33.7) and
48.6% (17/35) (95% CI: 32.0-65.1) while those without PTB revealed 2% (2/105) (95% CI: 0.7-
4.5) and 15.2 (16/105) (95% CI: 8.4-22.1) bovine tuberculosis using >4mms and >2mms cut-off
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values, respectively. An overall household/herd apparent prevalence of 6.4% (9/140) (95% CI:
2.4-10.5) and 23.6% (33/140) (95% CI: 16.5-30.6) were registered using >4mms and >2mms
cut-off values, respectively.

Table -2: Skin test result at household/herd level in North Gondar and North Wollo Zones, Ethiopia,
2014.

Household with TB Household without TB

Measurements  Test (n=35) (n=105)

Result

No % No %

BTB >4mms Negative 28 80 103 98.1

Positive 7 20 2 1.9
BTB >2mms Negative 18 51.4 89 84.8

Positive 17 48.6 16 15.2

As presented ifTable- 3, based on >2mms as a cut-off value adjusted for age, body condition,
source, sex and breed of the individual animal the odds of bovine TB that cattle owned by PTB
cases was about 3 times (2.90, 95% CI: 1.50-5.54) higher compared to those cattle owned by
without PTB households and the difference was highly significant (p<0.05). In this study, sex,

age, breed, body condition and source of the cattle were not associated with the occurrence of
bovine TB.
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Table-3: Bovine Tuberculosis in North Gondar and Wollo Zones based on >2mms as a cut-off value, Ethiopia,
2014.

BTB (n=481) 95% ClI
Category Positive  Negative  Tot. P-value AOR Lower  Upper
Sex
Male 18 202 220 1
Female 24 237 261 0.399 1.346 0.674 2.690
M ean cattle Age® 56 + 3.0 52 + 3.0 0.813 0.987 0.888 1.098
Breed
Local 34 385 419 1
Cross 8 54 62 0.431 1.421 0.592 3.411
Source
Homebred 28 337 365 1
Purchase 14 102 116 0.214 1.603 0.761 3.377
Body condition
Lean 6 110 116 1
Medium 29 266 295 0.174 1.895 0.753 4.765
Fat 7 63 70 0.446 1.575 0.489 5.078
Household TB status
Negative 20 317 337 1
Positive 22 122 144 0.002 2.876 1.493 5.543

§: age was not categorized

Discussion

The current study, which mainly conducted on local zebu cattle and some cross breeds, indicated
the importance of bovine tuberculosis (BTB), particularly in cattle owned by human PTB
diagnosed households in the study areas. Based on >4mm measurement difference 6.4% an
overall household/herd and 2.1% of an individual cattle apparent prevalence of BTB was
documented. Herd (household) and individual cattle apparent prevalence of 20% and 5.6%
registered, respectively in PTB households (cases). In the comparative groups 2% and 0.6% of
herd and individual cattle apparent prevalence, respectively were recorded. Using >2mms as a
cut-off value 23.6% and 8.7% of an overall household/herd and individual cattle apparent

11



prevalence of bovine TB was observed. Using the same cut-off value 48.6% in households with
PTB and 15.2% in households without PTB apparent prevalence of bovine tuberculosis were

documented.

Bovine TB is recorded in different animal species in Ethiopia. In Afar area (Ethiopia) an
individual animal BTB prevalence of 0.4% and 0.2% were recorded in Camels and Goats,
respectively®. Sera of wild-lives tested with rapid test in five regions of Ethiopia revealed 23%
(20/87) of BTBC. A herd prevalence of 19% 44%22 and 51.4% of BTB were reported in

Boji district, Afar and Jima dairy herd, respectively, and the difference might be attributed to the
epidemiological factors that favor the transmission of BTB, which include herd sizes, communal
grazing and watering of diverse species of anifials study conducted in and around Mekelle

area, Tigray regional state, Ethiopia, revealed 54% of herd@&®&lencé.

Similarly a cross sectional study of BTB conducted in Ambo and Toko Kutaye districts,
Ethiopia, showed an overall individual and herd prevalence of 1% and 7.02%, respéctinely

this is more or less agrees with the current finding. The authors also showed that BTB was more
prevalent in cattle owned by tuberculosis households (1.36% at an individual and 12% at herd
levels) compared to non-tuberculosis households (nearly 0.6% and 3.13% at individual and herd
levels), respectively, which in general supports the current finding. However, contrary to the
above mentioned study from cattle owned by the TB patient’s higher prevalence of BTB at herd

level was registered in this comparative cross-sectional study.

Adjusted for age, sex, body condition, breed and source, at an individual cattle level the risk of a
cattle to be positive for bovine TB, when owned by PTB affected individuals were about three
times (2.9) using >2mms as cut-off, higher compared with those cattle owned by non-PTB
households. Studies done in different parts of Ethiopia indicated the presence of high prevalence
of BTB in cattle owned by PTB diagnosed cattle owners than PTB negative ones at herd and
individual cattle levels. For instance, of 11 TB households, 4 (4/11, 3824 5 (5/8, 62.5%)

23 in northwest Ethiopia and Jimma dairy herd, respectively, had BTB reactor herds. €etene
al., ' reported a significantly higher prevalence of BTB in cattle owned by TB patients than in

cattle owned by non-TB owners and at the same time ascertained by isblatitgerculosis
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(M.tb) andM. bovisfrom sputum and fine needle aspiration specimens of TB patient cattle
owners. Besided\l. tb was isolated in grazing cattle in Central Ethiopia. In Nigeria 11.8%
prevalence was reported in cattle owned by TB positive o#fnamsl Aishaté’ denoted that the

high TB prevalence trend among human patients in Nigeria has similar trend among cattle
populations.

The presence of higher BTB reactor cattle in cattle owned by PTB positive households than PTB
negative ones could suggest that either of them could be a source of infection for the other
creating a sort of vicious cyéleFrom the current study and other literatures human TB may be
transmitted to cattle or that cattle TB may be acquired from hufitdi8and, thereforeM. tb

might bea possible cause of the skin test positivity in ca#lstudy carried out, in and around
Mekele reported that those who owned cattle had 5% TB patients in their house compared to 3%
TB patients in the house for those who did not own éattdereport in Spain indicatetl.tb
infection of cattle and the source of infection was human TB p#tiépgart from the possible
contribution ofM.tb for skin test positivity, the difference in skin test result might be related to
the differences in the cattle husbandry system, nutritional status of the animal, breed differences
number of PTB case households, number of cattle (herd®8iaened by the PTB cases, extent

of study area coverage as well as cattle duration of cattle stay in the households, the use of
proper cold chain systems and technical disparity as well as cattle immunity/circulating
antibodieg.

Based on the current comparative intradermal skin test referring to >4mms 30% (42/140) of the
herds as well as 13.5% (65/481) of individual cattle seems important because of the fact that
such cattle could serve as a source of infection to other cattle or humans, as this was evidenced
by culturing of Mycobacterium species from suspected BTB lesiotfsand milk samples.

