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ABSTRACT
This study determined the prevalence of MDR in Kaduna State, Nigeria using both

phenotypic and genotypic methods. A total of 1186 sputum samples were screened for the
presence of AFB by Zieflleelsen staining procedure. Two hundred and twenty one (18.6%) of
the samples screened were positive for AFB. ORik smear positive sputum samples cultured

on Lowenstein Jensen {I) medum, 171 (77%) yieldedV. tuberculosiscomplex, 22 (10%)

were AFB and culture positive but negative for MPT 64 antigen orbiSIhe, these were
considered non tuberculous mycobaetefNTM), 15 (7%) were smear positive but culture
negative whilel3 (6%) were contaminated. All the MTBC isolates (100%) were further
characterized aBl. tuberculosiggenotypicallyby LPA. TuberculosisandHIV co-infection was

found in 21 (9.5%). One hundteand eighty two (82%) of the subjects were new cases while
thirty nine (18%) were retreatment cases. Any drug resistance was found in 21 (52.5%) of all
cases; 2 (47.5%) among new cases anb2%) were found in retreatment cases. Mdnag
resistanceagainst streptomycin was seen in 9 (22.5%) of the isolates tested. All thargp
resistamisolateswerefrom the new cases. MDRB was detected in 2 (5.0%) of the subjects all

of which were found among new cases. F¢l0.0%) isolatesof all cases were polgrug
resistant3 (7.5%) were new cases, only 1 (2.5%) was retreatment casas@ate each (2.5%)

from new caseand retreatment casshowed polydrug resistance to SM EMBL (2.5%) was
resistant to INH EMB. Poly resistance to SM INH EMB was found ity &n(2.5%) new case.

No poly-drugresistance t&M INH, RIF EMB, RIF SM or RIF SM EMB was observed. One
isolate was characterized as MDR with bandsr gi oMIUT2A region andihnA MUT2
corresponding to H526Mand A16G mutations respectively. Rifampicin mamsistance with

band atr p dVMUT3 corresponding to S531L was found in one isolate. Also, isoniazid mono

Vil



resistance was observedaneisolate withihnA MUT2 band corresponding to A16G mutation.
The comparison of Geno Type MTBIPRSsLPA and phenotypic Lproportion method showed
thatoneisolate vasmono resistant to RIBndonewasmono resistant ttNH by LPA, one and

two MDR-TB isolates respectively were characterized by genotypic and phenotypic methods.
The remainingsolates were found to be pan sugsi#e byboth methodsThere was ssociation
between TB and ageOR=1.72, Cl=1.21-2.44, P= 0.002, sex (OR=2.10, CI=1.562.84,
P<0.000), case (OR21.8, CI=13.3535.51, P<0.000), contact with TB patient (OR>09,
CI=0.060.14, P<0.000) and HIV (OR%$.22, CI=0.140.35, P<0.000). No association was
observed between HIV andDR-TB (OR=6.3, Cl=1.6423.84,p=0.007; however, there was
association betwedviDR-TB and sex QR=0.25, CI1=0.070.90,p=0.034).This study has shown

an overall high prevalence of TB ai@ drug resistance in Kadurgtate It also demonstrated

that the prevalence of MDRB is high in theState These need to be urgently addressed.
Laboratory facilities for rapid TB culture and DST are needed in Kadiateand across
Nigeria for early andaccurate diagnosis of TB and drug resistant cases. This remains an

important step in managing TB drug resistance in Nigeria.
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CHAPTER ONE

1.0 INTRODUCTION
The discovery of antiuberculosisdrugs in the 1940s followed by combination chemotherapy

made tuberculoss a curable disease. In the developed countries, effective treatment and
surveillance reduced tuberculosis dramatically with high hopes of total eradication (Raeglione
al., 1992; Raviglioneet al., 1995). However, in the 1980s, it was realized thaértcidosis had

not only ceased to decline in the developed countries, notably the USA, but was actually
increasing, particularly in major cities (Raviglioeeal.,1995). It was also soon realized that the
disease was out of control and increasing at armaihg rate across most of the poorest regions

of the world especially Africa due to HIV/AIDS (Raviglioeeal.,1992; WHO, 2009).

Despite aggressive international efforts, tuberculosi®mains a leading infectious cause of
death,with an estimated 8.million incident cases per yedn 2012, an estimatetl3 million
peopledied from the disease. These death rates, however, only partially depict the global TB
threat; more than 80% of TB patients are in the economically productive age of 15 to 49 years

(WHO, 2013)

Global tuberculosis control efforts have been threatened by the emergence of multidrug resistant
tuberculosis (MDRTB). MDR-TB is defined as strains d¥lycobacterium tuberculosihich

show high level resistance to both isoniazid and rifampiweith or without resistance to other

anti TB druggWHO, 2013) MDR-TB is estimatedo cause 4% of new tuberculosis cases in the
developing worldPatientanfected with MDR strains are not only difficult to cure lalgo more

likely to remain sourcesfanfection for a longer periodf time than those with drugusceptible
organisms MDR-TB requires longer duration of treatment (up to 2 years) to achieve cure, in

comparison with @nonth treatment for drugusceptible TB, lower cure rates and even higher

1



default ratesThe cost of drugs to treah #DR-TB case can be up to 100 times more expensive
than the cost of treating a drug susceptible TB dasen@neandLeimans 2006. Because of its
increasing prevalenddDR-TB is now subdivided into basic MDRB, with resistancenly to
rifampicin and isoniazid, anextensively drug resistant TB (XDRB), with asimilar resistance
pattern but with resistance to one or more additidimsi and/or secondine drugs.Various
perturbations in the individual drugr¢get genes are responsible for the genesis offéhtirugs
resi stance. Ri fampicin resistance hsamnitbfe en
DNA dependent RNA polymerase, which is encoded byrthe agéne. More than 95% of
rifampicin resistantstrains are associated with mutations within arb&de pair region of the

r p gdme, which is termed rifampicin resistance determinant r€@elentiet al.,1993;Traore

et al., 2000; Sharma and Mohan200§. On the contrary, resistance to isoniaziddise to
mutations at one of two main sites, in eitherkh&S or inhA genegZhanget al. 1992;Piateket

al., 2000) These mutations are not directly connected, and so sepautdgonsare required for
organisms to change from a drggsceptibleisolae to MDRTB. Furthermore, rifampicin
resistance has been considered to be a surrogate marker for checking mrdststamce in
clinical isolates oM. tuberculosissince rifampicin resistance is often accompanied by resistance
to isoniazid (Traoreet d., 2000; Sharma and Mohar2006. Drug resistance M. tuberculosis
occurs byrandom, single step, spontaneous mutation at aldvpredictable frequency, in large
bacterial populations. Theaccurate diagnosis of MDRB requires apositive culture ofM.
tuberculosisand drug susceptibilityesting. Previous drug treatment is the largest single risk
factor for the presence of MDRB. Thereis a strong suspicion of drug resistance, including

MDR-TB, in persons with a history @kior treatment or in treatemt failure cases.
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The emergence of drug resistanceMn tuberculosishas been associated with a variety of
management, health provider and patieatated factors. These includei)( deficient or
deteriorating TB control programmes resulting in inadequadministration of effective
treatment; i{) poor caseholding, administration of sustandard druganadequate or irregular
drug supply and lack o$upervision; i{i) ignorance of health care workers epidemiology,
treatment and controlj\) improperprescription of regimensyyJ interruption ofchemotherapy
due to side effects;v() nonadherenceof patients to the prescribed drug therapyii)(
availability of antiTB drugs across the countevjthout prescription; \(iii) massive bacillary
load; (ix) illiteracy and low socio economic status of tbatients; X) the epidemic of HIV
infection; i) laboratory delays in identification and susceptibiliégting of M. tuberculosis
isolates; Xii) use of nonstandardizeaboratory techniques, poor qualitiyug powders and lack
of quality control measures; angkiii) use of antiTB drugs for indications other than

tuberculosigParamasivaandVenkataraman2004)

In most countries, MDRB has increased in incidence and interferes with TB control programs
particularly in developing countries, where prevalence rates are as high adsé&¥an@and
Sharbarp1992;Cohnet al.,1997). The high infection and death rates pose an urgent challenge
to rapidly detect caseThe extent of the problem of MDRB has leen examined by the World
Health Organization (WHO) in crosectional surveys of drug resistanceeither clinical series

or wholecountry cohort§Espinalet al, 2001). Crosssectionalsurveys almost certainly under
estimate the burden and number cdesof MDR-TB because they do not take into account the
numerical burderof TB in the highburden countries. When the exercise is repeated with a
mathematical modelling design using dnegistance estimates and thenber of cases of TB, a

more accurateigture of the global MDRIB burden is claimedDye et al, 2002). However,
3



even this has been criticized as unestimating the globdurden for the following reason. The
stated number of cases per yg@m a country often includes up to 20% of casdsctv are
actually onretreatmen{i.e. have had a previous course of filrse drugg. The prevalence of
MDR-TB in retreatment cases is between 30% and 86pending on the country. In Gujerat,
India, for example, where there aabout 400000 newcases anually, if it is assumed that 20%
are beingretreated and there is an MBI rate of 30- 80% in retreatmentases, this would
include 24000- 64,000 cases of MDRB [i.e. (400,000 x 0.2 x (0.3 0.8)]. The estimate of the
global burden obtainetly modeling could be wrong by a factor of 24. In the USA, HIV
positive MDR-TB cases initially had a 100% mortali(gmall et al, 1993) but with greater
awareness and egrbiagnosis an improvement in initial survival rat@s to 50% has been
reportedSaloma et al, 1995) HIV negative cases in the USA havad better response rates of
between 56%Gobleet al, 1993) and 69%Telzaket al, 1995) Nosocomiabutbreaks, often in
an HIV setting, are well documented in other countasvell as the USA. Anutbreak in Spain
between 1991 and 199%lled 47 of 48 patients infecte(Herreraet al, 1996) and in two
outbreaksinLondoff Chel sea and Westminster Homagutalityal ano

was over 50% in HI\positive patient¢Breathnactet d., 1998)

Understanding the scientific basis of shootirse 6 month chemotherafiy tuberculosis helps
to explain why the loss of sensitivity to both isoniaail rifampicin, even without resistance to
additional drugs, hasuch major effects on owtme. Numerous controlled trials have shdwat

a 6 month regimen of rifampicin and isoniazid, supplementgaylgzinamide and streptomycin
or ethambutol for the first 2 monthajll provide a cure in 05% of cases if the medication is
taken correctly.Such a regimen also renders infectious cases infettious in 2 weeks

(Ormerod, 1997)Each drug varies in its ability to kill tubercle bacilli (bactericidal abilitg),
4



deal with persistent organisms which are only occasionally metaboliaeliye (stefizing
ability) and to prevent the emergence of dragistanc€Ormerod, 1997)Isoniazid is the best
bactericidal drug and if monaesistance tothis occurs, treatment with rifampicin and
ethambutol has to bextended for 9 12 months, in addition t8 months initial pyrazinamide.
Rifampicin is the best sterilizing drug, and maesistance to this drugquires treatment with
isoniazid and ethambutol for 18 months, w&hmonths initial pyrazinamide. Therefore loss of
response to both thmain bactexidal drug and the main sterilizing drug means that patients
remain infectious for much longer, both in the community anthaspital, that treatment is
required for at least 12 and possibly mtiran 24 months, and that less effective and more toxic
secom line drugshave to be use@oint Tuberculosis Committee of the British Thoracic Sogiety

1998).

Although some individuals who have not had previous TB treatmenhfacted by MDRTB,
this is not the case for most patients. Many mases of MDRTB are created each year by a
combination of physiciarrror and poor patient compliance with treatment, which turn fully

susceptible organisms, or those with less complex resistance patterddDR-TB.

1.1 Statement of the problem
The global burden of TBemains enormous. In 2012, there were an estimated 8.6 million

incident cases of TB antl3 million peopledied from the disease. Among these deaths there
were an estimated 170,000 from MBM. General problem of MDRB with an estimated
450,000 incidenceases worldwide annually has been recognized since the first World Health
Organization (WHO) global survey on drug resistance in the late 1990s (WHO, 2013)TBIDR

has reached alarming levels worldwide with the emergence of strains that are virtually



untredable with the existing drugs. Drugsistant strains, along with HIV/AIDS, are causing the
biggest challenge to efficient management and control of TB. The report of an outbreak of
extensively drug resistant TB (XBDRB) in South Africa Gandhiet al, 20®), with its

extremely high case fatality rate, has drawn wide attention.

It has been indicated that MDRB is likely to be more prevalent in Africa than previous reports
indicated. The latest WHO global report on d@oberculosis drug resistance in thend was
producedin 2008 and published in a 2010 WHO report on MDR epidemic. A systematic
literature review of evidence about mortality associated with MIBRwas commissioned by
WHO in 2013. The results have been used to produce global estimates RfTEDncidence
and mortality in 2012. The estimate of mortality due to MDRis slightly higher than before,

while the incidence is similar to the previous estimate (WHO, 2013).

1.2 Justification
Five of 13 countries with the highest incidence rabé3 B per capitaare in Africa. According to

the WHO global report on antiiberculosis drug resistance in the world, MDR strains have
emerged in all regions of the worl&vHO, 2013. The overwhelming burden of MDRB is in

high burden resourcepoor countris. The diagnosis depends on confirming the drug
susceptibility pattern of isolatemtganisms, which is often only possible in resouicie settings.
Lack of comprehensive national DRS data from all countries in Africa is a barrier to

understanding the magude of prevalence and incidence of MDORB.

WHO (2013) reported Nigerias the thirteenth thelist of the 22 highest incidence countries on
the basis of numbers of new cas¢g B. Also, Nigeria is considered as having moderate rate of

MDR-TB. Accordng to the National drug resistance survey in 2012, the prevalence rate of
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MDR-TB in Nigeria is about 2.9%-lowever, MDR-TB in Africa, including in Nigeria, ignore
prevalent than previouslyeported Given the limited health care funding and substantial
incidence of HIV in Nigeria, even a relatively low but increasing tide of MIERcan lead to
disastrous consequences for the country. The availability of drugs on the open market and a
private sector that delivers drugs to the population in an unregukgédri in Nigeria could

also be factors that miglavour development of MDRIB. There is very little information on

the prevalence of MDRB in Nigeria and specifically in Kadur&tate

1.3 Research Questions
1. Is there MDRTB in KadunaStat&

2. If there is,what is the prevalence of MDRB in KadunaState&

3. What sociedemographic factors predispose to MDR in KadunaState?

1.4 Research Hypothesis
Null hypothesis: MDRTB is not prevalent in Kadurfatate

Alternative hypothesis: MDRB is prevalent in Kadungtate



1.5 Aim of the study
The aim of the study is to determine #adstence angrevalence of MDRIB in KadunaState

Nigeria

1.6 Objectives
The objectives of the study are:

1. To determine some demographic and risk factors that may be associatéabertulosis

among the study population

2. To screen sputum samples focidFastBacilli (AFB) using microscopy

3. To isolate and characterik& tuberculosidfrom smear positive sputum samples

4. To determine the antuberculosigirug susceptibility of the isates

5. To determine the patterns of mutations in the resistant isolates



CHAPTER TWO
2.0LITERATURE REVIEW

2.1 History of Tuberculosis
Tuberculosis (TB) has recently-eenerged as a major global health concern. However, TB has

been plaguing humami for centuries before this, with the earliest documentation of TB
occurring in Egypt as early as 5000 years ago, based on the isolatiglycobacterium
tuberculosisDNA from mummies Daniel, 2006; Mathemat al., 2006. Earlier names for TB

included phltisis, which means consumption or to waste away, and was identified as the most
rife disease of the times by Hippocratesdo and Portaels, 200He also noted that the disease
occurred more frequently in individuals between the ages of 18 and 25 Yeaes@ almost

always resulted in death. It was Clarissimus Galen, a Greek physician, who described phthisis as
an Adul ceration of the lungs, chest or throat,

of the body becaus esadikeage ofnalnutritmédse,d®)@ cr i bed it

With the commencement of the 17th century, Europe was struck byepi@i@mnic, whicHasted

for 200 year s, and was | at eledo kna Postaels,2807ttsh e A Gr
believed that overcrowdg and poor sanitary conditions that were characteristic of the rapidly
growing cities of the Western World provided the necessary milieu for the spread of this airborne
pathogen. Due to the exploration and colonization that was typical of this periodBthe
epidemic slowly consumed the colonized nations as Balles and Stead, 1993\Ithough it is

believed that TB existed in America and Africa before the arrival of the Europeans, the disease
was very rare among the indigenous people, but after comificthe Europeans, the mortality

rate due to TB rapidly increased within the native populations.



Even thoughl?‘h century Europe was plagued with TB disease, it is the century during which
scientists began to unravel the mysteries of the disease aadigitive ager(Bates and Stead,

1993 Daniel, 2008. It was Franciscus Sylvius de la Boe of Amsterdam who was the first to
identify the presence of tubercles in the lungs of TB patients as a characteristic of the disease,
and this finding was later cotvorated by the English physician Richard Morta@do and
Portaels, 2007 Both de la Bdée and Morton also believed that the disease was hereditary;
however, Morton also considered transmission by intimate contact as a possible mechanism.
Later it was showiy Gaspard Laurent Bayle that the tubercles noted by de la Bée and Morton
were not the products of the disease but the actual cause, which gave rise to the name of the

disease used today; Tuberculosis.

During the 18 and 19' centuries, various physicia and epidemiologists made scientific
breakthroughs in that they finally discovered that the causative agent of TB was a
microorganism, and that it could be transmitted between individuals and between humans and
various other mammal species. In 1882, RobKech made his famous presentation, in which he
showed that the bacteriuny. tuberculosis was the causative agent of tuberculosis disease
(Mathemaet al., 2006; Ledo and Portaels, 200Towards the end of the #@entury, Koch
announced the isolatioof a compound that inhibited the growth of the tubercle bacilli when
administered to guinea pigs bothpaed pose x posur e. Thi s compound wa
and soon after its discovery it was used as a therapeutic vaccine in a clinical tresulle of

which were extremelyglisappointing. However, it wa®und to be valuable in the diagnosis of

TB, and later gave rise to the currently used tuberculin skin test/Mantoux test, which is used for

diagnosis of latent TB.
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The 2d" century brought wh it the advent of the first successful vaccine and the use of
chemotherapy in the fight against TB. At the beginning of the century, Albert Calmette and
Camille Guérin successfully created the attenuated stralh. dfovis Bacille CalmetteGuérin

(BCG), which was avirulent in cattle, horses, rabbits and guinea p@ysi€l, 2006. In 1943, the

first antibiotic streptomycin was isolated by Selman A. Waksman and Albert Shatz from
Streptomyces griseyMathemaet al.,2006. The drug was effective against tuberculosign

vitro, and posinfection in guinea pigs. In 1944, the first human was treated with the drug and
two clinical studies followed, one in Europe and the other in the United States of America. It was
noted that individuals who were treatedwstreptomycin exhibited a substantial improvement

in the outcome of the disease. The fdiedgeli ngs
swordo natur e, i n that the investigators al sc
s 0 me p disease status ldegan to worsen; from which they concluded that the pathogen was
able to develop resistance to the dr@argettiet al., 1964). This was soon followed by the
administration of paraminosalicylic acid (PAS) as an oral therapgdo and Poaels, 200Y.

PAS therapy was successful in treating TB, and unlike streptomycin, it wa®xorand the
bacterium was not able to develop resistance
that when TB patients were treated with bothpgteycin and PAS, the disease outcome was
much morefavorablet han when patients were treated witdt
saw the introduction of isoniazid (INH) as a chemotherapeutic agent against TB. Unfortunately,
however, like its predecessstreptomycin, it was found th#d. tuberculosisvas able to easily
develop resistance to this drug. On the positive side, treatment with streptomycin, PAS and INH
was found to be highly effective in the treatment of TB, and for the first time TB wasleura

This lead to a wave of new drugs being developed for the treatment of TB, including rifampicin,
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pyrazinamide, ethambutol, cycloserine and ethionamide; all of which are still in use today for the

treatment of TB. However, the problem of drug resistacgiisition continues.

TB has had a long history, claiming millions of victims during the ages and taking more lives
than any other microbial disease. Due to this, TB has left its mark on humanity; in music, art and

literature and playing a major roletime advancement of biomedical sciences and healthcare.

2.2 The genusviycobacterium
The genusMlycobacteriumis the only genus in the familylycobactericeaeand is related to

other mycolic acid containing genera. The high G+C content of the DINMycobacerium
species (61 to 71 mol%, excayt leprae [55 mol %]) (Pfyffer and Vincent, 2005) are within
the range of those members of the other mycolic-eaidaining genera;ordonia(63 to 69mol
%), Tsukamurella68 to 74mol %)Nocardia(64 to 72mol %) andRhodococcug63 to 73mol

%) (Coville and Witebsky, 2005).

Mycobacteria are aerobic (though some species are able to grow under a reduced O
atmosphere), non spore forming, nonmtile, slightly curved or straight rods, 0.2 to 0.6 um by 1.0
to 10 um, which mg branch. Colony morphology varies among the species, ranging from
smooth to rough and from nonpigmented (nonphotochromogens) to pigmented. Colonies of the
latter type are regularly or variably yellow, orange or rarely, pink, usually due to carotenoid
pigments. Some species require light to form pigment (photochromogens); other species form
pigment in either the light or the dark (scotochromogens). Aerial filaments are very rarely
formed and never visible without magnification. Filamentous or mycelikengrowth may
sometimes occur but, on slight disturbance, easily fragments into rods or coccoid elements

(Pfyffer and Vincent, 2005).
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The cell wall peptidoglycolipid containmesediaminopimelic acid, alanine, glutamic acid,
glucosamine, muramic acid, arabseoand galactose. Mycolic acids (number of carbon atoms
ranging from 70 to 90) together with free lipids (e.g., treha&6alimycolate), provide a
hydrophobic barrier. Other important fatty acids are waxes, phospholipids and mycoserosic and
phthienoic ams. Variouspatternsof cellular fatty acids (number of carbon atoms ranging from

10 to 20) are found as welimongstwhich is tuberculostearic (#-methyloctadecanoic) acid,

a unique celtcomponentgor a number of members of tAetinomycetalegMurray et al.,2007).

The high content of complex lipids of the cell wall prevents access to common aniline dyes.

Al t hough not readily stained by Gram@Gan met ho
positive. Once stainedvith a special procedurehowever, mycobacteria are not easily
decolourized, even with acid alcohbg., they are acid fast. Howevercid fastness can be partly

or completely lost at some stage of growth by a proportion of the cells of some species,
particularly the rapidly growing one#\ natural division exists between slowly and rapidly

growing species of mycobacteria. Slow growers require more than 7 days to produce colonies on
solid media from a dilute inoculum under ideal culture conditions. Rapid growers, by definition,
require les than 7 days when sub cultured on solid culture media but may take several weeks to

appear upon primary culture from clinical specimens (Muetaal.,2007).

2.2.1Nutritional requirements and growth
Most species adapt readily to growth on relativelyp@rsubstrates, using ammonia or amino

acids as nitrogen sources and glycerol as carbon source in the presence of mineral salts. A few
species are fastidious and require supplements such as mycobactin, hemin or orther iron

compounds. To dateM. leprae has not been cultured outside living cells. Growth of
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mycobacteria is stimulated by carbon dioxide and by fatty acids which may be provided in the
form of egg yolk or oleic acid, even thoughthe¢lagr i s toxi c i n higher <co

has to be neutralized by albun{iMurray et al.,2007).

Optimum temperature for growth vary widely among species froMiG:8045°C. Compared to

that of other bacteria, the growth of most mycobacterial spéxiglow, with generation time of

up to approximately 20h on commonly used media. Depending upon the species, visible
colonies may appear after a few days to 6 weeks of incubation under optimum conditions

(Murray et al.,2007).

2.2.2 Susceptibility to pfsical and chemical agents
Mycobacteria are able tsurvive for weeks to months on inanimate objects if protected from

sunlight. Members oM. tuberculosiscomplex for instance, survive for several months on
surfaces or in soil or cow dung, from which atlamimals may be infected. Mycobacteria are
easily killed byheat(>65°C for at least30 min) and by UV (sun) light butot by freezing or
desiccation. They are more resistant to aatlsglisand some chemical disinfectants than most
other non spore foring bacteria. Quaternary ammonium compounds, hexachlorophene and
chlorhexidine are bacteriostatic at best. The concentration of malachite green in egg based media
e.g., L:J medium was selected to maximize the growth of mycobacteria while inhibiting that of
other microorganisms. Other commonly used sterilants, such as ethylene oxide and
formaldehyde vapour, as well as disinfectants such as chlorine compounds, 70% ethanol, 2%
alkaline glutaraldehyde, peracetic acid and stabilized hydrogen peroxide are/efiedtilling

M. tuberculosigBestet al.,1990).
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2.2.3 Habitats
The genus Mycobacterium includes obligate pathogens, opportunistic pathogens and

saprophytes. The major ecological niche Nbrtuberculosiscomplex andM. leprag incapable

of replicationin the inanimate environment is the tissues of humans and warm blooded animals.
In contrast, the notuberculous mycobacteria (NTM) are free living mycobacteria and are
usually found in association with watery habitats such as lakes, rivers and webs@lh8man
pathogenic NTM species, however, have yet to be recovered from soil or (&aterican

Thoracic Society, 1997).

2.3 TheMycobacteriumtuberculosiscomplex (MTBC)
TB is caused by bacteria from the MTBC, which consists of highly related slowrgyoagid

fast, noamotile bacilli belonging to the genudycobacteriumthat differs substantially from

other bacteria due to the exceptionally thick cell wall and high genomic gueyiosne
content. The MTBC comprises seven membigrstuberculosisM. africanum M canettiiwhere

the natural host are humans aidbovis M. caprae M. microtiandM. pinnipediiwhich usually

have animals as their natural hosts. Although the mycobacterial species in MTBC are highly
similar to each other on DNA level, MTB@embers differ widely in terms of host tropism,
phenotype and pathogenicity (Broseh al, 2002; Huard et al, 2003; Smith et al, 2006).
Detection of the different species within the complex has mainly been based on the analysis of
phenotypic charactesiics such as acithst microscopy, colony morphology, growth rate and
biochemical tests. Genotyping methods have currently made epidemiological studies and rapid
species discrimination more promising, enlarging the understanding of phylogenetic relations

and evolutionary origin of the members of the MTBC.
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2.3.1Mycobacterium tuberculosis
M. tuberculosiss the principal agent of the disease in humans, first described by Robert Koch in

1882. There has been much debate regarding the origin of the MTH{ sisdt was previously
thought thatM. tuberculosishad evolved fromM. bovis by specific adaptation of an animal
pathogen to human host (Steetdal, 1995; Brisseet al, 2006; Smithet al, 2006). However,
genomic analysis has shown thskt bovis has a smaller genome, suggesting that it is
evolutionary younger (Broscht al, 2002). PhenotypicallyM. tuberculosiscan be identified
using analysis such as nitrate reductase, production of niacin, resistance to thiphene
carboxylic acid hydrazide (TCHNd sensitivity to pyrazinamidase (PZA)dffner et al., 1993;
Niemannet al, 2002). Genotypically, by spoligotypirlg. tuberculosishas been classified into

different phylogenetic lineageBrudeyet al., 2006).

2.3.2Mycobacterium boviandMycobacterium bovisBCG
Mycobacteriumbovisis the leading cause of TB in cattle that occasionally affects other species

of mammals. This disease is a significant zoonosis spread to humans, typically by the inhalation
of aerosols or the ingestion of unpasteurizedk il contaminated meat. Information on human
disease due t¥. bovisin developed and developing countries is scarce. From a review of a
number of zoonotic tuberculosis studies, published between 1954 and 1970 and carried out in
various countries arounddhworld, it was estimated that the proportion of human cases due to
M. bovisaccounted for 3.1% of all forms of tuberculosis: 2.1% of pulmonary forms and 9.4% of
extrapulmonary forms. In developed countries, eradication programs have reduced or eliminated
TB in cattle, and human disease is now rare; however, reservoirs in wildlife can make complete
eradication difficult. Bovine TB (BTB) is an economical and public health threat in developing

countries, including AfricaAyele et al, 2009. In many Africansettings, domestic animals are
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an integral part of human social life and in those cases the risk factdvis bmvisinfection in

both animals and humans are close contact, food hygiene practices and HIV/AIDS infection.
Control policies have not been erded due to cost implications, lack of capacity and
infrastructure limitations@osivi et al, 1998;Ayele et al, 2004). MostM. bovisinfections are

extra pulmonary TB cases with rare cases of pulmonary TB. The clinical signs of the disease in
humans arandistinguishable from those occurring due to infection withtuberculosis M.

bovis can be distinguished fromil. tuberculosison the basis of epidemiology, phenotype and
some genetic markersl. bovisdoes not produce niacin, does not reduce nitraleésasensitive

to TCH but resistant to PZANfemannet al, 2002). There is also a neirulent strain ofM.

bovis called Bacillus Calmette Guerin (BCG), which has its origin from a virudnbovis

strain. Calmette and Guerin performed 23®itro passges ofM. bovisuntil the organism lost

its virulence. While this strain has been used worldwide as a live attenuated vaccine to immunize

people against TB, it may cause diseassimehumans.

2.3.3Mycobacterium africanum
Since its first description in968, M. africanumhas been found in several regions of Africa,

where it represents up to 60% of clinical isolates obtained from patients with pulmonary TB
(Haaset al, 1997, VianaNiero et al, 2001).Recent surveys show highly varialpeevalenceof

M. africanum in different African regions. For exampldyl. africanum was found in
approximately 5% of patients with TB in the Ivory Coast and at least 60% of patients in Guinea
Bissau Kalleniuset al, 1999;Bonardet al, 200Q Groenheitet al, 2011). In catrast toM.
tuberculosisand M. bovis M. africanum strains show a higher variability of phenotypic
attributes, comprising characteristics common to bgthtuberculosisand M. bovis This

phenotypic heterogeneity &fl. africanumcomplicates its unequivat identification and may
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lead to misclassification of clinical strains. According to their biochemical characteristics, two
major subgroups d¥1. africanumhave been described, corresponding to their geographic origin
in western (subtype ) or easternifgtpe 1) Africa Collins et al, 1982).M. africanumsubtype
Il has been shown to correspond to a particular sublinealye tfberculosigMostowy et al,

2002.

2.3.4Mycobacterium canettii
Mycobacterium canettia novel rare variant of MTBC with smitiocolony morphology was first

isolated from a Somaborn patient in 1969 by Canetti (van Soolinggml, 1997). Daffe (Daffe

et al, 1991) demonstrated that this particular strain differed from the commonly rough strains by
having large amounts of liptigosaccharides. The smooth and glossy colonies produced are
highly exceptional for this species. This smooth phenotype is however unstable and can switch to

a rough colony morphology (van Soolingetral, 1997).

2.3.5Mycobacterium microti
Mycobacterium microti typically causes disease in voles, wood mice, and shrews, although it

was also detected in a limited number of other mammalian species. The causative agent was
namedM. tuberculosissubsp. muris, and later this species was designdtechicroti and
classified as a member of the MTBC. It was first reported in humans in 1998 in
immunocompromised patients (vaBoolingen et al, 1998), although human to human
transmission oM. microti infection seems to be rare (Xavier al, 2007).M. microti differs

from other MTBC strains in its-Shaped cell morphology, extremely slow growthvitro, and

distinct hostspecific pathogenicity for laboratory animals. Based on biochemical properties, this

bacterium is difficult to distinguish frorM. tuberculosis M. africanum or M. bovis but M.
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microti strains display characteristic 1S6110 banding patterns and spoligotypes, distinct from

types previously observed in other MTBC strains (van Sooliegjah, 1998).

2.3.6Mycobacterium pinnipedii
In 1993, it was rgorted for the first time that isolates from seals captured on the coast of

Argentina had a characteristic Insertion Sequence (IS) 6110 Restriction Fragment Length
Polymorphism (RFLP) pattern (Cousiesal, 1993). This seal bacillus wiser designateil.
pinnipediiand appeared to have a unique position in the MTBC (Coasials 2003). Later on,
reports had described. pinnipediiinfections in various marine mammals (Forshaw and Phelps
1991; Thompsomt al, 1993; Hunteet al, 1998). Transmissioof M. pinnipediito humans has

been reported in individuals who are in close contact with marine mammals (ThoeipEon

1993; Kierset al, 2008). M. pinnipedii isolates present a distinct spoligotype pattern when

compared to other members of the MTBID(@sinset al, 2003).

