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Abstract

Back ground: - The 22 high burden countries accounts 80% of global tuberculosis burden, and Africa
alone account 28% of Global TB burden where Ethiopia is at 16" from the world, and 9™ from the
continent accounting an incidence of 200 cases per 100,000 population according to WHO 2015
Tuberculosis report. According to WHO Global TB report, Ethiopia is ranked 15th among 27 high
burden MDRTB and XDR-TB countries. The estimated MDR-TB from new cases was 3.3% according
to WHOGTR 2015. Specifically in Arsi Zone, PTB+ case notification in the past fifteen years, from
1997 to 2011 increased from 6.9 to 63 per 100,000 populations.

Objective: The objective of this study was to characterize the diversity of Mycobacterium tuberculosis
strains circulating and to determine the drug susceptibility of the isolates among new PTB+ patients in

Arsi zone, Oromiya region, Ethiopia.

Methods: - A cross-sectional study design using quota sampling technique was under taken. All smear
positive samples were collected from seven selected health facilities which were stated having higher
prevalence TB cases in the zone and parallely, questionnaire was filled for socio demographic analysis.
Culture on conventional Léwenstein-Jensen (LJ) media and drug sensitivity test using Line Probe Asay
(LPA) was done at Adama Regional Laboratory (ARL). Spoligotyping was done in Aklilu Lemma
Institute of Pathobiology (ALIPB), AAU and the isolates were compared with the SpoIDB4 database

of the Pasteur Institute of Guadeloupe.

Results: A total of 150 smear positive pulmonary TB patients were included in this study of which
130 samples were grown on LJ media. The study participant’s age range was from 6 -72 years with the
mean of 29 and (£SD) of 13.25, of which 10 % (15/150) of the study participants were below the age
of 15.Molecular characterization showed that104/130(80.0%) were Euro-American, 15/130 (11.5%)
Indo-Oceanic, 9/130 (6.9%) Unknown lineage, 1/130(0.8%) West African-1 and 1/130(0.8%)
Mycobacterium bovis. Drug Sensitivity Test on Line Probe Assay showed that 2 (1.53%) isolates were
mono resistance for Rifampicin, 5 (3.8%) mono resistance for INH, and 3 (2.3%) were resistant for

both INH and Rifampicin. Prevalence of MDR from New patients was 5/130 (3.8%).

Conclusion: - In this study we have shown that the prevalence of MDR-TB from the new TB patients is
3.8% which is high, and the type of the TB lineage circulating dominantly is Euro-America from which the

family of “T” is the most circulating strain indicating that there is a rapid circulation among the society.

Keywords: - Mycobacterium tuberculosis, Molecular epidemiology, DST, spoligotyping,



Chapter One
Introduction

1.1. Background

Samples collected from Pre Columbian and Egyptian mummies indicated the presence of TB about
5,000 years ago, virtually now adays present all over the world. Previously it has had different
naming’s the so called white plague (reflecting the paleness of TB patients), consumption (TB)
patients literally consumed from their inside) and wasting disease. TB has possibly caused more

human deaths than any other microbe. (Martin Spiess, 2012)

Tuberculosis is a disease of broad host range, caused mainly by more than seven different species
with common name of Mycobacterium tuberculosis complex (MTC) and remain public health
problem (Aranaz et al., 1999). Despite the presence of modern therapy it is showing increment
each year, thus, in 2011 there were a total of 8.7 million (13% co-infected with HIV) new cases
reported globally and the deaths from TB were 1.4 million, by the other year, in 2013, 9.0 million
new TB cases and 1.5 million TB deaths were reported, of those 1.1 million were HIV-negative

and 0.4 million were HIV-positive people. (WHO, 2012, WHO, 2014)

Geographically Asia and Africa are the highest TB burden continents. Most of the estimated
number of cases in 2014 occurred in Asia (58%) and the African Region (28%) with the list Region
of the Americas accounts (3%). Approximately one quarter (29%) of the world’s cases is from
Africa. Ethiopia is being among the high TB burden countries. According to WHO global estimate
of 2014, there was 126 TB cases per 100 000 population. The absolute number of incident cases is
falling slowly at an average rate of 1.5% per year 2000—2013 and 0.6% between 2012 and 2013.
(WHO, 2015)

The six countries that stand as having the largest number of incident cases in 2014 were India (2.0
million—2.3 million), China (0.9 million—1.1 million), Nigeria (340 000—880 000), Pakistan (370
000—650 000), Indonesia (410 000—520 000) and South Africa (410 000—520 000). India and
China alone accounted for 24% and 11% of global cases respectively. Of the 9.0 million cases

550,000 were children and 3.3 million occurred among women. (WHO GTR, 2015). In addition,



male sex, history of asthma, adult overcrowding and family history of TB are additional risk

factors. (Lienhardt et al., 2005)

South African reports to the World Health Organization (WHO) indicate that tuberculosis (TB)
notifications have increased fivefold over the last 20 years in 2008. South Africa had the third-
highest TB burden after India and China. South Africa and Swaziland now have the highest TB
notification rates in the world with about 1% of their populations developing TB annually. South
Africa was responsible for approximately 25% of the global burden of HIV associated TB cases in
2007 (Wood et al., 2011).

According to WHO 2015 report for Ethiopia, from the total population of 94,101.000 there were
an average prevalence of 190/100,000 population and an average incidence rate of 200/100,000 in
which the incidence rate for HIV positive individuals is going to be 11 fold, having the mortality
rate of 5.9. (WHO, 2015).

According to the 2011 national TB survey result, the prevalence of all forms of TB was 240 and
PTB + was 108 per100, 000 population (ENTPR 2011). However studies from northern, southern
and central Ethiopia, the prevalence of smear PTB + ranged from 76 to 189 per 100,000 population
suggesting TB prevalence varied across different geographical locations of the country. Moreover
evidences from northern Ethiopia and other African counties have shown there is clustering of TB

cases and variation in TB prevalence rate across different geographic settings (Firdessa, et al.,
2013).

As the research done in Oromiya region Jimma Zone Agaro teaching health center south west

Ethiopia showed, the overall five years prevalence of smear positive pulmonary tuberculosis was

found out to be 10.9%. (Hussien A. et al., 2012).

All forms of TB and smear positive pulmonary TB (PTB+) case notification increased from 14.3
to 150 per 100,000 population with an increment of 90.4% in fifteen years in Arsi Zone Oromia
Ethiopia. Similarly PTB+ case notification increased from 6.9 to 63 per 100,000 populations an
increment of 89% in fifteen years. The fifteen-year average TB case notification of all forms varied
from 60.2 to 636 (95% CI: 97 to 127, P<0.001) and PTB+ from 10.9 to 163 per 100,000 population
(95% CI: 39 to 71, p<0.001) in the 25 districts of the zone. (Hamusse et al., 2014)



Mycobacteria that cause tuberculosis in mammals form the Mycobacterium tuberculosis complex
(MtbC) and include Mycobacterium tuberculosis, Mycobacterium africanum which is divided into
subtype I of having group A for West African (“M. bovis-like”) and subtype II of having group B
for East African (“M. tuberculosis-like”), Mycobacterium bovis along which the M. bovis-derived
bacillus Calmette-Gue rin [BCG] vaccine strains, Mycobacterium microti, Mycobacterium bovis

subspecies caprae (M. caprae), and “Mycobacterium tuberculosis subspecies canettii” (“M.

canettii”’). (Richard et al., 2003)

Research done among children found in Jimma zone, from 101 samples collected 32 (32/101) of
the samples were positive for AFB by microscopy, culture and PCR. Out of 25 AFB isolates 60%
(15/25) were identified as M. tuberculosis by PCR, and 40% isolates (10/25) were confirmed to be
non-tuberculosis mycobacteria (NTM) by genus typing and 16S rDNA gene sequencing. Lineage
classification assigned the M. tuberculosis strains into Euro-American (EUA, 66.7%), East-
African Indian (EAIL 13.3%), East-Asian (EA; 6.7%) and Indio-Oceanic (IO; 6.7%) lineages, and
three isolates were new to the SpolDB4 database (Workalemahu et al., 2013)

Drug resistant tuberculosis commonly arises through the selection of mutated strains by inadequate
chemotherapy. Resistance to at least the two major anti-tuberculosis drugs isoniazid and rifampicin
has been termed as multidrug-resistant tuberculosis (MDR-TB). Treatment of MDRTB requires
prolonged and expensive chemotherapy using second line drugs of heightened toxicity. (FMOH;
2009)

About 3.5% of new tuberculosis (TB) patients in the world have multidrug-resistant strains
(MDRTB). Levels are much higher about 20.5% in those previously treated for TB. The frequency
of MDR-TB varies substantially between countries. About 9% of MDR-TB cases are also resistant
to the two most important second-line drugs classes to extensively drug-resistant TB (XDR-TB).

By September 2013, 92 countries had reported at least one XDR-TB case. (WHO GTR. 2014)

WHO estimates that there were about 480,000 new MDR-TB cases on the world in 2013. More
than one half of these cases occurred in China, India, and the Russian Federation. About 210,000
MDR-TB deaths are estimated to have occurred in 2013. And the treatment success rate was 48%
in 2012 but five of the 27 high MDR-TB burden countries including Ethiopia had achieved a
treatment success rate of greeter than 70%. (WHO 2012 & 2014)



Multi drug-resistant tuberculosis (MDR-TB), being resistance to at least rifampicin and isoniazid
was found in 5% of new cases and 24% of previously treated patients. The major genotype
observed was of the Central Asia spoligotype family (CAS1_Delhi), representing 49% of the 232
isolates examined. (Sharaf Eldin ef al., 2011).

The overall prevalence of drug resistance to at least a single drug was 77/230(33.5%) in Eastern
Ambhara Regional State Ethiopia. The prevalence of MDR-TB in all, new and re-treated patients
was 15/230(6.5%), 3/165(1.8%) and 12/65 (18.5%) respectively. (Esmael ef al., 2014).

According to WHO definition extensively drug-resistant TB (XDR-TB) is a form of TB resistant
to all the most effective drugs (i.e. MDR-TB plus resistance to any fluoroquinolone and any of the
second-line anti-TB injectable drugs: amikacin, kanamycin or capreomycin). That is much more
difficult to treat and it has been described in 2006. Proportions of XDR-TB among MDR-TB range
from 4% in Armenia to almost 24% in Estonia. But the average percentage of XDR-TB from

MDR-TB is 9%. (GTR 2011, WHO 2014).

Of 544 Patients who were positive for HIV with a median CD4 of 63cells/ul and TB culture
positive, 41% were found to have MDR TB thus 24% of those MDR patients were found to have
XDR TB and 98% death among these. This may tell us the presence of retroviral infection may
increases the incidence of XDR-TB when compared with HIV negative individual. (Shenoia et

al., 2009).

The research done in three different parts of Ethiopia- Bahirdar, Fitche and Ambo showed that the
overall proportion of MDR was 11.8% and highest (17.6%) at Ambo (Western Shoa, Ethiopia)
while (8.3%) isolate out of the 11.8% MDR —TB was found XDR and was in Bahirdar. (Hussien
etal., 2013)



1.2. Literature review

1.2.1. Mycobacterium tuberculosis complex (MtbC)

Mycobacterium  tuberculosis, Mycobacterium bovis, Mycobacterium africanum and
Mpycobacterium microti are the classical members of the M. tuberculosis complex (MtbC) or
(MTC)). These pathogens which affect both humans and animals are closely related from a
taxonomic point of view. Some phenotypic characteristics have been used for speciation within
the M. tuberculosis complex. The fact that these groups of organisms are important as pathogens
of worldwide significance has led to bias in the selection of tests for the classification of the
mycobacteria. In relatively recent times, because of the increased research on tuberculosis and
availability of new molecular tools other isolates with characteristics of the M. tuberculosis
complex but not matching any of the classical species have been described, i.e. ‘M. canettii’.
Despite the fact that those bacteria which show relatively similar characteristics with
Mycobacterium tuberculosis complex are taxonomically classified as Mycobacterium tuberculosis

subspecies caprae. (Aranaz et al., 1999)

Despite their diversity in terms of their host tropism, metabolism, growth, environmental niche,
epidemiology and pathogenicity, the group has 99.9% similarity at nucleotide level and identical
16s RNA sequence (Huard et al., 2003). The genotypic grouping of MTC after sequencing revealed
that only two loci KatG codon 463 CTG (Leu) and gyrA codon 95A ACC (Thr) were present at
high frequency. Accordingly based on the combination of polymorphism located at these sites all
isolates of M. africanum, M. bovis and M.canetti had the characteristics of group 1 (KatG463 CTG
(Leu) and gyrA95 ACC (Thr)). Whereas M. tuberculosis in addition to groupl fell in to group 2
and 3 KatG 463 CGG (Arg) and gyrA95 ACC (Thr) and KatG463 CGG (Arg) and gyrA95 AGC
(Ser) respectively (Sreevatsan et al., 1997).

The member of MTC includes the primary causative agent of TB, M. tuberculosis, the main
causative agent of TB in West Africa, M africanum and M. bovis including the vaccine strain
M.bovis BCG which is responsible for bovine TB (Kallenius ef al., 1999). The others uncommon
in human are M. microti a pathogen of voles and rarely infecting humans. M. canettii, are MTC
strain that produces smooth and glossy colonies with all known cases so far isolated from
individuals from the horn of Africa. M. pinippedii, also known as the seal bacillus and M. caprae,

primarily isolated from goats. (Cousins et al., 2003).



