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Abstract

Background: Ethiopia stands 12 among the 30 high TB burden countries with incigerate of 165
cases per 100,000 population.Continuousand sudténafforts should be exerted in different aspects
including in research in order to reduce the buradgmB in the country.

Objective: The present study was conducted in northeasténiofia to investigate the nutritional status
of TB patients, TB co-infection with parasites, tyyges strains of M. tuberculosis circulating iretarea
and evaluate the drug sensitivity profiles the isisa

Methods: A cross-sectional study was conducted on 384 TErmiat(286 smear positive pulmonary TB
and 98 extra-pulmonary TB cases) who were visitieglth care institution for seeking treatment.
Anthropometric measurements were used for the sissert of the nutritional status of TB patients ehil
direct wet mount microscopy, Kato-Katz and concditin techniques were used stool examination for
parasite co-infections. Clinical examination, Zidkklsen staining, mycobacterial culture, region of
difference (RD) 9-based polymerase chain reactiR@K), spoligotyping and mycobacterial interspersed
repetitive unit-variable-number tandem repeat (MHRNTR) typing were used TB investigation. In
addition, Mycobacteria Growth Indicator Tube (MGIEst and GenoTypic MTBDRplus assay were used
to evaluate drug sensitivity profiles of M. tubdogis.Data were analyzed using descriptive statiséind
Pearson chi-square.

Results: The prevalence of undernutrition was 58.6% usingybmass index while it was 73.0% using
mid-upper arm circumference. The overall prevalerfe TB-parasitosis co-infection was 10.8%;
intestinal helminths co-infection was 9.7% whilestinal protozoa co-infection was 1.9%. Clinicall\B
lymphadentis accounted for 85.9% of the extra-pubng TB of which cervical lymphadenopathy was
75.3%. Culture positivity was confirmed in only Z%%. (112/384). Speciation of the isolates using RD9
PCR revealed 77.7% of the isolates were M. tubesssl But no signal was detected for the remaining
22.3% (25/112) isolates. Spoligotyping of 112 it 92.9% (104/112) as interpretable spoligotypin
patterns. Twenty-one percent of the isolates wesaped under 10 clustered strains while the renmagni
79% (n=83) isolates were classified as singletomiss. On the other hand, 13.5% of the isolatesewer
grouped under shared types and 86.5% were orpharthErmore, spoligotyping grouped 52.9%, 27.9%
and 19.2% of the isolates in Euroamerican, Indieartic and East African Indian lineages, respectivel
DNA samples of 69 isolates were tested by 24-IdBBUA/NTR typing and 56 had valid amplification
products while the remaining 13 isolates had eithmmomplete or negative results. Each of the 56
isolates had distinct MIRU-VNTR profile and as aule 56 different genotypes (strains) were detkcte
MIRU-VNTR typing. The results of MGIT and MTBDRmssay showed that 15.9% and 16.8% of the
isolates developed resistance to either of the fire anti-TB drugs, respectively. The percentage
multi-drug resistance (MDR) M. tuberculosis was%8.48/95) as detected by GenoTypic MTBDRplus
assay. The agreement between MGIT and MTBDRplag assdetecting resistance to Isoniazid (INH)
was substantial (k=0.77) while it was near perfettdetecting either resistance to Rifampicin (RIF)
(k=0.93) or in detecting MDR M. tuberculosis (k=0)9

Conclusion: Undernutrition and co-infection with parasites secommon in TB patients in northeastern
Ethiopia. The strains M. tuberculosis circulating northeastern Ethiopia were highly diverse and a
significant proportion of the strains have develdpdrug resistance. Therefore, improvement of the
nutrition and regular de-worming of the population the area would contribute significantly to
reduction of the burden TB and improves the respdosIB treatment. Additionally, public educatisn i
required on the proper use of anti-TB drugs. Funthere, special attention should be given to MDR TB
cases so that their further transmission is corgdin

Key words: Mycobacterium tuberculosis, Moleculapityg, Drug sensitivity, Parasite co-infection,
Undernutrition, Northeastern Ethiopia.
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1. Introduction

Tuberculosis (TB) causes major public health pnoisleand developmental challenges of the
world. Despite advances made in understanding igghggenesis and management,
Mycobacterium tuberculosi®. tb) infects about a quarter of the global human pagpans. Of

these, about 5-15% develops the disease during {ifei time and others remain as

asymptomatic (WHO, 2019).

Morphologically, theMycobacteriumis identified as slender, straight or slightly wendt, rod in
shape existing as a single cell or in a threadftken. M. tb is a slow growing, obligate aerobe,
non- encapsulated, non- spore forming, non- maoditéd-fast gram-positive with lipid rich cell
wall (Glickman and Jakobs, 2001; Matheetal, 2006). It mainly attacks lungs (pulmonary TB
— 85%) and other body sites as an extra-pulmon&rynTless proportion (Charati and Moradi,

2013).

Although tuberculosis case detection is rising trednumber of deaths due to the disease fell by
37% between 2000 and 2016, TB still remains asadrtbe top 10 causes of mortality from a
single infectious agent. There is no country frédB; but few countries have eliminated the
disease as a public health threat. Its infectieawsld heavily from economically well developed
countries towards low-income and emerging econaniisst of the cases in 2018 were in the
WHO regions of South-East Asia, Africa and the WasPacific with a proportion of 44, 24 and
18%, respectively. Overall, about 87% of the warlses were from the 30 high TB burden
countries; and two third of these were from Ind2¥%), China (9%), Indonesia (8%), the
Philippines (6%), Pakistan (6%), Nigeria (4%), Bladgsh (4%) and South Africa (3%)(WHO,

2019).



Treatment of the disease by discovery of streptamwi@s first introduced in 1944. Resistance
was recognized by Pyle in 1947 against the drugsaod after its introduction as effective anti-
TB chemotherapy. This leads to invention of anotiew TB drug (isoniazid), its initial clinical
trials was made in 1952 that increased the effeotgs of chemotherapy toward TB.
Consistently, TB was effectively treated with comdiions of drugs streptomycin (STM),
isoniazid (INH), rifampicin (RIF), ethambutol (EMB)d pyrazinaminamide (PZA). At the time,
it was effective and seemed that the world's TBIehge was over with no more threat from the
disease. However, resistance to all forms of thigslemerged at high frequency when the drugs
were used alone. These drug resistant bacteritegddtom spontaneous and random mutations
of the bacterial chromosome either during a cowfsérst-line TB treatment or due to the
transmission of a drug resistant strains that I¢adeduced susceptibility against specific agents
and greater incidence globally. Beside the thrédhis drug resistance, the risk of developing
TB is enhanced due to co-infections and other imenpnofile altering factors including

malnutritions (Daniel, 2006; Somasundaraial., 2014).

Ethiopia belongs to one of the top 14 world’s high, MDR-TB and TB/HIV burden countries.
Against this fact and major consideration givenTi®B in the country, a rapid molecular
diagnostic automated test and molecular charaetesiz of the bacteria is very limited. This
limited information of genotypic characterization the Mycobacteriumstrainsin the country
could be due to scarcity of the diagnostic toolse Tharacterization is fundamental to determine
the source of causative agent crucial for propewvgmtion and control program of tuberculosis.
In fact, the country played a key role for the sssful achievement of the global 2015
millennium development goal to stop TB with reatisimplementation of the DOTs program

since 1994 that leads to the targeted end TB giyate 2035. Most of the molecular
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characterization technologies used in Ethiopiaragton of differentiation and spoligotyping
while other forms of characterization are done idetshe country. Interestingly, the MIRU-
VNTR technology was established for the first timehe country and applied in this study at

AKlilu Lemma Institute of Pathobiology (ALIPB).

On the other hand, despite great concern givenramease of TB diagnostic health institutes in
recent years, drug sensitivity testing is still ldvaging and not done on the spot in most health
institutes in the country due to scarcity and latkhe diagnostic tools. Thus, the status of drug
resistant cases was not clearly known against Bheohtrol and treatment program. It is only at
some hospital levels that the WHO recommendatioGefeXpert diagnostic test is applied for
the detection of RR cases. However, due to linoitegtiof cartridges, reagents, and other factors
all M. tb infected cases were not tested by this Xpert tegcten Instead the usual microscopic
diagnostic method is used which cannot detect dmrgsitivity profiles. The gold standard
culture technique is also rare and not done ah#adth institute level with an exception of some

regional, institutional and a single national latory found in the country.

It was estimated that 3.5 billion of the global pt#tion are infected with intestinal parasites of
which 450 million are ill as a result of the infieet (Stepeket al, 2006). These parasites are
heterogeneous group of protozoa and helminthslitratpart or all of their lives in the hosts
where they derive necessary nutrients, grow, apobdeice (Brookeet al, 2009, Keiseet al,
2010). The parasites interfere with nutritional amgnune profiles of an individual promoting
secondary infection, such &k th. Prevalence of intestinal parasitic infectionasmarkably high

in sub-Saharan African countries where TB is atsmmon (Haque, 2007).



Awareness creation towards the disease is fundaitengienerate better prevention and control
programs of tuberculosis. Concerning this, theustaif awareness is not well known in the
country and only few assessments were conductedknomwledge, attitude and preventive
practice towards tuberculosis in Ethiopia. Thus,lenglar characterization, drug sensitivity
profiles,nutritional status and TB parasitosis ifections as major risk factors were the main

objective in this study.



2. Review of Related Literature

2.1. Molecular Epidemiology of Tuberculosis

2.1.1. Tuberculosis and its causative agent

Tuberculosis is in the big group of the leadingtbeaal infectious diseases that cause profound
mortality and morbidity throughout the world. Itathogenicity could be pulmonary affecting
lungs or extra-pulmonary which affect the centrarvious system, gastro-urinary system,
lymphatic system, circulatory system, bones, joand skin. The extra-pulmonary TBs spread
to these sites of infection through lymphatic omaéogenousdissemination. Tuberculosis might
also be a combination of the two in which pulmon@B/has a symptom of cough, fever, chills,
night sweats, appetite loss, weight loss, and dasgability. In addition to these clinical
symptoms, the specific symptoms of extra-pulmonaryerculosis depend on the site of

infection (Tortoliet al.,2012; Robert and Wani, 2013).

The continuous decline of TB in the early 1980snsed most medical experts as the disease
would be completely eliminated in industrializedioas by the year 2010. However, at the mid
of 1980s, the number of cases began to rise ataamiag rate specifically between 1985 and
1991. These sudden incidences of TB became commdavieloping countries which might be
due to high correlation between HIV and TB. HIVeafion suppresses the immune profile of an
individual, emergence of drug resistance TB dumterruption of drugs when the patients feel
healthier and other factors which might include igmation, poverty and undernutrition are the

contributing factors (Barne=t al, 2011).

Everyone is liable to the disease with some groapsmore susceptible for its activation.

According to Pareeket al. (2012), recent immigrants and refugees from caemtwith a high
5



incidence of TB and those in close contact witlasecof active TB including health professional
are at greater risk. Furthermore, immuno-supprepsg¢ieénts due to other infections like HIV
and diabetics are liable to the disease. Peopirgliin substandard overcrowded conditions,
undernourished, institutionalized groups includporgoners, aging and those who are dependent

on drugs and alcohols are also at risk.

Phylogeny ofMycobacterium tuberculosis complex

Tuberculosis primarily caused by. tb is undeniably the most successful terrible acid-fas
bacillus with other closely related MTBC in raresea. The less likely tuberculosis causing
MTBC includesM. boviswhich is responsible for bovine tuberculosis amclude the vaccine
strainM. bovisBCG; M. africanum the main causative agent of TB in west Afribh;canettij a
rare MTBC strain that produces smooth and glosséynies;M. microti, which is a pathogen of
voles and rarely infects human¥, orygis and M. caprae primarily isolated from goatsyl.

pinnipedi also known as the seal bacilli,; suricattaeandM. mungi(Alexanderet al, 2010).

The origin and global spread of human TB was exgukas started from Africa. This assumption
was supported by multi-locus sequence data fromdloBal MTBC strains that hypothesizes
human MTBC as originated in Africa and spreadstouither continents with the migrations of
human population(Hershberg al, 2008). Most of the MTBC lineages in Africa spdeinto
Europe and Asia which later expand to others thndbhg waves of human exploration, trade and
occupation with some two or three phylogeneticallgcient’ lineages as staying in Africa

(Comaset al,, 2013).

Additionally, a new group of MTBC different from yarknown human-adapted complexes has
been identified from Peru. It was closely related¢@ntemporarl. pinnipediiwhich is adapted
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to seals and sea lions implying that marine mammalgd have played a role in spreading TB
from Africa across the Atlantic Ocean to the New lfcand transmitting to pre-Columbian

human populations (Bat al.,2014).

A study of 20 variable RDs generated from inseftietetion events were analyzed among 100
strains of theM. tuberculosiscomplex includingM. tuberculosisM. africanum M. canettij M.
microti, and M. bovis Its finding showed the common progenitor straassdefined by the
presence or absence ola tuberculosisspecific deletion called “TbD1”. This region waseds

to divide the MTBC as ancestral (TbD1 is presem) anodern (TbD1 absent) strains. The
modern strains include major global clades (Beijamgl Haarlem). Deletion of RD9 and other
subsequent deletions occurredNin africanum M. microti, andM. bovisthat occurred before
their divergence fronM. tuberculosisand before alterations in TbD1 occurred. The gersoafe
M. canettiithat have TbD1+ (ancestral) were the most intadt lzed not undergone as much
genetic reduction through loss of RD loci and app&do be closest to the most recent common
ancestor for thé/. tuberculosiscomplex (Brosctet al, 2002). Other lineages were expected as

evolving from the ancestral smooth coakédcanettii(Figure 1)
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2.1.2. Tuberculosis and socioeconomic burden

Although great attention and progress has been madee control of TB, its global threat is
still continuing. Higher prevalence of the bactemdections is within the active working age
group of 15 to 54 years inflicting negative impantglobal socioeconomic prosperity (Jasneér,
al., 2002; Muniyandiet al, 2006). These economically productive age gragsalso family
forming with great social interaction in the comriyrio enhance their ability and break free of
poverty. Moreover, studies suggest that TB patjemtsthe average, lose 3-4 months of work
time, resulting in lost wages. In the case of dregjstant TB, it could take as long as two years
and even more for treatment causing a significaothger absenteeism from their work or loss
of employment, social isolation, and long-term secbnomic and psychological effects. Death
of these income generating high energetic indiMglwlue to TB increase the risk and things
become harsh for their families (Moresal, 2013).

Tuberculosis burden follows a strong socio-economiadient between countries, within
countries and within communities, and the pooresttlaose at greatest risk. It was an estimated
US$ 13 billion annually for universal access to diBgnosis, treatment and care with additional
minimum estimates of US$ 2 billion for TB resealgh2022. Although there is an estimate of a
funding gap close to US$ 5 billion annually, theding reached US$ 6.8 billion in 2019 from

the report of 119 low and middle income countrlest teported data (WHO, 2019).

2.1.3. Tuberculosis in Ethiopia

It is apparent that ill health in a fast growingpptation is an obstacle to social and economic
development. To minimize this, Ethiopia has choserstrengthen primary health care as a

strategic approach to address the major gaps iticpbbalth. Although TB prevention and



control programs have got more attention after em@ntation of DOTS strategy since 1990's,
the disease still remains a major challenge ofiputgalth throughout the country. According to
WHO Global TB Report 2019, Ethiopia continued as ofthe 30 top high TB burden countries
with best estimated incidence rate of 165 caseslf6r000 populations. To be specific, the
country was ranked as the twelfth and fourth tojpreed incidence rate globally and from
African continent, respectively. The Ethiopian FediéMinistry of Health’s hospital data also
revealed TB as the leading cause of morbidity,tthel cause of hospital admission, and the
second cause of mortality with an estimated anmatality rate of 32/100,000 in the country

(WHO, 2014).

The Health Extension Program (HEP) was initiate@003 to resolve the ongoing challenges of
TB. To achieve the objective, the Ethiopian govezntrdeploys two Health Extension Workers
(HEWS) per Kebele who can speak the language @il lpeople (WHO, 2009). These workers
receive a training of one year that prepares tremdnage operations of health posts; conduct
home visits and outreach services in the commuiithe. HEWs promote preventive health care
actions; refer the cases to health centers; andtifgetrain, and collaborate with voluntary
community health workers (CHWSs). It revealed anrowement of health care worker to civilian
ratios, sanitation and vaccination rates like BasilCalmette-Guérin vaccines (BCG) for TB
prevention in children. Over all, the program isisidered as to be a significant enhancement in

the delivery of health services (Assetaal., 2009).

Though pulmonary tuberculosis is the most commoesgmtation in the country, extra-
pulmonary tuberculosis is also at a greater rat&/HO's average global proportion. There are

scarcities of evidences on extra-pulmonary tubesisl (EPTB) and in some cases the EPTB
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patients are categorized as other cases due ttasidiinical features and limited number of
pathologists to detect. Such things increase theghence of EPTB that resulted a challenge to
the survival of human wellbeing. Acording to WHO318 report, from a total of an estimated
172,000 new TB cases notified in 2017 from Ethipgi@ater or equal to 30% were EPTB which

was too high as compared to the global 14% incideate for EPTB (WHO, 2018).

2.1.4. Molecular epidemiology and transmission dymaics

Molecular epidemiology (ME) is a blend of moleculaology and epidemiology used to study
the spread of tubercle bacilli in mini epidemicsootbreaks. It is used to analyze transmission
dynamics of TB and determines risk factors for ttamsmission in the community. Molecular
epidemiology has a great role for identification eogenous re-infection and endogenous
reactivation. Moreover, it can also be used to tiflercross contaminations in the laboratory.
Before the emergency of molecular methods like DN#ger printing in the mid 1980’s
discrimination between clinical isolates Wf. tb was difficult. Furthermore, the spread of TB
was also not precise relied on observational datanecdotal correlations. In fact, the already
existing previous screening methods of the baaterilke colony morphology, comparative
growth rates, susceptibility to selected antibmtiand phage typing could play great roles in
diagnosis of the disease (Mathegatal., 2006).

Availability of molecular tools does not guarantthe best diagnosis for TB. It needs good
knowledge and experience of using the technologidse key aspects to select adequate
molecular approach for studying TB epidemiology #ne observed rate of polymorphism
(stability of biomarker) and the genetic diversttystrains in the population. Thus, molecular
epidemiologists have gone beyond traditional owathr@nalyses and have carried out systematic

studies designed to address specific epidemiolqgiestions or test hypotheses. Researchers
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might apply 1$110typing to quantify the relative contributions efcent and remote infection to
the burden of TB disease in communities, to idgntgk factors for the spread of disease, and to

establish the relative frequency of re-infectionufkhy and Alland, 2002).

The resurgence of TB throughout the world in relatio the emergence of drug resistance ones
renewed interests in understanding TB epidemiolaegyl pathogenesis. Interestingly, one
important advance in the field of TB research s development of these molecular techniques
that assist the identification and tracking of indual strains of the bacteria. This new discipline
(the molecular epidemiology) revolutionized thddgof research, prevention and control of TB
by providing information on transmission dynamitisallows differentiation between strains,
assessment of the overall strain diversityMof tuberculosiscomplex including difference by

region and population, and measuring the prevaleheademic strains (van Soolingen, 2001).

The current rates of active transmission dynanmcBB could be identified by differentiating the
disease as due to recent or previous infectionerabation of whether recurrent TB is
attributable to exogenous re-infection or endogsen@activation; whether aM. tuberculosis
strains exert similar epidemiologic characteristicpopulations or not; and an understanding of
transmission dynamics on a population- or grougifipelevel, as well as in identifying
extensive transmission or outbreaks from what appgeabe sporadic, epidemiologically

unrelated cases (Matheratal, 2006).

Strain typing of the bacteria contributes significaole to have a good knowledge of TB
epidemiology. This could help to improve diseaseti@ program by providing information on
transmission dynamics (Tostmaehal, 2008) of the bacteria and in determining endogsn

reactivation versus exogenous re-infection (Dobteil, 2008).
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Active TB might be developed as either due to eedogs reactivation or exogenous re-
infection (recent infection). To identify the diseaas endogenous reactivation or exogenous re-
infection one can use varieties of molecular teghes. Of these techniques, DNA fingerprinting
techniques is the most commonly used one; anceifigblates from two TB episodes have the
same genotype then the episode is considered asogenous infection; otherwise, it is defined
as endogenous relapse. The approach is based qurdimses that TB cases share a DNA
fingerprint are epidemiologically related while easin which fingerprints are unique due to

remote infection (Lambest al, 2003).

Of the few molecular studies in epidemiology, traission dynamics and drug resistat th,

those of Northwest Ethiopia revealed new findingploylogenetic lineages. In addition to the
previously described lineage (Dehli/CAS (Centralaisclade), H (Haarlem clade), Ural, LAM
(Latin-American-Mediterranean clade), TUR, X-tyfgtype, Beijing and Uganda Il) the study
discovered new lineages named as Ethiopia_3, BthidpEthiopia_H37Rv like and Ethiopia_2.

It also showed a high rate of recent transmissidhe study area (Tessemiaal, 2013).

In Ethiopia, where TB infection is highly endemibhge relative importance of reactivation and
recent infection of the disease is not known. Molar epidemiology of the disease in the
country is not well established which might be daelack of laboratory facilities and their
expensive cost to use and detect the bacteria lacolar level. Of course, with these limitations
few molecular epidemiological studies were donesiMaf the strains were investigated using
1IS6110 RFLP and spoligotyping which allows neither foglhiresolution phylogenetic strain

classification nor for analysis of transmission alyrics (Agonafiret al,, 2010).
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The study made in Northwest Ethiopia used MIRU-VNii®lecular tools which gives high
resolution as compared to those of region of ddffiéation and spoligotyping. The tool was
applied and the data confirmed a highly diverse upain structure comprising thirteen
phylogenetic lineages, four of which were not disat so far elsewhere in the world.
Furthermore, the study also indicated higher raterecent transmission with more drug
resistance straindd. tuberculosisDehli/CAS was the predominant phylogenetic lineagéhe

area accounting for 39% of investigated strains$€maet al, 2013). Similarly, a previously
published study from the capital city of Ethiopleowed 43.5% of the same strains (Agonafir

al., 2010).

Of the previously undefined lineages, Ethiopia_3hi@pia 1, Ethiopia_ H37RV-like and
Ethiopia_2 were clearly shown by minimum spanniegtbased analysis. The advancement for
such new investigation as compared to other prevebudy in the country was due to the use of
valid analysis of the population structure and dsadized comparisons based on advanced
MIRU-VNTR that have high resolution rather than 6130 DNA fingerprint and/or
spoligotyping analysis. Such studies imply that élotual picture oM. tuberculosispopulation
diversity is largely incomplete and needs a systenravestigation in other areas of the country

using the best genotyping methods (Tessetad, 2013).

Dynamics of TB transmission could be determineagsiifferent forms of DNA fingerprinting.
Those mycobacterial isolates with identical fingens are considered to be clusters and
attributed to recent infection while isolates witmique fingerprints are most commonly

associated with endogenous reactivation (van Sgatin2001). Based on these standards those
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few studies in the country revealed that most efMh tuberculosidsolates appeared in clusters

implying recent infection than endogenous readtvat

A proportion of 45.1% investigated in Northwesté&thiopia (Tessemat al, 2013) and 41.2%

from Addis Ababa were found in clusters. Mihegtal. (2012) typed 192 isolates 88% of which

were in clustered form. Similar studies indicatednparable results regarding prevalence of
clustering found in population-based studies frothep countries such as Botswana (42%),
South Africa (45%) and Estonia (49%) (Bruchfeldal, 2002). If an individual with active TB

is left untreated on time, he or she will transaoritaverage to about 10 to 15 people every year

which could be responsible for the increment ofgexwus re-infection (Dyet al, 2005).

2.1.5. Genotypic methods

The conventional techniques commonly used for TBgdosis like acid-fast bacilli smear
microscopy lack sensitivity; and the gold standamtture test takes time for identification of
Mycobacterium In addition, the diagnostic methods do not shitw species level of the
Mycobacterium (Warren et al, 2006). To overcome such limitations in the d@gia of
tuberculosis and provide appropriate treatmentsedsas to trace source of infection and arrest
further transmission on time genotypic methods hiawen developed. It is expected that the
typing methods should be rapid which do not neeavtyr of the organism, reproducible, easy to
perform, reduce biohazard risks, inexpensive anectdy applicable to clinical material. In fact,
because of their expensive cost and other comitgtusing the best typing method is rare

particularly in TB endemic developing countrieso$l harmonized and reliable typing methods
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permit easy identification of locally or internatilly circulating clones, which is essential for

optimal epidemiological surveillance and diseas#rod (Palomino, 2005).

Molecular typing methods include the “gold standaagshalysis of highly conserved DNA
fingerprinting patterns obtained by RFLP analysisthe insertion sequence 851Q1S6110
RFLP fingerprinting), the study of variations withithe genomic direct repeat region by
spoligotyping and the typing of mycobacterial isfggrsed repetitive-unit-variable number of
DNA tandem repeats (MIRU-VNTR). These are powerfublecular epidemiological typing
methods depending on the analysis of mobile DNAnelets (I$110RFLP fingerprinting) or
repetitive DNA elements (spoligotyping and MIRU-VRTtyping) that change quite rapidly
providing a high degree of discriminatory power (NMamaet al, 2006). Strains of\.
tuberculosidiffer in the number of 16110 copies and their distribution is highly variahtethe
Mycobacteriumgenome. In addition,PGRS, SNP and GeneXpert &@ ainong the typical
genotypic methods which contribute considerable iial the diagnosis and determination of
transmission dynamics. These molecular methodsusee to identify rarely encounterdd.
tuberculosis complex bacteria Mycobacterium bovisBCG, Mycobacterium microti,and
Mycobacterium canetdiwvhich were previously difficult to distinguish ugj the existing original

biochemical testing procedures (Bouakatal, 2010).

a) Region of difference (RD) deletion typing

The challenge of rapid and simple commercial asdaysspecies identification of MTBC
members is partly due to the observation that mesniifethe complexes are 99.9% similar at the
nucleotide level. In addition, they have also idEait16S rRNA sequences, the most commonly

used molecular marker in microbiology for speci@sntification. This similarity suggests that
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members of the bacteria are evolved from a commeoastor through sequential DNA deletions
with precise genomic locations. Of the MTBW@, canettiiwas suggestedas a potential ancestral

species(Broschkt al, 2002; Palominet al, 2007).

The complete DNA sequence M tb H37Rv has provided information on regions of diéfece
(RD 1 to RD 16) deleted in members of the MTBC ottn M. tuberculosis(Parsonset al,
2002). These regions of difference representsad® of genetic material that arise due to errors
in DNA replication, movement of mobile genetic elams, mycobacteriophage-mediated
transduction, or recombination between adjacentdiogous DNA fragments with loss of the
intervening sequence. T tb species posses RD9 locus which is missed in nmbst species

of the complexes. This showed that some RD locirestricted to one species of MTBC or its
subspecies, while others appeared to be diffetgntastributed among the complex groupings

(Pinsky and Banaei, 2008).

The regions of differentiation harbor several intpot genes and virulence factors, and their
presence or absence could help to identify speofeslifferent isolates in a particular
geographical region on an evolutionary time scéle patterns have emerged as important for
typing systems in epidemiological and evolutionatydies ofM. tuberculosis Subsequent
studies also found that some of these deletions wariable and also absent from other
subspecies of the genlg/cobacteriumSome RDs, namely, RD1, RD2, RD4, RD7, RD8, RD9,
RD10, RD12, RD13 and RD14 contain the coding secgeerDeletion of these RDs may be due
to rare strand- slippage errors of DNA polymeradtough the exact mechanism of such events
is still elusive. Of these deletion patterns, RBORPidentifiesM. tb from the other MTBC

species (Broscht al, 2002; Pinsky and Banaei, 2008). These deletipimg) is used in cultured
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bacteria for differentiation of théycobacteriumspecies. The assay is reliable with some
limitations as the bacterial culture takes 2 toékls and the conventional PCR assay involves
two to five separate reactions requiring post aficglion processing, thereby increasing the risk

of contamination (Halset al, 2011).

b) Spacer oligonucleotide typing (Spoligotyping)

Spoligotyping is a widely used DNA fingerprintingethods that allows simultaneous detection
and molecular typing oM. tuberculosiscomplex. It is one of the useful tools for the
management of tuberculosis in clinical settingsolfgp has a meticulous value in population
based studies with low cost to define the phylogaplic specificity of the circulating
clades/families of tubercle bacilli. It is recommded as the best preliminary screening test for
large number oM. tbisolates. In fact, to assess the genetic relatsdaed the epidemiological
links among TB outbreak-related cases the mostisogdted and cost demanding6i&.0

RFLP, MIRU-VNTR or whole genome sequencing typing preferable (Goet al, 2005).

Spoligotyping is based on the visualization of sipacer DNA sequences in between the 36-bp
direct repeats (DRs) in the genomic DR regioiMotuberculosicomplex strains. The DR locus
was first described by Hermaes al(1991) who sequenced this regionMiycobacterium bovis
BCG, the strain used worldwide to vaccinate agatniserculosis. The DR region M. bovis
BCG consists of directly repeated sequences of&@ Ipairs, which are interspersed by non-
repetitive DNA spacers, each 35 to 41 base paitength. This DR region contains a variable
number of DRs and also a variety of spacer DNA seges in between the DRs. On the basis of

the knowledge of the DNA sequences of the spacezsept in the direct repeat locus of
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referenceM. tuberculosisstrain H37Rv and/l. bovisBCG vaccine strain one could easily detect

and type the causative agent (Palomino, 2005eGdi, 2018).