Besides, a study conducted in India showed 26.7% doubtful/inclusive skin test result, and among
the inclusive cattle 66.7% revealed positive results with interferon3sBayposive selection of

the study sites, smaller tuberculosis cases, inability to recheck inclusive cattle as well as a lack of
determination/identification of the causal agent to establish possible cross infections were some
of the limitations of the this study.
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Conclusion and Recommendations

The current study indicates the presence and importance of BTB in North Gondar and Wollo
zones of Amhara National Regional State and denotes the possible transmission of the disease in
the studied rural areas. Existing cattle management practices, the free and mixed grazing as well
as using common water sources and free livestock movement in the study area is likely to
facilitate the expansion of the disease in the areas. BTB eradication from livestock is expensive,
but it is possible to minimize the possible spread of the disease by regular testing/surveillance,
segregation and creation of awareness among livestock owners. In addition the investigation of
the BTB situation in humans in the study areas should be given emphasis to see the possible
cross infections or reverse zoonoses verification. The possible contributibrtudderculosis to

cattle skin test positivity in those cattle owned by households with a TB case needs to be verified
by tubercle lesion or milk sample collection and culturing with subsequent molecular typing.
BTB finding in Deberak (where Ras Dashen Mountain harboring endemic wild lives is located)
adjacent Kebeles could be seen as a risk to wildlife, thereby hampering the tourism industry and
this might require additional studies to highlight the possible spread of BTB at the wildlife-
domestic animal interface. The current finding obtained by comparing one case with three
comparative groups is strong and this will help in developing policies related to animal
husbandry systems in the country. At this moment test and slaughtering strategy might be
difficult for Ethiopia and therefore, frequent education and creation of awareness among the
farming communities should be strengthened to prevent the public from possible BTB infections.
The contribution of BTB inclusive cattle was high and this should be given attention in future

studies.
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BOVINE TUBERCULOSIS(BTB) ASA RISK FACTOR FOR DEVELOPING TUBERCU-
LOSISINHUMANSIN THE RURAL COMMUNITY OF ETHIOPIA:
A CASE-CONTROL STUDY.

Araya Mengistu,' Fikre Enquselassi,” Abraham Aseffa’, Demissew Beyen®

ABSTRACT

Aim: The current study aimed at assessing BTB as a possible risk factor for human TB in the rural community of
North Eastern and Western parts of Ethiopia.

Method: A case-control design was conducted among cattle owning households with TB and without TB. Comparative
cervical intradermal test using purified protein derivatives were used to test cattle. Reading of the reaction was done
72 + 4hrs after antigen injection. Based on the skin test reaction measurement, cattle categorized as negative, doubt-
ful and positive. Questionnaires were used to collect the required factors.

Results: Thirty-five with TB and 105 households without TB participated in this study of which 49.3% and 61.4% had
the habit of drinking raw milk and eating uncooked meat, respectively. About 70.7% knew about the chance of disease
transmission from animals to humans. Among the TB households 31.43% shared their house with their cattle. Of the
attendants, approximately 38% shared utensil. Based on >2mms as a cutoff value 23.6% an overall apparent bovine
tuberculosis (BTB) and 48.6% apparent BTB in households with TB were recorded. The odds for households having
bovine TB in their cattle to get tuberculosis was more than 8 times (95% Cl; 2.82-24.60) higher than those owned by
households without TB.

Conclusion: Bovine TB has been seen as an exposure to human pulmonary TB occurrence. A separate house for cattle
should be constructed to minimize the fear of cross infections and further study regarding the possible infection of
cattle with M. tuberculosis is suggested.

Key words: bovine tuberculosis, households, human TB, M. tuberculosis, risk.

INTRODUCTION

strain AN-5 [14]. Cattle could get the M. tb infections
when there is close contact with TB patients and have
an access to their discharges containing the infective
bacilli. Cattle may get the agent directly from feed
materials contaminated with the agent as well as with
aerosols [15, 16] when the patient sneezes or coughs.
Drinking and feed materials could be contaminated by
the disease causative agent if an infected person spits
his sputum, which contains infective bacilli, particu-
larly before treatment commences. Besides the main
route of aerosol transmission, ingestion of contami-
nated water, feed as well as fomites have been recog-
nized [17,18]. To look for possible risk factors that
contribute to the development of human TB in house-
holds with bovine tuberculosis, the status of bovine
tuberculosis was assessed in the rural community of
North Eastern and Western parts of Ethiopia. For this
purpose cattle owned by confirmed TB cases were
compared to those cattle owned by individuals without
TB.

Bovine tuberculosis is a debilitating disease mainly
affecting cattle. The disease causing agent, Mycobacte-
rium bovis (M. bovis) could infect a wide range of
hosts including humans [1-3]. Humans could be in-
fected by mainly taking raw milk and to some extent
aerosol or droplet nuclei inhalation in situations of
close contact [4,5]. Humans infected with M.bovis
revealed extrapulmonary and to some extent pulmo-
nary TB [1]. Research works revealed that cattle
owned by TB households showed higher bovine tuber-
culosis skin test results [6-8]. This might be due to the
possible chance of harboring Mycobacterium tubercu-
losis (M. tb). Mycobacterium tb is isolated from cattle
lesions as well as milk samples in different parts of the
world, including Ethiopia [6,9]. Mycobacterium tb and
M. bovis are very similar genetically [10-12] and puri-
fied protein derivatives (PPD) antigens shared by
members of Mycobacterium species [13] cattle harbor-
ing M. tb could react positively to skin tests. In this
case cattle could be considered as false positives, since
the antigen (purified protein derivative, PPD) for cattle
skin test purpose prepared from Mycobacterium bovis,
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3 Armauer Hansen Research Institute/ AHRI/ALERT, Addis Ababa, Ethiopia.



MATERIALSAND METHODS

Study area and design: This study used a case-control
design in North Gondar and Wollo zones of Amhara
regional state, North Western and Eastern Ethiopia,
where the livelihood mainly is mixed farming. Dem-
bia, Chilga, Dabat, Debark, Adarkay and Wegera from
North Gondar zone and Meket, Gubalafto, Habru and
Raya Kobo Districts from North Wollo zone were in-
cluded in the study. Based on 2007 Census [19], the
study place covered an estimated area of 58,117.13
square kilometers with a total population of 4,429,931.
Of whom majorities are rural dwellers accounted about
90% and 85% in North Wollo and North Gondar
zones, respectively [19]. The data collection was car-
ried out between September and November 2013.

Study Population: Households owning cattle with at
least one family member of TB case were considered
as cases while those without TB were used as controls.
For each case three control households owning cattle
were selected. In the study populations houses could
be shared and for this purpose a house share is defined
as a house shared by cattle/animals and human/s or
families to live together in the same house or separate
house having the same main door for entrance.

Sample size determination: The sample size was cal-
culated taking into consideration case-control with the
assumption of 15%, where a study done in three dis-
tricts of west Gojjam zone reported detection of 14.9%
of Mycobacterium bovis from cattle owners [6] bovine
TB among the control households and 41.38% among
the cases, confidence interval of 95% with a power of
80%, a ratio of cases to control group of 1:3. Adding
10% non-response the required sample sizes were 35
households with TB and 105 households without TB.