1.2.2. Evolution and Epidemiology of tuberculosis

Long time ago there was a belief that M. bovis is the origin for M. tuberculosis but finally dis-
proved by sequencing the hole genome of M. tuberculosis strain (H37Rv) and M. bovis strain
(BCQG) to look for the presence or absence of Direct repeats (DRs), H37Rv related deletions (RvD)
and specific deletion 1 (tbD1) in species of mycobacterium tuberculosis. The analysis of complete
genome of M. bovis confirmed that there were no gene clusters that are confined exactly to M.
tuberculosis. Presence or absence of M. tuberculosis specific deletion (tbD1) is the base for the

division of M. tuberculosis strains into modern from ancestral strain. (Fleischmann etz al., 2002)

The distribution of 20 variable regions resulting from insertion deletion events in the genomes of
the tubercle bacilli has been evaluated in a total of 100 strains of Mycobacterium tuberculosis,
Mycobacterium africanum, Mycobacterium canettii, Mycobacterium microti, and Mycobacterium
bovis. This approach showed that the majority of these polymorphisms did not occur independently
in the different strains of the M. fuberculosis complex but resulted from ancient irreversible genetic
events in common progenitor strains. Based on the presence or absence of M. tuberculosis specific
deletion (TbD1), M. tuberculosis strains can be divided into ancestral and modern strains. (Brosch

etal., 2002)

Figure 1:- Evolutionary Pathway of Tubercle Bacilli, (Brosch et al., 2002)



1.2.3. Drug resistant tuberculosis

The incidence of drug resistant tuberculosis around the world has been poorly defined until recently
when the World Health Organization and the International Union against Tuberculosis and Lung

Disease completed a global surveillance project on drug resistance.

Globally in 2013 an estimated 480 000 people developed multidrug-resistant TB (MDR-TB) and
there were an estimated 210 000 deaths from MDR-TB. Progress in the detection of drug-resistant
TB has been facilitated by the use of new rapid diagnostics. According to WHO 2014 report a total
of 97,000 patients were started MDR-TB treatment in 2013. However, 39,000 patients were on
waiting lists and the gap between diagnosis and treatment widened between 2012 and 2013 in
several countries. Extensively drug-resistant TB (XDR-TB) has been reported by 100 countries in

2013. On average an estimated 9% of people with MDR-TB have XDR-TB. (WHO 2014)

According to WHO 2010 profile on MDR-TB in Kenya from 817 cases suspected and tested for
susceptibility by that year 112(13.7%) patients were categorized to MDR-TB, from which 103 of

107 were re-treatment cases and 4 patients were new cases. (WHO 2010)

Different reports in Ethiopia have shown that drug resistance is becoming increasing. MDR-TB
was reported as 2% in samples taken from Addis Ababa and Harar (Wolde ef al., 1986). In 1997,
0.4% of new patients from Harar (Mitike et al., 1997) and 1.2% of new TB patients from Addis
Ababa (Demissie ef al., 1997) were reported to have MDR TB. Recently the percentage of MDR
from new case goes to 3.5% according to (WHO 2015).

On the other hand according to the research done in Ethiopia Amhara Region to know the
prevalence of MDR-TB from the total of 606 sample size, the overall prevalence of MDR-TB cases
was 93(15.3%). Rifampicin (RMP) and isoniazid (INH) mono resistance were 17(2.8%) and
15(2.5%) respectively. Considering RMP mono resistance as surrogate marker for MDR TB,
prevalence of MDR TB/RMP resistance was 110(18.2%). Moreover, the rate of MDR TB among
smear and/or culture positive samples were 42.9% and together with RMP mono resistance, it

increased to 50.7%. (Debebe et al., 2013).



1.2.4. Natural Course of Tuberculosis

Airborne droplets containing (1-5um) M. tuberculosis are inhaled and can reach the pulmonary
alveoli then infects and replicate within the alveolar macrophage. A granulomatous lesion can
develop in which if the host is immune-competent to contain and limit the mycobacteria. Within a
granuloma in which there is a highly heterogeneous immune cell population containing a variety
of different T-cell populations, B-cells, macrophages at different stages of maturation, and
dendritic cells. If the cellular immune response is altered or debilitated by any other conditions
then the granuloma may no longer be able to contain and limit spread of the mycobacteria. The
granuloma liquefies and mycobacteria are released not only within the lung but can disseminate to
other extra-pulmonary sites via the lymphatic system and blood resulting in disseminated disease

known as extra-pulmonary tuberculosis. (Kaufmann et al., 2008)

Despite the apparent strong immune response which contains the M. tuberculosis infection in the
granuloma, the bacilli are yet not fully eliminated. Ultimately latent TB converts into active disease
when cavitary lesions develop and the number of bacilli increases in the caseous center of the
granuloma. Live bacilli can reach the alveoli once the granuloma center collapses and the patient
becomes infectious. Viable and infectious bacilli are freed into the airways resulting in a productive

cough spreading infectious bacilli in the air. (Barry ef al., 2009)

The life cycle continues when other persons get infected. It is estimated that a single person with
active TB can infect up to 45 other individuals. An individual infected and developing active
pulmonary TB shows symptoms like prolonged and productive cough duration of greater than two
weeks, shortness of breath, chest pain, night sweats, weight loss, or fever. In adults, active TB
typically results from the reactivation of existing latent TB rather than as direct outcome of primary
infection. Generally the immediate onset of disease following infection only occurs in immune-
compromised individuals such as newborns, elderly or HIV infected patients. In fact the conditions
influencing the progression to active TB are not fully understood, although factors such as HIV
and diabetes are known to favor a prompter development of active tuberculosis (Vynnycky et al.,

2001).



1.2.5. Genomic Variability of Mycobacterium tuberculosis

In the clinical setting, genomic variability can represent a significant barrier to treatment. Many
pathogens can acquire mutations or foreign genetic material through horizontal gene transfer
(HGT) in response to the selective pressure imposed by the host immune system and by
chemotherapy resulting in strains that are difficult to eradicate in hospitals as well as during long
term infection. Understanding the extent of genomic variability and its effects on disease in the
case of pathogens that display genetic homogeneity and low variability as the case for the causative
agent of tuberculosis, Mycobacterium tuberculosis is particularly fascinating. (Zambrano et al.,

2012)

Phylogenetic studies have also shown that clinical strains of M. tuberculosis are more genetically
variable than originally expected. Moreover genetic variability can be translated into phenotypic
differences such as transmission capacity, virulence and pathogenicity that can have
epidemiological consequences and affect the outcome of the disease. (Dyamoya et al., 2011) M.

tuberculosis has spread globally more than any other lineage (Barletta ef al., 2013)

In addition to transmission capacity it is also currently accepted that genetically different M.
tuberculosis strains produce markedly different immuno-pathological events and affect disease
manifestation. For example in a study conducted in Vietnamese patients a clear association
between the Euro American Lineages of M. tuberculosis and pulmonary rather than meningeal
tuberculosis was observed suggesting these strains are less capable of extra-pulmonary

dissemination than other strains in the study population. (Caws et al., 2008)

Isolates can be further characterized by PCR-RFLP analysis of the oxy-R gene to differentiate
between Mycobacterium bovis and M. tuberculosis within the MTB complex doing this procedure
will helping to know the typical strain in a given population. Research done in Egyptian patients
showing that isolates contained IS6110 based up on PCR amplification of a 123-bp region of the
insertion element among the 45 human isolates, one was determined to be M. bovis and 44 were
M. tuberculosis based on amplification of a 270-bp region of oxy-R and when the 40 RFLP pattern
were compared with those data base containing more than 6000 distinct patterns at the Center for
Disease Control and Prevention, only one pattern found to be similar and this isolate found to be

multi drug resistance MDR TB. (Abbadi et al., 2009)



The research done in Kenya Nairobi to show the Diversity of Mycobacterium tuberculosis strains
in their country, different strain families were identified from 536 isolates. The principal groups
were looks like; CAS1 KILI 96/536 (17%), T1 69/536 (12%), Beijing 65/536 (12%), LAM9
46/536 (9%), LAM3 37/536 (7%), LAM11_ZWE 26/536 (5%), CAS1_DELHI 24/536 (4%) and
T2 24/536 (4%). New M.tuberculosis strain family were also identified with 21/536 (4%) in which
they designated as Nairobi subtype and those they identified are not previously included in the
SpolDB4 accounted for 15/536 (3%). (Ogaro D. et al., 2012)

Ferdessa et al., on his project for determination of isolates taken from different parts of Ethiopia
found that most of his isolates had an intact RD9 region which identified them as M. tuberculosis.
Only 4/964 (0.4%) of isolates had undergone RD9 and RD4 deletions characteristic of M. bovis.
The 4 M. bovis isolates were obtained from cases of pulmonary TB. And also 10 non mycobacterial
tuberculosis isolates were identified as M. intracellulare, M. flavescens, and M. simiae. Thus the
principal investigator conclude that the overall contribution of M. bovis to human TB is minor but
greater in specific areas. In Ethiopia, monitoring of zoonotic transmission is needed in urban areas
with high rates of bovine TB associated with intensive farming of imported dairy cattle. (Firdessa

etal., 2013).

1.2.6. History of Tuberculosis Treatment and Drug Resistance

Drug resistance is defined as a decrease in susceptibility of sufficient degree from a wild strain that
has never been exposed to the drug (WHO 1997). Generally when one percent or more of
organisms in an isolate are found resistant to an anti-tuberculosis drug therapeutic success is less
likely to occur. It is then that the strain is considered resistant to the drug (Rom and Garay, 1996).
Normally any large population of Tuberculosis bacteria regardless of their exposure to antibiotics
will contain some organisms resistant to one of the five first line drugs, isoniazid, rifampicin,

streptomycin, ethambutol, and pyrazinamide. (Selwyn et al., 1992).

Drug resistance is a natural phenomenon and could occur at any time during bacterial replication.
It arises from random mutations of the bacterial chromosome that occur spontaneously in wild type
strains. When mutation confers resistance to a certain antibiotic, all sensitive bacteria are killed
and the resistant ones will grow and become the dominant variant in the population (Porter and

Mec. Adam, 1992).
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Although drug resistant strains must have existed before the development of antibiotics. Their
frequency of occurrence increased after the development of anti-tuberculosis drugs in the 1950s
(Rom and Garay 1996). Drug resistance in tuberculosis could therefore occur in naive patients who
have never been treated with any anti tuberculosis drugs i.e. primary resistance or in patients who
get inadequate treatment due to prescription error or non-adherence to the appropriate regimen

(WHO, 1994).

1.2.7. Diagnosis of Tuberculosis

Even though slow growing nature and fastidiousness of Mycobacterium tuberculosis complex
(MtbC) are the challenges for diagnosing, there are limited diagnosing techniques that can be
performed from routine laboratory to highly advanced one. These are Smear microscopy, Chest

radiography, Mantoux test. In vitro culture, Molecular diagnostic and Biochemical test.

1.2.7.1. Smear microscopy

The most widely used diagnosis for active pulmonary TB is the examination of sputum smear by
microscopy after ZiehlNeelsen and Florecense staining. The ZiehINeelsen staining method relies
on the specific lipid rich cell wall of mycobacteria which retains the red carbolfuchsin (the first
dye on staining) dye after alcohol acid de-colorization. This is the reason why M.tuberculosis is

often referred as “acid fast bacillus” depicts the structure of the cell wall. (Barry et al., 2009)

Sputum smear examination by light microscopy is a highly specific, fast and cheap method and
often the only TB diagnosis available especially in resource limited settings. Unfortunately, the
sensitivity of smear microscopy is variable with 20 to 80%, M. tuberculosis infections missed or
underdiagnose by this method. Apart from the low sensitivity, the main drawback of sputum smear
microscopy is the intrinsic reliance on sputum production limiting its use in children and HIV
positive patients which can’t expectorate and give proper sample. Fluorescent microscopy is a
faster, more sensitive but less specific alternative using acid fast fluorochrome dyes instead of
ZiehINeelsen staining. In 2011, WHO recommended to initiate the implementation of fluorescent
microscopy with a light emitting diode (LED) for the diagnosis of TB. (Truffot et al., 2006 and
Davies 2008)
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1.2.7.2. Chest radiography

Chest radiography (X-rays) is often used as a complement to smear microscopy to diagnose TB
especially in sputum negative patients. Typical TB related abnormalities in the lungs like
infiltrations, nodules or cavities can be recognized by trained medical personal but are generally

not used as the only definite TB diagnosis mechanism alone. (WHO 2011)

1.2.7.3. Mantoux test

Robert Koch in 1980GC described a delayed type hypersensitivity reaction to extracts from
Mycobacteria cultures first in the guinea pig animal model and subsequently in humans and
proposed it as an option for TB treatment. Purified extract of M. tuberculosis proteins now known
as PPD which is now routinely used for diagnosis of M. tuberculosis infection by intradermal
injection. The delayed type hypersensitivity response (measured as induration at the site of
injection) that ensues if sensitized T cells are present is seen in those infected with M. tuberculosis.
Thus the tuberculin skin test (TST) was the first immunodiagnostic based on an acquired immune
response towards M. tuberculosis. The underlying mechanism is the strong cellular immune
response elicited by infecting M. tuberculosis mediated through macrophages CD4+ and CD8+ T-
cells and regulated by cytokines such as tumor necrosis alpha and interferon gamma. This response
is known to be dominated by interferon (IFN-3)-gamma production .while the size of the reaction
can’t discriminate the latent tuberculosis infection (LTBI) from active one. (Dheda ef al., 2010 and

Nicod 2007)