The synthetic oligo's are designed and applietheslon a DNA membrane. There are about 100
different spacer sequences identified in the MTBG 43 of them have been selected for use in
spoligotyping.In order to examine the presence haf 43 spacers in the DR region of an
unknown M. tuberculosiscomplex strain, the whole DR locus of that strigiramplified with
PCR by using two inversely orientated primers (DBiatin labeled and DRb) which are
complementary to the sequence of the direct repBatsising such primers, DNA in between
DRs that are adjacent to each other and in betvid®Rs are more distantly positioned and
amplified. The PCR products, which are of multigiees, are applied on the membrane in
reverse orientation on the rows with the syntheligo's. Since one of the DR primers is labeled
(DRa) with a biotin through a streptavidine-per@sd conjugate and a substrate, the
hybridization on the synthetic oligo's can be detg@dy chemiluminescence (Van Soolingen,

2001).

Spoligotyping applied to culture is simple, robastl highly reproducible. Moreover, the results
can be read as a digital code even in a word psocesiowever, the appropriateness of
spoligotyping as a replacement to the gold stand&86110 RFLP typing is doubtful. A
proportion of M. tuberculosisstrains with marked differences in their6IS.0 RFLP patterns
might exhibit identical spoligo patterns. The disgnatory power of spoligotyping to
distinguish betweeM. bovisisolates is less than that of PGRS- or DR-baseldPRiyping. In
fact, spoligotyping can be used for pre-screenihg\l. tuberculosiscomplex isolates have

different spoligo patterns, they also reveal, withexception, different I&L10 RFLPs. The
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ligation mediated PCR has been described to be sftgetive than spoligotyping for screening
on large scale. This technique can be used toifgldds tuberculosiscomplex isolates in taxons

or subspecies (Van Soolingen, 2001).

In general, one of the best advantages of spoligogyover the gold standard typing is that, in
principle, spoligotyping can be used simultaneoufdy the detection and typing df/.
tuberculosiscomplex bacteria in a single assay. In additiorhais proven that spoligotyping
perform typing on non-viable cultures, on slidesZiéhl Neelsen staining and on paraffin-
embedded material. It also serves as a typing rdefinostrains with less than five copies of
IS611Q Contrary to such preferable qualities, severdlpros are faced in obtaining identical
spoligo patterns from bacteria in clinical materéhle to factors present in a proportion of
clinical specimens that inhibit PCR. Although thethod provides digital typing data, it is only
measuring variability in a single locus and doet generally provide sufficient discrimination

for outbreak investigation (Kremet al, 1999).

The DR region in individualM. tuberculosisstrains and in different members of th&
tuberculosiscomplex was identified and alignment of the spdiyge patterns was done to group
the isolates according to similarity into cladestyain families. It was also applied to detect the
causative bacteria and provide epidemiological rmfttion on strain identities. Furthermore,
Spoligotyping was used for genotyping of tiMycobacteriumisolates and identify the

circulating lineages with cluster formation in thgecified study area (Kamerbeetkal.,, 1997).

c) The mycobacterial interspersed repetitive unit-ariable-number tandem repeat (MIRU-

VNTR) typing
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The MIRU-VNTR typing is a technique with most acte in comparison to spoligotyping
sensitivity and RFLP-I6110 specificity. It shows an adequate balance betweembility and
have also essential feature to differentiate ndated isolates. The MIRU has also greater
discriminatory performance as compared to spoligioty and better performance was identified
when both are combined. In fact, like spoligotypihg useful to differentiatdlycobacterium

strains with few copies of B 10unlike that of RFLP (Jonssat al, 2014; Shet al, 2018)

The MIRU-VNTR typing method is essential for epidelogical purposes in investigating the
spread of specific genotypes and trace TB transomisd the strain level. It is also important for
determination of recent transmission among the conity (Rozo-Anaya and Ribon, 2010).
Variability in the numbers of tandem repeats thiat40—100 bp elements dispersed in intergenic
regions of theM. tuberculosisgenome are vital for its typing. A total of 41 idtave been
identified in M. tuberculosiswith 12 of them showing polymorphism. In MIRU-VNTRhe
different strains vary in the number of allelic egs at different loci.Presently, it is accepteat th
the MIRU based typing eventually replaces the atas$S6110 RFLP typing and becomes as
the major standard method for the fast and higblaéisn genotyping ofMycobacterium

tuberculosiscomplex isolates (Kanduns al, 2003; Jonssoet al, 2014).

The 24-locus sets of MIRU-VNTR have improved dis@natory importance than the initial 12-
locus or the 15-locus sets and is suggested asuhent gold standard technique in the
molecular typing oMycobacterium tuberculossomplex isolates (Suppbt al, 2006; Iwamoto
et al, 2007; Beeet al, 2014). In population-based studies, standard WAARNTR typing was
shown to have an equal and rather slightly bettediptive value than the prior gold standard

IS6110RFLP which is time consuming, technically demagdand labor intensive . The MIRU

21



technology is crucial for the study of TB transnoss in settings with epidemiological
characteristics representative of developed cas{Bupplyet al, 2006). The method primarily
involves PCR amplification followed by the deteatiand sizing of PCR fragments using either
capillary electrophoresis on automated sequenaeusing the agarose gels (Nikolayevslaty

al., 2016).

Implementation of the method requires the abilayatcurately size the resulting amplicons.
Analysis by traditional gel electrophoresis is tedi and slow and MIRU typing has so far been
largely restricted to laboratories with sophischhigh throughput analytical facilities such as
an automated sequencer (Supgtiyal, 2001). The capital outlay, maintenance coststeaiding
requirements are also beyond the budget of manlcpdalth laboratories, particularly in those
countries where TB is endemic. Thus, the cost-gffegel electrophoresis method would enable

greater implementation of MIRU-VNTR to aid the aahiof TB.

2.2. Drug Sensitivity Testing ofMycobacterium tuberculosis

Antimicrobial susceptibility testing is vital in @scribing an effective drug regime for a
tuberculosis patient, especially in areas where dasistance incidence is high like Ethiopia.
Emergence of the drug-resistant bacteria (multidesistant and extensively drug resistant) is
usually a man-made problem, largely being the aqunsece of human error as a result of
individuals or combination of factors related to magement of the drug supply, patient
management, prescription of chemotherapy, andrgaigherence (FMOH, 2009; Biadglegste
al., 2014). Globally, incomplete treatment of theesasaused over 200,000 individuals as drug
resistant in 2015 (WHO, 2017). Naturally occurrggnomic mutants of the bacteria also cause
resistance and transmitted within the people. Sustditions lead to about 600,000 new cases
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and 240,000 deaths every year due to MDR or RR.ektensively drug resistant TB has also
been its own share and reported by 123 countriebally with about 6.2% of patients

(WHO/CDS/TB/2018.5; Zhang and Yew, 2009).

It was also during the first half of 9Gentury that the problem of TB emerged as an irdel
challenge which was believed as due to the lipit-rcell envelope of the bacteria. This
depressing view of thélycobacteriumwas confirmed when the first antibiotics developed
(sulfonamides and penicillin) had no useful acyiagainst it. The disease control and treatment
was increasingly challenging after dramatic outkseaf MDR-TB in the early 1990s (Nachega
and Chaisson, 2003). In fact, mid of ™@entury was the bright time that tuberculosis

chemotherapy emerged as successful for the fingt (Daniel, 2006).

In recent years after a gap of more than half aucgnwithout any new TB drugs, the U.S. Food
and Drug Administration (FDA) approved bedaquilagea new drug in 2012 for the treatment of
the challenging MDR-TB. Using this drug reducesatineent periods of MDR-TB from 24
months to six or nine months (WHO, 2017). AdditibyaDelamanid was approved as another
new life saving drug by EMA for those encountergddoug resistant bacteria. Unfortunately,
strains resistant to this new molecule have alsmleported (Segakt al, 2012; Walliset al,

2016).

The detection of TB case on the spot of diagnasismdamental to minimize its transmission
rate and the burden of treatment particularly twséhof drug resistant ones (Aktatsal, 2014;
WHO, 2015). However, wrong diagnosis and treatnieatls to complications of morbidity,
mortality, and further transmission of the infeatioFor such diagnostic challenges WHO

recommended a rapid molecular Xpert MTB/RIF tese@10 that plays greater task for initial
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diagnostic test in people at risk of drug resistamgs. The use of LPA was also an additionally
valuable tool to detect MDR-TB in comparison to thme taking existing conventional culture

methods (Baneet al, 2014). Later on, the "End TB Strategy" alsosal early diagnosis and

prompt treatment for all persons of all ages witly form of drug susceptible or drug resistant
TB. This requires ensuring access to WHO-recomneenalgid diagnostics and universal access
to DST for all patients (not only for those at riskdrug resistance or HIV associated TB cases)
with signs and symptoms of TB. WHO further defiaasniversal access to those drug sensitivity

testing technologies of MGIT and LPAs (WHO, 2014).

2.2.1. Socioeconomic impact of the drug resistaMycobacterium

Though the mortality rate of TB is reducing by 3#naally, the threat of its drug resistance is
increasing (WHO, 2017). The cumulative effectsredtment interruption like lack of awareness
about the nature of bacteria, shortage and lacWBiOs recommended diagnostic tools, and
prolonged drug consumption period for treatmentaases the risk. Unless the new drug
regimens (Bedaquiline and Delamanid) are used, MBRreatment could take as long as two
years and even more causing longer absenteeismwaor even loss of employment, social
isolation, and long-term socioeconomic and psyafiold effects. Routinely performed activities
like cooking, cleaning, childcare, and managing haasivities of the household are also affected
when women are attacked by the disease. Additipnialbe of income generating economically
active segment of the population due to TB alsdeso@ the risk and things become more

complicated for the cases family members (Magtial, 2013).

Although TB drugs are cost free for most high TBdan countries including Ethiopia, the

patients face other health related charges foitnreat. The long-suffering drug resistant TB
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cases face extra charges as 5-20 times than thepdilde ones. This is due to relocation costs,
longer pre-diagnosis and treatment periods, irement of more health institute visits with
further procedures for its diagnosis. Both direosts (admission fees, paying for laboratory
smear test and X-ray, costs for better feedingssportation to and from the health institute)
and indirect costs like loss of income due to stdencauses greater socio-economic burden
particularly among drug resistant cases (van deinetal, 2016 ). WHO surveys conducted in
Myanmar and Viet Nam approved the reality of thieiggn economic and financial burdens due

to TB (WHO, 2012).

2.2.2. Global incidence, prevalence and mortalityuk toM. tuberculosis

In 2018, an estimated 3.4% of the global TB case®wew drug resistant (MDR/RR) and 18%
were among previously treated cases. The gread@station of new MDR/RR TB cases were
observed in Europe (18%) and less in Americas dnidak continent with a proportion of 2.5%
each. In Ethiopia, the estimated incidence of MDR/R 0.71% and 16% among new and
previously treated cases, respectively. This peagenis in less proportion than the global
incident rates of the year (WHO, 2019). Althoughgtiosis and successful treatment of people
with TB are ever more increasing for the last 1@ssxutive years, there are still large and
persistent gaps in detection and treatment oféises There is also no as such visible changes of

the new and previously treated drug resistant caisesally (Table 1).
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Table 1. Global trends of TB incidence, drug resise and TB related deaths for the last ten
consecutive years (2009 - 2018)

Estimated TB Estimated % of MDR/RR-TB TB related Reference

Year incidence in cases death in
million New Previously treated million

2009 9.4 3.3 21.0 1.7 WHO, 2010
2010 8.8 3.4 20.0 15 WHO, 2011
2011 8.7 3.7 20.0 1.4 WHO, 2012
2012 8.6 3.6 20.2 1.3 WHO, 2013
2013 9.0 3.5 20.5 1.5 WHO, 2014
2014 9.6 3.2 18.0 15 WHO, 2015
2015 10.4 3.9 21.0 1.8 WHO, 2016
2016 10.4 4.1 19.0 1.7 WHO, 2017
2017 10.1 3.6 17.0 1.6 WHO, 2018
2018 10.0 3.4 18.0 15 WHO, 2019

In 2018, the estimated cases of drug resistantMBR-RR) had a magnitude of 484,000 which
was about 10% downward from the best estimate ghéxdi by WHO in its 2018 global TB
report. Of these estimated cases, about 44.2%(@0axdeaths were due to MDR/RR-TB which
was also a downward revision to the best estimétesict, the global notified cases rather than
estimates of MDR/RR-TB were 186,772 up from 160,¢d@2es in 2017, and 156,071 cases were
enrolled in treatment which was also up from 139,&12017. The number of people enrolled in
treatment in the year was equivalent to only 32%hmefestimated incidence of the 484,000 cases.
The overall global reduction in the total numbefT& deaths between 2015 and 2018 was 11%
which is less than one third of the way towards Hrel TB Strategy milestone of a 35%
reduction by 2020. Thus, further measures shoulddmsidered to improve the coverage and
quality of diagnosis, timely treatment and care fpeople with drug-resistant TB to meet the

estimated end TB targets of the 2035 (WHO, 2018;QVE019).

In Ethiopia, the first MDR-TB patient was admittéd St. Peter's Hospital by 2009 in a

rehabilitated isolation ward. Since then its premak was progressively increasing at an
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alarming rate and the country became as one dbihdrug resistant countries globally within a
short period of time (FMOH, 2009). Now days, bespiovements are registered in all aspects of
the three parameters (incidence, prevalence anthlityrrate) attaining the WHO's 2015 "end
TB goal" and promising to the 2035 global "End EBgets". TB mortality rate is also falling

down by 12% per year in Ethiopia as compared tgtbleal 3% mortality rate (WHO, 2017).

The challenge of drug resistant TB in differenttpasf the country and data on patterns of
resistance among Ethiopian isolates vary. Of egunsth all these progress in comparison to
most sub-Saharan African countries the prevalerfcéDR bacteria is still high. Surveys

conducted in Ethiopia by 2005 found that the prewe¢ of MDR-TB to first line drugs

(isoniazid) and (rifampicin) among exogenous redtibn and endogenous reactivation was
1.6% and 12.0%, respectively (WHO, 2010). Similatliyere was also a comparable drug
resistance TB among retreatment cases than theonew after ten years with an estimate of
0.71% in new and 16% in previously treated TB casfethe 2018. This revealed that drug
resistance is more common in previously treatedc@&s than the newly infected ones without
any visible reduction of drug resistant TB realigiiurther threats of the disease in the country

(WHO, 2019).

2.2.3. Treatment andM. tuberculosis drug resistance

Treatment

Tuberculosis, the leading cause of mortality thieug the world, is a curable disease if properly
treated and right measures are taken on the spetgdlden rule in prevention and treatment of
the disease is understanding nature of the bachmdaits means of transmission. Enhancing

community awareness, rapid accurate diagnoses undgity laboratories, immunization with
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TB vaccine at childhood and correct use of drugsime play major roles in the prevention and
control programs. Mobilizing the societies for immmation program, proper opening of rooms
to get fresh air and allowing direct light, usenwdisks and respirators could minimize the risk of
transmission. Furthermore, follow up of patients émmpleting their treatments and tracing
defaulters could minimize the risk of drug resistacteria. Those who have close contact with
the patients should also be checked for activeebacand the patients must be screened and
isolated in high risk environments to prevent thegpess of transmission. Appropriate polices
are needed for effective clinical and public heatthnagement with committed and coordinated

efforts from within and outside the health secidHO, 2012).

Against intensive research and measurements going solve the overall impact of TB, there is
still an increase of MDR and XDR bacteria which ses1major threat to effective TB control.
The World Health Assembly (WHA) in 1991 considengdrticular attention to the disease
burden when TB was recognized as a major publitthheaoblem. WHO also declared TB as a
"global health emergency" in 1993 with the DOTsgoemn development in 1994 to combat TB
and minimize the disease complication. Neverthelessnplications of TB with HIV and
emergence of drug resistant TB inhibited the t&ageichievement of the planned global STOP

TB program (Kloppeet al, 2013).

The disease treatment involves the administratfcan mumber of drugs for longer duration. The
most popularly used treatment dosage regimen ecent@HREZ/4HR3 (Isoniazid, Rifampicin,
Ethambutol and Pyrazinamide daily for two montlwdlofved by four months of Isoniazid and
Rifampicin given three times a week) in two phadearing the initial intensive phase of

treatment, which lasts for 2 months, patients egatéd with combination of drugs to minimize
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the emergency of drug resistance. In the followimgr months of the continuation phase, the
most potent anti-tuberculosis drugs (INH and RIF@ given to kill any of the persisting
Mycobacteriunorganisms. Tuberculosis treatment becomes difficua to resistance to all the

four primary drugs-INH, STM, EMB and RIF-(Aktas al, 2014; Somasundaragh al, 2014).

In relapsed TB cases an eight month regimen canta®TM-RMP-INH and EMB is prescribed
for the first two months followed by INH-RMP-PZA-BBAfor one month during the intensive
phase. Through the next five months of the contisyshase INH-RMP-EMB are recommended

to be used (WHO, 2010).

Recently, for non-complicated MDR tuberculosis, WEQlorsed a treatment regimen of 9 to 12
months as an alternative to the two years conwvealtioregimens. Fluoroquinolones
(Levofloxacin (CC), Moxifloxacin (CC), MoxifloxacigCB) and Gatifloxacin (CC)), second-line
injectable drugs (kanamycin, amikacin and capreom)ycclofazimine and bedaquiline,
cycloserine and terizidone, linezolid and the delaiis are the key components for these
shortened regimens (WHO, 2018). The injectable slfog drug resistari¥lycobacteriuncould

be stopped when sputum cultures are negative (Cetval, 2010). The development of new
drug pipelines is progressing but not as fast asbicterial challenges. Recently, as part of
efforts to improve outcomes for MDR/XDR-TB, 90 ctws and territories reported that they
had started using the new drug bedaquiline an&p@rted they had started using delamanid by
the end of 2018 for tuberculosis treatment (WHQL,D0Beside all the cases treatment with the
existing drugs, some of thelycobacteriumare still mutating and come into view as drug

resistant.
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Drug resistance

In 1990s, multidrug resistaMycobacterium (resistant to at least INH and RIF) was emerged fo
the first time after identification of single drugesistance. Soon after, extensively drug
resistances (XDR) TB come into view in 2001 whislresistant to fluoroquinolone and one of
the three second line injectable drugs. Recentlg, 40 called total drug resistance (TDR)
Mycobacteriumwas further identified as a severe untreatablec@Bsing bacterium in 2007
(Banerjeeet al, 2008; Haydel, 2010; Slomski, 2013; Velayattial, 2013). Emergence of these
adverse drug-resistant TBs bring severe socio-enanburden mainly in developing countries
and convey extraordinary task to TB treatment amatrol programs. Treating drug resistance
forms of TB are more difficult in immuno-compromispatients and pose serious threats to the
global health.

The extent of resistance associated with the RgifdenoType makes treatment options
extremely difficult. The isolates are resistanttbfirst-line anti-TB drugs and also to many of
the second-line drugs. This suggests that ther8effenoType clone is evolving toward total
drug resistance. The presence of widespread dsigfart bacteria is making TB prevention and

control as more complicated (Velayatial, 2009; Adetutu and Nafiu, 2013).

In Ethiopia, in order to facilitate the managemehfB all of the five drugs (STM, INH, RIF,
PZN and EMB) are used as anti TB. These drugs waadahle in loose and fixed dose
combination (FDC). The FDC drugs exist in the fooh 2FDC and 3FDC formulations.
Ethambutol and isoniazid, rifampicin and isoniamdre categorized as the 2FDC, where as
rifampicin, isoniazid and pyrazinamide are avagabls 3FDC. Three different categories of
treatment regimens are available in the countryeawh regimen is recommended for a defined

group of patients and their formulation includes thuration of treatment, type of drug and
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frequency of delivery. Drug susceptibility profile unstable in the country due to the frequent

gain of drug resistance. Each of the TB drugs &aget structures in thdycobacterium.

Anti-TB drugs, mechanism of action and resistancealrelopment

Rifampicin is the drug that had long been believed to tathet MycobacteriumRNA
polymerase and thereby kill the organism by intanfg the transcription process or inhibiting
RNA synthesis (inhibits transcription of DNA to RN#&nd subsequent translation to proteins).
This drug should always be used as an anti-tubesultreatment, unless the patient has an
isolate resistant to it. It is regarded as a swat®gnarker for MDR-TB, since greater than 90% of
isolates resistant to rifampicin are also resistansoniazid. RIF resistance is caused by point
mutations or nucleotide deletions or insertionann81-base pair core region (codon 507 to 533)
of therpoB gene, which codes fg@-subunit of DNA-dependent RNA polymerase. over 9%
all RIF resistant isolates have a single mutatiothis 81-base pair region of thegoB gene and
greater than 92% of the mutations occur at eitbdpo 516 (codes low level resistance), 526, or
531 (which codes for high level resistance) (Arneid al, 2005; Sandgreret al, 2009;

Somasundararet al, 2014).

Isoniazid is an important form of drug to form MDR with nifgicin. It blocks the biosynthesis
of cell wall mycolic acids irM. tuberculosisthereby making th#lycobacteriumas susceptible
to reactive oxygen radicals and other environmdatabrs. This component of the cell wall also
prevents the bacterium from chemical damage, deligadrand effective activity of hydrophobic
antibiotics. In addition, mycolic acid allows thadberium to grow readily inside macrophages,
effectively hiding it from the host's immune systefdnce circulated in the bloodstream and

enters the cell by passive diffusion, the isonigaiddrug is activated via a bacterial catalase-
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peroxidase enzyme, encodedkayG gene (Whitneyet al, 2002). The activated INH principally
targeted to the NADH specific enoyl-acyl carrieotein reductaseir(hA) and a beta ketoacyl-
acyl carrier protein synthase which is involvednrycolic acid synthesis necessary for the
mycobacterial cell wall. Depletion of this acid disato the bacterial killing. Unlike that of RIF
resistance which concentrated on one gepeB), additional mutation of other genescpM,
ahpC andkasA) exist for INH but with minor role. Whild&atG mutations (at codon 315) may
confer high-level isoniazid resistanaehA mutation may cause low-level of isoniazid resis&an
and also cross resistance to ethionamide (Timmnts Reretie, 2006; Silva and Palomino,

2011).

Pyrazinamide: like INH it is also a prodrug that stops the gtbwf M. tuberculosisPZA kills a
non-replicating dormanl. tb under acidic conditions that other TB drugs faitlb so, and thus
making it an essential drug. It diffuses into thergloma ofM. tuberculosis where the
tuberculosis enzyme pyrazinamidase converts pyaaznte to the active form pyrazinoic acid
which is bactericidal. Resistance to this drug Bstly caused by mutations in tipacA gene
encoding pyrazinamidase involved in conversion leé fprodrug PZA to the active form.
Mutations in the drug targepsA are also found in some PZA-resistant strainsdifigs also
showed thapanD gene mutations are found in some PZA-resistaainst without mutations in
pNncA or rpsA genes. This suggests that a third PZA resistgeoe and a potential new target of
PZA (Zhanget al, 2013). Naturally, in contrast to the other mersbef M. tuberculosis
complex,M. bovisis resistant to pyrazinamide (a drug used forteinaourse of treatment) and

it could serve as an intial screening toolfbrbovis(Valle et al, 2015).
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Streptomycin: a broad spectrum drug that interferes with prosi@cyprotein synthesis through
binding to ribosomal protein. Although it has beeed as an important drug since its discovery,
increased frequency of its resistanceNbytb limits its therapeutic efficacy. STM can be used
interchangeably with EMB when the bacteria are episicle to it. Mutation topsL locus of the
bacteria causes resistance. High level resistammaly involves mutation impsL codon 43
(rpsL43) andrpsL 88 while mutation in thers gene cause low level resistance (Abbetdal,

2001).

Ethambutol: a TB drug administered orally and prevents cell symthesis through inactivation
of the enzyme arbinosyl transferase causing imgaitrof cell metabolism and finally leading to
cell death. The probability &fmiB gene mutation is directly proportional to the mlyacterial

load (Arega, 2007; Goudst al, 2009).

With all the indicated commonly used first line gsuthe threat of TB is increasing due to the
bacterial drug resistance nature. Thus, the two dewgs bedaquiline and delamanid and
growing evidence for the use of linezolid, offemesved hope for addressing MDR-TB.
However, M. tb also develops resistance to this new generatiargsdr(bedaquiline and
delamanid). Bedaquiline (BDQ) inhibits the norrhaiction of the enzyme ATP synthase inside
M. tuberculosisand the specific loss of this enzyme activity kithe bacteria. However, its
resistance was developed as the genome is sequandedhowed mutation imm@gR gene.
Bedaquiline resistant strain also up-regulatend.5 (multisubstrate efflux pumpatpE gene
mutations angbepQ mutation. Likewise, delamanid (DLM) also develdpsutations irfbiA and

fgdl (Andrieset al, 2014; WHO, 2017). Delamanid blocks the manufacti mycolic acid.
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2.2.4. Phenotypic and genotypic drug sensitivity s&s

The most commonly used TB testing method (microscemear test), chest radiography and
clinical presentations cannot detect drug sengjtithstead, a time taking process (4-8 weeks)
conventional culture method and the lately WHO meowended rapid GeneXpert diagnostic test
are primarily used for sensitivity test (Outhredal, 2015). The phenotypic bacterial growth
indicators using liquid cultures (MGIT) and the g&mpic bacterial DNA detection using LPA

can also be used in the detection of drug sernsitiManingiet al, 2017).

A) Phenotypic drug sensitivity tests

Phenotypic DSTs are the methods based on cultivaifdM. tb from clinical samples in the
presence of antibiotics either on solid or liquiddium. The solid culture media (LJ) is cheaper
and more commonly applied technique for over 10&rgieHowever, it is labor intensive, less
sensitive and time taking than the liquid cultuBACTEC MGIT 960). The liquid bacterial
cultivation method is an automated technique thatgss large numbers of specimens at a time
but with more prone to contamination. Thus, thdtisigy of solid culture to liquid ones needs
more curiosity (Lawsoret al, 2013). Both methods are validated against @inautcome at
least for the first line drugs and also establisthi@d most second line drugs, although the
breakpoints to predict clinical susceptibility favme of those drugs are not as well characterized

(Schonet al.,, 2009).

The delay of results for treatment in such conwerati diagnostic method enhances the chance of
disease transmission that is harsh specificallytiier drug resistant ones. Drug susceptibility

detection method involves the absolute concentratesistance ratio and proportion method.
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a) The absolute concentration methodIn this method, the drug is incorporated into {iwlal
dilutions of each drug and resistance is indicétgdhe lowest concentration of the drug which

will inhibit growth (Drobniewskiet al., 2007).

b) The resistance ratio methodvariations in the minimum inhibitory concentratigMIC) are
used to determine the drug susceptibility. Thestaace ratio of MIC is calculated by dividing
the MIC of test isolate to the MIC of standard sdible strain (H37Rv) and interpreted as
susceptible, low level or intermediate DR and HfR when the resistance ratio level is less or

equal to 2, 4, 8 or more, respectively (Drobnievetial, 2007).

c) The method of proportion (MOPY). is a universally accepted gold standard methead s
detect drug sensitivity but requiring 4 to 6 weeésget a final result that increases the risk
resistant transmission (Aktast al, 2014; Banuet al, 2014; Aunget al, 2015). MOP is
calculated by counting the number of colonies gramndrug containing medium to colonies
grown on drug free medium at a defined criticalariration. In this case, resistance is defined

when the proportion is greater than 1% (Kalokhal., 2013).

d) BACTEC MGIT 960: is rapid phenotypic drug sensitivity testing nuogththat uses an
oxygen-quenching fluorescent sensor technology anjunction with unique algorithms to
determine positivity of the culture tubes. Its madiis a tube containing Middlebrook 7H9
Broth that supports the growth and detection of sbacteria (Tellegt al, 2002). The tube also
contains a fluorescent compound embedded in séi@rthe bottom of a 16 x 100 mm round-
bottom tube. The fluorescent compound is senstbvihe presence of oxygen dissolved in the
broth. Initially, the large amount of dissolved geyn quenches emissions from the compound

and little fluorescence can be detected. Lateratitieely respiring microorganisms consume the
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oxygen and allow the fluorescence to be detecté@. @mission is recorded by an automated
instrument BACTEC MGIT 960 System. This methodsedito determine susceptibility to first

line drugs STM, INH, RIF and EMB (Scarpagbal.,, 2004).

B) Genotypic drug sensitivity tests

The conventional procedures for the isolationvbftb and DST are slow, causing substantial

delays until patients with drug-resistant TB reeeadequate treatment. To overcome this and
further transmission of the resistant ones, mobecillased anti-tuberculosis drug resistant
bacteria have recently been elucidated. This deteatethod is based on targeted gene mutation
of the bacteria against the antibiotics. But thehteque detects both live and dead bacteria so
that positive result does not imply the viabilitfy the pathogen as its draw back and thus the

method cannot be used for monitoring treatmentaresp (Friedriclet al, 2013).

a) GeneXpert®MTB/RIF TB assay (Cepheid, CA):It is a molecular beacon-based RT-PCR
assay with high sensitivity (86—100%) and spedcifidi95-100%) for the detection of RIF

resistance in clinical specimens (Boehetel, 2010). Sample processing using the instrument
involve bacterial lysis, nucleic acid extractiomg@lification, and amplicon detection of the

target sequence with result interpretation in a@tbwell to prevent cross contamination. The
primers in the GeneXpert MTB/RIF assay amplify atijpon of therpoB gene containing the 81

base pair “core” region. The probes are able tteihtiate between the conserved wild-type
sequence and mutations in the core region thaasseciated with resistance to RIF. When there
is exact nucleotide concordance between the proiok target sequence, the beacons emit
fluorescent signals. Lack of signaling suggeststtiere is a mutation of the targeted gene in the

bacterial DNA (Kalokheet al., 2013).
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Early detection of RIF resistance within less ttamr's of the specimen collection is as an
advantage by GeneXpert®MTB/RIF or the recently thed Xpert® MTB/RIF Ultra (WHO,

2017). However, the instrument is expensive andetects only RIF resistant bacteria as its
limitation. Lack of live and dead bacterial discmation by the instrument also makes it as not

appropriate for the surveillance study of drugsesice studies (Schem al., 2009).

b) PCR based solid-phase reverse hybridization linprobe assays (LPAs)The utilization of

LPA was endorsed by WHO in its 2008 policy stateimBam smear positive pulmonary
specimens to detect drug sensitivity (WHO, 2008¢d@at al., 2010). The assay uses multiplex
PCR amplification and reverse hybridization to idfgnM. tb complex and mutations. The LPA
can be performed within 1-2 days having high sessitand specificity for detection of RIF

resistance X97% and>99%) and INH resistance90% and>99%) on culture isolates and
smear-positive sputum, respectively. The overateagent of LPA and conventional DST for

detection of MDR-TB is great with a proportion &% (Linget al, 2008).