2.3.7Mycobacterium caprae
Mycobacterium caprawas first isolated from goats in Spain (Aramdal, 1999), but has since

been found in other animals, such as cattle (Prodiegat, 2002; Boniottiet al, 2009), pigs,

red deerand wild boars (Erleet al, 2004). Its isolation from humans has also been described
(Kubicaet al, 2003); often, a contact with livestock has been suggested as a likely means of
transmission (Prodingest al, 2002). To our knowledge, this pathogexs mever been isolated
outside continental Europe, except from a European patient in Australia (Sint&texik@006)

and a cow in Algeria (Sahraost al, 2009). For a long time this species was considerédd. as
bovis because thbiochemical tests selts were similar tdM. bovisand M. bovisBCG. By

spoligotyping,M. capraespecies form a homogeneous cluster easily recognizable by the absence
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of spacers 1316, 3033 and 3H3. The lack of spacers 38 has also been describedMn

bovisandM. miaoti (Aranazet al, 1999; Aranazt al., 2003).

2.4 Pathogenesis and clinical presentations of TB
In humans, the result d¥1. tuberculosisinfection can vary between latent TB (no clinical

symptoms and no transmission) and active TB disease, which capulb®gnary or
extrapulmonary. Ninety perent (90%) of M. tuberculosisinfections remain in a latent stage,
whereas 10 wi | | devel op into active TB aiBegsecme poi
et al.,2008).

The most common form is pulmonary &rbulosis where at the site of infection the production

of various mediators, the activation and accumulation of alveolar macrophages and lymphocytes
can be observed, leading consequently to a helper T lymphocyte/macrophage alveolitis (Schluger
and Rom, 198; Schluger, 2001). The course and progression of disease is dependent on
interaction of the pathogen and the various regulatory mechanisms for induction of cytokine
production of the host. The cytokine release rate at the site of infection in thethengslease

rate of T1 helper and T2 helper type cytokines in broncho alveolar lavage (BAL) cells (alveolar
macrophages and lymphocytes) and in circulating mononuclear cells correlates with the severity
of the disease (Dlugovitzket al, 1997; Somoskoviet al. 1999; Somoskodviet al 2000;
Schluger, 2001). In contrast, the secondary immune response function and the expression of
molecules (CD58, CD80, CD86 and HIAR) in signal transduction system has shown that the

activity of alveolar macrophages is n&pgndent on severity of disease (Somosktwai. 2000).

Transmission of TB occurs by the inhalation of infectious aerosols emitted by active pulmonary

TB patients. After inhalation of a droplet containing a féwtuberculosisbacilli, the bacteria
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will be phagocytisedby alveolar macrophages in the lungs, where the bacilli will settle in the
case of pulmonary TB. Occasionally, the bacilli will be further transported to other parts of the
human body and will cause extrapulmonary ™B.tuberculosissurvival in the host starts with

its capacity to persist in alveolar macrophages by preventinghégposomematuration (Canetti
etal.,1969) . I n the | ungs, the formation of gran
initiated by the cytokingnediatedrecruitment of additional macrophages, dendritic cells and
lymphocytes to the site of infection (Kwan and Ernst, 2011). In the granuloma, the bacilli and the
immune system initiate a dynamic crdat, balancing between infection control and disease
(Brites and Gagneux 2012). The granuloma is first constituted of disorganized macrophages,
monocytes, and neutrophils but it becomes more organized when lymphocytes are recruited, with
macrophages grouped in the centre and lymphocytes at the periphery. ddnigfoinfiltration

reflects the successive roles of innate and acquired immunity folldvirtgberculosignfection
(BritesandGagneux2012). The granuloma becomes vascularized, but as it matures, the vessels
reduce while the fibrous outer layer thidke(Joint United Nations Programme on HIV/AIDS,
2010). Inlate stages of the granuloma formatidh, tuberculosiscan enter a low replicative
phase in the hypoxic caseous centre of the granuloma. This low replicative stage corresponds to
latent TB. Howeverthere is increasing evidence that the dichotomy between latent and active
TB is a too simplified view. In factyl. tuberculosisub populations in various replicative stages

can be found in granulomas, with a spectrum of presentations (sterile tisse@éypoxic
lesions or liquefied cavities of replicating bacilli) (AHBeguecet al.,2008; Friedlaendegt al.,

2008; Kwan and Ernst, 2011). TB can remain in a latent state for decades in equilibrium
betweenM. tuberculosisreplication and hostlefence mediated by the complex interplay of

immune cells and inflammatory molecules.
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Despite the apparent strong immune response which contailk thberculosisnfection in the
granuloma, the bacilli are yet not fully eliminated. Ultimately, latent DBverts into active
disease when cavitary lesions develop and the number of bacilli increases in the caseous centre
of the granuloma. Live bacilli can reach the alveoli once the granuloma centre collapses and the
patient becomes infectious (Joint UnitedtiNas Programme on HIV/AIDS, 201Qfigure 2.1)

Viable and infectious bacilli are freed into the airways, resulting in a productive cough spreading
infectious bacilli in the air. The life cycle continues when other persons get infected. It is
estimated tht a single person with active TB can infect up to 45 other individuals (Storetking

al., 1990). Active pulmonary TB is characterized by unspecific symptoms, principally prolonged
and productive cough (> two weeks), shortness of breath, cheshpamoppysis (expectoration

of blood), night sweats, weight loss, or fever (Thwaittsal., 2008). Acute TB, when disease
develops directly after infection without previous latent stage or granuloma formation is rare
(Canettiet al.,1969). In adults, active TBypically results from the reactivation of existing latent

TB, rather than as direct outcome of primary infection. Generally, the immediate onset of disease
following infection only occurs in immunocompromised individuals, such as newborns, elderly
or HIV infected patients. In fact, the conditions influencing the progression to active TB are not
fully understood (Joint United Nations Programme on HIV/AIDS, 2010), although factors such
as HIV and diabetes are known to favour a prompter development of aBti{Allix -Beguecet

al., 2008; Parwatet al.,2010).
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Figure 2. 1: Life cycle of M. tuberculosisand granuloma formation (Kwan and Ernst, 2011)
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2.5 Global TB burden
In 2012, there were an estimated 8.6 million incidsages of TB and.3 million peopledied

from the disease. The incidence rate, prevalence rate and mortality rate due to TB is highest in
the WHO Africa region. However, in terms of the absolute number of incident and prevalence
cases, Soutkast Asia Regin has the highest TB burden globally contributing 35% to the global
TB incidence. There are 22 high burden countries which account for 81% of all estimated
incident cases worldwidd&.he five countries with the largest number of incident cases in 2012
werelndia (2.0 million2.4 million), China (0.9 milliorl.1 million), South Africa (0.4 million

0.6 million), Indonesia (0.4 millio®.5 million) and Pakistan (0.3 millie@.5 million). India and

China alone accounted for 26% and 12% respectioEl/B casesworldwide. There were an
estimated 12 million prevalent cases of TB in 2012, equivalent to 169 cases per 100 000
population(\WHO, 2013) In terms of thevercenfige of total deaths, TB is rankéfin the world
accounting for 2.er centof all deaths aper the WHO global burden of disease estimates for
the year, 2004.

HIV and TB coexist in many regions and form togethera coepidemic.The proportion of

TB cases cénfected with HIV was highest in countries in the African RedHO, 2013) TB

is the leading cause of death among HIV infected peopleg;ounting for a fourth of HIV deaths
worldwide (Kamerbeeket al.,1997). Due tdheir often impaired immune system, TB patients
codnfected with HIV are 21 to 34 times moliely to develop active TB diseasethan HIV
negative individuals (Kamerbeelkt al.,1997).About 37% of TB cases were estimated to be co
infected with HIV in Africa, which accounted for 75% of TB casa®ang people living with

HIV worldwide. In parts of southern Africa, more than 50% of TB cases weinfeoted with

HIV (Kamerbeeket al., 1997; Borrell and Gagneux 2009). In 2008, South Africa alone
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accounted for 24% of all new HN\ZTB cases worldwidegven though itsestimatedpopulation

comprisedless than1l% of the global population (Supplyet al.,2006)

TB is a leading cause of death in HIV infected persons and HIV infection is the most potent risk
factor for developing active TB diseas®erh a latent TB infection. T8IV co-infection and
drug resistant tuberculosis aggravate the TB situation globallyhé)8.6 million incident TB
cases in 2012, 1.1 million (13%) cases were among people living with Gf\these HIV
positive cases, 75% we in the African region and 39% were in the Sel#st Asia region

(WHO, 2013).

Globally, the emergence of Multi drug resistant TB (MIDR) and extensively drug resistant

TB (XDR-TB) is a major threat to TB Control. Resistance to-aBtidrugs in populabns is a
phenomenon that occurs primarily due to poorly managed TB care such as inconsistent or partial
treatment, when patients do not take all their medicines regularly for the required period because
they start to feel better, because doctors and theedirkers prescribe the wrong treatment
regimens, or because the drug supply is unreliable or e@dtbally, 3.6% (95% CI: 2:5.1%)

of new TB cases and 20.2% (98% 13.327.2%) of previously treated cases are estimated to
have MDRTB. These estimaseare essentially unchanged from 2011. The proportions of new
and previously treated TB cases with MDB at the country level for the 27 high MPRB

burden countries showed that Eastern European and especially central Asian countries have the
highest levis of MDR-TB. Among new cases, examples include Azerbaijan (22.3% in 2007),
Belarus (34.8% in 2012), Estonia (19.7% in 2012), Kazakhstan (22.9% in 2012), Kyrgyzstan
(26.4% in 2011), the Republic of Moldova (23.7% in 2012), the Russian Federation (average:

23.1%, with YamaleNenets Autonomous Area being the highest: 41.9% in 2011) and
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Uzbekistan (23.2% in 2011). Among previously treated cases, examples include Azerbaijan
(Baku City: 55.8% in 2007), Belarus (68.6% in 2012), Estonia (50.0% in 2012), Kazakhstan
(55.0% in 2012), Kyrgyzstan (68.4% in 2012), the Republic of Moldova (62.3% in 2012),
Tajikistan (56.0% in 2012) and Uzbekistan (62.0% in 2011). In the Russian Federation, even
though the average proportion of cases with MDRTB does not exceed 50%, poetiprois

well above 50% in several Federal Subjects (with Ulyanovsk Oblast at the highest level: 74.0%
in 2011). Nigeria hasMDR-TB prevalence of 2.9% among new cases and 14.3% among

retreatment cas€svVHO, 2013).

2.6 Drug resistant tuberculosis
Chemotheapy is the most potent weapon available in the fight against tuberculosis. When used

properly, available anfTB drugs are able to reach cure rates above the 85% target recommended
by the World Health Organization (WHO). Early in the chemotherapy eliataiese associated

with treatment failures emerged and has become a common occurrence worldwide. Of particular
concern is the increasing prevalence of organisms resistant to isoniazid and rifampicin, the two
drugs that form the backbone of modern slvorrse therapy. Rifampicin (RIF) resistance
occurs mostly in conjunction with INH resistance (90% of cases) and can be used as a surrogate
marker for multidrug resistance.

Drug resistance irM. tuberculosisoccurs as a result of random spontaneous chromdsoma
mutations during natural cell replication. These mutations are not drug induced and are not
linked. The probability of a drugesistant mutant occurring is directly proportional to the size of
the bacterial population. The frequency of primary resistaganisms varies for each drug;

however, it is usually betwednin 10° to 1in 1P,
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Spontaneous resistance to isoniazid is estimated to occur once in eVengdfisms, and to
rifampicin once in every FOorganisms. The probability of spontaneous mistabeing
simultaneously resistant to two or more drugs is the product of the individual mutants. The
development of drug resistance is a man made amplification of a naturally occurring
phenomenon. Previous treatment for tuberculosis predisposes to theosetd multi drug
resistant organisms. Non compliance is a major factor in allowing the resistant organisms to
survive. Multi drug therapy is used to prevent the emergence of drug resistant mutants during the
long duration of treatment.

Resistance can kaefined as singlerug, multidrug, or polydrug resistance depending on the
number of drugs and/or which drugs are involved (Ri@é88€. Although an unequal global
distribution of drug resistance exists between poor and rich countries, the problebaisThe
regions where drugesistant TB is more prevalent lack the resources to implement adequate
measures to control even the susceptible types of the disease. Reviews have reported a high
prevalence of primary multidrug resistant tuberculosis in ibaf¥998: 9.0%), Estonia (1998,
14.1%), The Dominican Republic (1994995: 6.6%), Ivory Coast (199896: 5.3%), Argentina
(1994: 4.6%), Russia (lvanovo Oblast) (1998: 9%), Iran (1998, 5.0%) and Henan, China (1996,
10. 8%) . Sout h Afr i @(2995996),d esgotholj1694995), ail Swaxzilaral n
(19941995) have reported encouraging results of 0.2%, 0.9%, and 0.9% respectively. Acquired
multidrug resistance of higher than 20% was reported in Guinea (1998: 28.1), Latvia (1996:
54.4%), Mexico (199722.4%) ltaly (1999: 33.9%), Russia (lvanovo Oblast) (1998: 25.9%)
Tomsk Oblast (1999: 26.7%), Estonia (1998: 37.8%), Iran (1998: 48.2), Sierra Leone (1997:

23.1%), Argentina (1994: 22.2), and Spain (Barcelona) (198%: 20.5%). Again acquired
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MDRTB was bw in Botswana (1998: 9.0%), Mozambique (1999: 3.3%), Lesotho {19943:
5.7%), and Swaziland (1994995: 9.1%) (Cohet al, 1997; Espinaét al, 2001).
Previous treatment for tuberculosis predisposes to the selection of multi drug resistant organisms

and non compliance is a major factor in allowing the resistant organisms to survive.

2.6.1 Molecular baseof drug resistance
The moleculabases of mycobacterial drug resistance include:

2.6.2Resistancéo Aminoglycosides

2.6.3 Streptomycin (SM)
Strepbmycin is an aminoglycosidic aminocyclitol, the first of this class of antibiotics to be

identified. Its clinical introduction marked the beginning of the chemotherapy era of tuberculosis
control and most of the clinical trials that defined the principtés antirtuberculosis
chemotherapy used SM. An adverse toxicity profile and the need for parenteral administration
have resulted in it being replaced by other agents in first line therapy. However, the emergence
of drug resistance has meant that SM is still important antimycobacterial agent. Other
aminoglycoside antibiotics are also being used to treat multidrug resistant cases of tuberculosis

and therefore an understanding of the mechanism of resistance to SM has found a new relevance.

Aminoglycosides a broad spectrum antibiotics and their mode of action has been extensively
studied in other organisms. SM binds to the 30S ribosomal subunit leading to inhibition of
translational initiation and misreading of messenger RNA (Noller, 1984). ResistancedndSM
other aminoglycoside in Gram negative organisms is principally due to the acquisition of
aminoglycoside modifying enzymes. However, no plasmids or transposons bearing drug
resistance genes have been detectedMintuberculosis and the chromosomally eoded

aminoglycoside 2-N-acetyltransferase a@dq2 )-Ic) is apparently unable to acetylate
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aminoglycoside, thus differing from its counterpartMiycobacterium smegmat{&insa et al.
1997). Anaph(3 )-Ic gene, encoding an aminoglycoside 3-O-phosphotransfase which
can inactivate SM, has been characterizetMycobacterium fortuitumbut is absent from the

genome oM. tuberculosifRamonGarciaet al.,2006).

Streptomycinresistant strains oEscherichiacoli have been isolated with mutations in two
ribosanal components, the S12 protein and the 16S ribosomal RNA. Analysis of these genes in
M. tuberculosiswas therefore a logical first approach to investigating resistance to SM, since
mutations at these loci would produce a dominant phenotypé, abercubsispossesses only a
single copy of these genes (Cad¢ al., 1998). Various groups in parallel established that
mutations irrpsL, the gene coding for the S12 ribosomal protein, were associated with resistance
(Finkenet al.,1993; Nairet al, 1993; Howre and Cole, 1994; Cooksey al., 1996). These
mutations were found to occur at codon 43 (Lys43Arg or rarely Lys43Thr), less frequently at
codon 88 (Lys88Arg or Lys88GIn), and in isolates exhibiting éytel resistance to SM (MIC

of greater than 500pgL).

Sequence analysis of thes gene that codes for the 16S rRNA, from SM resistant clinical
isolates also identified a series of single nucleotide substitutions that were in general associated
with an intermediate level of resistance and confined to resiricted regions. One group,
represented by substitutions at positions 491, 512, 513, or 516 mapped to the 530 loop region of
the E. coli 16S rRNA, and the other at positions 798, 865, 877, 904, and 906 mappedto the
coli 912 region (Sreevatsaet d., 19% ). The 530 loop region is one of the most highly
conserved regions of the 16S ribosomal RNA, both in sequence and secondary structure,

reflecting its importance for some translational function. The 912 region has been implicated in
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translational idelity and is located at the junction of the three major domains of the 16S rRNA.
Chemical foot printing experiments usikg coli ribosomes have demonstrated that this region is
protected by the binding of SM (Moazed and Noller, 1987) and mutationsrddisee drug
binding, (Leclercet al, 1991; Powers and Noller, 1991) suggesting it may be the primary site of
action of SM. Mutations impsL andrrs mutations can only be detected in approximately 50%
and 10% of clinical isolates, respectively. The suligthproportion of strains with no detectable
ribosomal subunit mutations indicates there are other mechanisms of resistance, although these
strains are in general only resistant to low levels of SM (MIC < 50ug/mL). Characterization of
the active efflux gstems detected in thd. tuberculosisgenome is not yet very advanced (De
Rossi et al, 2006), but several have been shown to transport aminoglycosidesM.The
tuberculosisgene Rv1258c is a homolog of the gene coding forMhédortuitum tap efflux
pump,and a member of the major facilitator super family (MFS) of efflux systems (&insl

1998). Over expression of Rv1258chh bovisBCG resulted in a modest increase in the MIC

for SM, and gene inactivation increased susceptibility, thus suggestiolg & the intrinsic
resistance to aminoglycoside. Similar results were obtained with Rv2333c and Rv1410c, two
other members of the 16 MFS genes described in the genoMetaberculosigSilva et al.,

2001; RamorGarcia et al., 2007). Whether these orther transport systems are actually
responsible for resistance in clinical isolates requires further investigation, but a recent study has
provided evidence that mutationsgidB, a methyl transferase specific for the 16S rRNA, may

be responsible for lovevel SM resistance iN. tuberculosifOkamotoet al.,2007).

2.6.4 Other aminoglycoside
The emergence of strains resistant to SM and other drugs has necessitated the use of other

aminoglycoside to treat individuals infected with such strains. Theseoglywosides have a
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range of MICs forM. tuberculosis and unlike SM are made up of ad@oxystreptamine ring
rather than a streptidine ring. Given this structural difference it is not surprising that these 2
deoxystreptamine aminoglycoside bind to diffeérsites on the ribosome, and appear to be fully
active againsM. tuberculosisstrains harbouring SM resistarassociated mutations in theis

and rpsL genes (Meieret al., 1996). A structural study of a paromomycRNA complex
(Fourmy et al., 1996) irdicates that these antibiotics bind to a region encompassing the 30S
subunit A site including position 1408, which has been demonstrated to be important for
resistance to-Bleoxystreptamine aminoglycosidesEncoli (Beauclerk and Cundliffe, 1987). In

M. tuberculosis position 1400 of thers gene (the equivalent of position 1408 of Ehecolirrs)

was also found to be important in mediating resistancedeoystreptamine aminoglycoside.
Studies have found an A to G substitution at position 1400 ofrghgene in 60% to 76% of
kanamycinresistant clinical isolates oM. tuberculosisanalyzed (Taniguchiet al., 1997;
Alangaderet al. 1998; Suzuket al. 1998). Otherrs mutations at positions 1401 and 1483 have
also been described but these occur rarekficating 1400 is the principal site involved in
mediating resistance to kanamycin. The equivalesitgene position 1400 can also confer
kanamycin resistance iM. smegmatisand other mycobacteria (Sandet al., 1996;
Prammananaet al., 1998). As withSM resistance, lovlevel resistance to kanamycin was not
found to be accompanied by mutations in fteegene, suggesting other pathways to resistance

may be involved.

The degree of cross resistance to other aminoglycosides conferred bg shéstituton at
position 1400 is not completely known, but appears to confer at least resistance to amikacin (56
Sanderet al., 1996; Taniguchiet al., 1997; Alangaderet al., 1998). In various fast growing

mycobacteria, a mutation at this position has been showsonteey resistance to five different 2
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deoxystreptamine aminoglycosides (Prammanaetaal., 1998), so the A to G substitution at
position 1400 is probably a pandeoxystreptamine aminoglycoside resistance conferring mutation
in M. tuberculosisas well. Whie mutations at position 1401 appear to cause resistance to both
amikacin and kanamycin, the substitutions at position 1483 may result in strains that retain
susceptibility to amikacin. Other uncharacterized mutations outside oktgene also exist that

can confer unique resistance to kanamycin (Kruehat.,2003).

Capreomycin is a macrocyclic peptide antibiotic produced Saccharothrix mutabolis
subspecies that was originally discovered in the 1960s (Herr and Redstone, 1966). Renewed
attention hasdcused on the mechanism of resistance to this agent to determine if it can be
successfully deployed against organisms resistant to other aminoglycoside. Using transposon
mutagenesis and insertion site mapping Nl tuberculosis it was recently shown that
inactivation of thetlyA gene (Rv1694) resulted in resistance to capreomycin, and mutations at
this locus have been identified in resistant clinical isolates (Mauwd., 2005a; Mauset al.,

2005), tlyA was subsequently found to encode a-Q@-methyltransferase that modifies
nucleotide C1409 in helix 44 of 16S rRNA and nucleotide C1920 in helix 69 of 23S rRNA, and
the positioning of these methylations suggested a site of action for capreomycin (J&tahsen
2006). The identification ofhis new resistance mechanism, which can occur in combination
with rrs mutations, has allowed a rational description of the overlapping resistance profiles of

capreomycin and other aminoglycoside (Matial.,2005a).
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Figure 2. 2: Chemical structure of Streptomycin
2.6.5Resistancéo Rifamycins

2.6.6 Development of Rifamycins
During a systematic search for new antibiotic compounds in the 1950s, workers at the Dow

Lepetit Research Laboratories in Milan observed that crude exfraot the fermentation broths

of Nocardia mediterraneicontained a mixture of microbiologically active agents. These were
found to be a group of closely related compounds with an ansa struataneatic nucleus
spanned by amliphatic bridge),and were amed "Rifamycins”, in memory of the then popular
French crime story Riiabout a jewel heist and rival gangs (Sestsal., 1960). Chemical
modification of the rifamycins led to the isolation of rifampin or rifampicin (Maggl.,1966),
which proved ® be a potent antuberculous agent whose clinical introduction enabled the
duration of chemotherapy for tuberculosis to be reduced to six maB#ss African/British
Medical Research Council, 197/2ther rifamycin derivatives, rifapentine (RPE) analiitin

(RBU) have been licensed for the treatment of mycobacterial infections.

33



Figure 2. 3: Chemical structure of rifampicin

As was the case with SM, the mode of action and resistance mechanism of RIF had been well
characteized inE. coli. In E. coli, RIF inhibits transcription by targeting DNédependerRNA
polymerase (Hartmanat al., 1967), and mutations in several restricted and highly conserved
regions of the b spddne leadto dragoresistan(Olchimnikdweyal.,t h e
1983). The availability of th#ycobacteriunmeprae ,r p sdguence (Honort al.,1993) made

it possible for two groups to isolate and characterize tipeg@dne from RIF resistant strains of

M. tuberculosigTelenti et al., 1993 andM. leprae (Honore and Colel993). These studies
demonstrated that missense mutations and shdranme deletions, exclusively associated with

RIF resistance, occurred in a central region ofrthe @dne, which corresponded to the region

most conmonly altered in RIFesistanE. colistrains.

Numerous subsequent studies of fRéBistant strains d¥l. tuberculosifrom globally dispersed
sources have confirmed these findings, and in the vast majority of strains analyzed a point
mutation or inframe deletion/insertion can be found within an 81bp region corresponding to

codons 507 to 533 of the p agéne (Ramaswamy and Musser, 1998). A large number of
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mutations have been described, though substitutions at two positions, Ser531 and His526, were
found to occur in the majority of strains studied. Mutations at these two positions (Ser531Leu,
His526Ty) and an Asp516Val mutation have been shown to confer resistance when episomal
vectors carrying an appropriately mutatedp agéne were transformed intd. tuberculosis

(Miller et al, 1994; Williamset al., 1998). The realization that RIF resistarommferring
mutations are confined to a small genetic region has meant that molecular techniques for
diagnosing RIF resistance have been relatively straightforward to develop, and numerous

different molecular strategies have been successfully employed fotimgthem.

Many of these surveys did not sequence the whole 3516 pmgkene, so in the approximately
5% of RIFresistant M. tuberculosisstrains that have a witype 8lbp RIF resistance
determining region (RRDR), it is not clear to what extent mutations in other regions of this gene

are also involved in mediating RIEgistance.

While several mutations have been reported outside of the RRDRge8l#ftant strains with a
wild-type r p agéne have also been identified, indicating that RIF resistance can also arise

through amr p gedme independent mechanism (Musser, 1995).

Mycobacterium smegmatsnd many strains of thdycobacterium aviuncomplex are innately
resistant to RIF despite a drsgnsitive RRDR sequence (Guerretoal., 1994; Quaret al.,
1997). InM. smegmatisthere is evidence for ribosylative inactivationtlee drug (Quaret al.,

1997), but this drug resistance mechanism is absdht inberculosis
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2.6.7Resistanceo Isoniazid (INH)

2.6.8 Historical Studies
Unlike SM and RIF, isonicotinic acid hydrazide (isoniazid or INH) is a highly specific

antimycobaterial agent, being exquisitely potent agaMstuberculosigand the other members

of the M. tuberculosiscomplex:M. bovis M. microti, andM. africanun), but possessing no or

little activity againstVl. leprag atypical mycobacteria, or other organgsrimvestigations into its
mode of action were therefore restricted to the inherently difficult to manipulate members of the
M. tuberculosiscomplex. Despite this, early studies were able to establish thardbistant
strains were commonly catalase nega(Middlebrook, 1954) with reduced virulence in animal
models (Middlebrook and Cohn, 1953) and that the principal mode of action was likely to be
through disruption of the cell wall, probably through inhibition of mycolic acid synthesis (a
major cell wal component) (Winder, 1982). Unifying these observations had to wait, though,

until the development of the necessary tools to genetically manipdlatderculosis
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Figure 2. 4: Chemical structure of Isoniazid

2.6.9 Drug Aatvation
While the role of catalase in the activation of INH to its active form was first proposed in 1958

(KrugerThiemer, 1958), it was not until 1992 that the first genetic evidence for this hypothesis

became available with the cloningkdtG, the geneencoding the catalageeroxidase enzyme of
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M. tuberculosis(Zhanget al., 1992). It was shown that over expressionkafG in catalase
negative strains oE. coli or in an INHresistant strain oM. smegmatisould render these
organisms relatively sensité to INH. It was further demonstrated that two clinical isolatdd.of
tuberculosiswith high-level resistance to INH (MIC > 50/mgL) had a chromosomal deletion
spanning the&katG gene, and that transformation of these strains watis could restore their

INH sensitivity (Zhanget al., 1993). Further characterization kétG has demonstrated that it
encodes a dimeric, hertentaining enzyme with catalase and peroxidase activity, in keeping
with its structural similarity to other eubacterial hydroperoxidagdPl) enzymes (Johnsson and
Schultz 1994; Heynet al., 1995; Johnssoet al., 1997). Confirmation that INH is a prodrug
requiring activation bkatG was provided by demonstrating thahA (a target for INH) is only
rapidly inactivated by INH in the psence okatG (Johnssoret al.,1997). A mechanism for the
oxidation of INH to its bioactive form has also been proposed, in which the drug is converted
into a number of highly reactive species capable of either oxidizing or acylating macromolecules

(Bertrandet al.,2004; Pierattellet al.,2004).

A plethora of studies characterizi®t tuberculosisstrains from diverse geographic locations and

have shown the majority of clinical isolates resistant to INH have alterations irkab@igene
(Ramaswamyet d., 2003; Gagneuxet al., 2006; Hazbonet al., 2006). While large scale
deletions ofkatG have been detected infrequently, missense mutations and small intragenic
deletions are the commonest genetic modifications associated with INH resistance. A large
number of these mutations have been described, though the serine to threonine mutation at codon
315 is the commonest. The possible explanation for the apparent bias in selection by INH for this
mutation over other resistancenferring mutations irkatG has leen provided by several

studies, which have characterized the enzymatic properties of a recomkat@nprotein
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harboring a Ser315Thr mutation (Wengenatlal.,1997; Wengenackt al.,1998; SaintJoanis

et al., 1999). In contrast to other INH resistarm@nferring mutations, such as the Thr275Pro
mutation which results in concomitant loss of peroxidatic activity and capacity to activate INH,
the Ser315Thr mutation results in an enzyme unable to activate INH, leaving at least 50% of its
peroxidase and catse activities intact. Catalase and peroxidase activities are important for
protectingM. tuberculosisagainst reactive oxygen species encountered within macrophages (Ng
et al., 2004), and are essential for a fully virulent phenotype. Strains with reéducabsent
activities are less virulent when assayed in animal models (Jatkelt 1978; Heymet al.,

1997; Nget al., 2004), and more susceptible te@4 intracellularly (Mancaet al., 1999). A

direct comparison of the pathogenicity of isogenic ssrdiarbouringeither the Ser315Thr
substitution or othekatG mutations has also been made, and only the 315 mutants retained near
normal virulence in mice (Pyrat al.,2002). Recently, INHesistant strains d¥1. tuberculosis

with the Ser315Thr substitotn have been shown to be more transmissible than strains with
otherkatG mutations (Gagneugt al.,2006). It is unfortunate for the control of MDRB thatM.
tuberculosiscan so successfully balance the competing demands of resistance to oxidative stress
and resistance to INH. The elucidation of the crystal structuleattds from M. tuberculosis
(Bertrandet al.,2004) and two other organisms (Yamadaal.,2002; Carpenat al.,2003) has
provided insights into how the S315T substitution could lead ¢s & activation of INH but
retention of catalasperoxidase activity. In one model, S5 is located at the periphery of the

INH binding pocket, where a threonine substitution would increase the steric bulk at this
position, leading to reduced affinifpr the drug without fully blocking access to the substrate

binding site (Bertranét al.,2004; Pierattellet al.,2004).
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2.6.10 Drug targets

inhA
Population genetics of INdesistant clinical isolates have consistently found that a significant

proporion of strains possess a wiigpbe katG gene, demonstrating that there are mechanisms of
resistance independent katG-mediated INH activation. This suggested that the intracellular
targets of activated INH might be involved in mediating resistance. Byessing genomic
libraries from two INHresistant strains of mycobacteria isolateditro in the fastgrowing M.
smegmatisit was possible to identify a twgene operon with homology to proteins involved in
fatty acid biosynthesis that could confer INékistance (Banerjest al.,1994). Characterization

of this operon revealed that only the second geh& was required for resistance (Banerge

al., 1998), and sequence analysis of itit@A gene from the resistant strains revealed a serine to
alaninesubstitution at position 94 relative to the wiigbe gene. Transfer of this mutationNb
tuberculosisresults in INH resistance (Vilchezt al., 2006). Biochemical studies revealed that
inhA codes for a fatty acid enoegkyl carrier protein reductaseshich is part of a type Il
dissociated fatty acid biosynthesis pathway (FASHhA enzymic activity is nicotinamide
adenine dinucleotide (NADH) dependent, and reduces the double bond at position two of a
growing fatty acid chain linked to an acyl carn@otein ACP, an activity common to all known
fatty acid biosynthetic pathwaymhA has a marked preference for ledgain substrates which
are the precursors of very long algiv@nched fatty acids ¢gto Csg) known as mycolic acids, a

major structuraklement of the mycobacterial cell wall (Quematdl., 1995).

Structural analysis of thmhA protein has characterized the nature of the interaction between
INH andinhA (Desseret al., 1995). The observation thathA inhibition by INH requires the

presence of NADH and that the Ser94Ala mutant protein has a lower affinity for NADH and
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requires higher concentrations of this cofactor before inhibition occurs, suggested that INH may
interact with NADH rather than directly witmhA. This was elegantly demetrated by co
crystallization ofinhA with NADH and INH since the structure showed the activated form of
INH covalently linked to NADH within the active site of the enzyme (Rozwagslal, 1998).

