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ABSTRACT 

TL1berculosis is one of tl1e most widespread infectious diseases and a leading cause of 

death a111011g adults worldv,,ide. Globally, Nigeria ra11ks ·fourth among high tt1berculosis 

cot1ntries and first in Africa \Vitl1 an incidence of 300/ l 00,000. Mycobacteriz1m 

ti,be,·culo�·i.s· is ll1e 111ost co1n1no11 species cat1si11g l1t11nan tuberct1losis but other me111bers 

of tl1e N�11cobc1cte1·i11111 11,/Je1·c11/os·i,Y co1nplex (MTC) are increasingly recog11ized as a 

cat1se or· ht1111a11 i11fectio11s. l-lowever, there is pat1city of i11for111atio11 on species of MTC 

causing tL1berculosis i11 Nigeria. This study was ai1necl al characterising MTC species 

fro1n spt1lt1111 of lt1berculosis patients and identi fyi11g 1·isk factors ·for in·fectio11. 

Tl,e sttld) \\1as co11ducted i11 ll1e Natio11al Tt1berct1losis a11d Leprosy Traini11g Centre, 

Zaria. igeria fro111 Apri I 2010 to Jt111e 20 I 0. Case co11trol stt1dy desig11 involving 

co11secL1tive selectio11 ot' I 02 1near-positive tt1bercL1losis patie11ts as cases and si1nple 

rando111 electio11 o·f I 02 s111ear-11egative pcltients as co11trols \Vas co11dt1cted. A structured 

intervie\ver ad1ni11istered qt1estion11aire was Llsed to collect demograpl1ics, doct1111ent HJT/ 

status� cli11ical i111or1natio11 a11d risl< factors for tt1bercL1losis SL1cl1 as previot1s contact \Vith 

tuberct1losis patie11ts a11d cattle. and co11st11nption of Ltnpasteurized 111 i I k from 20-t 

respondc11ts. Species of Ml�C vvere ide11tified t1sing a 1nLtlLiplex Poly1nerase Chain 

Reactio11 (PCR) 1netl1od based on ge11omic regio11s of differe11ce (RD I, R04. RD9 and 

RD l2) and Jnse11io11 seqt1e11ce 6110 targeting for 123bp and �45bp f'rag111e11ts. Data ,,·,1s 

analysed t1si11g clescriptivc statistics, Cl1i sqt1are test a11d logi�t,c rcgrcss1011 at 5°
0 lc\el 
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and 66 o/o of co11trols l1ad at least secondary school education. Seventy seven percent of 

the cases and 81 % of the controls reported receiving BCG i1nmunization. Twenty one 

percent o·f tl1e cases and 20o/o of tl1e co11trols were HIV positive. All sputa from the smear 

positive respondents were positive for MTC. Ninety 011e (89.2%) of the sputa were 

i11dentified as Jvf 1z1be1·cz1lo.\·is vvhile 11 ( I 0.8%) were M afr·icani11n. Fifty percent and 

l 7o/o of cases and co11trols respectively l1ad l1istory of contact witl1 TB patients. Many of

tl1e cases ( 59. 8°/o) a11d 5 3. 9°/o of co11trols tl10L1gl1t tL1bercu losis was air bor11e. Sixty four

perce11l of· ll1e cases a11d 283/o of tl1e co11trols l1ave lived i11 close co11tact witl1 cattle. 

Tl1ere vvas 110 statistical differe11ce in l<11owledge of transmission of tuberculosis between 

cases a11d co11trols. Tl1ose wl10 t1sually co11st11ne L111pasteurized 1nilk (AOR: 8.33, 

95°/oCl=4.28-l 6.2), have l1ad close contact witl1 cattle (AOR: 4.42, 95o/oCl=2.45-7.98), 

arid l1ad previot1s co11tact \,vitl1 tt1bercL1losis patients (AOR: 5.0, 95o/oCI = 2.61-9.57) were

1nore I ikel)' to l1ave tL1bercL1 Iasis. 