The three commercially available line probe as$ayshe detection of first-line drug resistance
M. tb are the INNO-LipA® Rif.TB (Innogenetics, BelgiumkenoType® MTBDR, and second
generation GenoType® MTBD#us (Hain LifeScience GmbH, Germany). ThgoB (coding
for the B-subunit of the RNA polymerase) gene mutation raspme for RIF resistance is
detected by all the three assays. GenoType® MTBOdRtianally detectkatG mutations; and
GenoType® MTBDRIus detects bottkatG andinhA mutations of INH (Brossieet al, 2009;
Aung et al, 2015). For detection of INH resistance, #&®G gene (coding for the catalase
peroxidase) and the promoter region of theA genes (coding for the NADH enoyl ACP

reductase) are examined.
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c) Sequencing provides more detailed information and detects mfost common mutations
involved in drug resistance (Wilson, 2013). Tedbgees for sequencing and analyzing the
whole genome oM. tb have become available to guide physicians onrdetrhent selection for
patients with drug-resistant TB (Niemann and Supp0i4). In fact, the technology is extremely

expensive and also requires expertise as its flioita

2.3. Tuberculosis and Malnutrition

Malnutrition refers to both undernutrition and awatrition. Individuals are undernourished if
their diet does not provide adequate calories aatkim for maintenance as well as growth or if
they cannot fully utilize the food they eat duelhoess. Even if people get enough to eat, they
will become undernourished if the food they eatsdo®t supply the proper amounts of
micronutrients to meet daily nutritional requirerteenUndernutrition includes stunting (low
height for age), wasting (low weight for height)nderweight (low weight for age) and
micronutrient deficiencies or insufficiencies (akaof important vitamins and minerals) (Soeters
et al.,2008). Hence, assessment of nutritional stataiarea is important since in one way or

another it alters the immune profile of an indivatland make vulnerable to various diseases.

Globally, more than 800 million people are chrofticandernourished. Nutritional status of an
individual has a substantial role to strength thenune system. Malnutrition is often the result of
many inter-related factors and influenced by fautdke, quantity and quality of food, and health
status of the individual. Its spectrum ranges frobesity to severe malnutrition.Purpose of
nutritional assessment is toidentify individualspapulation groupswho are malnourished, who
are at risk of becoming malnourished and those areosusceptibility to disease causing agents
(Iverset al, 2009)
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M. tuberculosisand parasitic infections affect nutritional statdisa person by increasing energy
requirements, reducing food intake, and adversiéfcting nutrient absorption and metabolism.
Malnutrition with the indicated diseases has cogrgille magnitude in most parts of the
developing regionsThe relative risk of tuberculosis among personshim lowest body mass index
(BMI) category is five-fold higher than the group the highest BMI category.There are other studies
indicating that incidence of tuberculosis are umllgyuhigh among undernourished people. In fact,
malnutrition affects cell-mediated immunity (CMDhweh is the principal host defense against
TB. The likelihood of developing primary or latehB infection to active disease is high in
undernourished individuals. WHO (2013) recommendhgdt tpatients with TB should be
nutritionally assessed and receive nutritional canel support. This showed that nutrition
screening, assessment and management is an integrglonent of TB treatment and care.
Hence, it is critically important to consider thatsis of malnutrition in tuberculosis and parasitic
prevalent areas for proper treatment and manageofdhe disease (Cegielski and McMurray,

2004;Guptaet al, 2009).

2.4. Mechanisms of Immune System and Parasitic Cofections in

TuberculosisPatients

The Mycobacteriumtransferred in bronchi and alveolus primarily malantact with alveolar
macrophages and dendrite cells. Infection starte widesignation of structural components of
Mycobacterial cellwall (Mishrat al, 2011). The macrophage receptors are involvedhén
recognition of the cell wall structures. Interaatiof M. tb cell componentswith these receptors
activate various mediators ofinherited immunitycluding TLR2, TLR4, andTLR9, which are

involved in phagocytosis (Bafieadal, 2005).

39



The bacterium swallowed by macrophages are traeslier vacuoles, called phagosomes, that
merged withmature lysosomes. As a result, the bactppear in anunfavorable environment
like low pH, proteolyticlysosomal enzymes, antilegicl peptides, nitricoxide, and oxygen

radicals. The bacterial defense mechanisms undesetlconditions represent phagosome
inhibition and lysosome merging, alkalization ofagblysosomes content, and the secretion
ofvirulence proteins. Accordingly, while transfedren macrophageM. tb starts the cross

communicationprogram with a host cell; macrophaigeturn cause the synthesis of various
factors of inherited immunity,followed by reprogrammg in the bacterial genome,including the
expression of new genetic systems and these gemessent virulencefactors. Comparative
transcriptome analysis of initial and reprogramnidtb genomes might allow us togive a

response, including the genes involved in this @seg proteomic analysis suggests a wide
variety ofthese genes products. In the caskl.ofb survival, they are released from lysosomes
into the cytosol outsidethe fractured macrophaged they infect new cells.The surviving

bacteria are reproduced in alveolarmacrophagesiandrite cells and induce cytokineformation

representing the peptides involved in inflammajmycesses (Ahmad, S., 2011).

Crucial for the defense froM. tb is the activation of the immune response of thé fjijpe and
the production of cytokines(TNk, IL_2, IFN vy, IL_6, and IL_12). The TNFx mediates the
earlyinflammatory response to the pathogen presemzk stimulates IL_1 andIL_6 production.
The conclusive role in the regulation of T cellpesse toM. tb infection belongs to IFNy,
which is produced by activated T cells, called N#ls; andmacrophages. The production of a
significant quantityof nitric oxide and the differtgation of immune cells was directly related to
IFN_vy functioning. It was demonstrated that nitric oxgl®videdM. tb death in mononuclear

phagocytes in MT infected mice (Macmicketgal, 1997).IL_6 is a cytokine with a wide
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spectrum of functions necessary at early inflamomasitages; it isinvolved in the development of
T and B_lymphocytereactions. Its absence causdag aelFN_y production in lung anddisease
progression (Saundets al, 2000). In addition, IL_ 6 and IL_12 play the kegle in the
development of the anti-mycobacterial responselginphocytes and IFNy mediated reaction
against M. tb after vaccination.Cytokine IL_12 also provides thevelopment of the
Thlresponse and the rapid accumulation of dendgtisvia TLR interaction withM. tb. The
activation of IL_12production depends on TLR9 déedcells and TLR2 macrophages. An

IL_12 deficit enhances human sensitivityMotb infection (Pompait al., 2007).

Besides,Mycobacteriumuptake by macrophages is accompanied by theprioduof several
chemokines. The chemokines provide for the mignatb monocytes, dendrite cells, activated
macrophages,neutrophils, and T_lymphocytes in Wromlweolar space in the case of lung
tuberculosis, which represents a predispositiomgm@inuloma formation. The dendritic cells
activate TLR signaling; monocytes differentiate macrophages producing bactericide
substances, including TNE, which are able to regulate tHdycobacteriumreproduction

(Algoodet al, 2003).

Studies examining the ways in which some infectidiseases interact identify a troublesome
synergistic relationship which enhances suscejtyiliib or worsens the prognosis of the other
(Lépez-Gatellet al, 2007). Intestinal parasitic infections and twodwsis exhibit an extensive
distribution with a substantial medical and pubhealth concerns in Ethiopia. Limited
epidemiological studies found evidence that inéicdtronic parasitic infection may increase the
risk of tuberculosis and also reduce the effectgsof Bacillus Calmette—Guérin vaccine (Elias

et al 2006; Alemayehet al, 2014).
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Asymptomatic infection of helminths in active TBses is associated with increased regulatory
(Tregs) and T-helper cell type 2 (Th2) responsessputum smear positivity. In line with this, a
rise of eosinophiles and IgE levels during helmimifections also alters the host immunity
against TB. On the contrary, protection againsetablosis is associated with enhanced T-helper
cell type 1 (Thl) immune responses whereas subdégtito the disease is associated with
reduced Thl type responses. Thl cells produce ylRNat express cytotoxicity, activate
macrophages and promote cell mediated immunity evlasrTh2 cells secrete IL-4, IL-5, IL-6,
IL-9, IL-10, IL-13 and they inhibit macrophage fuimms unlike Th1l(Kornet al, 2009;

Blackwell et al, 2011; Brighengt al, 2012; Abatest al, 2015).

Resendeet al. (2007) identified concomitant intestinal helmimtiiection in patients with newly
diagnosed TB skews their cytokine profile toward2 Tlesponses, which could favor persistent
M. tb infection and a more protracted clinical coursehef disease. Such influence of helminth
infections on the immune profiles of TB cases wgsebaluating both cellular phenotype and
cytokine profiles. The result of his study showé®®of TB patients enrolled were co-infected
with at least one intestinal helminth. At baseliabsolute frequencies of leucocytes, monocytes

and eosinophils from TB and TB + Helm patientsatiéd from those of healthy subjects.

Hence, parasitic infections elicit a profound Th2mune response and increased IgE antibody
levels with subsequent suppression of Thl Immuspamse which is vital against tuberculosis
(Blackwell et al, 2011). Pedersen and Fenton (2006) showed thairk infections reactivate
even latent TB infections and disease expressianthérmore, several other conditions like
Diabetes mellitus malnutrition, and malignancies are also knownirtorease the risk of

progressing latent TB infection to active ones (l2get al., 2009; Lonnrottet al, 2009).

42



As higher prevalence dfl. tb parasitic co-infection is identified from an aremti-parasitic
chemotherapy should have to be implemented priontounization which may greatly enhance
the efficacy of BCG vaccination (Li and Zhou, 201B)jgher prevalence of intestinal parasites
increases morbidity of TB so that continual stamdlgisis and treatment are needed. Both of the
diseases were shown to be as risk factors for etiwr due to suppression and shifting of the
host's immune system. These independent immune-laiialu determine the pathogencity and
outcome of both parasitic infections and tuberaslosfections. Thus, having knowledge of
parasiticM.tb co-infection status is vital to minimize the coexty of prevention and control

program of both diseases (Alemayedtal, 2014; Alemu and Mama, 2017).

2.5. Knowledge, Attitude and Preventive Practice

Increasing communities’ awareness is considerethasportant component for early diagnosis,
prevention and control program of TB to achievettrgeted "End TB Strategy” (WHO, 2016).
According to Dzeyieet al (2019) study on KAP relating to tuberculosis, mbB patients had
better knowledgeregarding tuberculosis symptomsarad transmission, and correct duration of
treatments. Majority of the patients had also Ibe#titude in covering their mouth while
coughing or sneezing and on safe disposal of spbuintess practical activities for their correct
sputum disposal. It was also found that there wadarate knowledge and practice with poor
attitude toward tuberculosis in community basediytin Malaysia (Salleret al, 2018). An
assessment done on healthcare workers revealetiea jp@ctice regarding TB (Alotailat al.,

2019).

In Ethiopia, community-based study on KAP in eastpart of the country showed the

communities have basic awareness toward TB. Mgjofithe TB patients visiting public health
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facilities received information about the diseasg their practical knowledge, attitude and
practice was not as such comparative with the méion that they had received (Tolossal,
2014; Kaseet al, 2019). A study made on Ethiopian prisoners irtheyn part of the country
also showed only about a quarter of the prisoneesvithe basic elements regarding TB, 41% of

them had favorable attitudes, and 55% had a goactipe of tuberculosis (Adaret al, 2017).
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3. Rationale of the Study

TB is one of the important diseases in Ethiopigh&ligh there is a shortage of information on
the molecular epidemiology of TB in the Ethiopideav studies which were carried out in some
parts of the country revealed the presence of nstralns ofM. tuberculosisin the country.
Thus, additional studies are required in orderdialdish the molecular epidemiological picture
of the disease in Ethiopia focusing on regions zonkes where no study has been conducted so
far. The present study was conducted in the nosteaa part of Ethiopia in the Amahara
Regional State as no study had been conductedeomakecular epidemiology of TB before this

study.

Parallel to the molecular epidemiological studiesestigation of the drug sensitivity profiles of
M. tuberculosisplays great role in the control program of thergoy It is known that Ethiopia

is one of the countries with high burden of drugistnt tuberculosis and hence the
identification of drug resistamdl. tuberculosisand monitoring of its transmission are critical fo
the control of the disease. Thus, the drug seitgitprofiles of M. tuberculosisisolated from
study site were evaluated. In addition, it has beehl established that TB and its response to
treatment are affected by different factors reldtethe host and the environment. Co-infections
with parasites and undernutrition are importanttdes; which can affect the progression of
tuberculosis and its response to treatment. Thisjmportant to assess the presence of parasitic
co-infections and malnutrition in the epidemiolaistudies of TB. Such studies would lead to
the appropriate treatment of parasites and suppiten of nutrition for the tuberculosis

patients during anti-TB therapy.
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3.1. Research Hypothesis

1. The study area is relatively dispersedly pomaatones so that relatively large numbers of
strains of M. tuberculosisare circulating within the population. Thus, theedsity of the
strains of M. tuberculosisin the study area is relatively high. In additidoecause of the
geographic proximity of the present study area Witkldiya from where the Lineage 7 was
identified earlier, good number of isolates frons tstudy could belong to the Lineage 7.

2. The magnitude of drug resistance in the isolafed. tuberculosiscirculating in the study
could be relatively higher than the national averpgrcentage because of repeated treatment
and misuse of anti-TB drugs.

3. The magnitude of undernutrition is significantiigh in the study area, Oromia Special Zone
and South Wollo Zone of the Amhara Regional Staetd frequent hit by a drought.

4. The prevalence TB and parasitosis co-infect®nelatively high because of the conducive

environment for the parasites and their vectors.
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3.2. Objectives

3.2.1. General objective

The general objective of this study was to invegggmolecular epidemiology, drug sensitivity

profiles and associated risk factors of tubercslasiselected foci in northeastern Ethiopia.

3.2.2. Specific objectives

1. To investigate the molecular epidemiology ofetdnlosis in the South Wollo and Omoia
Special Zones of the Amahara Region, Northeasttioia

2. To investigate the drug sensitivity profileshbf tuberculosigsolated from the study area

3. To assess theagnitude of undernutrition ifB patients recruited from the South Wollo and
Omoia Special Zones of the Amahara Region, Norteea&thiopia

4. To estimate the magnitude of TB and parasitosisfections in the South Wollo and Omoia

Special Zones of the Amahara Region, Northeasttioia
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4. Materials and Methods

4.1. Description of the Study Area

The study was conducted in Oromia Special Zone @adth Wollo Zone of the Amhara
Regional State, northeastern Ethiopia. The areaselasted purposely for this study in that there
was paucity of information for molecular typing adidig sensitivity profiles oMycobacterium
tuberculosisThere were also no reported documents that showsttites of TB-parasitic co-
infections and the associated factors. Kemise Tathe administrative center for the Oromia
Special Zone since 1994 with a latitude of 102434“N and longitude of 39°52'24.03"E. The
town is found at an altitude of 1447m and a distanfc325 km northeast of Addis Ababa. On the
other hand, Dessie Town is the capital of Southl@vdbne having a north latitude and east
longitude of 11°8and 39°38 respectively. Dessie has an average altitude4@b 2n a.s.| and

located 401 km Northeast of Addis Ababa(Alemayehal, 2016).

Administratively, the Oromia Special Zone has sed@tricts. Residents of the Zone receive
governmental health service from 27 health cerdatsone general hospital that partially began
its function at Kemise Town since 2015. The twonsvadministration of Oromia Special Zone
(Kemise and Bati) have one governmental healthecegdch and were accessible for pulmonary
tuberculosis (PTB) sample collection. SimilarlyufoWollo Zone has 18 districts and two town

administration (Dessie and Kombolcha) (Figure 2).
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Figure 2. Map of Ethiopia showing the catchmenaaref the patients, April 2015 to January
2017

Majority of the inhabitants are Muslims, while miitees are Christians of different
denominations. The main occupation of the localietpds subsistence agriculture, livestock
herding and trade. Indeed, this special Zone heastibus sites affected by drought and floods
with an additional exposure of 100% to malaria. 8bmes, Afar pastoralists move to Chefa
valley for the sake of grass for their cattle wiibare is drought. The societies are with poor
hygiene and chew ‘khat’ either separately or inrpedloreover, a number of people from
Amhara, Oromia and Afar meet on a great “Mondayket@rat Bati town administration causing

the highest risk for TB transmission.
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Due to few cases of tuberculosis in this SpecialeZahe study site was extended to Dessie
Town where more samples were expected from Des$ggral hospital (DRH), Bigat higher
diagnostic laboratories (BHDL), Dessie health ceHC) and Boru meda hospital (BMH)
that are found in Dessie Town. In addition to sputamear test, a molecular diagnostic
GeneXpert was used for TB diagnosis at DRH and U$pected FNA samples were collected at
BHDL. Both DRH and BHDL serve as referral centess fpatients coming from other general
hospitals, medical centers and private healthtiriss of mostly Oromia Special Zone and South

Wollo.

4.2. Study Population and Sample Size Estimation

Tuberculosis cases confirmed by the health perdofpahologist, medical doctors, health
officers, nurses and laboratory technologists) tiade who fulfilled the inclusion criteria were
included in the study. The samples (sputum, Fireddlge aspirates (FNAs) and stools) were
collected on the spot from consenting participamisl the expected sample size was achieved.
In addition, non-active TB cases using clinical gyoms (cough, sputum production,
haemoptysis, dyspnea, anorexia, chest pain, felr@nching night sweat, weight loss and
weakness), apparently healthy individuals match#d WB cases by age (with a difference of 5
year), sex and place of living were used as cortobotompare the nutritional status. These
controls were not bacteriologically and parasitadally confirmed for TB and parasitosis,
respectively. On the other hand, those individudi® came to the health facilities with the TB

cases but didn't fulfill the indicated criteria werxcluded.

Preliminary survey was made for 3 months at allegomental health facilities of the seven
districts in Oromia Special Zone. Based on the laldity of samples (convenience sampling)

50



and transportation access, the data were collécisdKemise and Bati Towns health centers of
the Special Zone. In addition, to get more TB caSessie Referral Hospital (DRH), Bigat
Higher Diagnostic Laboratories (BHDL), Dessie Hedltenter (DHC) and Boru Meda Hospital
(BMH) were also the sample collection sites fromsfle Town. Clinically suspected and
bacteriologically confirmed patients using sputumear test in all study sites were included in
the study. GeneXpert was additionally done for Ti&gdosis of some suspected cases at DRH.
For EPTB, the suspected samples were collected exathined at BHDL by experienced

pathologist.

For determination of sample size, co-infection pterce (33.3%) oM. tb and intestinal
parasitic infections (IPIs) in Northwest Ethiopfddmayehuet al, 2014), 95% confidence in the
estimate and 5% margin of error were considereds fidsulted in a sample size of 341 smear
positive TB cases. To compensate for the non spooviding TB cases, inadequate sputum
specimen for culture and to have better coveragbeostudy population an additional 12.6% of

the minimum sample size was considered and thedamaple size was calculated as 384.

4.3. Inclusion and Exclusion Criteria

Tuberculosis cases from April 2015 to January 200h@ were 18 years and older and willing to
participate in the study based on their writtenumtdry consent were included. This is due to
higher proportion of TB cases at the indicated ddgmse with severe TB and unable to provide
sputum, and those who gave their sputum for TB éxamon but couldn't provide faecal

specimens were excluded from the study.
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4.4. Study Design and Laboratory Processing

Purposive sampling technique of an institution das@ss-sectional study design was employed
targeting to all forms of TB cases. Dry, translucésak-proof 50ml capacities of falcon tubes
were used to collect a minimum of 3-5ml sputum danfipm BMH where drug resistant TB
cases were handled and treated. Likewise, a 30atuspcup was used for sputum collection
from the rest of the study sites. The samples vaeled using indelible labeling marker.
Disposable gloves and respiratory masks were useth wamples were collected from suspected
patients. The sputum was collected from all thaseas-positive TB confirmed participants of
both previously untreated (new) and previouslytedgaretreatment) cases from April 2015 to
January 2017. For all study participants, informaton the socio-demographic data (sex, age,
educational level, residence and chewing of ‘Khdti¥tory of previous TB treatment and drug

susceptibility profiles were recorded on the sdataia collection.

Microscopy and GeneXpert was used at the studg sitecreen positive cases. Anthropometric
measurements of both BMI and MUAC were made forithomhal assessment among TB positive
participants. Similarly, stool examination was mdadleintestinal parasitic co-infection with an

overall study algorithm as in Figure 3.
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Figure 3 Overall algorithm of the sty protocol

4.4.1. Socicdemographic characteristics of the TB patient

A questionnaire having structured and c-ended questions was designed in order to cc
data on soci@emographic characteristics and assessment of kdge|] attitude anpractice
aboutthe cause, mode of transmission and preventiveadstbf tuberculosis. In addition, isst

like educational level, occupation, known contact of @@ients an(rior M. tb infection were
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assessed. The questionnaire was prepared in Erglcskhen translated into the local languages
(Amharic and Afaan Oromo) by an expert who wasrtu@ both languages to maintain its
consistency. It was filled independently by hegitbfessionals at the time when the respondents

were not perfect enough to read and write.

4.4.2. Bacteriological examinations

a. Ziehl-Neelsen staining

Direct microscopic examination of the sputum forBARfter Ziehl-Neelsen staining technique

was performed at sample collection sites (healshitites). For this, a portion of the specimens
was air dried and fixed. The fixed smear specim@ase stained using Ziehl- Neelsen (ZN)

staining techniques (Appendix IV) and examined urmdemmersion magnification. The results

were identified as positive or negative for AFB agrdded based on the bacterial load in the
sputum smears. For such grading scales by usimgstient microscope at a magnification of
200X, it was considered as negative when no AFBtiteast 30 fields, scanty (1-29 AFB/30

fields), 1+ (30-299 AFB/30 fields), 2++ (10- 99 AFB at least 15 fields) and 3 +++ (> 100

AFB/field in at least 6 fields).The specimens takem positive patients were kept at a range of
-10 to -20°C in the refrigerator until being transported tklily Lemma Institute of

Pathobiology (ALIPB) for culturing following the ptocol described elsewhere (WHO, 2010)

FNA samples from patients suspected for EPTB wésated using a 21-gauge needle attached
to a 10 ml syringe with maximum care and safetyabyexperienced pathologist (Birhaeual.,

2014). Afterwards, the Ziehl-Neelsen smear techemgas performed by the same pathologist to
check its positivity. From positive patients of thmear, a suction of about 1 ml samples were

collected for this research purpose and presemesterile and tightly closed nunc tubes with
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phosphate buffer saline of 1 ml at pH 7.2 and keghe same refrigerator (Yareg al, 2004;
Berg et al, 2015). Finally, both sputum and FNA samples weaasported from temporary
storage site of the health institutions in a cdidin of 4 °C to TB laboratory of ALIPB in Addis
Ababa. At ALIPB the samples were kept in a deepzee of — 80°C until culturing was done
(Wright, 2012).

b. Mycobacterial culturing

A stock of selective LJ media with ingredients ofAkparagine (2.25g/lI), Mono-potassium
Phosphate (1.5g/l), Magnesium Sulfate (0.15g/l),gMssium Citrate (0.375g/l), Potato Flour
(18.75) and Malachite Green (0.25g/l) was usedtlier preparation oMycobacteriumculture
media. The L-Asparaginend Potato Flour are sources of nitrogen and vitami
respectively. Mono-potassium Phosphateand Magnesi8uaifate enhance growth of the
organism and act as a buffer. Malachite green pteviéhe growth of many contaminants but
encouraging the growth of Mycobacteria. Of thisckid7.2g was suspended in 600ml distilled
water and 12 ml of glycerol was added. Then fretugitation was made for a minute by
boiling. In the case dfl. boviscultivation, the glycerol was replaced by 10g adism pyruvate
and similarly prepared.The glyces®rves as a carbon source and is suspected aalfbe/éor
the growth of the human type tubercle bacillus wHieing unfavorable to the bovine type. The
final solution was cooled and sterilized in autwelat 122C for 15 minutes.

For the preparation of homogenized whole eggshfresm eggs were washed with running water
and sterilized by 70% ethanol before breaking t& by shaking under aseptic condition. One
liter of this homogenized egg was added to thegrexpautoclaved media solution, shacked and
sieved with sterile sieve. This egg suspensionigesvfatty acids and protein required for the

metabolism oMycobacteria When heated, the egg albumin coagulates proviisgjid surface
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for inoculation. The completely prepared egg medioim6-8ml volume was dispensed into

screw-capped culture tubes and their lids werersgctastened. Finally, the tubes were slanted
at 15-26 angles in inspissator and heated at®%o solidify/coagulate the media for 45 minutes.
On the other hand, at the time when there was #agj® of a stock LJ media, the indicated
mineral salt ingredients were measured and usetthégoreparation of LJ medium. In both cases,
the prepared media was left for 48 hours beforeugnl the bacteria to test their contamination

and those poor quality media were identified arsd¢alided.

Mycobacteriumculture was done following Tripatlet al. (2014) procedures. In the institute’s
TB culture laboratory, thél. tb specimens were digested and decontaminated usimgffs
method. For this, equal amount of 4% NaOH was addetie sputum in 15ml screw-capped
falcon tube and shacked to be homogenized. It widmafed by centrifugation at 3,000rpm for
15 minutes at room temperature {22 Most of the supernatant portion was discardedi the
remaining (approximately 5@0 was re-suspended with the pellet. A single dvbphenol red
indicator was added to the sediment and neutralmedrops of 2N HCL. Neutralization was
considered when the color of the solution was chdnigom purple to yellow and cultured on
two LJ slant media one containing 0.75% glyceral #re other as 0.6% pyruvate. Likewise, for
EPTB the samples were mixed thoroughly using sténjection needle after being thowed and
3-5 drops of it was directly sucked from the numget using the needle and inoculated to the two

LJ medium.

Finally, all inoculated LJ slants in culture tubesre incubated aerobically at Z in a slanted
position and contamination was also checked daiiyttie first week. The inoculated media was

positioned in an upright position starting from gezond week and colony formation (growth) of
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the bacteria was observed every week for eight emrie weeks. Growth was usually
suspected at week three and if there was no any dbrcolony formation till the eighth week, it
was regarded as negative culture and the sample safdy disposed. Growth of the
Mycobacteriumwas verified by detection of its typical colony rpbology and for weakly

grown colonies, sub-culturing was done in a newimed

Approximately two loops full of cells from the cufe grown colonies were taken and mixed in
200ul dH20 to be heat killed and extract the DNA forlecular analysis. Heat killing was done
by placing the cryotubes containing the isolatea twater bath of 8GC for 1 hour. On the other
hand, similar amount of culture grown colony wasced in 1ml of the freezing media
(Appendix V). In both cases the isolates were kepa deep freezer of -80 until molecular

characterization was done using region of diffeegiain, spoligotyping and MIRU-VNTR.

4.4.3. Molecular typing

Molecular identification of the MTBC isolates toetlspecies level was done by using deletion
typing of region of differentiation. Spoligotypirend MIRU-VNTR 24-loci patterns were used
for further characterization of the strains intoimphylogenetic lineages, sub-lineages and also
perform cluster analysis based on the best mattheofeference data base available online. The
region of differentiation (RD9), spoligotyping a@d-loci MIRU-VNTR typing were determined
based on the presence or absenc®lydobacteriumtuberculosisomplex chromosomal region
of difference(RD) deletion locus, spacers and numog allelic repeats at each locus,

respectively.

a) Differentiation of the Mycobacterium tuberculosis complex using region of differentiation

(RDO)
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For differentiation of the causative agentMstb, M. bovisor other forms of MTBC species
among TB cases region of difference was used. is $kudy RD9 was implemented to
differentiate M. tuberculosisfrom other species of MTBC. Presence of RD9 reckahe
causative species 8. tuberculosisandits absence showed the causative agent isinti but

might be other forms of MTBC or the DNA is missedn the sample (Rajendet al, 2005).

Genomes of the isolates were amplified by PCR tealléhe presence or absence of RD9 region.
This typing of the Mycobacteriumwas done using heat killed cells and the genomes

oligonucleotide primers each at a concentratiohGff mM. Those oligonucleotide primers used
to notice the presence or absences of RD9 PCReisttidy were RD9 FW (AAC ACG GTC
ACG TTG TCG TG-3, RD9 INTREV (B-TTG CTT CCC CGG TTC GTC TG*Band RD9
REV (5-CAA ACC AGC AGC TGT CGT TG-3. For preparation of the reaction mixture;ill0
of HotStarTaq Master Mix (Qiaged, Crawley, UK), 7illdistilled water and 0.3 of each
primers were used. Each of this reaction mixture maltiplied by the number of samples to be
analyzed to prepare the total amount of mixturgsired. 18l of the Master Mix was taken and
mixed with 2ul DNA template (heat killed cells) in a PCR tub&igg a total volume of 2@l.
Finally, amplification was processed on each of shenples using a thermocycler for typing
purpose. The PCR reaction mixture was heated af 96f 15 minutes, after which it was
subjected to 35 cycles consisting of 95°C for 1uten55°C for 1 minute, and 72°C for 1 minute
in the PCR thermocycler (VWR, UK). Then the reactmixture was maintained at 72°C for 10

minutes.