The INH-NAD adduct has been purified and shown to begatbinding inhibitor ofinhA

(Rawatet al.,2003).

The exact mode of interaction of adducts and enzyme has not been defined, but it is now thought
that, theadductis formed in solution before binding iohA (Wilming and Johnsson, 1999;
Rawatet al., 2003). This model is consistent with the observation that NADH dehydrogenase
defects inM. smegmatisleading to a higher than normal NADH/NARatio are associated with

a degree of INH resistance (Miestlal, 1998). More recentlyyl. bovisBCG ndh (encoding a

type Il NADH dehydrogenase) mutants have been characterized and found to have aberrant
NADH/NAD" ratios and reduced INH susceptibility as well (Vilcheze al., 2005). The
unravelling of the interactions of INH aridhA has helped spawn the developineh new

classes ofnhA inhibitors with promising activity again$il. tuberculosisand other organisms
(Parikh et al, 2000; Kuoet al., 2003; Sullivanet al., 2006). This is a good example of how
understanding the mechanisms of resistance can assasioimat drug design. Since the original
description of the Ser94Ala mutation, otlnA gene substitutions have been identified through
sequence analysis of INksistant clinical isolates (Ramaswastyal., 2003), confirming that

InhA substitutions couldlso be selected fam vivo.

Interestingly, the affinity of the INHNAD adduct forinhA appears not to be affected by some of

the inhA mutations described in INesistant clinical isolates, suggesting the mechanism of
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inhibition by the adduct may berthugh disruption ofnhA interaction with other components of

the FAS Il pathway (Rawadt al.,2003 ). Mutations in the promoter region fohA expression

have also been described in INekistant clinical isolates, and several of these have been shown,
using a gene fusion reporter construct, to confer expression levels from four tleighreater

than wildtype sequences (Mdludit al, 1996), thus demonstrating thatrggulation ofinhA is

also aresistance mechanism. Populatimased surveys havfound thatinhA promoter
mutations are the second most frequent INH resistance mutation after the Ser315Thr mutation in
katG, and structural mutations inhA are rare (Ramaswangt al.,2003; Gagneuxt al.,2006;

Hazbonet al.2006).

kasA
A second sccessful approach used to determine the targets of activated INH has been to

examine the early adaptive responsebftuberculosisfollowing a challenge with INH. By
examining twedimensional gel electrophoretic protein profiles after treatment with Wid;
up-regulated proteins: an acyl carrier protein (AcpM) and a covalent complex of AcpkasAd

( fxetoacytACP synthase) were identified (Mdlwt al, 1998). Labelling after treatment with
(**C), INH indicated covalent attachment of INH to this protein complex. These two proteins
form part of the FAS type Il system. SequencingkasAin clinical isolates identified several
mutations restricted to INHesistant strains, but these were rare and often occurred in tandem
with other INH resistanceonferring mutations (Leet al.,1999; Piatelet al, 2000). These two
studies suggest th&kasA mutatins are not clinically important, and recent functional studies
have suggestekasAmay only have a more peripheral role in INH action and resistance than

originally proposed (Kremeat al, 2003; Argyrowet al, 2006; Vilchezest al.,2006).
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2.6.11 OtherNH resistance mechanisms
The research focus omhA as the principal target for INH has distracted researchers from

investigating more thoroughly the drugds inte
oxidized to a number of highly reactive spms capable of either oxidizing or acylating
macromolecules (Bertranet al., 2004; Pierattelliet al.,2004), and can be expected to damage

multiple cellular structures. Similar to the interaction withA, INH has also been shown to

form an INHNADP adluct that inhibits thé. tuberculosidihydrofolate reductase (DHFR), an

enzyme essential for nucleic acid synthesis. It is not yet clear whether there is a resistance
mechanism to counter this inhibition, but the expressiorMoftuberculosisDHFR in M.
smegmatiscan protect against growth inhibition caused by INH (Allatdal, 2000). Using

affinity chromatography, the same group was able to demonstrateaffiigty binding of the
INH-NAD/NADP adducts to 16 other proteins in additionitbA and DHFR,broadening the

range of putative INH targets still further.

One approach to identifying resistance genes has been to study the transcriptional response to a
drug challenge. Using this approach, a tkgeae operomiABC (for INH inducible), which is
up-regulated following treatment d¥l. tuberculosiswvith INH and EMB was identified (Alland

et al, 2000; Colangelet al, 2005). Over expression of one of these geme&, in M. bovis

BCG resulted in increased survival following an INH challenge, ail &uberculosisstrain
containing anniA deletion showed increased susceptibility to INH. The dfgbkistant phenotype

was abolished by the pump inhibitor reserpine suggestidgcould be involved in transport,
compatible with its multimeric porike secondry structure. However, studies with radio
labelled drug did not show an effect on intracellular INH levels, indicating its mode of action

was not through antibiotic efflux. There is more evidence that one of the resistahdation
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cell division (RND) aimily of transporters encoded in the genom&lofuberculosismmpL7 is
involved directly in INH efflux, as its heterologous expressioMinsmegmatiss reported to

cause INH resistance (Colangetial.,2005; De Rosset al., 2006).

2.6.12 Compensatp mutations
Studies using model systems have shown that, although there is a range, most resistance

conferring mutations convey some cost to bacteria in terms of their fitness (Andersson and
Levin, 1999). However, in some cases, these costs can atbkegsrtially ameliorated by
secondary or compensatory mutations that restore levels of fithess toward those of sensitive
strains (Schrag and Perrot, 1996; Bjorknearal, 1998; MaisnieiPatinet al, 2002). Given the
diverse mechanisms of resistancd/lintuberculosisit is likely that compensatory mutations will

be important in maintaining the fithess of MDR and XDR strains. The only compensatory
mutations described iM. tuberculosisare mutations in thehpC promoter region ofM.
tuberculosis Initial interest in this gene derived from the observation thatxgRnull mutant of

E. coli (the wild type of this organism is highly resistant to INH) was susceptible to INH
(Rosner, 1993) due to dowrgulation ofahpGahpF. This led to characterization ofeloxyR
ahpClocus from different mycobacterial species (Deretical., 1995; Shermaret al, 1995).
Members of theM. tuberculosiscomplex were found to possess aryR pseudogene in
conjunction with a functional but feebly expressdghC gene. This leda speculation that the

INH susceptibility of M. tuberculosiswas due to low levels odhpC. However, the over
expression ohpCin M. tuberculosigdid not markedly affect INH sensitivity, but it did confer
resistance to hydrogen and cumene peroxide (Siresnhal, 1995; Shermart al, 1996).
Subsequent analysis of INH resistant isolates identified mutations in the upstream region of

ahpC which were associated with enhanced promoter activity ancegipation of aphC
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(Shermanet al, 1995). These mutatis occur almost exclusively in conjunction wikhtG
deficiency (Gagneuxt al.,2006) and probably enable strains to compensate for the additional
oxidative stress imposed by loss of catalase (Sheanhah 1995; Heynet al.,1997; Wilsonet

al., 1995;Wilson et al, 1998). There is now evidence that compensatory mutations may also be
important in restoring the fitness of RiEsistant strains, although the mutations have yet to be

identified (Gagneuxt al.,2006).

2.6.13Resistancéo Pyrazinamide (PZE)
The introduction to the antuberculous pharmacopeia of the nicotinamide analog, PZA, had far

reaching consequences, since it enabled the duration of treatment to be shortened from more than
a year to six months. Used during the initial intensive pbaskort course chemotherapy, PZA,
which is more potent at acidic pH, is believed to be particularly active on intraceéMular
tuberculosis For instance, the MIC of the drug for a strain gromwmitro at pH 7 is >250ug/mL,

but can be reduced t15ug/mL by lowering the pH tdb. It was initially thought that this
potentiation effect could be explained by tubercle bacilli residing in acidified phagosomes that
concentrated the drug (Mackaness, 1956). However, it was subsequently shown that the pH
within these vesicles was neutral (Sturgflbszyckiet al.,1994). Considerable insight into PZA
uptake and resistance mechanisms was provided recently in an elegant series of publications
addressing the issues of the remarkable specificity of the drudylfauberculosis and its
relationship with a broad spectrum amidase (Scorpio and Zhang, 1996; Setoghipl997a;
Scorpioet al.,1997; Sreevatsaet al.,1997a; Suret al.,1997; Sun and Zhang, 1999; Zhasig

al., 1999).
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Figure 2. 5: Chemical structure of Pyrazinamide

PZA resistance has long been associated with the loss of activity of pyrazinamidase (PZase), a
cytosolic enzyme of 186 amino acids that hydrolyses both PZA and nicotinamide, and which
may play a role in pyridine nucléde metabolism. In a study, Scorpio and Zhang cloned the
pncA gene encoding PZase froml. tuberculosisand demonstrated restoration of drug
susceptibility upon its expression in the naturally resistant organism BCG (Scorpio and Zhang,
1996). On further emination,pncA mutations that lowered or abolished PZase activity were
found in PZAresistant isolates d¥l. tuberculosisand also irM. bovisand BCG (Scorpi@t al.,

1997). Subsequently, other workers surveyed their strain collections for gitexrAgenes and

found a near perfect association between the presence of mutant alleles and PZA resistance
(Sreevatsaret al., 1997a; Hiranoet al., 1998; Lemaitreet al., 1999; Marttilaet al., 1999).

Indeed, detection of resistance by molecular techniquesvpreferable to susceptibility testing

by microbiological methods, as these are notoriously error prone due to the pH effects discussed

above.

Although many mycobacteria contgimcAgenes and elicit PZase, PZA is most active against
M. tuberculosisand ts close relativedl. africanumandM. microti. The natural PZA resistance
of M. bovis the other member of thM. tuberculosicomplex and its descendants stems from the

amino acid substitution His57Asp in tRaicAprotein. TheM. tuberculosidPZase show69.9%
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and 67.7% identity to those Mycobacteriumkansasiiand M. avium respectively, and 35.5%
identity with the nicotinamidase @&. coli. Both of these mycobacterial PZases restored drug
susceptibility to levels similar to those conferred byNhduberculosisenzyme when expressed
in a resistant host, such as BCG, although Nhetuberculosisprotein probably has higher
nicotinamidase and PZase activities (®tial.,1997; Sun and Zhang. 1999). Nevertheless, both
M. kansasiiandM. aviumare naturbly resistant to the drug and the likely reason for this will be
explained belowM. smegmatisalso produces a highly active PZapeaA, with an apparent
molecular weight of 50 kDa. It is quite distinct from the other enzymes, yet hydrolyzes both PZA
and nicotinamide. pzaA probably corresponds to a bresgectrum amidase capable of
hydrolyzing a wide range of substrates (Boshoff and Mizrahi, 1998). Furthemshoseyegmatis
also contains gncA homolog. The potential contribution of other amidases to PAA a

nicotinamide metabolism has been recognized and discussed by others (Raaialif99).

The mutations present pncAfrom a large number of drugsistant isolates d¥l. tuberculosis

are known. The majority of these (69%) correspond to missensgiomst although frameshifts,
insertions, deletions, and nonsense mutations (31%) also occur (Sreetatkal097a; Hirano

et al., 1998; Lemaitreet al., 1999; Marttilaet al., 1999). The higher frequency of missense
mutants suggests that the corregpog proteins may retain some residual activity that could
confer a competitive advantage. It is of some interest to examine the distribution of the amino
acid substitutions resulting from missense mutations. These occur throughpotAherotein,

but ae generally located in positions that are conserved in all four enzymes. This suggests that
these amino acid residues play critical roles in substrate binding and catalysis, but confirmation

by biochemical characterization of well defined PZase variamsvisrequired.
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The toxicity of PZA results from its conversion to pyrazinoic acid (Koenal.,1967) and the

PZase enzyme from resistant organisms, such as BCG, is unable to catalyze this reaction, which
occurs at alkaline, neutral, and acidic pH. Howeygyrazinoic acid only accumulates in
susceptible tubercle bacilli when the external pH is acidic. In naturally resistant mycobacteria
such asM. smegmatisor Mycobacterium vaccaeefficient conversion of PZA occurs, but
pyrazinoic acid is rapidly excreteby a highly active efflux system that can be inhibited by

reserpine or valinomycin (Zhargg al,, 1999).

M. tuberculosisalso appears to have a pyrazinoic acid efflux system, but as this is many orders
of magnitude less efficient, copious amounts ofdbiel build up in the cytoplasm. The natural
PZA resistance ofl. kansasiiis attributable to the much lower activity of its PZase rather than
to efflux mechanisms, since the introduction of Meaviumgene intoM. kansasiiresults in

highly increased PX susceptibility and pkiependent pyrazinoic acid accumulation (Sun and
Zhang 1999). By contrast, iMl. avium which shows lower levels of PZA resistance tihé&n
kansasij an efflux mechanism has been reported whose efficiency is intermediate between thos

of M. smegmatiandM. tuberculosigSun and Zhang, 1999).

Prior to its interaction with PZase, PZA must cross the cell wall and enter the cytoplasm. It was
demonstrated that the rad@belleddrug diffused passively through the outer envelop&lof
tuberculosis and was then actively transported by an Add@pendent uptake system. This
transporter, which was inhibited by arsenate (albeit at very bigitentrationsyappears to
transport nicotinamide (Raynaetial.,1999). Similar transport systems welgoadetected i.
aviumandM. kansasij but not inM. bovisBCG. The latter observation was also made by Zhang

et al.,who found that the drug did not accumulate in R2aistant strains belonging to the
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tuberculosiscomplex (Zhanget al, 1999). Howeer, upon introduction of a functionghcA

gene, PZA uptake and pyrazinoic acid production were restored. This could suggest that the
transport system is only expressed when PZase is present. Similar observations regarding
nicotinamide uptake and the peese of nicotinamidase have been madd.incoli mutants

lacking the amidase, and might reflect the existence of regulatory pathways for pyridine
nucleotide metabolism (McLareet al, 1973). Alternatively, it is conceivable that PZA also
diffuses acrosshe cytoplasmic membrane of mycobacteria in a passive manner and is then
converted to pyrazinoic acid by PZase, which is trapped in the cell at low ldHtuberculosis

but excreted by the naturally resistant species. The inhibition of PZA uptake obsemed
presence of nicotinamide may simply reflect the fact that as nicotinamide is the preferred
substrate, PZase hydrolyses the drug at much lower levels. To summarize, three components
appear to be involved in mediating PZA susceptibility in pathogeryicobacteria: the putative
uptake system, PZase, and an efflux pump. The relative contributions of these three factors
determine the level of drug susceptibility. Clinically relevant mutations have been described in
the M. tuberculosiscomplex that results loss of PZase activity and concomitantly the absence

of pyrazinoic acid. No genes or mutations affecting the PZA transporter (if this exists) or the
efflux system have been reported in tubercle bacilli. Over expression of the putative efflux
system wold lead to increased excretion of pyrazinoic acid. Such mutants might exist and could

explain the resistance observed in a small number of clinical isolates wittyp@édncAgenes.

Since pyrazinoic acid is the active agent, it was logical to testdmgound directly, but its
bactericidal activity for tubercle bacilli in infected mice was found to be much lower than that of
the acid generated endogenously from PZA (Koanhal.,1967). To identify the target for the

bioactive form of PZA, attempts wemade at isolating laboratory mutantshf tuberculosis
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that show increased resistance to pyrazinoic acid. These have been repeatedly unsuccessful
(Scorpioet al.,1997). Moreover, in well characterized clinical isolates that display reproducible
PZA resstance most strainkarboureddefective pncA genes (Scorpicet al., 1997). These
observations suggest that the drug target must be an essential enzyme and current thinking is

centered on fatty acid synthase I.

2.6.14Resistancéo Ethambutol (EMB)
Sinceits introduction in the early 1960s, EMB was thought to act on the mycobacterial envelope,

as treatment perturbed the biogenesis of several cell wall components. Through biochemical
studies, performed mainly withl. smegmatisit was found that the primajite of action was
arabinan synthesis (Takayama and Kilburn, 1989) which, in turn, impacts on arabinogalactan and
lipoarabinomannan production (Khebal.,1996). It is now clear from work with EMBesistant
mutants and molecular genetics that the maig darget is the arabinosyl transferase(s) involved

in the polymerization of arabinan. Using complementary approaches Mvittuberculosis
(Telenti et al., 1997) andM. avium (Belangeret al., 1996), these enzymes were shown to be
encoded by linked gendat have evolved by a gene duplication mechanism, controlled by the
regulatory genembR In M. avium embRis transcribed divergently from the adjacembAB

genes, whereas M. tuberculosistheembCABoperon is situated 1.87 Mb distaldmbR embR

regulation is dependent on phosphorylation by PknH (Belagigal, 1996).
H —OH
N VO eH 2HCI
]
H,C /Y ~_ H/\/ 3
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Figure 2. 6: Chemical structure of Ethambutol
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The arabinosyltransferases are membiamend enzymes (Belangest al., 1996) with 12
predicted membrane apning segments and a large extracytoplasmic domain at the COOH
terminus. Missense mutations located in a tetrapeptide at positions 303 to 306 of a putative
cytoplasmic loop oembBhave been shown to be responsible for acquired drug resistance in the
majaity of clinical isolates oM. tuberculosisand in laboratory mutants ™. smegmatigLety

et al., 1997; Sreevatsamet al., 1997; Plinkeet al., 2006). Mutations affecting Met306 are
predominant, and replacement by Leu or Val is associated with higtistaree levels (40
pHg/mL) than the substitution Met306lle (Sreevatsaml., 1997). Highlevel resistance has also
been described favl. tuberculosisstrainsharbouringembBgenes with Thr630lle or Phe330Val
mutations although causality has not yet bdemonstrated. The naturBMB resistance of a
variety of nontuberculous mycobacteria, suchMsleprae , M. fortuitum andMycobacterium
abscessugesults from the presence of one or more alterations to the otherwissonsdirved

motif at positions 83 to 306 (Alcaideet al.,1997). Yet again, as in the case of INH and PZA,
serendipity has played a major role in the susceptibility of the tubercle bacillus to a frontline
drug. In roughly 70% of EMBesistant clinical isolates &fl. tuberculosisdrug esistance can

be explained by alterations &mnbB However, nothing is known of the mechanism operational

in the remaining 30% and these generally display lower levels of resistance (15 pg/mL)
(Sreevatsart al.,1997). It has been proposed that kigbel resistance results from a stepwise
mutational process iM. smegmatisalthough other workers provide evidencefavour of a
single event (Letet al.,1997). There is a clear indication from heterologous expressiembf
genes in this host that incredsgene dosage confers higher resistance levels (Teemti,

1997) and it is conceivable that unlinked mutations leading to over expression bf. the

tuberculosiembCABoperon may occur in clinical isolates displaying {l@vel EMB resistance.
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A strongcandidate locus ismbR which is required for transcription of the operon (Belarager

al., 1996) although increased efflux of the drug cannot be excluded.

2.6.15Resistancéo Fluoroquinolones
The discovery that the broaectrum bactericidal activitgf fluoroquinolones extended to

mycobacteria led to their rapid clinical deployment (Tsukamura, 1985; Tsukatakal985).

They have now been used extensively and have established themselves as a key element of
therapy for cases of MDHRB (Iseman, 1993Iseman, 1999). Their tolerability and oral route of
administration make them particularly useful drugs. Most clinical experience has been with
ofloxacin and ciprofloxacin, but recently newer fluoroquinolones with lower MICs have become
available, of whib moxifloxacin and gatifloxacin are currently the most promising.
Moxifloxacin has been the most extensively studied in animal models of tuberculosis therapy,
and in combination with PZA and RIF has been shown to sterilize mouse lungs more rapidly
than cowentional antituberculosis regimens (Nuermbergaral., 2004a; Nuermbergegt al.,

2004). This has raised the possibility that including a potent fluoroquinolone inlifiest
treatment could shorten the duration of therapy from six months, and phelssidal trials are

under way to investigate this possibility. Fluoroquinolones target bacterial topoisomerases, so it
was expected that mutations in DNA gyrase, a type Il DNA topoisomerase, would be the
principal mechanism of resistance, as a type poiwomerase was not identified in the genome

of M. tuberculosigCamuset al.,2002). DNA gyrase is made up of two A and two B subunits
encoded bygyrA and gyrB, and catalyses negative super coiling of DNA (Wang, 1985).
Sequencing of the equivalent of tkBe coli quinolone resistanegetermining region (QRDR) of

gyrA (Yoshidaet al.,1990) in fluoroquinoloneesistant clinical isolates showed that a number of

distinct amino acid substitutions are associated with resistance and those at codon 94 and 90
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occurmost frequently (Cambaet al., 1994; Takiffet al., 1994; Alangaderet al., 1995; Xuet

al., 1996). Functional analysis of mutant gyrase complexes has shown that fluoroquinolone
inhibition of DNA super coiling is reduced by the missense mutations Ald98Y&94Gly, and
Ala94His (Aubryet al, 2006; Matrat et al., 2006), with larger effects seen with a double
mutant. This mirrors the observation that doulgh@rA mutations in clinical isolates are
associated with the highest MICs. This study also charaeteagyrB mutant confirming that
substitutions at this site, which are only rarely encountered clinically (Pitaksagja&l] 2005;

Aubry et al, 2006), can also cause resistance.

There are other pathways to resistance independent of the mutatibes QRDR ofgyrA and
gyrB, as fluoroguinoloneesistant clinical isolates that are wild type at these loci have been
identified (Sullivanet al., 1995; Xuet al., 1996; Aubryet al, 2006). Attention has focused on
characterizing the active efflux systenof M. tuberculosisbecause of their proven role in
confering fluoroquinolone resistande other organismaviycobacteriuntuberculosigpossesses
representatives of all of the main classes of efflux systems (De ®@ds2002; De Rosset al.,
2006),and members of the ATBinding cassette (ABC) super family and the MFS have been
shown to transport fluoroquinolones in mycobacteria (Tadiffal., 1996; Pascat al., 2004).

LfrA, an MFS member identified in the ngrathogenidMl. smegmatiscan extrudejuinolones
(Sanderet al., 2000; Buroniet al., 2006). However, none of these transporters has yet been

implicated in clinical resistance.

Recently, work has suggested that efflux pumps and structural changes to DNA gyrase may not
be the only way$/. tuberculosishandles the toxicity of fluoroquinolones. Using a genetic screen

for fluoroquinolone resistance, Takiff and colleagues were able to identify a rp&o that
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resulted in lowlevel resistance when over expressetMirsmegmatigMonteroet al.,2001). M.
tuberculosiscontains a 18&mino acid homolog ofnfpA that encodes a member of the
pentapeptide repeat family of proteins (Vettieigal., 2006) in which every fifth residue is a
leucine or phenylalanine. Structural characterization foundntiffgh forms a rodshaped dimer
similar electrostatically and in size tofBrm DNA, suggesting the binding and inhibition of
DNA gyrase bymfpA was through DNA mimicry (Hegdet al.,2005). This would also explain
how upregulation ofmfpA can block the bactamidal activity of fluoroquinolones, which is

dependent on binding irreversibly to the gyr@¥¢A complex.

2.6.16Resistancéo New drugs
The scale of the global tuberculosis problem and the continuing expansion of drug resistant

strains of M. tuberculosishave finally galvanized the search for new antituberculosis drugs.
These drug discovery efforts have already produced several new compounds that have entered
clinical trials. However, even though these agents have novel modes of action, they are not

immure from drug resistance.

R207910 is a diarylquinoline (DARC) with potent antimycobacterial activity that was identified
by screening prototypes of different chemical series for growth inhibitioM.ofmegmatis
(Andrieset al., 2005). It has a low MIC agast M. tuberculosisis active against MDR strains
including DNA gyrase mutants, and in combination with selectedliimsttuberculosis drugs

can sterilize lungs d¥1. tuberculosisanfected mice more rapidly that standard regimens, making
it an agent wit the potential to shorten the duration of chemotherapy (Lowtigl., 2006;
Ibrahim et al., 2007). Its mode of action and resistance conferring mutations were ingeniously

elucidated by comparing the neamplete genome sequences of R207@&Hdktant M.
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tuberculosisand M. smegmatisstrains selecteth vitro with their wild-type progenitors. This
approach identified single point mutationsaitpE, which encodes part of thg Eubunit of ATP
synthase. The mutations Asp32ValNh smegmatisind Ala63Pro irM. tuberculosisvere both

located in the membrane spanning domain of the protein and could confer resistance to R207910
when transformed on appropriate constructs into -tyiig organisms. Further work has
established that the region involved in resis¢gans conserved across a wide range of
mycobacteria except favl. xenopj which unlike most mycobacteria, is naturally resistant to
R207910 and has a Met63 genotype rather than the highly conserved Ala63 (leetadlla

2006).

The observation that nitnmidazoles, such as metronidazole, have some antimycobacterial
toxicity, prompted researchers to identify related compounds with enhanced bactericidal activity
againstM. tuberculosis Two of these compounds, OMZ683 (a nitredihydroiimidazole)
(Matsumotoet al., 2006) and PA824 (a nitroimidazol®xazine), (Stoveet al, 2000) have
already advanced into clinical trials. To date, only the resistance mechanisms8@#rave

been studied extensively. The intracellular targets have not yet been ideitifteB@A824
inhibits protein and cell wall synthesis after reductive activation, which requirgga@ependent
glucose6-phosphate dehydrogenase (FGD1) encoded by Rv0407. Therefore, it was not
surprising that mutations in FGD1 and the genes requiredyfthesis of cofactor 4y (fhiA,

fbiB, andfbiC) result in resistance to P84 (Choiet al.,2001; Choiet al.,2002). However, a
proportion of PA824resistant strains can produce FGD1 apg IBut are still unable to activate

the drug. Barry and collgaes sequenced the genome of these strains and identified mutations in
an additional gene (Rv3547), which they propose encodes an essential part,gf tlepéndent

nitroreductase (Manjunathet al, 2006). The involvement of at least five genes in-82A
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activation means that then vitro selection rate for resistant mutants is relatively high
(Manjunatheet al, 2006), and it will be important to determine if resistance teBRA emerges
rapidly during therapy.

2.7 TB drug susceptibility testing

Determnation of resistance to a given drug is performed as aiiro assay in the laboratory, a
process called drug susceptibility testing (DST). Where resources are limited, the WHO
recommends a hierarchy of DST that should include at least RIF and INHwdhenost
efficacious drugs that define MDRB (Rich et al, 2006). For more than 40 years, DST in the
developing countries has relied on conventional indirect susceptibility methods on Lowenstein
Jensen (LJ) solid medium (Canetti al, 1963). Indirect t&ing involves primary isolation of

pure colonies oM. tuberculosis which are then used as inoculum for DST. In contrast, direct
DST involves inoculation of processed smear positive samples rather than pure MTB colonies.
Results of direct testing are miuenore rapid and help to triage MDR from non MDRB
patients promptly.

2.7.1 Conventional susceptibility tests

Three conventional techniques; the proportion method, the absolute concentration and resistance

ratio have been standardized, and are widely ustte developing countries (Azét al.,, 2003).

2.7.2 Proportion method (PM)
With this methodaninoculumof 1.0 MacFarlandgtandard oM. tuberculosids prepared. The

1.0 MacFarland standardised suspension was further dilutedto1@® and 10°. The 10
suspension was subsequently inoculated on the-abmt@ining medium. Three dridfgee LJ
slopes were inoculated with 1:10, 1:100 and 1:1000 diluted suspensions of the 1.0 MacFarland

standardised inoculun®©n the drug containing medium, only pre stixig resistant mutants are
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expected to grow. Although the proportion of pre existing mutants based on a mutation rate of 1
in 10™° would be much lower, for ease of interpretation, it is theoretically assumed to be 1%,
and this has been determined todicetherapeutic outcome (Canettial, 1969). Assuming that

1% of the inoculum on the drug medium are resistant mutants, only these mutants will grow, and
by dividing the number of CFU on drug medium by those on drug free medium it is possible to
deducet hat the isolate is susceptible (01%) or
the number of CFU on the drug medium must not exceed those on drug free medium. This is the
principle underlying the proportional method of DST in MTB (Caredtéil., 1963, Canetigt al.,

1969).

The proportion metho{PM) can be performed on LJ or Middlebrook agar medium (Makéten

al., 2006). The LJ medium is recommended by the WHO and the IUATLD for developing
countries as it is cheap, easy to read, has lawaaanation rates and DST results are highly
reproducible (Wanger and Mills, 1994). Withis method estimation of the inoculum size from

the CFU counts is easy. However, a single CFU could arise from a clump of bacilli rather than
from an individual cell resulting in an inaccurate calculation of the proportion of resistant
mutants and thus false results. The LJIPM is the DST method commonly used in Nigeria and in

many other developing countries.

2.7.3 Critical concentrations of drugs
The critical concemation (CC) is defined as the concentration that inhiipitgitro growth of

most MTB cells within the population of wild type strains without appreciably affecting the

growth of pre existing resistant mutants (Caredtal, 1969). Table 1 shows the C@ first line
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anti TB drugs for the different tests. If resistant mutants exceed 1%, the CC may not inhibit

growth, and this predicts therapeutic failure.

Tablel: Critical concentrations of first line anti TB drugs

Critical concentrat i on € g/ ml
Indirect Middlebrook agar BACTEC460 MGIT 960

LIPM
7H10 7TH11

First line drugs

Isoniazid 0.2 0.2 0.2 0.1 0.1
Rifampicin 40.0 1.0 1.0 2.0 1.0
Ethambutol 2.0 5.0 7.5 2.5 5.0
Pyrazinamide NR NR NR 100.0 100.0
Streptomycin 4.0 2.0 2.0 2.0 1.0

NR: Not recommendefChristopher, 2012).

2.7.4 The absolute concentration method
An inoculum ofM. tuberculosiss added to LJ or 7H10/7H11 agar containing several sequential

dilutions of each drug. Resistance is indicated by the lowest mwwatien of the drug that

inhibits growth, i.e. fewer than 20 colonies by the end of 4 weeks (IUATLD, 1998).

2.7.5 The resistance ratio method
The resistance ratio (RR) is the ratio of the minimum inhibitory concentration (MIC) for the

pati ent stile M§Ctof thei dnug susceptible reference strain, H37Rv, both tested in the
same experiment (Heifets, 2000). After 4 weeks of incubation, growth on any slope is defined as
the presence of 20 or more colonies, and MIC is defined as the lowest drug coiocewtnare

the number of colonies is less than 20. A resistance ratio of 2 or less indicates sensitive strain,
and a resistance ratio of 8 or more indicates resistant strains (Gznattj 1969). The RR

method is the most expensive of the three coneratimethods (Heifets, 2000).
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Conventional tests have been time tested to offer very reproducible DST results and have been
considered as the gold standard tests for TB susceptibility testing. However, when performed on
solid medium; typical of resourcenlited settings (RLSs), the DST process is very slow8 (2

months), necessitating the need for more rapid assays.

2.7.6 Rapid Susceptibility Tests
The rapid susceptibility testgiclude solid media culturbased techniques such as Nitrate

Reductase Assay @A) (Angebyet al, 2002), E test (AB Bio Disk Solna, Sweden) (Wanger
and Mills, 1994; Jolobat al, 2000), and Phageased susceptibility tests (Biotec Laboratories
Ltd., Ipswich, UK, (Albertet al, 2004; Simboliet al., 2005); Inhouse liquid media cture-
based tests such as the microscopic observation drug susceptibility (MODS) assayetMbpore
2006), Alamar blue (da Silvat al, 2006), the MTT test (84,5dimethylthiazoi2-yl)-2,5
diphenyltetrazolium bromide) (Mengattet al, 2006), and resamn assays (Montoroet
al.,2005); commercial liquid media cultubased tests such as the BACTEC 460 radiometric
system (Becton Dickinson, Sparks, MarylaniiycobacteriumGrowth Indicator Tube MGIT
(Becton Dickinson, Sparks, Maryland), and MB BacT/Aleysteam (bioMe’rieux, Marcy

|l 6Et oi | e, France) e aVaooe), and M@eauladtests RineeProbesAgs) n |
such as the INNE.IPA Rif TB Assay (Innogenetics, Ghent, Belgium) (Jureemal, 2004) and
the Genotype® MTBDR and its newer versitile Genotype® MTBDRIus (HainLife sciences,

Nehren, Germany) (HainLifescience, 2009).