A1J1C<JlJc.1c ·te1·i11111 tz1be1·c·z1l0.\·i.\· remains tl1e 1najor catise of· hu111a11 tuberct1losis i11 Nigeria 

110\vever, 1\lfJ1cohc1cte14iz1111 Cffi·il·a,1i1111 plays a sig11i fica11t role i11 tl1e aetiology of 

tube1·cL1Josis. Previot1s cor1tact \VitJ1 patie11ts vvitl1 ttrberculosis, cattle or pets poses risk 

for infectiot1s tubercL1losis. Specitic l1ealtl1 messages tailored towards tl1ese 1·isk factors 

are needed. FL1rther stt1dies to elucidate the transrnission of tLtberculosis bet,veen pets 

and hL11nnns are rcco1n111e11ded. 

Key \V(J rds: Mo lecL1 lar cl1arac tcri satio11. M ycobacteri L1rn Tt1berct1 losis C 0111plc�, 

MycrJbac1e,·ii1n1 c1/ricc11111111 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Tuberculosis (TB) is a11 infectiotts and granulo1natous disease caused by the acid-fast 
• 

bacilli of the genus Mycobacteriu1n (Clarke, 1998). It is one of the most widespread 

i11fectioL1S diseases a11cl a Jeadi11g caL1se of death a1no11g adults worldwide witl1 abot1t 9 

millior1 11e\\ cases and 3 1ni llio11 deaths yearly (WrlO., 2002). This c]1ronic disease is 

cl1aracteriscd by progressive devc lo1J111c11t ot' tL1bercles in tissL1es a11d orga11s of tl1e body 

(Clar! �, 1998). A11J,c·o/Jc1<-·le1·i11111 llthe1Ac:i1l<J.\'i.,· is tl1e 1nost co1n111on cause of l1uma11

tL1berct1losis bLtt otl1er 111e1nl1ers of tl1e A/fycobc1cterii11n ti1berculosis comp lex (MTC) are 

increasi11gly recognised as a caL1se of l1t11nan infections (Defra 2006, Cosivi el. al .. 1998, 

Gra11ge l 996, O'Reily & Dabor11 1995, Guillespie & Timoney 1983). 

111 Europe ,111d the U11ited States, improve1nent ir1 pLtblic l1ealtl1 led to a reduction in the 

bttrden of tt1berculosis eve11 before tl1e arrival of specific drt1gs. Tuberculosis control 

progran, such as vaccination and 1nilk pasteurization, reinforced by successful 

cl1e1notherapy, rest1lted i11 a pro11ot1nced redt1ctio11 of infection and deatl1 rates. Altl1ot1gh. 

t l1e d I ct1�e beca1ne g1·entl y co11tro I led, it bega11 to rise agai 11 from t l1e 111 id 80s. E \'en 

though several inter-related forces drove this resurgence, the increase in population

dc11sity i11 sL1burba11 areas i11clL1di11g increase in priso11 popu\atio11s, povert) (Gt1tierrez et.

al., 1998), ho1nelessness, injection drug use, crov,ded housing and increased 

irnm igration from countries \Vhere tuberculosis continued to be endemic are some of the 

factor5 n.;-,ponsible for this increase ( Martinc7 el al. 2007) Abo, e al I. the decline 111 

tubcr<.ulosis control a<.t Iv I tics and the l,111111,11 iJ111111111ocle/icit 11c 11 ,·iru,· acquired 
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i111mu11odeficiency syndro111e (HIV/AIDS) epidemic. l 11 resot1rce poor nations, TB has 

remained a significant cause of 1norbidity and 1no1iality even though it preventable and 

curable (Corbett et al., 2003). Based on tuberculin reactivity, one- third of the world's 

population has been infected with MTC and is at risk of having the clinical disease later 

i11 life due to ageing or HIV co-infection (Lillebaek el al., 2002). 

The MTC comprises seven 1ne1nbers which include A1. tuberculosis, M bovis which is 

the agent of bovine tuberculosis and also includes ,vi. bovis bacillus Cahnette-Guerin 

( BCG ). 1\ I aji·ic·a,111111 ( Kn! lc11 i tis el c1/., I 999), !vi. cc,p,·ae pri 1nari) y isolated from goats

(Aranaz et al., 2003 ), 1\1/. pinnipedii known as the seal bacillus (Cousins et al., 2003, 

Zu111arraga el c,I ... 1999), tvf. 111ic1·oti wl1ich is a patl1ogen of voles a1 1d rarely infects

l1l1111a11s ( l�'--1stogi et c1/ .. 200 l, v'--1n Soolige 11 et c1/., 1997) and !vi. canettii, a rare strain of 

Ml--C isolated t'rom l1t1111ans tl1al have visited tl1e l1or11 of Africa (Pfyffer et al., 1998, van 

Soo)igen et al ... 1997). 