The resulting PCR products were visualized by saethdel electrophoresis. For this, QI8 of
the PCR product was mixed with uR of a loading dye and poured into the holes of 1%
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agarose gel, after which it was electrophoresetiltV and 400 mA for 35 minutes. The gel
was visualized by using a UVP photodoc imaging eystPhotograph was taken by a photo-
camera and interpretation of the result was basetth® detection of the bands at different sizes
in comparison to positiveM. tuberculosisH37Rv andM. bovig and negative (distilled water)
controls used (Debebet al, 2014). This RD9 speciation was done to all thkuce positive
isolates and further characterization was perforimedsing spoligotyping and MIRU-VNTR to

the strain level.
b) Spoligotyping and its result interpretation

Spoligotyping was performed using the spoligotygesipplier’s instructions. It was based on
polymorphism of the chromosomal direct repeat (RS that contains a variable number of
short direct repeats interspersed with non-repetisipacers. The DR region was amplified by
PCR using oligonucleotide primers derived from e sequence. The Primers used in the
amplification process were DRa 5’-GGTTTTGGGTCTGACGA’ (biotinylated at 5’ end) and
DRb 5-CCGAGAGGGGACGGAAAC-3" as originally describe by Kamerbeeket al
(1997)M. tuberculosisH37Rv andM. bovisBCG were used as a positive control where as an

autoclaved distilled water was used as a negatim&a@ in the study.

For the PCR process, 10 of Hot Star Tag, a Master Mix of gl from each primer, Sul
suspension of heat killed cells, andI&listilled water were used. This mixture was hddte 15
min at 96C, 1 min at 58C and 35 sec at ?€. Standard thermo cycler (VWR Thermo cycler,
UK) was used for this amplification. The amplifie€R product was hybridized to a set of 43
immobilized oligonucleotides, each correspondinge of the unique spacer DNA sequences

within the DR locus (Appendix V). After hybridizath the membrane was washed twice for 10
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min in 2 x SSPE and 0.5% sodium dodecyl sulfaté08C and then was incubated in 1:4000
diluted streptavidin peroxidase for 60 min aP@2 The membrane was washed twice for 10 min
in 2 x SSPE for 5 min at room temperature. HybimdjzDNA was detected by the enhanced
chemiluminescence ECL detection liquid followeddxposure to X-ray film as described by the
manufacturer (Hain Life Science Company). Finalby, repeated use of the membrane, it was
stripped by washing 2x for 30 min each time in 1BSSat 80°C and then incubated for 15 min
in 20 mM EDTA (pH 8) at room temperature. The meamer was then sealed in its plastic

container and stored at 4°C for future use.

The autorad spoligotyping results were checkedalligy three experienced operators and the
spacers were written in binary format using an shgsmall letters 'o' and 'n" when the spacers
are absent and present, respectively. The bingmgsentation was converted to the octal code
and entered to the international database (SpolD&#) SITVIT2 (Institute Pasteur de
Guadeloupe) to determine and interpret the speifitb complex strain and SIT, respectively.
The novel isolates which were not so far describdtie existing spoligotyping data base profile

using SITVIT2 lists were considered as orphanse(&teret al, 2007; Dowet al, 2008).
c) MIRU-VNTR typing

MIRU-VNTR genotyping technique for the Mycobacteriumtuberculosis complex
characterization is not performed in Ethiopia so fEhus, molecular characterization of the
tuberculosis disease causing agent using this igobwas done outside the country where the
facilities are accessible. The DNA templates ort lkdked positive TB bacterial cells were sent
abroad (Yimeet al, 2015; Aliet al, 2016; Bedewet al, 2017; Mekonneet al, 2018). Finding

a support from abroad, sample preparation, paclatgirthe standard, getting permission from
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exporter and importer countries, and shipping @scevere challenging. In this study,
establishment and optimization of the protocol waggformed at ALIPB-AAU with the support
of NIH-TB funded research project through H3 Afridslolecular characterization of the

Mycobacteriumtuberculossomplex by MIRU-VNTR in the country was done adias:

PCR amplification procedures for 24-loci MIRU-VNTR

The PCR amplification Master Mix was prepared fér PCR tubes of which 24 pairs of the
primers (forward and reverse) were for a singléaieo The Master Mix was constituents of 5x
buffer (HF), 10mM dNTPs, Phusion DNA polymerase,Mtémplate and dkD as indicated in
Table 2 and 24l of the Master Mix was distributed to each of thepective 24 PCR tubes. Then
1ul of each 24-locus MIRU-VNTR primers were addedhe tubes making a final volume of
25ul for the amplification. Of the collected MTBC istés in the study, 68ub-culture positive

samples using MGIT 960 system were heat killed ased as DNA template in the MIRU-VNTR

genotyping.

Table 2. Components and volumes of MIRU-VNTR Mad®#x used in the study for each
isolate

5 x buffer (HF) 5ul x 26 = 130ul

10mM dNTPs 2ul x 26 = 52ul

Phusion DNA polymerase 0.5ul x 26 = 13yl

DNA template 0.8ul x 26 = 20.8ul

dHO 15.7ul x 26 = 408.2u

Total 624 ul

Unlabeled PCR primers were used in the study fer2#-locus set as in Suppd al, 2006
(Appendix VI) as a result each loci were amplifiedependently. PCR program was run with its

cycling conditions starting at an enzyme activatbep of 15 minutes at 95°C, followed by 40
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cycles of 1 minute at 94°C for denaturation, 1 renat 59°C for annealing, and 1 minute 30
seconds at 72°C for extension. Thereafter, thetimmecwere incubated for 10 minutes at 72°C
for final extension/elongation. A positive contrbl37Rv, and a negative control, sterile distilled
water, were used in the study and the amplified P@RIucts were run in a gel-electrophoresis

(Cowanet al, 2002; supply, 2005).

Agarose Gel-electrophoresis detection

Sixty nine amplified PCR products bf. tuberculosigsolates were electrophoresed to determine
the size of amplicon. Electrophoresis was made .8f01(w/v) 300 ml agarose gel with 1%
ethidium bromide in 1X Tris Borate-EDTA (TBE) buiffeun at 120 volts and 400 milliampere
for 5 hours. Briefly, 5.4gm of UltraPure™ Agarosewgler (Sigma Life Science) was added to
300ml 1 x TBE buffer and heated in a microwave igsalve the powder. The TBE buffer was
prepared by dissolving 10.8gm tris base and 5.5gnt lacid in 805ml dRO and adding 4ml of

EDTA pH = 8.0 with a final volume adjusted to 1080by adding more distilled water.

Ethidium bromide was added to the dissolved agasbgéC or when it was possible to hold a
boiled agarose gel bottle with a hand and gentimdminized. Finally, it was poured to a gel tray
(Thermo Scientific Owl A2 Large Gel System, 20 x@b) inserted with 1 mm width 26 lane gel
combs. The comb was removed with care after 45 t@snand gl of amplification products
mixed with 2.5ul ofloading dye was added to the wells. DNA laddefsLO0 bp and 50 bp
molecular standards were included on each of thauye The gel tank lid was placed and
connected to a power supply unit. Product sizeeweualized and photographed by using an

ultraviolet (UV) transilluminator. Product sizes ngeestablished by comparing their bands with
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the standard DNA ladder bands. The PCR productd3diRv were loaded to ensure accuracy

and the PCR products of sterile water was usedritral for reagent contamination.

The numbers of tandem repeats or MIRU-VNTR allelese determined based on the size of
bands (PCR fragments) in a gel and inferring ithwitterpretation tables (Suppét al, 2005;
Borroni et al, 2012). Then the main phylogenetic predictionsewfacilitated by using MIRU-
VNTR-24 loci profiles into freely accessible, ondi strain identification databases of MIRU-

VNTRPIus (http://www.miru-vntrplus.or) The isolate patterns were used to compare \ih t

reference strains in the database for the assignafiedTBC species, lineages and genotypes.
Phylogenetic dendrogram was calculated based on n#sighbor-joining (NJ) clustering

algorithmsand a minimum spanning tree (MST) analysis also performed.

4.4.4. Genotypic drug sensitivity test

a) The molecular GeneXpert

This test was conducted in DRH on MTB/RIF test fpleh (GeneXpert, Cepheid), which
integrates sample processing and PCR within a dédge plastic cartridge. In the hospital TB
laboratory, a total of 95 sputum samples were stdjeto the Xpert test and the test was
performed according to the manufacturer's instomctBriefly, 2 ml of Xpert MTB/RIF sample
reagent (provided with the assay) was added toll=afoon tube containing 1ml of unprocessed
sputum sample in a 2:1 ratio. The tube was managjitated twice during 15-min incubation at
room temperature. Of the liquefied sample, 2 ml wassferred to the cartridge and loaded into
a module of the GeneXpert machine connected withaatomated readout that reports the
existence oM. tb and its bacterial load as high, medium, intermtegli@w, or very low with an

additional detection of RIF resistance (Boelehal, 2010).
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b) GenoType MTBDRplus line probe assay

This assay was used for identification Bf. tuberculosiscomplex and its resistance to
rifampicin, isoniazid or both. MTBDRlus version 2 LPA was used in this study at EPHI.Heat

killed DNA extracts of the isolates were used fog process.

Reagent preparation

For preparation of a Master Mix, a separate reagesgaration room was used to be safe from
any form of DNase contaminant. For this, the numifespecimens to be tested was initially
determined and the required controls plus two nextea reagents were considered for volume
loss on pipette tips. The amplification mix per gégrwas prepared by using 10 pl of AM-A (5
pl of buffer, 2 ul of MgC, 3 pl of HO and 0.2 pl offag polymerase) and 35 ul of AM-B
(Primer Nucleotide Mix - PMN). This volume was takato account for the preparation of

overall Master Mix aliquot and taken to a sepaldiA sample addition room.

DNA addition

In the DNA addition room, 45 ul of the aliquot waken and added into the labeled PCR tube.
An adequately mixed 5 pl of the heat killed isotateas also added to each of the PCR tubes
(except for the negative control) making a finalwoe as 50 pl. The overall volume was mixed
by gently pipetting up and down via opening oneetaba time. Separate tips and care was given

at the time of addition and mixing the samples.

PCR amplification and hybridization
Using a thermal cycler (Serial No0.-272S58090145%, flllowing amplification profile (Table 3)

was used for denaturing, annealing and extensidheoprepared specimens placed in the PCR
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tubes. Primarily, denaturing was made dt®%llowed by annealing at lower temperatures and
a final extension of the DNAse for 8 minutes at@0

Table 3. PCR amplification program for GenoType MDRlus line probe assay

Temperature No. of cycle/s
Time
15min 95°C 1 cycle
30sec 95°C
2min 65°C } 10 cycles
25sec 95°C
40sec 50°C 20 cycles
40sec 70°C
8min 70°C 1 cycle

For hybridization, 20 pL of the amplification prads were mixed with 20 pL of the denaturing
reagent (provided within the kit) and denaturingswaerformed for 5 minutes at room
temperature in each of the plastic tray well. Orefipre-warmed (45°C) hybridization (HYB)
buffer was added into each well and a strip wasgulanto each well of the tray and mixed
carefully. Hybridization was performed at 45°C 8fiminutes and the hybridization buffer was
removed from the well. One ml of streptavidin wdsled to each of the tray well with strips and
incubated for 15 minutes at 45°C. After removalkla# streptavidin, the strips in the well was
washed using 1 ml RIN. The RIN was completely reetband streptavidin conjugated with
alkaline phosphatase was added for colorimetriedi®in of hybridized. Two washing step with
RIN and one washing step with distilled water wasied out at room temperature. Finally, 1 ml
of diluted substrate (10 pL SUB-C and 990 uL SUBMs added and washed twice with
dH20. At last, the strips were removed and airdina absorbent paper for observation of the

bands.
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Interpretation of the line probe assay results
Presence oMycobacterium tuberculosisomplex was determined by looking at TUB band of
the strips and identified for drug sensitivity téL

Table 4. Interpretation of MTB+ and MTB- in lineglire assay

MTB+ RIF-resistance INH-susceptible
MTB+ (MDR) RIF-resistance INH-resistance
MTB+ RIF-susceptible INH-susceptible
MTB+ RIF-susceptible INH-resistance
MTB- Not Mycobacterium tuberculossomplex

Each strip had 27 reaction zones (Figure 4) with ®ntrols as conjugate control (CC),
amplification control (AC)M. tuberculosiscomplex controlrpoB locus control,katG locus
control, andinhA locus controls. The remaining 21 reaction zonesveate type (WT) and
mutation (MUT) reaction zones (eighgoB WT and fourrpoB MUT probes, on&atG WT and

two katG MUT probes, and twonhAWT and fourinhA MUT probes). Presence of CC band was
considered to verify the efficiency of conjugatel mubstrate. Presence of AC band indicates the
efficiency of DNA extraction and PCR proceduresc@eence of MTBC band indicates that the
tested bacterium belongs to the tuberculosiscomplex. The three respective locus control
bands (poB, katG and inhAwere considered to show the presence of the fapgeine region

(Yadavet al, 2013).
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Figure 4. Pattern of GenoType MTBDRplus (LPA) stsiph a total of 27 reaction zone (adopted
from Yadavet al 2013)

Finally, MTBDRplus V2 Instruction Manual was used for interpretatadndrug sensitivity test
based on manufacturer's guideline (Hain Lifesciemshren, Germany) (Figure 5). As it was
written, the developed strips were fixed on an eatibn paper provided with the kit by aligning
the bands CC and AC with their respective lineshensheet for interpretation. Development of
only CC and AC bands on the strip was considereal \zid negative result. Presence of TUB
band indicates that the sample contains a membigl. tdberculosiscomplex. The test was not
evaluated when one or both of the locus controdbgfpoB and/orinhA) were missed. But in
rare cases when thatG control band was missed, it was considered astthen tested is INH
resistance. Absence of a signal for at least onefwild type probe implied resistance to the

respective antibiotics. Missing of bandsrpoB probes showed resistance to rifampicin whereas
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missing ofkatG and/orinhA indicates INH resistance. On the other hand, théation probes
were also considered as resistant when the baedasastrong as or stronger than the existing

AC bands.

Absence of the WT band is usually accompanied leypgresence of MUT, which indicates
resistance. Presence of all WT bands without theTMland was interpreted as susceptible
isolate. In rare cases, missing of WT band(s) with@ corresponding MUT band might be
observed which was considered as due to "uncommgations” in the probe region. Presence
of both WT and MUT bands in the same stripe mightib indication for the presence of hetero-

resistance or mixed infection.
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Figure 5. Interpretation of banding patterns arartevaluation with respect to RMP and/or INH
resistance (Adopted from MTBDRplus V2 Instructidosuse IFU-304A-02)

c) Phenotypic BD BACTEC™ MGIT ™ 960 System

Phenotypic DSTs were conducted using BACTEC™ MGI96® SIRE Kit (Becton Dickinson,
Baltimore, MD, USA). Sub-culturing of 112 LJ-culaupositive freezed isolates was done using

the MGIT 960 instrument. The drug sensitivity teststreptomycin, isoniazid, rifampicin and
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ethambutol was performed for all of the succesgftdcovered sub-culture positive isolates in

the study.
Sub-culturing of the isolates

Sub-culturing was made from the freezed samplegyubie reagents MGIT medium (7ml in the
MGIT tube), MGIT growth supplement (enrichment) amdiGIT PANTA™ (Polymixin,
Amphotericin B, Naladixic acid, Trimethoprim andl&eillin) to suppress contaminatiomhe PANTA
was reconstituted with 15.0 ml MGIT growth suppletand mixed until completely dissolved.
0.8 ml of the mixed enrichment was taken and poungaleach MGIT tube containing 7ml of
the MGIT medium. Finally, 0.5 ml of the TB isolate&vas added and loaded into the MGIT
instrument. Shaking the contents of MGIT tube waisdone to maintain the oxygen gradient in
the medium. The tubes were simply recorded by thR€ BEC MGIT 960 instrument and placed
in the machine at the incubation temperature of 37C. The sub-cultured samples were kept in

the instrument until it flags them as positive.

The Mycobacteriumgrowth was detected as granular while contamindtacterial growth
appeared as extremely turbid. Such growth ofMhéuberculosiscomplex is also settled at the

bottom of the tube. Removal of the sample was admen green light is observed at the tubes

exact location in the drawer of the instrument.ti®d end, the remaining samples were flagged
out as negative (no growth) after a maximum of d¢sdand the results in all cases were printed

out by printer connected to the MGIT instrument(igi et al, 2012).
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Work-up on positive sub-culture results

For BACTEC MGIT 960 SIRE kit susceptibility tediye 7ml MGIT tubes were labeled for
each test isolates. One was labeled as GC (Grawitnad), one as STR, one as INH, one as RIF
and the remaining as EMB. To each of the tubes OBMBACTEC MGIT SIRE supplement
from the kit was added. A final concentration ddidg/mL (STR), 0.1pg/mL (INH), 1.0png/mL
(RIF) and 5.0ug/mL (EMB) were also used in the esponding tube (Table 5). No antibiotic
was added to the GC tube. About 0.5mL of the oggarsuspension was also added to all the
five MGIT tubes. The tubes were tightly recapped amxed thoroughly by gentle inversion
three to four times before entering into BACTEC MGhstrument. In the instrument, the result
was continually monitored until a susceptible aistant result was reported by the instrument

(Aktaset al, 2014).

Table 5. Drug concentration and volumes in MGITesibor SIRE drugs

Drug Concentration of DrugVolumes Added to Final Concentration in
after Reconstitutioh ~ MGIT Tubes for Test MGIT Tubes

MGIT STR 83 ug/mL 100 pL 1.0 pg/mL

MGIT INH 8.3 ug/mL 100 pL 0.1 pg/mL

MGIT RIF 83 pg/mL 100 pL 1.0 pg/mL

MGIT EMB 415 pg/mL 100 pL 5.0 ug/mL

* These drugs were reconstituted using 4 ml of Istaviater to achieve the concentrations

indicated (Becton DickinsonBACTEC MGIT 960 SIRE &Kinhanual)

Interpretation of BACTEC MGIT 960 results
When the growth unit (GU) of the GC reached at lmevaf 400 or more, the instrument that

showed susceptibility test was completed and rechafter scanning with a printout of an
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inventory report. Susceptibility results for botMiH and RIF (in the first option) were interpreted
by the instrument as “S” or “R” for susceptible amdistant samples, respectively. At the time
the GU value of the GC was 400 or more and if thev@lue of the drug tube was less than 100,
the test result was reported as “susceptible,” avifithe GU value of the drug tube was 100 or
more the result was interpreted as “resistant.” Ghkvalues of both the DST sets were retrieved
and recorded. In case the GU value of the contil bt reach 400 within 21 days, the
instrument indicated an X200 error, indicating iifistent growth. On the other hand, if the GU
reached 400 earlier than day 4, the instrument gav&400 error, indicating contamination or

overinoculation (Siddiget al, 2012).

4.4.5. Assessment of nutritional status

Age, sex, body mass index (BMI), Mid-upper Arm Qimtference (MUAC) and other clinical
symptoms like coughing for 2 weeks, night sweating, body temperature (fe\esy of appetite
and general body conditions of the cases were ma@dsund recorded. The BMI of participants
was calculated by measuring individual's weighkilograms and height in meters using the

formula:

_ masgkQ)
(heigh(m))?

Measurement for determining BMI was done by ultresdieight and weight machine at BHDL.
The print outs of the machine were collected angistered for each of the cases. This
measurements was used to assess how many ofdikeliral's body weight with an infection
(TB cases and TB parasitic co-infection) depadsfiwhat is normal or desirable for a person of

his or her height which might be due to TB infentigarasitic infections or co-infections.
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Meanwhile, the risk of developing TB and malnutitiwas determined using both BMI and

MUAC parameters.

The BMI value was categorized as underweight (BM18.5), normal (18.5 < BMK 25),
overweight (25 < BMK 30), and obese (BMI >30). Weighing of the par@eifs was made to
the nearest 0.1kg and the proportion of mildly (BM1.0-18.4kg/rf), moderately (16.0kg/fm
16.9kg/nf) and severely (BMI <16.0kgfn malnourished participants were identified.
Measurement of their height was carried out witheearing shoes, to the nearest 0.1cm and all

values were recorded (WHO, 1995; Hanraétal, 2010).

Arm circumference measurements were computed Wehstibject standing upright, shoulders
relaxed, and the right arm hanging loosely. It wassidered that muscle of the arm is not flexed
or tightened, which could yield a larger and inaatel reading. The participant was standing
facing his/her right side to the physician and plgdVMlUAC measuring tape around the upper
arm at the crossed point (+), perpendicular tddhg axis of the upper arm. Holding the
measuring tape gently on the skin surface (not cesging the skin) and the tape was rounded to
the arm for measuring. The arm circumference measents for all subjects were also recorded
to the nearest 0.1cm (Jametsal, 1994). Based on cutoff values for MUAC by Abrreaiand
Haidar (2014), the study participants were categorias undernourished when MUAC _is <

23cm for males and 22cm for females.

4.4.6. Examination of tuberculosis patients for canfection with intestinal parasites

Direct wet mount microscopic examination and Katztechniques were done at the health
institutes and examined by laboratory technicidnsensity of the parasitic infection was

determined by counting the number of eggs per grafaces in the Kato-Katz fecal thick-smear
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technique following WHO (2011) guidelines. In adulit, Sodium acetate-acetic acid-formalin
solution (SAF) concentration technique was usedlfioroluntary TB cases to give up their fecal
specimens.

Fecal specimens were collected using stool cup avitight fitting lid and two applicator sticks
given to the TB patients to bring a sizable st@hple of his/her own. The slides were labeled
with identification number and a drop of saline9@) was placed at the middle for direct wet
mount fecal examination. A small proportion (abaumatch stick head size) of the specimen
was picked up and mixed with the saline and covengith cover slip for microscopic
observation under low power objective. The entoeer slip area was systematically examined
using 10X objective and when organisms or suspgimaterial was seen the nosepiece of a

microscope switched to high power objective (400f)dbservation of the detailed morphology.

A portion of the fresh stool samples (about 1gm} father preserved in 10 ml SAF solution
and transported to ALIPB Medical Parasitology Latory for processing using saline ether
concentration techniques. The method was usedptwrtrdifferent intestinal parasitic infections
specifically for the detection of hookworm that nah be seen by Kato-Katz method since

hookworm eggs disintegrate after 30 minutes of ispex collection.

4.5. Quality controls

Positive Acid-Fast Bacilli samples were reservea asference standard at the health institutes
for quality control of microscopic smear test. Tdwerall laboratory activities were also checked
for its accurate diagnosis by regional TB labonatexperts every three month as an external
quality control. Color of the LJ-culture media welsecked before using and only those with
fitting color (light green) without any crack weeelected. Prior to the inoculation, all the
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prepared media were incubated at 37°C for 48 htmuheck any form of contamination. For
molecular characterization of tidycobacteriumH37Rv,M. bovisand distilled water were used
in each test as a positive and negative qualitytrobnFor drug sensitivity test, a susceptible
strain ofH37Rv reference strain (ATCC 27294) wasduat EPHI as a positive quality control in
all the methods and was tested with each batchSat.In addition, nuclease-free distilled water

was also included as a negative control for eaniauetect possible contamination events.

The GeneXpert MTB/RIF assay is an entirely selftaored test with quality control of the
various steps included; so it was not necessapgtform testing of quality controls with every
batch of tested specimens. In fact, laboratory toonig and supervision visits were done by the
National Tuberculosis Control programme to asselse exact Xpert MTB/RIF test
implementation. Modules of the Xpert were alsoualy checked and calibrated by an external
quality control. In addition, internal quality coak program with positive and negative controls

were implemented during the study.

In order to validate the correct performance oftdst and proper functioning of kit constituents
for LPA, each strip includes five control zones.C& zone was used to check the binding of
conjugate on the strip and a correct chromogerictian. The AC zone was used to check for a
susceptible amplification reaction. The three locostrol zonesrpoB, katG andinhA) were

also used for checking the optimal sensitivitylod teaction for each of the tested gene loci. All
materials (such as pipette tips) coming in contdth the reagents were checked as free from
DNases. The respective test strips for the negaiiverol showed bands only on CC and AC
while in the case of positive control the bandsusth@xist on CC, ACTUB, rpoB, rpoB WT,

katG, katG WT, inhA andinhA WT as our quality control for the LPA test. For MG quality
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control, each batch of new drug was performed Withreference strain which was susceptible
to all standard anti-tuberculosis drugs. Trainirapwiven for data collectors and supervisors.

To data obtained through questionnaire, pre-tesiinpe questionnaire was made on 30 study
participants for its clarity and appropriatenesstaDcollection process was strictly followed
daily by the supervisor and the principal invedtiga In addition to the trainings on BMI

measurements, the instruments were also calibfatede research work.

4.6. Data Analysis

The recorded data was checked for completenesscandistency, and then entered into
Microsoft Excel 2007 spreadsheets. The data was #xported to IBM SPSS Statistics for
Windows, Version 25.0. (Armonk, NY: IBM Corp., USAyrogram for analysis.Descriptive
statistics was used to determine frequency andeptage. In spoligotyping, the reference data

base (SpolDB4) available online through http://wpasteur-

guadeloupe.fr:8081/SITVITDemwAs used to assign the shared international spgpgo

numbers (SIT) to known profiles and if not availldhe new patterns were considered as
‘orphan’  types. An online tool Run TB-Lineage witha website of

http://tbinsight.cs.rpi.edu/run_tb_lineage.htmas also used to identify family/clade, lineages

and sublineages of the isolates. Those identicaligggypes patterns with identical DNA

genotypes were considered as a cluster and thesteregld strains were identified as an indicator
for the recent transmission.For recent transmissidex (RTI), cluster analysis was calculated
using the formula (nc — c)/n, where nc is the tatahber of clustered patients, cis the number of

clusters, and nas the total number of patientsersample.
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The discriminatory power of each locus was evallatesing the Hunter and Gaston

Discriminatory Index (HGDI) which was calculatedngsthe equation:

1 5
D=1-——— D> xi{x; — 1)
NN - 1), 0

Where;D is the index of discriminatory power (0.000-1.008)is the total number of strains in
the sample population, S the total number of tygescribed, anckj the number of strains
belonging to thgth type. AD value of 1.000 indicates that a typing method whke do
distinguish every member of a strain populationrfrall other members of that population.
Conversely, an index of 0.000 would indicate tHatreembers of a strain population were of an
indistinguishable type. An index of 0.500 would mehat if one strain was chosen at random
from a strain population, then there would be a 58%bability that the next strain chosen at
random would be indistinguishable from the firstk@hdi et al, 2004). The HGDI value was

calculated using the formula manually and checkedicriminatory power calculator online.

Sensitivity, specificity, positive and negative gictive values were calculated to compare the
performances between drug sensitivity tests. Agesgnbetween the tests was assessed by
Cohen’s Kappa statistics. The Kappa value was preged with values <0 as indicating no
agreement and 0-0.20 as slight, 0.21-0.40 as @e#]1-0.60 as moderate, 0.61-0.80 as
substantial, and 0.81-1 as almost perfect agree(Matiugh, 2012). The Pearson Chi-square
(x2) was used to determine the association of drugpithaty test and TB type, lineages,
dominant strains and clustering of the isolatessofmtion of TB-parasitosis co-infection and
malnutrition with gender and age was also analyasidg chi-square test. The results were

considered as statistically significant when theajuite was less than 5%.
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4.7. Ethical Considerations

The study was carried out after obtaining ethidedi@nce from the Institute Review Board of
College of Natural and Computational Sciences, Addibaba University (Ref. No.
CNSDO/392/07/15) but later renewed in July, 20181$D0/668/11/2019). Letter of permission
was also obtained from the health bureaus of thdyssites. Prior to conducting the study,
objectives of the study were clarified to the stpdyticipants and written informed consent was
obtained. Subject confidentiality, any specialadsg¢curity requirements were maintained and
ensured to the participants. Positive TB case @pants were referred to the DOTs program and

for possible treatment and follow up.

Laboratory results feedback

Positive results of the sputum microscopy, FNA antest and LJ-culture results were reported
on time to the concerned health institutes focstallow up and medications. Similarly, positive
parasitic infections were reported and medicatedth®y health institutes during their TB

treatment follow up.
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5. Results

A total of 384 TB cases (213 males and 171 femalese involved in the study. Tuberculosis
and parasitosis co-infection prevalence was 10.8#% wtestinal helminth co-infection at

greater proportion than intestinal protozoa. Thevalence of undernutrition was 58.6% as
determined using body mass index and 73.0% asndieted using mid-upper arm circumference

with no significant association with gender (P 65).

In these study, both forms of TB were identifiedhmpulmonary TB cases as the predominant
ones than the extra-pulmonary TB cases. TB lymphitidevas found to be the most prevalent
(85.9%) form of extra-pulmonary tuberculosis witendcal adenopathy (75.3%) being the
commonly existing disease. A diverse spoligotypatierns were identified where most of them
(86.5% ) were not registered in the global spoligotg data base. Low proportion of the isolates
(20.2%) was also recognized as in clustered formsspmligotyping. From the study, both

modern and ancient Lineages were identified with rtiodern Euro-American Lineage as the
predominant ones. The 24-loci MIRU-VNTR showed thié isolates were orphan and the

technique has also the highest discriminatory pawetentifying the patterns.