2.7.7 Solid Media CulturBased Tests

2.7.8 Nitrate reductase assay (NRA)
Mycobacteriuntuberculosishas nitro reductase enzymes that catabolically reduce nitratg (NO

to nitrite (NQ), in the reaction pathway:
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2KNO3 + 2e + 4H" —— 2NO, + 2H,0 + 2K*

In 1879, Griess, a German chemist working at the University of Marburg, described the
diazotization reaction, which now forms the basis for the Griess telidatetection of nitrite
(Griess, 1879). By incorporating 1mg/mL potassium nitrate (WN@ the medium, the
reduction of nitrate to nitrite can be detected using the Griess reagent. When Griess reagent is
added on the"21% day of incubation, the nite in the medium causes a piplrplishcolour.

In the presence of RIF or INH at the critical concentrations, the appearance of @ulek

colour represents resistance to the drug (Angelal, 2002). Susceptible strains do not grow, as
they are inHiited by the antibiotic thus producing a non coloured reaction. As the NRA uses the
detection of nitrate reduction as an indicator of growth, DST results can be obtained faster than
by waiting for visual detection of colonies.Progress had been made us¢hef the NRA for
indirect DST inM. tuberculosisshowing sensitivity and specificity of 900% (Martinet al,

2008).

The NRA test is technically easy to set and read, and gives a clear cut answer on susceptibility.
When NRA is used for indirect DSThe bio safety and cost is almost similar to the LIJPM since
it needs a minor modification to perform the test. However, data on the perforafdheeNRA

in resourcdimited settings RLSS in Africa is limited (Martinet al, 2008).

2.7.9 E test susceptlity testing
This method uses plastic strips that contain exponential gradients of antibiotics for susceptibility

testing of mycobacteria (AB BIODISK, Solna, Sweden). The antibiotic diffuses into the medium
and thereby inhibiting growth of susceptibleagis. The minimum inhibitory concentration

(MIC) is read and the isolate interpreted as resistant or susceptible. Initial studies of the E test
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showed high accuracy estimates of close to 100% when compared with the conventional agar
proportion and BACTECradiometric tests (Wanger and Mills, 1994; Joladaal, 2000).
However, it is now known that the diffused antibiotics degrade fast amidst the slowly growing
mycobacteria resulting in a blurred cut off point for MIC reading. The other disadvantage of the
E test is the need far heavy inoculum i.e. no. 3 MBarland (MF) equivalent, which may not be
achievable with direct DST on sputum sediments, but which also poses a major risk of aerosol
generation and inhalation by the staff in the safety level 2 ladygea of developing countries.

The E test antibiotic strips are also very expensive (up to USD 30 per strip), which may not be

affordable inRLSs

2.7.10 Phagdased susceptibility tests
Phage assays rely on the ability of live and thus resiMatibeculosispre incubated with the

test drug to support the growth of an infecting mycobacteriophage; a virus that infects
mycobacteria (McNerney, 2001; Simbadit al., 2005). Both the commerciallyavailable
FastPlaque TB assay and thehwuse versions haveeen mainly studied for the detection of
rifampicin resistance of eithévl. tuberculosisisolates or directly on clinical specimens with
good results and rapid time to results 8 Aays (Albertet al, 2004; Simboliet al.,2005). An
evaluation of this ssay has shown high sensitivity and specificity (Traeteal, 2007).
However, the phage assay can be technically complex, labour intensive, and can have high

failure rates with inability to have interpretable results.

2.7.11 In house liquid media culturased tests

2.7.12 Microscopic observation drsgsceptibility (MODS) assay
The MODS assay is a broth based technique for the detection of tuberculosis and multidrug

resistant tuberculosis, indirectly or directly from sputum. The test relies on threxplesn
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(Mooreet al, 2006): first,M. tuberculosiggrows faster in liquid medium than in solid medium;
second, characteristic cord formation occurs and these cords can be visualized microscopically in
liquid medium at an early stage; and third, incorporabf drugs permits rapid and direct drug
susceptibility testing concomitantly with the detection of bacterial growth. Resistant strains are
detected due to the ability ofl. tuberculosisto grow with characteristic cotltke structures

detected with amwverted microscope.

Visualization of cordike structures in liquid medium containing the tested drug indicates
resistance. The protocol for the MODS assay has been updated to include a well with Para
Nitrobenzoic Acid (PNB) to help identify MTB from atygal mycobacteria. PNB inhibits

growth of MTB complex but not atypical mycobacteria (Rasébgil., 1989).

Studies on MODS have shown sensitivities and specificities ranging frot0O®6 for
rifampicin and isoniazid resistance (Pakal, 2002; Mooreet al., 2006). The MODS assay
requires minimal training, is easy to set and results are rafid (Jays). However, microscopic
observation of the cords may be subjective. Being a liquid ctii@sed test performed on tissue
culture plates, concerns have bemised over the bio safety of staff working with this test.
However, the main bio safety concern is at the point of sputum processing and inoculation after
which the plate is supposedly sealed and never re opened even at microscopic examination. On
basisof rapidity (#14 days), technical ease, and low cost, the MODS assay was thought to be a
promising DST method for poor countries.

2.7.13 Alamar blue, Resazurin and3-(4,5dimethylthiazol2-yl)-2,5diphenyltetrazolium
bromide(MTT) assays

These tests ameferred to as colorimetric assays since they involve oxidatidaction reactions

with a colour change (Martiet al, 2007). They all use liquid medium on-@@ll micro titre
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plates although tube assays have been reported (WoldeM¢tskel2005). Spplemented 7H9

broth containing the test drug is inoculated with mycobacteria and incubated for 7 da}G. at 37
After addition of Alamar blue or resazurin reagents to wells and if there is bacterial growth, the
blue oxidized reagent is reduced to a pink digible with the naked eye or with a colorimeter. A
change of colour from blue to pink in a drug containing well indicates presence of growing
resistantM. tuberculosigReiset al, 2004). For the MTT assay, detection of resistance is based
on the abiliy of mitochondrial dehdrogenase enzymes from viable mycobacterial cells to cleave
the tetrazolium rings of the pale yellow MTT, resulting in formation of violet purple or dark blue
formazan, visible with a naked eye or with a colorimeter (Mongbi@.,2005). After the 7 days
incubation the yellow MTT is added to the wells, and the plate incubated for 24 hours to allow
the MTT to precipitate in the cytoplasm. A lysing buffer is then added to the wells to lyse the
bacterial cell and release the MTT inteetmedium. Development of a strong violet purple
colour in the drugcontaining well indicates presence of resistant mycobacterial strains (Montoro

et al.,2005).

Each of these colorimetric methods has been assessed in previous studies with reported
sensitvity and specificity of 94.00%, and the results obtained within 10 days (Maetial,

2007). These tests use micro titre plates with around 10 samples per plate, thus high throughput,
which would be good for TB highurden settings. However, after 7 dagf incubation, the
Alamar blue and resazurin plates are opened once while the MTT plate must be opened twice to
add the detection reagents. This is not only cumbersome but also carries a serious bio safety risk

to the laboratory personnel.
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2.7.14Commecial liquid media culturebased tests

2.7.15BACTEC 460
The BACTEC 460 (Becton Dickinson, Sparks, Maryland) relies on radiometric detection of

“C0O, as an indicator of bacterial growth. The BACTEC vials contain Middlebrook 7H12
medium and fatty acid subateslabelledwith **C. Growing mycobacteria relead®0O, as a
metabolic end product. The gas is removed, analyzed and the amount of radit'ctise
expressed as a numerical value called the Growth Index (GI). When the GI value in the control
vial reates 30, interpretation of drug tube begins on the nexaslégilows: susceptible, change

in Gl in the control vial > Gl in drug vial; resistant, change in Gl in control vial < Gl in drug vial
and border line, Gl in control vial = Gl in drug vial. Thisttés highly sensitive and specific but

it uses radioactive carbon whose half life is 5,000 years, which makes it difficult and expensive

to dispose.

2.7.16Mycobacterial Growth Indicator Tube
The Mymbacterial GrowtHndicator Tube (MGIT; Becton Dickingp Sparks, Maryland, USA)

is based on fluorescence detection of mycobacterial growth in a tub@intog a modified
Middlebrook 7H9 medium together with fluorescence quenctbaged oxygen sensor (a
ruthenium pentahydrate substance embedded in silicdmgenu at the bottom of the tube
(Reisneret al.,1995; RusckHGerdeset al.,1999). As the bacteria grow and consume oxygen, the
indicator fluoresces under ultraviolet light, and growth in a tube with the test drug indicates
resistance (Reisnest al., 1995. The MGIT system, introduced around 15 years ago, in its
manual and now automated versions, is part of thegeweration of rapid tests for detection of

drug resistant TB. Studies of both the manual and automated MGIT 960 system have shown very
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high corelation with conventional DST methods for rapid detection of resistance to the first and

second line ardT B drugs ( Pfyfferet al.,1997;Idigoraset al,, 2000; Johanseet al.2004).

The automated MGIT 960 system has the advantage of high througi®®@® $amples can be
tested on one instrument at ago), it is rapid8days), and very easy to interpret results. All
these aspects would be suitable for the TB {ugiden settings. However, the test has been
studied only as an indirect assay mainly in deseloped countries. Thus, data on the technical
performance of the test in RLS, and on how the operational issues such as cost, contamination

rates, and power failures would impact on the DST results in the low income settings is limited.

2.7.17 The Bat/ALERT ® 3D System
The BacT/ALERT ® 3D System (bioMerieux, Marcy Etoile France) is a liquid based automated

assay performed in a tube with a liquid emulsion sensor. Growing bacteria prodyoghib
reacts with the sensor, resulting is a colour chdngen gray to a lighter colour, detected
colorimetrically as growth. Growth in a drug tube indicates resistance. The BacT/ALERT ® 3D

System is slightly slow compared with the MGIT 96Qurray et al.,2007)

2.7.18 Molecular Assays
Molecular methods for MDR B detect the common mutations conferring resistance to RIF and

INH, rather than the resistance phenotype. The commercially available line probe assays involve
DNA extraction, polymerase chain reaction (PCR), and solid phase reverse hybridization of
amplified DNA to probes covering the core region of the target gene, immobilized on a

nitrocellulose strip. These tests can be applied on MTB isolates or on smear positive sputum (De

Beenhouweet al.,1995; Rossaet al.,1997).
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The INNO-LIPA Rif TB Assay (Inrogenetics, Ghent, Belgium) detects the common mutations in
only ther p a@éne for rifampicin resistance (Rossetual., 1997). Evaluation studies of the
INNO-LIPA Rif TB Assay showed high sensitivity and specificity (Jurestnal, 2004).
Rifampicin resistance predicts MBRB in over 90% of cases, and may be sufficientM®R
diagnosis. However, isoniazid testing as well may be helpful in the design of second line drug

regimens for MDRTB patients.

The GenoType® MTBDR assay (Hain Lifesciences, Nehren, Germany) simultaneously detects
the common mutations in the p aifd katG gene (Hillemanret al., 2005). The GenoType®
MTBDRplus a newer version of the genotype MTBDR detects more of the common mutations
in ther p ardkatG genes, and also mutations in thBA promoter region, making it the most
sensitive line probe assagrfdetection of resistance (Hillemasnhal.,2007). Evaluation studies

of these assays have reported sensitivity and specificity-4D08o for rifampicin, and of 70

100% for isoniazid, with results ind days (Linget al.,2008).

Most of these studiesere performed in developed countries and there was limited data on the
performance of the tests in developing countries (leihgl.,2008). A major limitation of these
assays in developing countries could be the expertise in molecular biology requmertota

them correctly, the unidirectional work flow laboratory infrastructure and the cost of molecular

assays.
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CHAPTER THREE
3.0MATERIALS AND METHODS

3.1 Ethical approval
Ethical approvals were obtained from the ethical committees of the K&ftateMinistry of

Health, Ahmadu Bello University Teaching Hospital, Zaria and National Tuberculosis and
LeprosyTraining Centre, Saye, Zariéligeria Consentwas obtained from patients, parents or

caregives as the case may be.

3.2 Studydesign
The stuly was adescriptivecross sectionaurveyand wadospitatbased

3.3 Study area
The study was conducted Kaduna Statéocated in the Northwest Geopolitical Zone of Nigeria.

The Statdies between latitudes 6° and 11° North and longitude 7° and 44° Ehss &08

meters above sea levél.is divided into three Senatorial districiSaduna Northcomprising

Kubau, Ikara, Makarfi, Soba, Sabon Gari, Zaria, Lere, Kudas; Kaduna Centralvith Birnin

Gwari, Giwa, lgabi, Kaduna North, Kaduna South, Chikajuru LGs andKaduna South
comprisingJ e ma 6 a J a b a ,Katd &auraaKachid, &aggrkon Sang&ss. It has

distinct wet and dry seasons and is within the Northern Guinea Savannah zone and part of the
Sahel Savannah zone of Nigeria. TBateshares gegraphical boundaries with Katsina and
Zamfara States to the North, Plateau and Bauchi States to the East, Nasarawa State and the
Federal Capital Territory to the South, Niger State to the West, and Kano State to the Northeast.
Kaduna State occupies abot8,473.2%8 sq km, with a human population of over 6,066,562

people according to the census figures of 2BGGlunaStateGovernment2008)
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Figure 3. 1: Map of Kaduna State showing the Senatorial Districts (Nigerian Chamber of
Commerce USA, 2014)
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3.4 Sample Size
Owing to the difficulty in finding record of any research on the prevalence of VMIBkh the

study area, or any other part of Nigeria, a prevalence of 50% was used to calculataplee s

sizeusing the equation:

2

n=2pq
L2
Where

n = sample size

Z = standard normal distribution 85% confidence interval (1.96)
P = Prevalencé&0%) (Bland 1999

L = allowable error@.005)

Q=1P

Therefore N = (1.96¥x 0.05 x 0.05 = 384
(0.005Y

The minimum sample size calculated was 384 which was however increased tdHi$88as
to avoid attritionto obtain enough smear positive samples anddalsato thepopulationsize of

the study area.

3.5 Inclusion and exclusion criteria
All AFB positive sputa from consented patients at the hospitals were included, while AFB

negative sputum samples and samples from those who did not consent were excluded.
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3.6 Sample collection
Stratified sampling technique was usédtotal of 1186 sputumasnples were collected from

patients attending clinics of the selected hosp{talsnadu Bello Universityl eaching Hospital
Zarig, National Tuberculosis and Leprosy Training Centre, Saye, ,ZAsieau Dikko Spacialist,
Kaduna, General Hospital Kafanchan) screw capped leak proof pecimen containers.
Demographic andisk information (age, sex, HIV statu3B history, previous treatment
alcoholism, smoking, history of diabetes, history of asthmwere obtained through
guestionnairegAppendix X) Sampleswere transported to mycobacteriology laboratory at the
National Tuberculosis and Leprosy Training Centre, Za\igeria,in insulated cold box with

ice packs and analyzed within 24 hours of collection.

3.7 Analyses of samples

3.7.1 ZiehkNeelsen stainingnd microscopy
Smears were made by fishing out a loopful of yellowish particle of sputum and spread evenly on

the middle of acleanlabeledglass slide (approximately 132n - 233 cm). The smears were

allowed to dry completely at room temperature and fisggassingver the flame 3 times for

about five seconds. The hdated smears werallowed to coolangd t ai ned wi th Zi e
carbol fuchsin) solution and heated from beneath by spirit lamp until steam came off from the
stain. The stain was allowed &ot on the smear forrfdinutes and the procedure was repeated 2

3 times. The slides were tilted to remove excess stain and washed gently with streamngf r

tapwater followed by decolaation with 3% hydrochloric actdthanol (3% HGCEthanol) until

the solution runs clear. The slides were rinsed with waterikd to drain off exceswater and

then counterstained with 0.1% methylene blue f8rs&conds. The stain was poured off and the

slides washed with gentle stream of runniag water, placedon slide rack. The slides were
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dried in the airand examinedinder the microscopasing the oil immersion objective®ink
coloured rods against blue caieed background were considerpdsitive forAcid Fast Bacilli
(AFB) (Fujiki, 2001).

3.7.2 Media prearation

Lowenstein JensefiJ) medum basewasprepared according to manufacturer's instructions. The
culture medim wasprepared by weighing 18.65g of the LJ medium based&wblvingin 300

ml of distilled water. Six(6) ml of glycerol (reagent gradeyjas added. The solutionvas
autoclaved at 12C for 30 minutes and cooled. Five hundred ml of homogenized wholeag)g
added and mixed. Then, 6 ml of the mediwams dispensed into a 20 x 150 mm screw capped
tubes. The culture tubsegereinspissated at 8& for 50 minutes. For sterility cheick), prepared
culture mediavereincubated at 3T for 48 hours and dpt in the refrigerator for storage when
no bacterial contaminantsere detected. All tubeweretightly capped to prevent evaporation

during storagéConcepcioret al, 2001).

3.7.3 Specimen Digestion and Decontamination

Acid fast bacilli (AFB) positivespecimenswere processed for isolation of mycobacteria
following standard procedures for homogenization, suspension, centrifugation and
decontaminatin. The samples underwent digestion by means of thecatylL-cysteine and
sodium hydroxide was used in order to decontaminate the samples beftoreng for TB.

Equal volumes of specimen and decontamination reagent (LN NaOH, 0.1N sodium cirate, N
acety-L-cysteine) were added to a 50 ml plastic centrifuge tuirex homogenizedand
allowed to standor 15 minutesat room temperature (20-25°C). The tube was filled with

phosphate buffer (pH 6.8). The mixture was then centrifuged (3000 x mirf)5at 4°C, the
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supernatant discarded and the pelleduspended in 2 ml of phosphate buffer (Concepetat,

2001).

3.7.4 Isolation

An inoculum of 0.1 ml of the sedimemias inoculatedinto tubesof Lowenstein Jensen (LJ)
medum and incubatel aerobicallyat 37°C. The tubesvereobserved daily for the first week of
incubation and weekly thereaftantil eight weeksCaps were opened once a week for a short
interval to aerate the cultures and to examine bottles for positive gr@uttures showing
evidence ofgrowth at any time during this periadere examinedfor morphology by making a
smear and staining by the Zigkkelen procedureAll positive cultures were stored &0 °C

for later use Martin et al, 1975; Concepciont al, 2001;Srivastaveet al, 2008; Gambcet al.,

2013).

3.7.5 Characterization
SD BIOLINE TB Ag MPT64 Rapid is a rapid immunochromatographic identification test for the

M. tuberculosiscomplex (MTBC) that uses mouse monoclonal -8fT64. The kit has
sensitivity and specificity of 98% and 100% respectively. The test cassette consists of a sample
pad, a gold conjugate pad, a nitrocellulose membrane and an absorbent pad. Mouse monoclonal
anttMPT64 was immobilized on the nitrocellulose membrane as the capture material (test line).
Ancther antibody which recognized another epitope of MPT64, conjugate with colloidal gold

particles was used for antigen capture and detection in a sandwich type assay.

Four colonies were suspended in 2000f the extraction buffer prior to the test. The seEtte
was removed from the foil pouch and placed on a flat dry surface. One hundred micro litres (100

pl) of the suspended colonies in buffer was added into the sample well. As the test began to
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work, a purple colour moved across the result window in #rdre of the device. After 15
mi nutes of sample application, the appearanc
control band) within the result window was considered a positive result. Confirmed MTBC

isolates were stored &0°C for further use.

3.7.6 Drug susceptibility testing
Susceptibility to isoniazid (INH), rifampicin (RIF), streptomycin (SM) and ethambutol (EMB)

was determined by the proportion method on Lowenstein Jensen egg based slopes containing
different concentrations of INH, RIF, SM nd EMB (0.2 ¢€g/ ml, 40 e€g/n
e g/ mli r e sCarettet al,\1969).\8dand4drd antibiotic powders (INH, RIF, SM and EMB)

were obtained from Sigmaldrich (Lot. No. SLBC 3024V; SLBD 2314V; BCBK 3385V, SLBF

2556Vrespectivey).

The inowlum was prepared by directly suspending colonies grown for approximately three
weeks on Lowenstein Jensen drug free slopes to a turbidity equivalent to a 1.0 MacFarland
standard. The 1.0 MacFarland standardised suspension was further dilutéd16%&hd 10°.

The 10" suspension was subsequently inoculated on the-amgining medium. Three drug

free LJ slopes were inoculated with 1:10, 1:100 and 1:1000 diluted suspensions of a 1.0
MacFarland standardised inoculum. This was done for each santpld fBlse drugsusceptible

MTB reference strain ATCC 27294 (H37Rv) was used as a susceptible control and known
resistant strains (ATCC 35825 H37Rv for INH and SM, ATCC35838 H37Rv for RIF, ATCC
35837 H37Rv for EMBYere used as resistant controls. The slopere incubated at 37°C and

read after 4 and 6 weeks. An isolate was considered resistant if the proportion of bacilli resistant

to the critical concentration of a drug exceeded(C#nettiet al, 1963, Canetiet al, 1969).
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3.7.7 Genotypic assays
Genoypic assays were carried out by the GenoType® MTBID&and Genotype MTBC96

mol ecul ar | ine probe assay according to the

3.7.8 DNA extraction

Sterile plastic loops (one per sample) were used to suspend colonies frormsthets.into 2ml

micro centrifuge tubes containing 10molecular grade water and centrifuged at 10,000xg for
15 min. The supernatant was discarded and the pelispended in molecular grade water, to
ensure that the suspension of extracted DNA wees &f impurities that might inhibit the PCR.

The resuspended solutions were vortexed until they appeared slightly opaque (milky). The
tubes were arranged in floating rackfacedin water bath and heated at @Sfor 20 min. This

was to kill the bacilliand partially lyse the cells, thereby rendering the solution non infectious
and to obtained a higher yield of DNA.

The tubes were placed in ultrasonic bath and incubated fonid5The powerful ultrasonic
shockwaves created by the sonicator disrupt#tlewalls of thetuberclebacilli, causing further

cell lyses and releasing the DNA and other cell debris into the molecular grade water. Finally,
the tubes were centrifuged at maximum speed (10,000xg) to separate the impure cell debris
(containing the ell wall, proteins and other macromolecules) from the DNA. The heavier debris
formed the pellet and the lighter DNA (free from impurities) was suspended in the supernatant.

The supernatants were transferred into clean laleie centrifuge tubes for ftirer use.

3.7.9 PCR amplification of the extracted DNA
The master mix was prepared in clean Dift&e room. The master mix was made fiok

components with a total volume ofed%¥ or each PCR reaction (35¢l
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mi x (PNM), 5¢e¢Pelofpfb@MfElT mo bCe cauncr O Ty a el 6
polymerase). The master mix was then well mixed arel ldguired for each specimen was
transferred into the PCR tubes arngl 5 o f each sample was added t
cont ai nof masterdnb arel then mixed by gently pipetting up and down a few ftirhes.

tubes were mixed slightly and spun down for 50 seconds in a mhuuentrifuge before they

were placed into the thermal cycler for amplification. A 30 cycle (10 + 20) therncédrcy

program was used for the amplification. This involved ten cycles of denaturatioRGf@530

seconds and elongation at %8 for 120 seconds; followed by an additional 20 cycles of
denaturation at 9% for 25 seconds, annealing at %3for 40 seonds, elongation at AC for

40 seconds and final extension af@@or 8 min The amplicons were used for further analysis.

3.7.10 Denaturation of DNA

The TwinCubator® (shaking water bath) was-pamed to 45C and 2@ lof denaturation

solution (N&H) was added to each labeled well of the TwinCubator® tray followed by the
addition of 20¢l of the amplicons respectivel

and down five times and then incubated at room temperature for 5mins.

3.7.11Hybridizaion and detection

One (1) ml of the prevarmed hybridization buffer (HYB) was carefully added to the wells using

a pipette. The tray was then carefully tilted back and forth so that the purple denaturation
solution and green hybridization buffer were thaghly mixed. The tray was placed on the
TwinCubator® and the labeled strips added to each well ensuring that the strips were completely
covered by the liquid. This was incubated atCGifor 30mins. After incubation, the glass panel

lid was opened and tlendensate that formed during the incubation wiped off. The HYB buffer
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was aspirated completely from each well using a Pasteur pipette. One (1) ml ofteempesl

red stringent wash buffer (STR) was dispensed into the tray using achauitnel pipette
avoiding the contact of the strips with the tips. After 15 minute incubation &C46 the
TwinCubator®, STR buffer was aspirated and disposed of with a Pasteur pipette. The STR
buffer was washed off with 1 ml of Rinse solution (RIN) for 1 minute. Onem{lpf the
Conjugate (CON) solution was dispensed into each well and the glass panel lid was closed and
incubated for 30 minute on the TwinCubator®. The strips were washed twice with 1 ml of Rinse
solution (RIN) for 1 minute in the TwinCubator® to wash ti¢ excess CON solutio@ne (1)

ml of sterile distilled water was added to each stoptaining well, and a 1 minute wash
performed on the TwinCubator® to wash off the RIN solution after which the distilled water was
completely decanted. One (1) ml dfet Substrate solution was dispensed into each well and
incubated for 15 minutes on the TwinCubator® after which the Substrate solution was aspirated
and the strips washed twice with sterile distilled water. A pair of clean tweezers was used to
remove the ips from the TwinCubator® tray and placed onto absorbent paper. The developed
strips were partially dried and transferred to the GenoType® MTBIEFdr Genotype MTBCI6

score sheet.
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CHAPTER FOUR
4. 0RESULTS

4.1 Prevalence of B by microscopy in Kaduna State Nigeria
A total of one thousand one hundred and eighty six (1186) sputum samples were collected from

the three senatorial districts of Kadusiateand screened for the presence of AFB. Two hundred

and twenty one (18.6%) of the total samplesestee were positive for AFB (Fig.1).

4.2 Prevalence of TB by microscopy in Kaduna StatéNigeria according to age group
Figure 4.2 shows the prevalence of TB in Kaduna State according to age group. Age ¢2dup 15

years had the highest prevalence o0f026.followed by 2534 years (21.0%) and 38} years
(18.5%). The least prevalence (6.8%) was observed among age gr6dpy8ars. One hundred
and seventy three (20.9%) AFB positive samples were collected from age grddpygars,
while 48 (13.3%) were fim age group 45 years and above. There was statistically significant

di fference in the rate of 0%4542Ape0.@&7).0f TB am

4.3 Prevalence of TB by microscopy in Kaduna StatdNigeria according to sex
The prevalence duberculosis in Kaduna State by sex is presented in Figure 4.3. Six hundred

and ninety three (693) sputum samples were collected from males of which 155 were AFB
positive giving a prevalence of 22.4% while four hundred and ninety three (493) were dollecte
from females out of which 66 (13.4%) werd-B\ positive. There was statistically significant

di f f e F=10.468;p=0.0904) in the rate of occurrence of TB between males and females.
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Figure 4.1: Prevalence of TB by microscopy in Kaduna State, Nigeria
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Figure 4. 2: Prevalence of TB by microscopy in Kaduna StateNigeria according to age
group

(6= 15.429;p = 0.0087
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Figure 4. 3: Prevalence of TB by microscopy in Kaduna StateNigeria according to sex

( &= 12.468;p =0.0004)
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4.4 Prevalence of Tuberculosis by Senatorial area in Kaduna Statsigeria
One thousand one hundred and eighty six sputum samples were collected from the three

senatorial areas in the State. Fiven hundred ninety seven (597)n85838 samples were
screened from the North, Central and Southern Senatorial areas respectively. Number that is
positive for each of the @a is shown in Table 2. There was no statistical significant difference

( % 0.192:p=0.9085) in the rate of occurrence of TB between the area.

4.5 The distribution of TB by sex across the three Senatorial areas
The prevalence of TB by sex across the ttBeeatorial areas presented in Table 3. Of the

total samples collected (597) from the Northern part (#&ga363 were from males with a
prevalence of 21.8% while 234 samples were from females representing 13.2%. The Central area
had 24.0% and 11.6% paence for male and female respectively. In the Southern part, males
had 22.4% prevalence and females had 15.2%. The highest prevalence for males and females
(24.0% and 15.2%) were observed in the Central and Southern parts respectively. There was
statistcally significant difference in the rate of occurrence of TB between males and females in
the Northern and Central parts; however, there was no significant deference in the Southern part
( A=5885p=0. 01 83=5.41Bp= 0c 0 2°=2.184;p=0d39).

4.6 Mycobacterial culture result

Figure 4.4 shows the mycobacterial culture result. Of the 221 smear positive sputum samples
cultured on LJ slants, 171 (77%) yield® tuberculosiscomplex, 22 (10%) were AFB and
culture positive but negative for MPT4Gantigen on Skioline, these were considered non
tuberculous mycobacteria (NTM), 15 (7%) were smear positive but culture negative while 13

(6%) were contaminated.
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Table 2: Prevalence of Tuberculosis by Senatorial area in Kadunat&te, Nigeria

Senatorial area No. Screened No. Positive Prevalence (%)
A (North) 597 110 18.4
B (Central) 250 45 18.0
C (South) 339 66 19.5
Total 1186 221 18.6

( & 0.192;p=0.9085)
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Table 3: Distribution of Tuberculosis by sex across the Senatorial areas in Kaduna State,
Nigeria

Senatorial area  Sex No. Screened No. Positive Prevalence (%) 6 (p)

A (North) Male 363 79 21.8
Female 234 31 13.2 5.585(0.0181)
Total 597 110 18.4

B (Central) Male 129 31 24.0
Female 121 14 11.6 5.413(0.02)
Total 250 45 18.0

C (South) Male 201 45 22.4
Female 138 21 15.2 2.184(0.1394)
Total 339 66 19.5
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Figure 4.4: Mycobacterial culture result

MTBC: M. tuberculosisomplex
NTM: Non tuberculous mycobacteria
Cont: contaminated
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4.7 Tuberculosis/HIV cainfection among the study population in Kaduna StateNigeria
Tuberculosis/HIV ceanfection is presented in Figure 4.5. Tuberculosis/HIVirdection was

found in 21 (9.5%) subjects while, 200 (95%) were infected with TB only-s@are analysis
indicated a si §gm3r.24bp 8.0001) id thef rdteeof ceaurcence ¢f B among

HIV positive and negative subjects.

4.8 Prevalence of tuberclosis by case definition in Kaduna StateNigeria
Prevalence of tuberculosis by case definition in Kaduna State is presented in Figure 4. 6. One

hundred and eighty two (82%) of the subjects were new cases while thirty nine (18%) were

retreatment cases.

4.9 Demographic characteristics and possible risk factors associated with TB
Demographic characteristics and possible risk factors associated with TB are presented in Table

4. One hundred and seventy three (78.3%) respondents were less than or equahite Whilge

48 (21.7%) were 45 years and above; 138 (62.4%) were males while 83 (37.6%) were females.
New cases had a higher prevalence (28%) compared to retreatment cases (18%); 13.5% were
HIV positive; 33.3% had contact with TB patients; 18.6% smoke digaaed 31.2% consume

alcohol. None of the respondents has diabetes or asthma.
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TB/HIV
9.30%

TB 90.50%

Figure 4.5: Tuberculosis/HIV co-infection among the study population in Kaduna State
Nigeria

( % 37.246;p 0.0001)
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Figure 4.6: Prevalence of tuberculosis by case definition in Kaduna Statéligeria

(%=185p 0. 05)
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Table 4. Demographic characteristics and risk factors for infetion with Mycobacterium
tuberculosisamong respondents in Kaduna State, Nigeria

Characteristics No. Positive Per cent age OR(95%CI) P value
(n=221)

Age (Years)

1544 173 78.3 1.72(1.212.44) 0.002

045 48 21.7

Sex

Male 138 62.4 2.10(1.562.84) <0.0001

Female 83 37.6

Case definition

New cases 182 82.0 21.8(13.3535.51) <0.0001

Retreatment 39 18.0

Contact with TB

patient

Yes 51 23.1 0.09(0.060.14) <0.0001
No 170 76.9

HIV infection

Yes 21 9.5 0.22(0.140.35) <0.0001
No 200 90.5

Cigarette smoking

Yes 41 18.6
No 180 81.4
Alcohol

consumption

Yes 69 31.2
No 152 68.8
History of diabetes

Yes 00 00
No 221 100
History of asthma

Yes 00 00
No 221 100
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4.10 Resistance patterns to firstine anti-TB drugs in Kaduna State Nigeria
Resistance patterns to fiulgte antiTB drugs in Kaduna State are presented in Table 5. Any

drug resistance was found in 21 (52.5%) of all cases; 19 (47.5%) amorcasesvand 2 (5.0%)
were found in retreatment cases. Mairag resistance was seen in 9 (22.5%) of the isolates
tested and was against streptomycin. All mdnag resistance cases were among the new cases.
MDR-TB was detected in 2 (5.0%) of the subjectsoéiwhich were found among new cases.
Four(10.0%) of all cases were polyrug resistant3 (7.5%) were new cases, only 1 (2.5%) was
retreatment cas@neisolate(2.5%)each fromnew casendretreatment case showed palsug
resistance to SM EMBL (2.9%) isolatewas resistant to INH EMB. Poly resistance to SM INH
EMB was found in only 12.5%) new caseNo poly-resistance to RIF EMB, RIF SM or RIF SM

EMB was observed.