1.2 Statement ot· Researcl1 Pr<>blen1 

l�ltberculosi is a 111ajor <)pportt1nistic disease i11 i11dividuals livi11g with human

in11nu11odcficie11cy virus intcctio11. AboL1t 40o/o of people infected \ivith AIDS l1ave TB 

(Raviglio11e el. al .. 1995, Cl1retien 1990). Tl1e epide 111ic ot, HIV i11 developi 11g countries. 

particularly countries in ,vhich the condition favour zoonotic transn1ission of TB could 

111ake 1·13 a serioLtS pL1 bl ic l1eal tl1 tl1reat ( G ra11ge et al.. 1994). Tl1e i 11c idence or

tt1bercLtlosis t,as been observed to be rising in 111any developing coL111trics of tl1c ,, orld 

especially in Asia and Africa (Asiak et al., 2007, Ameni et. al. 2003, Cad1nu. et al., 

199cJ, Collins 1993). lhc effect of l1igl1 prevalence rates of //JJ'/1\ID in dc,,e\opang 

countries <lt1 tl1c <>CCl1rr<·r1cc {ll. tL1l1crcl1los1" 11 l1l1r111111\ 11cctl \{) he ft1rtt1c-r rt ... "c,,rcht:(I. 

3 

• 

• 

•

• 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



• 

1.3 Justification 

TLrbercLrlosis is occurring i11 increasi11g incide11ce i11 many parts ot� the world especially 

in Africa a11d Asia, wl1ere tl1e sta11dard of livi11g is low, (Ame11i et. al .. 2003, Cadmus et.

al.. 1999. Colli11 1993 ., Kocl1i, 199 1 ). Tl1e i11crease in popL1lation density in SLrbLarban 

areas, poverty (Gutierrez el. c,I., 1998), a11d tJ1e presence of HIV are s01ne of the factors 

responsil1le for tl1is i11crease (Martinez el. al., 2007). 

Nigeria l1as tl1e fot11·tl1 l1igl1est bL1rde11 of ht1ma11 tuberculosis in tl1e world. In 2007, 

i11cide11cc \1vas 300 cases per 100,000 and tt1berct1losis-/iJT/ co-infection 1·ate was 27% 

( WI I 0., 2009). Ct1 I tt1ra I practices tl1at could taci Ii tale tra11s1nission of tuberculosis 

bct,.vec11 c,1rtle a11d l1t11na11s st1cl1 as pctsloral co1111nunities Jiving in close contact with 

tl1cir ct1tllc a11d tl1e lack (11· p,1stet1ri7atio11 of n1ill< exist in Nigeria. In addition, tl1ere is 

little or no st1rveilla11ce in Nigeria for tl1e co11trol of zoo11otic tuberct1losis (Cad1nus et.al.

2006). 1·11cre are also 011ly ,t fe,v stL1dies \-vl1ic}1 ai1ncd at cl1a1·acterising t}1e 111embers of 

tl1e MTC causing tLtberculosis i11fection i11 Nigeria or the risk factors associated with 

tubercLtlosis. It is also importa11t to identify species of strains of MTC for epidemiologic 

a11d pt1blic l1ealtl1 considerations for preventio11 a11d control and also to optimize 

treat1ne11t especiall)' in i1nn1L111ocompromised i11dividt1als (O"Reilly & Dabom� 1995). 

fh1s \\ill �11al1lc l1caltl1 pro,,ider� pla11 and i1n11le1ne11t effective co11trol 1neasures in this 

e11v i ro11 rnc11t. 

J .4 Aim 

·r c> 1dcnt1 f) specie<; of' ,l�l'l'c>hc1c·1e1·111111 111/1e1·c'11l<>.,i., ct111111Ic, caus111g tt1l1t.:rct1lo i" ,lr1d to

clctcrminc tl1c r1<;k factor<; n�S(>ciatcd \Vitl1 lt1l1e1cL1lc><;i«; in n rcf·errl1I 1-IO"-�)tt ti 1n Ltlritl .. 

Kr1dur1a State. 
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1.5 Objectives 

>" To identify the species of MTC from the sputum of smear-positive tuberculosis

patie11ts i11 Zaria using poly111erase chain reaction. 

