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ABSTRACT

Background: Tuberculosis (TB) remains a major global health problem and ranks as the second
leading cause o fd eath am ong d eaths cau sed b y i nfectious d iseases w orldwide. D espite t he
availability o f's hort c ourse r egimens as f irst | ine a nti tu berculosis d rugs, e mergence of d rug
resistant Mycobacterium tuberculosis strains pose a major challenge to the prevention and control
efforts of national tuberculosis programs (NTPs). In developing countries, including Ethiopia, the
burden of tuberculosis and /or drug resistance profile of M.tuberculosis remains largely unexplored,

mainly due to lack of quality controlled second line laboratory tests.

Objectives: To as sess t he m ycobacterial genotypic diversity a nd dr ug r esistance pa ttern of M.
tuberculosis complex in North West Ethiopia: resource limited settings. Moreover, it was to assess

the knowledge, attitude and practice (KAP) of TB suspects towards tuberculosis

Methods: Health care institution-based cross-sectional study was designed and conducted to assess:
1) Mycobacterial strain diversity 2) drug resistance pattern of Mycobacterium tuberculosis and 3) to
evaluate the KAP of T B suspects towards T B in North W est E thiopia: resource limited s ettings.
Study Subjects from health facilities in Benishangul Gumuz region and Awi zone of Amhara region
who consented to participate were included in the study. 112 Smear positive samples were collected
from study participants, stored and transported to Armauer Hansen R esearch Institute (AHRI) TB
laboratory. At AHRI laboratory Lowenstein—Jensen (LJ) culture, drug susceptibility testing, R D9
deletion t yping a nd S poligotyping w ere pe rformed from A pril 2013 t hrough J une 2014. D rug
susceptibility te sting (DST) was done by the p roportion m ethod on 24 well pl ates using 7H 10
medium. T he i solates w ere further ¢ haracterized by spoligotyping and compared w ith updated
SpolDB4.0 database to identify the circulating strains. Information for KAP study was collected on
well-structured questionnaires. SPSS V.20 statistical software was used for data entry, data cleaning

and analysis.

Results: DST result of isolates from 87 samples showed one or more drug resistance in 16.5% with
higher rate o f monoresistance to isoniazid (6.9%). M ultidrug resistance of 2(2.3%) was observed

with 1(1.3%) and 1(8.3%) distribution among new and retreatment cases respectively.

From 75 Mpycobacterium t uberculosis isolates typed, 39 pa rticular s poligotype pa tterns w ith

32(42.7%) of “New” isolates was observed. SIT289, SIT53, SIT149, SIT37 and SIT134 were the

IX



predominant strains circulating in the study region with proportion of 14.7%, 12.0%, 8.0%, 5.3%
and 4.0% respectively

From 383 pa rticipants i nvolved f or K AP s tudy 231( 60.3%) w ere m ale a nd 152( 39.7%) were
female. Most frequent respondents’ sources of information about TB were health professionals in
131(34.2%) and 20( 5.2%) had never h eard a bout t uberculosis. 254( 66.3%) kne wt hat T B
transmission i s a erosol w hile 81( 21.1%) do not know a bouti t. 22 3(58.2%) r esponded T B
transmission c an b e p revented b y covering m outh a nd nos e w hile ¢ oughing and s neezing but
125(32.6%) do not kn ow a bout m eans o f T B pr evention. Respondents’ | ack of know ledge
169(49.6%) and 63(18.5%) were reasoned accessibility and affordability for their delay in health

service seeking behavior.

Conclusion: Although current level of drug resistance appears to be low, the risk for a sudden
increase is high because of the relatively higher monoresistance to INH. It is essential to maintain

high quality DOTS in the area to keep MDR low.

Majority of respondents also had poor knowledge and several misconceptions about TB that needs
to be addressed through continuous health education on cause, transmission, prevention, treatment

and services available.

Key w ords: Mycobacterium t uberculosis, S train di versity, D rug r esistance, KAP, Benishangul

Gumuz region, Northwest Ethiopia



CHAPTER ONE: INTRODUCTION

Tuberculosis ( TB) i s an i nfectious d isease cau sed b y t he b acillus Mycobacterium t uberculosis
complex. It typically a ffects th e lungs (pulmonary TB) but c an a ffect o ther sites as well ( extra
pulmonary TB). The disease is transmitted through aerosol infection when people who are sick with
pulmonary TB expel bacteria. TB remains a major global health problem. It causes ill health among
millions of people each year and ranks as the second leading cause of death from infectious diseases
worldwide, after the human immunodeficiency virus (HIV). A ccording to the 2013 W orld Health
Organization (WHO) global tuberculosis report, in 2012 there were 8.6 million cases developed TB
and 1.3 million died from the disease. This is despite the availability o f treatment that will cure
most cases of TB. Short course regimens of first line drugs that can cure around 90% of cases have

been available since the 1980s (WHO, 2013).

In d eveloping ¢ ountries m ore pe ople a re d ying of T Bt han a ny ot her i nfectious di seases. It
comprises 25% of all avoidable deaths. Nearly 95% of all TB cases and 98% deaths due to TB are
in developing countries and 75% TB cases are in productive age groups (WHO, 2009).

Ethiopia is one among the ten countries with triple high burden (TB, HIV, and MDR TB) countries
inthe world and it 1s among three c ountries in A frica. In 2012 E thiopia has the prevalence and
incidence of TB of 224 and 247 per 100 000 population respectively. In the same year there were a
total of 147,592 TB cases notified (143,503 new and 4089 retreatment) with an estimated 1600 new
and 480 r etreatment cases of MDR TB but only 469 ( <1%) new and 180 (4%) retreatment c ases
tested for M DR of w hich onl y 30 ¢ ase and 10 2 c ases w ere | aboratory ¢ onfirmed respectively

(WHO, 2013).

Drug resistance in TB threatens the National Tuberculosis Control Programme in several countries,
and th e major p roblem is mu ltidrug r esistance TB (MDR-TB) (Aziz etal.,2006). MDR-TBis
defined as M. tuberculosis strains that are resistant to at least isoniazid (INH) and rifampicin (RIF),
the two key first line drugs in short course TB chemotherapy. Resistance to any single TB drug is
close to 10% in most African countries (WHO, 2006b). Recently, extensively drug resistant (XDR)
M. t uberculosis (defined a s esistant to a tle ast INH, RIF, a nd f luoroquinolone, a nd e ither
aminoglycosides ( amikacin, ka namycin or ¢ apreomycin or both)is emerging (Demissie ef a /.,

1997).



Globally in 2011, there were an estimated 630 000 cases of MDR-TB (460 000— 790 000) among
the world’s 12 m illion prevalent cases of TB. 310 000 ( 220 000—400 000) M DR-TB cases were
among notified TB patients with pulmonary TB. The proportion among new and retreatment cases
showed high proportion among previously treated cases which is 3.7% (2.1-5.2%) of new cases and
20% (13-26%) o f previously treated cases are estimated to have M DR-TB. A ccording to W HO
global T B control program, Ethiopia is one of the 27 hi gh burden M DR-TB countries with more
than 5000 estimated MDR-TB patients annually (WHO, 2012).

The effective control of TB is based on the immediate detection of M. tuberculosis, followed by the
prompt implementation of adequate anti -TB therapy (Coll ef al., 2005). The emergence of strains
resistant to the major anti-TB drugs speeds up the need for rapid methods for the identification of
resistant M. tuberculosis strains in order to treat the disease effectively and, at the same time, to
prevent the spread of resistant strains (Drobniewski et al., 2007, Gali et al., 2006, Gali et al., 2003,
Jacobs et al., 1993). MDR M. tuberculosis strains have emerged worldwide and seriously threaten

TB control and prevention programs (WHO, 2006a).

One of the aims of ensuring effective management of TB is to minimize the development of drug
resistance, w hich results f rom 1 nadequate t herapy. S urveillance o f anti-TB d rug r esistance i s
therefore an essential tool for monitoring the effectiveness of TB control programs and improving
control efforts. The emergence of drug resistance in recent years has highlighted the importance of
an effective control strategy for TB. The rapid spread of drug resistance, MDR-TB and XDR-TB,
both in new and in previously treated cases, adds urgency to the need for decisive action to develop

and implement control measures (Jain and Mondal, 2008).
1.1. LITERATURE REVIEW

1.1.1. Etiology

TBis an infectious d isease c aused by M. t uberculosis complex ( MTC) b acteria w hich h as an
endemic ch aracter an d w orldwide d istribution. T he M TC co mprises cl osely r elated s pecies
responsible f or s trictly human a nd z oonotic T B. T he co mplex co nsists o f's even s pecies and
subspecies i ncluding M. t uberculosis, M. C anetti, M. af ricanum, M. pi nnipedii, M.microti, M.
caprae and M. bovis. Despite the different species tropisms, the MTC is characterized by 99.9% or



greater s imilarity at the nucleotide 1 evel and p ossess identical 1 6S r RNA sequence (Dye et al.,

2005).

M. tuberculosis is a large non motile and non-spore forming rod shaped bacillus grouped under the
order actinomycetales. The bacteria in the group are known for the high lipid content in their cell
wall. The cell wall is the most distinctive anatomical feature of the bacteria. It is constituted by an
inner pe ptidoglycan layer which seems to be responsible for the shape forming property and the
structural in tegrity o f th e b acterium. T he lip id ¢ oat c onfers th e d istinctive c haracteristics ofthe
group: a cid fastness, e xtreme h ydrophobicity, r esistance t o w eak di sinfectants. It pr obably a lso
contributes to the slow growth rate of some species by restricting the uptake of nutrients (Draper,

1998, Murray P., 2005, Ryan, 2004).

M. t uberculosis strains can b e classified i nto a n umber o f m ajor cl ades acco rding t o d efined
evolutionary markers. It is hypothesized that strains comprising these clades have evolved different
properties which may influence a local strain population structure. This evolved different properties
growth was exclusively attributable to drug susceptible strains. Recent evidence suggests that these
differences likely reflect enhanced pathogenicity rather than transmissibility. The rapid emergence
of different strains demonstrates adaptation to conditions within the study community and poses a

grave challenge to future TB control (van der Spuy et al., 2009).

Although TB may manifest itself at any tissue, the lung represents the main port of entry and is an

important site for disease manifestation (Murray P., 2005).

1.1.2. Risk Factors

Risk factors that accelerate TB infection include: poverty, changing demographics with increasing
crowding and changing age structure (children less than five years and the elderly greater than 65
years are more vulnerable) (Pena ef al., 2003). Other factors such as genetic disposition, inadequate
health coverage, chronic infections (HIV/ AIDS, Diabetes mellitus, renal disease, lung damage and
various malignancies) enhance development of the disease (Perenboom ef al., 1995). Neglect and
under funding of T B control programmes, previous exposure to mycobacterial infections, protein
energy malnutrition, and ¢ ytotoxic therapy can also aggravate disease progression (Cantwell and

Binkin, 1997).



Accessing for effective TB services can be affected by Economical, geographical, sociocultural, and
health system barriers. Many of the poor and vulnerable groups encounter more than one of these

overlapping sets of barriers and have greater difficulty in overcoming them (WHO, 2005).

1.1.3. Pathogenesis

Healthy ad ults ex posed t or elatively | ow n umbers o fb acteria generally cl ears t hem b efore
considerable damage to the lung. But if the phagocytic cells do not clear the infection, new T cells,
polymorphonuclear cells (PMNs) and more macrophages continue to be attracted to the area where

bacteria are growing (Udoh, 2009).

Mycobacteria may also be transported to other organs via the l ymph ve ssels or bl oodstream and
produce dissemination foci there. The host eventually develops granulomas, foci fibrose, scar, and
calcify but the infection remains clinically silent. In about 10% of infected persons the primary TB
reactivates t o b ecome organ T B either within months or after a number o f years. R eactivation
begins with a cas eation necrosis in the center o f the granulomas (also called tubercles) that may
progress to cavitation and frequently stems from old foci in the lung apices. Tissue destruction is
caused by cytokines among which tumor necrosis factor alpha (TNFa) appears to play an important
role. These cytokines are also responsible for the cachexia associated with tuberculosis. The body’s
immune defences have a hard time in containing necrotic tissue lesions in which large numbers of

Mycobacterium cells occur (Kayser, 2005).

In some cases where the phagocytes fail to kill the bacteria, the T cells and macrophages wall off
the g rowing le sion w ith a thick fibrin c oat. T he w alled o ff'le sion is c alled tu bercle. T ubercles
eventually calcify, givingr iset ot he h ard-edged | esions vi sible i n chest x -rays. P hagocytes
unsuccessfully trying to kill the b acteria cau se considerable d amage to 1ung tissue by r eleasing
lysosomal enzymes and by producing T NF. Initially the areas where bacteria are growing have a
thick, ch eese 1 ike ap pearance ( caseous ne crosis). A s ba cteria ¢ ontinue t o g row a nd ph agocytes
continue to enter the area, the necrotic region becomes much more liquid. A person with liquefied

lesions is more contagious than lesions in caseous necrosis (Sudre ef al., 1992).

1.1.4. Transmission
The main reservoir of M. tuberculosis is the patient with pulmonary TB (PTB). Such patients may

have p ulmonary cavities that are rich in bacilli. P atients w ith c avitary P TB are almost a lways



smear p ositives and are the main s ource o f infection in the transmission of T B. The number o f
infectious dr oplets pr ojected i nto t he a tmosphere by a p atientis very high w hen ¢ oughing or
sneezing. W hen they c ome into c ontact with the air these droplets rapidly dry and become very
light particles but still containing live bacilli that remain suspended in the air. In an enclosed space,
the droplets can remain suspended for a long time and the bacilli remain alive for several hours in
the dark. When a person inhales these infectious particles, the large particles are deposited on t he
mucous of the nasopharynx or the trachea-bronchial tree and are expelled by mucociliary clearance.
But the smallest particles having less than a few microns in diameter can penetrate to the alveoli.
The closer and the more prolonged the contact with an infectious patient is the greater the risk of
infection as this 1s linked to the density o f the bacilli in the air the individual br eathes and the

amount of the air inhaled (WHO, 2003).

In general, TB spreads through droplets, which are expelled when persons infected with the bacilli
cough, sneeze or sing (Nachega and Chaisson, 2003). Inadequate infection c ontrol measures will
contribute for the ongoing transmission of TB, MDR-TB and XDR-TB in health care facilities and
congregate settings (Nodieva et al., 2010).

1.1.5. Clinical Manifestations
The most common clinical manifestation of TB is pulmonary distress which is slow and cleverly
indirect a t o nset. P atients t ypically h ave n onspecific c omplaints o f ma laise, fever, w eight lo ss,

Cough, shortness of breath, chest pain and night sweating. Sputum may be bloody if cavitary and

purulent (Fauci S., 2008).

Disseminated T B is d efined as involvement of many organs s imultaneously and can occur as a
result of primary progressive disease or reactivation of latent infection. The clinical manifestation
of pulmonary involvement is a miliary pattern rather than an infiltrate in most cases. Not all patients
with disseminated disease have pulmonary involvement. Miliary TB accounts for about 1-2% of all
cases of TB and about 8% of all forms of extra pulmonary T B in immunocompetent individuals.
The disease is more frequently encountered i n i mmunosuppressed i ndividuals. M ortality is hi gh
despite ¢ hemotherapy and m ay b e r elated t o d elays i n di agnosis and other c ommonly p resent

underlying medical conditions (Sharma ef al., 2005).



1.1.6. Drug Resistant and Multi-Drug Resistant Tuberculosis

Anti-TB drugs are a two-edged sword, on one hand they destroy pathogenic M. tuberculosis, on the
other hand c an s elect for drug resistant ba cteria a gainst w hich t hose d rugs are t hen ineffective
(Johnson et al., 2006). Drug resistance in T B causes the decrease in the susceptibility to anti-TB
drugs fo r Mycobacterium strains of hum an t ype t hat ha ve ne ver ha d ¢ ontact w ith t he dr ugs
(Mitchison, 1984). Drug resistance in tuberculosis is the result of spontaneous mutation as well as

poor programmatic and individual care performance (Gillespie, 2002).