Both MTBDRplus assay and MGIT drug sensitivity testing found ghhbut comparable
proportion of resistance 16.8% and 15.9%, respelgtiv Drug resistance was greater among
new TB cases than the retreatment ones. Rifampioomo-resistance was also in large
proportion. A fair agreement was found between th® testing methods (GenoTypic
MTBDRplus assay and the conventional MGIT test) in detechtygobacterium tuberculosis
with sensitivity, specificity, positive and negaipredictive value of 94.2%, 30.2%, 68.4% and

76.5%, respectively.
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5.1.Demographic Characteristics of the Study Patients

Most of the cases were recruited from South Woblm& (n = 247) and the remaining subjects
from Oromia Special Zone. Of the identified TB ®s&69 (96%) were recorded at the district
level. It was found out that a quarter of theseesasere from a single district (Dessie town)
whereas the remaining were recruited from othetridis of both South Wollo and Oromia
Special Zone of the study site. In addition, 58%)5of the cases were from other health
institutes of the neighboring Zones (mainly Nortlo\ zone) referred to as DRH and BHDL

(Table 6).
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Table 6. Number of smear (GeneXpert) positive ameirtculture positivity from different
districts of the study area, April 2015 to Janu2oy7

District Smear (GeneXpert) Positive (%) Culture Positive (%)
< 2 Bati town 27 (7.0) 9 (8.0)
o8 Bati district 20 (5.2) 12 (10.7)
%) S _DawaChefa 7 (1.8) 4 (3.6)
g e Kamise town 19 (4.9) 10 (8.9)
o2 Artuma Fursi 4 (1.0) 2(1.8)
O R Jile Timuga 2 (0.5) 0 (0.0)
Albuko 2 (0.5) 1(0.9)
Ambasel 12 (3.1) 2 (1.8)
Borena 3(0.8) 0 (0.0)
Dessie town 92 (24.0) 27 (24.1)
E Dessie zuria 26 (6.8) 9 (8.0)
N Jama 10 (2.6) 4 (3.6)
§ Kallu 24 (6.3) 7 (6.3)
< Kelala 4 (1.0) 0 (0.0)
= Kombolcha 25 (6.5) 8 (7.1)
S Kutaber 7 (1.8) 0 (0.0)
o Legahida 3(0.8) 0 (0.0)
(=) Legambo 5(1.3) 0 (0.0)
E Mekdela 7 (1.8) 2(1.8)
3 Sayint 4 (1.0) 1 (0.9)
n Tehuleder 2 (0.5) 0 (0.0)
Tenta 4 (1.0) 1(0.9)
Wegidi 3(0.8) 2 (1.8)
Werebabu 6 (1.6) 1(0.9
Wereilu 8 (2.1) 2 (1.8)
From other zones (43) and 58 (15.1) 8 (7.1)
non-documented (15)
Total 384 (100) 112 (100)

The age range of TB cases were from 18 to 75 yeitihsa mean age of 33.7 (SD = 12) having
no significant difference between males (mean $,38D = 12.3) and females (mean = 32.7, SD

=11.4). The average household size of the TB caass4.4. Pulmonary TB cases accounted for
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74.5% (286/384), the overall prevalence of TB wighdst (67.0%) in the —37 years age grot

and those with family size ranging from 3 to 5 werere affectec

5.2 Molecular Epidemiology of Tuberculosi

5.2.1. Genomic deletioranalysis using region of differentiatior

Deletion typing via region of differentiation wasade in all 112 culture positive isolates anc
these 77.7% (87/112) isolates had an intact to R® (396 bp) and identified aM.
tuberculosis On the contraryan interpretable signal was not detected for tligion of
differentiation in the remaining 22.3% (25/) isolates. As shown in Figure of the

representative agarose gel result RD9 band wadetetted in d,O (negative control) and fiv

of the study isolates.
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Figure 6 Polymerase chain reaction (PCR) products c-electrophoresis using RD9 primers

ALIPB for some of the study isolat

Lane 1: 100bp ladder; Lane &t. tuberculosis(positive control); Lane 3molecular grade ,0
(negative control); Lane M. bovis(positive control); lane 26: heat killed PCR products M.

tuberculosis
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5.2.2. Spoligotype results

Spoligotyping was performed on 112 culture positingat killed Mycobacteriumisolates. Of
these, a total of 92.9% (104/112) gave interpretagsults on autorad readings for the formation
of spoligotyping patterns (Figure 7). Ten clustersre identified in 20.2% (21/104) of the
isolates while the remaining isolates were unicaieg{etons). Nine of the clusters had 2 isolates
each while the remaining one cluster had 3 isolatgs similar patterns. In these finding,
majority of the patients had unrelated spoligotyped with different strains d¥l. tuberculosis

that acquired the disease from unrelated sourcalsin@ the number of cases with clustered

genotypes into account, the RTlwas calculated ave @ result of 0.12.

4 N

1. H37Rv
2. dHO

— 3. M. bovis
— 4. DHC17

i 5. DRH012
i 6. DRH021
—— 7. DRH135
— 8. DRH141
— 9. DRH153
— 10.DRH185

Figure 7. Part of spoligotyping autorad for soméhef M. tb isolates (4-10) at ALIPB, AAU
Lane 1 and 3 are positive controls while lane 2 isegative control. Presence of spacer on the

autorad is indicated as a black square while isgate is represented by white space

The study showed that there was a statisticallyifsognt difference in the proportion of
clustering across Oromia Special Zone and SoutHdMaine isolates (p-value = 0.000). All the
isolates from Oromia Special Zone were Orphans &laer 14.3% of the isolates from South
Wollo Zone had shared international type which sédwhat there was a statistically significant
difference (p-value = 0.000) among the orphan du$d that have shared international type

across the two study sites (Table 7).
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Table 7. Proportion of clustering and shared irggamal type among Oromia Special Zone and
South Wollo Zone in Northeastern Ethiopia

Variables Oromia Special Zone  South Wollo Zone Tota
Number (%) Number (%) P-value

2 Clustered 5 (5.1%) 14 (14.3%) 19 (19.4%)  0.000
% Singleton 23 (23.5%) 56 (57.1%) 79 (80.6%)
o

Total 28 (28.6%) 70 (71.4) 98 (100%)
— Absent/Orphan 28 (28.6%) 56 (57.1%) 84 (85.7%) 0.000
n Shared 0 (0/0%) 14 (14.3%) 14 (14.3%)

Total 28 (28.6%) 70 (71.4%) 98(100%)

Identification of the strains using web-based SPOJET database indicated more than 73%
(76/104) of them belonging to the family T1, fand8; H37Rv and CAS families accounted for
24.0% (25/104), 23.1% (24/104), 14.4% (15/104) arid.5% (12/104), respectively. The
remaining less proportion belongs to the famili&s 67 %( 7/104), Haarlem3 5.8% (6/104),
EAI4 and Haarlem1 4.8% (5/104) each, and otherdgEamily34, x1, LAM8 and LAM9) with
1.0% (1/104), each. The major lineages identifigdhe study were: Lineage 1 or Indo-Oceanic
(10), Lineage 3 or East-African India (EAI) and kimge 4 or Euro-American (EUA). Of these,
the most predominant lineages by a conformal Bayesetwork (CBN) was Lineage 4 (Euro-
American) with a proportion of 65.4% (68/104) falled by ancestral Lineage 1 (Indo-Oceanic),
20.2% (21/104). The modern lineage 3 (East-Afribadian) was also identified by the finding
with less proportion. No Lineage 2 (East-Asian) aimkage 7 (Ethiopian type) were identified
by this study. Further characterization to subdge level by knowledge-based Bayesian

network (KBBN) showed a leading T sublineage frotdAEgenotype with 23.1% (24/104)
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followed by CAS1-Delhi 11.5% (12/104) from EAIl. THE3-ETH sublineage was also the

second dominant proportion among the EUA Lineageble 8).

Table 8. The major lineages, sublineages and ajsgstion

Major lineages (CBN)

Sublineages (KBBN) Number of strains (Percentage)

Lineage 1 (Indo-Oceanic)

Sub-total
Lineage 3 (East-African Indian)

Sub-total
Lineage 4 (Euro-American)

Sub-total

Grand total

EAI1-SOM
Manu_ancestor
Manul

Manu?2

Manu3

CAS
CAS1-Delhi
CAS1-Kili

H

H1

H3

H37Rv
H3-Ural-1
H4-Ural-2
LAM7_TUR (Turkey)
T
T1-RUS2
T3
T3-ETH
T4
T-Tuscany
Turkey

1(1.0)
3(2.9)
5(4.8)
9(8.7)
11(10.6)
29 (27.9)
3(2.9)
12(11.5)
5(4.8)
20(19.2)
3(2.9)
4(3.8)
3(2.9)
3(2.9)
1(1.0)
3(2.9)
1(1.0)
24(23.1)
1(1.0)
1(1.0)
7(6.7)
3(2.9)
1(1.0)
1(1.0)
55(52.9)
104 (100)

Key: CAS=Central Asian; T=Tuscany, EAl=East-Africemian, LAM=Latin American, H=Haarlem

Using the fourth international spoligotyping datséa(SpolDB4),

there were 14 already

recorded isolates as a distinct spoligotype patshared international types (SIT) namely SIT

149 (3 isolates), SIT 53 and 1378 (2 isolates ea8h) 1802, 47, 612, 1166, 1251, 1475 and
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1547 (one isolate each). Majority of the isolat&580 (90/104) were found as orphan,

previously unreported isolates (Appendix VII).

Table 9. Description of some spoligotype pattelimgages and shared-types among 104 valid

M. tuberculosis isolates collected from northeasidpia, April 2015 to January 2017

Webdings format Octal code Family Major  Sub-lineage SIT No*
Lineage
[T W N WU WSS MMM T 155344037740740 H37Rv EUA T-Tuscany Orphan 1
ETTTTTT N W NN W W EEN N 1766576420731 Haarlem3  EUA H4-Ural-2 Orphan 1
MWW IITITITTITTITI] e—— SN 5000017740771 T3 EUA T1-RUS2 Orphan 1
BN W ITTTTMTTII " WEN 511504037300261 H37Rv EUA H Orphan 1
BN W W W TITIIIITTIIII I e  577345000000771 LAMS EAI CAS Orphan 1
BN T N N [T EEN 577757540003171 CAS EAI CAS1-Delhi Orphan 1
BN TN T N RO T NN 571767540003771  CAS EAI CAS1-Delhi Orphan 1
BN W N RTINS 573357400001771 CAS EAI CAS1-Kili Orphan 1
EN W NN EEEmEE——T[TTTTIT] ] NN 573377400001771 CAS EAI CAS1-Kili Orphan 2
BN W SN N W [T EEEEN 573757540003571 CAS EAI CAS1-Delhi Orphan 1
BN W [T —-—— T [[WENN 515)04037300261 H37Rv EUA H Orphan 1
WL TR EEE—— W MW N 515707037740261 H37Rv EUA T Orphan 2
WL TR N EEEEEE—— W MW E  575707237740261 Tl EUA T Orphan 1
NN T NN NN EOW O EEENE— [ WEEN N 575346437740361 H37Rv EUA T Orphan 1
WL NN NN NN NN EENEEE WO WM N 575347337742261  Family 33 EUA T4 Orphan 1
NN TN NN NN ENEEEEEEE WO WEW N 575347377742261  Family 33 EUA T4 Orphan 2
NN NN NN SN EEEEEE U WOEN BN N 575347737742661  Family 33 EUA Manu?2 Orphan 1
EN NN NN SN W W NN 515347777742261  Family 33 EUA Manu?2 Orphan 2
EN NN N NN NN WOEN B 515357777762671  Family 33 EUA Manu?2 Orphan 1
W[ N LW W NN 5)7347404740271  LAM9 EUA Turkey Orphan 1
WL [ W N S SEEEEEE W W BN OB N 5717347477752661  Family33 10 Manul Orphan 1

key: EAIl = East-African India; EUA = Euro-Americgn IO = Indo-Oceanicand

similar pattern.
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5.2.3. Mycobacterial Interspersed Repetitive Unit @riable Number Tandem Repeat

Of the 69 MGIT positive isolates 56 had valid arfigdition products of the 24-loci MIRU-
VNTR while the remaining 13 isolates had eitheroimplete or negative MIRU-VNTR profiles
even after repeating the test. The locus band Wwasna for one of the 24 loci (MIRU-VNTR
locus 4052) with the oligos sequence FW(5-AACGCTEAN GTCGGAT-3) and REV(5'-
CGGCCGTGCCGGCCAGGTCCTTCCCGAT-3) in the gel foriabllates. The MIRU-24 locus
of different M. tuberculosisstrains was amplified by PCR and separated by agagel
electrophoresis. Each strain had a different altelenber ranged from 0-9 repeats. The two
molecular markers used were a 50 bp and 100 bur@ig). Highly diverse genotypes were
displayed with all the valid patterns as unique aadclustered isolates were detected. The
discriminatory efficiency of 24-loci MIRU-VNTR and combination of both the MIRU-VNTR
and spoligotyping in this study was found as thghist with Hunter-Gaston discriminatory
index (HGDI) as 1.000 in each case. It was highantthat of spoligotyping discriminatory

power (HGDI = 0.996).
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Figure 8 Photographic image of the gel for determinatibraltelic numbers in 2-loci MIRU-
VNTR and the missed bands were repe

A) Minimum spanning tree (MST) analysis
The MST is used to determine the evolutionary i@tship among the strains using MI-

VNTRplusdata. None of the strains form a distinct corx as indicated by MST (Figure).
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Subd ber of isol =

Delhi/CAS 18

Far 1 ® & ©
E thiopia_3 15

Haarlem 4

H37Rv 1

New-1 3

Ural 3

Unkmown 11

Total 56 @

EAI | [ Ethiopia 3 |[ H37Rv |[ Haarlem |

eV [URAL] [ onn |
Figure 9. Minimum spanning tree of the 56 MIRU-VNMRIlid strains isolated from South

Wollo and Oromiya Special Zone, Northeastern Etiaiop
Sub-lineages of the strains were colored diffeyefitie colour code is indicated at the bottom) veithadditional sub-lineages of
M. canettiused as a reference standerd. The Canneti wasassaa ancestor from the MIRU-VNTR website onlifiee circle
(node of the tree branch) represents each indiljghtiéern and its equal size represents the sambeuof isolates which is one.
Similarly, equal length of the branch represenssatice between the patterns.
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Based on the 56 isolates under study for spoliggtyand MIRU-VNTR analysis one of the
isolates was not valid for the spoligotyping patterThe 24-loci MIRU-VNTR genotyping
showed all the isolates as unique and no recem$rivsssion among the TB cases. The SITVIT
analysis for the remaining isolates identified aedse sub-lineages as T (20%), CAS1-Delhi
(16.4%), Manu3 (12.8%), CAS1-kili (9.1%), Manu23%), CAS (5.5%), H1(5.5%), T3-ETH
(5.5%), H3 (3.6%), H(3.6%) and the remaining srpabportion Manu3, EAI1-SOM, , H3-Ural-
1, Manu-ancestor, T-Tuscany and and Turkey wer&olehch. Based on 24-loci MIRU-
VNTRplus analysis, the identified lineages were Delhi/CAR.186), Ethiopia_3 (26.8%),
Unknown (19.6%), Haarlem and NEW-1 4(7.1% eachgl (5.4%) and EAI (1.8%) (Figure 10).
The result of MIRU-VNTR showed that isolates wittmsar spoligotype pattern (clusterd
isolates) had unique copies (singletons) undefhoci MIRU-VNTR analysis in the study. All
isolates in the study were new types to MLVA MtbCaiad 30 isolates were new types to
MLVA MtbC9. These new types were submitted and cordd to the MIRU-VNTRIus

nomenclature data base.
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Figure 10. Neighbor-joining tree based on MIRU-VNZ®& |oci pattern of 56 isolates and two M. canettieroot the tree as

reference from Northeast Ethiopia
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5.3. Drug Sensitivity Profiles ofM. tuberculosis Isolates

Among the 384 TB samples collected, 95 were idedtifoy rapid molecular diagnostic
GeneXpert at DRH while the rest were detected bgasnmicroscopic test. The overall LJ-
culture positive sample was 29.2% (112/384). OfXpert MTB/RIF tested samples, two were
identified as RIF resistant. Twenty two of the 9Bn@&Xpert samples were LJ-culture positive
and used for further drug sensitivity test using tenoType MTBDRIus assay and the
conventional BACTEC MGIT 960 System. Both methodsmfemed the two RIF resistant
samples by Xpert as drug resistant and in addiir@y also detect one sample as multidrug

resistant.

The sub-culture test by MGIT gave 61.6% (69/112)pasitive and 64 of these sub-culture
positive samples as from new TB cases and thdivesas from retreatment patients. Sixty five
samples were correctly identified lsls tb and30 of the MGIT sub-culture negative samples were
detected aMl. tb positive by the GenoType MTBO#Rus assay. The remaining 13 of the 112 LJ-
culture positive samples were negative to MGIT eultdre and also not detected Ms tb by
LPA. Of the 112 isolates tested by line probe ad€a2% (17/112) have no TUB band. These
translate to sensitivity, specificity, positive gigtive value and negative predictive value of
94.2%, 30.2%, 68.4% and 76.5%, respectively. There a fair agreement (Kappa = 0.276; P <
0.001) between the two methods (MGIT and LPA) itediéng theMycobacteriumwhen MGIT

was used as the reference standard in the anflgite 10).
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Table 10. M. tuberculosis detection rate by LPA &m@IT using the 112 LJ-culture positive

samples
MGIT detection
LPA detection Detected (=69) Not detected (=43) Total (=112)
Detected 65 30 95 (84.8%)
Not detected 4 13 17 (15.2%)

Key: LPA=Line probe assay; MGIT#ycobacteriumgrowth indicator tube

Sensitivity test done by LPA detected 16.8% (16/@%)drug resistant of which 18.8% (3/16)
were from retreatment cases. The four first ling-&B drugs (STM, INH, RIF and ETM) by
conventional BACTEC MGIT 960 also identified comalalle proportion 15.9% (11/69) as drug
resistant with 8 and 3 samples as from the newrattdatment ones, respectively. More than
half of the sub-culture positive samples by MIGIB.B% (39/69) were from Dessie referral
hospital and all isolates from BMH were detectedag) resistant by either MGIT, LPA or both
(Table 11).

Table 11. Drug susceptibility pattern using genatypfine probe assay and phenotypic
Mycobacterium growth indicator tube in relationthe health institutes of Northeastern Ethiopia

Health LPA MGIT
Institutes Sensitive Resistant Sensitive  Resistant
No.(%) No.(%) No.(%) No.(%)
BHDL 10 (10.6) 2(2.1) 10 (14.3) 2 (2.9)
BMH - 4 (4.3) - 2 (4.3)
BTHC 8 (8.5) 2(2.1) 5 (8.6) 1(1.4)
CRHC - 1(1.1) - -
DHC 7 (7.4) 1(1.1) 5(7.1) -
DRH 48 (51.1) 6 (6.4) 33 (48.6) 6 (7.1)
JHC - - - -
KHC 6 (6.4) - 5(7.1) -

Total No.(%) 79 (83.2) 16 (16.8) 58 (84.1) 11 (15.9)

Key: BHDL= Bigat higher diagnostic lab; BMH= Borudda hospital; BTHC= Bati Town health centre; CRHC=
Chefa Robit health center; DHC= Dessie health ce@BH= Dessie referral hospital; JHC: Jaraniyoltmea

center; KHC= Kemise health center; LPA=Line probsay; MGIT-Mycobacteriungrowth indicator tube
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Drug resistance was detected in 8 common isoldteeT and LPA test. In addition, the LPA
identified 2 isolates as susceptible which weréstast by MGIT and also no TUB band was
observed in LPA strip for one isolate. Six of tlesistant isolates detected by LPA were not
tested for their sensitivity by MGIT due to theggative sub-culture result and 2 of the isolates

resistant by LPA were susceptible to MGIT (Tablg. 12

Table 12. Drug resistant isolates detected by plyproMGIT and genotypic LPA techniques

Drug resistant Sensitivity test

No. sample code MGIT LPA

1 BHDLOO7 Resistant(S) no TUB band
2 BHDLO020 Resistant(SIRE) Resistant(R)
3 BHDLO030 Susceptible Resistant(R)
4 BMHO08 sub-culture neg. Resistant(IR)
5 BMHO09 Resistant(SIRE) Resistant(IR)
6 BMH13 Resistant(SIRE) Resistant(IR)
7 BMH23 sub-culture neg. Resistant((IR)
8 BTHCO1 Resistant(R) Resistant(R)
9 BTHCO09 sub-culture neg. Resistant(R)
10 CRHCO02 sub-culture neg. Resistant(IR)
11 DHC21 sub-culture neg. Resistant(IR)
12 DRHO021 Resistant(E) Susceptible
13 DRHO030 Resistant(IE) Susceptible
14 DRHO032 Resistant(SIRE) Resistant(IR)
15 DRHO038 Susceptible Resistant(l)
16 DRHO046 Resistant(SIR) Resistant(R)
17 DRH122 Resistant(l) Resistant(l)
18 DRH123 sub-culture neg. Resistant(R)
19 DRH161 Resistant(IRE) Resistant(IR)

Key: BHDL= Bigat higher diagnostic lab; BMH= Boru dda hospital; BTHC= Bati Town
health centre; CRHC= Chefa Robit health center; BH@ssie health center; DRH= Dessie
referral hospital; LPA=Line probe assay; MGNIycobacteriungrowth indicator tube

Greater proportion (8.4%) of the LPA tested isdateere multidrug resistance than mono-

resistant. Of these, 5.3% (5/95) was among nevempiatiand 3.2% (3/95) of the MDR as among
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retreatments. Rifampicin and isoniazid mono-ressgaaccounted for 6.3% (6/95) and 2.1%
(2/95), respectively. The LPA test detects 57.1%443B of rifampicin resistant isolates had
multidrug resistant TB. On the other hand, allleé sub-culture positive samples by BACTEC
MGIT 960 underwent 276 tests and 15.9% (11/69hefdamples were detected as resistant to
any of the four anti-TB drugs. More resistance watected 5.8% (4/69) to the four first-line
antimicrobial drugs (INH + RIF + STM + EMB) by tHdGIT test than their monoresistance
(INH =1.4%, RIF =1.4%, STM=1.4%, EMB=1.4%) (Figut&). The frequency of resistance to
isoniazidniazd, rifampicin, streptomycin and ethamobwas in a comparable proportion 11.6%
(8/69), 10.1% (7/69), 10.1% (7/69) and 8.7% (6/68spectively. Greater proportion of
resistance was detected in females 22.6% (7/3h)eles 14.1% (9/64) by LPA test and also
comparable proportion of drug resistance was dedeict females 20% (4/20) than males 14.3%

(7/49) by MGIT.

18 16.8
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&
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0 P11
INH RIF STM EMB INH+ INH+ INH+ INH+ INH+ Total
RIF  EMB RIF RIF+ RIF+
+EMB STM STM +
EMB

Figure 11. Drug resistance pattern by genotypie Iprobe assay (LPA) and phenotypic
Mycobacterium growth indicator tube (MGIT) from Nloeastern Ethiopia, April 2015 to

January 2017
Key: INH= Isoniazidniazd; RIF=Rifampicin; STM= Spmycin EMB= Ethambutol; LPA= Line probe assay;
MGIT=Mycobacteriumgrowth indicator tube
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As compared to BACTEC MGIT 960, the sensitivity asgecificity of the GenoType

MTBDRplus assay for the detection of RIF-resistavit tb isolates was 100 and 98.3%,
respectively. Similarly, the sensitivity and speaif for detection of INH-resistance was 75 and
98.2%, and for MDR resistance 83.3 and 100%, reispdy. Kappa value showed that there is
almost a perfect agreement between the two metnodistecting RIF and MDR where as there

is a substantial agreement for the detection ofigand (Table 13).

Table 13. Performance of GenoTypic MTBDRplus adsaydetection of RIF, INH and MDR
resistance in comparison to phenotypic BACTEC MG6D System

BACTEC MGIT
Drugs MTBDR plus 960 Sensitivity(%) Specificity(%) PPV(%) NPV(%) Kappa
Resistant  Sensitive
RIF  Resistant 7 1 100 98.3 87.5 100 0.925
Sensitive 0 57 (p<0.001)
INH Resistant 6 1 75 98.2 85.7 96.6 0.774
Sensitive 2 56 (p<0.001)
MDR Resistant 5 0 83.3 100 100 98.3 0.901
Sensitive 1 59 (p<0.001)

In comparison to MGIT, the drug sensitivity of LRAAkatG gene was found as 75% detection
and that ofinhA promoter region was 12.5%. The sensitivity of L®&bothkatG andinhA was
also 12.5%. This finding also revealed that kla¢G, inhA, bothkatG andinhA results of LPA

test had almost perfect agreement, of suscepyilbdithe MGIT test (Table 14).

95



Table 14. Detection of isoniazid (katG, inhA andibkatG and inhA) resistance by LPA with its

resistance by MGIT testing method

MGIT isoniazid DST Sensitivity ~ Specificity Predictive value Kappa

LPA Resistant = Sensitive = 57 Positive  Negative
katG Resistant 6 0 75 100 100 96.6 0.840

Sensitive 2 57 (P<0.001)
inhA  Resistant 1 1 125 98.2 50 88.9 0.159

Sensitive 7 56 (P=0.099)
KatG Resistant 1 0 125 100 100 89.1 0.2
and Sensitive 7 57 (P=0.007)
inhA

5.3.1. Resistance and mutation patterns of rifampin and isoniazid using the

GenoType MTBDRplus assay

For the line probe assasingle probe resistance was detected in 25.0% ) 4flthe isolates and
two or more probe resistance was detected in timaireng drug resistant isolates. In addition,
single probe mutation was detected in 12.5% (24f&he drug resistant isolates. In 10 of the
RIF resistant isolates, band 8 (WT8) was omittethwain additional miss of WT3, WT4 and
WT6 probe in theapoB gene of three isolates. There were also an omis#ioVT3 and WT7
probe for 3 RIF resistant isolates and no gain ofamt probe was detected for all the 13 RIF
resistant isolates in thgoB gene region. Concerning isonizid resistance, #sstance was
further identified usingkatG and inhA gene region. Of the 12 INH-resistant isolatkatG
resistance was detected in 66.7% (8/12) of thaisslby omitting WT probe at codon 315 and
mutations were detected in two of the isolatesatdd S315T1. Mutation was identified in five
isolates of thenhA gene region at WT1 (-15/-16) and an additionalatioh to one isolate at
WT?2 (-8). Addition of specifianhA mutations were not observed in place of the onhip@bes

at theinhA promoter region of the gene (Table 15).
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Table 15. Result of GenoType MTBDRplus assay in &18 INH resistant isolates

LPA drug resistant detected isolates

Genes Band (gene | BHDL BMH BTHC | CRHC| DHC DRH
region/mutation) 20 30/ 8 9 13 23| 1 9| 2 21 | 3238 46 122 123 161
rpoB S S|s s s § s & s § S s s s s
WT1(506-509) | S S| S S S 5 S |S § S S S S S S
WT2(510-513) S § S S S S5 S |S g S S S S S S
WT3(513-517)] S § S SR S| S s| R R|S S S S S R
WT4(516-519) S § S SR S| S S| S| R|S s s s s s
WT5(5518-522) S § S S S S5 S |S g S S S S S S
WT6(521-525)| S § S S S S5 SR| S S| S S S S S S
WT7(526-529) S § S S S B S |S S S S B S S S
WT8(530-533)| R R|R R R R|R R| S R|R S S s s s
MUTLI(D516V) | S S| S S S $ S S S $ S S S S s
MUT2A(H526Y) S S| S S S § S 5§ S § S s s s s
MUT2B(H526D) S S| S S S § S 5§ S § S S s s s
MUT3(S531L) | S S| S S S $ S s s $ S S S S s
katG S S|[s s s § s & s § s s s s s
WT (315) R S|S RR R|S s| s SIR S S R R R
MUT1(S315T1)] S S| S S SR|S S| s S| S S s SR S
MUT2(S315T2)) S S| S S S § S [S S 5 S S S S s
inhA S S|[s s s § s & s § s s s s s
WT1(-15-16) | S SR S R S| S s| R R|S R S S S s
WT2 (-8) S S|S S S $ S s s $ R S S s s
MUTL1(C15T) | S S| S S S $ S |s s $ S S s s s
MUT2(A16G) | S S| S S S $ S S S $ S S S s s
MUT3A(TBC) | S S| S S S 8§ S B S s S S s s s
MUT3B(TBA) | S S| S S S § S 5§ s § S S s s s

Key: S= susceptible; R= resistant; MUT=Mutant; WT#\type

5.3.2. Genetic diversity for the drug resistant Myobacterium tuberculosis
Molecular characterization of the drug resistityicobacteriumwas done using spoligotyping

and the major lineages were identified as Euro-Acaer (EA), East-African-Indian (EAI) and

Indo-Oceanic (I0) by Conformal Bayesian network {gBOf these lineages 76.5% (13/17)

were Euro-American followed by Indo-Oceanic 17.6%/4.7) lineages. Most of the drug resistant
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isolates 76.5% (13/17) had no SIT number indicativag they are orphans. Family 33 is also the

predominant family identified in this study (Tallé).