Comparative cervical intradermal skin test: Compara-
tive cervical intradermal skin test was performed to
know the status of bovine tuberculosis (which is de-
fined as a disease of bovine caused by Mycobacterium
bovis and tested positive for intradermal tuberculin
skin tests) in the study area. For this test AVITUBAL-
25000inj. ads us.vet, Mycobacterii avium (strain D4
ER, 25000TU/ml) and BOVITUBAL (Mycobacterium
bovis, strain AN-5 25.000 IU/ml) PPD antigens were
used at a dose rate of 0.1ml each intradermally [14].
First the injection sites for the antigens were shaved
and cleansed.
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Then a fold of skin within each clipped area taken be-
tween the forefinger and the thumb was measured us-
ing digital caliper and the test antigen injected using a
BD1/2 tuberculin syringe (graduated) [20] based on
manufacturer recommendation [14]. A correct admini-
stration was confirmed by palpating a small pea-like
swelling at each site of injection. Evaluation of results
was done 72 + 4hrs after injection. The result was con-
sidered as positive, if the reaction number to bovine
exceeds the reaction to avian tuberculin by >2mms and
if the reaction number is the same or lower than for
avian tuberculin the result considered as negative.

Questionnaire: Questionnaires were used to collect the
relevant information to identify the possible factors
that could be associated with the occurrence of higher
BTB reaction in TB households. Most of the question-
naire was closed and organized to collect data concern-
ing Scio-demographic, livestock related, human
knowledge of zoonoses diseases as well as tuberculo-
sis, consumption habits and human-livestock interface.
The questionnaires were pretested before the actual
study.

Data analysis: The data entered into access using dou-
ble data entry method and transported to SPSS version
20 [21] for edition, recoding and analysis. Multivari-
able logistic regression was applied and a P<0.05 was
considered as significant.

RESULTS

Socio-demographic issues: On average the age of par-
ticipants was 42.13 +13.70, ranging from 15-82 years
old, male contributes about 88% (120/140) and among
the case groups more than half were females 51.4%
(18/35). Eighty point seven percent (113/140), nearly
58% (81/140), 95% (133/140) and 97.1% (136/140)
were married, illiterate and orthodox Christianity fol-
lowers, respectively. Roughly a quarter, 23.6%
(33/140) of herds were positive for bovine tuberculosis
(Table-1).



Table-1: Socio-demographic characteristics of participants in two zones of Amhara region, Ethiopia
N= 140 households

Households

Category With tuber culosis (N=35) Without tuber culosis (N=105) Total

No % No % No %
Socio-demographic
Sex
Male 17 48.6 103 98.1 120  85.7
Female 18 514 2 1.9 20 14.3
Age (Mean) 42.13 +13.70
Marital status
Married 15 42.9 98 933 113  80.7
Single 16 45.7 6 57 22 157
Divorced 0 0 1 1.0 1 0.7
Widowed 4 114 0 0 4 2.9
Educational status
Illiterate 16 45.7 65 619 81 579
Primary 13 37.2 24 229 37 264
High school 4 11.4 6 5.7 10 7.1
College 2 5.7 2 1.9 4 2.9
Informal 0 0 8 7.6 8 5.7
Religion
Orthodox 34 97.1 99 943 133 95.0
Others 1 8.9 6 57 7 5.0
Household (HH) BTB®
HH with BTB 17 48.6 16 152 33 636
HH without BTB 18 51.4 89 84.8 107 764

“BTB: bovine tuberculosis

Purpose of cattle keeping, food consumption habit
and disease knowledge: All farmers were keeping
cattle for the purpose of draught and milk use. Nearly
half, 49.3% (69/140) and 61.4% (86/140) were having
the habit of drinking raw milk and consumption of
uncooked meat, respectively. More than three fourth,
67.1% (94/140) of the participants did not know the
benefit of drinking boiled milk. Among the individu-
als, 70.7% (99/140) and 85.7% (120/140) knew the
possible transmission of disease from animals/cattle to
human and human tuberculosis, respectively (Table-
2).

Cattle related data: Individuals practiced mixed type
of agriculture like other communities in the area.
Twenty nine point three percent, (41/140) and 21.4%
(30/140) of cattle owners responded that there was the
presence of cattle having cough and showing wasting
conditions, respectively. Of the participants, 78.6 %
( 110/140) did not isolate their cattle when they get
sick and 87.1% (122/140) keep sick cattle with them
(Table-2).



Table-2: Purpose of cattle keeping, feeding habit and disease knowledge in two zones of Amhara region, Ethiopia.

Category

Purpose of cattle keeping
Draught

Milk

Consumption of raw milk/meat
Raw Milk

No

Yes

Raw meat

No

Yes

K nowledge assessment
Consumption of boiled milk bene-
fit

No

Yes

K nowing zoonoses diseases
No

Yes

Knowing Tuberculosis
No

Yes

Cattlerelated

Cattle that cough

No

Yes

Cattle with wasting

No

Yes

Sick cattleisolation

No

Yes

Keeping sick cattle

No

Yes

N=140
Households
Total
With tuberculosis Without tuberculosis
(N=35) (N=105)

No % No % No %
35 100 105 100 140 100
35 100 105 100 140 100
10 28.6 61 58.1 71 50.7
25 71.4 44 41.9 69 49.3
23 65.7 31 29.5 54 38.6
12 34.3 74 70.5 86 614
22 62.9 72 68.6 94 67.1
13 37.1 33 31.4 46 32.9
17 48.6 24 22.9 41 29.3
18 514 81 77.1 99 70.7

7 20.0 13 124 20 14.3
28 80.0 92 87.6 120 85.7
22 62.9 77 73.3 99 70.7
13 37.1 28 26.7 41 29.3
21 60.0 92 87.6 113 80.7
14 40.0 13 12.4 27 19.3
28 80.0 82 78.1 110 78.6

7 20.0 23 21.9 30 214

4 114 14 13.3 18 12.9
31 88.6 91 86.7 122 87.1




Possible risk factors: Among the participants, 22.1%
(31/140) shared a house with their cattle/animals. Of
individuals with tuberculosis 31.43% (11/35) used
house sharing. Assessing some possible risk factors,
nearly 18% (25/140) were using common water
source, ~38% (53/140) sharing utensil, 30.0% (42/140)
were giving their urine to cattle or cattle licked their
urine, 7.1% (10/140) individuals had the habit of uri-
nating on cattle feed/hay, 25.7% (36/140) answered
cattle lick their hands, 32.9% (46/140) were spit spu-
tum in the house and 44.3% (62/140) of the houses
were having ventilations (window or holes) (Table-3).
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As it is presented in Table- 3 adjusted for taking un-
boild milk, sharing house, cattle licking human urine,
man urinating on cattle feed, human spitting sputum in
the house, house ventilation, using the same water
source and knowing zoonoses diseases, the odds of
households with positive bovine tuberculosis to acquire
tuberculosis was more than 8 (AOR=8.32, 95% CI,
2.82-24.60) times higher compared to bovine TB nega-
tive households. Raw milk taking (OR=8. 80, 95%CI;
2.60-29.81), human urinating on cattle’s feed (OR=12.
10, 95% CI; 1.80-81.20) and house ventilation (OR=
5.50, 95%CI; 1.60-18.9) were also the contributing
factors for the possible circulation of Mycobacterium

tuberculosis complex in the households.