4.11 Demographic characteristics and risk factors for drug resistance
Statistical analses revealed no association between HIV and drug resistance (OR=0.25; 95% CI:

0.07-0.90). There was however, association between drug resistance and sex (OR=6.3; 95% CI:

1.64-23.84) as presented in Table 6.

4.12 Banding patterns of mutations associated i rifampicin and isoniazid resistance
The banding patterns of mutations associated with rifampicin and isoniazid resistance in

multidrug resistant and mosresistant strains detected by MTBpPIRsis shown in Table 7. One
isolate was characterized as MDRtlwbands atr p oMiUT2A region andihnA MUT2
corresponding to H526Yand A16G mutations respectively. Rifampicin mono resistance with
band atr p dVMUT3 corresponding to S531L was found in one isolate. Also, isoniazid mono

resistance was observedaneisolae withihnA MUT2 band corresponding to A16G mutation.
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4.13 Comparison of Geno Type MTBDRIus LPA and phenotypic LJ-proportion method
Table 8 shows the comparison of Geno Type MTBRRLPA and phenotypic L-proportion

method.The comparison of Geno TypeTBDRplusLPA and phenotypic L-proportion method
showed that one isolate was mono resistant to RIF and one was mono resistant to INH by LPA,
one and two MDRIB isolates respectively were characterized by genotypic and phenotypic

methods. The remaining isaés were found to be pan susceptible by both methods.
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Table 5: Resistance patterns to firstline anti-TB drugs in Kaduna State, Nigeria

Drug-resistance patterns All cases New cases Retreatment cases

N =40
Freg. % Freg. % Freq. %
Any drug resistance 21 52.5 19 475 2 5.0
SM 13 325 12 30 1 2.5
INH 3 75 3 75 0 0.0
RIF 2 25 2 25 0 0.0
EMB 3 75 2 50 1 25
Mono-drug resistance 9 225 9 225 0 0.0
SM 9 225 9 225 0 0.0
INH 0 0.0 O 0.0 O 0.0
RIF 0 00 O 00 O 0.0
EMB 0 00 O 00 O 0.0
MDR-TB 2 50 2 50 O 0.0
Poly-drug resistance 4 10.0 3 75 1 2.5
SM INH 0 00 O 00 O 0.0
SM EMB 2 50 1 25 1 2.5
INH EMB 1 25 1 25 0 0.0
RIF EMB 0 00 O 00 O 0.0
RIF SM 0 00 O 00 O 0.0
RIF SM EMB 0 00 O 00 O 0.0
SM INH EMB 1 25 1 25 0 0.0

SM: Streptomycin; INH: Isoniazid; RIF: Rifampicin; EMB: Ethambutol
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Table 6: Demographic characteristic and risk factor for drug resistance among
respondents in KadunaState, Nigeria

Characteristic No. of resistance OR(95%ClI) P value
N=40

Sex

Male 15 6.3(1.6423.84) 0.007

Female 6

HIV status

Positive 7 0.25(0.070.90) 0.034

Negative 14
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Table 7. Patterns of gene mutations detecte by Geno Type MTBDRplus assay in drug
resistant M. tuberculosisisolates

Gene Band Gene region MDR RIF mono resistant INH mono resistant
or mutation strains(n =1) strains(n = 1) strains(n =1)

rp o f

WT1 506-509
WT2 510513
WT3 513517
WT4 516519
WT5 518522
WT6 521-525
WT7 526529
WT8 530533
MUT1 D516V

MUT2A H526Y 1

MUT2B H526D

MUT3  S531L 1
katG

WT 315

MUT1 S315T1

MUT?2 S315T2
inhA

WT1 -15/-16

WT2 -8

MUT1 C15T

MUT2 A16G 1 1

MUT3A T8C

MUT3B T8A

Key: WT= Wild Type, MUT= Mutant, D=Aspatate, V=Valine, H=Histadine, Y=Tyrosine, S=Serine,
L=Leucine, T=Threonine, C=Cysteine, A=Alnine, G=Glycine

92



Table 8: Comparison of Geno Type MTBDRplus LPA and phenotypic L3proportion

method

Susceptibility

Geno Type MTBDRplus

phenotypic LJ-proportion

RIF moneresistance
INH monoresistance
MDR-TB

Pan susceptible

Total

37

40

38

40
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CHAPTER FIVE

5.0 DISCUSSION
In recent years, there has been an increasing concern on the threat of tuberculosis to public

health, especially in developing countries where its allianthe HIV/AIDS is making the
situation worse. Frorthis study, a prevalence rate of 18.6% AFB positive was found in Kaduna
State This high rate could be attributable to a combination of high poverty levels, poof socio
economic status, poor education, associated with goowledge of TB risks of infection and
dissemination as well as poor access to health care facilitles. comparative high HIV
prevalence rate (5.1%) among the general population is also fuelling the TB epidemic in the
State The presence of many Fedemstitutions of higher learning in tH&tateattracts people
from within and outside the country to tBé&atewhich could in part contribute to the high rate of
infection in theState Similar prevalence of 16.83% in Abia (Nwachukwu al., 2009) and
14.7% in Kano [mam and Oyeyi, 2008)ere reported. However, higher rates were reported in
Nasarawa (44.8%) and Lagos (24.8%) ®wuboguet al. (2010) and Umelet al. (2007)

respectively.

In most instances it cannot be determined why a particular persenodaines not develop
tuberculosis after becoming infected with tubercle bacilli. However, a multitude of factors have
been identified which increase the risk of progression fromchnizal infection with M.

tuberculosigo overt tuberculosis (Rieder, 99).

The prevalence of TB in Kaduna from this study showed that the disease is more prevalent
among the economically productiagegroup(15-44 years)onfirmingthe known fact that TB
is more prevalent among this group. About 78.3% of the study papultils within this age

group. Exposure to the risk factors like smoking, alcoholism, imprisonment, migration is more
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common among these subjects; othenmbid factors such as HIV also peak within the group.
Children are being administered TB vaccii®C(G) at birth and this vaccine is said to have
above 80% protection against TB in children for as long as 15years if administered before first
exposure (Bannon and Finn, 1999; Crofteh al., 1999). The average life expectancy of
Nigerians is 53 years ard years for males and females respecti(d§HO, 2012) These may

in part explain the low rate of TB cases observed in children and in elderly. There was significant

association (OR=1.72; 95% CI. 1:2144;P=0.002) between TB and age.

Several studies havsupported the strong confounding effects of demographic factors such as

age and gender on the incidence of TB globally (Holetesd.,1998; Crampiret al.,2004).

The findings in this study revealed a statistically significant association (OR=2.10C85%
1.562.84;P=0.0001) in the rate of occurrence of TB between males and females subjects. The
risk ratio of males to females is 1.41 (95% CI: 11260; P=0.0001). This could be due to
differences in access to health care and in health sebkingviar of people due to stigma
associated with TB. Women tend to have a more far reaching psgcia consequences of
stigmatizing ailments and may consequently avoid self exposure inherent in presenting at health
facilities. MoresqQ majority of women espealily in the Northern and Central parts of tG&ate

are mostly full time housewives and are therélydly exposed to the risk of infection from
contact with infected people. Although, most studies are in keeping with this finding, Nwachokor
and Thomas (4I0), in a 30 year review of tuberculosis in Ibadan, Nigeria reported that more
females were infected with TB which reached twice the rate of males. It could be because Ibadan
being in the Southern part of Nigeria, more women are working than the Norté tukeeverse

is the case. The social roles of men and cultural habits that influence risk of exposure have also
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been implicated as possible reasons. Social factors such as smoking, alcoholism, imprisonment
and poor nutrition may also play a role. Sevestaldies have reported higher prevalence of
pulmonary TB in males than femaldofgdorff et al.,2000; AFHajoj et al.,2013; Gambeet al.,

2013 WHO, 2014).

Therewas no significant differende c 2 = p=0.90BD®)irRthe rate of occurrence of TB acsos

the threeareas However, the highest prevalence rate was observed in the southern part of the
State High poverty levels and relatively high HIV prevalence rates is fuelling the TB epidemic,
especially in the Southern part of th®tate where the burdenof HIV (11.4%) is
disproportionately higher thathe other two areas(Central = 1.9% and Northern = 0.7%)

(Gidado and Ejembi, 2009).

Of the 221 smear positive sputum samples cultured on LJ slants, 7% were smear positive but
culture negative. The 4% NaOHagsfor decontamination of the sample could kill up to 70% of
tubercle bacilli this may lower the number thus may not be able to grow when cultured. The
samples might have been exposed to sunlight; TB are rapidly destroyed when eixposed
sunlight. Moreo,LJ medium does not support the growth of some mycobacterial species such as
M. bovis which are also AFBall these may partly explain why some samples were smear
positive but culture negative. Contamination rate was found to be 6%. This could be attabuted
the nutritionally rich medium (LJ medium) used for the isolation as well as the prolong
incubation period. Also, the contaminating microorganisms which are abundant as normal flora
in the respiratory tract may cling to food particles commonly founthé sputumthereby
evading killing during decontamination. Mycobacteria other than members of the MTBC are

abundant in the environmental, this could be responsible fatG#eNTM found in this study.
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Similar finding was reported in two different studi&s7¢6 and 15%) by Gambet al. (20134,

2013b) inNorthern Nigeriawhile Al-Hajoj et al. (2013) reported 11.5% NTM i8audi Arabia.

Tuberculosis/HIV canfection was found in 21 (9.5%) while 200 (8%) were infected with TB

only. The TB/HIV cainfection rde in this study is lower than the 14.2% rate among tuberculosis
patients reported in the National drtagsistant tuberculosis prevalence survey of 20&tional
Drugresistahm TB prevalence survey report, Nigeria, 201&jmilar rates reported in other
studies includ®.6%in EdoState(Okoduaet al.,2012, 12.0% in llelfe, OsunState(Onipedeet

al., 1999), 10.5% and 14.9% among children and adults respectively in Sagamstadgo
(Daniel et al., 2005), 6.1% among those aged4D years in Jos, Plate&tate(Anteyi et al.,

1996). According to the Uted States Embassy in Nigeria\Nigeria Tuberculosis Fact Sheet
(2012, about 8% of the HIMpositive persons in Nigeria are tuberculosis positive; this is in
keeping with the finding in this study. The IoMB/HIV co-infection rate in this study could be

as a result of the well established fact tHaf -mediated immunosuppression impairs granuloma
formation, resulting in both ineffective containmentMf tuberculosisbacilli and diminished
formation of pulmaary cavities (Klautau and Kuschnaroff, 2005; Murray, 2005). These effects
manifest clinically as frequent extrapulmonary disease (Popraetskil., 2000) and lower
concentrations of bacteria in sputum (Colebunders and Bastian, 2@08). TB/HIV co
infection patients are smear negative and most of the tuberculosis patients who are HIV positive
will have pauci bacillary or smear negative disease. However, the HIV infection rate among TB
patients in this study is almost twice that in the general populdidfo] in theState(Federal
Ministry of Health, Nigeria2010). This further buttresses the fact of TB/HI\(raorbidity. A

higher prevalence of 26.9% was reported in Northern Nigeria by Gatdlo(20139); a much

lower rate of 1.9% was however reportadSaudi Arabia by AHajoj, et al. (2013). Chisquare
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analysis indicated a significant differencec 2 =  3p7 0.0DQL)YN;the rate of occurrence of

TB among HIV positive and negative subjects.

Our findings showed that the majority (82%) of the TB stpdsticipants were newly diagnosed

cases wWhereas the remainder (18%) were previously treated cases. This could be explained by the
fact that a preexisting infection provides some protection againsinfection compared to
acquisition of new infection. Ty if infection occurs, those with pexisting infection will

have, on average, better defense mechanisms than those who have not been previously infected
(Rieder, 1999). This is in keeping witbrevious findings of 82.1% new cases and 17.9%
retreatment ases in Nigeria(National Drugresistah TB prevalence survey report, Nigeria,

2012) and 88.3% new cases and 11.7% previously treated cas&mriaroon(Meriki et al.,

2013).

Drugresistant TB ultimately develops from the inadequate treatment of aclivemary TB.

This may result from poor prescription practices among medical doctors with poor drug selection
and insufficient treatment duration (Sharma and Molz896). Systemic problems, through
inadequate public health resources and unpredictable dpmies or supply of sub standard
drugs, also play a role (Mukherjeeal.,2004). Erratic or selective compliance to treatment and
default among patients is another key factor as it cadseaberculosiso be exposed to sub

lethal doses for insufficigndurations. These could thus, result in treatment failure and foster

emergence of drugesistant TBPablosM endezet al.,1997).

The resistance to first line afltB drug was found to be 52.5% of all cases of pulmonary TB in
KadunaState Mono-drug resistance was seen in 9 (22.5%) of the isolates tested and was against

streptomycin. The highest resistance to streptomycin was not surprising becausealitos tiee
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treatment of other disease conditions such as brucellosis and cross resistémmther
aminoglycosides such as gentamiwhich are commonly used in our settings for many years
(Houangand Greenwoqgdl977). Moreso, similar results of high resistance to streptomycin were
previously reported; 30.6% in the national DR survey ineNg(National Drugresistanh TB
prevalence survey report, Nigeria, 20131% in Sudan (Hassaet al., 2012) 18.8% in

Cameroon (Meriket al.,2013) and 28.1% in India (Setii al.,2013).

The most important measure of TB drug resistance is the nurhbewcaases that aMDR-TB

(Dye et al., 2002a). According to the Global TB control, WHO report (2012), the estimated
prevalence of MDRIB in Nigeria among new cases is 3.1%. This study showed a prevalence
rate 0f5.0% (2/40) among new cases. Occurrenc®bR-TB in drug naive patients is due to

the fact that the infecting mycobacteria may not be drug naive, or acquired resistance might have
developed due to natural selection which is a function of ineffective treatment and non
compliance to drug prescripti by the previous host, when such resistant strains are transferred
to a susceptible host, primary drug resistance develops (Jobhaby2009). The availability of

drugs on the open market and a private sector that delivers drugs to the populaion in

unregulated fashion in Nigeria could also be factors that might favour development eTBIDR

Several biological mechanisms linking drrggistant TB to HIV infection have been suggested
(Dye et al., 2002b). Drug malabsorption in Hiwifected patientsgspecially rifampicin and
ethambutol, can lead to drug resistance and has been shown to lead to treatment failure. Drug
resistant strains may be less virulent and preferentially lead to disease progression in
immunocompromised patients, as opposed to inooompetent individuals. Data supporting

this hypothesis has not yet been observed in humans (Anagtakid997). However, statistical

99



analysis (OR=0.25; 95% CI: 0.@¥90; P=0.034) in the present study did not reveal any
association between HIV infeoh and antTB drug resistance. This is similar to reports from
earlier studies in Nigeria. Otet al. (2013) reported no associatibetween HIV infection and
ant-TB drug resistance in Calabar; in Abujaawson et al. (2010) studied 32 TB culture
positive patients and reported no association between HIV infection ar@iEadtiug resistance.
Pereiraet al. (2005) studied a total of 7. tuberculosigsolates, 30 from HIV seropositive, and
40 from HIV seronegative TB patients in India and found thaptbealence of drugesistaniVi.
tuberculosis isolates among HIV seropositive TB patients was similar to that of HIV
seronegative TB patients indicating that HIV infection may not be associated withedrsignt
TB. Three studies in South Africa also fauno association between HIV infection and MDR
TB. In a retrospective study in Durban, 2.4% of 42 HIViidected and 11.5% of 253 HIV
negative patients had MDRB (Anastasiset al.,1997). A prospective study of hospitalizeB T
patients in Cape Town founblDR-TB prevalence of 3.2% in 93 HIV aofected patients,
compared to 2.6% in 115 HIV negative patients (Rost Wood, 1997). In gold miners, the
MDR-TB rate was 5.3% among 207 HIV-adected and 6.5% among 215 HIV negative miners
(Murray et al., 2000) From the above, it appears that studies from very high TB burden
countries like Nigeria, India, and South Africa have consistently repodessociation between

HIV and TB drug resistance.

The genotypic drug resistance assay revealed that all thean¢$s®lates were heteresistant; a
phenomenon where some cells within a population may remain susceptible to the antibiotic,
whereas other cells display varying degrees of drug resistance. This was determined by the
simultaneous detection of wild tymad mutant molecular susceptibilityin patients infected

with a fully susceptible strain, drug resistance can develop gradually during inadequate treatment
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due to selection of cells with random mutations in sites associated with drug resistance (i.e.
seondary resistance). In this case, as the proportion of susceptible cells decrease and resistant
cells increase, a heteresistant population of cells will be present. These cells are primarily
identical throughout the genome but a proportion of the popalaiffers in sites associated

with drug resistance. In contrast, patients infected with fully susceptible strains may develop
mixed infections if they are emfected with another strain that is drug resistant, resulting in a
mixed population of two gaatically distinct strains, one drug susceptible, and the other drug
resistantAlso, hetereresistance likely represents a natural variation in the population of cells of
M. tuberculosis(Foundation for innovative new diagngs2012) Prescription of inagquate
treatment regimen, irregular drug supply, poor drug quality with low bioavailability, and poor
compliance among the study population could be attributed to the development of hetero
resistance observed in this study.

The patterns of mutations assded with rifampicin and isoniazid resistance determines the
degree of susceptibility to anti TB drugs. Studies determining MICs have shown thdguagh

RIF resistance is associated with mutations in ce8@6 and 531, whereas alterations in cadon

511, 514, 515, 516, 518, 521, 522 and 533 result inlémel RIF resistance. Mutations katG

tend to confer higltevel resistance to INH, while mutationsimhA generally confer lowevel

INH resistance (FIND, 2012). Thus, identifying and reporting whieeespecific mutation was
detected is important in the selection of treatment regimen. The two RIF resistant isolates in this
study have mutations at codons 526 and 531 respectively, suggestingevbIgRIF resistance.

A number of published studies\eadescribed that the value of the RIF MIC strongly correlates
with the position and nature of the amiacid substitution i p dRBRDR (Yang et al., 1998;

Campbellet al.,2001; Ocheretinat al.,2014)
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Discordance between genotypic and phenotypic assagsobserved imne isolate withRIF

mono resistancelheisolate was classified as MDR by the phenotypic assay. This could be due
to silent mutation or synonymous single nucleotide polymorphism (sSNP) at the target site.
Silent mutations do not result structural changes in thehA and so do not interfere with its
inhibition by INH. Moreover, findings of silent mutations imhA are not surprising as SNPs
occur every 3 kb of MTB genome (Comessal., 2011). Ando,et al. (2014) reported asilent
mutatian in a significant number of INH resistakt. tuberculosisclinical isolates. Mutations
conferring INH resistance in other genes suclabA(G609A) Ando et al.,2014 aphC(alkyl
hydroperoxide reductasejasA (3-ketoacylACP synthase) andadh (NADH dehydrogenase)
(Cohenet al.,2003; Balasubramaniaet al.,2012)not included in Geno Type MTBO#ushave

also been reported. The critical concentration of INH on LJ medium which is being used for over
50 years is 0.2ug/ml (Jamiesen al., 2014). Lower ctical concentrations of 0.0312ug/ml for
low-level resistance and 0.125ug/ml for hilglvel resistance were reported by Gumbo, (2010).

In addition, no mutation was detected by the genotypic assay in a second MDR isolate. For this
discrepant isolate, a muian either outside or in the p &RBRDR or mutations conferring INH
resistance in other genes not included in the probes might have occurred. RIF resistance
associated mutations outside thg RBDR V176F (RIF MIC 8 to 32ug/ml) and V146F (RIF

MIC 50ug/ml) were reported barkuset al (2000) and Jamiesoet al. (2014) or a different
mechanism of resistance, may account for the resistance.

Members of the MTBC are highly related mycobacteria exhibiting remarkable nucleotide
sequence level homogeneity despite variation in pathogengetygraphic range and certain
physiological features (such as colony morphology as well as profiles of resistance and

susceptibility to inhibitors, epidemiology, and host preferendd). tuberculosisis the
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predominant cause of human tuberculosis. Howeaash of the MTBC subspecies is known to
infect humans, and since most laboratories do not fully identify MTBC isolates, the true cause of
tuberculosis in these patients and its source often remain undiscovered. An important health
concern is the zoonotitansmission of some MTBC subspecies from animals to humans and
vice versa. Of particular significance is the transmissiol.obovisto humans from cattle and
unpasteurized milk as well &3. bovisBCG infection of immunocompromised individuald.

bovis is naturally resistant to pyrazinamide, a Hise antituberculosis drug. Therefore,
complete identification of MTBC isolates at the subspecies level is required in order to collect
information on their epidemiology and also to enable appropriate pattment and public
health measures (Huaed al, 2003).

All the isolates (100%) were identified &4. tuberculosis This is in keeping with the well
established fact thadl. tuberculosigs the principal agent of the disease in humans (Hetad,

2003). Previous studies on characterization of mycobacterial species causing pulmonary
tuberculosis in Nigeria and some West African countries indicated the same trend, 92% in Osun
State 94.4% in Northern Nigeria; 93.4% and 73% in Cote d | voire and &hespectively

(Alli, etal.,2010; Gambet al, 2013).
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5.2 Conclusion
This is the first study to demonstrate the prevalence of MBRby both phenotypic and

genotypic methods in Kadur&tate Nigeria to our knowledge. The study showed an oveigifi h
prevalence of TR18.6%)and TB drug resistance (52.5% any drug resistance; 12.5%dpaly
resistance and 22.5% Mowloug resistance). It also demonstrated that the prevalence of MDR
TB (5.0%) is high in theState There was association between TB aige, sex, case, contact
with TB patient and HIVNo association was observed between HIV BHi2R-TB; however,
there was association betweDR-TB and sex. Ongl) isolate was mono resistant to RIF by
LPA, one (1) was mono resistant to INH hyA, one (1)and two (2) MDRTB isolates
respectively were characterized by genotypic and phenotypic methods. Adscentiaining
isolates were found to be pan susceptible by both metAtidke isolates (100%) were found to

be M. tuberculosis

5.3 Limitations
1. Diffi culty in obtaining ethical approval delayed the early completion of the work
2. The hospitalfAhmadu Bello Universityl eaching HospitalZarig National Tuberculosis
and Leprosy Training Centre, Saye, Zargarau Dikko Spacialist, Kaduna, General
Hospital Kafanchankelected for thetudymight not be representative enough; they were
selected based on the large number of attendlesis centralityand high statusompared

to other medicalacilitiesin the study area

3. Sequencing was not done dueitnited financial support

4. The accuracy of the responses generated depended on the accumémynaftion given
by the respondents
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54 Recommendation

1.

Laboratory facilities for rapid TB culture and DST are urgently neddedelected
hospitalsin the State andcross Nigeria for early and accurate diagna$i$B and drug
resistant cases

Use of robust molecular techniques such as DNA sequencing employed for the detection
of occult cases with lovevel resistance and other resistance not included in the Geno
Type MTBDRpluskit is re@mmended

Regular supply of standard drugs as well as strict adherence to the DOTS strategy should
be ensured by the authorities concerned

Appropriate measures should be taken by the relevant authorities to prevent the
indiscriminate and ub-therapeuticuse of antTB drugs to avert the emergencé
resistant strains

Further studies to describe the molecular epidemiology of MTBC in Nigeria; and to
identify the predominant genotypes responsible for TB transmission and prevalence
should be coducted

Patients recruited in the study were those presenting at thesctimics, further studies
should be conducted to include active recruitment method for those in communities
Collaboration between academic institutions and health care instituttamddsbe
encouraged

Improved health care facilities, standard of living as well as proper education of the
public on theknowledge of TB and associated risks of infection andedisnation are

also recommended

105



REFERENCES

Ainsa, J.A., Blokpoel, M.C.J., Qtal., Young, D.B., de Smet, K.A.L. and Matrtin, C. (1998).
Molecular cloning and characterization of Tap, a putative multidrug efflux pump
present inMycobacterium fortuitumand Mycobacterium tuberculosislournal of
Bacteriology,180:5836:5843.

Ainsa, J.A, Perez, E., Pelicic, V., Berthet, F.X., Gied, B. and Martin, C. (1997).
A mi n o gl y-b-acetyltchresferdsbljgenes are universally present in mycobacteria:
characterization of theac(2)jlc gene fromMycobacterium tuberculosiand the
aac(Adyy Id gene from Mycobacterium smegmatisMolecular Microbiology,
24:431-441.

Alangaden, G.J., Kreiswirth, B.N., Aouad, A., Khetarpal, M., Igno, F.R., Moghazeh, S.L.,
Manavathu, E.K. and Lerner, S.A. (1998). Mechanism of resistance to amikacin and
kanamycin inMycdbacterium tuberculosisAntimicrobial Agents and Chemotherapy,
42:12951297.

Alangaden, G.J., Manavathu, E.K., Vakulenko, S.B., Zvonok, N.M. and Lerner, S.A. (1995).
Characterization of fluoroquinolofresistant mutant strains oMycobacterium
tuberculosisselected in the laboratory and isolated from patiétmicrobial Agents
and Chemotherapy9:17001703.

Albert, H., Trollip, A., Seaman, T., and Mole, R.J. (2004). Simple, pbaged (FASTPplaque)
technology to determine rifampicin resistancevyfcabacterium tuberculosidirectly
from sputum.International Journal of Tuberculosis and Lung Disea<¥9):1114
1119.

Alcaide, F., Pfyffer, G.E. and Telenti, A. (1997). RoleeaibBin natural and acquired resistance
to ethambutol in mycobacteri@dntimiaobial Agents and Chemotherap¥1:2270
2273.

Al-Hajoj, S., Bright, V., Mohammed M.S., Ruba A., Mais A., Fahad A., Abdulrahman, A.A.,
Naila, A., Sahar, A., Alimuddin, Z., Zignol, M., Mario, C.R. and Ziad, M. (2013).
Epidemiology of Antituberculosis Drug Ristance in Saudi Arabia: Findings of the First
National SurveyAntimicrobial Agents Chemothera®/(5):21612166

Alland, D., Steyn, A.J., Weisbrod, T., Aldrich, K. and Jacobs, W.J. (2000). Characterization of
the Mycobacterium tuberculosis iniBA@romoter, a promoter that responds to cell
wall biosynthesis inhibitionJournal of Bacteriology]18218021811.

Alli, O.A.T., Ogbolu, D.O., Salawu, M.A., Oyedeji, J.G., Oladokun, L. and Obaseki, F. (2010).
Molecular identification and prevalence ®ycobacterium tuberculosiscomplex
amongst people living with HIV in Osun State, Nigewdrican Journal of Clinical
and Experimental Microbiology. 1(3):138145.

106



Allix -Beguec, C., Harmsen, D., Weniger, T., Supply, P., and Niemann, S. (2008). Evaluation and
strategy for use of MIRUWNTRplus, a multifunctional database for online analysis of
genotyping data and phylogenetic identification Mfycobacterium tuberculosis
complex isolateslournal of Clinical Microbiology46(8):269226%.

American Thoracic Society(1997). Diagnosis and treatment of disease caused by non
tuberculous mycobacteriaAmerican Journal of Respiration and Critical Care
Medicine.Supplementarg56S1-S25

Anastasi s, D. , Pill ai, G. , Rambi r i t cvastudy. , an
of human immunodeficiency virus infection and dinegistant tuberculosis in Durban,
Sout h Antematignal Jaurnal of Tuberculosis and Lung Disegsk3):220
224,

Andersson, D.l. and Levin, B.R. (1999). The biological cost of antibieststanceCurrent
Opinion in Microbiology 2:489-493.

Ando, H.,Miyoshi-Akiyama. T.,Watanabe, S. ariirikae, T. (2014).A silent mutation in
mabA confers isoniazid resistance dviycobacterium tuberculosisMolecular
Microbiology, 91(3):538547.

Andries, K., P Verhasselt, J. Guillemont, W. Gohlmann, J.M. Neefs, H. Winkler, J. Van
Gestel, P. Timmerman, M. Zhu, E. Lee, P. Williams, D. de Chaffoy, E. Huitric, S.
Hoffner, E. Cambau, C. Truffd®ernot, Lounis, N. and Jarlier, V. (2005). A
diarylquinoline drug active on the ATP synthase bfycobacterium tuberculosis
Science307.223227.

Angeby, K.A., Klintz, L., and Hoffner, S.E. (2002). Rapid and inexpensive drug susceptibility
testing of Mycobacterium tuberculosisvith a nitrate reductase assajournal of
Clinical Microbiology40(2):553555.

Anteyi, E.A., ldoko, J.A., Ukoli, C.O. and Bello, C.S. (1996). Clinical pattern of HIV in PTB in
Jos NigeriaAfrican Journal of Medical Scienc25(4):317-321

Aranaz A. Liébana, E., Gobmédampaso, E., Galan, J.CCousins, D., Ortega, A., Blazquez, J.,
Baquero, F., Mateos, A., Suarez, G., and Dominguez, L. (198@obacterium
tuberculosissubsp.capraesubsp. nov.: a taxonomic study of a new member of the
Mycobacterium tuberculosisomplex isolated from goats iSpain. International
Journal of Systematic Bacteriology(3):12631273.

Aranaz, A. Cousins, D., Mateos, A., and Dominguez, L. (2003). Elevatidiyobbacterium
tuberculosissubsp.capraeto species rank dglycobacteriumcapraecomb. nov., sp.
nov. International Journal of Systematic and Evolutionary Microbiolds(6):1785
1780.

107



Argyrou, A., Vetting, M.W., Aadegbami, B. and Blanchard,SJ. (2006). Mycobacterium
tuberculosisdihydrofolate reductase is a target for isoniadidture structural and
molecular biology,13:408-413.

Aubry, A., Veziris, N., Cambau, E., Trufféternot, C., Jarlier, V. and Fisher, L.M. (2006).
Novel gyrase mutations in quinolonesistant andhypersusceptible clinical isolates
of Mycobacterium tuberculosigunctional analysi®f mutant enzymesAntimicrobial
Agents and Chemothera®0:104-112.

Ayele, W.Y. Neill, S.D., Zinsstag, J., Weiss, M.G. and Pavlik, I. (2004). Bovine tuberculosis: an
old disease but a new threat to Afritaternational Journal of Tuberculosis and Lung
Disease8(8):924937

Aziz, M.A., Laszlo, A., Raviglione, M., Rieder, H., Espinal, M., and Wright, A. (2003).
Guidelines for surveillance of drug resistance in tuberculosis / Document
WHO/CDS/CSR/RMD/2003.3" ed World Health Organization 2003 Report No.:
WHO/CDS/CSR/RMD/2003.3.

Balasubramanian, S., Gayathri, R., Madhavan, H.N., Natrajan, S. and Lily Ther€201K).
Phenotypic and genotypic characteristics of drug resistanddydnbacterium
tuberculosigsolates from pediatric population of Chenniaidia. Indian Journal of
Medical Microbiology 30(4):411-417

Banerjee, A., Dubnau, E., Quema&Ad, Balasubramanian, V., UK.S., Wilson, T., Collins, D.,
de, L.G. and Jacobs, W.J. (199#)hA, a gene encoding a target for isoniazid and
ethionamide irMycobacterium tuberculosiScience263227-230.

Banerjee, A., Sugantino, M., Sacchettini, J.C. and Jacobs, W.J. (1998). The mabA gene from the
inhA operon ofMycobacterium tuberculosisncodes a-Betoacyl reductase that fails
to confer isoniazid resiahce Microbiology,144.26972704.

Bannon, M. and Finn, A. (AtcBiv@® of Diseasds BnCCBildrenn d t
80(1):80-83.