Table 16. Spoligotyping result of drug resistaotases from Northeastern Ethiopia

Resistant Family Major Lineage sub-lineage SIT
Isolates by CBN /clade
BHDLOO7 M. tuberculosiHaarlem3 Euro-American H3 1802
BHDL020 M. tuberculosisTl Euro-American Manu3
BHDLO30 Family 33 Euro-American Manu2
BMHOS8 M. tuberculosiH37Rv Euro-American T
BMHO09 M. tuberculosisr3 Euro-American T3-ETH
BMH13 M. tuberculosisCAS East-African-Indian CAS1-Kili
BMH23 Family 33 Euro-American Manu?2
BTHC09 M. tuberculosisT3 Euro-American T1-RUS2
CRHC02 Family33 Indo-Oceanic Manul
DHC21 Family 33 Euro-American T4
DRH021 M. tuberculosisT1l Euro-American T 612
DRHO30 Family33 Euro-American Manu?2 1088
DRHO032 M. tuberculosi€Al4 Indo-Oceanic CAS1-Kili
DRHO038 M. tuberculosiHaarlem3 Euro-American X1
DRH046 M. tuberculosisTl Euro-American Manu3
DRH122 M. tuberculosiHaarleml Euro-American H1 47
DRH123 M. tuberculosifHaarleml Indo-Oceanic H1

The association between any drug resistance antyg@showed a varied proportion but with

no statistically significant difference among pulmoy and extra-pulmonary TB caseg:(

0.233; p = 0.629). In addition, there was also tatigically significant association between any

anti-TB drug resistant isolates identified and iagor lineagesy@: 0.557; p = 0.757). In fact, it

was found that significant association was obsehettveen the drug resistant isolates and the

sub-lineagesy@: 34.861; p = 0.040). A statistically significaagsociationy2: 4.779; p = 0.029)

was also found between the clustered strains apdratin TB drug resistant isolates (Table 17).
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Table 17. Association between any drug sensitigdsterns and TB type, major lineage, sub-
lineage and dominant strains

Variable Any drug resistance
Sensitive (%) Resistant (%) Total (%) X2 (df) P- value
TB type
Extra-pulmonary 10 (76.9%) 3 (23.1%) 13 (14%)
pulmonary 66 (82.5%) 14 (17.5%) 80 (86%) 0.233 (1) 0.629
Major lineage by CBN
EA 47 (79.7%) 12 (20.3%) 59 (63.4%)
10 15 (83.3%) 3 (16.7%) 17 (19.4%) 0.757 (2) 0.757
EAI 14 (87.5%) 2 (12.5%) 16 (17.2%)
Sub-lineage/Clade
AFRI 4 (100%) 0 4 (4.3%)
CAS 3 (100%) 0 3 (3.4%)
CAS1-Delhi 12 (100%) 0 12 (12.8%)
CAS1-Kili 2 (40.0%) 3 (60.0%) 5 (5.3%)
EAI1-SOM 1 (100%) 0 1(1.1%)
H 3 (100%) 0 3 (3.4%)
H1 0 2 (100%) 2 (2.1%)
H3 2 (66.7%) 1 (33.3%) 3 (3.4%)
H3-Ural-1 1 (100%) 0 1(1.1%)
H37Rv 1 (100%) 0 1(1.1%)
H4-Ural-2 3 (100%) 0 3 (3.4%)
Manu_ancestor 0 1 (100%) 1(1.1%) 34.861(22) 0.040
Manul 3 (75%) 1 (25%) 4 (4.3%)
Manu2 6 (75%) 2 (25%) 8 (8.5%)
Manu3 7 (70%) 3 (30%) 10 (10.6%)
PINI 1 (100%) 0 1(1.1%)
T 17 (94.4%) 1 (5.6%) 18 (19.1%)
T-Tuscany 1 (100%) 0 1(1.1%)
T1-RUS2 0 1 (100%) 1 (1.1%)
T3 1 (100%) 0 1 (1.1%)
T3-ETH 6 (85.7%) 1 (14.3%) 7 (7.4%)
T4 2 (66.7%) 1 (33.3%) 3(3.4%)
Turkey 1 (100%) 0 1(1.1%)
Dominant strains
Orphan 66 (86.8%) 13 (76.5%) 79 (84.9%)
SIT1166 1 (1.3%) 0 (0.0%) 1(1.1%)
SIT1251 1 (1.3%) 0 (0.0%) 1(1.1%)
SIT1378 1 (1.3%) 1 (5.9%) 2 (2.2%)
SIT1475 1 (1.3%) 0 (0.0%) 1(1.1%) 16.948(10) 0.076
SIT149 3 (3.9%) 0 (0.0%) 3 (3.2%)
SIT1547 1 (1.3%) 0 (0.0%) 1(1.1%)
SIT1802 0 (0.0%) 1 (5.9%) 1(1.1%)
SIT47 0 (0.0%) 1 (5.9%) 1(1.1%)
SIT53 2 (2.6%) 0 (0.0%) 2 (2.2%)
SIT612 0 (0.0%) 1 (5.9%) 1(1.1%)
Clustering
Yes 10 (62.5%) 6 (37.5%) 16 (17.2) 4.779 (1) 0.029
No 66 (85.7%) 11 (14.3%) 77 (82.8)
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5.4. Nutritional Status of the Study Patients

The overall mean BMI of TB cases was calculatedl®® kg/nf and those proportions of
chronic energy deficiency (BMI8.5Kg/nf) was found as 50.0% (n=192) (Figure 12). Of this
chronic energy deficient TB cases mildly (BMI 172.8:5kg/m2), moderately (BMI 16.0kg/m2-
16.9kg/m?2) and severely (BMI <16.0kg/m2) malnoweisipatients were 61.5% (n=118), 21.9%

(n=42) and 16.7% (n=32), respectively.

M nutritional status of TB cases

50.0%

192 133 59

underweight (BMI < 18.5) | normal (18.5 < BMI < 25) missing values

Figure 12. Proportion of malnutrition among tubdosis cases using body mass index (BMI)
parameter, Oromia Special Zone and South Wollojl 045 to January 2017

Of 237 TB cases whose faecal specimens were exdmbi®6% (n = 139) were underweight
and there was no significant difference (P = 0.881he mean body mass index of TB-parasitic
co-infected cases (mean = 18.1, SD = 1.3) and Tdtipe cases without parasitic co-infection
(mean = 18.2, SD = 2.1). The BMI of co-infectedesadidn’t differ significantly from those of
non-co-infected cases at different age groy2s< 4.601, df=3 and P= 0.203) and sgR €

0.527, df = 1 and p= 0.468).
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Among smear positive TB cases whose MUAC were nreds72.8% (205/281) of them were
undernourished and was not significantly associatgd gender 2 = 0.831, df = 1 and P =
0.362). When MUAC was used to determine nutriticstatus, 6.4% of the undernourished TB
cases and 2.1% of the normal nourished TB casesphgakitic co infection showing non-
significant associationy = 0.056, df = 1 and P = 0.813). As a whole, digant difference was
not observed between TB parasitosis co-infectiombs rautritional status of the TB cases (Table
18).

Table 18. Nutritional status and parasitic co-itifet of tuberculosis cases in Oromia Special
Zone and South Wollo, Northeastern Ethiopia, ApOL5 to January 2017

Nutritional status using MUAC Nutritional Status using BMI P-value

Normal (%) Under-nourished (%) P-value Normal (%) Under-nourished (%)

Sex
Males 38 (24.8) 115 (75.2)  0.362 57 (43.8) 73(56.2)  0.390
Females 38 (29.7) 90 (70.3) 41 (38.3) 66 (61.7)

Co-infection status
Co-infected 6 (25.0) 18 (75.0) 0.813 8 (30.8) 18 (69.2) 0.246

Not co-infected 70 (27.2) 187 (72.8) 90 (42.7) 121 (57.3)

MUAC: Mid-upper Arm Circumference; BMI: Body Massdex

Considering our matched criteria set in the metlaglopart, 86 participants (55 males and 31
females) were used as control groups. The differdsetween the nutritional status of smear
positive TB cases (mean = 21.4, SD = 2.0) and ¢m&ral groups (mean = 22.9, SD = 2.5) was
statistically significant (P = 0. 029) as MUAC paweter was used. However, it is not

statistically significant (P = 0. 220) when bodyssandex is considered with average mean (+

SD) of 18.2 (+ 1.95) and 20.7 (+ 2.73) for TB caaed the control groups, respectively.
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5.5. Tuberculosis Parasites Co-infection

A total of 259 faecal samples (142 males and lh7afes) were collected and examined. The
remaining tuberculosis cases refused to give faspatimens and some of them were also
severely sick and did not provide the specimennFtioe study, comparable intestinal parasitic
infection was found among pulmonary TB cases 10(8%181) and extra-pulmonary ones

11.5% (9/78) (Table 19).

The overallM. tb-parasite co-infection was 10.8% (28/ 259). From tibtal co-infected cases,

89.3% (25/28) had single parasitic infection, whil&% (2/28) had double infection, and 3.6%
(1/28) had four infections. The infection of inteat helminths accounted for 9.7% and those of
intestinal protozoa accounted for 1.9%. Althoughréhwas greater helminthic co-infection than
protozoa co-infection among tuberculosis patientdhie study area, the difference was not

statistically significanty2 = 6.000, df =4 and P = 0.199).

Schistosoma mansomfection was the most prevalent parasitic codhte (4.25%), followed
by Ascaris lumbricoide$2.32%).Trichuris trichiura, Enterobius vermicularigsndHymenolepis
nanawere the other helminthic co-infections whereasamoeba histolytica/dispandGiardia

lamblia cysts were the only detected protozoan parastiofections (Table 19).
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Table 19. Parasite species among tuberculosis cas@omia Special Zone and South Wollo,
Northeastern Ethiopia, April 2015 to January 2017

Types of parasites Number (percentage) of infection
Schistosoma mansoni 11 (4.3)
Ascaris lumbericoides 6 (2.3)
Trichuris trichiura 2 (0.8)
Enterobius vermicularies 2 (0.8)
Giardia lamblia 2 (0.8)
Entamoeba histolytica/dispar 1(0.4)
Hookworm 1(0.4)
Schistosoma mansoandGiardia lamblia 1(0.4)
Ascaris lumbericoideandEnterobius vermicularies 1(0.4)
Schistosoma mansgHymenolepis nana, Giardia 1(0.4)

lambliaand hookworm

Total 28 (10.8)

The association of TB-parasite co-infection in rsd@0.7%, 17/28) and females (39.3%, 11/28)
was not statistically significangZ = 439, df = 1 and P = 0.507). Similarly, sigrdgint difference
of M. tb-parasitic co-infection was also not observed acdiferent age groupgZ = 36.238, df

=40 and P = 0.640).

Mycobacterium Culture positivity, pulmonary and extra-pulmonary tuberculosis

Growth was observed in 29.2% (112/384) samples attkuring all the smear and GeneXpert
positive samples on LJ media. Culture positivityswet significantly different as compared to
bacterial load under laboratory examination of sma&roscopic test (FM; P = 0.455) and
GeneXpert (P = 0.427). Thirty six samples had ndiggading scale (MGS) of the bacterial load
(Figure 13).
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Figure 13. Comparison of results of smear microgc(fM & FNA) and GeneXpert with
bacterial growth on LJ medium, Oromia Special Zamel South Wollo, Northeastern
Ethiopia, April 2015 to January 2017

Key: FM=Fluorescent microscope; FNA= Fine-needlpirases; MGS= Missed grading scale;

EPTB= Extra-pulmonary tuberculosis; LNs= Lymphadieni

Among the EPTB cases, site of infection was detkurteB5 participants by the pathologist and
TB lymphadenitis (TBLNs) was the most prevalent98b.(73/85). Of these TBLNs cervical
adenopathy 75.3% (55/73) was the most frequenttyming disease. Of the suspected smear

positive EPTB samples, 18.4% were culture posifiable 20).
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Table 20. Site of extra-pulmonary tuberculosis ¢tittn and the number of culture positives
from BHDL, Oromia Special Zone and South Wollo, theastern Ethiopia, April 2015
to January 2017

Site of EPTB infections Number of infected cases (% Number of culture positives (%)

Cervical LNs 55 (56.1) 8 (14.5)
Axilary LNs 8 (8.2) 2 (25.0)
Supraclavicular LNs 6 (6.1) 1(16.7)
Other LNs* 4 (4.0) -
Non LN infections 12 (12.2) 4 (33.3)
Not sited (missed) 13 (13.3) 3(23.1)
Total 98 (100.0) 18 (18.4)

*Inguinal, Sub-mandibular and Anterior neck LNs
Key: BHDL= Bigat Higher Diagnostic Laboratories; HP= Extra-pulmonary tuberculosis;

LNs= Lymphadenitis

5.6.Assessment of Knowledge, Attitude and Practice ohé Patients

Majority of tuberculosis patients had heard abbet disease tuberculosis before they were sick
and a number of patients also know TB as a coniagint treatable disease. On the contrary,
less number (21.3%) of the patients heard aboug desistance bacteria and half of the
respondents saw TB patients elsewhere before theng sick. Greater proportion of the
respondent patients were new cases than retreatmest Interestingly, more than half of the
patients had check up for TB at the health inggds they have prolonged cough (more than 2

weeks) (Table 21).
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Table 21. Knowledge and practice related assessmsmts of TB patients toward tuberculosis

Responses
Questions Frequency (%)
No. Knowledge based yes no Don’t know
1 Have you ever heard about TB243/345 (70.4) 102/345 (29.6) -
2 Is TB contagious? 260/340 (76.5) 2/346)0 78/340 (22.9)
3 Is TB a treatable disease? 262/363 (72.2) 3B} 68/363 (18.7)
4 Have you heard drug72/338 (21.3) 266/338 (78.7) -
resistant TB bacteria before?
5 Is TB a zoonotic disease? 28/314 (8.9) 113/314 (36.0) 173/314 (55.1)
No Practice based yes no Sometimes
1 Have you seen TB patientd71/337 (50.7) 166/337 (49.3) -

before?
2 Have you been sick of TB34/320 (10.6) 286/320 (89.4) -
before this?
3 Do you check for TB at
health institution when you207/339 (61.1) 39/339 (11.5) 93/339 (27.4)
have prolonged cough (more

than 2 weeks)?

Majority of the patients 60.4% (204/338) respontieat drug resistant bacteria are transmitted
from any form of TB patients where as only 2.4%38®) responded it comes from those
patients who had drug resistance TB. The remai@hg% (97/338), 1.5% (5/338) and 0.6%
(2/338) of the respondents replied drug resistamcaused by incorrect use of the antimicrobial
drugs, non-adherence of the drugs to the prescriegimen/natural phenomenon due to
mutation and do not know how drug resistance ielbged, respectively. About 6.5% (22/338)
of the patients responded that drug resistanceauserl by any of the above two or more
alternatives.
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More than half 122/213 (57.3%) of the patients kn®® is caused by bacteria but greater
proportion of them didn't identify the body organgected by theMycobacterium Although a

large proportion 274/342 (80.1%) were aware thatguspecific drugs prescribed by health
physicians can cure the patients, a number of iat@o not know the length of time it took for

the treatment of drug resistant and non-resistacieia (Table 22).
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Table 22. Knowledge and practice of TB patientsNiortheastern Ethiopia, April 2015 to

January 2017
Responses
Variable
Freqguency Percentage
1. Causative agent of TB (n=213)
a) Bacteria/germ 122 57.3
b) Cold air 20 9.4
c) Shortage of food 3 1.4
d) Smoking 16 7.5
e) Chewing ‘Khat’ 2 1.0
f) Dust 49 23.0
h) Don’t know 1 0.5
2. TB bacteria attacks (n=328)
a) Lung only 96 29.3
b) Other body part but not lung 20 6.1
c) Both lung and other body part 95 29.0
d) Don’t know 116 354
e) Others (please specify) 1 0.3
3. How can someone with TB be cured? (n= 342)
a) By using herbal remedies (traditional medicine) 5 15
b) Taking home rest without medicine 10 2.9
c) By praying 2 0.6
d) By using specific drugs given by health centre 274 80.1
based on their prescription
e) Do not know 1 0.3
f) Other (please specify): 50 14.6
4. Drug resistant bacteria take (n = 340)
a) Equal duration as non resistant ones for treatme | 6 1.8
b) Less duration than non resistant ones for treatm | 5 15
c) Greater duration than non resistant ones fatrment| 58 17.1
d) Can't be treated 2 0.6
e) Don’'t know 269 79.1
5. Where do you go first when you feel sick? (n =48)
a) Traditional healers’ 17 5.0
b) Religious beliefs 11 3.2
c) Private clinics 11 3.2
d) Governmental health institutions like health tpps289 85.0
clinics, health center or hospital
e) Clinics run by non-governmental organization 10 2.9
f) Others 2 0.6
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Majority of the respondents 72% (252/350) repligthat tuberculosis is non-selective and
anybody can be infected by the disease. Less piopaf the respondents gave their views that
TB infects poor, homeless, alcoholics, drug usediyiduals living with HIV, 'Khat' users and

others (Figure 14).

don’t know, 8.6%

Other, 1.4%

people who chew
‘Kcat’, 5.1%

people living with
HIV/AIDS
,6.6%

drug users, 2.9% _
alcoholics
e ————
'O.y,/
homeless

people, 0.6%

poor people
,2.0%

Figure 14. Tuberculosis patients' reflection onimt&ction in Northeast Ethiopia, April 2015 to
January 2017
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6. Discussion
6.1. Demographic Characteristics of the Study Patigs

The greater number of TB cases in Dessie Town itarher districts might be due to higher
population density in the Town. This is in agreemeith WHO report that states the prevalence
of TB cases is considerably higher in urban arkas tn rural areas (WHO, 2015). In addition,
access and better diagnosis with more proximityh¢ohealth institutes could be another factor to
find higher number of cases in Dessie Town. Majoof the patients were males 55.5%
(213/384) than females with comparable proportmb6.2% (63/112) by Tadesseal, (2016).
The male to female ratio of this finding is alsce tsame to bacteriologically confirmed
pulmonary TB patients of WHO report for EthiopiathviM:F ratio as 1.2 (WHO, 2019). This
greater proportion of male patients to females mighdue to biological, social and economic
engagement to contact with many people includindgnta patients into health institutes for
treatment. The disease was also more common vatierrange of 18 - 37 years which could be
due to their active movement from place to placedconomic purposes that leads them to

greater risk of exposure.

6.2. Molecular Epidemiology of Tuberculosis

The detection oM. tb from culture positive samples in this study usRig9 was lower than the
findings from many other studies. A study from \dest(Disassat al, 2015), Northeastern
(Birhanu et al, 2014), central (Bedewet al, 2017) and Northwestern (Aleliget al,2019)
Ethiopia reported a proportion of 97.1% in thetfissudy and 100% in all the rest. On the
contrary, there was also a report from Addis Abflagesseet al, 2019) that showed RD9
detection typing foM. tb with less proportion 47.7% (41/86) than this fimgli
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The greater variation of spoligotype clusteringhis study and many other reports might be due
to the difference in geographical study settingser€ were higher clustering rate report from
many of the studies in Ethiopia with a proportidn78.3% (223/281); 63.8% (102/160), and
84.7% (50/59) as reported by Bedestial, 2017; Mekonnert al, 2018 and Molina-Moyat

al., 2018, respectively. Similarly, most studies wésof the country also reported greater
proportion of clusters as by Kisd al, 2012;Ahmecet al, 2014; Aliet al, 2014 and Carvalhet

al., 2016 with a proportion of 79% (75/95), 82.2% YMB4), 68.2% (184/270) and 89.2%
(33/37) in that order than the overall clusteriatpr20.2% (21/104) of this study which is close
to 18.8% (6/32) (Birhanet al, 2014) and 23% (6/26) (Chemeelaal., 2018) report from Dessie
and Addis Ababa, respectively. The findings ofisdllates in Oromia Special Zone as Orphan
imply that they were not registered in the dateel@sthere was no more study from the area so
far. The less clustering rate in Oromia Speciah&€Zovas similar to the overall study in this
finding. Such less proportion could imply that tMgcobacteriumnfections were from unrelated
sources or it might be caused due to latent tubsisuactivation. The predominance of families
T1, family33, H37Rv and CAS in line with a systernaeview reported by Tulu and Ameni

(2018) and a research report by Miheeal (2012).

The higher proportion of modern strains Lineagd=8sf-African Indian) and Lineage 4 (Euro-
American) of theMycobacteriumthan the ancient Lineage 1(Indio Oceanic) was iea@gent
with a study from Dessie 71.4% (20/28) (Birhagtual, 2014). This greater proportion of the
modern strains to the ancient strains could be tduthe recent expansion (Later than™20
Century) of tuberculosis in Ethiopia than the antiadio Oceanic ones which is more common
in population living around the Indian Ocean (Coneasl, 2015). A study from Southwest

Ethiopia (Tadesset al, 2017) reported the existence of Lineage 2 (Bag&n) at a low
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proportion 0.3% (1/333) which was totally absenttive present study implying its lower
transmission rate. Absence of Lineage 7 (Ethiopyge) which was commonly reported from
the northeastern Ethiopia (Firdesgaal, 2013; Mengisteet al, 2015; Yimeret al, 2015; Yimer
et al, 2016) might also be due to its less transmisdgmamics in the area. Similar molecular
study in Dessie was also in agreement with thiglifig by Birhanuet al (2014) and rare

Ethiopian type was reported by Magtial (2015).

The higher proportion of T sublineage followed by$l1-Delhi in the present study was
compatible with a study reported from Addis AbaBawdieet al, 2016). Higher proportion of
T3-ETH sublineage implied its greatest transmisgiate in the area. Unlike other studies
(Bedewiet al, 2017; Alelignet al, 2019), it was also found that less number dbies (2 or 3)
with the same spoligotyping patterns were found single cluster of this finding. Of course, the
less number of isolates in a cluster agrees witudy report from Gambella region, Southwest
Ethiopia (Asebeet al, 2015). The higher proportion of over all new lggatyping patterns
(86.5%) and new EPTB patterns (93.3%) was agaimsias studies in Dessie by Birhamat al,
(2014) 60.8% which might be due to sample sizeetbfice and the type of TB patients
understudy in which only EPTB was involved in tlzse of the later one. The higher proportion
of orphan could be due to lack of a report to theligotype data base. On the other hand, the
leading shared strain type frequently reported fiethiopia namely SIT149 (Getahwet al,
2015; Tilahuret al, 2018; Tulu and Ameni, 2018 and Hadeal, 2020) was relatively detected

at greater rate in this finding.

The highest discriminatory power of the 24-loci NUR/NTR to spoligotyping agrees with

many other similar studies (Muleng# al, 2010; Biadglegnetal, 2015; Bedewkt al, 2017;
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Shi et al, 2018). This implies that the technique has Ipestormance in accurately detecting
specific strains of th&l. tb. It can be used alone and in combination with sptiging for the
discrimination purpose. Missing some of the 24-locthis study might be due to amplification
problem in the PCRs as similar to the validatiorRéfLocus Variable-Number Tandem-Repeat

Typing forMycobacterium tuberculosi8eeret al, 2014).

The lowest clustering rate by spoligotyping andeslog of clustering at all in MIRU-VNTR of
this study is an indication for minor or no receéansmission of thd&lycobacteriumn the area
implying the disease is mainly due to endogenowktnation of the latent TB infection.
Similarly, other studies showed that the clusteniate of MIRU-VNTR is less than that of
spoligotyping (Ahmedet al, 2014; Bouklataet al, 2015; Mekonneret al, 2018; Caleffi-
Ferracioliet al, 2018). In fact, those clustering rate differengedifferent study areas might be
due to the differences in the geography, populademsity and socio-economic diversity (Pareek

et al, 2013).

In agreement with previous studies, the predomiaasfclineage 3 (Delhi/CAS; 32.1%) using
MIRU-VNTR 24-loci genotyping showed its wide disttion throughout the country (Tessema
et al, 2013; Yimeret al, 2015; Tadesset al, 2017). In the contrary, it was not the predominan
strain rather H37Rv like and Ethiopia_3 were thesimmmmon sub-lineages in studies from
prisoners and communities in Southern, Southwestah Southeastern Ethiopia (Adt al,
2016) and Eastern Ethiopia (Mekonnenh al, 2018), respectively. This revealed that the

predominant lineage dflycobacteriuntuberculosis across the country is not well esthbd.
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6.3. GenoTypic and Phenotypic Drug Sensitivity Test

The drug resistant specimens identified by Genetdpere also confirmed as resistant by both
MTBDRplus assay and BACTEC MGIT 960 tests. The additionaécten of one more drug
resistant isolate might be due to single deteatibdrug resistance by Xpert (only RIF resistant
cases). The GenoTypic LPA can detect an addititidl resistance to GeneXpert where as the
phenotypic MGIT can detect even more additionalgdrsuch as STM, EMB and INH. This

could increase the chance of detecting drug redigalates.

The lower proportion of MGIT sub-culture positivitgletection from LJ-culture positive
Mycobacteriumsample than the heat killed LPA isolates mightdoe to the existence of
bacterial DNA in the later one. In the case of Zexklive Mycobacteriumits survival could be
interrupted through time until it was sub-cultured the MGIT DST. The higher sensitivity
result 94.2% of LPA and its lower specificity val86.2% is comparable with similar settings
done in Kenya where its sensitivity and specificitgs 99.2 and 26.9%, respectively (Ariata
al., 2019). This showed that LPA has a good perfooman detecting the true positivity of
Mycobacteriumand in a fair agreement (Kappa = 0.276; P < 0.0@it) the BACTEC MGIT

960 performance in this study.

The overall genotypic drug sensitivity test in teiady is higher than other similar studies in the
country (Tamrat, 2016; Omet al, 2017; Bekeleet al, 2018). In contrast, this finding is in less
proportion of drug resistance than other study mspwom northwest Ethiopia (Aleliget al.,
2019) and southwest Ethiopia (Tadessal, 2016). Studies from other countries Chad (Diallo
et al, 2017), Uganda (Sanchez-Padgfaal, 2013), city of Nairobi (Ndung'et al, 2012) and

Punjab state of India (Rufait al, 2014) reported greater proportion of resistafi¢e possible
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explanation for these variations could be due fteince in sample size, study sites and the

study participants.

The rate of MDR in the present study 8.4% (8/95)gkeynotypic MTBDRlus assay is greater
than 6.7% (11/165), 1.1% (3/279), 3.1% (5/161) ar8%o (2/111) of similar findings by Addo
et al, 2017, Omeet al, 2017, Bekelet al, 2018 and Aleligret al, 2019; respectively. On the
contrary, our MDR finding is less than 25.8% (72R717.5% (33/189) and 27.7% (31/112) by
Rufai et al, 2014; Aunget al, 2015 and Tadessat al, 2016, respectively. Regarding the
detection of RIF and INH mono-resistance, the curpgrevalence is in line with a number of
studies (Adanet al, 2015; Desikaret al, 2017; Maninget al, 2017; Meharet al, 2019) that
showed rifampicin mono-resistant as greater thaniazid mono-resistant with varying degrees
of proportion. Such RIF resistance is an importamplication for higher risk of multi-drug
resistance as it is a surrogate marker of MDR @ritinmet al, 2007 and Aunget al, 2015).
Nevertheless, there are also studies that givevidemce for isoniazid mono-resistance as the
leading mono-resistant than RIF (Onetal, 2017; Tilahuret al, 2018; Alelignet al, 2019).

The greater proportion of TB samples from DRH thia@ remaining 7 sample collection site is
due to the flow of patients to this referral hoapit The findings of all the samples as drug
resistant from BMH are because of it's designadegerral hospital for drug resistant patients

in northeastern Ethiopia.

Similar to LPA, the phenotypic BACTEC MGIT 960 aldetected drug sensitivity to at least one
of the four drugs (STM, INH, RIF and EMB) at vargirdegrees of proportion with other
relevant studies. The 15.9% (11/69) drug resisteéection rate in this study was at greater

proportion than similar studies done by MGIT (Calgeal, 2010; Marwet al, 2015; Damenat
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al, 2019). On the other hand, lower proportion ofgdrasistances were reported in this study
than other research reports by using the sametoetesystem (Abebet al, 2012; Seyounet

al., 2014; Singtet al, 2016; Mekonneet al, 2018).

Most of the isolates detected as resistant by LRkevalso resistant by MGIT. In two of the
samples which were detected as resistant by MGtTnbtiby LPA was due to its extra drug
sensitivity detection rate of streptomycin and ethatol. All the MDR resistant samples by
MGIT in this study were not restricted to isoniaadd rifampicin, but had an additional
resistance to EMB, STM or both. This implies thexistivity detection by MGIT posses an extra

benefit to detect more first line TB drugs.

The highest sensitivity of the MTBORRus assay (100%) in detecting RIF resistance in tiidys
is similar with findings from other related studies Southern (Wondalet al, 2018) and
Northwestern (Tessen&t al, 2012) Ethiopia, but with little variation in theolates from central
(Omeret al, 2017) and MDR-TB patients referred to the NeaalohB Reference Laboratory
(NTRL) of the country (Meazat al, 2017). The specificity of the assay (98.3%) @tedting
RIF resistance is comparable to previous reporfd 0§ Tessemat al, 2012; 99.8% by Omer
et al, 2017 and 99.2% by Wondad¢ al, 2018. There is greater variation of MTBPIRs assay
sensitivity to INH in our study 75% and a studynfréhe Southern Ethiopia 33.3% (Wondate
al., 2018). The sensitivity of the assay to INH w&s786 in a study of isolates from central
(Omeret al, 2017) and 91.7% in isolates collected from neestern (Tessenet al, 2012) and
NTRL (Meazaet al, 2017), each. Although the assay's sensitivigplteto detect MDR have

some discrepancy, the susceptibility result accou®0% which coincides exactly with other
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studies reported from the country (Tessezhal, 2012; Meazat al, 2017; Omeet al, 2017

and Wondalest al, 2018).

The study also found that there was an excellerdesgent between BD BACTEC MGIT 960
and MTBDRplus assay in detecting RIF and MDR with a Kappa vabfi€.925 and 0.901,
respectively. However, it was found as a good agese (Kappa value, 0.774) between the two
testing methods in detecting INH. Similarly, it walso reported as an excellent agreement in
detecting MDR (Kappa value, 1) but with good (0)6@Bd moderate (0.494) agreement in
detecting RIF and INH resistance, respectively (d&baet al, 2018). Such difference between
the two findings might be due to the differencenumber of drug resistant isolates. Further, the
agreement between Culture MGIT and LPA in deteckat§5, inhA and both KatG andinhA)

resistance was almost perfect and agrees withdg sty Arichaet al (2019).

6.3.1. Gene mutations associated with rifampicin ah isoniazid resistant isolates by

GenoType MTBDRplus assay

The wild-typerpoB probe hybridization band pattern showed an omissfdhe bands at WT3,
WT4, WT6, WT7 and WT8 probes. Surprisingly, a mifsWT8 probe predominates and
accounted for 71.4% (10/14) among the RIF resigtotates in a small region of amino acids
located between position numbers 530-533 ofrgeB gene. Omission of all thepoB gene
probes was without any gain of probes in the MUJiae and depicted as "unknown" mutation.
Such lack of binding of a WT probe without simukans binding of a mutant probe is likely

caused by the presence of a resistant mutation.