Table-3: Risk factors associated with the occurrence of Bovine tuberculosis in two zones of Amhara region,
Ethiopia using Ameni et al., 2010, as cut off value.

Households Human TB 95% ClI
Category Controls(105) Cases(35)  Total Sig AOR Lowe Upper
r
Bovine TB
Negative 89 (84.8) 18 (51.4) 107 (76.4) 1.0
Positive 16 (15.2) 17 (48.6) 33 (23.6) 0.0001 8.32 2.82 24.60
House sharing
Yes 2009 HGL4Y) 31 201 0.05 031 001 099
Urinating on hay/feed
No 100 (95.2) 30 (85.7) 130 (92.9) 1.0
Yes > (4.8) U437 0.01 12.10 18 8122
Urinelicking
No 76(724.4) 22(62.9) 98 (70.0) 1.0
Yes 29 (21.6) 13G7.D 42 30.0) 090 110 032  3.60
Cattlelicking hand
No 78 (74.3) 26 (74.3) 104 (74.3) 1.0
Sharing utensils
No 67 (63.8) 20 (57.1) 87 (62.1) 1.0
Yes 38 (36.2) 15 (42.9) 53 (37.9) 0.22 1.97 0.70 5.90
Spitting sputum in the
house
No 75 (71.4) 19 (54.3) 94 (67.1) 10
House ventilation
No 61 (58.1) 17 (48.6)  78(55.7) 10
Yes 44 (41.9) 18 (51.4) 62 (44.3) 0.007 550 1.60 18.9
Using same water source
No 89 (84.8) 26 (74.3) 115(82.1) 1.0
Yes 16 (15.2) 9(25.7) 25(17.9) 040 180 051 6.11
Habit of taking unboiled
milk
No 61 (58.1) 10 (28.6) 71 (50.7) 1.0
Yes 44 (41.9) 25(71.4) 69 (49.3) 0.0001 8.80 26 2981

Number in brackets represents percentages.



DISCUSSION

As bovine tuberculosis (BTB) is endemic to Ethiopia,
reaching to herd prevalence of 62.5% (7), in this case
control study, nearly a quarter (23.6%) of households
showed BTB. Looking BTB as a risk factor to human
pulmonary tuberculosis, the adjusted odds ratio showed
that households with BTB to get tuberculosis was more
than 8 (AOR= 8.32, 95% CI; 2.82-24.60) times higher
compared to households without BTB. As close contact
is a predisposing factor for TB transmission between
humans (22, 23), prolonged close contact (24-28) be-
tween the cattle with TB and human could result in
longer duration of exposure that would probably lead to
higher risk for the disease transmission between the two
populations. Most of the houses in the study areas were
not having adequate ventilation or completely closed.
Having house ventilation was found as a contributing
factor in the occurrence of human TB in households
with bovine BTB. The odds of house ventilation for the
occurrence of human TB in households with bovine TB
was 5.50 (95% CI: 1.60-18.90) times to households
without BTB. It is known that inadequate ventilation
could result in insufficient dilution or removal of infec-
tious droplet nuclei which enhance the transmission of
M. tuberculosis complex (22,23). However, in this study
the definition used for ventilation and the perception of
ventilation by respondents might cause a bias and hence
presence of ventilation seen as contributing factor for
the occurrence of human TB.

Awareness about the disease transmission between cat-
tle and humans could play a great role in the occurrence
of diseases like TB. The more peoples' awareness about
the diseases the better chance of reducing disease trans-
mission. Based on this case control study, among the
participants, 70.7% knew disease transmission from
cattle to humans and mentioned some of the diseases,
particularly anthrax and rabies, while their knowledge
regarding BTB was limited to literates (few in number).
Ameni and his colleagues reported 38.3% of the re-
spondents knew about BTB (4). This difference of
awareness of BTB might be attributed to lower partici-
pation of veterinary personnel’s in the public health
issues, little attention given by health extension workers
or less literate peoples' participation in the current study
compared to Wuchalie-Jida (Ethiopia) districts (4).
Similarly, the study also indicated that of the house-
holds 85.7% knew human tuberculosis. The higher per-
centage of awareness about humans TB might be re-
lated to the existing health extension activities practiced
and implemented in the country as well as in the study
areas.

Since there are food-borne diseases, feeding habits of
the individuals could also serve as a vehicle for disease
transmission. Taking raw milk and uncooked meat is
well practiced in different parts of the country. In this
study, nearly half, which is 49.3% of the participants,
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was having a habit of consuming raw milk and 61.4% of
them were eating uncooked meat. Besides, in this study
more than three-fourth (67.1%) of the respondents did
not know the benefit of using boiled milk. In a study
conducted in rural Torodi (Niger), more than 68% of the
household families consumed unpasteurized milk (29)
and a study carried out in Wuchalie-Jida (Ethiopia) dis-
tricts showed 52.1% of the interviewed households used
to drink raw milk and 90% ate raw as well as cooked meat
(4). Relatively a lower percentage of raw meat and milk
consumption habit was recorded in the current study when
we compared to studies done in Niger while a relatively
closer figure is registered in Wuchali-Jida area and this
might be related to having similar cultural settings between
the study sites in Ethiopia while the higher figure in Niger
could be justified as having different soil-cultural settings
between the two countries. The habit of raw meat consump-
tion in the current study was very low compared to the find-
ings from Wuchali-Jida district and this might be a reflec-
tion of the effects of increased community awareness about
the use of boiled milk and cooked meat consumption. As
Ameni and his colleagues(4) reported that 44.7% of indi-
viduals practiced consumption of boiled fresh milk,
individuals interviewed in the current study areas who
own cattle used to take boiled milk but 67.1% of them
did not know the advantages of consuming boiled milk.
As a factor for the occurrence of human pulmonary TB
in households with BTB, unboiled milk drinking was
associated with the manifestation of TB where the risk
was 8.80 (AOR= 8.80, 95%CI: 2.6-29.81) higher com-
pared to households without BTB.

Since TB is a contagious disease, close contact or prox-
imity between cattle and humans could create favorable
condition for TB transmission. In this case control
study, 22.4% (31/140) households were practicing
house sharing. Although house sharing was not seen as
a contributing factor in the occurrence of human TB in
households with BTB, cattle which harbor Mycaobacte-
rium tuberculosis complex species could serve as a
source of infection to humans by releasing droplet nu-
clei during coughing (30). Similarly Ayele and co-
authors (31) reported that inhalation of dust particles or
bacilli containing aerosols released from cattle could
cause pulmonary TB in humans. The survival of the
bacilli in the dark (while house sharing) for hours will
facilitate transmission of M. tuberculosis complex spe-
cies (23). The more droplet nuclei, space, ventilation, air
circulation as well as air pressure are the factors that
could increase the probability of M. tuberculosis com-
plex transmission (22). The current study revealed that
those households who did not share a house with their
cattle and those who owned cattle that do not have the
habit of hand licking were 31% (95% CI: 10-99%) and
14% (95% CI: 3-60%) less likely acquire TB infection
than their counterparts, respectively.