Bates, J.H. and Stead, W.W. (1993). The history of tuberculosis as a global eplediaal
Clinics of North Ameca, 77(6):12051217.

Beauclerk, AA., and Cundliffe, E. (1987). Sites of action of two ribosomal RNA methylases
responsible for resistance to aminoglycositteirnal of Molecular Biology193661-
671.

Belanger, A.E., Besra, 6., Ford, M.E., Mikusova, KBelisle,J.T., Brennan, P.J. and Inamine,
J.M. (1996). TheembAB genes ofMycobacterium aviumencode an arabinosyl
transferase involved in cell wall arabinan biosynthesis that is the target for the
antimycobacterial drug ethambutdProceedings of Natial Academic of Science
USA,931191911924.

108

u



Bertrand, T., Eady, N.A., Jones, J.N., Jesmin, J.M., Nagy, B., Gregoire, E., Raven, L. and
Brown, K.A. (2004). Crystal structure dflycobacterium tuberculosicatalase
peroxidaseJournal of Biology and Chemistr279389913899.

Best, M., Sattar, S.A., Springthrope, V.S. and Kennedy, M.E. (1990). Efficiencies of selected
disinfectants againd¥lycobacterium tuberculosigournal of Clinical Microbiology
28:22342239.

Bjorkman, J., Hughes, D. and Andersson, [01998). Virulence of antibioticesistant
Salmonella Typhimurium Proceedings of National Academic of Science USA,
95:3949.3953.

Bland, M. (1999).An introduction toMedical StatisticsOxford medical publications. Pp 331
341.

Bonard, D., Msellati, P. Rigds, L. Combe, P. Coulibaly, D., M. Coulibaly, I. and Portaels F.
(2000). What is the meaning of repeated isolation Mpfobacterium
africanun® International Journal Tuberculosis and Lung Diseages1761180.

Boniotti, M.B., Goria, M., Loda, D. Garrong,, Benedetto, A. Mondo, A. Tisato, E. Zanoni, M.
Zoppi, S. Dondo, A. Tagliabue, S. Bonora, S. Zanardi, G. and Pacciarini M.L. (2009).
Molecular typing ofMycobacteriunmbovisstrains isolated in Italy from 2000 to 2006
and evaluation of variableumber tadem repeats for geographically optimized
genotypingJournalof Clinical Microbiology, 47(3):636:644.

Borgdorff, M.W., Nagelkerke, N.J.D., Dye, C. and Nunn, P. (2000). Gender and tuberculosis: a
comparison of preval ence sluasexediffaencesin h not
case detectiorinternational journal of tuberculosis and lung disea4@):123132

Borrdl, S. andGagneuxS. (2009. Infediousnessreproductivefitnessandevdution of
drug resstant Mycobacterium tubercdoss. Internationd Journal of
Tuberculosis and Lung Diseas&$§(12):1456-1466.

Boshoff, H.I. and Mizrahi,V. (1998). Purification, gene cloning, targeted knockout,
overexpression, and biochemical characterization of the major pyrazinamidase from
Mycobacterium smegmatidournal of Bacteriologyl8058095814.

Breathnach A.S., de Ruiter A. and Holdsworth G.M. (1998) An outbreak of muHirug
resistanttuberculosis in a London teaching hospitiurnal of Hosptal Infecions
39 111-117.

Brisse, S., Supply, P., BrdscR., Vincent, V., Gutierrez, M.C. (20063. Re-Evaluation of\.
prototuberculosisContinuing the Debat®LoS Patho@(9): e95.

Brites, D. and Gagneux, S. (2012). Old and new selective pressurédyabacterium
tuberculosisiInfection Gengcs and Evolution12(4):678685

109



Brosch, R., Gordon, S.V., Marmiesse, M., Brodin, P., Buchrieser, C., Eigimeier, K., Garnier, T.,
Gutierrez, C., Hewinson, G., Kremer, K., Parsons, L.M., Pym, A.S., Samper, S., van
Soolingen, D., and Cole, S.[002).A new evolutionary scenario for the
Mycobacterium tuberculosis complex. Proceedings of the National Academic of
Sciences of the U.S.89:368423689.

Brudey, K., Driscoll, R. [...], and Sola, C. (2006).Mycobacterium tuberculosisomplex
genetic diversity: Nhing the fourth international spoligotyping database (SpolDB4)
for classification, population genetics and epidemiolddigrobiology,6:23

Buroni, S., Manina, G., Guglierame, P., Pasca, M.R., Riccardi, G., and De Rossi, E. (2006). LfrR
iIs a repressor that regulates expression of the efflux pump Lfddycobacterium
smegmatisAntimicrobial Agents and Chemotherap®;40444052.

Cambau, E. Sougakoff, W., Besson, M., Truffot, P.C., Grosset, J. and Jarlier, V. (1994).
Selection of a gyrA mutant of Mycobacterium tuberculosisresistant to
fluoroquindones during treatment with oftacin. Journal of Infectious Diseases,
170479483.

Campbell,E.A., Korzheva, N., Mustaev, A., Murakami, K., Nair, S., Goldfarb, A. and Darst,
S.A. (2001). Structural mechanism for rifampicin inhibition of bacterial RNA
polymeraseCell, 104901-912.

Camus, L., Pryor, MJ., Medigue, C. ancCole, S.T.(2002). Reamotation of the genome
sequence dflycobacterium tuberculosid37Rv.Microbiology,14829672973.

Canetti, G., Froman, S., Grosset, J., Hauduroy, P., LangdvbyaJahler, H.T.,Meissner, G.,
Mitchison, D.A., and Sula, L. (1963). Mycobacteria: Laboratmsgthods for testing
drug sensitivity and resistancBulletin of the World Health Organizatip29:565
578.

Canetti, G., Rist, N., and Grosset, J. (1964). Primary drug resistance in tuberdnosigan
Review of Respiratory Diseasé§;792-799,

Caretti, G., Fox, W., Khomenko, A., Mahler, H.T., Menon, N.K., Mitchison, D.A., Rist, N.,
Smelev, N.A. (1969). Advances in techniques of testing mycobacterial drug
sensitivity, and the use of sensitivity tests in tuberculosis control pro&ualiatin of
Worild Health Organizationd41(1):21-43.

Carpena, X., Loprasert, S., Mongkolsuk, S., Switala,Ldewen, P.C.and Fita, I. (2003).
Catalasegperoxidas&KatG of Burkholderia pseudomalleit 1.7A resolutionJournal of
Molecular Biology 327.475489.

Choi, KP,, Bair, TB., Bae, Y.M. and Daniels, L. (2001). Use of transpoBoB36 7/mutagenesis
and a nitroimidazopyrabased selection system to demonstrate a requiremeifiviAor
andfbiB in coenzyme K420) biosynthesis bilycobacterium boviBCG. Journal of
Bacteiology, 1837058 7066.

110



Choi, KP., Kendrick, N. and Daniels, L. (2002). Demonstration ti&C is required by
Mycobacterium bovi8CG for coenzyme F(420) and FO biosynthesSisurnal of
Bacteriology,184.24202428.

Christopher, G., (2012). Summary of oatne of from WHO Expert Group Meeting on Drug
Susceptibility  Test. http://www.finddiagnostics.org/export/sites/default/resource
centre/presentations/find_fifth symposium_iuatld2012/04_ChristopherGilpin_ WHO
ExpertGroupMeetindd ST.pdf

Cohen, T., Sommers, B. and Murray, M. (2003). The effect of drug resistance on the fitness of
Mycobacterium tuberculositancet,3:13-21

Cohn D.L., Flavig B. and Raviglione M.C. (1997).Drug-resistanttuberculosis: review of the
worldwide situation and th&VHO/IUATLD global surveillance projectClinical
InfeciousDiseases24:S121130.

Colangli, R., Helb, D., Sridharan, S., Sun, J., VarBssil, M., Hazbon, M.H., Harbacheuski,
R., Megjugorac, N. J., Jacobs, W. R. Jr., Holzenburg, A., Sacchettini, J. C. and Alland,
D. (2005). TheMycobacterium tuberculosis inigene is essential for activityf an
efflux pump that confers drug tolerance to both isoniazid and ethamMglgcular
Microbiology,55:18291840.

Cole, S.T, Brosch, R., Parkhill, J., Garnier, T., Churcher, C., Harris, D., Gordon, S.V.,
Eigimeier, K., Gas, S., Barry C.E., Tekaia, Badcock, K., Basham, D., Brown, D.
Chillingworth, T., Connor, R., Davies, R. Devlin, K., Feltwell, T., Gentles, S., Hamlin,

N., Holroyd, S., Hornsby, T., Jagels, K., Krogh, A., McLean, A., Moule, S., Murphy,

L., Oliver, K., Osborne, J., Quail, M. A., Radream, M.A., Rogers, J., Rutter, S.,
Seeger, K., Skelton, J., Squares, R., Squares, S., Sulston, J.E., Taylor, K., Whitehead,
S. and Barrell, B.G. (1998). Deciphering the biologyMyfcobacterium tuberculosis

from the complete genome sequerdature,393:537-544.

Colebunders, R. and Bastian, I. (2000). A review of the diagnosis and treatment of smear
negative pulmonary tuberculositternational Journal of Tuberculosis and Lung
Disease4:97-107.

Collins,C.H., Yates, MD. and Grange, M. (1982). Subdiision ofMycobacterium
tuberculosisnto five variants for epidemiological purposes: methods and
nomenclatureJournal of Hygiene89:235242.

Comas, I., Borrell, S., Roetzer, A., Rose, G., Malla, B., Hd&eda, M. Galagan JNiemann
S,and Gagneux, S.(2011). Wholegenome sequencing of rifampieiasistant
Mycobacterium tuberculosistrains identifies compensatory mutations in RNA
polymerase geneblatureGenetics44(1):106-110.

111


http://www.finddiagnostics.org/export/sites/default/resource-centre/presentations/find_fifth_symposium_iuatld2012/04_ChristopherGilpin_WHO-ExpertGroupMeeting-DST.pdf
http://www.finddiagnostics.org/export/sites/default/resource-centre/presentations/find_fifth_symposium_iuatld2012/04_ChristopherGilpin_WHO-ExpertGroupMeeting-DST.pdf
http://www.finddiagnostics.org/export/sites/default/resource-centre/presentations/find_fifth_symposium_iuatld2012/04_ChristopherGilpin_WHO-ExpertGroupMeeting-DST.pdf

Concepcion F.A., Myrna T.M., Heidi R.S., Cela@ag, R., Carmela, P.EWilma C.B. and
Aileen M.A. (2001). Isolation Rates d¥lycobacterium tuberculosiffom Smear
negative and Smegositive Sputum Specimen Using the Ogawa Culture Technique
and the Standard Lowenstein Jensen Culture Technighiippines Journal of
Microbiology and Infectious Disease¥)2):37-39

Cooksey, R.C., Morlock, G.P., McQueen, A., Glickman, S.E. and Crawford, J.T. (1996).
Characterization of streptomycin resistance mechanisms anbyapbacterium
tuberculosisisolates from patients in New York CityAntimicrobial Agents and
Chemotherapy40:11861188.

Cosivi, O., Grange,J.M., Daborn ,C.J., Raviglione, M.C., Fujikura, T., Cousins, D., Robinson,
R.A., HuchzermeyerH.F. de Kantor,A.K.l. and Meslin, F.X. (1998). Zoonotic
tuberculosisiue toMycobacterium bovisin developing countrie€€merging Infectious
Diseases4(1):59-70.

Cousins, D.V.Cousins DV, Williams, S.N., Reuter, R., Forshaw, D., Chadwick, B., Coughran,
D., Collins, P., and Gales, N. (1993). Tuberculosis in wild seals and characterization of
the seal bacillusAustralianVeterinaryJournal 70(3):92-97.

Cousins, D.V.Bastida, R., Cataldi, A., Quse, V., Redrobe, S., Dow, S., Duignan, P., Murray, A.,
Dupont, C., Ahmed, N., Collins, D.M., Butler, W.R., Dawson, D., Rodriguez, D.,
Loureiro, J., Rmano, M.l., Alito, A., Zumarraga, M., and Bernardelli, ®003).
Tuberculosis in seals caused by a novel member oMi@bacterium tuberculosis
complex: Mycobacteriumpinnipedii sp. nov. International Journal of Systematic and
Evolutionary Microbiology53(5):13051314.

Coville, P.S. and Wilebsky, F.G. (2005). Nocardia and other aerobic actinomycetes, In Boriello,

S. P., Murray, P. R. and F u n WMerpbiol&y and Ed ) ,
Microbial infectionsBacteriology 10" Ed. Hodder Arnold, Londgrnited Kingdom
P.11371180.

Crampin, A.C., Glynn, J.R., Floyd, S., Malema, S.S., Mwinuka, V.K. Ngwira, B.M.,
Mwaungulu, F.D., Warndorff, D.K., and Fine, P.E. (2004). Tuberculosis and gender:
exploring the patterns in a case control study in Maldmternational Journal of
Tuberculosis and Lung Diseas194-203.

Crofton, J., Horne, N. and Miller, F. (1999linical tuberculosis 2" edition: Macmillan
education ltd, London. Pp. 222.

Daffe, M., McNeil, M. and Brennan, P.J. (1991). Novel tygpecificlipooligosaccharides from
Mycobacterium tuberculosi8iochemistry30(2):378388.

Daniel, O.J., Salako, A.A., Oluwole, F.A., Alausa, O.K. and Oladapo, O.T. (2005). HIV
seroprevalence among newly diagnosed adult PTB patients in Sadagauian
Journal ofMedicine 13(4):393-397.

112



Daniel, T.M. (2006). The history of tuberculodespiratory Medicinel00(11):1862187Q

da Silva, P.A., Boffo, M.M., de Mattos, I.G., Silva, A.B., Palomino, J.C., Martin, A., and Takif,
F.H.(2006). Comparison of redox and ©@hage methods for detection of isoniazid
and rifampicin resistance iklycobacterium tuberculosi€linical Microbiology and
Infection 12(3):293296.

De Beenhouwer, H., Lhiang, Z., Jannes, G., Mijs, W., Machtelinckx, L., Rossau, R., Traore, H.,
and Poraels, F. (1995) Rapid detection of rifampicin resistance in sputum and biopsy
specimens from tuberculosis patients by PCR and line probe dsgarculosis and
Lung Diseases/6(5):425430.

De Rossi E., Arrigo, P., Bellinzoni, M., Silva, P.A., Martin, 8insa, J.A., Guglierame, P. and
Riccardi, G. (2002). The multidrug transporters belonging to major facilitator super
family in Mycobacterium tuberculosiMolecular medicine8:714-724.

De Rossi E., Ainsa, J.A. and Riccardi, G. (2006). Role of mycolialcefflux transporters in
drug resistance: an unresolved questiEMS Microbiology Reviewg0:36-52.

Deretic, V., Philipp, W., Dhandayuthapani, S., Mudd, M.H., Curcic, R., Garbe, T., Heym, B.,
Via, L.E. andCole, S.T.(1995).Mycobacterium tuberculosis a natural mutant with
an inactivated oxidativetress regulatory gene: implications for sensitivity to
isoniazid.Molecular Microbiology,17:889-900.

Dessen, A., Quemard, A., Blanchard.J.Jacobs, VRR. Jr., and Sacchettini, J.C. (1995). Crystal
structure and function of the isoniazid targetMdycobacterium tuberculosiscience,
267.16381641.

Dlugovitzky, D., TorresMorales, A., Rateni, L., Farroni, M.A., Largacha, C., Molteni, O., and
Bottasso, O. (1997). Circulating profile of Thl and Th2 cyteginn tuberculosis
patients with different degrees of pulmonary involvem&EMS Immunology and
Medical Microbiology,18(3):203-207.

Dye, C., Williams, B. G. , Espinal, M. A., and R
stain: strategies to beatum t i dr ug r e s iSeiean@AH55621 2042r c ul o s
2046.

Dye, C., Espinal, M.A., Watt, C.J., Mbiaga, C. and Williams, B.G. (2002b). Worldwide
incidence of multidrugesistant tuberculosisJournal of infectious Diseases
18511971202.

East African/British Medical Research Council (1972). Controlled clinical trial of startse

(6-month) regimens of chemotherapy for treatment of pulmonary tuberculasiset
29910791085.

113



Erler, W., Matrtin, G., Sachse, K., Naumann, L., Kahlau, D., BeeBalips, M., Nagy, G.,
Cvetnic, Z., ZolnifDovc, M. and Pavlik, I. (2004). Molecular fingerprinting of
Mycobacteriumbovis subsp.capraeisolates from central Europ&ournal of Clinical
Microbiology, 42(5):22342233.

Espina] M.A., Laszlg A. and Simonsen L. (2001) Global trends in the resistance to
antituberculosigirugs.NewEngland Journal ofMedcine, 3441294 1303.

Federal Ministry of Health, Nigeria (2010J.echnical reportNational HIV Sereprevalence
SentinelSurveyRretrievedfronttp://www.nigeriaaids.org/documents/2010_National%
20HIV%Sero%20Prevalence%20Sentinel%20Survey.pdf

Finken, M., Kirschner, P., Meier, A., Wrede, A. and Bett E.C. (1993). Molecular basis of
streptomycin resistance kycobacterium tuberculosislterations of the ribosomal
protein S12 gene and point mutations within a functional 16S ribosomal RNA
pseudoknotMolecular Microbiology 9:12391246.

Forshaw,D. and Phelps, ®. (1991).Tuberculosis in a captive colony of pinnipedsirnal of
Wildlife Diseases27(2):288295.

Foundation for innovative new diagnosis (FIND) (2012). Molecular Detection of-Resistant
Tuberculosis by Line Probe Assay; Laboratbtgnual for Resourceimited Settings.
www.finddiagnostics.org

Fourmy, D., Recht, M., Blanchard, S.C. and Puglisi, J.D. (1996). Structure of the A site of
Escherichia colil6S ribosomal RNA complexed with an aminoglycoside antibiotic.
Science27413671371.

Friedlaender, J.S., Friedlaender, F.R., Reed, F.A., Kidd, K.K., Kidd, J.R., Chamberd,&aK.,
R.A., Loo, J., Koki, G., Hodgson, J.A., Merriwether, D.A. &dber, J.L. (2008). The
genetic structure of PacifislandersPLoS Geneticgl(1).e19.

Fujiki, A. (2001). TB Bacteriology Examination to Stop .TBesearch Institute of Tuberculosis
(RIT), Japan. Japan International Cooperation Agency (JICAY..P4

Gagneux, S., Burgos, M.V., DeRiemer, K., Encisco, A., Munoz, S., Hopewell, P.C., Small, P.M.
and Pym, A.S. (2006). Impact of bacterial genetics on the transmission of iseniazid
resistanMycobacterium tuberculosi®L0oS Patho@:e61.

Gamb o, A., Samer , S. E. , Al a Bumgeifoed,L., Glayton, BNi ¢ h ol
Kathleen, J.T., Joshu&)., and William, B. (2013a). Mycobacterial etiology of
pulmonary tuberculosis and association with HIV infection and multidrug resistance in
Northern NigeriaTuberculosis Research and Treatm@®13 9.

Gamb o, AL, Samer , S . E,.Kathlegn, B dumgedfor] L., WAllilam, BC|l ayt o1
(2013b). Prevalence of ndanberculous mycobacterial infections among tuberculosis
suspects in Nigeri®2LoS ONES(5) e63170.

114


http://www.nigeriaaids.org/documents/2010_National%20HIV%25Sero%20Prevalence%20Sentinel%20Survey.pdf
http://www.nigeriaaids.org/documents/2010_National%20HIV%25Sero%20Prevalence%20Sentinel%20Survey.pdf
http://www.nigeriaaids.org/documents/2010_National%20HIV%25Sero%20Prevalence%20Sentinel%20Survey.pdf

Gandhi, N.R., Moll,A., Sturm, AW., Pawinski, R., Govender, T., Lalloo, U., Zell,,
Andrews, J. and Friedland, G. (2006). Extensively dagjstant tuberculosis as a
cause of death in patients-cdected with tuberculosis and HIV in a rural area of
South Africa.Lancet 36815751580.

Gidado, M. and Ejembi, C. (2009. Tuberculoss case management and treatment outcome:
assessment of the effectiveness of puptigate mix of tuberculosis programme in
KadunaState Nigeria.Annals of African Medicine3(1):2531

Goble M., IsemanM.D. andMadsen L.A. (1993). Treatment of 171 patits with pulmonary
tuberculosis resistant to isoniazid and rifampew England Journal of Medcineg;
328527-532.

Griess P. (1879). Bemerkungen zu der Abhandlung der HH. Weselky und Benedikt Ueber einege
AzoverbindungenBerichte der Deutschen Chemisoh@esellschaft] 2. 426:428.

Groenheit R., GhebremichaelS., Svenssonl., RabnaP., Colombattj R., Riccardj F., Couvin,
D., Hill, V., Rastogi, N., Koivulal,T. and Ka'llenius, G. (201The Guine&Bissau
family of Mycobacterium tuberculossomplexrevisited.PLoS ONE6:€18601

Guerrero, C., Stockman, L., Marchesi, F., Bodmer, T., Roberts, G.D. and Telenti, A. (1994).
Evaluation of ther p agyéne in rifampicirsusceptible andresistantMycobacterium
avium and Mycobacterium intracellulareJournal d Antimicrobial Chemotherapy,
33:661-663.

Gumbo, T. (2010). New Susceptibility Breakpoints for Finste Antituberculosis Drugs Based
on Antimicrobial Pharmacokinetic/Pharmacodynamic Science and Population
Pharmacokinetic VariabilityAntimicrobial Agentsand Chemotherapy54(4):1484
1491.

Haas, W.H.Bretzel, G. Amthor, B.,Schilke,K., KrommesG., RischGerdes, S.StichtGroh,
V, andBremer, H.J. (1997). Comparison of DNA fingerprint patterns of isolates of
Mycobacterium africanumfrom east and westAfrica. Journal of Clinical
Microbiology, 35(3):663666.

HainLifescience (2009). GenoType MTBDRplus. Available Ueber einege Azoverbindungen.
Berichte der Deutschen Chemischen Gesellschz#t26-428.

Hartmann, G., Honikel, K.O., Knusel, F. and Nuesch(1867). The specifi ¢ inhibition of the
DNA-directed RNA synthesis by rifamyciBiochimica et biophysica actd45843
844.

Hassan, S.O., Musa, M.T., Elsheikh, H.M., Eleragi, A.M.S. and Saeed, N.S. (2012). Drug
Resistance irMycobacterium tuberculosisolates from Northeastern Suddritish
Journal of MedicineandMedical Researct(3): 424433.

115



Hazbon, M.H., Brimacombe, M., Bobadilla del ValM,, Cavatore, M., Guerrero, M, Varma
Basil, M., BillmanJacobe, H., Lavender, C. Fyfe, J., Gaf@Gada, L., Leon, C.I.,
Bose, M., Chaves, F., Murray, M., Eisenach, K.D., Sifue@sgrnio, J., Cave, ND.,
Ponce de Leon, A. and Alland, D. (2006). Population genetics study of isoniazid
resistance mutations and evolution of multidragistanMycobactenim tuberculosis
Antimicrobial Agentsand Chemotherapy50:2640-2649.

Hegde, S5., Vetting, M.W., Roderick, S.L., Mitchenall, L.A., Maxwell, A., Takiff, H.E. and
Blanchard, J.S. (2005). A fluoroquinolone resistance protein fikynobacterium
tuberculosighat mimics DNA.Science3081480-1483.

Heifets, L. (2000). Conventional methods for antimicrobial susceptibility testing of
Mycobacterium tuberculosidn: Bastian |, (Ed). Resurgent and emerging infectious
diseases Mukdrug resistant tuberculosis: Bivecht, Kluwer Academic, pp13B41.

Herr, EB., Jr., and Redstone, M. (1966). Chemical and physical characterization of
capreomycinAnnals of New York Academy of Scied@&5940-946.

Herrera D., Cang R. andGodoy, P. (1996) Multidrug resistant tuérculosis outbreak in a HIV
wardd Madrid, Spain, 199B5. Morbidity andMortality Wkedy Reprt, 45:330-333.

Heym, B., Alzar, PM., Honore, N. and Cole, S.T. (1995). Missense mutations in the catalase
peroxidase geneKatG, are associated with isoniazidsigance inMycobacterium
tuberculosisMolecular Microbiology 15:235245.

Heym, B., Stavropoulos, E., Honore, N., DomenechSdintJoanis B., Wilson, TM., Collins,
D.M., Colston, M.J. andCole, S.T.(1997). Effects of over expression of the alkyl
hydroperoxide reductaseAhpC on the virulence and isoniazid resistance of
Mycobacterium tuberculosignfection and Immunity§5:13951401.

Hillemann, D., Weizenegger, M., Kubica, T., Richter, E., and Niemann, S. (2005). Use of the
GenoType MTBDR assay forapid detection of rifampin and isoniazid resistance in
Mycobacterium tuberculosisomplex isolatesJournal of Clinical Microbiology,
43(8):36993703.

Hillemann, D., RusciGerdes, S., and Richter, E. (2007). Evaluation of the GenoType
MTBDRplus assay forifampin and isoniazid susceptibility testingMf/cobacterium
tuberculosis strains and clinical specimensglournal of Clinical Microbiology,
45(8):26352640.

Hirano, K., Takahashi, M., Kazumi, Y., Fukasawa, Y. and Abe, C. (1998). Mutatmpthis a
major mechanism of pyrazinamide resistance Niycobacterium tuberculosis
Tuberculosis and Lung Diseas&8;117-122.

Hoffner, S.E., Svenson, S.B., Norberg, R., Dias, F., Ghebremichaglid&allenius, G. (1993).
Biochemical heterogeneity ®ycobacterim tuberculosi€omplex isolates in
GuineaBissau.Journal of Clinical Microbiology31:22152217

116



Holmes, C.B., Hausler, H. and Nunn, P. (1998). A review of sex differences in the epidemiology
of tuberculosisinternational Journal of Tuberculosis and LubBigsease2:96-104.

Honore, N., andCole, S.T.(1993). Molecular basis of rifampin resistanceMycobacterium
leprae Antimicrobial Agents and Chemothera@y;414-418.

Honore, N., Berly, S., Chanteau, S., DoucetFR.Eigimeier, K., Garnier, T., George€§.,
Launois, P., Limpaiboon, T., Newton, S., and Niang, K., del Portillo, P., Ramesh, G.
R., Reddi, P., RidelPR., Sittisombut, N., WaHunte, S., andCole, S.T.(1993).
Nucleotide sequence of the fi rst cosmid from kiycobacteriumleprae genome
project: structure and function of the F8fr regionsMolecular Microbiology,7:207-
214.

Honore, N., andCole, S.T.(1994). Streptomycin resistance in mycobactefiatimicrobial
Agents and Chemothera88.238-242.

Houang, E.T. and Greenwood, D. (1977)miAoglycoside crossesistance patterns of
genatmicinresistant bacteriadournal of clinical pathology30(8):738-744.

Huard, RC., Lazzarini, LC. Butler, WR., van Soolingen, D. and Ho, J.L. (2003). PB&sed
method to differentiate the subspecies @& NMycobacterium tuberculosiomplex on
the basis of genomic deletiondournal of Clinical Microbiology41(4):1637%1650

Hunter J.E., Duignan, P.J., Dupont, C., Fray, L., Fenwick, S.G., and Murray, A. (1998). First
report of potentially zoonotic tuberadis in fur seals in New Zealandew Zealand
Medical Journal111(1063):130131.

Ibrahim, M., Andries, K., Lounis, N., Chauffour, A., TruffBernot, C., Jarlier, V. and Veaziris,
N. (2007). Synergistic activity of R207910 combined with pyrazinamide d&gains
murine tuberculosisAntimicrobial Agents and Chemotherapy;1011-1015.

Idigoras, P., Beristain, X., lturzaeta, A., Vicente, D., and P&raltero, E. (2000).Comparison
of the automated nonradiometric Bactec MGIT 960 system with Lowenktasen,
Coletsos, and Middlebrook 7H11 solid media for recovery of mycobacEusrapean
Journal of Clinical Microbiology and Infectious Diseas#9(5):350-354.

Imam, T.S. and Oyeyi, T.l. (2008). A retrospective study of pulmonary tubercul®sB) (
prevalence amast patients attending Infectious Diseases Hospital (IDH) in Kano,
Nigeria.Bayero Journal of Pure and Applied Sciend€$):10-15

International Union Against Tuberculosis and Lung Disease (IUATLD) (1998). The Public
Health Service National Tuberculosisef@rence Laboratory and the National
Laboratory Network: minimum requirements, role and operation in airloeme
country. Paris: International Union Against Tuberculosis and Lung Disease, 1998.

Iseman M.D. and Sbarbarp JA. (1992). The increasing pre¥ence of resistance to
antituberculosis chemotherapeutic agemglications for global tuberculosis control.
CurrentClinical Topcsin InfeciousDiseases12:188204.

117



Iseman M.D. (1993). Treatment of muldrug resistant tuberculosislew England Journal of
Medcine, 329784-791.

Iseman, MD. (1999). Management of multidrugsistant tuberculosi€hemotherapg:3-11.

Jackett, 5., Aber, VR. and Lowrie, D.B. (1978). Virulence and resistance to superoxide, low
pH and hydrogen peroxide among stramisMycobacterium tuberculosigournal of
General Microbiology104:37-45.

Jamieson, F.BGuthrie, J.L.Neemuchwala, Al.astovetska, OMelano, R.G., and Mehaffy, C.
(2014. Profiling of r p onfutations and MICs for rifampin and rifabutin in
Mycobacteium tuberculosisJournal of Clinical Microbiology52(6):21572162.

Johansen, |.S., Thomsen, V.O., Marjamaki, M., Sosnovskaja, A., and Lundgren, B. (2004).
Rapid, automated, nonradiometric susceptibility testing Mfycobacterium
tuberculosiscomplex to far first-line antituberculous drugs used in standard short
course chemotherapyiagnostic Microbiology and Infectious Diseas#()(2):103
137.

Johansen, S.K., Maus, C.E., Plikaytis, B.B. and Douthwaite, S. (2006). Capreomycin binds
across the ribosomaliBunit interface using tlyAe n ¢ o d-@-meth@dipns in 16S
and 23S rRNAsMolecular Cell,23:173-182.

Johnsson, K., and Schultz@.(1994). Mechanistic studies of the oxidation of isoniazid by the
catalase peroxidase froktycobacterium tuberculosigournal of American Chemical
Society11674257426.

Johnsson, K., Froland, W. and Schultz, P.G. (1997). Overexpression, purifi cation, and
characterization of the catalageroxidaseKatG from Mycobacterium tuberculosis
Journal of Biology and Chemistr7228342840.

Johnson, R Streicher, BM., Louw, G.E., Warren, R.M., van Helden, P.D., and Victor, T.C.
(2009). Drug Resistance Mycobacterium tuberculosi€urrent Issues in Molecular
Biology8:97-112.

Joint Tuberculosis Committee of the British Thmea Society (1998). Chemotherapy and
managemenbf tuberculosis in the United Kingdom: recommendatidifsorax 53,
536-548.

Joint United Nations Programme on HIV/AIDS; UNAIDS report on the global AIDS epidemic,
2010 [Internet]. 2010. Retrieved from CHAPTER 1 53
http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/20

Joloba, M.L., Bajaksouzian, S., and Jacobs, M.R. (2000). EvaluattiBtest for susceptibility
testing ofMycobacterium tuberculosislournal Clinical Microbiology 38(10):3834
383%6.

118


http://www.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/20

Jureen, P., Werngren, J., and Hoffner, S.E. (2004). Evaluation of the line probe assay (LiPA) for
rapid detection of rifampicin resistange Mycobacterium tuberculosig uberculosis
(Edinb),84(5):311-316.

KadunaStateGover nment ( KDS G)Statea(czhO 0e8v)eambeain radtstumatad
Annual Animal Population and Fish Production Investment Opportunities in Kaduna
State 200716-18.

Kallenius G., Koivula,T., Ghebremichael, S., Hoffne3,E., Norberg, R., Svensson, E., Dias, F.,
Marklund, BL. and Svenson, B.(1999). Evolution and clonal traits
of Mycobacterium tuberculosmomplex in GuinedissauJournal of Clinical
Microbiology,37:38723878.