The use of combination of drugs for prevention of TB faced challenges due to the emergence of
MDR-TB. Among the different patterns of drug resistance, multidrug resistance has been clearly
identified as a severe form of TB that requires prolonged duration of treatment, high cost and severe

side effects. MDR-TB has a strong impact on morbidity and mortality (WHO, 2009).

The bur den of M DR-TB in Africar emains 1 argely unexplored, m ainly due to 1l ack o f qua lity
controlled second line testing. T he proportion of MDR-TB, as has been shown by some A frican
countries, seems relatively low with a frequency ranging from 0.5% to 3.9% among new TB cases
and 0 .0% t 0 16.7% a mong pr eviously t reated TB pa tients. Inadequate 1 aboratory capacity t o
perform diagnostic testing among T B patients and barriers to conducting d rug resistance surveys

could be one of the reasons for the absence of representative data (WHO, 2010).

In t he W HO global t uberculosis ¢ ontrol r eport, t he pr evalence of M DR-TB i n E thiopia w as
estimated to be 1.6% among newly diagnosed cases and 12 % among retreatment cases which is
projected from a single national survey of 2005 (WHO, 2013). In recent studies conducted at St
Peter’s T B Specialized Hospital and E thiopian H ealth and Nutrition R esearch Institute (EHNRI),
the p revalence o f M DR-TB was found t o be 4 3% (Agonafir etal,2 010) and 46.3% a mong
retreatment cases (Abate ef al., 2012); this shows an existence of higher percentage of MDR-TB in
Ethiopia, particularly in retreatment cases, compared to WHO report which is only 12% (WHO,
2013).

To confront MDR-TB, it is also necessary to increase our willingness to detect and treat it through
improving s trategies f ocusing on m ore r apid di agnosis, be tter a ccess t o dr ugs, a dherence t o
treatment, knowledge on infection prevention and decentralization of primary care level services to

patient centered approach, and community-based support (Goemaere et al., 2007).



1.1.7. Molecular Mechanism and Genetic Basis of Drug Resistance

During b acterial mu lItiplication, r esistant b acilli evolve th rough s pontaneous mu tation a nd w ith
defined frequency. Mutation that results in INH resistance to M. tuberculosis, for example, occurs
atarate of 107 to 10” per cell division and leads to an estimated resistance of 1in 10° bacilli in

drug free environment (Lambregts-van Weezenbeek ef al., 1998).

Exposure t o a s ingle a nti-TB dr ug due t o1 rregular i ntake, poo r dr ug qua lity, i nappropriate
prescription and/or poor adherence to treatment could result in non-functional monotherapy. This
will suppress the growth of bacilli susceptible to that drug but p ermits the multiplication of drug
resistant organisms (Crofton and Mitchison, 1948, Mitchison, 1950).

The genetic basis of resistance to most anti-TB drugs is established. Resistance to RIF results from
missense mutations in the 7poB gene, which encodes the £ subunit of RNA polymerase (Miller et
al., 1994). RNA polymerase is an essential enzyme with five subunits that catalyzes the process of
transcription. RIF specifically binds to the £ subunit and prevents early steps of transcription that
leads to the bacterial death. However, mutation in 7poB gene results in resistance by decreasing RIF
binding affinity. Mutation leading to resistance of M. tuberculosis to RIF is rare and occurs at a rate
of 107 per cell division with an estimated prevalence of 1 in 10® cells in drug free environment.
However, it rapidly r esults in the s election o f mu tants th at are r esistant to o ther anti-TB d rugs
(Goble et al., 1993). Most commonly, it exists in conjunction with INH resistance, and thus defines

a strain as being MDR (Turett ef al., 1995).

INH is a potent drug that inhibits the synthesis of mycolic acids in M. tuberculosis. It is a pro drug
that becomes active when catalyzed by the enzyme catalase peroxidase. At least three genes, katG,
inhA and ahpC are involved in resistance to INH. Among these genes, kafG that encodes catalase
peroxidase i s m ainly r esponsible f or INH r esistance. A pproximately 5 0% of r esistant i solates
contain mutations in katG with the majority localized to codon 315. It is found that the karG gene

encoding catalase peroxidase is defective in many INH resistant strains (Zhang and Yew, 2009).

Pyrazinamide (PZA) is also a pro drug that can be converted into an active form presumably by
pyrazinamidase enzyme of susceptible organisms. The target for the active drug is not fully known.
However, m utations in the gene pncA, e ncoding for the enzyme p yrazinamidase ar e t he m ajor

causes of PZA resistance. Between 72% and 98% of PZA resistance in clinical isolates is correlated



with mutations scattered throughout the 558 bp pncA coding region and 11 promoter regions. The
rate of mutation for PZA is 10~ with a probability of resistance 1 in 10° bacilli (Scorpio and Zhang,
1996).

Streptomycin (STM) is an antibiotic that interferes with prokaryotic protein synthesis. Resistance to
it is mainly due to mutations in the rpsL locus encoding the S12 ribosomal protein. Approximately
60% of STM resistant clinical isolates show rpsL mutation. About 10% of resistant strains have
mutations in 16S ribosomal RNA which is encoded by rrs gene. The mutation rate for STM is 10

resulting in resistance 1 in 107 bacilli (Bottger and Sander, 1999).

Ethambutol (EMB) is a drug, which targets cell wall synthesis. The major mechanism of acquisition
of resistance to the drug is associated with point mutations in the embCAB operon. This operon is
composed of three organized genes encoding different arabinosyl transferases that are involved in
cell wall synthesis. In particular, amino acid replacement at position 306 of emb B has been shown
in many studies to be found in EMB resistant and not in susceptible organisms. The mutation rate

for EMB is 10 'with a resistance of 1 in 10’ bacilli (Ramaswamy and Musser, 1998).

MDR due t o s pontaneously oc curring m utations i s i mpossible, s ince t here i s no s ingle gene
involved i n M DR a nd mutations r esulting i n r esistance t o various dr ugs a rise i ndependently.
Spontaneous mutations resulting in resistance to both INH and RIF is the product of the individual

probabilities i.e., 1 in 10" (10°x 10%) (Iseman and Madsen, 1989).

It is interesting to note that mono resistance to INH is relatively common while mono resistance to
RIF is quite rare. In fact, nearly 90% o f R IF resistant s trains are al so INH r esistant. T herefore,
resistance to RIF may be used as as urrogate marker for M DR-TB. H owever, some e vidence
suggests th at th isma y notbe t ruei ne very s etting, ¢ mphasizing t he i mportance of collect
information on t he l1ocal prevalence o f drug resistance patterns be fore implementing a molecular

assay (Marinus B.).

1.1.8. Epidemiology of Drug Resistant Tuberculosis

There has been progress in the detection and treatment of MDR-TB globally. According to WHO
report o £ 2013, 83,715 000 c ases of M DR-TB were notifiedto W HO in 2012. In spite of the
progress i n t he de tection a nd t reatment of M DR-TB, t he num ber o f MDR-TB cases n otified
represented only 28% of the estimated 300 000 cases of MDR-TB among reported TB patients with
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PTB. Globally, 3.6% (2.1-5.1%) of new cases and 20.2% (13.3-27.2%) of previously treated cases
are estimated to have MDR-TB. The proportions of new TB cases with MDR-TB ranged from 0%
to 32.3% and the proportion of previously treated TB cases with MDR-TB at country level ranged
from 0% to 65.1%. However, WHO launched Global Project on Anti-tuberculosis Drug Resistance
Surveillance in 1994, Africa remain the regions where drug resistance surveillance data are most

lacking, largely as a result of the scarce laboratory infrastructure (WHO, 2012).

On s tudy conducted in Mumbai India, phenotypic DST a mongst 88 1 solates s howed 41 (47%)
sensitive, 20 (23%) monoresistant (11 INH, 2 RIF, 2 PZA and 5 ETB), 18 (20%) to be MDR and
the remaining 9(10%) of polyresistant (Tolani et al., 2012).

The study o f anti-tuberculosis drug resistance epidemiology in 1824 C hinese popul ation s howed
1077 (59.05%) MTB isolates were sensitive to all the four first line anti-TB drugs and 747(40.95%)
strains were resistant to at least one drug. Mono drug resistance was 28.73% for INH, 19.41% for
RIF, 29.33% for STM, and 13.98% for E MB, r espectively. M DR-TB was 16.61% w ith 7.63%
among new cases and 3 3.07% among retreatment c ases. P atients with previous treatment history
had a more than 5-fold increased risk of MDR-TB compared with those previously not having been

treated (Shao et al., 2011).

A study undertaken for the first time in Mumbai reveals a high proportion of MDR-TB strains in
both previously untreated (24%) and treatment failure cases (41%). Amongst new cases, resistance
to 3 or 4 drug combinations including INH and RIF, was greater (20%) than resistance to INH and
RIF alone (4%) ( D'Souza D et al., 2009).

In Egypt of the 153 (105 new and 48 retreated cases) patients enrolled for detection of RIF and INH
resistant M. tuberculosis. Drug susceptibility testing on Bactec revealed 50 resistant cases for one or
more of the first line anti-TB. 23/50 cases showed RIF resistant and 26/50 with INH resistant cases
where 20/23 cases o f RIF resistance w ere with 7poB mutation and 3 w ithout mutation. 24/26 of

INH resistance revealed katG gene mutation and 2 cases were with wild type katG (Abdelaal et al.,

2009).

In rural U ganda drug resistance assessment on t otal of 125 i solates from 167 T B suspects with a
mean age 33.7 years and HIV prevalence of 67.9% (55/81) were analyzed. A majority (92.8%) of

the p articipants w ere n ewly p resenting w hile only 7 .2% w ere r etreatment cases. R esistance
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mutations to either RIF or INH were detected in 6.4% of the total isolates. M ultidrug resistance;

INH and RIF resistance was 1.6%, 3.2% and 4.8%, respectively (Bazira et al., 2010, 2011).

Of the 756 TB suspected patients in Cameroon, 154 (20.37%) were positive by smear microscopy.
Of these, 20.77% were HIV patients. The growth of Mycobacterium was observed with the sputa
from 149 ( 96.75%) s ubjects. A 1l t he i solates were i1 dentified as e ither M. ¢ uberculosis or M.
africanum. A mong these, 16 (10.73%) were resistant to atleast one drug (13.3% for the W est
region and 8.1% for the Centre). Within the two regions, the highest total resistance to one drug was
obtained with INH and STM (2.68% each). MDR was observed only in the West region at a rate of
6.67%. No resistance was recorded for EMB (Assam-Assam et al., 2011).

On study from Sudan MDR-TB w as found in 5% of new cases and 24% of previously treated
patients. D rug r esistance w as as sociated w ith previous treatment. R esistance was also associated
with the geographic region of origin of the patient, being most frequently observed in patients from

the Northern region and least in the Eastern region (Sharaf Eldin ez al., 2011).

From g enetic profiling of M. t uberculosis in T unisia d rug s usceptibility te sting results w ere
available for 371 isolates (98 %), of which 286 (75.5 %) were susceptible to all first-line drugs. The
majority of these isolates were obtained from new TB cases (141/152; 92.7 %). The 85 r emaining
isolates displayed resistance to one or more first-line anti-TB drugs; 34 of these isolates (9.1 % of

all isolates) were MDR strains (Namouchi et al., 2008).

In Dar es Salaam Tanzania M. tuberculosis isolates were obtained and antimicrobial susceptibility
testing was done on four antimicrobial agents namely STM, INH, EMB and RIF. A total of 280 M.
tuberculosis isolates from 191 (68%) males and 89 (32%) female patients with no previous history
of anti-TB treatment exceeding 4 w eeks in the previous 12 m onths were tested. F ourteen (5.0%)
isolates were resistant to any of the anti-TB drugs. The prevalence of primary resistance was 5.0%,
0.7%, 0.4% and 0% for INH, STM, RIF and EMB respectively. One isolate (0.4%) was MDR, with
resistance to INH, STM and RIF (Urassa et al., 2008).

Of 260 M. tuberculosis isolates from Ethiopia analyzed for gene mutations, conferring resistance to
INH, RIF, or EMB were detected in 35, 15, and 8 isolates, respectively, while MDR was present in
13 of the isolates (Tessema et al., 2012b).
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A hospital based retrospective study used to assess the pattern of anti-TB drug resistance among
previously t reated T B p atients r eferred t o S t.Peter’s T B S pecialized H ospital a nd a mong 376

culture positive for M. tuberculosis 102 (27.1%) were susceptible to all of the four first line anti-
TB drugs; INH,RIF, EMB & S TM. W hile 2 74 ( 72.9%) w ere r esistant t o at | east one drug.
Resistance to STM (67.3%) was found to be the most common and the prevalence of MDR-TB was
174 (46.3%). Trend in resistance rate among re-treatment cases showed a s ignificant increase for

any drug as well as for INH, RIF, and MDR resistance (P <0.05 for trend) (Abate et al., 2012).

The DST of 37 M. tuberculosis isolates from Addis Ababa, 21/37 (29.8%) showed resistance to any
of the drugs tested. No MDR-TB strains were observed in this study (Kassu. et al., 2008).

In a study from South West Ethiopia 136 patients were enrolled from assessment of drug resistance
of M. t uberculosis andr esistancet o a t1east one dr ug w as 1 dentified i n 18.4 %. T he hi ghest
prevalence of resistance to any drug was identified against INH (13.2%) followed by STM (8.1%).
There was no statistically significant difference in the proportion of any resistance by sex, age, HIV
status and hi story o f be ing i mprisoned. T he hi ghest m ono resistance was obs erved against INH

(7.4%). MDR-TB was observed in two (1.5%) patients (Abebe et al., 2012).

Among the M. tuberculosis strains is olated from 1 73 p atients m ycobacterial is olates from newly
diagnosed pulmonary T B patients to first line anti-TB drugs in Addis Ababa showed 21.4% were
resistant t o at 1 east o ne d rug. S ingle d rug r esistance t o streptomycin was obs erved i n 16.2% ,
to isoniazid in 13.3% , t o rifampicin in 1.2% and t o e thambutol i n 3.5 % of t he i solates. T he
prevalence of resistanceto atleastone drugwas 15.7% and 23.7% among pa tients w ith a nd
without HIV co-infection, respectively (p > 0.05). Only one patient (0.6%) had a multidrug resistant
(MDR) strain. However, the prevalence of resistance to more than one drug was 10.4% (Asmamaw

et al., 2008).

1.1.9. Diagnosis of Tuberculosis
There are a number of techniques and tests adopted for the diagnosis of T uberculosis with their
advantages and disadvantages in terms of sensitivity, specificity, cost and turnaround time (TAT),

requirement of facility, training and skilled human power.
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1.1.9.1. Microscopy

Despite recent advances in diagnostic microbiology, early laboratory diagnosis of tuberculosis still
relies on the ex amination o f s tained s mears. M icroscopy o f s putum s mears m akes a p articularly
important ¢ ontribution since t he t echnique i s s imple, i nexpensive a nd de tects t hose ¢ ases of
pulmonary t uberculosis and M DR-TB t hat are most i nfectious. H owever A FB s putum s mear
microscopy cannot also distinguish between viable and non-viable bacilli (FMOH, 2009, IUATLD,
2007). Sputum examination by microscopy is relatively quick and easy and must be performed on
all ¢ ases s uspected of ha ving t uberculosis. M ost pa tients w ith i nfectious t uberculosis ha ve
respiratory symptoms and the use of smear microscopy in those presenting to health services with
suggestive s ymptoms ¢ onstitutes t he m ost e fficient m eans of ¢ ase detection. T uberculosis
microscopy is also performed to assess response to treatment and to establish cure or failure at the

end of treatment (WHO, 1998).