Malpractices could also play their own role in the dis-
ease circulation. In this study, about 7.1% of the par-
ticipants were urinating (Males) on animal feed and this
was found to be as a contributing factor (AOR: 12.10,
95%CI; 1.80-81.20) for the occurrence of human TB in



households with BTB. As evidenced by different au-
thor’s urine could contain Mycobacterium bacilli when
a person is infected with either disseminated or local-
ized TB. Mortier and colleagues (32) isolated M. tu-
berculosis from human urine samples and (33) detect
Mycobacterium tuberculosis complex in HIV-infected
and uninfected pulmonary and extrapulmonary tuber-
culosis patients in Burkina Faso. In Italy [34] Myco-
bacterium tuberculosis complex was also detected in
urine using rapid gen-probe amplification test. The
possible explanation of this contribution is that when
infected individuals urinate on animal feed, it will be
contaminated by tubercle bacilli and taken by cattle.
Infected cattle might serve as a continuing source of
infection to the owners thereby re-infection or new
infection could be possible despite the patients’ having
received adequate treatment and cured of the disease.

In a nutshell, the risk of bovine TB to the occurrence
of human TB in the current study could be seen in
light of the detection of 6.2% and 7.4% M. tuberculo-
Sis prevalence in cattle in Algeria and Sudan, respec-
tively (35, 36). Besides, Mycobacterium species could
be excreted in the milk (37). This might suggest the
possible role of cattle in the maintenance as well as
transmission of tuberculosis to humans. Using 3 con-
trols per case could have been seen as strength, how-
ever, lack of isolating the disease causing agent either
from cattle owners or positive cattle’s should be seen
as a limitation of this study.
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Conclusion: Human tuberculosis is mainly caused by
M. tuberculosis and at times by M. bovis, which mostly
occurred as extrapulmonary TB. In this study bovine
TB has been seen as an exposure to human pulmonary
TB occurrence. Prolonged close contact between hu-
man and cattle could help the disease transmission.
Apart from it drinking unboiled milk and urinating on
animal feeds were found as a contributing factor for
the occurrence of human TB. Those who do not share
their house with their cattle were less likely to reveal
TB. The participant knowledge about zoonoses and TB
diseases should be valued for future TB control activi-
ties. Further study regarding the possible isolation of
the disease causing agent in both populations is manda-
tory. A separate house for cattle should be constructed
to minimize the fear of cross infections. In addition to
these the habit of eating raw meat and taking unboiled
milk should be discouraged through vigorous health
extension activities and rising the community knowl-
edge about the risk of zoonotic diseases is paramount
important.
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ABSTRACT: Tuberculosis (TB) is a major global public health problem resulting in a considerable morbidity and mortality
worldwide. Ethiopia ranks gt among the 22 high TB burden countries. Establishing an appropriate and improved intervention
strategy to prevent and control tuberculosis requires the presence of evidence based data on the genetic diversity of its
causative agent. The current research work, therefore, was to differentiate strains of Mycobacterium tuberculosis isolated
from pulmonary tuberculosis patients who own cattle in North Eastern and North Western parts of Ethiopia using molecular
techniques. Sputum samples were collected from Acid Fast Bacilli (AFB) positive pulmonary tuberculosis patients and
cultured on Lowenstein-Jensen (LJ) medium containing glycerol and sodium pyruvate. Deoxyribonucleic acid (DNA) was
extracted from each positive culture, spoligotyping and single nucleotide polymorphisms were performed to further
differentiate strains of M. tuberculosis, after deletion typing PCR confirmed that all the isolates were Mycobacterium
tuberculosis. The mean age of study participants was 35.7 years (18-63 years) + 13.24. The majority (55.7%) were from North
Gondar zone. Spoligotyping revealed that (47/50) 94% had interpretable patterns and 3 lineages namely; East-Africa-Indian
(57.4%), Euro-American-African (EAA lineage- Lineage 4) 38.3% and Ethiopian (lineage-7) 2/50 (4.3%). Lineage 7 was
registered in North Wollo zone only. In this study 8 clusters (with cluster size ranging from 2-8), 8 unique and 10 new patters
were recorded. Spoligotype International Types (SIT) (21, 25, 26, 35, 53, 109, 149 and 289), were found as clusters and of
these SIT 25 (7) and SIT 289 (8) were the predominant ones. Our study proved that 3 Mycobacterium tuberculosis lineages,
namely; the ancient, intermediate between the modern lineages as well as modern were identified. Besides, considerable
clustering was seen, which indicates the presence of current TB transmission in the study areas.

KEYWORDS: Ethiopia, Lineages, Mycobacterium tuberculosis, SIT, Tuberculosis, Typing.

1 INTRODUCTION

Tuberculosis (TB) as a disease traveled for several decades with humans [1], [2], [3] and yet remains as a major global
public health problem [4] despite the availability of anti-TB drugs. In 2012 there were 8.6 million new TB cases and 1.3
million deaths [5]. According to WHO 2013 report, Ethiopia ranked gt among 22 TB high burden countries with an estimated
247 (183-321) (in thousand population) incident rate including HIV positives. According to Federal Ministry of Health (FMoH),
Ethiopia, report TB is one of the leading causes of morbidity, the fourth main cause of hospital admission, and the second
largest cause of hospital deaths (after malaria) [6] and TB is endemic in the Amhara region state as well. A study that has
collected sputum samples from different health institutes in the region were cultured and among 240 positive cultures, 237
were Mycobacterium tuberculosis based on RD9 based PCR analysis [7]. Similarly, in South Wollo zone, Desie referral hospital
(Neighbor to North Wollo zone, Woldeya) 6.2% smear positive cases were reported among diabetic patients [8]. Among 250
prisoners in North Gondar zone 26 (10.4%) were found to have tuberculosis [9]. The disease in humans is mainly caused by
Mycobacterium tuberculosis and to some extent by other species of Mycobacterium tuberculosis complex [10], [11], [12],
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[13], [14]. Now day’s molecular technique has become a powerful tool and is widely used to type Mycobacterium
tuberculosis complex species to know TB transmission dynamics [15], [16], [17], [18], [19]. Understanding TB epidemiology,
determining either TB relapse or exogenous reinfection, outbreak investigation and knowing laboratory cross contaminations
as well as identification of the spread of clones is possible using molecular genotyping [20], [21], [22], [23], [24], [25]. For the
purpose of this study pulmonary tuberculosis patients who own cattle were considered to isolate Mycobacterium
tuberculosis complex species from them and test their cattle for bovine tuberculosis. Therefore, the current research work
aimed to look the genetic biodiversity of Mycobacterium tuberculosis isolates recovered from pulmonary tuberculosis
patients who own cattle in North Eastern and North Western parts of Ethiopia using molecular techniques.

2 ETHICAL CONSIDERATIONS

Ethical clearance was obtained from the institutional review board (IRB) of the College of Health Sciences, Addis Ababa
University and AHRI/ALERT ethics review committee (AAERC). Letter of support was obtained from the Amhara Regional
Health Bureau and from North Gondar and North Wollo Zones as well as from the respective woreda health Bureaus. Written
consent was obtained from each TB case study participants. Confidentiality was maintained by using codes instead of
participants' names. Confirmed TB cases were referred to TB clinics and received all the necessary anti-TB treatments with
counseling by professionals.