1.2.7.4. Biochemical test

The differentiation of MTC by Biochemical analyses includes colony morphology, niacin
accumulation test, growth in the presence of thiophen-2-carboxylic acid hydrazide (TCH; 2ug/ml),
nitrate reduction on modified Dubos broth, and growth characteristics on Lebek medium and on
bromcresol purple medium (induction of a pH-dependent change of color from blue to yellow).
And their interpretation is: - Oxygen preference in Mycobacterium isolates on Lebek (a semisolid
medium) can be described as aerophilic (growth on the surface) and micro aerophilic (growth
below the surface). Nitrate reduction and niacin accumulation are the characteristics of
M.tubeculosis. M. bovis is intrinsically resistant to pyrazinamide (PZA), major criteria for

differentiation however susceptibility to PZA among isolates of M. bovis has been reported in
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some studies. Biochemical tests have now been replaced with molecular techniques for the

identification and classification of MTC. (Normung, 1986)

1.2.7.5. In vitro culture

Bacterial cultures in vitro can provide a definitive TB diagnosis and is currently considered as the
gold standard method. Unfortunately M. tuberculosis grows very slowly with a doubling time of
about 20 hours (depending on the growth medium used), thus it can take weeks. The sensitivity is
high as only a few viable bacilli are sufficient to initiate growth of sputum samples must be
decontaminated before culture inoculation to prevent overgrowth of other faster growing
microorganisms. However decontamination can also be harmful to mycobacteria and therefore
culture based diagnosis is not a 100% sensitive method. The main drawback of M. tuberculosis
culture is the requirement for high biosafety laboratory facilities biosafety level 2 and 3 and
specifically trained staff to avoid aerosol transmission. Such facilities are very costly and often not

available in resource limited settings. (Rieder et al., 2007)

1.2.7.6. PCR

The development of PCR technique in general is for detection of specific sequences of M.
tuberculosis and other mycobacteria. This PCR assays may target either DNA or rRNA of MtbC
and these could be based on conventional DNA based PCR, nested PCR and real-time (RT-PCR).
Targets include insertion and repetitive elements, various protein encoding genes, ribosomal
rRNA, etc. Developments in this area have been very rapid and a large number of PCR assays
targeting different gene stretches of M. tuberculosis have been described. In general, gene
amplification methods have been found to be highly sensitive and specific for diagnosis of
tuberculosis directly from clinical specimens. Depending upon the bacteriological status and copy
number of target sequence, sensitivity has ranged from (70-100%) whereas specificity between

80-100%. (Katoch 2004)

1.2.7.7. Interferon Gamma Release Assay (IGRA)

Interferon-Gamma Release Assays (IGRAs) are whole-blood tests that can aid in diagnosing
Mycobacterium tuberculosis infection. But they do not help to differentiate latent tuberculosis
infection from active tuberculosis disease. There are two IGRAs techniques that have been

approved by the U.S. Food and Drug Administration (FDA) and are commercially available.
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They are Quantiferon — TB gold in-tube test (QFT-GIT) and Spot-TB test (T-Spot). To look for
how it work, IGRAs measure a person’s immune reactivity to M. tuberculosis. White blood cells
from persons that have been infected with M. tuberculosis will release interferon-gamma (IFN-g)
when mixed with antigens (substances that can produce an immune response) derived from M.
tuberculosis. To conduct the tests, fresh blood samples has to be mixed with antigens and controls.
The antigens testing methods and interpretation criteria for IGRA is differ. The advantages of
IGRA is patient visit to conduct the test results can be available within 24 hours and BCG
vaccination does not cause a false-positive test result. The disadvantages and limitations of IGRAs
is, blood samples must be processed within (8-30) hours after collection while white blood cells
are still viable and errors in collecting or transporting blood specimens can decrease the accuracy

of IGRAs. (CDC guideline for IGRA)

1.2.7.8. Spacer-Oligotyping (Spoligotyping)

Spoligotyping is a new method for simultaneous detection and typing of MTC. This method is
based on polymerase chain reaction (PCR) amplification of a highly polymorphic direct repeat
(DR) locus in the M. tuberculosis genome. Results can be obtained from M. tuberculosis culture
within 1 day. Thus the clinical usefulness of spoligotyping is determined by its rapidity both in
detecting causative bacteria and in providing epidemiologic information on strain identities.
Implementing such a method in clinic settings would be useful in surveillance of tuberculosis
transmission and in interventions to prevent further spread of this disease but it wouldn’t be easy

to implement in resource limited setup. (Gori et al., 2005)

1.2.8. Epidemiology of Drug Resistance Tuberculosis

Drug-resistant and multidrug-resistant (MDR-TB) resistant to at least isoniazid (INH) and rifampin
(RMP) strains of Mycobacterium tuberculosisare seen to be man-made problems, mainly related
to poor case management and lack of quality drugs. M. tuberculosis complex use several strategies
to resist the action of antimicrobial agents (WHO 2009). Eighty five percent of MDR-TB occurs
in 27 countries (WHO 2011). Globally, 3.5% of new cases and 20% of previously treated cases
are estimated to have MDR-TB. Ethiopian national drug resistance survey of 2005 estimated the
prevalence of MDR-TB among new and retreatment cases was 1.6% and 12% respectively (WHO

2011).
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According to Abate et al., research done at St.Peter’s TB Specialized Hospital, of 376 TB isolates
102 (27.1%) were susceptible to all of the four first line anti-TB drugs -Isoniazid, Rifampicin,
Ethambutol & Streptomycin, and 274 (72.9%) were resistance to at least one drug. And the
individual drug resistance pattern looks like: - STM (67.3%) was found to be the most common
followed by (56.1%) INH, (46.1%) RIF and (43.5%) ETB. And also there were no mono resistant
strain for Rifampicin. And poly resistance was reported in 29 (7.7%) of the cases. Among these,
the highest proportion was 15(53.6%) (Isoniazid and Streptomycin) combination. In this study the
prevalence of MDR-TB (defined as the resistance to at least INH and RIF) was 174 (46.3%).
(Abate et al., 2012)

The research done in three different parts of Ethiopia ( Bahirdar, Fitche and Ambo) showed that
the overall proportion of MDR isolates was 11.8% and highest (17.6%) at Ambo (Western Shoa,
Ethiopia) while one (8.3%) isolate out of the 11.8% MDR M. tuberculosis was XDR and was found
in Bahirdar (North-West Ethiopia). (Hussien et al., 2013),

1.2.9. Diagnosis of Drug resistant Tuberculosis

Diagnosis of drug resistance TB is one of the essential steps in the management of tuberculosis.
To meet this requirement several methods have been developed, these are conventional (absolute
concentration, resistance ratio and proportion), BACTEC, MIGT, molecular methods etc. (Mshana
et al., 1998). However these methods have a number of limitations. More rapid methods like
BACTEC are very expensive for routine use in high TB endemic and low economic countries.
Conventional methods that use solid media (Lowenstein-Jensen media or 7H10 Middlebrook agar)
take 6 to 9 weeks to obtain the result. Therefore simple, rapid and relatively inexpensive methods
are desired particularly for low-income countries. (Foonglada et al., 2002). Recently a simple and
rapid colorimetric assay has been developed. This method uses Tetrazolium salt for a reliable

detection of drug resistant strains (Caviedes et al., 2002).

1.2.9.1. Phenotypic Drug Susceptibility testing Methods

Susceptibility testing of mycobacteria utilizes the same solid media, broths and inoculation
methods as culture techniques. The systems are supplemented with anti-tuberculosis drugs.
Growth of the organisms in the presence of anti-tuberculosis drugs is compared to controls in order

to interpret susceptible or resistance. According to (drug-resistant tuberculosis a survival guide for
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clinicians), there are different mechanisms of performing drug susceptibility testing and looks the

following:-

1.2.9.1.1. Agar proportion method: -

The clinical specimen (direct method) or a subculture of mycobacterial growth (indirect method)
is used to inoculate agar plates containing either an anti-TB drug or no drug (control). The growth
of colonies on the drug-containing quadrant is compared to the control quadrant as a proportion

(percent resistance). This process typically takes at least 3 to 4 weeks.

1.2.9.1.2. Direct method: -
The clinical specimen (usually AFB smear-positive sputum) is processed and then inoculated
directly onto agar plates containing anti-TB drugs. And the growth of Tuberculosis in the presence

of anti-tuberculosis drugs will be analyzed against control run without drug.

1.2.9.1.3. Indirect method: -
After the M. tuberculosis grows from a clinical specimen, a suspension is prepared and inoculated
onto drug-containing agar plates or into broth bottles or tubes. The result will be observed by the

degree of turbidity in accordance with the control tube containing no drug.

1.2.9.1.4. Broth methods: -

A cell suspension of M. tuberculosis is inoculated into vials or tubes of broth containing either the
critical concentration of an anti-TB drug or no drug (control). The growth of the organism in the
drug-containing medium is compared to the growth in the control. Broth methods are preferred for
first-line testing as they are much faster (typically 5 to 10 days) than the proportion method using

agar media.

1.2.9.1.5. Newer broth methods: -

Other broth systems have been developed to detect mycobacterial growth in a fully automated
system. In addition these systems can be used for drug susceptibility testing which are mentioned
on (Drug-resistant tuberculosis | a survival guide for clinicians) and approved by USFDA are the

following:-
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1.2.9.1.6. BACTEC system

This assay system developed by Becton Dickinson is based on generation of radioactive carbon
dioxide from substrate palmitic acid. This method has been extensively used all over the world and
growth can be detected within 5-10 days. Inclusion of NAP (beta nitro alpha acetyl amine beta
hydroxyl propiophenone) helps in distinguishing M.tuberculosis (inhibited) from other
mycobacteria. This system has been widely used for drug susceptibility testing and is currently
used as a comparative standard. (Katoch 2004). It has been validated to provide results for SM,
INH, RIF, EMB (SIRE) and PZA in a time frame close to the BACTEC system. MGIT, 320, 640
and 960 has also been approved by Food and Drug Administration (FDA).

1.2.9.2. Molecular Detection of Drug resistance Tuberculosis

In this technique theDNA is extracted from the bacteria and amplified. Certain mutations
associated with drug resistance can be detected. Gene X-pert and LPA are one of the Molecular

techniques of detecting mutated gene which causing resistant.

1.2.9.2.1. Gene X-pert

Molecular diagnostic tests based on DNA amplification have been proposed to complement the
conventional bacteriological diagnosis of TB. Most of these tests have the advantage to allow the
rapid detection of M. tuberculosis and are highly specific although their sensitivity often remains
sub-optimal. Nevertheless, newer assays are considerably more sensitive and now days a fully
automated system called Xpert MTB/RIF (Cepheid-USA) has been validated in USA. Xpert
MTB/RIF detects M. tuberculosis infections and rifampicin (RIF) resistance in approximately two
hours, simultaneously from directly sputum came for smear and with high sensitivity. This method
is based on polymerase chain reaction (PCR) amplifying specific regions of the (rpo-B gene).
Furthermore it requires no advanced infrastructures since all reagents are available disposable

cartridge that is single use. (Osman et al., 2014)

1.2.9.2.2. The GenoType® MTBDRplus LPA

The GenoType® MTBDRplus LPA is based on multiplex PCR technology, followed by reverse

hybridization to detect and identify M. tuberculosis complex and to predict the susceptibility or

resistance to the two main first-line anti-tuberculosis drugs, RMP and INH. The assay screens for

the absence and/or presence of “wild-type” (WT) and/or “mutant” (MUT) DNA sequences within
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specific regions of three genes: rpoB (associated with RMP resistance) and katG and inhA
(associated with high-level and low-level INH resistance respectively). Each strip contains 27
reaction zones. (FIND 2012)

1.2.10. Vaccine for Tuberculosis

In 1921 the first anti-TB vaccine was developed by Albert Calmette and Camille Guerin and named
by their and the strain name called Bacille Calmette Guerinh (BCG) and it remains the only
available Vaccine against TB. Nowadays even though many new innovations are undergoing its

efficacy against pulmonary TB in adults varies from 0 to 80%. (Brooks et al., 2001)

One of the mechanisms of attenuation during the development of BCG vaccine from virulent M.
bovis was due to the deletion of RD1 region. RD1 comprises 9 genes including early secreted
antigen type 6 (ESAT-6) and culture filtrate protein 10 (CFP-10). (Michael J. et. al., 2007). But
now day’s researchers have made significant progress in TB vaccine development and more than
ten TB vaccine candidates are now being evaluated in clinical trials following two different
approaches pre-exposure vaccination in order to prevent disease in individuals that have so far not
encountered M. tuberculosis and post-exposure vaccination that aims at inhibiting disease outbreak

in individuals that are already infected. (Brennan & Thole 2012)

Table 1:- Tuberculosis vaccine candidates in clinical trials. (Brennan & Thole, 2012)

No Products Product description Type Indication Status
ofvaccine
1 | AERAS-422 Recombinant BCG expressing mutated
PfoA and overexpressing antigens 85A, Recombinant | Prime.
Phase |
85B, and Rv3407 Live
2 | AdAg85A Replication deficient adenovirus 5 vector| Viral Prime, Boost | Phase [
expressing Mtb antigen 85A Vectored
3 | HyVac 4/AERAS -| Adjuvanted recombinant protein composed| Recombinant | Prime, Boost | Phase I
404, +1C31 of a fusion of Mtb antigens 85B and TB10.4 Live
4 | Hybrid _ I+CAFO01 | Adjuvanted recombinant protein composed| Recombinant | Prime, Boost | Phase |
of Mtb antigens 85B and ESAT_ 6 Live
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Hybrid 56 + IC31 | Adjuvanted recombinant protein composed| Recombinant | Prime, Boost | Phase I
of Mtb antigens 85B, ESAT 6 and Rv2660 Live

VPM 1002 rBCG Prague strain expressing listeriolysin| Recombinant | Prime. Phase 11
and carries a urease deletion mutation Live

M72 + ASO1 Recombinant protein composed of a fusion| Recombinant | Prime, Boost | Phase II
of Mtb antigens Rv1196 and Rv0125 & Live
adjuvant ASO1

Hybrid +IC31 Adjuvanted recombinant protein composed| Recombinant | Prime, Boost | Phase II
of Mtb antigens 85B and ESAT-6 Live

RUTI Fragmented Mtb cells Whole cell (in | Immunotherapy| Phase II

1.2.11. Treatment

Current WHO guidelines recommend a 6-month treatment regimen consisting of a combination of
4 drugs (Rifampicin, Isoniazid, Ethambutol, and Pyrazinamide) for 2 months then 2 drugs
(Rifampicin and Isoniazid) for 4 months. This regimen gives curative rates of up to 90% in
immunocompetent (HIV negative) TB patients. (CDC 2006). For this to be achieved this regimen
has to be prescribed at the correct dose taken regularly by the patient and for the required length
to time to prevent relapse and development of drug resistant strains. The drugs in the current
regimens are efficient bactericidal compounds at standard or higher doses (for Ethambutol)
especially for actively growing/multiplying bacteria. At lower doses or for slowly multiplying
Mycobacteria (Isoniazid) they can be bacteriostatic. Pyrazinamide can be bactericidal or
bacteriostatic depending on the concentration reached at the site of infection. The ability of the
most commonly used TB regimens to kill the slowly growing or slowly metabolizing bacteria i.e.
persisters after rapidly growing or metabolizing bacteria have been killed via bactericidal activity
is suboptimal. This is the main reason for the long duration of current TB treatment regimens.