Kamerbeek, J., Schous, L., Kolk, A., van Agtervdd, M., van Sodingen, D., Kuijper,S,,
Bunschonten, A., Molhuizen, H., Shaw, R., Goyal, M. and van Embden, J.
(1997).Simultaneous detection and strain differentiation of Mycadbacterium
tuberculosis fordiagnoss and epdemiology. Journal ofClinical Microbiology,
35(4):907-914.

Khoo, KH., Doudas, E., Azadi, P., Inamine M., Besra, G.S., Mikusova, K., Brennan, P. J. and
Chatterjee, D. (1996). Truncated structural vadamtf lipoarabinomannan in
ethambutol drugesistant strains d¥lycobacterium smegmatimhibition of arabinan
biosynthesis by ethambutdlournal of Biology and Chemistr271:2868228@90.

Kiers, A., Klarenbeek, A., Mendelts, B., Van Soolingen, D., Ko&Be(2008). Transmission of
Mycobacterium pinnipedito humans in a zoo with marine mammatgernational
Journal of Tuberculosis and Lung DiseasEX12):14691473.

Klautau, G.B. and Kuschnaroff, T.M. (2005). Clinical forms and outcome of tubercurosis
HIV -infected patients in a tertiary hospital in Sao Pd&razil. Brazilian Society of
Infectious Disease9:464-478.

Konno, K., Feldman, ®. and McDermott, W. (1967). Pyrazinamide susceptibility and and
amidase activity of tubercle bacilhmericanReview of Respiratory Diseas@%;461-
469.

Kremer, L., Dover, LG., Morbidoni, HR., Vilcheze, C., Maughan, W., Baulard, A., Tu, &.,
Honore, N., Deretic, V., Sacchettini, J.C., Locht, C., Jacobs, W.R. Jr., and Besra, G.
S. (2003). Inhibition ofnhA activity, but notKasA activity, induces formation of a
KasAcontaining complex in mycobacterialournal of Biology and Chemistry,
27820547204

KrugerThiemer, E. (1958). Isonicotinic acid hypothesis of the antituberculous action of
isoniazid.American Review of Tuberculosi&/:364-367.

119



Kruuner, A., Jureen, P., Levina, K., Ghebremichael, S. and Hoffner, S. (2003). Discordant
resistance to kanamycin and amikacin in dregjstantMycobacterium tuberculosis
Antimicrobial Agents and Chemotheragy;2971-2973.

Kubica, T., RusciGerdes, S., and Niemann, S. (2008ycobacteriumbovis subsp.caprae
caused on¢hird of humanMl. bovisassociated tuberculosis cases reported in Germany
between 1999 and 200dournalof Clinical Microbiology, 41(7):30703077.

Kuo, M.R., Morbidoni, H.R., Alland, D., Sneddon, S.F., Gourlie, B.B., Staveski, M.M., Leonard,
M., Gregory, J.S., Janjigian, A.D., Yee, C., Musser, J.M., Kreiswirth, B., bi@ni.
Perozzo, H., Jacobs, W. Jr., Sacchettini, J.C. and Fidock, D.A. (200Bargeting
tuberculosis and malaria through inhibition of Enoyl reductase: compound activity and
structural dataJournal of Biology and Chemistr2782085%:208%.

Kwan, C.K. and Ernst, J.D. (2011). HIV and tuberculosis: a deadly human synddimical
Microbiology Review24(2):351-376.

Lawson, L., Habib, AG., Okobi, M.l Idiong, D., Olajide, I., Emenyonu, N., Onuoha, N.,
Cuevas, L.E. and Ogiri, S.©.2 01 0) . APil ot study on mul ti
Nigeria0 Annals of African Medicing(3):184-187.

Ledo, S.C. and Portaels, F. (2007). History. In: Palomino JC, Ledo SC, Ritacco V (Ed)
Tuberculosis 2007: From Basic Science to Patient Cape2549

Leclerc, D., Melancon, P. and Brakier, G.L. (1991). Mutations in the 915 regigacbEricha
coli 16S ribosomal RNA reduce the binding of streptomycin to the ribosNoneeic
Acids Research,9:39733977.

Lee, A.S., Lim, LLH., Tang, L.L., Telenti, A. and Wong, S.Y. (1999). ContributiokasfA
analysis to detection of isoniazidsistantMycdacterium tuberculosigh Singapore.
Antimicrobial Agents and Chemotherag;20872080.

Lemaitre, N., Sougakoff, W., Truffd®ernot, C. and Jarlier, V. (1999). Characterization of new
mutations in pyrazinamideesistant strains ofMycobacterium tubercukis and
identification of conserved regions important for the catalytic activity of the
pyrazinamidas@®ncA Antimicrobial Agents and Chemothera@gy;1761-1763.

Leimane V. and Leimans J.(2006. Tuberculosis control in Latvia: integrated DOTS and
DOTS-Plus programmedturosurveillance 11:1-3.

Lety, M.A., Nair, S., Berche, P. and Escuyer, V. (1997). A single point mutation iemb&
gene is responsible for resistance to ethambutoMytobacterium smegmatis
Antimicrobial Agents and Chemotheragy;2629-2633.

Ling, D.I., Zwerling, A.A., and Pai, M. (2008). GenoType MTBDR assays for the diagnosis of
multidrugresistant tuberculosis: a medaalysis. European Respiratory Journal
32(5):11651174.

120



Lounis, N., Veziris, N., Chauffour, A., Truff®ernot, C, Andries, K. and Jarlier, V. (2006).
Combinations of R207910 with drugs used to treat multidesgstant tuberculosis
have the potential to shorten treatment duratidmtimicrobial Agents and
Chemotherapy50:35433547.

Mackaness, G.B. (1956). The iatellular activation of pyrazinamide and nicotinamide.
American Review of Tuberculosis and Pulmonary Dised4e&] 8-728.

Maggi, N., Pasqualucci, C.R., Ballota, R. and Sensi, P. (1966). Rifampicin: a new orally active
rifamycin. Chemotherapial 1:285-292.

MaisnierPatin, S., Berg, O.G., Liljas, L. and Andersson, D.l. (2002). Compensatory adaptation
to the deleterious effect of antibiotic resistanc&aimonella typhimuriunMolecular
Microbiology,46:355-366.

Makinen,J., Marttila, H.J., Marjamaki, MYiljanen, M.K., and Soini, H. (2006). Comparison
of two commercially available DNA line probe assays for detection of ‘it
resistantMycobacterium tuberculosislournal of Clinical Microbiology,44(2):350
352

Manca, C., Paul, S., Barry, C.R., FreedmV.H. and Kaplan, G. (1999Mycobacterium
tuberculosiscatalase and peroxidase activities and resistance to oxidative Kkilling in
human monocyteis vitro. Infection and Immunity§7:74-79.

Manjunatha, U.H., Boshoff, H., Dowd, C.S., Zhang, L., Alb&t., Norton, J.E., Daniels, L.,
Dick, T., Pang, S.S. and Barry, C.E. (2006). Identification of a nitroimidazooxazine
specifi ¢ protein involved in P&24 resistance irMycobacterium tuberculosis
Proceedings of National Academic of Science U9B431-436.

Markus, H., Ulrich, R., Daniela, B. and Norbert, L. (2000). Mutations in the beginning of the
r p ogbne can induce resistance to rifamycins in bdtlicobacter pylori and
Mycobacterium tuberculosis. Antimicrobial Agents and Chemothe4af4):1075.

Martin, R.S, SumarahR.K. and RobartE.M. (1975). Comparison of Four Culture Media for
the Isdation of Mycobacterium tuberculosisa 2Year Study Journal of Clinical
Microbiology, 2(5):438440.

Martin, A., Portaels, F., and Palomino, J.C. (2007). Colorimetric ratitizator methods for the
rapid detection of multidrug resistance Mycobacteriumtuberculosis a systematic
review and metanalysis.Journal ofAntimicrobial Chemotherapy9(2):175183.

Martin, A., Panaiotov, S., Portaels, F., Hoffner, S., Palomino, J.C., Angeby, K. (2008). The
nitrate reductase assay for the rapid detection ofaga and rifampicin resistance in
Mycobacterium tuberculosisa systematic review and medaalysis. Journal of
Antimicrobial Chemotherap¥2(1):56-64.

121



Marttila, H.J., Marjamé&ki, M., Vyshnevskaya, E., Vyshnevskiy, B.l., Otten, T.F., Vasilyef, A.V.
andViljanen, M.K. (1999).pncAmutations in pyrazinamideesistantMycobacterium
tuberculosis isolates from NorthWWestern Russia.Antimicrobial Agents and
Chemotherapy3:17641766.

MathemaB., Kurepina N.E., Bifani, P.J. and Kreiswirth B.N. (2006). Molealar epidemiology
of tuberculosis: current insightSlinical Microbiology Reviewl9(4):658685

Matrat, S., Veziris, N., Mayer, C., Jarlier, V., Trufiéernot, C., Camuset, J., Bouvet, E.,
Cambau, E. and Aubry, A. (2006). Functional analysis of DNA ggrenutant
enzymes carrying mutations at position 88 in the A subunit found in clinical strains of
Mycobacterium tuberculosisesistant to fluoroquinolone#&ntimicrobial Agents and
Chemotherapy50:41704173.

Matsumoto, M., Hashizume, H., Tomishige, T.,w&saki, M., Tsubouchi, H., Sasaki, H.,
Shimokawa, Y. and Komatsu, M. (2006). OB@683, a nitredihydro-imidazooxazole
derivative with promising action against tuberculaosigitro and in micePLoS Med,
3:e466.

Maus, C.E., Plikaytis, B.B. and Shinnick,M. (2005a). Molecular analysis of cross resistance
to capreomycin, kanamycin, amikacin, and viomycirMipcobacterium tuberculosis
Antimicrobial Agents and Chemotherag®;31923197.

Maus, CE., Plikaytis, B.B. and Shinnick, T.M. (2005). MutationtlyfA confers capreomycin
resistance irMycobacterium tuberculosifntimicrobial Agents and Chemotherapy,
49.571-577.

McLaren, J., Ngo, O.C. and Olivera, M. (1973). Pyridine nucleotide metabolism in
Escherichia coliJournal of Biology and Chemistr4851445149.

McNerney, R. (2001). Phage replication technology for diagnosis and susceptibility testing. In:
Parish T SN, editorsMycobacterium tuberculosiprotocols Methods in molecular
medicine Totowa: Humana Press; pp 1154.

Mdluli, K., Shernan, DR., Hickey, M.J., Kreiswirth, B.N., Morris, S., Stover, C.K. and Barry,
C.E. (1996). Biochemical and genetic data suggestinhtis not the primary target
for activated isoniazid iiMycobacterium tuberculosidournal of Infectious Diseases,
17410851090.

Mdluli, K., Slayden, R.A., Zhu, Y., Ramaswamy, S., Pan, X., Mead, D., Craie, Musser,
JM. and Barry, C.R. (1998). Inhibition ofycobacterium tuberculosisetaketoacyl
ACP synthase by isoniazi8cience28016071610.

Meier, A., Sander, P., 8aper, K.J., Scholz, M. and Bottger, E.C. (1996). Correlation of
molecular resistance mechanisms and phenotypic resistance levels in streptomycin
resistant Mycobacterium tuberculosisAntimicrobial Agents and Chemotherapy,
40:245224%.

122



Mengatto, L., Chian Y., and Imaz, M.S. (2006). Evaluation of rapid alternative methods for
drug susceptibility testing in clinical isolates dflycobacterium tuberculosis
Memorias do Instituto Oswaldo Crui01(5):535542.

Meriki, H.D., Tufon, K.A., Atanga, P.N., ArAnyargwe, |.N., Anong, D.N., Ché&igwa, F. and
Nkuo- Akenji, T. (2013). Drug Resistance Profiles Mfycobacterium tuberculosis
Complex and Factors Associated with Drug Resistance in the Northwest and
Southwest Regions of Cameroéii.oS ONES(10): e77410.

Middlebrook, G., and Cohn, M. L. (1953). Some observations on the pathogenicity of isoniazid
resistant variants of tubercle baciflicience]118297-299.

Middlebrook, G. (1954). Isoniazitksistance and catalase activities of tubercle bacilli. A
preliminary eport.American Review of Tuberculos&471-472.

Miesel, L., Weisbrod, T.R., Marcinkeviciene, J.A., Bittman, R., andJacobs, W.J. (1998). NADH
dehydrogenase defects confer isoniazid resistance and conditional lethality in
Mycobacterium smegmatidournal of Bacteriology 18024592467 .

Miller, L.P., Crawford, J.T. and Shinnick, T.M. (1994). Thep ogéne of Mycobacterium
tuberculosisAntimicrobial Agents and Chemotheraf3{;805-811.

Moazed, D., and Noller, H.F. (1987). Interaction of antibiotics with functional sites in 16S
ribosomal RNANature,327:389-394.

Montero, C., Mateu, G., RodrigueR. and Takiff, H. (2001). Intrinsic resistance of
Mycobacterium smegmatido fluoroquinolones may be influenced by new
pentapeptide protein MfpAAntimicrobial Agents and Chemotheragi;3387-3392.

Montoro, E., Lemus, D., Echemendia, M., Martin, A., PelgaF. and Palomino, J.C.(2005).
Comparative evaluation of the nitrate reduction assay, the MTT test, and the resazurin
microtitre assay for drug susceptibility testing of clinical isolatesMg€obacterium
tuberculosisJournal of Antimicrobial Chemothapy,55(4):500:505.

Moore, D.A., Evans C.A., Gilman, R.H., Caviedes, L., Coronel, J., Vivar, A., Sanchez, E.,
Pifiedo, Y., SaraviaJ.C., Salazar, C., Oberhelman, R., Helwlgado, M.G.,
LaChira, D., Escombe, A.R., and Friedland, J.S.(2006). Microsaiysiervation
drug-susceptibility assay for the diagnosis of ™ew England Journal Mediciné2;
355(15):15391550.

Mostowy, S., CousinsD., Brinkman,J., AranazA. and BehrM.A. (2002). Genomic deletions
suggest a phylogeny for tiMycobacterium tuberdasiscomplex.Journal of
Infectious Diseased486.74-80

Mukherjee, B., Rich, ML., Soccj B.A., JosephA.R., Virl, K., Shin, F.A., Furin, S.S.,
BecerraJ.J.,Barry, M.C., Kim, D.J.,Bayona,J.Y., FarmerJ.,Fawzi,P., and Seung,
K.J. (2004). Progmmmes and principles for management of multidrug resistant
tuberculosisLancet 3729407):474481.

123



Murray, J., Sonnenberg, P., Shearer, S. and Goéfaegsett, P.2000 . frBsrstang
pulmonary tuberculosis in a cohort of Southern African goldmineth & high
preval ence o fSouth Afsican Medical ddurina®0i):381-386.

Murray, J.F. (2005). Pulmonary complications of HIMnfection among adults living in Sub
Saharan Africalnternational Journal of Tuberculosis and Lung Dise&s826-835.

Murray, P.R., Baron, E.J., Jorgensen, J.H., Landry, M.L. and Pfaller, M.A. (2@@nual of
Clinical Microbiology (9" edition). American Society for Microbiology (ASM) press,
1325 Massachusetts Avenue, N.W. Washington, DC 20005. gp513

Musser, JM. (1995). Antimicrobial agent resistance in mycobacteria: molecular genetics
insights.Clinical Microbiology Review8:496-514.

Nair, J., Rouse, D.A., Bai, G.H. and Morris, S.L. (1993). ThseL gene and streptomycin
resistance in single and multipllieugresistant strains d¥lycobacterium tuberculosis
Molecular Microbiology,10:521-527.

National Drugresistant TB prevalence survey report, Nigeh&tional TB Drug resistance
survey repor{2012). Nigeria.

Ng, V.H., Cox, J.S., Sousa, A.O., MacMickingD. and McKinney, J.D. (2004). Role I¥atG
catalaseperoxidase in mycobacterial pathogenesis: countering the phagocyte oxidative
burst.Molecular Microbiology 52:1291-1302.

Niemann, S., Richter, E. and RisGlerdes, S. (2002). Biochemical and geneticence for the
transfer ofMycobacterium tuberculosisubsp.capraeto the speciedlycobacterium
bovisKarlson and Lessel 1970 (Approved Lists 1980Mgsobacteriunmbovissubsp.
caprae comb. nov. International Journal of Systematic and Evolutionary
Microbiology, 52:433436

Nigerian Chamber of Commerce USA (2014). Kaduna State.
(http://www.ncocusa.com/constituencies_kadunahtml

Noller, HF. (1984). Structure of ribosomal RNAnnual Revievef Biochemistry53:119-62.

Nuermberger, E.., Yoshimd s u , T. , Ty a gJi, Yern&, A.A., ChaBson, KRit., R.

Bishai, W.R. andGrosset, H. (2004a). Moxifobxacincontaining regimen greatly
reduces time to culture conversion in murine tubercsilo&merican Journal of
Respiratory and Critical Care Medicin@69421-426.

Nuermberger, E . , Yoshi mat su, T. , Tyagi , S. ,J, Wil |
Vernon, A.A., Chaisson, R.E., Bishai, R/.and Gosset, H. (2004). Moxifloxacin
contaning regimens of reduced duration produce a stable cure in murine tuberculosis.
American Journal of Respiratory and Critical Care Medicihé1131-1134.

124

a


http://www.ncocusa.com/constituencies_kaduna.html

Nwachokor, AN. and Thomas].O (2000). Tuberculosis in Ibadan, Nigerea 30year review.
Central Arican Journal of Medicing46(11):287-292.

Nwachukwu, N.C., Orji, A., Kanu, |., Okereke, H.C. (2009). Epidemiology of pulmonary
tuberculosis in some parts of Abia State, Federal Republic of Nigeimn Journal of
Epidemiology2:13-19.

Ocheretina, O.Escuyer, V.E., Mabou, M.M., Royaardi, G., Collins, S., Vilbrun, S.C., Pape
J.W., and Fitzgerald, D.W. (2014). Correlation between genotypic and phenotypic
testing for resistance to rifampin Mycobacterium tuberculosislinical isolates in
Haiti: invegigation of cases with discrepant susceptibility resuRtoS One,
5:9(3):€90569.

Okamoto, S., Tamaru, A., Nakajima, C., Nishimura, K., TapnakaTokuyama, S., Suzuki, Y.
and Ochi, K. (2007). Loss of a conservednéthylguanosine modification in 16S
rRNA confers lowlevel streptomycin resistance in bacteN&lecular Microbiology,
63:10961106.

Okodua, M., Ihongbe, J., and Esumeh, F. (2012).Pulmonary tuberculosis and resistance pattern
to first line antituberculosis drugs in a city of western Nigenternational Journal of
Basic, Applied and Innovative Researt(2):48-56.

Onipede, A.O., Idigbe, O., Akbai, A.K., Omojola, O., Oyelese, A.O., Aboderin. A.O.,
Akinosho, Komolafe, A.O. and Wemambu, S.}{l999). Sererevalence of HIV
antibodies in tuberdosis patients in lldfe, Nigeria. East African Medical Journal
76(3):127-132.

Onubogu, GC., KunleOpe, C.N., Onyejepu, N., Nwokoye, N.N., Raheem, T.Y., Igbasi, U.T.,
Tochukwu, N.E., Omoloye, R.M., Ejezie,.@, Musa, A.Z., Odunukwe, N.,
Onwujekwe,D.l., and Idigbe, E.O.2010). Prevalence of tuberculosis and human
immunodeficiency virus (TB/HIV) cénfections amongst patients with
bronchopulmonary disorders in Lago&frican Journal of Microbiology Research,
4(18):19041908.

Ormerod L.P. (1997). Cemotherapy of tuberculosiBuropeanResjratory Journal, 2:273-297.

Otu, A., Umoh, V., Habib, A., Ameh, S., Lawson, L. and Ansa, V. (2013). Drug Resistance
among Pulmonary Tuberculosis Patients in Calabar, NigPaémonary Medicine
20136.

Ovchinnikor, Y.A., Monastyrskaya, G.S., Guriev, S.0O., Kalinina, N.F., Sverdlov, E.D.,
Gragerov,A.l., Bass, IL.A., Kiver, F., Moiseyeva, E.P., Igumnov, V.N., Mindlin,
SZ., Nikiforov, V.G. and Khesin, R.B. (1983). RNA polymerase rifampicin
resistance mutatioris Escherichia coli sequence changes and dominah@ecular
General Genetics,90344-348.

125



PablosM’endez, A., Knirsch, @., Barr, R.G., Lerner, B.H. and Frieden, T.RL997.
Nonadherence in tuberculosis treatment: predictors and consequences iYioNew
City. AmericanJournal of Medicine1022):164-170.

ParamasivanC.N. andVenkataramayP. (2004).Drug resistance in tuberculosis in Indiadian
Journal Medcal Rearch;120:377-386.

Parikh, SL., Xiao, G. and Tonge, 8. (2000). Inhibition ofinhA, the enoyl reductase from
Mycobacterium tuberculoslsy triclosan and isoniazi®iochemistry39:76457650.

Park, W.G., Bishai, W.R., Chaisson, R.land Dorman, S.E. (2002). Performance of the
microscopic observation drug susceptibility assay in dusgeptibility testing for
Mycobacterium tuberculosidournal of Clinical Microbiology40(12):47504752.

Parwati, I., van Crevel, R., van Soolingen, D. (2010). Possible underlying mechanisms for
successful emergence of tiMycobacterium tuberculosiBeijing genotype strains.
Lancet,10(2):103111.

Pasca, MR. Guglierame, P., Arcesi, F., Bellinzoni, M., De Rossi, E. and Riccardi, G. (2004).
Rv2686eRv2687ecRv2688c, an ABC fluoroquinolone efflux pump Nycobacterium
tuberculosisAntimicrobial Agents and li&motherapy48:3175178.

PeaseA.S. (1940). Some remarks on the diagnosis and treatment of tuberculosis in antiquity.
Isis 31:380-393

Pereira, M., Tripathy, S., Inamdar, V., Ramesh, K., Bhavsar, M., Date, A., lyyer, R.,
Acchammachary, A., Mehendale,, Risbud, A. 2005. Drug resistance pattern of
Mycobacterium tuberculosin seropositive and seronegative HIB patients in
Pune, Indialndian Journal of Medical Research21(4):235239.

Petrella, S., Cambau, E., Chauffour, A., Andries, K., JarlieraMl Sougakoff, W. (2006).
Genetic basis for natural and acquired resistance to the diarylquinoline R207910 in
mycobacteriaAntimicrobial Agents and Chemotherap;28532856.

Pfyffer, G.E., Welscher, H.M., Kissling, P., Cieslak, C., Casal, M.J., Getied., and Riuseh
Gerdes, S. (1997). Comparison of the Mycobacteria Growth Indicator Tube (MGIT)
with radiometric and solid culture for recovery of atadt bacilli. Journal of Clinical
Microbiology, 3%(2):364368.

Pfyffer, G.E. and Vincent, V. (2005Mycobacterium tuberculosisomplex, Mycobacterium
leprea and other slowgrowing mycobacteria.ln Boriello, S.P., Murray, P.R. and
Funke, G. (ed), TMicpbiokbogy ared nMicrobili infectionsd s
Bacteriologyl0" ed. Hodder Arnold, London, Unitétingdom Pp11811235

Piatek, AS., Telenti, A. Murray, M.R., El, H.H., JacobsW.J.,, Kramer, F.R. and Alland D.
(2000). Genotypic analysis ddycobacterium tuberculosis two distinct populations
using molecular beacons: implications for rapid susbgipyi testing. Antimicrobial
Agents and Chemotheragy:103-110.

126



Pierattelli, R., Banci, L., Eady, N.A., Bodiguel, J., JoneBl.,JMoody, P.C., Raven, E.L.,
Gregare, B. and Brown, K.A. (2004). Enzyrmeatalyzed mechanism of isoniazid
activation in clasd and class Il peroxidasesournal of Biology and Chemistry,
279390063900®.

Piersimoni, C., Olivieri, A., Benacchio, L., and Scarparo, C. (2006).Current perspectives on drug
susceptibility testing ofMycobacterium tuberculosisomplex: the automated no
radiometric systemgournal of Clinical Microbiology44(1):20-28.

Pitaksajjakul, P., Wongwit, W., Punprasit, W., Eampokalap, B., Peacock, S. and Ramasoota, P.
(2005). Mutations in thegyrA and gyrB genes of fluoroquinolonegesistant
Mycobacterium tuérculosisfrom TB patients in ThailandSoutheast Asian Journal of
Tropical Medicine and Public HealtB6 (4):228237.

Plinke, C., RusciGerdes, S. and Niemann, S. (2006). Signifi cance of mutatie@mbBcodon
306 for prediction of ethambutol resistanin clinical Mycobacterium tuberculosis
isolates Antimicrobial Agents and Chemotherap;1900-19(2.

Poprawski, D., Pitisuttitum, P. and Tansuphasawadikul, S. (2000). Clinical presentations and
outcomes of TB among HMositive patientsSoutheast Asia Journal of Tropical
Medicine and Public Heal{t81(1):140-142.

Post , F. A. and Wood, R. (1997). AHIV infectio
resistant tuberculosisSouth African Medical Journa87(7):903.

Powers, Tand Noller, H.F(1991). A functional pseudoknot in 16S ribosomal RNAropean
Molecular Biology Organization Journal(:22032214.

Prammananan, T., Sander, P., Brown, B.A., Frischkorn, K., Onyi, G.O., Zhang, Y. Bottger, E.C.
and Wallace, R.J., Jr. (1998). A single I&®somal RNA substitution is responsible
for resistance to amikacin and otherd@oxystreptamine aminoglycoside in
Mycobacterium abscessuand Mycobacterium chelonaeJournal of Infectious
Diseases177.15731581.

Prodinger, W.M., Eigentler, A., Allerbeeg, F., Schonbauer, M., and Glawischnig, W.(2002).
Infection of red deer, cattle, and humans withcobacteriunbovis subsp.capraein
western AustriaJournal of Clinical Microbiology, 40(6):22702272.

Pym, AS., SaitJoanis, B. an€ole, S.T.(2002).Effect of KatG mutations on the virulence of
Mycobacterium tuberculosasnd the implication for transmission in humaimgection
and Immunity70:49554960.

Quan, S., Venter, H. and Dabbs, RE. (1997). Ribosylative inactivation of rifampin by
Mycobacteriun smegmadi is a principal contributor to its low susceptibility to this
antibiotic. Antimicrobial Agents and Chemotheragyt;2456-2460.

127



Quemard, A., Sacchettini, J.C., Dessen, A., Vilcheze, C., Bittman, R., Jacobs,akd.
Blanchard, B. (1995). Enzynta& characterization of the target for isoniazid in
Mycobacterium tuberculosi8iochemistry34:82358241.

Ramaswamy, S. and Musser, J.M. (1998). Molecular genetic basis of antimicrobial agent
resistance inMycobacterium tuberculosis1998 update.Tubercuosis and Lung
Diseasesy9.3-29.

Ramaswamy, S. Reich, V., R., Dou, S.J., Jasperse, L., Pan, X., Wangéuitdgua, T. and
Graviss. EA. (2003). Single nucleotide polymorphisms in genes associated with
isoniazid resistance inMycobacterium tuberculosisAntimicrobial Agents and
Chemotherapy7:1241-1250.

RamonGarcia, S., Otal, I, Martin, C., Goméms, R. and Ainsa, A. (2006). Novel
streptomycin resistance gene frdvycobacterium fortuitumAntimicrobial Agents
and Chemotherapy0:3920-3922.

RamonGarcia, S., MartinC., De Rossi, E. and AinsaAJ.(2007). Contribution of the Rv2333c
efflux pump (the Stp protein) fromilycobacterium tuberculosi® intrinsic antibiotic
resistance inMycobacterium boviBCG. Journal of Antimicrobial Chemotherapy,
59544547 .

Rastogi, N., Goh, K.S., and David, H.L. (1989). Selective inhibition ofMyeobacterium
tuberculosis complex by pnitro-alphaacetylaminebetahydroxypropio phenone
(NAP) and pnitrobenzoic acid (PNB) used in 7H11 agar medidResearch in
Microbiology, 140(6):419423.

Raviglione, M.C., Narain, J.P. and Kochi, A. (1992). Fd§sociated tuberculosis in developing
countries: clinical features, diagnosis, and treatméhilletin of World Health
Organization 70(4):515526.

Raviglione, M.C., Snider, [E. Jr. and Kochi, A. (1995). Global epidemiology of tuberculosis;
Morbidity and mortality of a worldwide epidemidournal of the American Medical
Association2733):220226.

Rawd, R., Whitty, A. and Tonge, P..(2003). The isoniazitlAD adduct is a sh, tight binding
inhibitor of InhA, theMycobacterium tuberculosesnoyl reductase: adduct affinity and
drug resistanc&?roceedings of National Academic of Science UB&13881138%.

Raynaud, C., Lanéelle, M.A., Senaratne, R.H., Draper, P., LanéelEndsDaffé, M. (1999).
Mechanisms of pyrazinamide resistance in mycobacteria: importance of lack of uptake
in addition to lack of pyrazinamidase activiicrobiology,14513531367.

Reis, R.S., Neves, I., Jr., Lourenco, S.L., Fonseca, L.S., and LouMrico(2004). Comparison
of flow cytometric and Alamar Blue tests with the proportional method for testing
susceptibility of Mycobacterium tuberculosi® rifampin and isoniazidJournal of
Clinical Microbiology,42(5):22472248.

128



Reisner, B.S., Gatson,.M., and Woods, G.L. (1995). Evaluation of mycobacteria growth
indicator tubes for susceptibility testing bfycobacterium tuberculosi® isoniazid
and rifampinDiagnostic Microbiology and Infectious Disea2@(4):325329.

Rich, M., Cegielski, P., Jaralte, E., and Lambregts, K. (2006). Guidelines for the
programmatic management of drregistant tuberculosis. World Health Organization.

Rieder, H.L. (1999)Epidemiologic basis of tuberculosis contrai' edition: International Union
Against Tuberculosiand Lung Disease, Paris. Pp. 162.

Rosner, J.L. (1993). SusceptibilitiesafyRregulon mutants dEscherichia colandSalmonella
typhimuriumto isoniazid Antimicrobial Agents and Chemotherafy;2251-2253.

Rossau, R., Traore, H., De Beenhouwer, HijsMN., Jannes, G., De Rijk, Bnd Portaels, F.
(1997). Evaluation of the INNQIPA Rif. TB assay, a reverse hybridization assay for
the simultaneous detection Blycobacterium tuberculosisomplex and its resistance
to rifampin.Antimicrobial Agents ath Chemotherapyt1(10):2093209%8.

Rozwarski, D.A., Grant, @., Barton, D., Jacobs, \W. and Sacchettini, J.C. (1998).
Modification of the NADH of the isoniazid targeinfiA) from Mycobacterium
tuberculosisScience27998-102.

RuschGerdes, S., Domehl,.CNardi, G., Gismondo, M.RWelscher, H.M. andPfyffer, G.E.
(1999). Multicenter evaluation of the mycobacteria growth indicator tube for testing
susceptibility ofMycobacterium tuberculosi® first-line drugs.Journal of Clinical
Microbiology, 37(1):45-48.

Sahraoui, N., Miller, B., Guetarni, D., Boulahbal, F., Yala, D., Ouzrout, R., Berg, S., Smith,
N.H., and Zinsstag, J. (2009). Molecular characterizatioMptobacteriumbovis
strains isolated from cattle slaughtered at two abattoirs in AlgBNEC Veterinary
Research27:5-4.

SaintJoanis, B., Souchon, H., Wilming, M., Johnsson, K., Alzari, P.M. Golé, S.T.(1999).
Use of sitedirected mutagenesis to probe the structure, function and isoniazid
activation of the catalase/peroxidas€atG, from Mycobacterium tuberculosis
Biochemistry Journal338753-760.

Salomon N., Perlman D.C. and Fiedman P. (1995). Predictors and outcome of multidrug
resistantuberculosisClinical Infectious Disease21:12451252.

Sander, P., Prammananan, T. and BottdeiC. (1996). Introducing mutations into a
chromosomal rRNA gene using a genetically modified eubacterial host with a single
rRNA operonMolecular Microbiology 22:841-848.

Sander, P., De Rossi, E., Boddinghaus, B., Cantoni, R., Branzoni, M., BottgerT &k, H.,
Rodriquez, R., Lopez, G. and Riccardi, G. (2000). Contribution of the multidrug
efflux pump LfrA to innate mycobacterial drug resistanE&MS Microbiology
Letters,19319-23.