3 METHODS AND MATERIALS
3.1 STUDY AREA, SETTING AND DESIGN

This study was conducted in North Gondar and Wollo zones of Amhara regional state, North Western and North Eastern
Ethiopia, where the livelihood is mainly mixed farming. Dembia, Chilga, Dabat, Debark, Adarkay and Wegera from North
Gondar zone and Meket, Gubalafto, Habru and RayaKobo Districts from North Wollo zone were included in the study. Based
on 2007 Census, the study place covered an estimated area of 58,117.13 square kilometers with a total population of
4,429,931. Of these, the majority are rural dwellers accounted for about 90% and 85% in North Wollo and North Gondar
zones, respectively [26]. Acid fast bacilli (AFB) positive sputum samples were collected cross sectional from August 2012-
August 2013 from TB patients who own cattle at hospitals and health centers in both zones.

3.2 STUDY POPULATIONS

TB patients having cattle were identified at their respective health institute and used as a study population. A human TB
case was defined as a smear positive adult pulmonary TB patient diagnosed at the respective health institutes in the study
zones.

3.3 SAMPLE SIZE

During the follow up study period, we encountered willing 70 AFB positive TB patients who own cattle in both zones. A
questionnaire used to collect information and willingness to participate in the study was the main criteria to identify
participants.

34 SPUTUM SAMPLE COLLECTION AND CULTURING

For Mycobacterium tuberculosis isolation sputum samples were collected from Acid Fast Bacilli (AFB) positive patients.
The Sputum samples were collected according to Cheesbrough et al., [27]. Briefly, the aim of the study was explained to the
patients who were active pulmonary tuberculosis cases with smear positive findings and his/her willingness was asked to
participate in the study. If he/she is willing to participate, sputum samples were collected from the patient. Patients were
asked to produce an “on spot” sputum specimen in a 20 ml screw plastic container under the supervision of a trained
laboratory technician in an open air. If sputum was not produced within 15 minutes, the patient was excluded from the
study. Those patients who produce sputum was asked to give additional sputum samples on the second and third day. The
sputum samples obtained from each patient put in a cooler with ice packs (4°C) and immediately after collection it was
transferred to the hospital laboratory to be stored in -20% or refrigerator. The samples collected from each site put in a
cooler with ice packs (4°C) to transport to the AHRI tuberculosis laboratory and then sputum samples were processed and
cultured in the same laboratory.
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Briefly, an equal amount of Phosphate-buffered saline (PBS) solution was added to the sputum and then was
decontaminated, digested with equal volume of 4% sodium hydroxide for 15 minutes. Then vortaxing was done in a closed
tube for 1-3 (5) minutes till the mixture becomes homogeneous. The homogenate was centrifuged at 3000 Revolution Per
Minute (RPM) for 15 minutes. Neutralization was done by using concentrated hydrochloric acid. In order to monitor
neutralization 1 or 2 drops of phenol red was added. The supernatant was decanted and the sediment was inoculated onto
Lowenstein-Jensen medium (tubes containing glycerol and sodium pyruvate) using the drop method. The tubes were
incubated at 37°C and examined for growth weekly for 12 weeks [28]. Cultures were considered negative if there is no
mycobacteria growth after 12 weeks of incubation. Growth of mycobacteria was confirmed by detection of a typical colonial
morphology and by microscopy for AFB after Ziehl-Neelsen staining. Positive cultures were sub-cultured onto another set of
media and incubated for another 3—4 weeks for further identification. To characterize the isolates polymerase chain reaction
(PCR) (deletion typing), spacer oligonucleotide typing (spoligotyping; which analyses polymorphism of direct repeat [(RD), RD
patterns is important for typing systems for epidemiological and evolutionary studies of M. tuberculosis] region, a reliable
technique and used to detect and type M. tuberculosis) were applied [29].

3.5 DNA EXTRACTION

Briefly, a loop full of bacterial colonies were taken from culture positive Lowenstein-Jensen media and were transferred
to the 1.5-ml tube containing 200 pl of 1% Tris-EDTA (TE) buffer. The re-suspended bacteria was heated in a dry bath at 90°C
for 40 minutes and centrifuged at 10,000x g for 10 minutes. The supernatant was processed for target DNA isolation in the
laboratory using the method described by Chakravorty and Tyagi [30].

3.6 PCR USING THE DIRECT REPEAT DELETION TECHNIQUE

Differentiation of Mycobacterium tuberculosis complex species is made by PCR amplification of species -specific DNA
fragments. Polymerase Chain Reaction (PCR), which encompasses denaturation, annealing and extension, was performed for
all culture positive samples to identify the species of the M. tuberculosis complex causing tuberculosis in human using both
RD4, RD9 and RD 10 regions as a marker with their respective specific forward, reverse and internal primers. The
amplification products were analyzed by electrophoresis on 1.5% (W/V) agarose gel containing 1x ethidium bromide and
were visualized with Ultraviolet rays [30]. To run the PCR-deletion typing the standard operation procedure used at AHRI,
which is adopted from the Veterinary Laboratory agency (VLA), UK, was followed. Materials like Mycobacteria positive
control strains: M. tuberculosis H37RV (ATCC 25681) and M. bovis AF2122/97 (ATCC BAA-935), ATCC (http: /
WWW.Igcpromochem-atcc.com.), PCR Thermocycler, laminar flow cabinet, cleaning agent DNA away/equivalent), pipettes,
filter tips, nuclease free water (Qiagen), HotStar Tagmaster Mix kit (Qiagen; Product catalog No 203445, which includes DNA
polymerase, buffer, MgCl,, and dNTPS), stock solutions of oligonucleotide primers, namely; RD4-FlankFW, RD4-FlankRev,
RD4-interanlFW, RD9-FlankFW, RD9-InternalRev, RD9-FalnkRev, RD10- FlankFW, RD10- InternalRev, RD10- FlankRev, heat
killed cells that need to be detected and materials like Agarose gel electrophoresis equipments, DNA ladder and loading
dye, agarose gel, 1XTAE running buffer and Ethidium bromide were used.

3.7 SPOLIGOTYPING

In order to further differentiate the Mycobacterium tuberculosis detected by PCR, spoligotyping (spacer oligonucleotide
typing, Kamerbeek et al., [29] was performed by following the protocols used for AHRI spoligotyping. Spoligotyping, which
used to detect and type bacteria of the genus Mycobacterium tuberculosis complex (MTC) includes three main methods,
namely; PCR amplification of a specific spacer sequence of the strain, hybridization to a spoligomembarne and detection.

PCR was performed using DNA obtained from heat killed cells. The PCR amplification of the spacers was accomplished by
using the primers RDa (5’-GGT TTT GGG TCT GAC GAC-3’) and RDb (5" —CCG AGA GGG GAC GGA AAC-3’), which anneal to all
repeat sequences and thereby enables for amplification of all spacers that occur in the DR region of the specific strain. The
PCR products were labeled with biotin since the DRa primer was biotinylated. The PCR products amplified were loaded onto
the membrane at right angle to the 43 parallel spacer lines by using a miniblotter and left for hybridization. After
hybridization the membrane was washed with buffer to remove the non-hybridized and non-specific bound PCR products.
The step was followed by incubation with conjugated streptavidin-peroxidase, of which streptavidin binds to the biotin
labeled PCR products.