Generally the First line anti-TB drugs (FLD) including isoniazid, streptomycin, rifampicin and
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ethambutol and there are three injectable second line drugs known as (amikacin, capromycin and

kanamycin). (Zambrano ef al., 2012).

The most important determinant for success of therapy is the development of drug resistance. The
known targets for each of the four first line drugs and the genetic location of mutations that confer
drug resistance are already known, however not all mutations that confer resistance have been fully
elucidated. M. tuberculosis isolates that are resistant to both isoniazid and rifampicin are defined
as multidrug-resistant TB (MDR-TB). Resistance to isoniazid and rifampicin plus any
fluoroquinolone and at least one of three injectable second-line drugs (amikacin, kanamycin, or

capreomycin) is defined as extensively drug resistant TB (XDR-TB). (Shah et al., 2011)
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1.3. Statement of the Problem

Tuberculosis (TB) is a major global and national level, our country Ethiopia is still the member of
top twenty high TB burden country having an incidence of all forms of TB was 200 per 100,000
populations with mortality rate 32 per 100,000. (WHO 2015)

Molecular epidemiology characterization has been done in different parts of the country and
showed that there is diversification. Debebe ef al. 2013, in his project showed that 36(11.1%) new
strains of Mtb out of 118 samples were found and another study done by Tessema et al. 2013
identified 9.4% of the isolates were not found on the data base which means have no linage
classification and 45.1% of the isolate were grouped in the same cluster indicating that there is a

high rate of recent transmission.

As researches has been done in the country to show the magnitude of MDR-TB. Debebe ef al., in
his research from the total of 606 sample the overall prevalence of MDR-TB was 93(15.3%).
Rifampicin (RMP) and isoniazid (INH) mono resistance were 17(2.8%) and 15(2.5%) respectively.
Moreover the rate of MDR TB among smear and/or culture positive samples were 42.9% and

together with RMP mono resistance, it increased to 50.7%, (Debebe et al., 2013).

All forms of TB and smear positive pulmonary TB (PTB+), case notification increased from 14.3
to 150 per 100,000 population with an increment of 90.4% within fifteen years in Arsi Zone.
Similarly PTB+ case notification increased from 6.9 to 63 per 100,000 populations an increment
of 89% in fifteen years between September 1997 and August 201 1. During their retrospective study
from the total of 14,221 TB cases which were analyzed during the study period 867 (6.1%) were
relapsed cases and 2,333 (16.4%) cases were treated unsuccessfully because of defaulting, failure

and death. Hamusse et al., (2014)

As the 15 years retrospective analysis done by (Hamusse et al. 2014) showed that the defaulter rate
in my study area increased from (2.5 to 21.6%), which is responsible for mutation and 6.1% of the
Zonal TB patients were relapse cases who have >20 % chance to be MDR-TB according to WHO
2014 estimation on retreated TB case, but when I came to my study area even though the zone is
pilot site to start direct observing treatment (DOT) as national level, no research has been done to

show the molecular epidemiology.
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1.4. Significance of the study

Molecular epidemiology is a powerful approach for monitoring infectious diseases (Savine et al.,
2002). It is particularly important in the study of chronic diseases such as tuberculosis, where
patients with recurrent tuberculosis can be chronically infected with a given strain and relapse due
to reactivation of that strain or in contrast can be re infected by a different strain after cure (Van
Rie et al, 1999). A correct distinction between these alternatives is essential for accurate
estimation of the success rates of tuberculosis programs (Bloom and Murray 1992). Moreover it
can give unique insights into the international dissemination dynamics of M. tuberculosis by the
comparison of isolates from different geographic areas and allows to analyze evolutionary changes
of pathogen populations and strain lineages (Supply et al., 2001). Molecular epidemiological
results from developed countries often show high polymorphism in the genetic patterns of M.

tuberculosis complex strains (Bauer et al., 1998 and Van Solingen et al., 1999).

On the other hand according to WHO 2015 report, globally 3.5% of new and 20.5% of previously
treated TB cases were estimated to have had MDR-TB. This translates into an estimated 480 000
people having developed MDR-TB in 2014. On average, an estimated 9.0% of patients with
MDRTB had extensively drug resistant TB (XDR-TB). According to Hamusse et al., the 15 years
study showed that defaulter rate grown from 2.5 to 21.6%, and death rate from 1.6 to 11.1%, across
the 25 districts in Arsi zone which may be responsible for the increment of MDR and or XDR-TB

Although different studies have shown significant genetical variation among TB in the population,
there is no research done to show the molecular epidemiology of Tuberculosis in Arsi zone even
though the zone is the first center to be started DOT as national level in 1992. There is also no
research yet done in this zone to show the MDR-TB prevalence and the resistance pattern even
though the drug defaulter numbers are becoming higher especially for those re-treatment cases in
the zone. Looking the possible risk factors among those pulmonary TB positive individuals will
also enables the population to keep not to be infected by TB having the zone total population of
3.1 million from which about 89% of the zonal population resided in rural areas. In 2011 about
70% of the population lived within a 10-km radius or at a walking distance of 2 hours from a health

institution.
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Chapter Two

Objectives
2.1. General Objective

To determine the molecular diversity of the Mtb strains circulating in the area and their

antibiotic susceptibility.
2. 2. Specific Objective

To characterize the strains of mycobacterial isolates by spoligotyping

To identify the lineage

>

>

» To study the transmission dynamics

» To determine the prevalence of MDR TB
>

To determine the pattern of MDR TB
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Chapter Three

Materials and Methods
3.1. Study Area

The study was conducted in Arsi zone, Oromiya region Ethiopia. Arsi is one of the zones in
Oromiya Regional State. It is also one of the most densely populated zones with 148 people per
km2. The Zone has a population of 3,056,372 according to 2007 national census of which
1,533,610 were males and 1,522,762 were females with an area of 21,009 (km2). The zone has 25
Woreda’s and each Woreda has an average of two health centers which can diagnose TB by smear
microscopy. The Zone has also three hospitals and one teaching referral hospital known as Arsi

University Asella teaching hospital. (BoFED, 2008)

3.2. Source Population

TB suspected Patients visited selected health facilities of the study sites (Eteya health center, Asella
Teaching Hospital, Huruta Health center, Shirka health cente, Kersa health center, Bekoji health
center and Robe hospital) from February 2015 to August 2015.

3.3. Study Participants

All newly diagnosed individuals who became smear-positive for pulmonary TB and those who
were willing to give informed consent.

3.4. Inclusion Criteria

All smear positive new pulmonary TB positive patients who were volunteers and gave informed

consent, and three sputum samples (morning-spot-morning) and live in the woreda permanently.
3.5. Exclusion Criteria

Patients who were not willing to participate in this study, and couldn’t give three sputum samples
(morning-spot-morning); those who gave small volume (<5ml) and bloody sputum. And those who

had previous history of anti TB treatment and who were not resided permanently were excluded.
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3.6. Study Design and Sample Size

A cross-sectional study design was conducted, sample size was calculated by using single proportion
population formula, considering prevalence of about 10.9% reported by (Hussien A. et al., 2012) in
Oromia region Jimma zone with 95% confidence level and 5% precision between sample and
population parameter. To collect the required samples, based on calculated sample size, districts
with high prevalence was purposely selected and quota sampling techniques was used in the seven

selected districts.

Where: - n = Sample size,
Zp=Z value at (0 = 0.05) = 1.96
P = Proportion of occurrence of the event to be studied (Prevalence) =10.9%

d = Margin of error (Precision), (Usually </=0.05)

Calculation; n =3.84x0.097 /0.0025 =148.9
10 % non-response rate = 148.9 x 10/100
=15
N=n + 10% non-response rate
148.9 + 15

164
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Table 2:- Quota sample distribution in seven selected Woredas Showing quota sample distribution

in seven selected Woredas (Reference for population is from 2012 report of national population

estimation based on 2007 senses

No | Woreda Town Population Calculated Expected | Collected
M v Total Sampleper pop. | sample samples

1 Tiyo Asella 41,714 | 41,241 82,955 73.13 73 75

2 | Hetosa Eteya 9,000 9480 18,480 16.29 16 17

3 Lode Hetosa Huruta 8008 8350 16,358 14.4 14 11

4 Shirka Gobessa | 7,135 6,632 13,767 12.13 12 12

5 Munessa Kersa 7,171 6,693 13,864 12.18 12 10

6 Lemuna bilbillo Bekoji 10,890 10,988 | 21,878 19.28 19 15

7 Arsi Robe Robe 10,017 8,689 18,706 16.5 17 10

Total population 93,935 92,073 186,008 164 163 150

3.7. Data collection method

Sputum samples had been collected consecutively until the required number of samples achieved

from smear positive pulmonary TB patients enrolled in the study sites (Tiyo, Hetosa, Lode Hetosa,

Shirka, Asasa, Munessa, and Robe Woredas). Every smear positive patient was requested to

provide three sputum samples (spot-Morning-spot) and the sample was pooled in 50 ml sterile

screw capped universal falcon tubes. The pooled sputum samples has been stored (4-8°C) for

maximum of 2 weeks at each health facilities and transported in a cold chain system to the core

laboratory at Adama Regional Laboratory (ARL) for culture on conventional Lowenstein-Jensen
(LJ) media and isolates had been collected in 3% TSY [the mixture of 3% tryphtosoya broth (TBS)
and 20% Glycerol] then stored in -80 °c at ARL, Drug susceptibility (DST) was done there in ARL

by Line probe assay (LPA). Finally the isolate was transported to Akililu Lemma Institute of Patho
Biology (ALIPB), Addis Ababa University (AAU) for molecular typing.
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3.8. Laboratory Methods

3.8.1. Smear Microscopy

In the periphery laboratory, after the study participants were suspected for Tuberculosis by their
clinicians and sent for confirmation to the laboratory, patients were directed to give productive
sputum and given another screw cup plastic container to bring the morning productive sputum
samples coughing from the lung in safe way, by the second day they were also giving another spot
samples soon they reach the laboratory, and the three slides were investigated for the presence of

TB, those became positive on smear were included for this study.

3.8.2. Sputum Culture

The pooled sputum sample was decontaminated and concentrated using NALC-NaOH The sputum
samples were decontaminated and concentrated by shaking in an equal volume of NaOH-NANC
for 15 minutes and concentrated by centrifugation at 3000 rpm for 15 minutes. The sediment was
neutralized with 2N HCI, using phenol red as an indicator. Bacteriological culturing of sputum
samples was performed using the conventional LowensteineJensen (LJ) egg slant medium,
containing 0.6% sodium pyruvate and glycerol media, for the recommended time. Then the
cultures were incubated at 37°C for 4-8 weeks and examined on weekly bases for the presence of
any mycobacterial colonies. When visible colony was observed, acid fast staining was done to
select the smear positive isolates. Isolates from the positive cultures was preserved with freezing

media 3% TSY.

3.8.3. SD TB Ag MPT 64 Rapid (Capilia)

The test procedure was done, after the growth of TB seen on solid LJ media. In brief, normal saline
was added to the bottom of the media and aspirated by rubber pasture pipette and dropped in to
the sample pore of the Capillia cassette. Then two drops of running buffer was added. The
chromatographic technique assay was interpreted as positive when red band line was seen on both
control and test band indicating that it was MTC, and Negative when the red line was seen on

control only indicating that the strain was NTM.
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Figure 2:- Capilia tests showing an SD TB Ag MPT 64 Rapid tests

3.8.4. DST by GenoType® MTBDRplus LPA

Isolates which were stored in deep freezer at -80 °c were brought to room temperature for DNA
extraction according to the WHO guide line. Briefly, 100ul of Lys-A solution, and 50ul of very
well mixed isolates were added in to 2ml cryotube very carefully and heated at 95 °c in (PQLAB)
for 5 minutes to kill the bacteria. The tubes were then centrifuged at 13,000 RPM (MIKRO 200)
for S5min then 100 pl of Genolyse A-NB was added and vortexed. Finally 100ul supernatant
expected to contain DNA was transferred to another sterile tube. The Extracted DNA was mixed
with Mix A and Mix B and amplified by mixing 5yl of DNA with 45ul of Mix solution in the
thermo cycler. The amplicon was used for Line probe Assay (LPA).