In A FB m icroscopy; f luorochrome, Ziehl-Neelsen, a nd K inyoun s taining m ethods c an be us ed
(Sharma et al., 2005, Swaminathan et al., 2010). The International Union against Tuberculosis and
Lung D isease ( [UATLD)an d W HOr ecommendt he Z iehl-Neelsen m ethod unde rm ost
circumstances (Rieder HL., 2007, WHO, 2009).

1.1.9.2. Nucleic Acid Amplification tests (NAAT)

Line Probe A ssay (LPA)is one among N AATs which is new test that makes use of molecular
technology and c an i dentify t he pr esence or a bsence of s pecific m utations ont he genes o f T B
bacilli. As it is known which mutations are responsible for TB bacilli to be resistant to INH and RIF
this is a rapid and accurate test to identify M DR-TB. If a patient with TB is smear p ositive the
sputum contains enough bacilli to perform line probe assay directly on the sputum and MDR-TB

can be proved on the same day or /and from culture grown isolates (FMOH, 2009).

The benefits of this test are the high degree of sensitivity (98%) and specificity (99%), the speed of
the test and the potential to perform high volumes of tests per day. A drawback is that it needs well
trained committed staff with a high level of quality assurance. If funds and infrastructure allow, the
LPA can beusedas a screeningtestinM DR-TB s uspects, th us limitin g th e n eed f or t ime

consuming and labor intensive conventional culture and DST (FMOH, 2009).
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The GenoType MTBDRplus detects resistance to INH and RIF simultaneously (Ling et al., 2008).
It is solid-phase hybridization technique in which amplified products of the resistance determining
regions are allowed to hybridize to membrane bound probes covering the wild-type sequences and
specific m utated s equence. T he banding p atterns of the h ybridized ol igonucleotides are vi sually
detected a fter an enzyme m ediated co lor r eaction. T he a bsence of a w ild t ype ba nd or t he
appearances of bands representing specific mutations marks the presence of drug resistance (Richter

et al., 2009).

1.1.9.3. Culture

Mycobacterial ¢ ulture p rovides de finitive di agnosis of T B but ¢ ompared w ith other b acteria,
multiplies e xtremely s lowly ( generation time 1 8-24 hour s).So ¢ onfirming pos itive a nd ne gative
results by culture may take up to eight weeks. Mycobacteria also require special culture media. A
variety o f' s uitable culture m edia ( Lowenstein J ensen ( LJ)), M iddlebrooks and di fferent I iquid
media) are available. Quality of laboratory processing is of crucial importance. Delays in specimen
transport, excessively harsh or insufficient decontamination, poor quality culture media inadequate
laboratory t echnique or incorrect i ncubation t emperature ¢ an adversely affect t he c ulture yield.
Specimens should also be kept at 4°C during transportation or refrigerated if delays are anticipated.
False negative cultures may result from inadequate specimens, delayed transport of the specimens
to t he | aboratory and p oor 1 aboratory techniques, or i nsufficient i ncubation pe riod. Incubation
should ideally be done for eight weeks, since some tubercle bacilli may require extended periods of

incubation (FMOH, 2009).

For the detection of drug resistant T B phenotypic methods using egg or agar based L] media are
still the most utilized methods in many countries. The standard methods using LJ medium include
the proportion, absolute concentration and resistant ratio method which are fairly well standardized
with clinical samples, at least for the major anti-TB drugs (Canetti et al., 1969, IUATLD, 2007).
Among conventional methods, the proportion method is the most preferred choice. The method is
based on the estimation of the proportion of mutant strains resistant to a given anti-TB drug. This is
determined by comparing bacterial growth in the drug containing and the drug free control media. If
the proportion of resistant bacteria is higher than 1%, the strain is considered resistant (Canetti et

al., 1969, H eifets, 2000). When Middlebrook 7H10/11 media is used, results are interpreted a fter
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21 days of incubation or even earlier if there is clear growth difference between the drug containing

and the drug free media (Kubica, 1985).

More recent culture m ethod BACTEC M GIT-960 T B s ystem, are based on | iquid media. T hese
automated m ethods a re de signed f or t he r apid de tection of M ycobacterial growth and dr ug
susceptibility testing of Mycobacterium tuberculosis. The consumption of oxygen by the growing
bacterial causes the oxygen quenched fluorochrome to fluoresce under UV light. During DST, the
bacterial suspension is inoculated into two MGIT tubes, one of them containing the test drug. If the
anti-TB drug inhibits growth, the fluorochrome will remain quenched in the drug containing tube,
while the growth control will grow uninhibited and will have increasing fluorescence. The degree
of fluorescence is monitored by the instrument which automatically interprets results as susceptible

or resistant (Tortoli et al., 2002).

After culture s pecies identification will be p erformed. T here are several tests av ailable but as a
minimum, laboratories supporting drug resistant TB control programme should be able to carry out
the basic biochemical tests useful for identifying M. tuberculosis like; niacin, catalase and nitrate or

have rapid serological test kits like Cappila (FMOH, 2009).

1.1.9.4. Phenotypic Drug Susceptibility Testing

Different anti-TB drugs have different ‘critical concentrations’ (the br eakpoint be tween calling a
strain resistant or susceptible), which also depend on t he culture medium used for DST. DST for
first-line a nti-TB dr ugs ha s be en t horoughly studied a nd ¢ onsensus r eached on a ppropriate
methodologies, c ritical drug c oncentrations, a nd r eliability and r eproducibility o fte sting. T he
accuracy of DST varies with the drug tested: it is most accurate for rifampicin and isoniazid and
less accu rate f or s treptomycin an d ethambutol. A s D ST f or p yrazinamide r equires a d ifferent
(acidic) culture medium and lacks accuracy, it is seldom performed. However the biggest drawback
of phenotypic DST is the long time lag between sputum sent until a result is known. T his often
leads to delay of effective treatment allowing the TB patient to deteriorate, even die and increased

the potential for further transmission of MDR-TB (FMOH, 2009).

1.1.10. Molecular characterization of M. tuberculosis
There are a number of molecular techniques which have been used successfully to characterize M.

tuberculosis isolates. M olecular Genotyping of M. tuberculosis is useful for population d ynamics
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analysis as well as for the identification o f o utbreaks (van S oolingen et al., 1991). G enotyping
methods currently rely upon analysis of restriction profiles including Restriction Fragment Length
Polymorphisms ( RFLP) us ing IS6110 pr obing, a mplification of s elected r egions of V ariable
Number T andem R epeats ( VNTR), M ycobacterial Interspersed R epetitive U nits ( MIRU),
Spoligotyping and Deletion and Insertion site mapping. The genetic relationship between strains of
M. tuberculosis can also be determined based on single nucleotide pol ymorphism (SNP) analysis
located in intergenic spacers (Frothingham and Meeker-O'Connell, 1998, Goguet de la Salmoniere
et al., 2004, Gutacker et al., 2006, Kamerbeek et al., 1997, Mazars et al., 2001, van Embden et al.,
1993).

1.1.10.1. Species typing and Strain typing

MTC can be rapidly analyzed by species specific deletions. R egion of difference (RD) typingis
among t hese r apid P CR based techniques us ed for the identification of Mycobacterium species.
From close inspection of the flanking sequences, it is apparent that RD9 deletions occurred in MTC
bacteria other than M. tuberculosis and M. canettii. Thus, RD4 and RD9-typing can be performed to
differentiate between M. tuberculosis and other MTC members such as M. bovis species especially

when it is important to identify sources of infection (Parsons et al., 2002).

Molecular techniques are becoming essential tools for Mycobacterium tuberculosis complex strain

typing.

IS6110 RFLP: DNA fingerprinting by using the mobile element IS6110 as a probe is considered as
“a g old s tandard” t o d ifferentiate M TC s trains (van E mbden eta /.,1993) . W henus edin
combination w ith M IRU-VNTR, s poligotyping i s r ather a f aster a nd m ore robust genotyping
technique than IS6110-RFLP fingerprinting (Sola et al., 2003).

Spoligotyping: Spoligotyping is a rapid PCR based method for simultaneous detection and typing
of M. tuberculosis strains. The typing method is based on the strain dependent DNA polymorphism
present at the direct repeat locus (DR) within the genome (Mostowy and Behr, 2005). The method
enables classification o f is olates into distinct strains, and thus allows characterization o f genetic
diversity of M. tuberculosis species in clinical samples. It has gained widespread use for studying
tuberculosis outbreaks and identifying sources and chains of infection (Luciani F. et al., 2008). The

DR I ocus c onsists of i dentical 36bp D Rs i nterspersed w ith 35t 041 bp non -repetitive s pacer
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sequences (Groenen et al., 1993). The presence or absence in the DR region of spacers of known
sequence can b e d etected b y h ybridization o f am plified s pacer D NA toas et o fimmobilized

oligonucleotides, representing each of the unique spacers (Kremer K., 2002).

The technique is us eful not only for studies of tuberculosis e pidemiology, but also for d eciding

about possible cross-contamination in mycobacteriology laboratories (Mazurek et al., 1991).

MIRU-VNTR: A nother P CR ba sed m ethod f ort he i dentification of va rioust ypes of M.
tuberculosis strains is MIRU-VNTR typing. This genotyping method is based on the variability in
copy number of the Mycobacterial Interspersed Repetitive Units (MIRU) (Magdalena et al., 1998).
The discriminatory power of the 24 loci MIRU-VNTR may exceed that of the gold standard which
is IS6110 RFLP method when used in combination with spoligotyping (Christianson et al., 2010).

1.1.11. Treatment

Treatment for new cases of drug susceptible T B consists of a 6 -month regimen of four first-line
drugs: INH, RIF, EMB and PZA. In order to avoid the occurrence of drug resistance, the drugs are
provided in combination of two or more (Sharma and M ohan, 2004). In countries with high TB
burden, s pecial e mphasis has to be given to the treatment of new T B cases by performing d rug
susceptibility tests that are relevant in the identification of resistant strains (Nachega and Chaisson,

2003).

Treatment for MDR-TB is longer, and requires more expensive and toxic drugs with serious side
effects. The current regimens recommended by WHO for MDR-TB lasts 20 months (WHO, 2012).

The treatment of MDR-TB strategies are a subject of recurrent controversy (Caminero, 2005).

The suggested standard MDR-TB regimen in Ethiopia is 6EMB-PZA-KAN (AMK)-Lfx—Eto -Cs /
12 EMB-PZA-Lfx-Eto—Cs (FMOH, 2009).

1.1.12. Prevention and Control
Drug resistant T B t hreatens global T B c ontrol and is a m ajor publ ic h ealth c oncern in s everal

countries (WHO, 2012).

At present, tuberculosis control in Ethiopia relies on W HO recommended Stop TB Strategy and it

has been implemented in the country since 200 6. TB control is provided by a National S trategic
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Plan is in accordance with the main strategies and focus of the WHO’s Stop TB DOTS Strategy

with the following five components applied to drug resistant TB:-
e Sustained political commitment

e Appropriate case-finding strategy including quality-assured culture and drug susceptibility

testing

e Appropriate treatment strategies that use second-line drugs under proper case management

conditions.
e Uninterrupted supply of quality-assured second-line anti-TB drugs, and

e Recording a nd r eporting s ystem de signed f or dr ug r esistance-TB ¢ ontrol pr ograms t hat

enable performance monitoring and evaluation of treatment outcomes.

Recommendations for infection c ontrol to prevent M DR-TB are es sentially the same as those to

prevent the spread of drug susceptible TB, with only minor differences in emphasis (FMOH, 2009).

1.2. Statement of the Problem

Emergence of drug resistant strains in tuberculosis is becoming one of the growing challenges of
TB control programs. F actors such as inadequate and i ncomplete treatment in tuberculosis ha ve
resulted in th e e mergence o f s trains resistant to ¢ ombined a nti-TB d rugs. M oreover, the global
distribution of T B casesi s s kewed h eavily t oward countries w ith 1 ow i ncome and e merging
economies. A frica, and more specifically Sub-Saharan A frica, faces the worst TB epidemic since
the advent of the antibiotic era. These occur predominantly in the economically most productive (15

to 49 year-old) age group (Mathema et al., 2006).

According to the WHO global TB report 2012, Ethiopia is one of the 22 HBCs and there were an
estimated 220,000 ( 258 per 100,000) incident cases of TB in 2011. A ccording to the same report
the prevalence of T B w as estimated to be 200,000 ( 237 per 100,000). T here w ere an e stimated
15,000 deaths (18 per 100,000) due to TB, excluding HIV related deaths, in Ethiopia during the

same period.
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While t he num ber of ¢ ases of M DR-TB notified inthe 27 hi gh M DR-TB bur den c ountries is
increasing and reached almost 60 000 w orldwide in 2011, thisis only one in five (19%) of the
notified T B patients e stimated to have M DR-TB indicating progress in responding to multidrug-
resistant T B (MDR-TB) r emains s low. W orldwide, 3.7% o fnew cases and 20% o f pr eviously

treated cases were estimated to have MDR-TB.

Prevalence of MDR-TB in Ethiopia was estimated to be 1.6% among newly diagnosed cases and

12% among retreatment cases in 2005 (WHO, 2013).

Recent report of health facility based studies in Ethiopia showed hi gh increase o fanti-TB drug
resistance with mono resistance up to 72.9% were resistant to at least one or more anti-TB drugs
indicating higher prevalence of drug resistant TB for first line anti-TB drugs and MDR-TB up to
46.3% among retreatment cases (Abate ef al., 2012).

Economically poor and vulnerable groups are at greater risk of infection w ith M. t uberculosis
compared with the general population because of overcrowded and substandard living or working
conditions, poor nutrition, inter current disease (such as HIV/AIDS), and migration from (or to)

higher risk communities or nations (WHO, 2005).

The current study area is one of the resource limited regions in Ethiopia where infrastructure and
health facilities are very low. Benishangul Gumuz region has only two hospitals at two edges of the
region; A ssosa and P awe ge neral hos pitals. Majority of the inhabitants (80%) of this region are
rural with low socio economical and living standard. The region has no regional laboratory that can

monitor severe health conditions like drug resistance as a whole and MDR-TB in particular.

Awi zone of Amhara regional state is geographically proximal and with almost similar settings to
Benishangul G umuz region and included t o s ee t he c irculating s trains and t heir dr ug r esistance

pattern.
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1.3. Significance of the Study

Assessment o f e pidemiology o f T B and d rug resistance p attern in resource limited s ettings can
provide basic information for regional and national health managers of the region to facilitate and

adapt evidence based reliable preventive and control strategies.

It also w ill pr ovide c rucial i nformation t o a void further s pread o f't he di sease and t o p revent
amplification of dr ugr esistancet o s evere f orms due t o inappropriate t reatment, poor ¢ ase
management and lack o f k nowledge. Early d etection, t reatment an d es tablishing qua lity s ervice
provision system in hard to reach areas will contribute a great role for tuberculosis prevention and
control programs of the country. Moreover data from the current study area will be used as baseline

for further exploration.