The presence or absence of spacers in specific strains was then detected by an enhanced chemiluminescence (ECL)
detection system onto an autorad (photographic film). When the membrane was exposed to ECL a substrate for peroxidase,
the autorad will detect light signals where hybridization has occurred and thereby produced a pattern that allows for
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spoligotyping of an isolate. Acceptable results include clearly defined squares on a clear background ensuring that the
controls have worked, especially the negatives (water) control. Materials such as all reagents needed for PCR amplifications,
baths, glass bottles, measuring cylinders, scales, magnetic stirrers, pH meter, thermocyclers, autorad and gelelectrophorosis
as well as among the consumable stock solutions, buffer solutions (10% SDS, Sodium dodecyle sulphate), 0.5M EDTAX2H,0
and other chemicals/salts needed for hybridization and detection were utilized. In addition positive and negative controls
and samples to be typed were used.

3.8  SINGLE NUCLEOTIDE POLYMORPHISMS (SNPS) TYPING

After predicting the lineages of the isolates by Spoligotyping final confirmation for Lineage 3 and Lineage 4 was done by
SNPs typing using real-time PCR. We performed the TagMan Real-time PCR (Rotor Gene) SNP assay for lineage 4 (Euro-
American, E-A lineage) and lineage 3. The lineage 4 was defined by katG 463 SNP and the assay was performed as described
[31]. The lineage 3 was defined by Rv3804c_0012s SNP and assay was performed using standard procedures [32].

4 RESULTS

The age of participants ranged from 18-63 years old with a mean age of 35.7 years + 13.24. Of them, 45 (64.3%) were
between 18-40 years. Majorities (55.7%) were from North Gondar zone with 1:1 male to female ratio. Among the
participants, 64.3%, 82.9%, 41.5%, 60.0%, 38.6%, 20.0%, 52.9%, 38.6% and 71.4% were illiterate, rural dwellers, farmers,
married, had contact with TB patients before, treated with anti-TB drugs before, took unboiled milk as well as uncooked
meat and revealed culture positive results, respectively (Table-1).

Of the 70 AFB positive sputum samples cultured, 28/70 (40%) and 22/70 (31.4%) were culture positive from North Gondar
and North Wollo zones, respectively. As shown in Table-1 among culture positives, 33/70 (47.1%), 17/70 (24.3%), 10/70
(14.3%), 26/70 (37.1%) and 23/70 (32.8%) were married, had previous contact with TB patients, received anti-TB treatment
before, experienced drinking unboiled milk and consuming uncooked meat.
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Table-1: Sociodemographic characteristics of AFB positive TB patients and sputum culture result in Northwest and Northeast Ethiopia,

2014.
N=70
Culture result
Category Frequency Percent Negative Positive
Zone
North Gondar 39 55.7 11(15.7) 28(40.0)
North Wollo 31 443 9(12.9) 22(31.4)
Sex
Male 35 50 13(18.6) 22(31.4)
Female 35 50 7(10.0)  28(40.0)
Educational status
Illiterate 45 64.3  11(15.7) 34(48.6)
Primary school 13 18.6 6(8.6) 7(10.0)
Secondary school 6 8.6 1(1.5) 5(7.2)
College 4 5.7 2(2.8) 2(2.8)
Informal 2 2.8 0 2(2.8)
Dwelling
Urban 12 17.1 4(5.7) 8(11.4)
Rural 58 829 16(22.9) 42(60.0)
Occupation
Merchant 5 7.2 2(2.9) 3(4.3)
Student 14 20.0 7 (10.0) 7 (10.0)
Housewife 19 27.1 5(7.1) 14(20.0)
Government employee 3 4.3 0(0) 3(4.3)
Farmer 29 415 6(8.6)  23(32.8)
Marital status
Single 19 27.1 7(10.0)  12(17.1)
Married 42 60.0 9(12.9) 33(47.1)
Divorced 5 7.2 2(2.8) 3(4.3)
Widowed 3 4.3 2(2.8) 1(1.5)
With parents 1 1.4 0(0) 1(1.5)
History of contact with TB patients
No 43 61.4  10(14.3) 33(47.1)
Yes 27 38.6 10(14.3) 17(24.3)
Anti-TB treatment before
No 56 80.0 16(22.9) 40(57.1)
Yes 14 20.0 4(5.7) 10(14.3)
Taking unboiled milk habit
No 33 47.1 9(12.9)  24(34.3)
Yes 37 529 11(15.7)  26(37.1)
Taking uncooked meat habit
No 43 61.4  15(21.4) 28(40.0)
Yes 27 38.6 5(7.1)  22(31.5)
Sputum culture result
Negative 20 28.6
Positive 50 71.4

Numbers in parenthesis are percentages.

Seventy AFB positive sputum samples were collected in North East and North West Ethiopia from pulmonary tuberculosis
patients. Sputum samples were collected from 8 different health institutes which are found in North Gondar and North Wollo
zones. All 50 AFB positive samples were Mycobacterium tuberculosis based on deletion typing. Further, isolates
characterizations were done using spoligotyping by comparison with the International SpolDB4 database. Of these, ninety
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four percent (47/50) showed good interpretable patterns. Forty six point eight percent (22/47) and 53.2% (25/47) were from
North Wollo and North Gondar zones, respectively.

As it is presented in Figure-1, three lineages namely; lineage 3 (East African-Indian) 57.4% (27/47), 4 (Euro-American-
African) 38.3% (18/47) and 7 (Ethiopian) 4.3% (2/47) were recorded in the study areas. Among lineage 3, 5 SITs and 6 new
SITs, lineage 4, 9 SITs with 4 new SITs, and lineage 7, 2 SITs were identified in both areas. In general 16 shared international
types with 10 new ones were disclosed by the current study. Among the SITs, SIT 25 (7), 26 (3) and 289 (8) were the
predominant ones. From the new SITs 4 and 6 were from North Wollo and North Gondar zones, respectively. Based on
spoligotyping 8 clusters (with a cluster size ranging from 2-8), 8 unique and 10 new patterns were identified in the study
areas. SITs (21, 25, 26, 35, 53, 109, 149 and 289) was found as clusters in both zones. From 3 cluster size/isolates of SIT 53,
66.7% (2/3) and SIT 26 with cluster size of 3, 66.7% (2/3) were from North Wollo zone. SIT 149 with cluster size 2 and SIT 109
with cluster size 2 were noticed from North Wollo zone only. SIT 35 and SIT 21 each with cluster size 2 reported in North
Gondar zone, particularly the first one registered in Chilga Woreda. Among SIT 25 with cluster size 7, 57.1% (4/7) and SIT 289
with cluster size 8, 75% (6/8) occurred in Debark Woreda areas and Chilga Woreda of North Gondar zone, respectively
(Table-2). The rest was identified as unique which may indicate reactivation of an old infection, or imported TB or may result
from missing isolates.