Then 20 pl of Denaturation Solution (DEN) and 20ul of Amplicon was dispensed in a corner of
each of the wells used, 20 ul of amplified sample was added to the solution, mixed well incubated
at room temperature for Smins. Then pre warmed 1ml of Hybridization Buffer (HYB) chemical
which was added to each well followed by immersing labeled DNA-Strip in the mix solution and
incubated on TwinCubator for 30 minutes to rotate at 300rpm. The HY B was aspirated completely
after 30 min and stringent wash solution (STR) chemical was added and again incubated at 45°c
for 15 minutes in TwinCubator, which again aspirated. Working solution of conjugate was added
and mixed at room temperature then rinsed two times with rinsing solution and washed by distilled
water. Finally substrate working solution was added and mixed on TwinCubator for 5 minutes at
room temperature and washed with distilled water. The DNA-Strip was extracted and observed

the presence of mutation at “rpoB gene, katG gene and inhA genes which are responsible for anti-
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TB drugs Rifampicin and INH in accordance with the control of Amplification [AC] and conjugate
[CC] in all of the tests which is the indicator of the perfectness of the procedure.

According to “HAIN Life Science Company produces, Geno Type MTBDRpius 96 version 2.0.
Thin paper coated with DNA and chemicals are found in box, the DNA’s which are responsible
for treating TB are found on the strip which also has procedural control bands (CC) Conjugate
control, (AC) amplification control and (TUB) the indicator of the sample run is tuberculosis. And
the gens coated are [rpoB controlling band, and rpoB WT1, rpoB WT2, rpoB WT3, rpoB WT4,
rpoB WTS5, rpoB WT6, rpoB WT7, rpoB WTS, rpoB MUTI1, rpoB MUT2A, rpoB MUT2B and
rpoB MUT3] genes which are the possible genes for treating TB by the anti-TB drug Rifampicin
and the possible mutation that a new TB strain can undergo. [katG controlling band, katGWT,
katG MUT1 and katG MUT?2] genes which are INH anti-TB drug is act on it and the possible kinds
of mutation that a new TB can undergo, and at the bottom [inhA control band, inhA WT1, inhA
WT2, inhMUT1, inhMUT2, inhMUT3A and inhMUT3B] gens which are responsible for INH

acting sites.

Figure 3:- Description of the 27 reaction zones on the GenoType® MTBDRplus strip
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3.8.5. Spoligotyping

Spoligotyping was carried out using the commercially available kit from Ocimum Biosolutions,
India, according to the manufacturer’s instructions (Kamerbeek et al., 1997). Briefly, the direct-
repeat (DR) region was amplified with primers DRa (5’-GGT TTT GGG TCT GAC GAC-30
biotinylated at the 5" end) and DRb (5°-CCG AGA GGG GAC GGA AAC-30). PCR amplification
was done for 53 cycles with denaturation, annealing and extension for 1min at 95 % and 55 %
respectively and extension for 30 sec at 72% in each cycle. The amplified DNA was hybridized to
inter-DR spacer oligonucleotides covalently bound to a membrane. Sterile water and DNA from
M. tuberculosis and M. bovis was used as a negative and positive control respectively. The
amplified DNA was subsequently hybridized to a set of 43 oligonucleotide probes by reverse line
blotting. The hybridized PCR products were incubated with streptavidin-peroxidase conjugate, and
signal detection was obtained with an enhanced chemiluminescence detection system (Amersham,
Little Chalfont, England), followed by exposure to X-ray film (Hyperfilm ECL; Amersham)
according to the manufacturer’s instructions. The X-ray film was developed and washed using

standard photochemical procedures.

4 5 6 7
DR DR DR DR DR —
o —p o —p o —p g —p o —p
a b a b a b a b a b
.
2 <
)
- o PCR products
]
—

Figure 4:- Principle of DNA amplification of the DR region of M. tuberculosis complex bacteria.
The two primers, a and b will lead to the amplification of any spacer or a stretch of neighboring

spacers and DR’s
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3.9. Research Communication

The results of our findings were communicated to the concerned body, especially concerning the
five patients who became positive for MDR-TB. They were brought to MDR-TB treating center
at Adama Hospital in collaboration with Adama Regional Laboratory. All family members of
MDR-TB patients were traced and linked to researchers at HIRSCH-INISTITUTE OF TROPICAL
MEDICINE who are working on contact tracing of TB patients in Arsi University. Those TB
patients which were resistant for only INH were called and asked for their improvement of their
treatment and three of them answered they are not cured and agreed to come to Arsi University
Asella teaching hospital. When checked by AFB microscopy, they were negative and but
GenXpert, positive. Then treated for INH for 9 months and advised to follow their medical status

correctly and keep not to infect other family members.

3.10. Ethical Consideration

Ethical approval letter was obtained from Department of Ethical Review Committee (DERC) of
Department of Microbiology, Immunology and Parasitology (DMIP), College of Health Science,
Addis Ababa University. Support letter was also obtained from Oromia Regional Health Bureau
and Arsi zone health Bureau. The purpose and benefit of the study was explained to each study
participants by the sample collectors in each study site and those volunteers had been requested to

sign consent form and participate the study.

3.11. Data analysis

Socio-demographic and clinical data obtained through questionnaires and the results of laboratory
tests were entered into EPI-Info (Version 2004) and Microsoft Excel data record files. Statistical
analysis was performed using SPSS software packages (version 21.0 for windows). Tables and
graphs were used to present the socio-demographic characteristics of the study subjects after

analysis of some selected variables with relevant statistical analysis.
Spoligotype results were analyzed and interpreted based on SpoLDB4 and SITVIT databases.
Spoligotype patterns were compared with that found in the SpoLLDB4 database and we used

SPOLCLUST to assign families/subfamilies for orphan spoligotypes. Lineage was assigned on the
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basis of spoligotype Large Sequence Polymorphisms (LSPs). Spoligotype rules for each lineage
was based on the presence or absence of specific spacer sequences in the direct repeat locus (i.e.,
absence of 1-34 spacers for East-Asian; absence 33—36 for Euro-American; absence of 29-32, 34
spacers, and presence of 33 spacer for Indo-Oceanic; and absence of 4—7 and 23-34 spacers for

East-African Indian) (Gagneux and Small, 2007).

3.12. Data quality assurance

The quality of data was controlled starting from the time of questionnaires development. The
questionnaire was developed by reviewing relevant literatures on the subject to ensure reliability
and developed in English. The questionnaire which was prepared in English was translated into
Afan Oromo and Ambharic. Onsite training was given for sample and data collectors on the purpose
and the aim of study. Concerning the reagents and chemicals that used for staining ZN-AFB and
LED-Florescent, known positive and negative control had been run daily as a control. During
culture test the quality was monitored by running sample free LJ and running known H-37 TB
strain and the working environment was disinfected by 1% bleach (mix of 20ml of 5% bleach and
80ml of distilled water). During PCR, the area of PCR mix has been cleaned with “DNA away”
before and after each mix. We used a separate mix room and amplified the mix in a different room

to prevent cross contamination.
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Chapter Four

Result
4.1. Socio-demographic background of the Study participants

A total of 150 smear positive pulmonary TB patients were considered in this study. The
participant’s age range was from 6 -72 years with the mean (=SD) of 29 (£ 13.25). More than half
79 (52.7%) were married and 60 (40.0%) of them were females. Sixty six (44%) of the study
participants had knowledge about tuberculosis, 23 (15.3 %) and 4 (2.7%) of the study participants
had history of hospital admission and imprisonment, respectively and 34 (22.7%) of the patients
had history of contact with tuberculosis patients in their home or nearby friends. Likewise 58

(38.7%) of the study participants had having a habit of drinking raw milk.

Table 3:- Table shows Socio-demographic characteristic of study participants

Variables Variable sub-class Unit Percentage
frequency (%)
Age <15 15 10
16-25 66 44
26-35 33 22
36-45 18 12
46-55 11 7
>55 7 5
Sex Male 90 60.0
Female 60 40.0
Educational level Illiterate 41 27.3
Elementary 58 38.7
High school 32 21.3
College and above 19 12.7
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Marital status Single 68 45.3
Married 79 52.7
Separated 3 2.0
Occupation Unemployed 14 9.3
Civil servant 19 12.7
Student 43 28.7
Daily laborer 7 4.7
Merchant 53 353
Farmer 13 8.7
Other 1 0.7
HIV Status Positive 2 1.3
Negative 88 58.7
Not screened 60 40.0
Pregnancy Yes 1 1.7
No 59 98.3
Habits of drinking | Some times 2 1.3
alcohol Always 1 0.7
Not at all 147 98.0

4.2. Smear microscopy result

During the study period in Arsi zone including seven woredas having one governmental Hospital
which diagnose Tuberculosis by both microscopic methods Florescence and Zehilnelson, one
private Hospital, one private higher clinic and eight governmental Health center which all uses
only Zehilnelson diagnostic method, were participated for this study, totally 150 smear confirmed
TB positive sputum’s were collected. Of 150 smear observed, 92/150 (61.3%) were graded +1,
27/150 (18%) were graded +3, 11/150 (7.3%) were graded +2 and 20/150 (13.3%) were graded

scanty.
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4.3. Molecular characterization of Mycobacterium tuberculosis in Arsi

Oromia Ethiopia

4.3.1. Genetic diversity and family assigning

Characterization of the strains based on Bio-numeric (1&0) produced from spoligotyping in to
Lineage, Family and strain was done based on SpolDB4 (Spoligotyping international data base 4)
for (up to SIT-1938) and SITVIT web, http:// www.pasteur-guadeloupe.fr:8081/SITVIT released

in 2012. Those strains which didn’t find in either of the two were designated as UK (Unknown).

Totally 65 isolates had registered SIT on SpolDB4, specifically the SIT number found in this study
was, 35 of 130 had an SIT NO. 53, 5 of 130 had an SIT NO 149, 5 of 130 had an SIT NO 118, and
SIT NO (37, 120, 777, and 1547) was found two times each and SIT NO (26, 50,117,142,185, 247,
699, 736, 952, 1129, 1318 and 1821) was found one times each and the remaining 65 of 130 had
no SIT NO on SpolDB4. In this classification, SIT NO 26 and 247 was assigned as CAS1 DELHI

strain type.
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Table 4:- Description of representative of isolates and corresponding spoligotyping of defined lineages, sub-lineages and Strain of M. tuberculosis strains

1solated from Arsi Zone Oromia Region Ethiopia.

SIT(SpolDB4) Spoligotype description Octal number Major Lineage Family
From SITVIT From SITVIT
53 T E——————— wmm—— | /7777777760771 | Buro-American | T
149 AT ESSSSS—— T mmmmm— | //7000377760771 | Euro-American | T3-ETH
736 S E——— W | (/7777577760731 | Buro-American | T
952 T ——— T T 77— | 603777740003771 | Unknown CASI
1821 ISR | S | T T | (/347777760771 Euro-American T3-ETH
37 S EEESSSSSSSSS———— | msmmmm | (/7737777760771 | Buro-American | T3
777 N | W | mmmmm— | (/777777420771 Euro-American H3-Ural-1
26 [ [ I ———— T 7T T —— | 703777740003771 | Unknown CASI-Delhi
53 S —— [ Wmmmm | (/777777760771 | Buro-American | T
#NIA T T T T e | 401001400000060 | Indo-Oceanic Canetti
#NIA T T T T —T T — | 700000007760771 | Euro-American | T1-RUS2
#N/A OO T T T T T T T T T T T rm | 000000007160001 | West Affican 1 M. Caprae
#NIA T e eeess—— | /0002047177771 | Indo-Oceanic AFRI
#NIA (T T T T T T T T T T T M LT | 000002000003000 | M. bovis Beijing
#N/A T T T s | 7 00002047561771 Euro-American T1-RUS2
#NIA N S S W S | 677777377418771 | Buro-American | EAI
185 IS W EESSSSESS——— W W | (/7002377760771 | Euro-American | X2
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4.3.2. Cluster classification

Cluster classification (isolates which have similar missing and existing of 43 genes on
spoligotyping) showed that, five clusters was found. Thus, 34 isolates were missed genes only
from 33 up to 36, five isolates were missed genes from 10 up to 20 and from 33 up to 36, six
isolates were missed gene number 15, 20 and from 33 up to 36, five isolates missed gene number
15 and from 33 up to 36 and two isolates missed gene number 20 and genes from 33 up to 36. The
rest of isolates has no similar point of missing and expressing indicating that those which have
similarity are in expected to be acquired the disease from the point of index even though which
patient had the disease earlier and who was latter, and for those which have no common points of
missing genes are expected to acquire from different origins or the bacteria by itself may get loss

or SXpress gencs.

37



Table 5:- Distribution of clusters of Tuberculosis isolates found in Arsi zone Oromia region Ethiopia.