The Epidemiology and drug resistance pattern of M. tuberculosis in Benishangul region and its
surroundings is not still well studied and known. Therefore, the current study was designed to
determine the status of the region and the outcome to be inferred for similar settings to accelerate
the scaling up of case detection, case management system, introduction and adoption of new, rapid
and accurate diagnostic tests which are currently promising in Ethiopia as recommended by World

Health Organization.
Hypothesis

s M. tuberculosis strain genotypic diversity and drug resistance in Benishangul Gumuz region

and its surroundings is similar with the pattern described for Ethiopia.
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CHAPTER TWO: OBJECTIVES

2.1. General objective

+ Tode termine t he e pidemiology a nd d rug resistance p attern o f M. tuberculosis in

Benishangul Gumuz region and its surroundings; North West Ethiopia.
2.2. Specific objectives

+»+ To determine the genotypic diversity o f M ycobacterial s trains is olated from T B p atients
visiting health facilities in Benishangul Gumuz and Awi Zone of Amhara region in North

West Ethiopia

% To determine drug resistance pattern of M. tuberculosis in Benishangul Gumuz region and

Awi Zone of Amhara region in North West Ethiopia

% To assess the KAP of patients towards tuberculosis in Benishangul Gumuz region and Awi

Zone of Amhara region in North West Ethiopia
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CHAPTER THREE: MATERIALS AND METHODS

3.1. Study Site and Period

Benishangul Gumuz R egion (BGR) is one o f e merging regions with limite d in frastructures and
health f acilities a nd lo cated in N orthwest E thiopia w ith a n estimated a rea of 51,000 s quare
kilometers. Its capital is located 668.7 kilometers away from Addis Ababa. The total population of
the region is e stimated to be 7 84,345 (CSA, 2007). The region has three a dministrative z ones;
Assosa, Kemashi and Metekel; Metekel is the largest zone with an area of 26,272 square kilometers
followed by Assosa and Kemashi zones. The region has only two hospitals (Pawe General Hospital
and A ssosa General Hospital) and about 30 health centers. Awi zone of Amhara region which is
geographically proximal to Benishangul Gumuz region has no hospital. The study was conducted in
selected h ealth facilities of Benishangul G umuz r egion and its s urroundings. T hese are A ssosa
General H ospital, P awe G eneral H ospital, F elegeselam h ealth cen ter, G ilgel B eles h ealth cen ter,
Kemashi h ealth cen ter and M ambuk h ealth centers of B enishangul G umuz r egion a nd C hagni
health center, Injibara health center and Dangila health center of Awi zone in Amhara region from

April 2013- June 2014 (Figure 3.1).

Figure 3.1: Map of Benishangul Gumuz region and its surroundings in Northwest Ethiopia

Source: www.google.images/Benishangul/gumuz
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3.2. Study design

A cross s ectional s tudy w as d esigned and conducted at he alth c are i nstitutions i n B enishangul

Gumuz region and Awi Zone of Amhara region in Northwest Ethiopia
3.3. Population

3.3.1. Source population

The source population was all patients who visited Assosa general hospital, Pawe general hospital,
Gilgel beles health center, Mambuk h ealth center, Felegeselam health center and K emashi h ealth
center of Benishangul Gumuz region and Chagni health center, Injibara health center and Dangila
health center o f A wi zone , A mhara region during the s tudy pe riod and who w ere suspects for

tuberculosis.

3.3.2. Study subjects

The study subjects were all newly diagnosed patients who were smear positive by Ziehl Neelson
staining method from A ssosa general hos pital, Pawe general hos pital, Gilgel b eles health center,
Mambuk h ealth cen ter, F elegeselam h ealth ce nter and K emashi h ealth cen ter of B enishangul
Gumuz region and C hagni health center, Injibara health center and Dangila health center of Awi

zone , Ambhara region.

3.3.3. Patient Inclusion and Exclusion Criteria
All smear positive newly diagnosed and retreatment cases were consented and included in the study
for t he dr ug r esistance pa ttern a nd m ycobacterial g enotypic di versity s tudy. Patients on a nti-

tuberculosis treatment and those unable to provide sputum were excluded.

All T B s uspects w ere i ncluded i n t he kno wledge, a ttitude a nd pr actice s urvey upon i nformed

consent.

3.4. Sampling methods and procedures

Health facilities from Benishangul Gumuz region and Awi zone of Amhara region were included
conveniently based on presence of both TB clinics and direct light microscopy for AFB diagnosis.
Patients who visited these sites during the study period and gave their consent after being informed

about the study were included in the study.
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3.5. Sample Size Determination and sampling technique

For drug resistance pattern and m ycobacterial diversity study non probable c onvenient sampling
technique was employed by recruiting 112 eligible AFB positive newly diagnosed TB cases during
the study period (April 2013-June 2014).

For KAP study, since the prevalence for KAP hadn’t been reported for the study area, we used 50%
prevalence to calculate the sample size. Therefore; the sample size calculation for KAP study using

50% prevalence at 95% confidence interval with 0.05 margins of error was 384.

3.6. Study Variables

3.6.1. Dependent Variables:

» Mycobacterial strain diversity
» Drug resistance pattern of M. tuberculosis

3.6.2. Independent Variables

» Previous history of anti-tuberculosis drug exposure
» Socio demographic status (age, occupation, sex, education, income, residence......).
» KAP of patient’s towards TB

3.7. Data Collection

A s tructured questionnaire that i ncludes i nformation on t he s ocio de mographic characteristics,
knowledge, a ttitude, and pr actice of t he r espondents t owards tuberculosis was us ed a nd t his
information was collected by assigned data collectors from TB Clinics of the study sites. Prior to
the administration of the questionnaire the participants were properly informed about the study and
asked consent. Laboratory information was recorded by laboratory personnel of the health facilities

on laboratory information sheet prepared for this purpose.
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3.8. Specimen Collection

Three consecutive sputum specimen of at least 2-5 ml volume in clean, leak-proof, with screw cap,
wide-mouth, di sposable ¢ ontainers w ere collected b y t he I aboratory p ersonnel w orkingatT B
laboratory of each health facility in the study area from patients who were suspected to have PTB
during the study period. AFB microscopy was done for each sample at the health facilities. Those
samples that were positive in any one of the s putum s pecimens were pooled and stored at -20°c
freezer until transported to AHRI TB laboratory. Samples were transported in cold Ice box within a
maximum o f six w eeks for ¢ ulture. T ransportation of s amples w as carried out b y pr incipal
investigator during his frequent visits to study sites. Specimen collection and processing was done

as depicted in figure 3.2.

Sputum specimen collection from
clinical suspects

|
Smear microscopy At study sites
|

Sample storage and
transportation

Primary isolation on LJ media

Susceptibility testing I Heat killing at 80 HC for 1hr I Storage by freezing I

RD9Y Deletion typing Spoligotyping

Figure 3. 2: Flow chart for data collection and laboratory works

3.9. Smear Microscopy

This is part of the routine activities of respective health facilities but it was dealt with the laboratory
personnel about the sample collection. AFB Smears were prepared by taking a small portion of the
purulent part (cheesy, necrotic, bloody-tinged) of sputum with an applicator stick, and smeared on a
microscope slide and air dried. The standard procedure of Ziehl Neelson method was employed to

confirm the presence of Acid Fast Bacilli.

Smears w ere ex amined u sing a | ight/electrical microscope by s canning up to 100 oi | i mmersion

fields before reporting a smear as negative. Acids Fast Bacilli (AFB) in specimens appeared as red
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rod shaped, 1 tol0p mlongand 0.2t 0 0.6 um wide but they can also appear as coccoid or

filamentous (long, slender, even branching) but the back ground and other cells stained blue.

3.10. Specimen Handling, Storage and Transportation

Smear p ositive s putum samples were collected by the assigned laboratory personnel w orking at
selected health facilities and after sealing and labeling with identification code were kept at 4 °C in
Ice box f ort ransportationt o A HRIc orel aboratory. U nder certain c ircumstances w here
transportation is delayed for logistic reasons, samples were stored at -20 °C until transportation. To
maintain g ood vi ability o f th e b acteria, s tored s putum s amples w ere transported according to

standard protocol within maximum of six weeks for processing.

3.11. Specimen Processing

The s mear pos itive s putum s amples upon a rrival to A HRI T B 1 aboratory were di gested a nd/or
decontaminated b y N-acetyl L -cysteine- sodium h ydroxide ( NALC-NaOH) m ethod. T he s puta

concentrate were rechecked for smear positivity by Ziehl Neelson method upon inoculation.

3.12. Culture and Identification

Egg-based Lowenstein-Jensen (LJ) culture medium not more than one month of age was used for
the growth of M.tuberculosis. Three LJ media tubes two with 0.6% glycerol and one with 0.6 %
sodium p yruvate w ere prepared for e very s putum s ample inoculation to maximize m ycobacterial
isolation. Culture tubes were incubated at 37°C and growth was observed weekly for a maximum of

8 weeks. Mycobacterial growth was confirmed by typical colony morphology and AFB staining.

Growth was checked twice a week for the first one week starting on da y-3 post inoculation, then
once weeks. All specimens showing growth on culture were confirmed by smear microscopy with
ZN s taining a nd w ere reported a s “ Culture po sitive f or Mycobacterium t uberculosis complex
pending identification”. M. tuberculosis colonies develop well within 3 to 4 weeks as white creamy
appearance on LJ media and results were reported immediately after detection and culture media

kept up to 8 weeks if no growth was detected.
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3.13. Drug Susceptibility Testing Methods

Drug susceptibility testing of M. tuberculosis was done based on indirect proportion method using
Middlebrook 7H 10 m edium on 24 w ell plate (van Klingeren et al., 2007). Briefly i noculum for
susceptibility testing was prepared according to the M cFarland standard 1.0. The amount of final
drug concentration in medium for INH, RIF, STM, and EMB was 0.2, 1.0, 4.0, and 2.0 microgram
(ug/ml) respectively.

A s train w as c onsidered a s “ susceptible” i f no g rowth or c onsiderably less than 1% growthis
detected on the well containing the critical concentration of the corresponding drug compared to the
growth control well with 1 % inoculum. A strain was considered as “resistant” if the growth on the
7H10 medium well containing t he critical ¢ oncentration of the c orresponding drug s hows m ore
growth than the c ontrol well with the 1% inoculum. If any c ontamination and bor derline r esult

occurred, the tests were repeated from the colonies.

3.13.1 Template DNA for PCR and Storage

For molecular characterization and storage the genetic material from culture positive samples were
prepared by heat killing. Two loops of colonies from growth were collected and mixed with 500pul
of 1% TE buf fer. T he mixture was heated at 8 0°C w ater ba th for 45 m inutes and s onicated for
additional 15 m inutes. The heat killed products were centrifuged at 13000 rpm for 10 m inutes at

+4°C. The supernatant was used for molecular analysis and about 100ul DNA template was stored

at -20°C.

For Mycobacterium tuberculosis isolate backup, two loopful of colonies from LJ medium were
mixed with 500ul of 3% Tryptone soya broth containing 20% glycerol and stored at -20°C for two
weeks then at -80°C.

3.14. Molecular Characterization

3.14.1. RD9 Deletion typing

PCR analysis had been performed on culture positive samples to differentiate M.tuberculosis from
other Mycobacterium tuberculosis complex (MTBC). Multiplex PCR on heat killed m ycobacteria
using R D9 pr imers ( forward R D9 _FlankFW: 5 -AACACGGTCACGTTGTCGTG-3’, r everse
RD9 FlankRev: 5> -CAAACCAGCAGCTGTCGTTG-3’a ndon ei nternalr everse pr imer
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RD9 InternalR: 5> -TTGCTTCCCCGGTTCGTCTG-3")w ereus edpe rl ocus. T heP CR
amplification mixture used for RD9 typing was performed using a reactions in a total volume of
20ul consisting of 10 p1 of HotStarTaq Master Mix (Qiagen, United Kingdom), 7.1u1 of distH»O,
0.3ul of each primer and 2ul DNA template from heat killed mycobacteria.

After initial denaturation at 96°C for 15 min, the PCR amplification was performed for 35 cycles,
denaturation at 96°C for 30 seconds, primer annealing at 55°C for 1 minute, and elongation at 72°C
for 30 s econds followed by a final extensionstep at 72 °C for 10 m inutes. A mplicon s ize w as
determined by electrophoresis on 1.5% agarose gel which was pre-stained with 10pg/ml Ethidium
Bromide. T he banding patterns is visualized and phot ographed under an UV transilluminator. A

100bp DNA ladder was used to determine the band size of the clinical isolates.

The r esult w as i nterpreted as M. ¢ uberculosis (RD9 pr esent) when a b and s ize of 396bp w as
observed. The absence of RD9 with a band size of 575bp was interpreted as either M. bovis or M.

africanum.

After 1 dentification b y R D9 t yping, s poligotyping w as performed t o f urther di stinguish t he

circulating strains of M. tuberculosis (Warren et al., 2006).

3.14.2. Spoligotyping

Spoligotyping w asus edt ot ype M.t uberculosis strainsb ased o n thep resence o fD NA
polymorphism on the direct repeat region (DR) of their chromosome. The procedure involves PCR
amplification of the DR, hybridization of the Amplicons with the pre-blotted spacers and detection
of hybridization by autoradiography.

Briefly 3.5 p1 RNase free water, the primers (DRa 5’-GGT TTTGGGTCTGACGAC-3’ and DRb
5’-CCG AGA GGGGACGGAAAC-3’) 2 ul each and the 12.5 pl Qiagen Master Mix (Qiagen, UK)
was carefully mixed in a sterile eppendorf tube. Then 20u1 of the mixture of PCR mix and 5 pul of

sample DNA were required for PCR reaction.

Following the initial denaturation at 98°C for 15 min, the reactions was submitted to 30 ¢ ycles of
template de naturation at 96°C for 1 m in, primer annealing at 55°C for 1 min, and elongation at

72°C for 30 seconds. This was followed by a final extension step at 72°C for 10 min.
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Primary, Secondary and Stripping spoligotyping buffers were prepared from the stock solutions and

equilibrated at the required temperature (at 42°C and/or 60°C) in water bath.

Hybridization a nd w ashing w ith s econdary bu ffer a t 60 °C w as f ollowed b y i ncubation w ith
streptavidin-perioxidase c onjugate in a rolling bottle at 42 °C hybridization oven. F or removal of
residual and unbound PCR the membrane was washed with secondary buffer at 42°C and 2X SSPE
at room temperature. F inally the membrane was incubated with in Enhanced Chemiluminescence

(ECL) liquid and detected by autoradiography.

PCR products w ere s tripped from the m embrane by washingin 1% S DS at 80 °C. T he s tripped
membrane was then be stored at +4°C in 20mM EDTA (PH = 8.0) after washed by the same buffer.

Finally, Spoligotypes in binary format were entered in Excel spreadsheet and were compared with a

latest version o f SpolDB4 d atabase at  http://www.pasteur-guadeloupe.fr:8081/SITVITDemo/.

Spoligotype international type (SIT) numbers were used whenever pattern is found in the database
and S poligotype pa tterns t hat do not s hare a p attern i n t he upda ted s poligotype d atabase w ere
designated as ‘‘New’’ (Kamerbeek et al., 1997).

3.15. Data Processing and Statistical Analysis

The d ata w as an alyzed by S PSS s oftware v ersion 2 0 (/BM, U SA4). F requencies, pr oportion a nd
summary statistics were used to describe the study population in relation to relevant variables. Odds
ratio, chi-square and P-value were used to assess the presence and degree of association between
drug resistance, strain difference and possible risk factors. P-value less than 0.05 w ere considered

statistically significant.

For each TB knowledge questions a score of one was given to a correct answer while zero score for
incorrect and do not know responses. Then average score was computed. T herefore those with a
total score equal to or below the average were classified as having poor knowledge, while those
above t he a verage s core w ere c onsidered as ha ving good know ledge. For a ttitude a nd pr actice

section frequency table was computed and practice section was associated with knowledge level.
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3.16. QUALITY CONTROL

Quality of LJ medium was assured by sterility checking and inoculating of known isolate. For Drug
susceptibility te sting, d rug s usceptible strain of M. tuberculosis, H37Rv, (ATCC 27294) and M.
bovis BCG (AF 61/2122/97) were included. For RD9 deletion typing and Spoligotyping, ne gative
control ( distilled w ater), P ositive ¢ ontrols ( H37Rv A TCC 27294 a nd M.bovis AF2122/97)

laboratory strains were run simultaneously.

Three days training was given for data collectors at study sites. AFB positive samples co llected
from study sites were rechecked at AHRI T B 1aboratory be fore inoculation. All procedures with
positive samples were run in Biosafety Level 2 (BSL-2) cabinet and there was adherence to safe

laboratory practice as per the guidelines.