129



Schluger, N.W. and Rom, W.N. (1998). The host immune respongéérculosisAmerican
Journal of Respiratory and Critical Care Mediciris7(3 Pt 1):679691.

Schluger, N.W. (2001). Recent advances in our understanding of human host responses to
tuberculosisRespiratory ResearcR(3):157163.

Schrag, Sl. and Pent, V. (1996). Reducing antibiotic resistanature,381:120-121.

Scorpio, A., Collins, D., Whipple, D., Cave, D., Bates, J. and Zhang, Y. (1997a). Rapid
differentiation of bovine and human tubercle bacilli based on a characteristic mutation
in the bovire pyrazinamidase gengournal of Clinical Microbiology35:106-110.

Scorpio, A., Lindholm, L.P., Heifets, L., Gilman, R., Siddigi, S., Cynamon, M. and Zhang, Y.
(1997). Characterization @ncAmutations in pyrazinamideesistantMycobacterium
tuberculis Antimicrobial Agents and Chemotheragyl; 540-543.

Scorpio, A. and Zhang, Y. (1996). Mutations inpncA a gene encoding
pyrazinamidase/nicotinamidase, cause resistance to the antituberculous drug
pyrazinamide in tubercle bacilluSatural Medicine2:662-667.

Sensi, P., Greco, A.M. and Ballotta, R. (1960), Rifomycin I, Isolation and properties of
rifomycin B and rifomycin complexAntibiotics Annual262-270.

Sethi, S., Mewara, A., Dhatwalia, S.K., Singh, H., Yadav, R., Singh, K., Gupta, D., Wanchu, A
and Sharma, M. (2013). Prevalence of multidrug resistancéynobacterium
tuberculosissolates from HIV seropositive and seronegative patients with pulmonary
tuberculosis in north Indidnfectious Disease4,3:137.

Sherman, [R., Sabo, B., Hickey, MJ., Arain, T.M., Mahairas, Y.Y., Barry, C.R. and Stover,
C.K. (1995). Disparate responses to oxidative stress in saprophytic and pathogenic
mycobacteriaProceedings of National Academic of Science 924625662.

Sherman, D.R., Mdluli, K., Hickey, M., Arain, T.M., Morris, S.L., Barry, ®., and Stover,
CK. (1996). CompensatoryahpC gene expression in isoniazidsistant
Mycobacterium tuberculosiScience27216411643.

Sharma, X. and MohanA. (2006). Multidrugresistant tuberculosis: A menateat threatens to
destabilizeuberculosis controlChest 130(1):261-272.

Silva, P.E., Bigi, F., Santangelo, M.P., Romano, M.l., Martin, C., Cataldi, A. and Ainsa, J.A.
(2001). Characterization of P55, a multidrug efflux pumpiycobacterium boviand
Mycobacterium tuberculosigntimicrobial Agents and Chemotherag;800-804.

Simboli, N., Takiff, H., McNerney, R., Lopez, B., Martin, A., Palomino, J.C., Barrera, L., and
Ritacco, V. (2005) Ishouse phage amplification assay is a sound alternative for
detecting rifampin resistaniMycobacterium tuberculosisn low-resource settings.
Antimicrobial Agents and Chemotherag®(1):425427.

130



Sintchenko, V., Jelfs, P., Dally, M., Crighton, T., and Gilbert, G.L. (2006). A case of urinary
tuberculosis due tdycolacterium bovis subspeciexaprae Pathology 38(4):376
378.

Small P.M., Shafey R.W. andHopewell P.C. (1993). Exogenous #@afection with multidrug
resistantMycobacterium tuberculosis patients with advanced HIV diseaddew
England Journal ofMedcine,3281137%1144.

Smith, N.H., Gordon, S.V., Rdaomenech, R., CliftoHadley, R.S., Hewinson, R.G. (2006.)
Bottlenecks and broomsticks: the molecular evolutioMptobacteriunbovis Nature
reviewsin Microbiology,4:670-681

Somoskévi, A., Zissel, Gzipfel, P.F., Ziegenhagen, M.W., Klaucke, J., Haas, H., Schlaak, M.
and MdallerQuernheim, J. (1999). Different cytokine patterns correlate with the
extension of disease in pulmonary tuberculdsigopean Cytokine Network?):135
142.

Somoskovi, A., Zissl, G., Ziegenhagen, M.W., Schlaak, M. and Mierernheim, J. (2000).
Accessory function and costimulatory molecule expression of alveolar macrophages in
patients with pulmonary tuberculosisxmunobiology(3-4):450-460.

Sreevatsan, S., Pan, X., Stockeg K.E., Williams, D.L. Kreiswirth, B.N. And Musser, J.M.
(1996). Characterization ofpsL and rrs mutations in streptomyciresistant
Mycobacterium tuberculosisolates from diverse geographic localitiéstimicrobial
Agents and Chemotherapy:10241025.

Sreevatsan, S., Pan, X., Zhang, Y., Kreiswirth, B.N. and Musser, J.M. (1997a). Mutations
associated with pyrazinamide resistancepimcA of Mycobacterium tuberculosis
complex organism&ntimicrobial Agents and Chemotheragil;636-640.

SreevatsansS., Stockbauer, K., Pan, X., Kreiswirth, B.N., Moghazeh, S.L., Jacobs, W.J.,
Telenti, A. and Musser, J.M. (1997). Ethambutol resistanceMytobacterium
tuberculosis critical role of embB mutations. Antimicrobial Agents and
Chemotherapy1:16771681.

SrivastavaK., ChauhanpD.S, Gupta,P. Singh,H.B., SharmaV.D., Yadav,V.S., Sreekumaran,
S.S, Thakral J.S, Dharamdheeran, ANigam, H.K, PrasacandKatoch V.M. (2008).
Isolation of Mycobacterium bovisand Mycobacteriumtuberculosisfrom cattle @
some farms in north India Possible relevance in humdmealth Indian Journal of
Medcal Regarch 12826-31.

Stead, W.W., Eisenach, K.D., Cave, M.D., Beggs, M.L., Templeton, G.L., Thoen, C.O. and
Bates, J.H(1995). When didMycobacterium tuberculosinfection first occur in the
New World? An important question with public health implicatiohserican Journal
of Respiratory and Critical Care Medicing51:12671268

Stoneking, M., Jorde, L.B., Bhatia, K., Wilson, A.C. (1990). Geographic Variatidtuman
Mitochondrial DNA from Papua New Guine@enetics124(3):717%733.

131



Stover, C.K., Warrener, P., VanDevanter, D.R., Sherman, D.R., Arain, T.M., Langhorne, M.H.,
Anderson, S.W., Towell, J.A., Yuan, Y., McMurray, D.N., Kreiswirth, B.N., Barry,
C.E.and Baker, W.R. (2000). A smattolecule nitroimidazopyran drug candidate for
the treatment of tuberculosNature,405962-966.

Sturgill-Koszycki, S., Schlesinger, P.H., Chakraborty, P., Haddix, P.L., Collins, H.L., Fok, A.K.,
Allen, R.D., Gluck, S.., HeuserJ. and Russell, D.G. (1994). Lack of acidification in
mycobacterium phagosomes produced by exclusion of the vesicular -pORase.
Science263678-681.

Sullivan, E.A., Kreiswirth, B.N., Pambo, L., Kapur, V., Musser,M., Ebrahimzadeh, A. and
Frieden, T.R. (1995). Emergence of fluoroquinoloesistant tuberculosis in New
York City. Lancet,34511481150.

Sullivan, T.J., Truglio, J.J., Boyne, M.E., Novichonok, P., Zhang, X., Stratton, C.F., Li, H.J.,
Kaur, T., Amin, A., Johnson, F., SlayddR,A., Kisker, C. and Tonge, P.J. (2006).
High affinity inhA inhibitors with activity against drugesistant strains of
Mycobacterium tuberculosi&CS Chemical Biology,:43-53.

Sun, Z., Scorpio, A. and Zhang, Y. (1997). fireAgene from naturally pyrazamide resistant
Mycobacterium avium encodes pyrazinamidase and confers pyrazinamide
susceptibility to resistantM. tuberculosis complex organisms.Microbiology,
1433367-3373.

Sun, Z. and Zhang, Y. (1999). Reduced pyrazinamidase activity and the nesistdrce of
Mycobacterium kansasiio the antituberculosis drug pyrazinamid&ntimicrobial
Agents and Chemotherap3.:537-42.

Supgy, P. Alliy, C., Legean, S, CardsadOelemann,M., RischiGeresS., Willery, E.,
Savine, E., de Haas, P., van Deutekom, H., Roring, S., Bifani, P., Kurepina, N.,
Kreiswirth, B., Sola, C., Rastogi, N., Vatin, V., Gutierrez, M.C., Fauville, M.,
Niemann, S., Skuce, R., Kremer, K., Locht, &d van Soolingen, D(2006.
Prgposal for standardizatiorof optimized mycobacterial interspersedepditive
unitvariabdenumber tandem repeat typing of Mycobacterium tuberculosiSournal
of Clinical Microbiology,44(12):44984510.

Suzuki, Y., Katsukawa, C., Tamaru, A., Abe, C., Makino, M., Mizuguchi, Y. and Taniguchi, H.
(1998). Detection of kanamyecisistantMycobacterium tuberculosigy identifying
mutations in the 16S rRNA gen#ournal of Clinical Microbiology36:12201225.

Takayama, K., and Kilburn, J.O. (1989). Inhibition of synthesis of arabinogalactan by
ethambutol inMycobacterium smegmatigntimicrobial Agents and Chemotherapy,
33:1493149L.

Takiff, H.E., Salazar, L., Guerrero, C., Philipp, W., Huang, W.M., KreiswiB., Cole, S.T.
Jacobs, WI. and Telenti, A. (1994). Cloning and nucleotide sequence of
Mycobacterium tuberculosis gyrAnd gyrB genes and detection of quinolone
resistance mutationfntimicrobial Agents and Chemotheraf$,773-780.

132



Takiff, H.E., Cimno, M., Musso, M.C., Weisbrod, T., Delgado, M.B., Salazar, L., Bloom, B.R.
and Jacobs, W.J. (1996). Efflux pump of the proton aniporter family conferel@lv
fluoroquinolone resistance iMycobacterium smegmati$roceedings of National
Academic of SenceUSA, 93:362-366.

Taniguchi, H., Chang, B., Abe, C., Nikaido,,Wizuguchi, Y. and Yoshida, 5.(1997).
Molecular analysis of kanamycin and viomycin resistance Mgicobacterium
smegmatidy use of the conjugation systedournal of Bacteriologyl 7947954801.

Telenti, A., Imboden, P., Marchesi, F.,woe, D., Cole, S., Colston, M., Matte, L., Schopfer,
K. and Bodmer, T. (1993). Detection of rifampicinesistance mutations in
Mycobacterium tuberculositancet,341:647-650.

Telzak E.E., Sepkowigz, K. andAlpert, P. (1995). Multidrug resistant TB in patients without
HIVinfection. NewEngland Journal ofMedcine, 333907-911.

Telenti, A., Philipp, W.J., Sreevatsan, Bernasconi, C., Stockbauer,K, Wieles, B., Musser,
J.M. and Jacobs, W.J1997). Theemb operon, a gene cluster ddycobacterium
tuberculosignvolved in resistance to ethambutdiatural Medicine 3:567-570.

Thompson, P.J., Cousins, D.V., Gow, B.L., Collins, D.M., Williamson, B.H., and Dagnia, H.T.
(1993). Seals, seal trainerand mycobacterial infectionAmerican Review of
RespiratoryDisease147(1):164167.

Thwaites, G. , Caws, M. , C h gam,, M.NT, GagneHx, $., ABhY S a ,
PT.H., Tho, D.Q., Torok, E., Nhu, N.T.Q., Duyen, N.T.H., Duy, P.M. Richenkkrg,
Simmons, C., Hien, T.T. and Farrar, J. (2008). Relationship betigeabacterium
tuberculosis genotype and the clinical phenotype of pulmonary and meningeal
tuberculosisJournal of Clinical Microbiology46(4):13631368.

Traore, H., Fissette, K., Ban, |., Devleeschouwer, M. and Portaels, 2000. Detection of
rifampicin resistance iMycobacterium tuberculosisolates from diverse countries by
a commercial line probe assay as an initial indicator of multidrug resistance.
International Journal ®Tuberculosis and Lung Diseasds481-489.

Traore, H., Ogwang, S., Mallard, K., Joloba, M.L., Mumbowa, F., Narayan, K., Kayes, S:, Jones
Lopez, E.C., Smith, P.G., Ellner, J.J., Mugerwa, R.D., Eisenach, K.D. and McNerney,
R. (2007). Lowcost rapid deteatn of rifampicin resistant tuberculosis using
bacteriophage in Kampala, Uganda&nnals of Clinical Microbiology and
Antimicrobials 6:1.

Tsukamura, M. (1985)In vitro antituberculosis activity of a new antibacterial substance
ofloxacin (DL8280) AmericanReview of Respiratory Diseasé81:348-351.

Tsukamura, M., Nakamura, E., Yoshii, S. and Amano, H. (1985). Therapeutic effecieaf a
antibacterial substance ofacin (DL8280) on pulmonary tuberculosi&merican
Review of Respiratory Diseas&81:352-356.

133



Umeh, E.U., Ishaleku, D. and Hieukwuemere, C.C. (2007). HIV/Tfextion among patients
attending a referral chest clinic in Nasarawa State, Nigdoarnal of Applied
Sciences?:933935.

United States Embassy in Nigeria, Economic Section (201igerid Tuberculosis Fact Sheet
Available from:http://nigeria.usembassy.gov

van SoolingenD., Hoogenboezem, T., de Haas, Mariarf&V.M., Koedam, A. Teppema, &,
Brennan, P.J., Besra, G.S., Portaels, F., TopSchouls, L.M. and van Embden,
J.D.A. (1997). A novel pathogenic taxon of tgcobacterium tuberculossomplex,
Canetti: characterization of an exceptional isolate from Afiicernational Journal
of Systematic Bacteriolog#7(4):12361245.

van Sodingen, D., van der Zanden, A.G., de Haas, P.E., Noordhoek, G.T., Kiers, A., Foudraine,
N.A., Portaels, F., Kolk, A.H., Kremer, K. and van Embden, J.D. (1998). Diagnosis of
Mycobacteriummicroti infections among humans by using novel genetic markers.
Joumal of Clinical Microbiology,36(7):18401845.

Vetting, M.W., Hegde, S.S., Fajardo, J.E., Fiser, A., Roderick, S.L., Takiff, H.E., and Blanchard,
J.S. (2006). Pentapeptide repeat protd@ischemistry45:1-10.

VianaNiero, C. Gutierrez, C., Sola, C.lliil, I., Boulahbal, F. Vincent, V., and Rastogi, N.
(2001). Genetic diversity ofMycobacterium africanunclinical isolates based on
IS6110restriction fragment length polymorphism analysis, spoligotyping, and variable
number of tandem DNA repeatkurnd of Clinical Microbiology,39(1):5765.

Vilcheze, C., Weisbrod, T.R., Chen, B., Kremer, L., Hazbon, M.H., Wé&ngAlland, D.,
Sacchettini, L. and Jacobs, W.R. Jr. (2005). Altered NADH/NA@tio mediates
coresistance to isoniazid and ethionamide ircobgcteriaAntimicrobial Agents and
Chemotherapy49:708-720.

Vilcheze, C., Wang, F., Arai, M., Hazbon, M.H., Colangeli, R., Kremer, L., Weisbrod, T.R.,
Alland, D., Sacchettini, J.C. and Jacobs, W.R. Jr. (2006). Transfer of a point mutation
in Mycobacterum tuberculosis InhA resolvethe target of isoniazid.Natural
Medicine,12.1027102.

Wang, J.C. (1985). DNA topoisomeras@anual Review of Biochemist4:665-697.

Wanger, A., and Mills, K. (1994). Etest for susceptibility testingylg€obacterium tberculosis
and Mycobacterium aviuamtracellulare Diagnostic Microbiology and Infectious
Disease19(3):179181.

Wengenack, N.L., Uhl, J.R., St, A.A., TomlinsonJA.Bensonl.M., Naylor, S., Kline, B.C.,
Cockerill, F.R. and Rusnak, F. (1997). Recombinilycobacterium tuberculosis
KatG (S315T) is a competent catalgseroxidase with reduced activity toward
isoniazid.Journal of Infectious Diseasek/6.722-727.

134


http://nigeria.usembassy.gov/

Wengenack, N.L., Todorovic, S., Yu, L. and Rusnak, F. (1998). Evidence for differential
binding of isoniazid byMycobacterium tuberculosiKatG and the isoniazidesistant
mutantKatG (S315T).Biochemistry37:1582515834.

Williams, D.L., Spring, L., Collins, L., Miller, L.P., Heifets, L.B., Gangadharam, P.R. and Gillis,
T.P. (1998). Contributiorof r p onfutations to development of rifamycin cross
resistance iMycobacterium tuberculosifntimicrobial Agents and Chemotherapy,
42:18537.

Wilming, M., and Johnsson, K. (1999). Spontaneous formation of the bioactive form of the
tuberculosis drug isoniaki Angewandte Chemie International Edition English,
38:25882590.

Wilson, TM., de Lisle, G. and Collins, D.M. (1995). Effect bfhA and KatG on isoniazid
resistance and virulence bfycobacterium bovisMolecular Microbiology,15:1009
1015.

Wilson, TM., de Lisle, G., Marcinkeviciene, J.A., Blanchard, J.S. and Collins, D.M. (1998).
Antisense RNA toahpC an oxidative stress defence gene involved in isoniazid
resistance, indicates that AhpC bfycobacterium bovishas virulence properties.
Microbiology,144.2687-2695.

Winder, FG. (1982). Mode of action of the antimycobacterial agents and associated aspects of
the molecular biology of mycobacteria. In: Ratledge C, Stanford J, {lBe)Biology
of MycobacteriaNew York, Academic Press: pp3438.

WoldeMeskel, D., Abate, G., Lakew, M., Goshu, S., Selassie, A., Miorner, H.Aasffa, A
(2005). Evaluation of a direct colorimetric assay for rapid detection of rifampicin
resistantMycobacterium tuberculosi€thiopian Journal of Health Development
19(1):51-54.

Woods, G.L. (2000). Susceptibility testing for mycobactefdinical Infectious Diseases,
31(5):12091215.

World Health Organization (2009). Global Tuberculosis Control: Epidemiology, Strategy and
Financing. WHO Report 2009 pg. 7. Report number WHIA/TB/2009.411.
Available at:http://www.who.int/tb/publications/global_report/2009/en/index.html

World Health Organizationf2012). Life expectancy at birth m(fyears, 2012). Available from
http://wwwwho.int/countries/nga/én

World Health Organization (2013). Global tuberculosis report 2013
http://www.who.int/tb/publications/global_report/en/

World Health Organization (2014). Tuberasis and gender.
http://www.who.int/tb/challenges/gender/eAtcessed 27.04.2014.

135


http://www.who.int/countries/nga/en
http://www.who.int/tb/publications/global_report/en/
http://www.who.int/tb/challenges/gender/en/

Xavier, EF., Seagar, A.L., Doig, C., Rayner, A., Claxton, P. and Laurenson, I. (2007). Human
and animal infectionsvith Mycobacteriummicroti, Scotland.Emerging Infectious
Diseases13:19241927.

Xu, C., Kreiswirth, B.N., Sreevatsan, S., Musser, J.M. and Drlica, K. (1996). Fluoroquinolone
resistance associated with specifi ¢ gyrase mutations in clinical isolatesltafrug
resistanMycobacterium tuberculosidournal of Infectious Diseaseb{411271130.

Yamada, Y., Fujiwara, T., Sato, T., Igarashi, N. and Tanaka, N. (2002). The 2.0 A crystal
structure of catalasgeroxidase fromHaloarcula marismortui Nature $ructural
Biology,9:691-695.

Yang, B., Koga, H., Ohno, H., Ogawa, K., Fukuda, M., Hirakata, Y., Maesaki, S., Tomono, K.,
Tashiro, T., and Kohno, S. (1998). Relationship between antimycobacterial activities
of rifampicin, rifabutin and KRML648 andr p onfiutations of Mycobacterium
tuberculosisJournal of Antimicrobial Chemotherap$2:621-628.

Yoshida, H., Bogaki, M. Nakamura, M. and Nakamura, S. (1990). Quinolone resistance
determining region in the DNA gyrasgrA gene ofEscherichia coli Antimicrobial
Agents and ChemotheraB4:12711272.

Zhang Y., Heym B., Allen, B., Young D. andCole ST, (1992. The catalasesroxidase gene
and isoniazid resistance Mfycobacterium tuberculosidlature 358591-593.

Zhang, Y., Garbe, T. and Young, D. (1993). Tfamsation with KatG restores isoniazid
sensitivity in Mycobacterium tuberculosissolates resistant to a range of drug
concentrationsMolecular Microbiology 8:521-524.

Zhang, Y., Scorpio, A., Nikaido, H. and Sun, Z. (1999). Role of acid pH and defffent of
pyrazinoic acid in unique susceptibility oMycobacterium tuberculosisto
pyrazinamideJournal of Bacteriology]181:20442049.

136



Appendix |: The estimated rate of TB incidence by country in 2010
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Appendix Il : Global TB Burden by region
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Appendix Il : Patterns of mutations associated with rifampicin and isoniazid resistance in
multidrug resistant strains detected by MTBDRplus
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Appendix IV: Patterns of mutations associated with isoniazid moncesistant strains
detected by MTBDRplus
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Appendix V: Patterns of mutations associated with rifampicin moneresistant strains
detected by MTBDRplus
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Appendix VI: Patterns obtained with the Genotype MTBC assay of species of MTBC
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Appendix VIl : Ethical approval by Kaduna StateMinistry of Health

MINISTRY OF HEALTH, KADUNA STATE

All Communications to be Addressed to:
THE HON. COMMISSIONER
Quoting Reference and Data
Tel: (D62) 248084
(062) 248252

cﬂ /ADM/744/VOL.I

The Head of Department
Microbiology,

Ahmadu Bello University
Zaria.

Independence Way,
PM.B. 2014,

Kaduna.

Kaduna State, Nigeria.

17" April, 2012 \

RE: APPLICATICN FOR ETHICAL APPROVAL
J have been directed to convey the Honourable Commiscioner’s approval to
Muhammad Sani Aliyu, 2 Ph.D student of the department cof Micrabiciogy A.B.U.
Zaria to cariy out a research on the topic “Prevelance of Multi-Drug Resistant
Mycobzterium tuberculosis (MDR-TB} in Kaduna State, Nigeria”.

2. A copy of his finding(s) is to be submittad to the NMinictry piease.

Secretary, Ethicai Committee.

CcC:

The Medical Directors,

Barau Dikko Specialist Hospital, Kaduna
Haiiya Gainbo Sawabs General Hospital, Zaria

General Hospital Kafanchan.

F.A. KURAH
Secretary, Ethical Committee.
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Appendix VIII : Ethical approval by Ahmadu Bello University Teaching Hospital, Zaria

Ahmadu Bello University Teaching Hospital
~ PM.B. 06, Shika - Zaria, Kaduna State, Nigeria. &:069-550098, 551399
Fax: 069-555001, E-Mail: macoabuth@yahoo.com

Chief Medical Director: PROF. ABDULMUMINI H. RAFINDADI, mBBS, FMC-Path.
Chairman, \Icglicul Advisory Committee: DR. LAWAL KHALID, mBBS, FMCS, FWACS, FRSC(ED), mni
Director of Administration: BARR. ISHAK BELLO, LL.B, BL, LL.M, PGDM, AHAN, FCAI

Our Ref:

ABUTH/HREC/TRG/36 30" April, 2012.

Muhammad Sani Aliyu
Dept of Microbiology
,ABU Teaching Hospital
Zaria
ETHICAL CLEARANCE
Your application for ethical clearance on the research proposal titled”PREVALENCE OF MULTI-

DRUG RESISTANT MYCOBACTERIUM TUBERCULOSIS (MDR-TB) IN KADUNA STATE, NIGERIA. “
refers.

This is to convey ethical approval for you to commence the study. However, note that the
committee has the prerogative to monitor the research process at any time from inception to
conclusion.
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(/;@ e’.s%fﬂ/—
Prof. J. U. Okpapi
Chairman, ABUTH HREC
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Appendix IX: Research Ethics Clearance School of Post Graduate studies A.B.U., Zaria

. SCHOOL OF POSTGRADUATE STUDIES

&ﬁ AHMADU BELLO UNIVERSITY ZARIA, NIGERIA

‘e

Vice-Chancellor: PROFESSOR ABDULLAHI MUSTAPHA, Dean: PROFESSOR ADEBAYO A. JOSHUA,
B.Sc. (Hons) Pharm. YA.B.U), Ph.D. (London), FPSN BA., MA., Ph.D. (ABU)
th a .
25" April 2011 °
The Principal

National Tuberculosis and Leprosy
Training Centre,

Saye, Zaria. : -

RESEARCH ETHICS COMMITTEE CLEARANCE FdR ‘PREVALENCE
OF MULTIDRUG RESISTANT MYCOBACTERIUM TUBERCULOSIS IN
KADUNA STATE

This is to certify that the Research topic titled ‘Prevalence of Multidrug Resistant
Mycobacterium tuberculosis in Kaduna State’ by Muhammad Sani Aliyu (PhD.
/Scie/01740/08-09) has been evaluated by the School of Postgraduate Studies
Research Ethics Committee and has satisfied all the requirements.

The aforestatea research is therefore approved for the PhD study by Mohammed
Sale Aliyu (PhD. /Scie/01740/08-09)
Thanking you in anticipation of granting him all the necessary assistance.

Sincere Regards. .~

Prof. Zoaka A. HASSAN _
(Chairman, SPGS Research Committee)
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Appendix X: Research questionnaire
RESEARCH QUESTIONNAIRE

(STRICTLY CONFIDENTIAL)
PREVALENCE OF MULTI -DRUG RESISTANT MYCOBACTERIUM TUBERCULQOSIS
(MDR-TB) IN KADUNA STATE, NIGERIA

QUESTIONNAIRE IDENTIFICATION NUMBER..............cuu....

Bio data:

Sex: M[] F[]

Level of education: None [ ] Primary [ ] Junior Secondary [ ] Senior Secondary [ ]
Certificate/Diploma [ ] University [ ] Others [ ]

Ethnic group Hausa [ ] Fulani[ ] Yoruba [ ]Igbo [ ]
Other specify [ ]

Marital status: Married [ ] Single [ ] Divorced [ ]

Occupation-------------- LR -

Economic status High [ ] Medium [ ] Low [ ]

Have you ever smoked cigarettes in your life? Yes[ ] No|[ ]

Have you ever drunk alcohol in youfief? Yes[ ] No[ ]

Have you ever been diagnosed having any of the following diseases?
Diabetes Yes[ ] No[ ]

Hypertension Yes|[ ] No[ ]

Asthma Yes[ ] NoJ ]

Other specify [ ]

TB History:

Is there any TB patient in your family, place of work etc? Yes[ ] No[ ]

When were you diagnosed having TB?----------- Years,------------- Months,------------ Wks
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Have you ever had a BCG immunization? Yes [ | No [ ]
Treatment:

Never treatec¥es [ ] No| ]

Treated previously Yes[ ] No [ ]

Completed treatment Yes[ ] No|[ ]

If NO Why-----nmmmmmmmm e

Currently on treatment Yes[ | No[ ]

HIV Status:

HIV positive Yes[ ] No[ ]

On ARV Yes|[ ] NoJ ]
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Appendix Xl: Informed Consent form (ICF)

Head of Department: Prof O.S. Olanitola ; B.Sc, M.Sc, PhD

PN DEPARTMENT OF MICROBIOLOGY X
ﬁ‘% \ SCHOOL OF POSTGRADUATE STUDIES A
ISR AHMADU BELLO UNIVERSITY ZARIA NIGERIA JEHEN

E-mail: microbiology@abu.edu.ng

INFORMED CONSENT FORM (ICFKF)
This Informed Consent Form is for patients who attend chest (TB) clinics in Kaduna state, Nigeria. We are inviting you to
participate in this research work titled “Prevalence of Multidrug resistant Mycobacteria tuberculosis in Kaduna state,
Nigeria”.

Principal Investigator: Muhammad Sani Aliyu
Collaborating Investigators: Prof. O.S. Olanitola

Prof. J.U. Okpapi

Prof. ILA. Abdulkadir

Dr. E.D. Jatau
Name of Organization: Department of Microbiology

Ahmadu Bello University, Zaria - Nigeria
Name of Sponsor: Self
Name of Proposal: PhD Research Proposal

This Informed Consent Form has two parts:
° Information Sheet (to share information about the research with you)
° Certificate of Consent (for signatures if you agree to take part)

You will be given a copy of the full Informed Consent Form

PART X: INFORMATION SHEET

Introduction

I am Muhammad Sani Aliyu a postgraduate student of the Department of Microbiology Ahmadu Bello University, Zaria,
carrying out a research work under the supervision of Prof O.S. Olanitola, Prof. J.U. Okpapi, Prof. I.A. Abdulkadir and Dr. E.D.
Jatau. We are doing a research work on the Prevalence of Multidrug resistant Mycobacteria tuberculosis in Kaduna state,
Nigeria. I am going to give you information and invite you to be part of this research. You do not have to decide whether or
not you will participate in the research. Before you decide, you can talk to anyone you feel comfortable with about the
research.

There may be some words that you do not understand. Please ask me to stop as we go through the information and I will take
time to explain. If you have questions later, you can ask them of me, the study doctor or the staff.

Purpose of the research
The aim of the study is to determine the prevalence of MDR-TB in Kaduna state.

Participant selection
We are inviting all AFB positive sputum at the hospitals chest clinics.

> Do you know why we are asking you to take part in this study? YES.......... [ T—
> Do you know what the study is about? YES............ NO. ...ceeee

Voluntary Participation

Your participation in this research is entirely voluntary. It is your choice whether to participate or not. Whether you choose to
participate or not, all the services you receive at this-clinic will continue and nothing will change. If you choose not to
participate in this research project, you will be offered the treatment that is routinely offered in this clinic/hospital for cervical
cancer, and we will Dte]l you more about it later. You may change your mind later and stop participating even if you agreed
earlier.
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If you decide not to take part in this research study, do you know what your options are?

YES........ NO.........

Do you know that you do not have to take part in this research study, if you do not wish to?
YES........... NO..........

Do you have any questions? YES.........c..c... NO. c..coococvniiiveeaee .

Procedures and Protocol
When you have agreed to participate in this research, we wiil take sputum from you.

Description of the Process

During the research you will make at least three visits to the clinic.

In the visits, a small amount of sputum will be collected from you in a container. We will also ask you a few questions about
your general health and other measures so as to investigate the epidemiologic risk factors associated with the occurrence of
TB.

Duration
The research will take place over a period of twelve months. During that time, it will be necessary for you to come to the
clinic at least three times.

How many times are we asking you to come to the hospital to participate in the research?..........................

Do you have any questions?...............ccccee..... .
Do you want me to go through the procedures again?....................

Risks

There is a risk that you may share some personal or confidential information by chance, or that you may feel uncomfortable
talking about some of the topics. However, we do not wish for this to happen. You do not have to answer any question or
take part in the research if you feel the question(s) are too personal or if talking about them makes you uncomfortable.

Benefits

If you participate in this research, you will have the following benefits:

You will have the opportunity of having tested for MDRTB.

There may not be any benefit to the society at this stage of the research, but future generations are lIikely to benefit.
Apart from these few benefits listed above, your participation is likely to help us find answer to the research questions.

Reimbursements
You will not be provided with any special incentive or travel allowance for you to take part in the research. But we advise
that your visit to the clinic will have to be on your normal schedule clinic days.

> Can you tell me if you have understood correctly the benefits that you will have if you take part in the
STUAY?. oo

> Do you know that the study will not pay for your travel costs? .............oooooueeee....

> Do you know the kind of benefit you can get by participating in this research?.................

> Do you have any other questions?.....................c........

Confidentiality

With this research, it is possible that if others in the community are aware that you are participating, they may ask you
questions. We will not be sharing the identity of those participating in the research.

The information that we collect from this research project will be kept confidential. Information about you that will be
collected during the research will be put away and no-one but the researchers will be able to see it. Any information about
you will have a number on it instead of your name. Only the principal investigator will know what your number is and we
will lock that information up with a lock and key. It will not be shared with or given to anyone except the principal
investigator.
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