Similarly, a report from central Ethiopia in limeth our finding no gain of any mutant band was

identified for the non-hybridized WT8 probe (Omefr al, 2017). Other findings were also
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reported for the absence of MUT band from differemintries (Brossieet al, 2006; Huyenet
al., 2010; Singhakt al, 2012; Moharet al, 2014; Addoet al, 2017). Despite such reports,
there were research findings where gain of MUT bpsowere identified in a part of tnpoB

gene (Biadglegnet al, 2013; Seiferet al, 2016; Tadesset al, 2016; Prasadt al, 2019).

Greater frequency of resistance 8/16 (50%) to INiuored due to mutation of thetG gene,
whereas lower frequency of resistance 5/16 (31\8&s) caused by the mutations in the promoter
region of thenhA gene. Hybridization that forms a band was missdabihkatG gene andnhA
promoter region in one isolate. Greater frequencfabekatG gene WT omission at codon 315
was also reported from other studies in Ethiopat tigrees with this finding (Tadesskeal,
2016; Brhaneet al, 2017; Omeet al, 2017; Alelignet al,, 2019). A miss of WT probe at Codon
315 in thekatG gene without the presence of specific MUT bandanted for 75% (6/8) in this
study. The remaining 25% of the strains had mutatia thekatG gene at codon 315 with amino
acid change of S315T1 (AGEACC). No mutation was identified at MUT2 probe betLPA
strip. TheinhA promoter region showed a miss of -15/-16 codort ties detected in 5/16
(31.3%); and 1/16 (6.3%) at -8 gene region withoconferring any addition of specific
mutational band in both cases. This mutation atgees with the finding from central Ethiopia

and also considered as 'unknown' mutation (Cehat, 2017).

6.3.2. Genetic diversity of the drug resistaniycobacterium tuberculosis

The higher proportion of Euro-American lineages aghdrug resistance strains could be due to
its higher prevalence under the interpretable gpbjping results of the isolates done using LPA
in this study. This is in line with the findingsathreported greater proportion of the same major

lineage from different parts of Ethiopia (Getahetnal, 2015; Molina-Moyaet al, 2017; Tulu
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and Ameniet al, 2018; Alelignet al, 2019). Based on the detection of their geog@phi
distribution the majority 82.4% (14/17) of the driesistant isolates were identified as orphans
and have no SIT number in the SITVIT2 data base Most predominant families identified
among the drug resistant isolates include the TMadu families which is similar to different
studies on genotyping and drug resistance pattdrisblates (Bazirat al, 2011; Mihretet al,
2012; Esmaett al, 2014). The clustered strains of the study atemwed higher frequency and a
statistically significant association with any anB drug resistance than the unique ones
revealing an implication for the highest risk oftidrresistance among recent TB transmission.
This is consistent with a study in Russia that tbungher incidence of drug resistance in

clustered strains dflycobacterium(Toungoussovat al,, 2002).

6.4. Assessment of Nutritional Status

Several conditions including undernutrition, smakand co-infections are important risk factors
that aggravate the progress of TB (Doodewal, 2009; Lonnrothet al, 2009). To this effect, our
assessments of nutritional status among TB caseg BMI showed about half of the cases were
under chronic energy deficiency. Similar studiestimer two areas of Ethiopia; Addis Ababa and
Arba Minch found lower proportion as compared te gresent finding which might be due to
the difference in time of taking the measuremebD&rdieet al, 2016; Alemu and Mama, 2017).
In this study, measurements were taken on the &p®B screening period when the patients’
body weight is expected to be low. However, the sueements of body weight were taken
during the follow up of drug therapy both in Add\daba and Arba Minch study cases when
their body mass might be improved due to the follgnireatments. In fact, studies in Ghana and

urban Tanzania reported comparable prevalencedsraatrition to this finding itM. tbparasitic
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co-infected patients. In all indicated studies,dnmalnutrition was at its highest peak than
moderate and severe malnutrition (Dodral, 2008; Dargieet al, 2016; Mhimbiraet al,

2017).

The higher percentage of undernutritionMh tb parasitic co-infected cases in this study than
parasite free TB cases could imply that co-infectiad an impact on the nutritional status of TB
cases. Measurements using MUAC also confirmed ithginigs of BMI in similar way that
greater percentage of the TB cases with parasitiofection were undernourished than those of
non-coinfected cases. Such greater rate of undashouent in co-infected cases might be due to
the parasitic impact. Similar finding of nutritidnassessment using both BMI and MUAC
parameter suggests co-infection have an impachemutritional status of TB cases (Abate
al., 2015; Alemuet al, 2019). In addition, implication of nutritionalasus difference among TB
cases and the control group using both BMI and MUA&y be attributable to tuberculosis. The
weight loss in this study agrees with the clinisgimptoms criteria for screening tuberculosis

cases (Bergt al, 2015).

6.5. Mycobacterium tuberculosis -Parasite Co-infections

In this study, it has been observed that as fasidlg increased the risk of TB transmission in the
community also increased. This might be due to high risk of contacts among family

members. Higher rate of infection in farmers amuséhwho cannot read and write might be due
to lack of awareness about the disease preveniiomediate diagnosis and treatment

(Alemayehuet al, 2014; Alemu and Mama, 2017). should be under KAP

Prevalence oM. tb-parasitic co-infection in this study is less ththe recent co-infection rate

22% (20/91) reported from Addis Ababa (Aleraual, 2019). This is also true with the higher
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M. tb intestinal parasitic co-infection prevalence regported from other parts of Ethiopia in
Gondar 33.3% (24/72) and Arba Minch 26.3% (56/2demayehuet al, 2014; Alemu and
Mama, 2017). These higher co-infection rates ireo#tudy sites of Ethiopia as compared to the
present finding might be due to the differenceeogyaphical settings and the study participants.
The age group of the study participants also varphat only those who were 18 years and older
were considered in this study whereas in the chsgedormer studies those who were younger
than 18 were included. Previous study in the cqurgrvealed that lower age groups possess
higher parasitic infection than the older age gso(Mengistuet al, 2014). As there is no gold
standard test for parasitic stool examination,edéhces in the testing methods (direct saline,
SAF and Kato-Katz) might also be another factortha variations of TB parasitic co-infection

since the sensitivity of one diagnostic methodfiecent from the other (Endrist al, 2013).

Similar to this study, findings in Arba Minch reped that the prevalence of intestinal helminth
infections was greater 24.4% (52/212) than thaintgstinal protozoa 6.1% (13/212) (Alemu
and Mama2017). Comparable studies dbh tb-parasitic co-infection in northwestern Ethiopia
also reported higher helminthic co-infection thantpzoa (Alemayehet al, 2014). Although
helminthic infection is high in both of the studigkeir percentage varies as compared to the
present finding which might be due to the differemt study subjects as well as the study sites
and other factors. Contrary to the overall highvptence ofA. lumbericoidegnfection in the
country, the present finding show&d mansonio be the most widespread helminthic infections
followed by A. lumbericoides This is perhaps due to the high prevalence antkraitity of
schistosomiasis in Oromia Special Zone specificallati and Kemise areas of the study site

(Deribeet al, 2012; Mama and Alemet al, 2016).
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Although there was no significant difference ingsatic co-infections among male and female
study participants, males were infected in a grgateportion than females similar to the former
finding in northwest Ethiopia (Alemayelat al, 2014). By contrast, a report from China showed
that females are 2.05 times more likely to acquires than males (Liet al, 2014). Such

differences between Ethiopia and China might betduarger number of males than females in

study from China.

Culture positivity, pulmonary and extra-pulmonary tuberculosis

The less proportion of culture positivity in thisidy is close to the study in Addis Ababa (Adane
et al, 2015) which might be due to the delay of cutigrtime, electric interruption when the
specimens were preserved in the refrigerator ats#mple collection sites and long distance
travel from temporarily stored collection site td_IRB where the specimens were cultured.
These factors increase the chance of bacteriahdedhe collected sputum samples. Perhaps, it
could also be the expectation that bacterial celpositivity might decrease when the samples
were stored in the refrigerator for a long duratiban instant culturing. On the contrary, most
studies reported that culture positivity was aiéaproportion (Debebet al (2014); Kadioglwet

al. (2014); Asebet al (2015); Bedewet al (2017)).

The extent of pulmonary and extra-pulmonary TB w@tpositivity in this study is lower than
that of a study in India (Sinhet al. 2016). A study from different sites in Ethiopig@lreported
greater culture positivity of both clinically maegted smear positive pulmonary 79% (753/953)
and extra-pulmonary 38% (456/1198) TB (Bergal 2015). Likewise, a study report from
northwestern Ethiopia and Addis Ababa showed greaikure positivity of PTB than EPTB

(Korma et al, 2015; Fanosiet al, 2016). In all instances, there is less cultuositpity of
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EPTB than pulmonary ones which might be due tologioal suspicion of the specimen by
pathologist unlike to the detection of disease aaws organism itself as in the case of PTB.
Moreover, the suspecteiycobacteriumcellular infection could be paucibacillary which

decrease the sensitivity of diagnostic test in EPTB

The level of EPTB in Ethiopia is much higher (33#tan the global average (15%) (Bextgal,
2015). The finding of this study also agrees wité global report that the proportion of EPTB is
high in Ethiopia which might be due to diagnostiaienges including shortage of pathologists
to identify and treat the cases on time in mosttheastitutions. There was no any pathologist to
diagnose EPTB in all governmental health institutesuding the referral hospital where this
study was done. Because of this, all the suspectses were referred to a single private

diagnostic laboratory (BHDL) and remained as tlagdostic challenge of the area.

The EPTB has different manifestations based onotigans to be attacked and its intent of
dissemination in the body. Similar to other reldvatudies in the country, this finding also
revealed that lymph nodes as the leading orgarecteff. In fact, the percentage of their
infection rate differs as cervical, auxiliary, ingal, supra-clavicular, sub-mandibular and
anterior neck lymph nodes (Beegal, 2015; Kormaet al, 2015). The higher infection of lymph
node is similar to the study reported from Germé@fgrssbohnet al, 2008). On the other hand,
the most common sites involved were bones/jointslgmph nodes in United States of America
(Peto et al, 2009), whereas the genitourinary system and skene the common sites of
infection reported from Hong Kong (Noertjojet al, 2002). Such differences might be
attributable to either host or pathogen relatedofacas well as access to patient sample

collection in the clinical settings.
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Cervical lymph nodes were found to be the mostueady infected anatomical site similar to
other report from Ethiopia (Biadglegee al, 2013). This higher infection rate might be doe
the physical proximity of lymph node to the routeirfection where the bacilli can easily be
picked up by macrophages or dendertic cells thalitite the transportation of the bacilli in the
cervical lymph nodes causing pathology. It coukbdbe expected that the bacteria could easily

spread from intra-thoracic lymphatics to the cealareas.

6.6. Tuberculosis Patients Awareness towards the §dase

Assessment of knowledge, attitude and practicétas for the implementation of TB prevention
and control program. Although majority of the TBipats in this study heard about TB, it is in
less proportion as compared to high school studentsouthern Ethiopia (Hibstu and Bago,
2016) which implies students have a great oppdstuni hear about the disease either through

their education at school or through different naedi

The lower proportion of TB patients who heard abduig resistant bacteria either through
healthcare workers or other sources of informatsoagainst a study on university students in
Pakistan (Javeeét al, 2016). The implication of such low proportion lhear about the drug
resistance bacteria is that a lot of work is regplito create awareness and minimize the alarming

drug resistant TB against the "End TB strategy®MO in the study area.

Similarly, lower proportion of TB patients in th&gudy knew about the etiologic agent of TB
than high school students 81.7% (201/206) in sontk¢hiopia (Hibstu and Bago, 2016) which
might be due to knowledge gained at school. Intaddi lower proportion of study participants
determine the correct etiologic agent as bactetaigamong prisoners in East Shao Zone of

Ethiopia (Kuraet al, 2010), northern (Adaret al, 2017) and community participants in central
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Ethiopia (Moredeet al, 2018) with a proportion of 31%, 37.7% and 34féspectively. Also a
study report from other countries showed lower propn of community participants that knew
the causative agent of TB in India (Easwagtal, 2015) and among population based study in

Lesotho (Lubeaet al, 2019).

The final year university students in Iran (Behahal, 2014), community studies in Malaysia
(Sallehet al, 2018) and patients at primary health care intis@idrica (Kigozi et al, 2017)
detect the right etiologic agent of TB with gregbercentage than the present finding as 92.9%
(130/140), 88.2% (90/102) and 60.2% (305/507); eespely. The overall finding variations
from different study reports showed educated padits might have more knowledge to tell the
exact causative agent of TB. Contagious natutbetlisease and its curability was well known
by majority of the TB patient participants whichline with other relevant studies (Kerst al,
2014; Hibstu and Bago, 2016; Kigaat al, 2017; Lubeet al, 2019) which might be due to the

circulating nature of TB among the communities.

The study patients in the current study who chedkedB on time is in less proportion to
66.7% (68/102) a study in Malaysia (Salkgthal, 2018) and India 76.9 %(1563/2032) (Easwaran
et al, 2015) which might be due to lack of awarend4sjority of the TB cases in this study
were not aware of the likelihood of being infectaddrug resistant strains comparable to study
prisoners in North Ethiopia (Adanet al, 2017) implying drug resistant TB is relatively
unknown. In addition, most of the TB patients didmow the required treatment duration for
drug resistant TB in contrast to the drug resistaatients who knew the correct treatment
duration. Such differences could be due to awaeemksparity between drug resistant TB

patients and the other form of TB cases (Dzeyiel, 2019).
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7. Conclusion and Recommendations

Both pulmonary and extra-pulmonary TB were commasdgurring in northeastern Ethiopia.
Majority of the TB patients included in the presestidy were undernurished and also co-
infected with intestinal parasites. The percentafyeulture positivity was low and all of the
isolates wereM. tuberculosis The genetic diversity of the isolates was higd about 80% of
the isolates were classified as single straingglsions) while only 20% of the isolates were
grouped under clustered strains. Furthermore, thésélates typed by MIRU-VNTR wereall
classified as a single strain. The percentagesarforarug resistance and multi drug resistance
were relatively high in the northeastern Ethiofde the basis of this conclusion, the following

recommendations were forwarded:

1. Strengthening the TB control Program of the studadOromia Special Zone and South

Wollo Zones),

2. Public education on proper use of anti-TB drugs BRdransmission,

3. Proper monitoring of MDR TB cases and controllitggfurther transmission

4. Sustainable improvement of the nutrition requirebadrthe community,

5. Regular de-worming of the community in the area,

6. Public education on the sanitation procedures, napoe of nutrition and related health

issues,
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Areas of future study

This study was conducted by collecting samples fsome health institutes of South Wollo and
Oromia Special Zone and did not include all theraiss. Thus, it could not be a representative
of the whole geographic area of northeastern Ethiog-urther studies of molecular
epidemiology and drug sensitivity patterns of Mcobacteriuncould be conducted to identify
the novel strains available in the area by cultypositive samples on the spot at the currently
established regional laboratory in Dessie Town. fihdings of all the strains as unique and
orphans using MIRU-VNTR 24-loci also needs furthevestigation with large number of
isolates.

Limitation of the study

1. Less number of culture positivity from large stmpositive samples collected due to various
reasons.

2. Although repeated trials of 24-loci MIRU-VNTR wdone in this study on heat killed isolates
of LJ culture positive, all of them were negativerefore, the study was conducted only on
MGIT 960 positive isolates.

3. Drug sensitivity profile was not done for thec@ad line drugs among the identified drug
resistant isolates.

4. Examination of a single faecal specimen, faegalmination was not done for 32.5% of TB
patients, sputum and faecal examination was no¢ donthe control groups and that a small
number of participants fulfilled our matched criderAll these might have a potential bias for

the study.
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9. Annex
Appendix I. Participant information sheet
Dear participant:

Project title: Molecular Epidemiology, Drug Sensitivity Patterns, Parasitic co-infections
and associated factors oMycobacterium tuberculosis in Amhara Regional State,
Northeastern Ethiopia

Background: Tuberculosis is an air borne disease caused lu/fast bacterial agent called
Mycobacterium tuberculosis compléXsually, the bacteria infect the lung while othedy parts
can also be infected in rare cases as extra-pulmdoberculosis. Despite advances made in
understanding the pathogenesis and managemensdafiskeaseM. tb infects about one third of
the global population. The disease is found througtihe world but more common in those
countries with low socioeconomic status, malnwntiovercrowding population, low knowledge
of people for early symptoms, low infrastructuresl aabsence of nearby health facilities, and
scarcity of skilled health professionals. Besidé#s bacterial infection is dominant in
economically most productive age groups (15 to &drg). Lack of awareness to be tested at
early stage and inaccurate treatment made thidbleudisease as hazardous to drug resistant
ones. On the subject of this bacterial infectiothi&pia is ranked as the fourth from Africa and
one of the top 30 high TB burden countries globallgere were no established knowledge on
the molecular epidemiology and transmission dynarafdhe bacteria in the country which have
a considerable role in the prevention and contfduberculosis. In this study, Oromia Special
Zone and South Wollo Zone were selected to invattigheMycobacteriumdiversity, drug
sensitivity pattern, prevalence of intestinal pai@snfections among TB cases and awareness
toward the disease.

Objective of the study

The general objective of this study will be to istigate molecular epidemiology, drug

sensitivity profiles and associated factors of tablsis in northeastern Ethiopia.
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Procedure The study participants will be enrolled after sent was obtained based on the
inclusion criteria set. You are screened as tubes@icase by health physicians of the health
center and based on the prepared suggestive queatie. Of those patients you will be asked
for knowledge, attitude and practice. In the healthters, smear positive TB patients will be
enrolled for the study and requested to provideuaBebml sputum on the spot for this research
work. The collected positive sputum test will bleia to ALIPB for further analysis of molecular
epidemiogy and drug sensitivity pattern. Some o thboratory procedures might not be
performed within the country. Therefore, samplesuldobe shipped to laboratories outside
Ethiopia. Beside, direct stool test will be done tbe spot for identification of parasitic co-
infection among smear positive participants. KatizZKwill be prepared to determine the
intensity of eggs per gram in the stool and SAFceatration techniques to detect the parasites

even in light infection.

Risks associated to the studyyou may feel some minor pain and discomforts,levhody fluid

is drawn from the EPTB suspected sites of your b&iy this pain will disappear after a few
hours. In other cases providing sputum and stoee hao any risk. In all the steps, an
experienced health professional will carry out grecedure with standard aseptic and sterile
conditions. For any inconveniences related to tipeseedures, you will be provided appropriate

medical care.

Benefits to the study participants you will know your health status with respect to
tuberculosis, parasitic infection and nutrition&tas. But you have unconditional right to refuse
to be part of this project. In case of TB drugsche®mu will get the standard care available and
treatment with proper guideline and counselingtfeating patients from the health center. For
parasitic helminth infection the cost of drug viaé covered by this research project.

Confidentiality : Any information that will be collected from yowdng this research will be
kept confidential. Your answers to the questioneils be registered on questionnaire paper.
Your name will not be mentioned in any report ahd tesult of the study will be used for

scholar purposes only.
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Sharing resultsThe results of this study will be disseminatedotiyh publications or other
means to be accessed by scholars, health physiamthstuberculosis concerned bodies. In
addition the findings will be submitted or presehte Oromia Special Zone and South Wollo
Zone health bureau of Amhara region.

Rights to refuse or withdraw: - Your participation should be voluntary. You coultbose not

to participate. If you decide to participate, yoayrhave also full right to withdraw at any time
without any preconditions. Even if you do not wamttake part in this study, you will still be
able to be treated at this centre according toutheal standard of care and will not lose any
benefits. Do you understand what has been saidu@ ¥f you have any question you have the

right to get proper explanation.

Contact Address:In case of any question regarding the study otedl@gssues, you can contact
the following individuals;

1. Mr. Fikru Gashaw: College of Natural Sciences, Addis Ababa UniwgrsPOBOX
1176 Addis Ababa Ethiopia , Telephone (mobile): #231-145506, E-mail:
fikrug2012@gmail.com

2. Prof. Gobena Ameni Aklilu Lemma Institute of Pathobiology, Addis Aba University,
POBOX 1176 Addis Ababa Ethiopia, Telephone (mobik)51-911-413073 E-mail:

gobenachindi@yahoo.co.uk

3. Prof.Yalemtsehay Mekonnen:College of Natural Sciences, Addis Ababa Univgrsit
POBOX 1176 Addis Ababa Ethiopia , Telephone (mQbi#251-913-244396, E-mail:
yalemtshay.mekonnen@aau.edu.et

4. Prof. Berhanu Erko: Aklilu Lemma Institute of Pathobiology, Addis AbatJniversity,
POBOX 1176 Addis Ababa Ethiopia, Telephone (mobilep51-911-371173 E-

mail:berhanue@yahoo.com

Thank you for your kind cooperation and participatin this study!
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Appendix Il. Informed Consent Form
Identification No:

Date:

Dear Participant, you are invited to participatetims tuberculosis research project for the
Doctorate’s of the researcher. The purpose of tesearch is to investigate molecular
epidemiology, drug sensitivity patterns and asgedidactors of tuberculosis which is expected
as having an input for tuberculosis control progianthis area. The project has been approved
by college of natural science, AAU and gets perimisgrom Amhara region Oromia Special
Zone and South Wolo Zone health bureau. Your ppdion should be voluntary. You have the
right not to participate. If you decide to part@ip, you may also withdraw at any time without
any preconditions. The information that you wilbpide us is confidential to our best. The result
of this study will be used for scholar purposesyonl

Please read, tick off each of the boxes and sigtiam if you agree to take part in this study.

1. I understand what this study is about and khow to contact the investigators if | want t0|:|
2. A portion of the sample may be stored and usethfs study only. If there is leftover after
the completion of the study, it will be discardededy.

3. A portion of the Heat-killed cells will be siped abroad for further analyses.

4. | understand that all the information giventie investigators and all test results will be
kept private and confidential.

5. I understand that | will not get benefit finaalty from this study except treatment

drugs for parasitic helminth infections.

6. | understand that | am free to withdraw mysaln this study if | want to.

00O 0o b

7. l understand that if | refuse to take parthis study my care will not be affected.
| have been given enough time to think over befagned this informed consent. It is, thereforghw
full understanding of the situation that | gave imfprmed consent to participate in this study.

The information was explained to me by:

Name of participant (guardian): Signature:-

Name of the physician: Signature:-
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eunao-Og° &C:

Odeeffannoo Dabalataa Il. Uunkaa Odeeffanno Waligaé

Lakkofsa addaa: Umuri

Guyyaa:

Kabajamoo hirmaata/tu, qoranno doktareetii kan ta@e dhibee sombaa kanarratti akka
hirmaattaniif afferamtanii jirtu. Kaayyon gorah&as tatamisa’uu fi rakoowwan dhimmoota
kanaan walgabatan caasaa dhukkuba TB ittisuuf kagagranii dha. Projaktiin kun kolleejjii
uumama saayinsii yunivarsitii finfineetiin  mirkar@@, naannoo Amaaraa godina addaa
oromiyaatti aanaa kanaraa eyyama argatee jiranddinan keessan fedha/eeyyama keessanrratti
kan hundaa’e ta’'uu gaba. Irratti hirmaachuufis dagthiisuf mirga gabdu. Hirmaachuf yoo
murteesitanis yeroo feetan keesaa ba’u ni dand&esudlini issin nuuf kennittanis dhugaa irratti
hundaa’u gaba. Xumurri gorannoo kanaa hojii baranggdaaf oola.

Mee dubbisaa, yoo fedhii keessan ta’e saandug@atsshitti sararaa. Dabalataanis goranno kana
keessatti hirmaachuu keessaniif malateesaa.

1. Waa’en gorannoo kanaa nuuf galee jira. Warratganis yoo barbaane akkamttii akka
argachu dandeegnu beekne jir|:|

2. Fakkisa (sample) amita’e kuusamee gorannoo gaffaaf oola. Qorannoo kana irraa kan
hafee amoo eegumsi godhameefii ofiegganoodhan digisama. |:|

3. kan kuusame irraa ammi ta’e immoo gorannoo fgagiegnaf gara biyya alaatti erga|:|

4. Odeffannoonii fi bu’aaleen gorannoo warra qo@td kanaaf kennaman iccitiin isaanii akka
eegaman hubadheen jira|:|

5. Qoricha dhibee maxanituu raammoo (parasitic imtlras) naa kennamuun allatti gorannoo
kana irraa faayidaa qgarshii akkan hin arganne hedoara. |:|

6. yeroo barbaanes qorannoo kana keessaa ba'ulakkaenyu beeknD

7. gorannoo kana irratti yoo hirmaachu baannesgdgsgmanni yaalaa kun nuuf taasisu irratti
dhiibbaa akka hin gabaannee nuuf galee ji|:|

Waligaltee kana odoon hin mirkaneesin dura akkagaaduf yeroo ga’an naaf kennamee jira.

Kanaaf waligalteen kun sirriti naaf galeeto qoramkana keessatti hirmaachuf nan mirkaneesa.
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Odeeffannoo kana kan naaf ibse:

Magaan hirmaaticha (bakka bu’aan daa’'imaa) mallattoo:

Magaan nama yaaluu: mallattoo:
Date

Appendix Ill. Questionnaire
Dear participant, this is a PhD research projectetermine molecular epidemiology, drug
sensitivity patterns and associated risk factorsibérculosis (TB) in Amhara national regional
state of Oromia Special Zone, northeastern Ethidpiag sensitivity patterns of the bacteria and
the local participants’ knowledge, attitude andcpicee toward the disease will be assessed. In
addition, the prevalence of parasitic co-infectiomB will also be measured. It is expected that
the study have a great input for the prevention @ntrol program of the diseases in the area.
The project got approval from AAU department of kdigial, cellular and molecular biology.
Permission was also obtained from Amhara natioggional state Oromia Zone health bureau,
the Woredas health office and this health centeurYparticipation and unreserved response to
the following questions have great input for thedgt Writing your name on the questionnaire
paper is not needed. Finally, | want to express dagpest gratitude for your concern and
valuable time to perform the questionnaires agtivit
Note: = Mark v" in the box where appropriate
& Circle the letter of your choice for multiple qtiess
A. General information
1. Code of participant: Region: Amhara Zone; ,
Woreda: Kebele:
Age
Gender Male O Femaldd
Marriage Singl&d Marriedd Divorcedd
Family size
Ethnics
Religion
Educational level
a. No school b. Elementary ghschool
d. Higher education - certificatdd diploma O degreedd MSc and abovEl
e. Religious schooling
f. Literacy classes (Adult education)
8. Job description

a. Government worker b. Merchant  Farmer

d. Labor worker

e. No job

f. If other specify
B. Basic questions

©NO Ok WN
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1. Do you know about the disease tuberculosis8uf ynswer is ‘Yes’ go to number 2
a) Yes b) No

2. From whom you know it for the first time?

a) Family, friends, neighbors and colleagues b) A patient sick B
c) Health workers (like health extension workerd aarses) d) Teachers
e) Media (like Radio and TV) f) Books, bhures, posters and other printed materials
g) Others (please specify)
3. Have you ever seen TB patients so far? a) Yes b) No

4. If your answer is ‘yes’ for Q3 where?

5. Is it contagious? a) Yes b) No c) Don't know

6. What is the causative agent for TB?
a) Bacteria/germ b) Cold air c¢) Shortage of food d) Smoking
e) Chewing ‘Khat’ f) Dust h) don’t know

g) If others (please specify)

7. TB bacteria/germ attacks
a) Lung only b) Other body part but not lung
c¢) Both lung and other body part d) Don’t know
e) Others (please specify)
8. Is TB a treatable disease? a) Yes Nab)  c¢) Don’t know
9. Where do you go first when you feel sick?
a) Traditional healers’ b) Religsooeliefs
c) Private clinics
d) Governmental health institutions like healthtppslinics, health center or hospital
e) Clinics run by non-governmental organaati
f) Others (please specify)
10. Do you check for TB at health institutions whgyu have prolonged cough (more than 3

weeks)?
a) Yes N© c) Sometimes
11. Based on your view, who can be infected witl?[Hease check all that are listed)
a) Anybody b) Only poor people c) Only hoesd people
d) Only alcoholics e) Only drug users
f) Only people living with HIV/AIDS g) Only people who chew ‘Khat’

h) Other (please specify):
12. How can someone with TB be cured?(Check allafementioned)

a) By using herbal remedies (traditional medicine)

b) Taking home rest without medicine
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c) By praying

d) By using specific drugs given by health centieda on their prescription

e) Do not know

f) Other (please specify):
13. Have you ever been sick of TB so far? a) Yes b) No
14. Which age groups of the society are mostlyckéd by TB? Why?

a) Birth to fifteen years

b) Fifteen to fifty four years (working age group)

c) Above fifty four

d) All are equally attacked

e) Don’'t know
15. How can a person get TB?(Please check alhtieatnentioned.)

a) Through handshakes b) Throughatheshen a person with TB coughs or sneezes

c) Through sharing dishes d) Through 8loo

e) Through touching items in public places (doofisidhandles in transportation, etc.)

f) Through sexual intercourse

g) Do not know

h) Other (please specify):
16. Do you cover your mouth at the time of coughang while others are coughing near you

a) Yes b) No c) Some times
17. Have you ever heard drug resistant TB bacseri@r? If your answer is yes go to number 18
a) Yes b) No

18. What makes the bacteria as to be drug resstames? (Can choose more than one)
a) Incorrect use of antimicrobial drugs basedhnengrescription of health workers.
b) Non-adherence of the drugs to the prescribeichegnatural phenomenon due to
mutation
c) Its transmission from those patients who degliqoig resistant bacteria.
d) Its transmission from any TB patients.
e) Don’'t know
f) Others (please specify)
19. Drug resistant bacteria took
a) Equal duration as non resistant ones for treatment
b) Less duration than non resistant ones for treatment
c) Greater duration than non resistant ones for treatm
d) Can'’t be treated
e) Don’'t know
f) others (please specify)
20. How can individuals be safe from TB?
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a) By avoiding shaking hands
b) By Covering mouth and nose when coughing orange
c) By avoiding sharing dishes
d) By washing hands after touching items in puplaces
e) By closing windows at home
f) Through good nutrition
g) By praying
h) Do not know
i) Other (please specify):
21. Do you chew ‘Khat'? If so goto Q. 22
a) Yes b) No
22. How many times per week in average?
23. If you consume ‘Khat'’ it is
a) With peers b) alone
C) sometimes in peers
24. Chewing ‘Khat’ with peers in congested roomglmging windows could have more risk for
TB transmission. a) True b) False ) | don’t know
25. List some diseases (co-infections) as a reduliB or the reverse (TB as a result of other
diseases)?