3.17. ETHICAL CONSIDERATION

Before the start o f work the research proposal was evaluated and ap proved by the R esearch and
Ethics Committee of Department of Microbiology, Immunology and Parasitology at A ddis Ababa
University, S chool of Medicine a nd A HRI/ALERT ethics ¢ ommittee. A n o fficial le tters o f
cooperation and support were written to the regional health bureaus explaining the purpose of the
study. Respective regional and zonal health department administration wrote a letter of support and

cooperation to the health facilities of the study sites.

High degree of confidentiality on participants’ data was maintained and written informed consent
was obtained from each study subject. The results of patients with MDR-TB were communicated to

the concerned bodies for treatment and better case management as soon as possible.

3.18. DISSEMINATION OF RESULTS

The findings of this study will be presented t o Department of M icrobiology, Immunology and
Parasitology, S chool of M edicine, A ddis A baba U niversity and AHRL T her esults willb e
communicated with the concerned bodies from study area for intervention. The findings will also be
disseminated to di fferent 1 ocal, national and international or ganizations ( Governmental and N on-
Governmental) that had interest and contribution on t he area of the current study. M oreover, the
information w ill b e p resented in d ifferent n ational a nd in ternational s cientific s eminars a nd

workshops for dissemination and it will also be submitted to journals for possible publication.
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CHAPTER FOUR: RESULTS

4.1. Socio demographic Characteristics

A total of 112 A FB positive T B patients w ere included for drug resistance and s train d iversity
study. Seventy-nine (70.5%) were male and 33(29.5%) were female with male to female ratio of
2.4:1. Their age ranged from 12-70 with a mean a ge of 29.58 ( £10.6) years. R ural r esidents
constituted 71 ( 63.4%) and 41( 36.6%) o f pa rticipants a re ur ban 1 nhabitants. O rthodox r eligion
followers predominated with 82 ( 73.2%) followed by 17(15.2%) Muslim, 9(8.0%) protestant and
4(3.6%) were Catholic followers. Most of the participants 68(60.7%) were farmers, while the rest
11(9.8%) were merchants, 12(10.7%) students, 11(9.8%) government e mployee, and 5(4.5) daily

laborers.

Fifty seven (50.9%) participants were married while unmarried, divorced and widowed comprised
47(42.0%), 4(3.6%) and 3(2.7%) respectively. Educational background of the respondents indicated
47(42.0%) illiterate, 10(8.9%) Grade 1-4, 25(22.3%) Grade 5-8, 21(18.8%) Grade 9-12 and 9(8.1%)
were Diploma and above (Table 4.1).

The i ncome o f't he m ajority 72( 64.3%) r espondents’ i s ha nd t o m outh (<500ETB/yr) based,

71(63.4%) of them reported farming as their basic source of income.

The zonal distribution of study participants indicated that 53(47.3%) were from Metekel 29(25.9%)
Assosa, 27 (24.1%) Awi and 3(2.7%) were from Kemashi. Health facility based distribution was as
follows: P awe hos pital 42(37.5%), A ssosa hos pital 30( 26.8%), Injibara he alth ¢ enter 7 (6.3%),
Dangila health center 8(7.1%), Gilgelbeles health center 5(4.5%), Kemashi Health center 2(1.8%),
Mambuk health center 4(3.6%), Felegeselam health center 5(4.5%) and Chagni health center 9(8%).
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Table 4.1: Socio demographics of AFB smear p ositive study participants in Benishangul Gumuz

region and Awi zone of Amhara region, Northwest Ethiopia; April 2013-June 2014

Variables Frequency Percent Cumulative
) (%) Percent
Gender Male 79 70.5 70.5
Female 33 29.5 100.0

Total 112 100.0
Residence Urban 41 36.6 36.6
Rural 71 63.4 100.0

Total 112 100.0
Religion Muslim 17 15.2 15.2
Orthodox 82 73.2 88.4
Protestant 9 8.0 96.4
Catholic 4 3.6 100.0

Total 112 100.0
Occupation Farmer 68 60.7 60.7
Merchant 11 9.8 70.5
Gov’t employee 11 9.8 80.4
Student 12 10.7 91.1
Others* 4 3.6 94.6
Daily laborer 5 4.5 99.1
Prisoner 1 0.9 100.0

Total 112 100.0
Educational Illiterate 47 42.0 42.0
status Gradel-4 10 8.9 50.9
Grade 5-8 25 223 73.2
Grade 9-12 21 18.8 92.0
Diploma and above 9 8.0 100.0

Total 112 100.0
Marital Status Married 57 50.9 50.9
Unmarried 47 42.0 92.9
Divorced 4 3.6 96.4
Widowed 4 3.6 100.0

Total 112 100.0

* Composed of house wives, soldiers, guards and etc...

31



4.1.1. Clinical presentation and previous contact history

The m ajority of t he s tudy pa rticipants pr esented w ith m ore t han one sign and s ymptom. The
predominant s ymptoms were cough 93(83.0%), sputum production 59 (52.7%), night sweating 56
(50.0%), fatigue /tiredness 45 (40.2%), difficulty in breathing 32 (28.6%), weight loss 46 (41.1%)
and f ever 47( 42.0%). 5 5 (49.1%) ¢ omplained cough and s putum pr oduction a nd 49 ( 43.8%)
presented with cough and night sweating whereas 46 (41.1%) presented with night sweating and
sputum production. The proportion of patients with combined clinical presentation of cough, night
sweating and sputum production were 46 (41.1%). Only 35(31.25%) have had previous history of
contact w ith know n t uberculosis pa tient. F rom 79( 70.5%) pa rticipants w ith H IV s erostatus
64(80.0%) were negative while 15(18.99%) were positive. The remaining 33(29.5%) have no data
on their HIV status.

4.1.2. Culture and Identification
Out of the 112 A FB positive samples processed and cultured on egg based LJ media, 3 samples
were AFB negative upon concentration and became culture negative so that the remaining 109 were

considered for further analysis. 89 (81.7%) were culture positive (Fig. 4.1).

Fig. 4.1: Growth characteristics of Mycobacterium tuberculosis on egg based L] medium from AFB

positive TB patients in North West Ethiopia, 2013/4.
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All isolates from p ositive cu ltures w ere ch ecked for acid fastness by using ZN s taining and al |
became A FB positive. Deletion typing showed that all isolates were Mycobacterium tuberculosis

(Fig. 4.2).

Fig. 4.2: Deletion typing indicating RD9 presence in clinical isolates. (L= 100bp I adder, Lanes1-
20=clinical isolates, 21= H37Rv (positive c ontrol), 22= H,O (negative c ontrol) and 23= M.bovis

(positive control)
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4.2. Drug susceptibility Testing

Out of 89 culture positive isolates drug susceptibility testing (DST) was not done for two isolates
due to insufficient yield of colonies to make suspension for inoculation. From the remaining 87
isolates eligible for DST 14(16.5%) isolates became resistant for at least one anti-tuberculosis drug
tested. Two or more drug resistance was observed in 5(5.7%) and it was always associated with
INH resistance among eligible study participants. MDR was observed in 2(2.3%) amongst which

one isolate was found to be resistant for all drugs tested (Table 4.2).

Over all mono resistance of 9(10.3%) was observed with 6(10.3%) INH mono resistance, 2(2.3%)
ETB mono resistance and 1(1.15%) was STM monoresistance. A combined two drug resistance of
INH and E TB of 3(3.5%) w as obs erved. T here w as no m ono r esistance f or R IF. M ultidrug
resistance o f 2(2.3%) w as i solated from one p reviously treated 1/ 12 (8.3%) and one new case
1/75(1.3%). The overall drug resistance was found to be 14/87(16.1%) with 2/12(16.7%) among
retreatment and 12/75(16.0%) among new cases (Figure 4.3).

Anti TB
treatment
histary

W rew case
| previously treated

no yes

Any drug resistance

Figure 4.3: Any drug resistance distribution among new and previously treated AFB positive TB

patients in Northwest Ethiopia: resource limited regions from April 2013 — June 2014.
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Table 4.2: Pattern of drug resistance for four first line anti-tuberculin agents among AFB positive TB

patients using M iddlebrook 7H 10 pr oportion m ethod from B enishangul G umuz r egion and A wi zone of

Ambhara region in Northwest Ethiopia from April 2013 -June 2014.

Drug/s tested

At least one drug resistance

INH*

RIF*

ETB*

STM*

Mono drug resistance

INH

ETB

STM

Two or More drug resistance

Resistance for two drugs

INH + ETB

Resistance for three drugs

INH + ETB + RIF

Resistance for all drugs

INH + ETB+ RIF+ STM
Multi drug resistance (MDR)
INH + ETB + RIF

INH + ETB+ RIF+ STM

Susceptible N (%)

73(83.9)

76 (87.4)

85 (97.7)

80 (92.0)

85(97.7)

78(89.7)

81(93.1)

85(97.7)

86(98.85)

82(94.3)

84 (96.5)

86 (98.85)

86 (98.85)
85(97.7)
86 (98.85)

86 (98.85)

Resistance N (%) Total N (%)
14(16.1) 87 (100.0)
11(12.6) 87 (100.0)

2(2.3) 87 (100.0)
7(8.0) 87 (100.0)
2(2.3) 87 (100.0)
9(10.3) 87 (100.0)
6(6.9) 87 (100.0)
2(2.3) 87 (100.0)
1(1.15) 87 (100.0)
5(5.7) 87(100.0)
3(3.5) 87 (100.0)
1(1.15) 87 (100.0)
1(1.15) 87 (100.0)
2(2.3) 87(100.0)
1(1.15) 87(100.0)
1(1.15) 87(100.0)

*INH= Isoniazid

*ETB= Ethambutol

*RIF= Rifampicin

*STM= Streptomycin
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The proportion of isolates within any drug resistant 6(42.9%) w ere reported from M etekel Zone
followed by 4(28.6%) isolates from A ssosa zone ( Table 4.3). 4/21(15.8%) isolates from A ssosa,
6/38(16%) from Metekel 3/21(14.3%) from Awi and 1/3 (33.3%) from Kemashi zone were found to

be resistant for at least one first line anti-TB drug tested.

Table 4.3: Zonal distribution of any drug resistance among AFB positive TB patients in Benishangul Gumuz

region and Awi Zone of Amhara region from April 2013 - June 2014

Any drug resistance Total
No yes
No 18 3 21
Awi -
% within  Any drug
. 24.7% 21.4% 24.1%
resistance
No 2 1 3
Kemashi o
% within  Any drug
) 2.7% 7.1% 3.4%
Zonal r esidence of t he resistance
articipant
P P No 21 4 25
Assosa -
% within  Any drug
) 28.8% 28.6% 28.7%
resistance
No 32 6 38
Metekel o
% within  Any drug
) 43.8% 42.9% 43.7%
resistance
No 73 14 87
Total e
% w ithin Anydr ug
100.0% 100.0% 100.0%
resistance
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4.3. Spoligotyping /Strain characterization

Spoligotyping was done as a molecular epidemiology tool used for identification and differentiation of Mycobacterium tuberculosis

strains circulating in the area.

Table 4.4: Spoligotype pattern of Mycobacterium tuberculosis isolates from Northwest Ethiopia April 2013-June 2014.

Labn Spoligotype - 43 Spacers Strain Classfication
5. Na 1 2 3 45 B T & 310 Hi2 13 14 15 16 17 15 19 20 21 22 23 24 25 26 27 26 23 50 31 32 53 34 35 36 57 36 53 40 41 42 43 Octal Yalue SIT |Lineage |Family Clade Cluster
I 104  mmm EEEEEEEEEEEEEEN EEE HE NN | TOITT0003EH | 239 3 CAS family CAZ1-Delhi] 11
2l 1M  EEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEN HEEEENE CTUTTENM 3 4 T1 Family T ]
3 072 | EEEEEEEEN [ ] EEE EEEEEEEEEN HEEE NN R 7020 | New 4 X1 Family T3-ETH 6
4 062 BN EEEEEE EEE SEEEEEEEEE EEEEEEEEEN HEEE NN E CTEETIETH | New 4 T1 Family T3 4
5l 060  EE EEEEEEN EEE EEEEEEEEEN HEEE NN N CTO00ITEOTH | 149 4 T3 Family T3-ETH 4
£l 063 | E N EEEEEEENR EEE EEEEEEEEEN HEEE NN B TSRO 37 4 T1 Family T3 3
7 05 EEEEEEEEEN EEE EEEEEEEN | [ I | W W | TTTTTTTIIT2063 134 4 Haarlem3 Family H3 3
El 05 m mEEEEEEEN EEEEEN ] NN NN m 4020 47 4 Haarleml Family H1 2
8l 007 mm EEE EEE EEE HE N N m TOIETTT400035T1 | Mew 3 CASfamilv CAS51-Delhi 2
10| 05 E E EEEEEEENR EEE EEEEEEEN EEEEN TTITITTATIENTE0 | Mew 4 T1 Family T3 2
11 00f  E E EEE EEEE N EEE EEEEEEEN | HEE W m W  TTITTTTTIT207H 49 4 Haarlem3 H3 1
12| 0ff | E E EEEEEEENR EEE EEEEEEEEEN HEEE NN B TSRO 438 4 T1 Family T 1
13| 013 EEEEEEEN HEEENEN N 0000000077607 4 4 Family3& Family | T1-RUS52 1
14 026  E E EEEEEEE N EEE EEEEEEEEENR EEE B E W TTTITRITITEOTH 336 4 21 Familv X1 1
15| 036 E E EEEEEE = EEE EEE EEEEEEN HEE N W | TTETTTTITTEOTIH 1265 4 T1 Family T2 1
16 043 mE W EEEEN [ | EEE EEEEEEN HEEEEEEN TITTTTTITE0T™ 358 4 T1 Family T 1
17| 060 | E N EEEEEEE N EEEEEEEEEN HEEE NN R TN | 174 4 H37Rv Family like T 1
18| 054 |m EEEE EEE EEEEEEEEEN HEEE NN R A0UTENTN | 411 4 T1 Family T 1
19 051 (W E m EEEEER EEE EEEEEEEEEN HEEE NN R T Mew 4 T1 Family Manu3 1
20l 02 | EEEEEEEEENR EEEE EEEEEEEN EEE NN CTTUETENTH | New 4 T1 Family T2 1
21 o1 [N EEEEEEE BN EEE EEEEEEEEEN HEEE NN B TR | Mew 4 T1 Family T3 1
22 07 I EEEEEEE N EEEEEEEN HE NN NN E TETI40TTEOT New 4 LAM3 Family LAMS 1
23| o082 Em ] EEEEN HEEEEN B OOTT404TE0TT | New 4 LAM1I Family LAM1 1
24| 09 | E E EEEEEE BN EEE EEEEEEEEEN HEEE NN B CTETIENH | New 4 T1 Family T 1
25| 038 EEEEEE = HEEEEE N N 00002000720 | Mew 4 Family36 Family T 1
) 105 EEEENE EEE EEE EEEN EE N EEE HE m  TEITTEITRIE0TH New 4 1 Familw T2 1
7] 04 M E W EEER EEE N N m|  TOTTTIT40000031 | New 1 E4l1 Family CAS1-Delhi] 1
28| 022 E EEEEEEEEN EEEEN EEENR HEE N W | TTTTITTTO3E0TH New 4 T1 Family T2 1
29 0 E EEEEEEE = EEE EEEEN EEEN N NN NN M TTEROITTITEOT New 4 T1 Family T 1
30 M3 |m EEEEEEN [ | | I | EE EEEN HEEEEN R ATTTIERTEOT New 4 T1 Family T 1
31 085 EmEE [ B | HE EENNNE N TO33TT400001TH 21 3 CAS family CAS1-Kili 1
32| oT4 | EEE EEE EEE EEE N E0TI40003sT | New 3 CAS family CAS1-Delhi| 1
33| 02 mEE [ 1 ] EEE HEEE | N W | TO3TTTT400035H New 3 CAS family CAS1-Delhi 1
34 M mEE EEE EEE | | | | HEEE NN m W TOITTIT441355T1 New 3 Family33 Family |CA51-Delhi 1
35 045 W E W EEE [ ] EEEEEEEE | 0000040037 | New 3 T4 Family CAS 1
| 0T |m ] N m m| 40000000000047T1 | New 2 LAMT Family Baijing 1
37 42  E EEEEEEEEEEEEEEEEEEEEE EEEEEEEEEN EE EENEEE N UM | 1196 4 T1 Family Manu2 1
32| 023 | EEEEEEEEEE EEEEEEEEEN EEEEEEEN B EEEEEE | et | New 4 LAM2 Family LAM 1
3] 05 N N EEEEEN EEEEEEEN [ EEEEEN | I W NN W E W TSI | New 1 EA4IC Family EAl 1
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A total o £3 9 distinct spoligotype p atterns w ere id entified from 7 5 m ycobacterial is olates. 4 6

(61.3%) isolates formed ten clusters containing 2-11 isolates (Table 4.4).