Number  of | Missed regions on | Spoligotyping description SIT Number on | Strain
isolates found | Spoligotyping SpolDB4 type
(N=130)
32/130 Only from 33 up to 36 " mmsm__ JRE Tl
5/130 Region 15 and from 33 up 118 T2
to 36 .. HEEN |
2/130 Region 20 and from 33 up 120 T1
./ '/ | HEEN |
to 36
6/130 Region 15, 20, and from 33 NA NA
up to 36 ... i N HNHEEN |
5/130 Region from 10 up to 20 NA NA

and from 33 up to 36
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4.3.3. Lineage and family classification

Of the 130 spoligotyped isolates, 104 (80.0%) belongs to Euro-American lineage (lineage-4), 15
(11.5%) Indo-Oceanic lineage (lineage-1), 9 (6.9%) Unknown lineage, 1(0.8%) West African-
I(lineage-5) and 1(0.8%) Mycobacterium bovis. From the total 104 Euro-American lineage 46
(44.2%) belongs to T family, 21(20.2%) T3 family, 18 (17.3%) T3-ETH family, 5(4.8%) H3-Ural-
1, 4(3.8%) Manu 2, 3 (2.9%) T1-RUSI, 2(1.9) X1, and 5(4.8%) X2, H1, EAI, T2 and T1-RUS2.
The identified 15 Indo-Oceanic lineages were also further classified in to families where, 5 (33.3%)
belongs to Manu?2 family, 4 (26.7%) CAS1-Delhi family, 2 (13.3%) AFRI family, 1 (6.7%) H3
family, 1(6.7%) ‘T’ family, 1(6.7%) Canetti and 1(6.7%) EA14-VNM family.
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Table 6:- Lineage and family classification of isolates collected from Arsi zone Oromia region
Ethiopia

Complex Major lineage Strain type

EAI
T1-RUSI1

T

X

T3-ETH

H3

) T
Euro American

T3

X1

HI

H3-Ural-1

MT C Manu-2

T1-RUS2

T

CAS-1

Manu-2

Indo-Oceanic AFRI

EA14-VNM

Canetti

H3

Un Known CAS1-Delhi

CAS-1

M.bovis Beijing

West Africa-1 PINI2
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4.3.4. Orphan classification

The strains which are orphans (found as single) from 130 spoligotype are Nine. Of the nine orphan

strains “Beijing type” was identified from Hetosa Woreda.

Table 7:- Distribution of orphan tuberculosis strains circulating in Arsi zone, Oromia region

Ethiopia.
Districts Type of Orphan strains | Proportion proportion of
(N=9) Pseud strain from
total isolates
(N=130)
Tiyo X2, EA14-VNM 2 (22.2%) 1.54 %
Hetosa Beijing, T2 2 (22.2%) 1.54 %
L.Hetosa 0 0
Shirka HI 1(11.1%) 0.77 %
Munesa EAI, TI1-RUS2 2(22.2%) 1.54 %
L.Bilbillo M. Canetti 1(11.1%) 0.77 %
Robe PIN12 1(11.1%) 0.77 %
9 (100%)

Table 8:- Distribution of isolates which are orphan and their binary code of Spoligotype

Strain type Spoligotype Binary code
Strain type PINI2 0000000000000000000000001110011100000000001
Strain type H1 ITT11111111111111111111010000000000000000000
Strain type Beijing 00000000000000001000000000000000001 10000000
Strain type EAI T10T111111111111110111111111000010111111111
. I111111111111101101111111111111100001100001
Strain type X2
. TITT11 11111111011 11111111111111100001110111
Strain type T2
Strain type EA14-VNM 1110011111111101111111111000100000111111111
Strain type T1-RUS2 0000000000000000100000001111111100001111111
Strai . 1000000010000000011000000000000000000001100
train type M. Canetti

41




4.3.5. Distribution of strains in different Woreda

The distribution of the identified strains (families) at Woreda level from which the samples were
collected is shown in table 9. The strain type “T” was the dominant strain (n=) circulating in the
area and found in all study woreda’s at higher percent, followed by “T3-ETH” family. Tiyo woreda

was the host for majority of the strain types identified

Table 9:- Distribution of MTC family in Woreda’s

Family * Woreda Cross tabulation Total
KBBN (Family) % within Woreda N=130
Woreda’s
Tiyo | Hetosa |L.Hetosa | Shirka |Munessa | L. bilbillo | Robe
T 30.8% | 15.4% 50.0%| 53.8% 40.0% 47.6% | 30.8% | 36.2%
T3-ETH 11.5% 7.7% 25.0%| 15.4% 10.0% 14.3%| 23.1%| 13.8%
X1 1.9% 7.7% 1.5%
H3-Ural-1 7.7% 7.7% 10.0% 15.4%| 3.8%
T3 21.2%| 30.8% 12.5% 7.7% 19.0% 16.2%
CAS1-Delhi 3.8%| 23.1% 12.5% 14.3%| 15.4%| 8.5%
Manu?2 9.6% 10.0% 4.6%
CASI1 3.8% 1.5%
T1-RUSI1 3.8% 7.7% | 2.3%
M. Caprae 7.7%| 0.8%
H1 7.7% 0.8%
AFRI 1.9% 10.0% 1.5%
Beijing 7.7% 0.8%
H3 7.7% 3.1%
EAI 10.0% 0.8%
X2 1.9% 0.8%
T2 7.7% 0.8%
EA14-VNM 1.9% 0.8%
T1-RUS2 10.0% 0.8%
Canetti 4.8% 0.8%
Total 100.0% | 100.0% 100.0% | 100.0% 100.0% 100.0% | 100.0% | 100.0
%

42



4.4. Drug susceptibility testing (DST)

The cumulative resistance in the study area was 10/130 (7.7%). (Table 11). Of 130 isolates
Rifampicin and Isoniazid mono resistance were detected in 2 (1.5%) and 5 (3.8%) of isolates.
Multidrug resistance (i.e. those isolates which were resistant to both rifampicin and isoniazid) was

detected in 3 (2.3%) out of the 130 isolates.

Sales

2.3

1.5 3.8

92.3

Figure 5 :- Drug susceptibility distribution of TB positive samples collected from study participants
from February 2015 to June, 2015 in Arsi Oromia Ethiopia.

On the other hand, two patient samples on LPA were deleted for the gene rpoB WT7 and rpoB
WTS but didn’t express any of the mutant gene (rpoB MUT1, rpoB MUT2A, rpoB MUT2B and
rpoB MUT3).

Figure 6:- LPA of missing WT and MUT gene
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Chapter Five

Discussion

In this study we have described the molecular epidemiology and drug susceptibility of sputum
samples which were confirmed smear positive and new tuberculosis patients which were collected

from seven woreda’s of Arsi, Oromia region, Ethiopia.

For this study we collected and cultured 150 samples from seven study area, of those 130 of them
were grown and done for molecular characterization and drug sensitivity testing, the rest 20
samples were fail to grow on solid Lowisten Jenson media, when I trace back the possible reason
for not grow was, majority 14 of 20 samples were having low burden of Tuberculosis bacillus
which were graded scanty and +1 in the field, and the rest 6 of 20 were bloody sputum which have

had seen growth covered by fungal species.

Of the study participants 44% were in the age range of 16-25, which is the productive age group,
and in line with many other researches including WHO 2015 report. Males were also seen
dominating females in this study, accounting 60% (90/150), which is similar like other researches
done by Berhe ef al., 2012; Ejeta et al., 2014. On the other hand 58 (38.7%) of the study
participants were have had a habit of drinking raw milk and one patients which had M.bovis is also

from this percent.

The molecular characterization on spoligotyping to lineage showed that, 104/130 (80.0%) were
Euro-American, 15/130 (11.5%) Indo-Oceanic, 9/130 (6.9%) Unknown lineage, 1(0.8%) West
African-1 and 1(0.8%) Mycobacterium bovis were identified from SpolDB4 (n=1938) and SITVIT
2012 which indicating the lineage “Euro-American” is more circulating in the study area, thus
spoligotyping pattern lineage finding is in line with the finding of Firdessa ef al. (2013), and
Tessema et al. (2013) from Ethiopia and Globally the lineage “Euro-American” is the dominating

one according to Brosch ef al. (2002).

From Lineage to strain characterization done for this study showed that, strain type ‘T’ which
accounted 36.2% from this study is the most dominating and found in all seven woredas of the
study site with 30.8%, 15.4%, 50.0%, 53.8%, 40.0%, 47.6%, and 30.8% in Tiyo, Hetosa, L.
Hetosa, Shirka, Munessa, L. bilbillo, and Robe woredas respectively, followed by T3-ETH type
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which accounted 13.8% , indicating that there is a recent transmission of Tuberculosis among the
society which I couldn’t found and associate with other research done in this country. But it is the
dominating strain circulating among all of the seven study woredas thus it could be the answer for

the questions why the seven woredas gets high burden of Tuberculosis among the rest 25.

Cluster classification (isolates which have similar missing and existing of 43 genes on
spoligotyping) showed that, five clusters was found in which all the study woredas showed they
have had a cluster, implies recent transmission like the report of Tostmann et al., 2008; Wirth et
al., 2008, Dheda ef al., and 2010. The higher rate of PTB and clustering is indicative of defects of

the TB control program Aranaz ef al., 2003, as seen in Arsi.

The DST pattern shows 3 (2.3%) were resistance for both Rifampicin and INH, 5 (3.8%) were
mono resistance for INH and 2 (1.5%) were mono resistance for Rifampicin, so that according to
the guide line 5 (3.8%) of the new patients were MDR-TB, in which it has a slight increment from
the WHO GTR 2015 estimate which is (3.5%). It has also shown increment from the research
done in Eastern Amhara region by (Esmael ef al., 2014) which is (1.8%), and also this result has
shown increment with other studies like in Addis Ababa and Harar by (Wolde et al., 1986) which
was 2% and 1.3% respectively. The two patients which were resistance for Rifampicin was 2/46
(4.3%) from “T” family, INH mono resistant were 2/18 (11.1%) from “T3-ETH”, 2/21 (9.5%)
from “T3” and 1/11 (9.1%) from CAS1-Delhi.

When we see the socio characteristics of those patients which were mono resistant for INH has no
previous exposure for the drug as prophylaxis, but have had a contact with Tuberculosis infected
patients, and those who were MDR (resistant for both INH and Rifampicin) are females and single
and their age was between 16-20 and the type of the strain specifically was CAS1-Delhi, T3-ETH
and T, and all of them were from different woreda’s, has no exposure with TB patient in family

and nearby friend and no hospital admission history and also negative for HIV

On the other hand two patient samples on LPA were deleted for the gene rpoB WT7 and rpoB
WTS8 but didn’t express any of the mutant gene (rpoB MUT1, rpoB MUT2A, rpoB MUT2B and
rpoB MUT3) which needs further diagnosis by another molecular technique. We did GenXpert to

detect for the Rifampicin resistance and both of them were detected no Rifampicin resistance gene.
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But according to the guide line seated by FIND (foundation for innovation new diagnostics) 2012,
the absence of a signal for at least one of the rpoB WT probes with or without the presence of a
MUT band indicates that the strain should be predicted to be resistant to RMP. The presence of
less common mutations within rpoB that result in absent bands for either of WT reaction zones
(which lack corresponding mutation specific capture probes) also should be interpreted as

resistance to RMP.

Biochemical, Immunological and molecular characterization of M. tuberculosis has led to the
identification of several antigens which may be useful in the development of improved diagnostic
methods in order to discriminate between M. tuberculosis complex and other than M. tuberculosis
(MOTT). M tuberculosis has known to secrete more than 33 different proteins, one of the
predominant protein is MPT64 was found in the culture fluid of only strains of M tuberculosis
complex. That is why rapid SD cassette chromatographic testing Capilia device was developed to
differentiate between non tuberculosis complex members (NTM) from the complex, and 130
samples was performed for capilia cassette tests and 12/130 (9.23%) of them becoming negative
which is interpreted as they are not the member of the complex even though the type of the strain
specifically is not distinguished. But on spoligotyping they found MTC specifically they were

under lineage of Euro-American and Indo-Oceanic.
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Limitation of the study

The limitation of this study is that, the numbers of isolates are smaller and study did not included
all woreda’s in Arsi zone to provide a true picture of possible types of M. tuberculosis lineages,

specific strain and prevalence of MDR TB.
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Conclusion and Recommendation

Conclusion

In conclusion, our study confirms a highly diverse population structure of M. tuberculosis, the
presence of phylogenetic lineages that were not described before and a predominance of the Euro-
America lineage in the Oromia region, Southwest Ethiopia. Our study also showed new isolates
which were resistant to anti-TB drugs including multidrug reissuance. The high rate of recent
transmission underlines active transmission of M. tuberculosis including drug-resistant strains, and
consequently the inefficacy of TB control program in the study area. This emphasizes the
importance of strengthening laboratory diagnosis of TB including culture and drug susceptibility
testing, intensified case finding and treatment of TB patients according to the ongoing DOTS

program to interrupt the chain of transmission within the community.

Recommendations

1. MDR-TB treating centers should have to be established at zonal level in Arsi for
controlling.

2. More research has to be done especially on those re-treated TB patients to know the
prevalence of MDR-TB, hence the prevalence from new patients are showing some

increments.

3. Arsi University which is found in Asella, the town of the Zone should have to give health
education at sub-kebele level and should have to promote such researches to be done, and
the University Teaching Hospital in collaboration with Oromia and Federal Ministry of

health should have to establish TB culture laboratory.

4. As the molecular pattern showed, the lineage Euro-American is more dominantly
circulating typically strain type “T’ which is the indication of there is a very rapid cross
exchange of TB infection among the society, so if proper health education and intervention
was given the disease can be stopped, so the concerned organizations should take their

responsibility to stop the spread.