26. Is TB a zoonotic disease?
a) Yes b) No c) Don’t know
27. If yes, how

28. List the signs and symptoms of TB?

29. How do you treat TB patients at home? Pleapiaix
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Guyyaa
Odeeffannoo Dabalataa Ill. Gaafilee

Pirojaktiin gorannoo PhD kanaa faffacaa’ina dhiseanbaa fi wantoota kanaan wal gabatan
naannoo Amaaraa Godina addaa Oromiyaa fikibba \Wakaaba baha Itiyoophiyaa baruuf.
dhibee kanaaf gabdan ilaaludha. Dabalataaniis waduatii TBn helmentii (TB-helminth co-
infection) wajjin gabu ni ilaalama. Qorannoon dlEblkkanaa caasaa dhibicha naanno kanatti
ofirraa ittisaniif kaayoo gudaa gaba.Pirojaktichinfvarsiitii finfinee maayikirobiyaal, selulari fi
molokiyular baayoolojji dipartimantii irra beekumsargatee jira. Projaktin kun naannoo
Amaaraa godina oromiyaa, anaa kanaa fi bufata fagaa irraa eyyama argatee jira. Deebin
Gaafilee armaan gadii kanaaf gootan qorannoo kagsafguddaa gaba.

waraqaa gaaffii kana irratti magaa keessan bareessu barbaachisu. Xumurarrattis, yeroo
keessan kenitanii gaafilee kana deebisuuf sochliiagphundaafu baayyee issin galateeffana.
Note: = Malatoo tana” saanduga sirrii ta’e keessatti godhaa

& Gaafilee filanno gabaniif deebii keessanitti mari

B. Odeeffano Waligalaa

1.Koodin hirmaataa/ttu NaaAmaaraa Godina

Aanaa Ganda
. Umurii
. Saala Dhiiradd Nadheen/Dubrdd
. Haala gaa’elaa kan hin fuune/heerurmahéan fudhe/heerumt& kan hiike/hiikted
. Baay’'inn maatii
. Saba
. Amantaa
. Ga'umsi barumsaa
a) Hin baranne 0O b) Sadarkaa tokkoffald c¢) Sadarkaa lamaffadl
d) Barumsa olaanaa — sertefketil ~ Dipilomaa O Digirii O Maasteri fi isaa od
9. Wa’e hojii
a) Hojetaa motummaa b) Daldalaa
¢) Qonnaan bulaa d) Hojetaa humnaa
e) Hojii hingabu f) Barataa
g) kan hanbiraa yoo jiraate

0O ~NO O WNN

B. Gaafilee Bu'uraa

1. Waa'e dhibee sombaa beektu? Deebin keessanri'eyge ta’e gara lak. 2tti derbaa
a) Eyyen
b) Hinbeeku
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2. Yeroo duraaf enyurraa dhageessan?
a) Maatii, hiriyaa, olaa fi miiltoo hojii
b) Nama dhibee sombaa dhibame irraa
c) Hojjatoota fayyaa irraa (kan akka hojjatoeksitenshinii fayyaa fi narsoota)
d) Barsiftotarraa
e) Miidiyaa (kan akka raadiyoo fi TV)
f) Kitaaba, bareeffama postarii fi kan adddaa
g) Kan biraa yoo jiraate mee barressi
3. Kana dura nama dhibee sombaattin (TB) dhibabgitanii beektu?
a) Eyyen b) Hin argine
4. Gaafii 3 deebin keessan “eyyen” yoo ta’'e essatti?

5. Dhibeen kun namarraa namatti ni daddarbaa?
a) Eyyen bnHierbu c) Hieelknu
6. Dhibee TB kan wanti fidu maali dha?

a) Baakiteeriyaa/jarmi  b) Qilleensa qoru c) Hir'ina nyaataa  d) Tamboo xuxu

e) Caattii nyaachuu f) Havana g) Hin beeku

h) Kan biraa yoo jiraate barressaa

7. Baakteeriyaan TB kan miidhu
a) Somba qofa b) Sombaan alangadiraa
¢) Sombaa fi gaama biraas d) Hin beeku
e) Kan biraa yoo jiraate barressi
8. TBn dhibee fayyu?

a) Eyyen b) Moti
c) Hin beeku
9. Yennaa dhukubffatu jalgabarratti garam deemta?
a) Gara goricha habashaa b) Garea amantaa ¢) Kilinika dhuunfaa

d) Gara mana fayyaa motummaa kan akka kilmikafata fayyaa fi hospitaalaa
e) Kilinikoota mottumaan ala socho’an (NGO)
f) Kan biraa yoo jiraate barressi
10. Yerroo dheeraf yoo si'uke (siqufaasise) garaangaalaa dhagxanii ni ilaalamtaa (torban 3
ol)? a) Eyyen b) Hin dhaginu c) Darbee darbee
11. llaalcha keessanitti dhukuba TBttin eenyufalitibamu danda’a?
a) Abbuma fe'e b) Namoota gabeenyaa hingabne $8geqofa
c) Namoota mana hingabne gofa d) Namoota dhugaati dhugan gofa
e) Namoota goricha fayyadaman qofa f) Namoota HIV/AIDS gaban gofa
g) Namoota caatii nyaatan qofa
h) Kan biraa yoo jiraate barressi
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12. Namni dhibee TB gabu akkamitti fayyuu danda’a?
a) Qoricha habashaa fayyadamuun
b) Qoricha malee bogonaa fudhachuun
¢) Uumaa kadhaadhan
d) Qoricha ajajame seeran fudhachun
e) Hin fayu
f) Hin beeku
g) Kan biraa yoo jiraate barressi
13. Kanaan dura dhibee TBttin dhibamtani beektaa?
a) Eyyen
b) Hin beeknu
14. Baayyinaan TBn nama umurii kamii gabuu danda’a?
a) Dhalootaa hanga Waggaa kudhashanii
b) Waggaa kudha shanii hanga oggaa shanaéumii (umurii hojii)
¢) Waggaa shantamii afurii ol
d) Umurii hundi walgixa
e) Hin beeku
15. TBn akkammit nama gabu danda’a?
a) Harka wal-gabachuun
b) Namni TB gabu yennaa qufa’'u/hukkamu gileeimsaan
c) lddoo tokkotti nyaachun
d) Dhiigaan
e) lddoo ummatin jiruti mi'a tutugun (kan akgabanaa balbalaa, gabanaa geejjiba keessaa fi
kkf)
f) Walqunnantii saalattiin
g) Hin beeku
h) Kan biraa yoo jiraate barressaa
16. oggaa qufaatu fi namni biraa sibiraa qufa’aaff kee ni haagugatu/gabattu
a) Eyyen
b) Moti
c) Darbee darbee
17. Baakteeriyaan dhibee TB fidu qorricha bardeakirraa ittisu dhageesee beektaa?
a) Eyyen b) Hin dhageenye
18. Baakteeriyich akkamitti qorricha baru dandadkKo ol filachuun ni dana’ama)
a) Akka ogeessi fayyaa ajajetti goricha fudihacdhiisuun
b) Haalli uumama baacteeriyichaa jijiramuu isaa
c) Baakteeriyaan qoricha bare dhibamaa toklgonama biraatti darbuun
d) Nama TB gabu hunda irraa namatti darbuun
e) Hin beeku
f) Kan biraa yoo jiraate mee Barresi
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19. Baakteeriyaan qoricha bare fayyuf hangam fuedhat
a) Issaan goricha hin barren wal-gixa
b) Issaan qoricha hin barren gadi
c) Issaan goricha hin barren ol

d) Hhin fayyu
e) Hin beeku
20. Namni tokko TB irraa akkamitti of ittisu danddTokko ol filachuu ni dandeessa)
a) Harka wal gabachuu dhiisun Oppaa qufa’an affaan fi funyaan gabachuun

c) Nyaata wajjin nyaachu dhiissun

d) Mi'a namooni biraa tugan tuquu dhiissun

e) Foddaa manaa cufudhan

f) Nyaata gaarii nyaachun

g) Kadhachuun

h) Hin beeku

1) Kan biraa yoo jiraate mee barressi
21. Caatii ni gaamaatu/nyaattu? Yoo ta’'e gara2ak.

a) Eyyen b) Moti

22. walumaa galatti Torbanitti yeroo meega?
23. Yeroo caati gamaatan/nyaatan

a) Hiriyyaa wajjin b) Kobaa
c) Yeroo tokko tokko hiriyyaa wajjin
d) Kan biraa yoo jiraate mee barressi
24. Mana foddaan isaa cuffame keessati tutaniitiiggana’un irra jirreessatti dadarbu TBiif

nama saaxila

a) Dhugaa b) Soba c) Hielu
25. Dhibee biraa TB dhaan kan wal gabatan barreesi

26. Dhibeen TB nama irraa gara beeladaatti, beélesdaimmoo gara namaati ni darbaa
a) Eyyen b) Moti c¢) Hin beeku

27. Deebin kee eyyen yoo ta’'e, akkamitti

28. Mallatowwan TB barressi?

29. Nama TB gabu mana keessatti akkamitti kununditae sirriti ibsaa
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Appendix IV. Study Protocols
A. Ziehl-Neelsen acid-fast staining procedures
1. Dropping of the cells in suspension onto a slide
. Air drying the liquid and heat fixing of the tsl
. Flooding the slide with Carbol Fuchsin to stansry cell
. Heating to dry and rinsing in tap water

a b~ W N

. Flooding with a mild solution of hydrochloricidcn isopropyl alcohol to de-stain the
Carbol Fuchsin. Only those of non-acid-fast baaterill be counter stained by the alcohol
due to lack of thick, waxy lipid layer unlike thostacid-fast bacteria.

6. The stains (Carbol Fuchsin) will be removed froetis that are unprotected by a waxy lipid
layer

7. Counter staining of cells with methylene blual anewing on a microscope under oll
immersion makes the non-acid-fast bacteria as bbler while the acid-fast bacteria as
maintaining the original red color of carbol fuahsi

B. Direct stool test

1. A drop of saline (0.9%) was placed in the medall microscopic slide

2. A small proportion (about size of a match shelad) of the specimen was picked up and
mixed with the drop of saline.

3. The mixed drop of saline was coverd with covigr s

4. The mounted slide was put on the microscopigestand focused with low power objective.
5. The entire cover slip area was systematicalseoked and when organisms or suspicious
materialwas seen switched to dry high power objedi#0x) to observe the detailed
morphology.

C. Kato-Katz

1. A screening meshwas put over the sizeable sfEmlimen on the plastic sheet

2. The stool under the screen was scrapped withilspso that the stool was sieved out of the
screen

3. The sieved stool with spatula was collectedfdled in the holes of templates on

the microscopic slides (Each hole of the templatenf41.7mg stool sample).

4. The template was carefully removed so that dgirof feces was left on the slide.
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5. The slide with stool was covered by pre-soalahbghane strip (with Glycerol-

malachite green solution).

6. Gently slided over the sample with another séidé¢hat the stool was spreaded evenly.

7. The prepared slide was left for at least 24ddear the smear.

8. The slide was examined using a microscope ysteatic manner so that the

number of eggs for each species was recorded.

9. Finally, number of eggs was multiplied by appraie number to give number of

eggs per gram of faeces (see Inlet-informatiothefKato-set)

SAF (Sodium acetate-acetic acid-formalin solution)

Stool sample with a size of match head (approxilypdtg ) was placed into a centrifuge
tube containing 10ml of SAF and mixed with a wood#&ok thoroughly

The tube was closed and agitated vigorously

The stool solution was filtered using a funnelhngauze

The filtered sample was centrifuged for 1 minute2d0rpm

The supernatant was decanted or removed

7ml of saline was added and mixed with a woodexk sti

3ml of ether was added on it

The tubes were closed with a rubber stopper arkeshaell keeping the thumb on

the stopper

The rubber stopper was removed carefully (pressuaetl the tube is centrifuged for 5

minute at 2000 rpm.

10.Four layers have been detected after centrifuga®ether, detritus, saline and sediment

from top to bottom

11.The first three layers were removed and only tlignsent was left

12.1f the sediment was greater than 1ml the conceatratas repeated with saline or ether.

13.Finally, the sediment was mixed and its drop wagd on microscopic slides and covered

with a cover slip for microscopic examination.

14.Helminthic eggs were searched with 10X objectiMofeed by protozoan parasites using an

objective of 50X with oil immersion.
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E. Preparation of the freezing media
1. Preparation of 7H9 media
* For 450ml of distilled water, 2.35gm of 7H9 powaeas added
» 1ml of glycerol was added and mixed
« Autoclaved at 12£C for 10 minutes
« The solution was let until its temperature come438C
* 50ml of middle brook ADC enrichment (OADC) was adde
2. Preparation of freezing media
* 50ml of the prepared 7H9 media was taken and 2%gillyoerol was added to it
» 25ml of distilled water was added and mixed well
* Finally, the solution was filtered into sterile ¢camer using 0.22m filter and remained
in use for 3 weeks
3. Freezing thdlycobacteriuncolony
» 2-3 colonies of thé/ycobacteriuncolonies from the LJ media was taken and added to

1.8ml nunc tube containing 1ml of the freezing raeahd mixed thoroughly

The freezed colonies in a nunc tube were presaae®D°C deep freezer
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Appendix V: Sequences of the spacer specific oligodlieotides on the

membrane of spoligotyping
1:ATAGAGGGTCGCCGA@TCTGGATCA 1)

2:

© 00 N o O b~ W

11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:

CCTCATAATTGGGCGACAGCTTTTG 2)

: CCGTGCTTCCAGTGATCGCCTTCTA

: ACGTCATACGCCGACCAATCATCAG

: TTTTCTGACCACTTGTGCGGGATTA

: CGTCGTCATTTCCGGCTTCAATTTC

: GAGGAGAGCGAGTACTCGGGGCTGC
: CGTGAAACCGCCCCCAGCCTCGCCG
: ACTCGGAATCCCATGTGCTGACAGC

: TCGACACCCGCTCTAGTTGACTTCC
GTGAGCAACGGCGGCGGCAACCTGG
ATATCTGCTGCCCGCCCGGGGAGAT
GACCATCATTGCCATTCCCTCTCCC
GGTGTGATGCGGATGGTCGGCTCGG
CTTGAATAACGCGCAGTGAATTTCG
CGAGTTCCCGTCAGCGTCGTAAATC
GCGCCGGCCCGCGCGGATGACTCCG
CATGGACCCGGGCGAGCTGCAGATG
TAACTGGCTTGGCGCTGATCCTGGT
TTGACCTCGCCAGGAGAGAAGATCA
TCGATGTCGATGTCCCAATCGTCGA
ACCGCAGACGGCACGATTGAGACAA
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23:AGCATCGCTGATGCGGTCCAGCTCG

24: CCGCCTGCTGGGTGAGACGTGCTCG
25: GATCAGCGACCACCGCRARCTGTCA

26: CTTCAGCACCACCATCATCGGCGC

27: GGATTCGTGATCTCTTGILCGGAT
28: TGCCCCGGCGTTTAGCGEBACAAC
29: AAATACAGGCTCCACGAKCGACCA
30: GGTTGCCCCGCGCCCTTTAGCC
31: TCAGACAGGTTCGCGTQ@I CAAGT
32: GACCAAATAGGTATCGGGTGTTCA
33: GACATGACGGCGGTGGCACTTGA
34: AAGTCACCTCGCCCACEGTCGAA
35: TCCGTACGCTCGAAATCET TCCAAC
36: CGAAATCCAGCACCACACGCAGC

37: CGCGAACTCGTCCACABCCCCCTT

38: CGTGGATGGCGGATGTBGTGCGC
39: GACGATGGCCAGTAABGGCGTGG
40: CGCCATCTGTGCCTCATAGGTCC

41: GGAGCTTTCCGGCTTRTCAGGTA

42: ATGGTGGGACATGGACEBECGCGAC

43: CGCAGAATCGCACCGAGCGGGAG



Appendix VI. Locus designations and PCR primer segences used in this
study for the 24-locus MIRU-VNTR set

Multiplex Locus Alias Repeat unit PCR primers (5’ to 3’)
length (bp)
Mix 1 580 MIRU 4 77 GCGCGAGAGCCCGAACTGC
GCGCAGCAGAAACGCCAGC
2996 MIRU 26 51 TAGGTCTACCGTCGAAATCTGTGAC
CATAGGCGACCAGGCGAATAG
802 MIRU 40 54 GGGTTGCTGGATGACAACGTGT
GGGTGATCTCGGCGAAATCAGATA
Mix 2 960 MIRU 10 53 GTTCTTGACCAACTGCAGTCGTCC
GCCACCTTGGTGATCAGCTACCT
1644 MIRU 16 53 TCGGTGATCGGGTCCAGTCCAAGTA
CCCGTCGTGCAGCCCTGGTAC
3192 MIRU 31 53 ACTGATTGGCTTCATACGGCTTTA
GTGCCGACGTGGTCTTGAT
Mix 3 424 42 51 CTTGGCCGGCATCAAGCGCATTATT
GGCAGCAGAGCCCGGGATTCTTC
577 43 58 CGAGAGTGGCAGTGGCGGTTATCT
AATGACTTGAACGCGCAAATTGTGA
2165 ETR A 75 AAATCGGTCCCATCACCTTCTTAT
CGAAGCCTGGGGTGCCCGCGATTT
Mix 4 2401 47 58 CTTGAAGCCCCGGTCTCATCTGT
ACTTGAACCCCCACGCCCATTAGTA
3690 52 58 CGGTGGAGGCGATGAACGTCTTC
TAGAGCGGCACGGGGGAAAGCTTAG
4156 53 59 TGACCACGGATTGCTCTAGT
GCCGGCGTCCATGTT
Mix 5 2163b QUB-11b 69 CGTAAGGGGGATGCGGGAAATAGG
CGAAGTGAATGGTGGCAT
1955 57 AGATCCCAGTTGTCGTCGTC
CAACATCGCCTGGTTCTGTA
4052 QUB-26 111 AACGCTCAGCTGTCGGAT
CGGCCGTGCCGGCCAGGTCCTTCCCGAT
Mix 6 154 MIRU 2 53 TGGACTTGCAGCAATGGACCAACT
TACTCGGACGCCGGCTCAAAAT
2531 MIRU 23 53 CTGTCGATGGCCGCAACAAAACG
AGCTCAACGGGTTCGCCCTTTTGTC
4348 MIRU 39 53 CGCATCGACAAACTGGAGCCAAAC
CGGAAACGTCTACGCCCCACACAT
Mix 7 2059 MIRU 20 77 TCGGAGAGATGCCCTTCGAGTTAG
GGAGACCGCGACCAGGTACTTGTA
2687 MIRU 24 54 CGACCAAGATGTGCAGGAATACAT
GGGCGAGTTGAGCTCACAGAA
3007 MIRU 27 53 TCGAAAGCCTCTGCGTGCCAGTAA
GCGATGTGAGCGTGCCACTCAA
Mix 8 2347 46 57 GCCAGCCGCCGTGCATAAACCT
AGCCACCCGGTGTGCCTTGTATGAC
2461 48 57 ATGGCCACCCGATACCGCTTCAGT
CGACGGGCCATCTTGGATCAGCTAC
3171 49 54 GGTGCGCACCTGCTCCAGATAA

GGCTCTCATTGCTGGAGGGTTGTAC
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Appendix VII. Description of spoligotype patterns, lineages ahared-types of 104 valityl.

tuberculosissolates collected from northeast Ethiopia, ARAL5 to January 2017

Webdings format Octal code Family Major  Sub-lineage SIT No*
Lineage
[T MW N W77 WSS MMM [ 155344037740740 H37Rv EUA T-Tuscany Orphan 1
ETTTTTT N W NN W W EEN N 1766576420731 Haarlem3  EUA H4-Ural-2 Orphan 1
W WTIITITITTITTITT ] E—— [ BN 57,000017740771 T3 EUA T1-RUS2 Orphan 1
BN W ITTTTMTTII " [[WEN 511504037300261 H37Rv EUA H Orphan 1
BN W W W TITIIIITTIIII I e  577345000000771 LAMS EAI CAS Orphan 1
BN T [T EEE 577757540003171 CAS EAI CAS1-Delhi Orphan 1
SN T N [T NN 5757540003771 CAS EAI CAS1-Delhi Orphan 1
BN TN N R TTTTITTTITT EEEEEEE 573357400001771 CAS EAI CAS1-Kili Orphan 1
EN W NN EEEmEE——TTTTTIT] NN 573377400001771 CAS EAI CAS1-Kili Orphan 2
BN W SN N W TN EEEEN 573757540003571 CAS EAI CAS1-Delhi Orphan 1
W e TTTTETTI - [[WENE 515)04037300261 H37Rv EUA H Orphan 1
WL TR EEEE—— WM N 515507037740261 H37Rv EUA T Orphan 2
WL TR W EEEEEE—— W MW E  575707237740261 Tl EUA T Orphan 1
NN TN NN EOW O EEENE—— [ WEEN N 575346437740361 H37Rv EUA T Orphan 1
WL NN NN NN NN EENEEE WO WM N 575347337742261  Family 33 EUA T4 Orphan 1
NN NN NN NN ENEEEEEEE WO WEW N 575347377742261  Family 33 EUA T4 Orphan 2
NLN NN NN SN EEEEEE U WOEN BN N 575347737742661  Family 33 EUA Manu?2 Orphan 1
EN NN NN SN W W NN 515347777742261  Family 33 EUA Manu?2 Orphan 2
EN NN N N NN WOEN B 515357777762671  Family 33 EUA Manu?2 Orphan 1
W[ N LW W NN 537347404740271  LAM9 EUA Turkey Orphan 1
WL [ W N S SEEEEEE W OW BN OB N 5717347477752661  Family33 10 Manul Orphan 1
WL WM WO EENmEE— W MW N 555707237700261  Haarlem3  EUA T Orphan 1
Family33

SN N NN NN N SEEEEE——WOENOEN N 555347237742661 EUA Manu?2 Orphan 1
NL NN NN NN | BN SEEEEE U WOEN OB N 555347637742661  Family 33 EUA Manu?2 Orphan 1
BN BN NN B EEmEmE [ WEW N 555357437600261 H37Rv EUA T Orphan 1
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il

|

%

|

555367477756661

555747477400771

555763477742700

555767074000771

555767437640221

555767477740671

557347477740261

557727577740771

557767577400771

557767577740751

557767777756661

577347577777761

577767464740771

577767477720771

577767477740731

577767677760661

613767777420731

703000047177741

703347740003061

703347740003171

703357740003171

703377740000000

703377777303761

713000007175771

713000057760771

713367400001771

713367420001771

713677760003571

Family33
H37Rv
Family33
Haarleml1
H37Rv
H37Rv
H37Rv
T1
Haarlem3
T1
Family33
Family33
H37Rv
H37Rv
H37Rv
T1
Haarlem3
Family33
CAS
CAS
CAS
Family34
Family33
Family33
T3

CAS
EAI4

EAI4

EUA

EUA

EUA

EUA

EUA

EUA

EUA

EUA

EUA

EAI

EAI

EAI

EAI

EAI

EUA

EAI

Manu_ancestor
H4-Ural-2
H37Rv
H1
T
T
T
T
H4-Ural-2
T
Manul

Manul

H3

H37Rv
T

H3-Ural-1
Manu_ancestor
CAS1-Delhi
CAS1-Delhi
CAS1-Delhi
CAS
Manu2

H
T3-ETH
CAS1-Kili
CAS1-Kili

CAS1-Delhi

Orphan 2
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1

Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1

Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1
Orphan 1

Orphan 1
Orphan 1
Orphan 1
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W W NN TN [T N 773754120000771 Haarleml EUA CAS Orphan 1
S W SN E—— [ [TTTIT T WEN 773767740003571  CAS EAI CAS1-Delhi Orphan 1
W [ [TTTTTT W TT N 713777740003431 CAS EAI CAS1-Delhi Orphan 1
EEN W EEEEEEE———— [ [TTITTTII T T 713777760000231 Haarleml  EUA H1 Orphan 1
EEN W EEEEEEEEE——— [T e 713777760003771  EAl4 (o} CAS1-Delhi Orphan 1
N W EEEEEE—— [T [[[TT W 773777760010031 Haarleml 10 H1 Orphan 1
W SN EE—— [T N NN ;3777760013571 EAl4 (e} CAS1-Delhi Orphan 2
N [ N S S NN BN 717357777743671  Family 33 EUA Manu?2 Orphan 1
EEEN EEEEE S SN N BN BN 757767577756661 Family33 10 Manul Orphan 1
EEEN I S NN 757767777757771 Family33 10 Manul Orphan 1
SN NS B R TN 57777676740771 0 T1 EUA T Orphan 1
SN T TTTT " EEEE— BN ;7000357760771 T3 EUA T3-ETH Orphan 1
EEE— T S EEmm— 777000377760771 T3 EUA T3-ETH 149 3
AT T T[T T | NN 777002377760771 T3 EUA T3-ETH Orphan 1
ST e NN 777004377760771 X1 EUA T3-ETH Orphan 1
SN W N N NSNS EEEE 777125377760771 Tl EUA T Orphan 1
SN NN NN EEEEEEEEEEE—— [ EEEN 777355777760771 Tl EUA T Orphan 1
I N S emmm——— 777357777760771  T1 EUA T 1475 1
SIS SN EEEN B 777367777760751 Tl EUA T Orphan 1
EIEEEEEE BN S W EEEEE 777377775720771  Haarlem3  EUA H3 Orphan 1
I e — e 777377777760771  T1 EUA T 1166 1
NN W N S S T SN 777727475703771 Family33 10 Manu?2 Orphan 1
I N [ emmm——— 777727777760771  T1 EUA T3 1547 1
I N NN 777727777770771 T2 EUA Manu3 Orphan 2
I N I EEw e 777765777770731 Tl EUA Manu3 Orphan 1
SR N S EEmN—— 777766777770771 T1 EUA Manu3 Orphan 1
SN S SEEEEE— [ EEN N 777767477740731 H37Rv EUA T Orphan 1
EEEEEEE N SN W BN OB E 777767477750661  Family33  EUA H37Rv Orphan 1
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I I DS EmmE W 777767577776761  Family33 10 Manu3 Orphan 1
A E—— L WCE—— O 777767777413731  EAIS 10 EAI1-SOM 1251 1
I S N NN 777767777660771 T1 EUA T Orphan 1
I W WM WM 777767777720631  Haarlem3  EUA H3 1802 1
I W 777767777730771 T1 EUA Manu3 Orphan 1
I e L] 777767777770700  T1 EUA Manu3 Orphan 1
I S EEw e 777767777770731 Tl EUA Manu3 Orphan 1
I I EemN—— 777767777770771 T1 EUA Manu3 Orphan 1
[T W[ NN 777777774020771 Haarleml EUA H1 47 1
[ Wmmw EW 777777777760751 T1 EUA T 612 1
I — [ Wmm——— 777777777760771  T1 EUA T 53 2
L Wm—— 777777777770771  T1 EUA Manu3 1378 2
key: CAS = Central Asian; EAI = East-African IndiscEUA = Euro-American ; H = Haaralem; 10 = Indo-

Oceanic;LAM = Latin American Mediterranean and Nohumber of isolates with similar pattern.

Appendix VIII. Dissemination of the study findings

A. Published paper and manuscripts prepared for pubcation

1. Gashaw, F.,Bekele, S., Mekonnen, Y., Medhin, G., Ameni G.d &rko, B. (2019). High
helminthic co-infection in tuberculosis patients ttwi undernutritional status in
northeastern EthiopiBMC Infect. Dis. Povert§:88.

2. Gashaw, F.,Yenew, B., Amare, M., Mekonnen, Y., Erko, Medh@,, B., Gumi, B. and
Ameni, G. (20xx).Phenotypic and Genotypic Drug Senty Patterns ofMycobacterium
tuberculosisin Oromia Special Zone and South Wollo Zone, Neaftern Ethiopia.
(Manuscript Prepared)

3. Gashaw, F.,Zewde, A., Wondale, B., Mekonnen, Y., Medhin, &tko, B., Gumi, B. and
Ameni, G.(20xx). Molecular characterization Mfycobacterium tuberculosis Oromia
Special Zone and South Wollo Zone, Northeasterniofth. (Manuscript under
preparation)

4. Gashaw, F.,Tedla, E., Erko, B., Ameni, G. and Mekonnen, 20xx). Knowledge, attitude

and preventive practice towards tuberculosis amohgrculosis cases visiting the health

facilities in Northeastern Ethiopia, Amhara Regiongtate. (Manuscript under
preparation)
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B. Presentations on International and National Cordgrences

1. Molecular Epidemiology, Drug Sensitivity Patternand Parasitic Co-infection of
Mycobacterium tuberculosia Amhara Regional State, Northeastern Ethiopitethational
Conference Prepared by Kotebe Metropolitan UnitersiEthiopia, August, 2019).

2. Molecular Epidemiology, Drug Sensitivity Patternand Parasitic co-infections of
Mycobacterium tuberculosis Amhara Regional State, Northeastern Ethioprdenational,
H3 Africa consortium in Botswana, May 11-15, 2017).

3. Tuberculosis and parasitosis co-morbiditierdrtheastern Ethiopia (National, th&1ghnual
TB research conference in Ethiopia and got a nakiaward with certificate of recognition
from Ethiopian Ministry of Health, April, 2018).

4. Prevalence of intestinal helminth infection ag@chool children in Maksegnit and Enfranz
towns, Northwestern Ethiopia: with emphasis $chistosoma mansoitifection. (The I
National Neglected Tropical Diseases (NTDs) Rese&@onference Jigjiga, 22-23 August
2016).
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