Grouping i nto “New” a nd “ previously defined” s howed 23/ 75(30.7%) and 52/ 75(69.3%)

respectively.

The spoligotype pattern with highest number of isolate clustered was S1T»s9 with eleven isolates.
SITs3, SIT 49, SIT37, SIT}34, and SIT47 showed a cluster pattern of 9, 4, 3, 3, 2 a nd 2 respectively.
The r emaining 29 ( 38.7%) of m ycobacterial i solates r epresented w ith uni que pa ttern i .e. not

clustered.

From c lustered m ycobacterial 1solates 6( 60%) were already represented in S polDB4.0 database
while 4 (40%) clusters with 6, 4 and 2 (two clusters) isolates within each were not found at the time

of analysis and designated “New” (Figure 4.4).

Therei sa va riable ¢ lustering pa ttern a tdi fferent he alth i nstitutions. T he pr oportion of

mycobacterial is olates i n th e r espective h ealth institutions in dicated th at P H 2 9(38.7%), A GH
25(33.3%), DHC 6(8%), CHC 5(6.7%), IHC 4(5.3%), KHC and FSHC 2(2.7%) each and GBHC
and MHC constitute 1(1.3%). The clustering was found in only two health institutions i.e. in Pawe

hospital and Assosa hospital.

Figure 4.4: Clustering pa ttern o f M ycobacterium t uberculosis s trains f rom N orthwest E thiopia in April

2013- June 2014.
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Lineage le vel classification S hared International T ypes o f is olates in dicated th at majority i.e. 56
(74.7%) of the strains belong to lineage 4 (Europe, America and Africa lineage) while 17 (22.7%)
of isolates belong to lineage 3 (East African and Indian lineage). Lineage 1 (Indo-Oceanic lineage)
and Lineage 2 ( East A sian lineage) constitutes 2 (2.7%) and 1(1.3%) strains respectively (Figure
4.5). From the total of 75 mycobacterial isolates 42 (56%) were already in the SpolDB4.0 database
with distinct SIT number while 33 (44%) were not found in data base and assigned peculiar SIT
number. From 42 strains found in data base at time of analysis 31(73.8%) were assigned as Lineage
4 with predominant strains SITs; (n=10, 32.3%), SIT 49 (n=4, 13%), SIT3; (n=3, 9.7%) and SIT4;
(n=2, 6.5%). The remaining 11(26.2%) s trains from da tabase were assigned as lineage 3 w ith
dominant strains of SIT,g9 (n= 8, 72.7% ) and SI1T,9s (n=2, 18.2% ). In another hand lineage 2 and

lineage 1 contained one (1.3%) “New” strain each with SIT number was not assigned in database.

Figure 4.5: Lineage level distribution of Mycobacterium tuberculosis strains in Northwest Ethiopia:

resource limited region in April 2013- June 2014.
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Zonal di stribution of  Mycobacterium t uberculosis strains howedt hat “N ew” strainsa re
predominant in all zones. From previously described strains in database. SIT289 took the lead in

Assosa and Awi zones where as SIT53 predominates in Metekel zone (Table 4.5).

Table 4.5 : D istribution of internationally s hared t ypes of M ycobacterium t uberculosis i n z onal

administrations of Northwest Ethiopia: resource limited region from April 2013-June 2014.

Metekel Zone Assosa Zone Awi Zone

Kemashi Zone

N

N

Strains N

(SITs)

Strains

(SITs)

Strains

(SITs)

Strains

(SITs)

New*

N

16% New | 14 New New

53 9.3% 289 289

4%

37 47

1.3% 53

1.3%

4 1 1.3% 174 |1 1.3% 411 1 1.3% I

37 1 13% | 149 |1 1.3% 21 1 1.3%|

149 1 1.3%

| 358 1 1.3% 134 |1 1.3% 149 |1 1.3%

1265 |1 1.3% I

1196 |1 1.3%

*Indicating database status. It doesn’t mean all new are of a single spoligotype pattern (see Table 4.4)
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4.4. KAP of TB suspects towards tuberculosis

4.4.1 General description of participants and clinical presentations

A total of 383 eligible respondents were included for KAP study. Of these, 231(60.3%) were male
and 152(39.7%) were female. The participants’ age ranged from 11-89 years with median age of
33.34 (£14.10) years. The majority 242(63.2%) were rural residents and 221(55.1%) used farming
as a means of income g eneration. 165( 43.1%) w ere i lliterate and ha d n ever at tended formal

education. Most of the respondents 260(67.9% were Orthodox religion followers.

The p articipants p resented to h ealth facilities w ith multiple symptoms. Cough for m ore t han 2
weeks 1 n 274(71.5%), S putum pr oduction 1 17(30.5%), ni ght s weating 144( 37.6%), { atigue
130(33.9%), di fficulty i n br eathing 82( 21.4%), weight 1 0ss 96(25.1%) and feverin 97(25.3%).
56(14.6%) presented with all the above mentioned clinical symptoms.

4.4.2 Participants’ basic knowledge about tuberculosis and their source of information

The r espondents’ s ources of i nformation aboutt uberculosis w ere:  health pr ofessionals in
131(34.2%), radio 100(26.1%), television 42(11.0%), from community 39(10.2%) and 23(6%) were
from family members while 20(5.2%) had never heard about tuberculosis. The remaining 28 (7.3%)
got th e in formation from different s ources such as magazine, ne ighbor, fliers, pos ters, r eligious
leaders an d teachers. Tuberculosis symptom r elated k nowledge as sessmenti ndicated t hat
87(22.7%) mentioned cough less than 2 w eeks as symptom of TB whereas 207(54%) said cough
more than 2 weeks, chest pain 92(24%), shortness of breath 74(19.3%), fatigue 101(26.4%), weight
loss 68( 17.8%), h eadache 33(8.6%) and fever 52(13.6%). T he ov erall average of T B s ymptom
related know ledge w as poor f or 337( 88%) pa rticipants. P revious hi story of t reatment ha s
statistically significant a ssociation with p articipants a verage k nowledge about T B s ymptoms ( p=

0.007).

The majority of the respondents, 254(66.3%) knew that T B transmission is through aerosol route
with 236(61.6%) participants’ good average knowledge about TB transmission while 81(21.1%) do
not know about it. Occupation has statistically significant association with average know ledge of
participants about transmission of TB (p= 0.029). Similarly 223(58.2%) responded TB transmission
can be prevented by covering mouth and nose while coughing and sneezing, whilel25 (32.6%) do

not know and overall 163(42.6%) participants had poor know ledge about it. Participants average
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knowledge about T B preventioni s f oundt o ha ve s tatistically s ignificant a ssociation w ith

occupation (p=0.052).

Although 315(82.2%) k new t hat e verybody i s at risk of acquiring T B 22(5.7%) and 11(2.3%)
believed that only poor and PLWH are at risk respectively. Majority 368(96.1%) believed that TB
is curable. In re gards to treatment of tuberculosis 355(92.7%) responded anti-TB drugs are used
while 15(3.9%) believed that tuberculosis is treated by using medicinal plants and 10(2.6%) didn’t
know. 294(76.8%) knew that the treatment for tuberculosis free while the rest 89(23.2%) did not
know.

4.4.3 Participants general attitude and practice towards tuberculosis

317(82.8%) of the respondents feel that TB is a very serious and severe disease. 222(58%) do not
want to get more information about the disease while the majority, 361(94.3%) want to get more
information about the disease Only 11(2.9%) of respondents said that they can talk freely if they
have t uberculosis and 290(75.7%) will talk only with health pe rsonnel, 58( 15.1%) w ith family
members and 10(2.6%) do not want anyone to know. 225(58.7%) feel that they might acquire the
disease and their reaction to being infected is fear 148(38.6%), 124(32.4%) indifferent, 54(14.1%)
sorrow and 13(3.3%) feel happy to know their status.

Seventy six (19.8%) of the participants were worried about long treatment, 11(2.9%) stigmatization
and discrimination, 38(10%) fear side effects, 37(9.7%) transmission to family members and others,

34(8.9%) death and 24(6.3%) curability associated with tuberculosis. The rest 109(28.5%) were not

seriously worried.

In response to health service seeking behavior, 232(60.6%) visited health institution twice and more
per year, 39(10.2%) once a year, 7(1.8%) twice in last five years, 6(1.6%) never visited in the last
five years and 78(20.4%) would like to visit whenever they feel sick.

Reasons g iven f or de lay in he alth s eeking b ehavior w as related t o c ost a nd a ffordability i n
63(18.5%), distance and /or lack of transportation in 56(16.4%), 27(8.1%) don’t know where to go,
12(3.5%) lacked c onfidence on he alth personnel and 14(3.7%) mentioned di fferent factors w hile
169(49.6%) s tated t hat they don’ t know the reason for the de lay. There w as no r esponse from
42(11%) participants.
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Univariate analysis s howed th at p revious h istory of tr eatment is s ignificantly associated w ith
average knowledge about symptoms of TB (P =0.012, odds ratio 5.556; CI=1.461-21.126). Average
knowledge about transmission with profession being student has statistically significant association
(P=0.015; O dds ratio 1 7; CI=1.752 -165). O utcome variables ( any dr ug resistance, m ultidrug
resistance, average knowledge about T B prevention) were analyzed for any association with age,
sex, residence, occupation, educational level, income status, previous history of treatment contact
history and HIV status of the participants using Univariate and mu ltiple logistic r egression and

showed no significant association (P> 0.05).
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CHAPTER FIVE: DISCUSSION

Mycobacteria genetic diversity studies are very crucial in order to identify M.tuberculosis strains
circulating in d ifferent g eographic a reas a nd to f ollow th eir tr ansmission d ynamics. D ifferent
mycobacteria strains have difference in their pathogenicity, rate of mutation and thereby degree of
drug resistance. Therefore, identifying the drug resistance profile of circulating strains in particular
region is important evidence that can be used to develop new and improved intervention strategies

to prevent and control the transmission of tuberculosis.

Little i s know n a bout Mycobacterium t uberculosis strain di versity, dr ug resistance p attern and
Knowledge, Attitude a nd P ractice ( KAP) of T B s uspects t owards t uberculosis i n Benishangul

Gumuz region and Awi zone of Amhara region in Northwest Ethiopia.

We therefore have conducted this study in B enishangul Gumuz region and Awi zone of Amhara

region in Northwest Ethiopia to contribute in filling the gap.

Our study has revealed that one or more drugs resistance rate of 16.5% which is relatively higher
than the reports from studies conducted in di fferent parts of the country 15.6% (Demissie et al.,
1997) and 15.8 % (Tessema etal.,2012 a). T her elatively higher rate o fo ne o r m ore anti-
tuberculosis dr ug r esistance ¢ ould b e due t o m ultifactorial r easons i ncluding uni ntended us e of
drugs, i llegal di stribution of a nti-tuberculosis dr ugs b y i ndividuals a nd pr ivate ve ndors, poor

compliance of patients to anti-tuberculosis drugs and genetic diversity of circulating strains.

In the current study, a high rate o fresistance to Isoniazid (6.9%) was observed. Our findingis
relatively comparable to a resistance rate of 8.4% and 9.5% (Demissie et al., 1997; Seyoum et al.,
2014). In contrary, some other studies have reported a lower resistance rate compared to that of us
(Kassu et al., 2008 ; Yimer et al.,2012; Tessema et al., 2012a; Bruchfeld et al., 2002; E smael et
al.,2014a). The higher rate of isoniazid monoresistance observed could be due to the presence of
different strains in different geographic areas, isoniazid preventive therapy that makes the drug to

be easily accessible and patient’s poor compliance due to lack of knowledge.

In our study Ethambutol monoresistance of 2/87(2.3%) observed is in agreement with the finding
reported by Kassu. et al.,(2008). However, our Ethambutol m onoresistance finding is r elatively

higher than the findings reported by others (Seyoum et al., 2014; Esmael ef al., 2014a; Bruchfeld et
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al., 2002 ; Demissie etal., 1997 ; Yimer etal, 2012 and Tessema et al.,2012a). T his hi gher
resistance rate o f E thambutol m onoresistance in the current s tudy area could be due to genetic

difference in strains.

Streptomycin monoresistance rate of 1(1.15%) is comparable with finding of 1.5% by Tessema et
al. (2012a) but is lower than Streptomycin monoresistance rates reported by others (Kassu. et al.,
2008, Yimer et al., 2012, A smamaw et al., 2008, Hussein ef al., 2013 and Esmael et al., 2014a).
The [ ower rate of S treptomycin m onoresistance in our study area could be due to difference in
strains c irculating a nd i ts in clusion a s th e tr eatment r egimen of r etreatment cas es d uring t he

intensive phase only which makes it to be less accessible.

Our study showed that Rifampicin monoresistance rate of 0% which is similar with that of reported
by Yimer ef al.,(2012). However, others s tudies reported s lightly higher but c omparable rate o f
Rifampicin mo noresistance (Esmael ef a /., 201 4a, B ruchfeld et a [, 2002, K assu. et al., 2008,

Seyoum et al., 2014). The lower Rifampicin resistance rate observed in all studies might be because

of its inclusion in anti-TB treatment regimen is relatively recent.

Overall, multidrug resistance of 2/87(2.3%) was observed in the current study. The rate of MDR
among new and retreatment cases was 1(1.3%) and 1(8.3%) respectively. The rate of MDR found in
our study is higher than the rates of MDR reported by others (Kassu. ef al., 2008, Seyoum et al.,
2014, Asmamaw et al., 2008, Demissie ef al., 1997 and Bruchfeld et al., 2002). The higher rate of
MDR in the current study could be due geographical and genetic difference in the circulating strains
and due to variation in the rate of mutations in different settings. In addition to this, due to limited
health service ac cess, an ti-tuberculosis drugs can also be provided by private vendors that c ould
result in the development of multidrug resistant Mycobacterium strains due to inappropriate dosing

and interruption in frequency.

In our study 1/87(1.15%) isolate was found to be resistant for all drugs tested and showed mutation
for rpoB and katG genes w hen confirmed us ing | ine pr obe assay. A previous study had al so
reported mycobacterial strains resistance to all first line anti-tuberculosis drugs of 2.8% (Tessema et
al.,2012a). This could show the possible existence of favorable environment for de velopment of

XDR TB which results in more e conomical, social and ps ychological crisis for the patients and
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country in general a nd t hereby studies of t his ki nd a nd/or establishing continuous s entinel

surveillance for drug resistance tuberculosis is essential.

From 75 Mycobacterium t uberculosis isolates t yped us ing s poligotype 43( 57.3%) w ere already
present with assigned international shared type numbers in SITIVIT database. 32(42.7%) isolates

typed were not included in the database and apportioned as “New”.

The proportion of “New” strains in this study is slightly higher than studies conducted in different
parts of t he country ( Esmael et a [, 2014b, G aredew eta l.,2013, Diriba eta l,2013) .This
difference could be due to circulation of different strains in different geographic areas (Ford et al.,

2013).