48



References

Abate D., Taye B., Abseno M., and Biadgilign S. (2012). Epidemiology of anti-tuberculosis drug
resistance patterns and trends in tuberculosis referral hospital in Addis Ababa, Ethiopia.

Biomedical center Research Notes; Vol. 5:No. 462: 234

Abbadi S., Hadidya G., Gomaa N., and Cooksey R., (2009). Strain differentiation of
Mycobacterium tuberculosis complex isolated from sputum of pulmonary tuberculosis patients.

International Journal of Infectious Diseases; Vol. 13: 236—242

Aranaz, A., Liebana, E., Gomez-Mampaso, E., Galan, J. C., Cousin, D., Ortega, A., Blazquez, J.,
Baquero, F., Mateos, A., G., S. & Dominguez, L. (1999). Mycobacterium tuberculosis su bsp.
caprae subsp. nov.: a taxonomic study of a new member of the Mycobacterium tuberculosis

complex isolated from goats in Spain. International Journal of Systemic Bacteriology; Vol.

49:1263-1273.

Barletta F., Otero L., Collantes J., Astol B., C de Jong Bouke Sease C., and Rigouts L., (2013).
Genetic variability of Mycobacterium tuberculosis complex in patients with no known risk factors

for MDR-TB in the North-eastern part of Lima, Peru. Biomedical center for infectious disease;
Vol. 13: No. 397 pp. 13

Barry C.E, Boshoff H.I., Dartois V., Dick T., Ehrt S., Flynn J., Schnappinger D., Wilkinson R.J.
And Young D., (2009). The spectrum of latent tuberculosis: rethinking the biology and

intervention strategies. Nature Reviews Microbiology; Vol. 7: 845-855

Bauer J., Yang Z., Poulsen S., and Andersen A. (1998). Results from 5 years of nationwide DNA
fingerprinting of Mycobacterium tuberculosis complex isolates in a country with a low incidence

of M. tuberculosis infection. Journal of Clinical Microbiology; Vol. 36: 305-308.

Bloom, B., and Murray C. (1992). Tuberculosis. Commentary on a Re-emergent Killer Science,

Vol. 257: 1055-1064.

Brennan, M. J. &Thole, J. (2012). Tuberculosis vaccines a strategic blueprint for the next decade.

Tuberculosis; Vol, 92: 6-13.

49



Brooks J., Frank A., Keen M., Bellisle T., and Orme J: (2001), Boosting Vaccine for Tuberculosis;
Infection and immunity, Vol. 69, No. 4: 2714-2717.

Brosch, R., Gordon, S. V., Marmiesse, M., Brodin, P., Buchrieser, C., Eiglmeier, K., Garnier, T.,
Gutierrez, C., Hewinson, G., Kremer, K., Parsons, L. M., Pym, A. S., Samper, S., Van Soolingen,
D. & Cole, S. T. (2002). A new evolutionary scenario for the Mycobacterium tuberculosis

complex. Proclamation National Academics Science U. S A, Vol. 99: 3684-3689).

Caviedes L, Delgado J, and Gilman R. H, (2002). Tetrazolium Microplate Assay as A Rapid and
Inexpensive Colorimetric Method for Determination of Antibiotic Susceptibility of

Mycobacterium tuberculosis. Journal of Clinical microbiology; Vol. 40:1873-1874

Caws. M., Thwaites. G., Dunstan. S., Hawn. Thomas R., Lan T, Thuong. N. Stepniewska, K.,
Huyen, M., Bang, N., Loc T., Gagneux S., Soolingen D., et; al, (2008). The Influence of Host and
Bacterial Genotype on the Development of Disseminated Disease with Mycobacterium

tuberculosis. Host and Bacterial Genotype in TB; Volume (4).

Centers for Disease Control (CDC) Guidelines for Using Interferon Gamma Release Assays to

Detect Mycobacterium tuberculosis Infection. 2012
Centers for Disease Control and Prevention (CDC).2006. Pp 123

Cousins, D., Bastida, A., Cataldi, V., Quse, S., Redrobe, S. & Dow, P. (2003). Tuberculosis in
seals caused by a novel member of the Mycobacterium tuberculosis: Mycobacterium pinnipedii

sp.nov. International Journal of Systemic Evolutionary of microbiology, Vol. 53:1305-1314.

Davies. P, (2008). The mycobacterioses. Imaging; Vol. 20: 252-263.

Debebe T., Admassu. A. Mamo G. and Ameni G., (2013). Molecular characterization of
Mycobacterium tuberculosis isolated from pulmonary tuberculosis patients in Felege Hiwot
Referral Hospital, northwest Ethiopia. Journal of Microbiology, Immunology and Infection; Vol.
20; No, 16: 6-9

Dheda K, Schwander SK, Zhu B, van Zyl-Smit RN, and Zhang Y. (2010). The immunology of
tuberculosis from bench to bedside. Respirology; Vol. 15: 433-450.

50



Drug-resistant tuberculosis | a survival guide for clinicians 2010

Dymova, M. A., Kinsht, V. N., Cherednichenko, A. G., Khrapov, E. A., Svistelnik A. V. and
Filipenko, M. L. (2011). Highest prevalence of the Mycobacterium tuberculosis Beijing genotype
isolates in patients newly diagnosed with tuberculosis in the Novosibirsk oblast, Russian

Federation. Journal of Medical Microbiology; Vol. 60:1003—1009.

Esmael A., Ali L., Agonafir M., Endris M., Getahun M., Yaregal Z., and Desta K., (2014). Drug
Resistance Pattern of Mycobacterium tuberculosis in Eastern Amhara Regional State, Ethiopia.

Microbial & Biochemical Technology; Volume (6); No. (2)

Eyasu Ejeta, Tadesse Birhanu and Tsedeke Wolde; (2014). Tuberculosis treatment outcomes
among tuberculosis’/human immunodeficiency co-infected cases treated under directly observed
treatment of short course in Western Ethiopia. Journal of AIDS and HIV Research; Vol. 6, (8), pp.
164-171.

Ethiopian National TB Prevalence survey 2010-2011 Preliminary Result, Addis Ababa.

Federal Ministry of Health: Guideline for program and Clinical Management of drug Resistant
Tuberculosis. Ist edition. Addis Ababa, Ethiopia: FMOH; 2009.

FIND (foundation for innovation new diagnostics) 2012

Firdessa R., Berg S., Hailu E., Schelling E., Gumi B., Erenso G., Gadisa E, Kiros T.,Habtamu M,
Hussein J., Zinsstag J., Robertson B.D, Ameni G., et;al, (2013). Mycobacterial Lineages Causing
Pulmonary and Extra pulmonary Tuberculosis, Ethiopia. Emerging Infectious Diseases: Vol. 19,

No. 3; 23-25

Fleischmann, R, Dodson, R., Ermolaeva, M., Alland, D., Gwinn, M., Haft, D., Salzberg, S. L.,
Mikula, A., W. Bishai, Eisen, J. A., Hickey, E., Delcher, A., Carpenter, L., Kolonay, J. F.,
Utterback, T., Jacobs, J., W. R. , White, O., Peterson, J., Nelson, W. C., Weidman, J., Venter, J.
C., Deboy, R., Umayam, L. A., Khouri, H., Mikula, A., Bishai, W., Gill, J. & Fraser, M. (2002).
Whole-Genome Comparison of Mycobacterium tuberculosis Clinical and Laboratory Strains.

Journal of Bacteriology; Vol. 184: 5479-5490

51



Foonglada S, Roengsanthia D, Arjrattanakool W, Chuchottaworn C, and Chaiprasert A, (2002);
Rapid and simple MTT method for rifampicin and Isoniazid susceptibility testing of

Mycobacterium tuberculosis. International Journal of Tuberculosis and Lung Disease; Vol. 6:

1118-1122.

Gori, A., Bandera, A., Marchetti, G., Esposti, A.D., Catozzi, L., Nardi, G.P. Gazzola, L., Ferrario,
G., Embden. Jan D.A, Soolingen, D.V.,Moroni, M. and Franzetti, F.(2005). Spoligotyping and

Mycobacterium Tuberculosis. Emerging Infectious Diseases, Vol. (11), No. 8,

Gebretsadik Berhe, Fikre Enquselassie and Abraham Aseffa,; (2012). Treatment outcome of
smear-positive pulmonary tuberculosis patients in Tigray Region, Northern Ethiopia. BMC Public

Health,; Vol. 12; No 537

Hamusse S., Demissie M., and Lindtjern B.; (2014). Trends in TB case notification over fifteen
years, the case notification of 25 Districts of Arsi Zone of Oromia Regional State, Central Ethiopia.

Research article; Volume, (14), No. 304.

Huard, R., Lazzarini, C., Butler, W. R., Van Soolingen, D. & Ho, J. L. (2003). PCR-based method
to differentiate the subspecies of the Mycobacterium tuberculosis complex on the basis of genomic

deletions. Clinical Journal of Microbiology; Vol. (41): 1637-1650.

Hussein B., Debebe T., Wilder-Smith A. and Ameni G. (2013). Drug susceptibility test on
Mycobacterium tuberculosis isolated from pulmonary tuberculosis patients in three sites of

Ethiopia. African Journal of Microbiology Research Vol. 7 No. 9: 791-796.

Hussen A., Ahmed Z., Abiyu M., Solomon A., and Solomon A. (2012). Smear positive pulmonary
tuberculosis (ptb) prevalence amongst patients at Agaro teaching health center, south west

Ethiopia, Ethiopian Journal of Health Science; Vol. 22, No. 1

Kallenius, G., Koivula, T., Ghebremichael, S., Hoffner, S. E., Norb erg, R., Svensson, E., Dias, F.,
Marklund, B. 1. & Svenson, S. B. (1999). Evolution and clonal traits of Mycobacterium
tuberculosis complex in Guinea-Bissau. Clinical Journal of Microbiology, Vol. 37: 3872-3878.

Katoch, M. 2004. Infections due to non-tuberculosis mycobacteria. Indian Journal of Medical

Research. 120: 290-304.

52



Kaufmann H.E., and parida K., (2008). Tuberculosis in Africa Learning from Pathogenesis for
Biomarker Identification; Cell Host & Microbe review; Vol. 4: No 2: 134-145.

Lienhardt C, Fielding K, and Sillah JS; (2005). Investigation of the risk factors for tuberculosis:
Case control study in three countries in West Africa. International journal of Epidemiology; Vol.

34:914-923.

Martin Spiess 2012; Molecular epidemiology of Mycobacterium tuberculosis in Madang, Papua

New Guinea.

Michael J., Fruth B., Milstien J., Nishioka R., Chocarro., L. and the Developing Countries Vaccine
Regulatory Network and the Ad Hoc Regulatory and TB Expert Panel; (2007). Development of
New Tuberculosis Vaccines A Global Perspective on Regulatory Issues. Health in action PLoS

Medicine; Volume 4 Issue 8.

Mshana R.N, Genet T, Getahun A, and Hakan M, (1998). Use of (3-4, 5-dimethylthiazol-2-yl) 2,
5 diphenyl tetrazolium bromide for rapid detection of resistant Mycobacterium tuberculosis.

Journal of Clinical microbiology. Vol. 36: 1214-1219.
Nicod LP (2007); Immunology of tuberculosis; Swiss Medical Weakly; Vol. 137:357-362).

Normung, D. I. F. (1986). Medical Microbiology: Diagnosis of Tuberculosis. Part 9: Minimum
Requirements for the Identification of the Tubercle Bacilli. DIN, Beuth Verlag, Berlin, Germany,
Pp. (58943-58949).

Ogaro D., Githui W., Kikuvi G., Okari J., Asiko V., Wangui E., Jordaan M., Van Helden P.,
Streicher M. and Victor T. (2012). Diversity of Mycobacterium tuberculosis strains in Nairobi,

Kenya; Africa Journal of Health Science. Vol. 20: 82-90.

Osman M., John A., Simpson, JA. Caldwell J., Bosman M., and Nicolb MP. (2014). Identification
of Rifampin-Resistant Gene Xpert MTB/RIF Version G4 for Tuberculosis in a Programmatic
Setting. Journal of clinical microbiology. Vol. 52 No. (2) p. 635

Porter J.D.H and Mc Adam K.P.W.J, (1992). Tuberculosis in Africa in AIDS era and the role of
Chemoprophylaxis. Tropical Medical Hagen; Vol. 86: 467-469.

53



Richard C., Lazzarini O., Butler W., van Soolingen D., and John L. (2003). PCR-Based Method
to Differentiate the Subspecies of the Mycobacterium tuberculosis Complex on the Basis of

Genomic Deletions. Journal of clinical microbiology, Vol. 41, No. 4 : 266-271.

Rieder, H. L., Van Deun, A., Kam, K. M., Kim, S. J., Chonde, T. M., Trébucq, A. & Urbanczik,
R; (2007). Priorities for tuberculosis bacteriology services in low-income countries; [UALTD,

Paris, France. 2 edition
Rom N.W, and Garay S.M. (1996). Tuberculosis. Little Brown and company USA. Pp. (92- 93).

Savine, E., Warren RM., van der Spuy G., Beyers N., van Helden P., Locht C., and Supply P.;
(2002). Stability of variable-number tandem repeats of mycobacterial interspersed repetitive units

from 12 loci in serial isolates of Mycobacterium tuberculosis. Journal of Clinical Microbiology;

Vol. (40): Pp. (4561-4566).