L-3= Lineage-3 L-4= Lineage-4

Figure-1: Lineages identified in the Northwest and Northeast part of Ethiopia, 2014
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Table-2: Description of shared International types (SITs) representing M. tuberculosis isolates from AFB positive sputum samples
from cattle owners in North East and North West Ethiopia, 2014

SITS Spoligotype patterns L No Distribution
21 EEE LI u L = == s mmmu| 3 2NG

25 (AL H E B EEEEEENENEEENER L = = = muw|] 3 73INW,ING
MNew L B BN | E N NN | BN | [ BN B N | l| 3 1 NG

MNew L B B | E E NN | BN | E EEE l| 3 1 NG

New LA LA BN BN N L nm == mnmum|] 3 1NG

1199 L B B | E E E EE EEEENENENSNSND NS n E EEE l| 3 1 NG

289 LR B B EE EEEENEENEENEEENESR (L = === u|] 3 8§ 2ZNW,6NG
New EEE E E N EE EEENENENEENEEENEGSSR EEE LR R 1| 3 1 NW

26 E N HE E E EE EEEENENSNSNDU NS R EEEEEEE NN 3 3 2NW, 1NG
MNew [ N | E B B E EEEESNEEENESNEEBR E BN EE nmm] 3 1NW

MNew n n HE E E EE EEEENENSNSNDU NS R E N " mEEu| 3 1 NG

910 LR LR B EEE =S EEEEEE 7 1NW
1729 nEn [ ] S EEE S NN NN N 7 1NW

53 " BN EEEER " E EEEEEENENN HE EEEEENEENENN " EEEER l| 4 3 2NW, 1ING
52 E B E EEEEENESNENSNENESNENENEN " BN EEEENNNR E N L l| 4 1 NW

MNew E B EEEENERBR HE E E EEEEEENENU NS HE E B EE EEEBN L BN B | L N | l| 4 1 NW

41 E E N EEEESNEENSENESNENEEEN L = EEE " = mmmwu| 4 1NW

a2 E B E EEEEENESNENSNENENENENENENEN E EEEEENEN = mmmnmnmuE| 4 1NW

149 E E N EEEENEBR E B E N EEEENENNNNRHR = mmmnmmE| 4 2NW

MNew | BN | [ BN BN BN BN BN BN BN BN BN BN | | N BN | | B | l| 4 1 NW

New n E EEEEEEENEEENEENESNEENEENSNENEEENEENEEER " = mmmwu|] 4 1NG

35 | BN | [ B BN B BN BN BN BN 0N | HE E EEEEENENENNENNNRN ] [ BN BN BN BN BN | l| 4 2 NG

MNew | BN | HE E B N EEEEBNR E R EEER HE E E EEEEENINRHN ] HE B EEEEN l| 4 1 NG

134 L HE E E E EEESNENEESNENESNSNENESNESNENESNSNENEEENENN ] = = mm|] 4 1NG

4 " E B N EEE®N (BN BN BN BN BN | l| 4 1 NG

109 u E N EEEEEEEEENEEEN E B R EEEEE®N L = mEEEmE 4 2NW

SITs: Spoligotypes/Shard International types

L: Lineage

NW: North Wollo

NG: North Gondar

No: No of isolates

Black boxes: Interpretable patterns (represents the presence of the specific spacers at position)

White boxes: Not interpretable patterns (represents absence of the specific spacers at positions 1-43 in the Direct Repeat (RD) Locus.

5 DISCUSSION

Tuberculosis in the rural community is higher compared to the urban settings and its occurrence could vary depending on
the awareness of the community. In the current study, besides the community habits of drinking unboiled milk and eating
uncooked meat, nearly 83% and 64.3% were living in the rural community and illiterate. The aforementioned factors could
facilitate the transmission of different lineages of Mycobacterium tuberculosis among the community members or
households. In this study those leading school lives (primary, secondary and college) contributed about 22.9% (16/70) for
culture positivity, which could serve as a good medium for TB transmission due to the possible chance of the congregations
[33], [34]. We recorded that nearly a quarter of TB cases had contact, which considered as previous contact history as strong
factor for active TB development [35], [36], [37], with TB patients before their sickness.

Among the tools, genotyping is contributing a lot to understand the epidemiology of TB and provides information on its
transmission dynamics [20]. Based on deletion typing 50 were found to be Mycobacterium tuberculosis. In this study, 78.7%
of SITs were matched with the standard spoligotype database while 21.3% were new ones. The current study revealed the
presence of 3 lineages in North West and North East Ethiopia. The majority (57.4%) were the East African-Indian lineages
(EAI; L-3) followed by Euro-American-African (EAA; L-4) (38.3%) lineages, which were found in both zones while Ethiopia (L-7)
(4.3%) were found in North Wollo zone only. Since EAI strains reported as one of the major genotypes in many countries of
Southeast Asia and Africa [38], the higher proportion of this lineage finding in the current study could agree with the stated
assumption. In contrast to the current finding, fewer value of EAI lineages were reported in a study conducted from farmers
in mixed type multipurpose cattle raising region of Ethiopia, the majority 78.5% were Euro-American lineage followed by
East-African-Indian, 17.7% [39] and Rebuma and his colleagues also reported the presence of these lineages in both zones
and stated 71% (442/662) and 25% (153/622) lineage 4 and 3 from PTB patients, respectively, and 70% (229/328) and 24%
(79/328) lineage 4 and 3 from TB lymphadenitis (TBLN) patients, respectively [40] . The Authors also reported relatively a
higher percentage that is 13% (17/133) of a new lineage, named as lineage-7 [40], which placed between ancient lineage 1
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and modern lineages of Mycobacterium tuberculosis phylogeny prominently in North Wollo (woldiya) area compared to the
current study. The difference in the proportion could be due to sample size in the case of North Wollo zone and geographical
situations in the case of central Ethiopia. In Uganda, researchers reported 22% (394/1746) and 11% (187/1746) L- 4 and 3,
respectively [41]. The current finding showed relatively higher values compared to the work in Uganda and this might be due
to the presence of dominant and common types of prevailing isolates differences in both countries. Lineage East African-
Indian showed higher cluster size by SIT 25 (7 cluster size) and 289 (8 cluster size).

Although 3 Mycobacterium tuberculosis lineages recorded in this study, failure of isolation of any of Mycobacterium
tuberculosis complex species from skin test positive cattle should be seen as a limitation of this study, since the aim of the
study was to see the possible role of cattle in the epidemiology of human tuberculosis by determining the presence of cross
infections with detecting the same strain in the same house.

6  CONCLUSION

It is concluded that 3 Mycobacterium tuberculosis lineages, namely; the ancient, intermediate between the modern
lineages and modern were identified in the study areas. Among the isolates, 61.7 % (29/47), (including the new isolates to
the denominator) were clustered indicating the presence of recent tuberculosis transmission in both areas. Health institutes
need to work more to mitigate TB transmission among the community. Early disease detection and treatment of active TB
cases timely as well as effectively will definitely curve TB incidence as well as prevalence. The reasons for the restricted
occurrence of Lineage 7 in the area, including socio-cultural determinants should be investigated.
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