In the current s tudy 39 particular s poligotype p atterns w ere obs erved. The s poligotype p attern
observed for the 39/75 (52%) of the isolates indicates high level o f mycobacterial diversity with
difference i n di fferent 1 evel of c lustering p attern. T he pr edominant s trains a mong pr eviously
defined database with international shared types were SIT289 and SIT53 which constituted 25 %
and 20.5%of the database respectively. This proves that these two strains are the dominant strains

circulating in the present study region.

Clustering pattern in previously defined isolates and ‘New’ strains showed a slight difference. The
prior s howed 32 i solates c lustered into 6 groups of 2-11 strainsineachand 10 s howed s ingle
spoligotype pattern (singleton). From 43 isolates assigned as “New” 14 isolates found in a groups of
four containing 2-6 isolates in each cluster and the remaining 19 represented by a single pattern. In
another s tudy 38/46 i solates pr eviously de scribed i n da tabase s howed 7 s poligotype pa tterns
(Agonafir et al.,2010). T his finding in dicated h igh d iversity o f m ycobacterial is olates and s till
ongoing transmission in the community from both previously defined strains and newly identified

oncs.

Relatively hi gher rate of clustering was seen in 46/75 (61.3%) isolates which is an indicator of
ongoing transmission despite scattered settlement of population in the region the value indicated is

very high.

In the current study SIT289 is the predominant strain circulating in the region with about 11/75

(14.7%) pr oportion out of t he t otal s trains i dentified. T hese s trains were n ever r eported as
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predominant i n none of E thiopian s tudies a nd ne ighboring S udan (Sharaf E 1din et a /., 2011)
suggesting that geographic and demographic preference of isolates. This will urge a need for further
steps to ad dress al | facets so as to have ar eal national p icture ab out ci rculating m ycobacterial

strains in the country.

Other strains prevalent in the study area are SIT53, SIT149, SIT37 and SIT134. These strains were
also r eported as pr evalent s trains i n di fferent pa rts of t he country from E astern A mhara,
Debrebirhan Hospital, Addis Ababa, Southwest Ethiopia, Fitche and Butajera (Esmael et al., 2014b,
Garedew et al., 2013, Agonafir etal., 2010, Deribew et al., 2012, Firdessa et al.,2013). The
possible explanation for these strains in our study area could be the presence of highly diversified

population and ethnic groups resettled from different parts of the country during the Derge regime.

One 1 solate w as i1 dentified as B eijing cl ade b y u sing SpolDB4.0 and assigned i n 1 ineage t wo
according to classification of clades into lineage (Brudey et al., 2006). This strain and previously
unreported 32(42.7%) isolates found in clustering 2-6 a group needs further analysis using a tool

with high degree of discriminatory power (Firdessa ef al., 2013).

Assigning family level classification majority strains identified were CAS1-Delhi, T, T3, T3-ETH,
H3, T2, LAM1 and H1 with cumulative of 86.6% and proportion of 22.7%, 21.3%, 13.3%, 13.3%,
5.3%, 5.3%,2.7% , 2.7 % r espectively. Similar s tudies from nor thwest Ethiopia and S udan also
indicated C AS-Delhi strains as predominant circulating strains (Tessema et al., 2013; Sharaf Eldin
etal.,2011). Unlike the current study in most of the studies in Ethiopia T family is predominant
(Diriba et al., 2013, Firdessa et al., 2013, Deribew et al., 2012, Agonafir et al., 2010 and Esmael et
al.,2014b) . T he di fference i n circulating s trains 1 n di fferent p arts of t he ¢ ountry may s uggest

adaptation of isolates to different population and geographic settings.

In Sudan genotypic s tudy also i ndicated C AS1-Delhi t o be hi ghly pr edominant c lade and hi gh
clustering in the current study suggesting its cross border active transmission (Sharaf Eldin ef al.,

2011).
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By assigning the spoligotype patterns in to lineages showed lineage 4 to be the predominant lineage
followed by lineage 3 which are modern lineages. This finding is comparable with former studies in
Ethiopia th at found families o ft he m odern | ineages d ominating an d as sociated w ith r ecently
transmitting strains in the country (Agonafir ef al., 2010 and Mihret et al., 2013). The presence of
lineage 1 (ancestral 1 ineage) in the study area w hich is believed to be the an cient ] ineages m ay
indicate i mportance of further ph ylogenic s tudy 1 n bor der a reas of N orthwest E thiopia for t he

interest of Mycobacterium tuberculosis evolution.

Although pr evalence of 2.3% M DR T B casesinthiss tudy seems | ower, t here a re f avorable
conditions of high Isoniazid monoresistance and strains in families like Haarlem, Beijing and EAI
which are believed to be associated with multi drug resistance due to their higher mutation rate

(Ford et al., 2013).

The absence of Lineage 7 (Woldeya lineage) whereas collections from the eastern part are known to
include it an d t he p resence o f 1 ineage 1 (ancestral 1 ineage) & Beijing strain w hich arerarein
Ethiopia m ay s uggest t he i mportance of further ph ylogenic s tudy in bo rder areas of N orthwest

Ethiopia for the interest of Mycobacterium tuberculosis evolution.

In this study there was no statistically significant association between MDR, strains identified, HIV
status of participants and s ocio-demographic characteristics. This could be due to low number of

study subjects and needs further wide ranged study at community level.

KAP da ta pr ovides na tional T B pr ogramme m anagers a nd t heir s taff w ith t he f undamental
information ne eded to make s trategic d ecisions (WHO, 2008). In this s tudy he alth professionals
131(34.2%) f ollowed b y public r adio 100 ( 26.1%) w ere m ost f requently r eported s ources o f
tuberculosis 1 nformation. S imilar s ources of 1 nformation a bout T B w ere a Iso r eported w ith
comparable findings (Mesfin ef al., 2005; Melaku ef al.,2013). This could be due most of rural

community have better access for radio and health worker than other source of information.

Our f inding s howed that nearly one qu arter ( 21.1%) of pa rticipants do not know a bout T B
transmission. Similar findings supporting the current result were reported in different parts of the
country (Esmael et al., 2013; Mesfin et al., 2005). These finding is one of the indicators that could
pause pr evention and c ontrol e fforts a nd t hereby s ustain t he chain of T B t ransmissioninthe

community.
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Though more than half (58.2%) of participants responded that TB transmission can be prevented by
covering mouth and nose while coughing and sneezing, still there are about one-third 125(32.6%)
of respondents that do not know about TB prevention with overall 163(42.6%) participants with
poor knowledge about it which is found to have statistically significant association with occupation
of being farmer (p=0.052). Similar study elsewhere in the country revealed that 30.4% participants
do not know about prevention and control of TB (Abebe et al., 2011). The wider gap seen in this
regard could urge the need for additional tools to be put in place to halt the continuing spread of TB

burden in the community through provision of health education.

In the current study the overall average TB symptom related knowledge of respondents was poor
among 337 (88%) p articipants. S imilarly 1 ower | evel of T B s ymptom r elated know ledge w as

reported from other studies (Abebe et al., 2011; Bati et al., 2013; Esmael et al., 2013).

Although the majority (>80%) of respondents knew that everybody is at risk of acquiring TB and
believed that it is curable by taking anti-TB drugs from health institutions, 89/383(23.2%) did not
know that a nti-tuberculosis dr ugs a re given freelyatnoc osttot he pa tient. This findingi s
concurrent with the finding from other studies (Esmael ef al., 2013). This finding showed the need

for comprehensive health education including about the available health services.

High level of fear of death, stigmatization and discrimination, hardly accepting being T B p atient

and poor interest to talk about TB is associated with attitudinal misconception.

Health service seeking behavior of respondents was observed in 153/383(40%) of participants who
visited h ealth in stitution o nce and /orle ss p er year because o f cost and a ffordability (18.5%),
distance and/or lack of transportation (16.4%) and other factors (15.3%) while 49.6% don’t know
the reason for the delay is supported with findings from another study (Gele et al., 2009). As the
result o f s cattered s ettlement o f p opulation in the current geographical areas coverage by h ealth
institutions a nd a ccessibility is limited. D elay w as obs erved i n h ealthcare s eeking be havior,
diagnosis and treatment w hich c ould be due to lack of know ledge and this a ttributes to further

aggravation of the transmission rate and morbidity/mortality caused by tuberculosis.
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CONCLUSION

The current study is the first in its kind for the region and addressed the issue of Mycobacterium
tuberculosis drug resistance pattern, Mycobacterium tuberculosis strain diversity and assessed KAP
of T B s uspects r esiding i n B enishangul G umuz r egion and A wi zone of A mhara region a bout

tuberculosis.

Relatively a higher rate (16.5%) of resistance to one or more drugs was observed with higher rate of
monoresistance t 0 1 soniazid ( 6.9%). M ultidrug r esistance of 2/ 87(2.3%) w as obs erved w ith
1/75(1.3%) and 1/12(8.3%) among new and retreatment c ases respectively. Strain resistant to all
first line ant-TB drugs tested and isolated from new case was SIT1196 of T1 family and clade
Manu?2. This strain is not common in other parts of the country and to be found in a MDR-TB strain

may need special attention for further investigation.

There was no statistically significant association observed between drug resistance and HIV status,

previous history of treatment, age, contact history, residence and strain types.

In the current study high rate of Mycobacterium tuberculosis strain diversity with a high proportion
of “New” isolates 32(42.7%) was observed. From a total of 39 particular spoligotype patterns, 10
patterns were observed with different level of clustering ranging from 2-11 isolates in each cluster.

The remaining 29/75(38.7%) isolates were found as a single spoligotype pattern (singleton).

SIT289, SITS53, SIT149, SIT37 and SIT134 were the predominant strains circulating in the study
region w ith a pr oportion of 14.7%, 12.0%, 8.0 %, 5.3% and 4.0% respectively. Lineage 4 and

lineage 3 were found to be principal lineages identified in the current study area.

Mycobacterium tuberculosis families of T3-ETH, H3, T2, LAMI1 and H 1 with strains identified
CAS1-Delhi, T and T 3 w ere i dentified w ith a ¢ umulative pe rcentage of 86.6% and w ith a
proportion of 22.7%, 21.3%, 13.3%, 13.3%, 5.3%, 5.3%, 2.7%, 2.7% respectively were observed.

Lineage 1 evel as signment s howed that lineage 4 ( Euro-American lineage) to be the predominant
lineage in the current study area. This could be due to the 1ong existence of Tana B eles / Salini
Construttori pr oject w hich was l ed by Italians i n ¢ onnection w ith r esettlement p rograms in th e
region. E ven t hough M DR was foundtob e 2. 3% onl y, existence of mycobacterial s trains i n

families lik e H aarlem, Beijing a nd E AI which are b elieved to b e a ssociated w ith mu Iti d rug
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resistance d ue to th eir higher mu tation r ate (Ford et a [, 2013) and higher r ate of Isoniazid
monoresistance observed are bench mark indicators for further increment of MDR TB cases in the

arca.

KAP survey among TB suspects indicated the gap in terms of knowledge about symptoms, mode of

transmission and means of prevention.

The results of this study revealed a low level of knowledge about main symptom of TB, mode of
transmission and means of prevention. In addition, the study showed unfavorable attitude and poor
practices towards T B. M oreover, substantial numbers o f p articipants w ere not aw are of the free
service available. Health seeking is delayed due to cost and unaffordability, lack of transport and or

distance from health care institutions.
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RECOMMENDATIONS

Based on our findings the following recommendations are provided:

X/
°e

X/
°

*

The existence of M DR and di fferent I evel o f r esistances m ay ne ed to ha ve ¢ ontinuous drug
resistance surveillance and Drug Susceptibility Testing facilities for all eligible TB patients at

least at regional level.

Higher mycobacterial strain diversity and relatively higher number of “New” strains observed in
the current study area would urge the need for more elaborative study in mycobacterial strain

evolution and molecular epidemiology in the study area.

The gap seen on know ledge , attitude and practice towards tuberculosis can be minimized by
having institutional and c ommunity based di sease s pecific h ealth e ducation on t op of e fforts

already being made in remote regions.

Strong multi-sectorial collaborative effort and political commitment will have crucial role in the
control of only prescribed distribution and use of anti-tuberculosis drugs so as to prevent drug

resistance development.
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MERIT FINDINGS OF THIS RESEARCH

Since it is the first in kind in the study area; it will provide evidence based new data for
the s cientific c ommunity and n ational a nd i nternational pol icy m akers t o de sign

appropriate strategies of intervention.

MDR TB Cases were detected and treated in the study which has contributed directly in
the management o f the patients and in c ontrol of potential s ources of infection w ith

resistant strains in the community.
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ANNEX1
PARTICIPANT INFORMATION SHEET

Addis Ababa University School of Graduate Studies
Armauer Hansen Research Institute (AHRI)
Name of the Principal Investigator: Tekle Airgecho
Name of the organization: Addis Ababa University Medical Faculty
Name of the sponsor/s: School of Graduate studies/AAU and AHRI

This i nformation s heeti s pr epared w ith t he a im o fs tudying E pidemiology a nd dr ug
resistance p attern o f Mycobacterium tuberculosis in N orthwest Ethiopia: res ource 1 imited

settings.

Duration: Study will take 6 months or more

Purpose:

The pur pose of t his researchistostudythe Epidemiology an d d rug r esistance p attern of

Mycobacterium tuberculosis in Northwest Ethiopia: resource limited settings.

It is has been known that tuberculosis is one of the killer and preventable disease. Information on
the Epidemiology and pattern of drug resistance to tuberculosis will have significant importance for

the efforts being made for the control and prevention of tuberculosis in resource limited settings.

Different studies suggest that the emergence of drug resistant M. tuberculosis strains pose a major
challenge to TB prevention and control efforts. Even though much has been done still incidence of
drug r esistant t uberculosis i s i ncreasing w orldwide. T he c ondition is fueled by socioeconomic
factors and c hronic di seases like HIV/AIDS. S o know ing the epidemiology and drug r esistance
pattern o f tu berculosis in resource limite d s ettings will h elp to d evelop p reventive a nd ¢ ontrol
measures and to adopt for rapid detection and treatment of cases. Moreover it will help for better

management of cases.
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Procedure:

If you are willing to participate in this research, you need to understand and sign the a greement

form.

Upon your agreement you will be examined by health professional of the Hospital/Health Center to
check your general c linical ¢ onditions. B ased on t his e xamination, the health pr ofessional w ill
decide w hether to participate on t his research or not. If you are not be able to participate in the
study by the recommendation of the health professional or based on your own interest, it has no

effect in any way in obtaining the regular health services delivered at the Hospital/Health center.

We will ask you to provide three consecutive sputum samples, (Spot- Morning- Spot). Laboratory
examination will be done on the samples with no extra cost from you. In addition to this we will ask
you some questions regarding your background, knowledge and awareness about tuberculosis. All
the clinical and laboratory examination results will be kept confidential by coding system whereby
no one except the health professional and principal investigator will have access to your clinical and

laboratory results.

Risk and Discomfort

By participating in this research project, you will not feel discomfort and it is part of routine TB
care s ervice. However, when we ask you some related que stions, you may be bored and s pend

sometimes with us which may potentially affect your social (work) time.
Benefits

Your participation i n t his r esearch p roject m ay not ha ve direct b enefit but de pending on your
laboratory r esult t here will be a rrangement f or t reatment a nd m anagement. In a ddition, your
participation is likely to help us in understanding the epidemiology and pattern of anti-TB drug
resistance of Mycobacterial isolates and M. tuberculosis strain types in population and may benefit
in the future to design prevention, control and early treatment strategy of this disease in our society.
If you are also identified with MDR-TB, you will be referred to appropriate health institution for

further treatment and care.
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Incentives

You will be compensated for the time spent during interview. However, there will be arrangements

for treatment depending on the outcome of the study result.