Selwyn P.A, Sckell B, Alcabes P, Friedland G.N, Klein R.S, and Schoenbaum E.C. (1992). High
risk of active tuberculosis in HIV infected drug users with cutaneous anergy. Journal of American

Medical Association. Vol. 268: Pp. (504-509)

Shah NS., Richardson J., Moodley P., Moodley S., Babaria P., Ramtahal M., Heysell SK., Li X.,
Moll AP., v G., Sturm AW., and Gandhi NR.; (2011). Worldwide Emergence of Extensively Drug-

resistant Tuberculosis South Africa. Emerging Infectious Diseases; Vol. 13, No. 3

Sharaf Eldin, G., Fadl-Elmula L., Ali M., Ali A, Salih A., Mallard K., Bottomley C., and McNerney
R., (2011). Tuberculosis in Sudan: a study of Mycobacterium tuberculosis strain genotype and

susceptibility to anti-tuberculosis drugs; biomedical journal of Infectious Diseases, Vol. 10. No.

1186; 266-281.

Shenoia S., Heysellb, S., Mollc A., and Friedlandd G., (2009). Multidrug-resistant and extensively
drug-resistant tuberculosis consequences for the global HIV community; National institute of

health. Current Opinion Infectious Disease; Vol. 22 No. (1): 11-17.

Sreevatsan, S., Pan, X., Stockbauer, K. E., Connell, N. D., Kreiswirth, B. N., Whittam, T. S. &

Musser, J. M. 1997. Restricted structural gene polymorphism in the Mycobacterium tuberculosis

54



complex indicates evolutionarily recent global dissemination. Proclamation National Academic

Science USA, Vol. 94 : 9869-9874.

Supply P., S. Lesjean S., Savine E., Kremer K, van Soolingen D., and Locht C.; (2001); Automated
high-through put genotyping for study of global epidemiology of Mycobacterium tuberculosis

based on mycobacterial interspersed repetitive units; Journal of Clinical Microbiology; Vol. 39:

3563-3571.

Tessema B., Beer J., Merker M., Emmrich F., Sack U., Rodloff A., and Niemann S: (2013).
Molecular epidemiology and transmission dynamics of Mycobacterium tuberculosis in Northwest
Ethiopia: new phylogenetic lineages found in Northwest Ethiopia. Biomedical center for Infectious

Diseases; Vol. 13: No.131: 11-13.

Truffot-Pernot, C., Véziris, N. & Sougakoff, W. (2006). Modern diagnosis of tuberculosis. Press
Medical; Vol. 35; 1739-1746.

Van Rie A., Warren R., Richardson M., Victor T., Gie R., Enarson D., Beyers D, and van Helden
PD; (1999). Exogenous reinfection as a cause of recurrent tuberculosis after curative treatment.

New England Journal of Medicine; Vol. 341: 1174-1179.

Van Soolingen D., Borgdorff M., De Haas P., Sebek M., Veen J., Dessens M., Kremer K., and
Van Embden J.,(1999). Molecular epidemiology of tuberculosis in the Netherlands: a nationwide

study from 1993 through 1997. Journal of Infectious Disease; Vol. 180: 726-736.

Vynnycky, E., Nagelkerke, N., W., B. M., Van Soolingen, D., Van Embden, J. D. A. & Fi Ne, P.
E. M. (2001). The effect of age and study duration on the relationship between ‘clustering” of DNA
fingerprint patterns and the proportion of tuberculosis disease attributable to recent transmission.

Epidemiology of Infection, Vol. (126), Pp. (43-62).

WHO, 1994. Guidelines for surveillance of drug resistance in tuberculosis: WHO/TB/94. 178.

Geneva.

WHO, 1997. Anti-tuberculosis drug resistance in the world. WHO/IUATLD global project on anti-
tuberculosis drug resistance surveillance 1994-1997. WHO/TB/97.229.

WHO Global tuberculosis report 2012, 2013, 2014, 2015

55



WHO, 2003. Global tuberculosis control: Surveillance, Planning, Financing. WHO report 2003
Geneva, Switzerland, WHO/CDS/TB/2003.316.

Wood R., D Lawan S., J. Robertson S., and Bekker L (2011). Tuberculosis control has failed in
South Africa — time to reappraise strategy; Original articles; Vol. 101, No. 2 Pp 19.

Workalemahu B., Berg S., Tsegaye W., Abdissa A., Girma T., Abebe M., and Aseffa A., (2013).
Genotype diversity of Mycobacterium isolates from children in Jimma, Ethiopia. Biomedical

Research Notes; Vol. 6 N0.352 Pp. 9

World Health Organization (WHO) report (2011), Fluorescent light emitting diode (LED)

microscopy for diagnosis of tuberculosis

Zambrano MM, Hernandez-Neuta G, Hernandez-Neuta I, Sandoval A, Cubillos-Ruiz A, Reyes A.
and del Portillo P. Genomic Variability of Mycobacterium tuberculosis, Understanding
Tuberculosis - Deciphering the Secret Life of the Bacilli, Pere-Joan Cardona (Ed. 2012)

56



Contact address

1.

Dr. Tamrat Abebe (PhD Associate Professor) who is Advisor for this thesis and instructor
in AAU. Email tamrat.abebe@aau.edu.et. Telephone +251911447227

Dr. Adane Mihret (PhD, Associate Professor) Advisor, Instructor and Researcher in AAU
e-mail adane_mihret@yahoo.com and Telephone +251911408984

Dr. Ketema Tafess (DVM, Msc) Advisor, Instructor in Arsi University e-mail
ttafess@gmail.com and Telephone +251915532579.

Prof. Gobena Ameni, Advisor, Instructor and Researcher in AAU ALIPB.

Fekadu Tamrat who is the principal investigator, MSc Student in Addis Ababa University

Faculty of medicine department of microbiology, e-mail fekadutamrat@yahoo.com and

Telephone +251911398864

57


mailto:adane_mihret@yahoo.com
mailto:ttafess@gmail.com

Loéwenstein-Jensen (LJ) medium

Lowenstein-Jensen (LJ) medium is most widely used for tuberculosis culture. L] medium
containing glycerol favours the growth of M. tuberculosis while L] medium without glycerol but
containing pyruvate encourages the growth of M. bovis.

Ingredients

1. Mineral salt solution
v’ Potassium dihydrogen phosphate anhydrous (KH2PO4) ...... 2.4¢g

v' Magnesium sulphate (MgSO4. 7TH20) ..........c.ccoevvevnnnn... 0.24¢
v\ Magnesium Citrate ................cceuiuirininiiiiiiiieieieiane, 0.6g
V' ASPATAZINE. ...\ttt ittt 3.6g
V" Glycerol (reagent grade) ...........covivieiiniiiiiiiieee 12ml
V' Distilled Water........ovoviiiiiii e, 600ml

121°C for 30 minutes to sterilize. Cool to room temperature. This solution keeps indefinitely and

may be stored in suitable amounts in the refrigerator for longer.

2. Malachite green solution 2%
v' Malachite greendye .............ccoooiiiiiiiiiie 2.0g
v' Sterile distilled Water ..............ooveiiiiiiiiiiiieeeea 100ml
Using aseptic techniques dissolve the dye in sterile distilled water by placing the solution in the

incubator for 1-2 hours. This solution will not store.

3. Homogenized whole eggs
Fresh hens’ eggs, not more than seven days old, are cleaned by scrubbing thoroughly with a hand
brush in warm water and a plain alkaline soap for 30 minutes and Rinse eggs thoroughly in running
water and soak them in 70% ethanol for 15 minutes. Before handling the clean dry eggs scrub the
hands and wash them. Crack the eggs with a sterile knife into a sterile flask and beat them with a

sterile egg whisk or in a sterile blender.
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Preparation of complete medium

» Mineral salt SOIULION .........oiiiii i 600ml
» Malachite green sOIUtion ............coviuiiiiiiiiiiiii i, 20ml
» Homogenized eggs (20-25 eggs, depending on size) ...............veeee. 1000ml

The complete egg medium is distributed in 6-8ml volumes in sterile 14ml or 28ml McCartney
bottles or in 20ml volumes in 20 x 150mm screw-capped test tubes, and the tops are securely
fastened then inspissate the medium within 15 minutes of distribution to prevent sedimentation of

the heavier ingredients.
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Annex 1 Informed Consent Form

Identification NO ------------------------- ----, lab NO ---------- -

I read /well informed about the nature of the study entitled “

Molecular epidemiology and drug sensitivity of mycobacterium tuberculosis isolates among new

pulmonary tuberculosis patients in Arsi, Oromiya, Ethiopia’’ and I have understood that no pain

and no effect during the procedure and only leftover sample is to be used. And also, she/he asked

my willingness to allow the leftover sample to be collected for the research purpose. Finally, she/he

told me that this will be certain if I agree on the following points and signed bellow.

+*
+*

I understood the objective of the study

Iunderstood that the sample won’t be used for farther study, and after completion of the whole
procedure, the leftover sample will be discarded safely

I am aware of any information describing my identity, collected using questionnaire and, won’t
be disclosed

I understood report of my result won’t include my name and my specific identity.

I understood that I won’t get money for being part of the study except compensation for
transportation and elapsed time if only the result become positive.

I clearly informed as I have the right to refuse to participate and withdraw if I change my mind
from the study at any time

I'understood that my refusal to take part in this study won’t have impact to the normal diagnosis

and to my future medical follow up.

I have had enough time to think over it freely and I understood it well in my language. I found it

would have positive impact in the investigation of my case. My agreement to this consent is

without any external enforcement, and will be confirmed by my signature, below.

The information sheet was given/ explained to me by: --- , signature ---------
Name of participant: --- ----, signature --- , phone ------
Individuals who were around 1. Name Sign
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Annex 2 Declaration Sheet

Title of the study: - The objectives of this study is to characterize the diversity of M.tb strains

circulating, determine the drug susceptibility of the isolates among new PTB+ patients in Arsi zone

Oromiya region Ethiopia

Prioritize the patient’s safety and I am responsible for the role(s) I am going to play and showing

by my signature in the table below.

S. No.

Investigators

Responsibilities

Signatures

Remark

Fekadu Tamrat

Write up Material supply Sample care
and transportation Processing the

whole laboratory activity principally.

Dr. Tamrat Abebe

Supervising the whole process.

Dr. Adane Mihret

Supervising the laboratory activity
part and
Write up Material supply

Dr. Ketema Tafesse

Supervising the laboratory activity
part and
Write up Material supply

Prof. Gobena Ameni

Supervising the laboratory activity
part and
Write up Material supply
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Annex 3 Questionnaire

ADDIS ABABA UNIVERSITY
COLLEGE OF HEALTH SCIENCES, DEPARTMENT OF
MICROBIOLOGY, IMMUNOLOGY AND PARASITOLOGY
Questionnaire format for the assessment of the common risk factors of Tuberculosis

Date of Interview PIN Laboratory Code No

Part I. Addressees

1. Region 2.Zone

3. Woreda 4.City

5. Kebele 6.Gote (Sub-kebele)
7. House No 8.Phone No

Part Il .Socio-Demographic Information
9. What is Your Age? (years)
10. Sex? 1. Male O 2.Female OO
11. Religion? 1. Orthodox O2.Muslim O3.Protestant O04.Catholic O05. Otherd
12. Educational Level? 1. Illiterate O 2. Elementary O 3.High School O
4. College and Above O

13. Marital Status? 1. Single O 2. Married O 3.Separate 00 4. Widowed O5.Divorcedd
14. Number of Family Members? 1.<20 2.3-503.6-804.9-1105.>120
15. Occupation? 1. Unemployed O2. Civil Servant O 3.Student O04. House Wife

5. Daily Laborer 6. Pensionedd 7.Merchant O8. Farmer O

9. Driver O10. OtherOd

Part 111. Predisposition for TB

16. Do you know about TB? How it is transmitted from one another? 1. Yes O 2. No O

17. If yes, are you practicing others not to contract this disease by covering your mouth during
talking and coughing? 1. Yes O 2. No O

18. Is there someone who is TB patient in your household? 1. Yes O 2. No 3. I don’t know OO
19. Have you ever had a friend, neighbor, or school mate with TB? 1. Yes O 2. No O
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20.
21.
22.
23.
24.
25.
26.

27.

28.
29.

30.
31.
32.
33.

Name and Signature of the Data Collector/Interviewer

Telephone of contact person

3. Idon’t know O
Habit of Drinking Milk 1.Raw [ 2.boiled O 3.both (boiled and raw) O
4.1 do not drinkd

Do you have the habit of eating raw meat 1.Yes O 2. No O
Do you have history of Hospital Admission? 1. Yes [02.No[J
Do you have previous history of imprisonment? 1. Yes[2. No [0
Do you Drink Alcohol? 1. Sometimes drink alcohol O 2. Always drink Alcohol O

3. I didn’t drink Alcohol O
Do you know your HIV test result? 1. YesO2. No[d
If yes, what was your HIV Test Result 1.Positive [0 2.Negative 0 3.On ART O
Are you Pregnant (For Female) 1.Yes O 2. No

If yes gestational period in weeks ?

Do you Smoke Cigarettes? 1. Sometimes I smoke cigarettes [
2. Always I smoke cigarettes [ 3. Ididn’t Smoke cigarettes [
Do you know someone who is treated for TB more than one times? 1. Yes O 2.No O
If yes what relationship do you have with that person? 1. Family member O 2. Close friend
3. Noncontact person [
Do you have contact with MDR-TB Patients? 1. Yes O 2.No O
Previous history of TB treatment? 1. Yes O 2. No O[New]
If yes, did you completed the treatment? 1. Relapse O 2. Default 0  3.Failured

Contact person: - Name

Relationship 1. Mother O 2. Father O 3. Children O 4. Brother/Sister[d 5. Other
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Annex 4:- Maps

Figure 7:- Maps
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