Confidentiality:

Any identifiable data about you from this research will be kept confidential. It will be stored in a
file, which will not have your name on it, but a code number assigned to it. Which number belongs
to which name will be kept under lock and key, and it will not be revealed to anyone except the
principal investigator and health professional involved in your treatment.

Participant right

You ha ve full right t o r efuse from pa rticipating i n t his r esearch a nd t his will not a ffect your
treatment or health services you get at this health institution in any way. You also have full right to
withdraw from this research at any time you wish to, without losing any of your rights as a patient

in your health institution.

Contact persons

If you have any que stions a bout t his r esearch p roject, or need further c larifications feel free to
contact the following individuals at any time.
Principal Investigator: Tekle Airgecho (MSc Candidate at AAU)
Mobile: 091-175-69-79
Email: teklemicro@gmail.com
Supervisor: Demissew Beyene
Mobile: 091-140-20-60
Email: beyene88@gmail.com
You can al so call the et hics co mmittee i f you have any questions ¢ oncerning your rights as a

participant:-

AHRI/ALERT Ethics Review Committee: Tel: 0113-481289
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ANNEX II

PTGk TAFLPTF PovlE PR
A8 AN RLACO L PLVL °LP TI°UCT

PACTIOC 1107 9°CI°C +%9°
Ptavl-oém. O9°: Fad ACLE
PRCE+E O9°: AhR: VAPG 4heALi21LNCNAE A SLOS MBS T 60 08, T9°/NGA
PTGk OZ7I0C O9°: ACTIOC 1707 P9°CI°C t+&9°
00727 904N AAERE PN, NTF A9°R, AnELf oot CovAaog: Va3 PONELLAT
HCE hhaopnt A?LLLT PI°CIC TST AMATFLPT PHHIE ovlhem::
PPGE FATY:-
PN, NTiq “1LhaaESe 0-HAA ke Po%.00M AL T A7 PTINY Ankée
Pao-tANGS a0 UL TT PavAan U3 WILPHCST® BALLA::
PHY  TGT PSS  hATI@.  NONRT  9°04-N  ACFERE eOLTE RN, h9Car
TOPOLTIILNONELE CHCES oo l7 Povhon® Vv “1TST 100
TS mPriq
00987 9°04-N WACRE LA@T OEN. NN A9°R, Mksf CovTANG 1o PavAavg:
U's2S PORELP@TT CHCE “1oP ¢4ALR PavhAhAS aofAIMC  ACI°ELTT  Aoo@Ng:
ATBUI° LMT PIPCovdS PUNYCS HLPTT AN LLEA:hHVI® 0L POTI@.7
TMELT NA700 Aov7hQnl SMPoIA::
PTGk 1oT
ALY TS T A@7 ooP7 PACHT A6 A74AI07: LY TST AooA+e L$LE hP'r
AT PAT a0l BTG avd 9 LMNPNL FA:
NANG-F4 Chnd 9°Covd- OHL21M Chnd Goo-G SANNNA: CHANAND. Phnd Gao-G hLN
AN @LYLTTIM. ACTIM.C 10T 9°CIPC H9° LUSA: N9°CI°C tdave (LTI, ANL-PL
TGk ShisA: (LU~ TS OHAFELPLTT aAEN, 03 AT 7 770 A%IoP oomeed
CLLIN: CAT.ARI. 9°Covd- M.t hVNY®S NCE AL £4.I1MA::
+5T/hhgvaoF:- (HY TS 29141 14T ovh oo MG OAoo-f Po10'15.S
WAoo f@. PAINTNT AONT OHAR NAPSTO. 9°79° ALY ¥ aoid - @89 T4
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NLSLTMI° APA °AAN C7LL00T LH P9INEE 1C @LI° PO AaTPT NILW.
LA

P+ASLm. TPIT:-

MY TGT 9°Covd- ao@'il P1AooL 1N, h9° Oabéf hhTi 0mS ddoo- ool
AL N7LTIM. hLéA o0l h?laoAnta@. ahA IC Moo 21C AINO7 PVnI°SS A
ATSELTT LRLIAAP I A hHVI® N Fe2Ts PACH HATE MVHNT? @.0T fa? ¢-EN, N7
NCE TG o' P1HAanS. RN, OTiF A%, Ot U337 0710P 0L T 173 +La.
PaoNANAT PooBAMCS P4MT 9°Covd-S VNS H&T AdodPh NG S ANTPRA LTLPA:
AEL-NHY TG NooA+GL PoLeTT T 9°39° ALTF AR AGE PA°: TIC 77 NPA °AAN
AW 10 “Thhfi GRLIAL F

NOCTLrE: - TIEOI° AAFLOT MNE oolE NTLNTC SPHA:NoolLE@. oohem, AL,
PETCS C4LA NP h&/ ATE N9° hlLbaoTI°: UAI° TLNTELE 4L0T N TOAC
NLAG A FEALD. LPHA:

A3 4@. aofll:-

LPLE NAPT (MY TS T LAmATE ool TP ehmOd 1@ (HVI® 9°A7eT hPOT o
®LI° S NMNLE. N7LETT T AIANINT AL 9°99° ALTE TROT hBLCANPI°:: h TGk
N7 DI° (%Gt L0277 P71TAN oo H2 emNd 1.

ANAM avl.5:-

LUT TGT AlooAnf 9°39° a1l TOE ®LI° TINLLE NLNLATIL -

PGk tavld-o14: Had WCLE A (Mah RLNCAE C7INHCH Ho14)

nAn: 091-175-69-79 n.716\: teklemicro@gmail.com
FEMMe: LIPOAM. N9 (Avé: T. AT, 8.)
nAn: 091-140-20-60 n716\: beyene88@gmail.com

PACIOC 17107 PI°CI°C +49° PI°CI°C N'19°70C holk

AR #TC:0113-481289 h.hA
LV PGT PUhYLm hah RLOCAA  VACS 4hrA L %12nC8A5 T A SL0.5 M55
TeNANE, TIMEA AT QAVL/RAACT PI°CI°C M19°70C 0tk 4.8 0017 NF

To-::
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ANNEX III
CONSENT FORMAT

I read the information sheet (or it has been read to me). [ have understood that this study is about
“Epidemiology and drug resistance pattern of Tuberculosis in North West Ethiopia: Resource
limited region”. I have asked some questions and clarification has been given to me. For this study
I have been requested to give three consecutive sputum samples and have an interview. I have been
informed that there is no direct benefit to me, but there will be compensation for time spent during
interview. T he i nvestigator a Iso i nformed m e t hata 1l t he | aboratory r esults a nd i nformation
collected during the interview will be kept confidential. Moreover, I have also been well informed
of my right to withdraw or refuse from participating in this project and this will have no impact on
the ove rall he alth s ervices. I h ave be en given e nough time t ot hink over be fore Isigned this
informed ¢ onsent. It1i st herefore, w ith f ull u nderstanding t hat I gave m y i nformed consent

voluntarily to give sputum sample and to have access of my sero-status from medical records.

Participant’s Name : signature : Date :
Investigator’s signature : Date :
Witness signature 1. Date:

2. Date:
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ANNEX IV
PO PO

Praqé RTC:

Pragé 9o

NATLNLL® TS T e ovl8 ATVE Phng GovG Aooqmrl 0TI FAU:: 0T
POLANAND: ool8 Nooh “LOATEPrE T7279.m0%G  NdahT LS A% h PGk
Aao@- T “IRI°TFN AL FAU:: LIS WAIPGY PG hrbkoo: N91T70. WINTNT AL,
go39° 1t TILMICONTA LLEFAU:: TS E Navdtd, TS PP Thao P9
NL@M9° NPA oom@P AONYT LH “Thnh T72799.2L7 TINPATA: ¢PGET 1.8+
POLEeANLC- D7 avlB AHLLAUNTLING  £o% AI0ATN:: TEE AoomPPI® N7
ATVE N URq ooAD ATIFAU:: TSR FAQ4 AolPS ChTLALNL. @-avE
hwhges hCL AL ~74.8 +H0o19°FAU-:

PAQé@. &HC: ¢

TGE7 7.0 &C: +7:

CTMY LCY: +7:
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ANNEX V
QUESTIONNAIRES

PART ONE: Patient Identification and Demographic data

Date
1.1. Code No: 1.2. Card No.
1.3. Hospital/ health centers’ ID. o
1.4. Address: woreda: Keble: Tel :
1.5. Age: 1. 6. Sex: .M 2.F
1.7. Occupation
1. Farmer 2. Merchant 3.Government employee 4. Other (specity)

1.8. Area of residence:
1. Urban 2. Rural

1.9. Religion
1. Muslim 2. Christian  2.1. Orthodox  2.2. Protestant 2.3. Catholic
3. Other (specify)

1.10. Educational level
1. Mliterate 2. Elementary 3. High school 4. Diploma 5. University degree
5. Others (specify)

1.11. Income level (ETB/ yr)

1.<200 2.500 3.500-1500 4. 1500-3000  5.3000-5000  6.> 5000

1.12. How far is health center or hospital from your residence? (Describe distance on foot travel)

1. Halfa day on foot 2. One day on foot 3. One and half day on foot 4. Two days
on foot 5. Other (specify)

1.13. Number of family:

1.14. Weight: (in kg)

1.15. Height:  (meter/centimeters)

1.16. Ethnic group
1. Amhara 2. Oromo 3. Tigray
4. Shinasha 5. Gumuz 6. Other (specity)
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PART TWO: Clinical data
2.1. Symptom of TB
1. Chronic cough (>2 wks) 2. Production of sputum 3. Night sweetening

4. Fatigue/tiredness 5. Shortness of breath 6. Unexplained weight loss
7. Fever 8. Don’t know 9. Other  (specify)
2.2. Previous exposure of anti-tuberculosis drugs:  A. yes B. No
If yes, 1. Complete 2. Default 3. Re-treatment 4. Relapse
2.3. Mention drug regimen: (to be filled by interviewer only)
1. New: 2. Follow up: 3. Re-treatment:
4. Default: 5. Relapse:

2.4. Did you ever missed taking anti- TB drug properly? 1. Yes 2. No
If yes, how long? (Specify)
PART THREE: Contact History

3.1. Do you have any contact history with suspected TB Patients? 1. Yes 2.No ifyes,

1. Family 2. Friend 3. Neighbor 4.0ther (specity)
3.2. Is there anyone in your family that had been infected with M. tuberculosis? 1. Yes 2.N o
if yes,

1. Wife 2. Husbands 3.Children

4. F ather 5.M other 6. O ther ( specity)

PART FOUR: TB Knowledge and Awareness

4.1. Where did you first learn about tuberculosis? You can give more than one answers

1. Newspapers 2. Radio 3. TV

4. Billboard 5. Brochures, posters 6. Health workers

7. Family, friends, and neighbors 8. Religious leaders 9. Teachers
10. Other  (specify)

4.2. What are the signs and symptoms of TB?

1. Cough<2wks 2. Cough that lasts longer than 2 Wks 3. Chest pain

4. Shortness of breath 5. Ongoing fatigue = 6. Weight loss 7. Nausea

8. Severe headache 9. Fever 10. Do not know 11. Other: (specify)
4.3. How can a person get TB?

1. By air droplets when a person with TB coughs or sneezes 2. Through handshakes
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3. By sharing dishes 4. Drinking unpasteurized milk 5. Curse of God
6. Other (specify)

4.4. How can a person prevent getting TB?

1. Covering mouth and nose when coughing or sneezing 2. Avoid shaking hands
3. Avoid sharing dishes 4. Closing windows at home 5. By praying
6. Balanced diet 7. Do not know 8. Other (specify).

4.5. How expensive do you think TB diagnosis and treatment is in this country?

1. Itis free of charge 2. Itis reasonably priced 3. It is moderately expensive

4.6. Are you taking TB medicines? 1. Yes 2. No 3. Never started
4.7. How frequent are you supposed to take your medicines?
1. Daily 2. Once weekly 3. Twice weekly 4. Three times weekly
5. Other: (' specity)

4.8. When do you expected to stop taking anti tuberculosis drugs? After ( ) Months

4.9. In your opinion, who can be infected with TB?

1. Anybody 2. Only poor peoples 3. Only homeless peoples
4. Only alcoholics 5. Only drug users 6. Only HIV/AIDS patients
7. Only people in prison 8. Other (specity)
4.10. Can TB be cured? 1. Yes 2.No
4.11. How can someone with TB be cured?
1. Herbal remedies 2. Rest without medicine 3. Praying
4. Anti-tuberculosis drugs given by health institute 5. Do not know
6.Other:  ( specity)

PART FIVE: TB Attitudes

5.1. Do you think you can get TB?
1. Yes, why?
2. No, why?

5.2. In your opinion, how serious disease is TB?
1. Very serious 2. Somewhat serious 3. Not serious
5.3. How serious problem you think TB in your region?

1. Very serious 2. Somewhat serious 3. Not serious
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5.4. What would be your reaction if you were found out that you have TB?

1. Fear 2. Surprise 3. Shame
4. Sadness or hopelessness 5. Other : ( specify)
5.5. Who would you talk about your illness if you had TB?
1. Doctor or other medical worker 2. Spouse 3. Parent
4. Close friend 5. No one 6. Other:  ( specify)

5.6. What would you do if you thought you had symptoms of TB?
1. Go to health facility 2. Go to pharmacy 3. Got to traditional healer
4. Pursue self-treatment options (herbs) 5. Other:  (specity)
5.7. What worries you the most when you think about TB?
PART SIX. Health-Seeking Behavior

6.1. Where do you usually go if you are sick?
1. Private clinic 2. Government clinic or hospital 3. Traditional healer
4. Church/ mosque 5. Other: (specity)
6.2. How often do you generally seek health care at a clinic or hospital?
1. Twice a year or more 2. Once per year 3. Atleast twice in past Syrs
4. Once in past 5 years 5. Never in past 5 years 6. Other: (specity)
6.3. If you would not go to the health facility, what is the reason?
1. Not sure where to go 2. Cost

3. Difficulties transportation/distance

4. Do not trust medical workers 5. Others: (specity)
PART SEVEN: TB Awareness and Sources of Information
7.1. Do you feel well informed about TB? 1. Yes 2. No
7.2. Do you wish you could get more information about TB? 1. Yes 2. No

7.3. What are the sources of information that you think can most effectively reach people like you

with information on TB? (Please give the three most effective sources.)

1. Newspapers 2. Radio 3. TV

4. Billboards 5. Brochures, posters 6. Health workers

7. Religious leaders 8. Teachers 9. Other: (specify)
Name of the interviewer: Signature: Date:

THANK YOU VERY MUCH FOR YOUR PARTICIPATION IN OUR STUDY!!
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ANNEX VII
LABORATORY INFORMATION SHEET

Name of Health Institution: Date:

Patient’s register number:

Source of specimen: Pulmonary
Reason for examination: Diagnosis

Specimen identification number: Date:

LABORATORY RESULTS: FINAL REPORT

Laboratory serial number: Date specimen received:

1. Microscopy results

Staining method: Ziehl-Neelsen |:|

Negative I:I 1+
1-9 AFB I:I 2+

Not done I:I 3+

L

2. Culture results

Culture method:
No growth 1+
Contaminated 2+
Not done 3+
1-19 colonies 4+
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3. Culture identification

Growth rate: Colony morphology:

Niacin production: Positive |:| Negative I:I

Nitrate production: Positive I:I Negative I:I

Catalase test: Positive Negative I:I

Culture identified as:  Mycobacterium tuberculosis: |:| MOTT: |:|
Name: Signature: Date:

4. Drug susceptibility result on LJ medium

Date o f | Patient Lab. serial
Specimen | specimen ID No number Y
<
collection = as i~ A =
5 1z |2 |8 |&
1.
2.
3.
2
2
143.

NB: Put “R” Ifit is Resistant: “S”: If it is Susceptible: “C”: If it is Contaminated ~ “ND”: If it is not done

Name: Signature: Date:
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