, To deterrnine the risl< factors for tuberculosis infection in spt1tum smear-positive

patie11ts . 

>--- To deter111i11e tl1e TB and HIV co-i11fectio11 rate i11 tl1e smear-positive patients . 

1.6 Resc.1rcl1 ql1estio11 

Wl1at is tl1c associalio11 bet\iveen co111n1011ly l<11own social and behavioural risk factors 

and bei11g sputL1111 s1near-positive for persons atte11ding National Tt1berct1losis and 

LeproS)' Trai11ing Centre 1-lospital in Zaria? 

1. 7 lly11otl1cscs

l-lavi11g previous co11tact with a tuberculosis patient; co11st11nption of unpasteurized milk

a11d n1ill� 1Jrocft1cts; a11d livi11g i11 close co11tact witJ1 livestocl< increases a person's risk of 

acqt1iri11g tt1berct1lo is. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Tuberculosis 

Tuberculosis is a chronic debilitating disease of man and ani1nals caused by members of 

the MTC, a group of closely related ·species. Although the disease is preventable and 

CL1rable. it l1as re1nained a sig11ificant caL1se o·f 111orbidity and mortality in resource poor 

nations (Corbett. el al .• 2003). It is currently threatening to re-emerge in developed

nations as ,,,ell dt1e to its sy11crgy witl1 HIV/AIDS, de1nograpl1ic cha11ges ar1d subseque11t 

in1111igrations (Davies. 2003). Tuberculosis is one of the 111ost widespread infectious 

diseases l111d is a leading caL1se of deatl1 a1no11g ,1dults in tl1e world (Cosivi et al., 1998). 

Tl1e disease is a 1najor l1ealtl1 proble111 with 8-9 million new cases occurring eacl1 year in 

tl1e ,vorld a11d aboL1l 3 1nillio11 deatl1s (Wl-10, 2002). The majority of these are in 

developi11g natio11s. Bases 011 tubercLt-lin reactivity it is estimated that one tl1ird of the 

vvorld's popL1lation l1as bee11 i11fected witl1 Mycobacte1Aii1n1 1i1berci1los·is coinplex

(sL1bspecies tl1at inclt1des Jvf IL1he1·cL1lo.si.s-, MIJol,is. Iv! qfrica11z1n1, M n1icrofi and the 

c111e11i1ltled 1\11.bo,,i.s· bacillt1s Cal1nette-GL1eri11 (BCG)). Infected individuals are at risk of 

presc11ti11g vvitl1 disea_e later in life as tl1eir i111n1t1nity wa11es due to ageing or as a result 

of J -1 I i1 co-in fectio11 (H Ltarcl et al., 2003 ). l 11 s01ne i11di vidL1als� i 11itial i 11 feet ion may 

progress rapidly to active tuberctilosis. l�\1is is 111ore co1n111011 among infants, \\ here the 

disease is often disse111inatcd (e.g.1niliary) or tneningeal. and in tl1e in1munosuppressed .. 

such as f//1/-positive 1ndividt1als (]-leyma1111� 2004). 
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2.2 Mycobacteri11n1 t11be1�c11/osis comr1lex (MTC) 

Mycobacteria are gram-positive, slow growing, acid-fast and non-spore forming 

organis1ns. The MTC comprises seven members which include M. tuberculosis, the 

primary causative agent of human TB; M bovis, which is responsible for bovine TB and 

includes the vaccine strain A1. bovis bacillus Cahnette-GuCrin (BCG); M. africanum, the 

main causative agent of TB in West Africa (Kallenius el al., 1999); M microti which 

affects voles a11d rarely i11fects humans (Rastogi el al., 200 I); the seal bacillus M 

pinnipedii (Zu1narraga et al., 1999; Cousins et al., 1993); and M. caprae, primarily 

isolated fron1 goals (/\ranaz et al., 1999). Me1nbers of the MTC are highly related 

1nycobac1eria exhibiting ren1arkable nucleotide sequence level ho1nogeneity despite 

vary i 11g i 11 1)atl1oge11 ic i ty, geograpl1 ic r,\11ge, certain pl1ysiolog ical features (sL1ch as 

colo11)' 111<)rpl1olog)' ::1s 'v'.'ell as profiles of resista11ce a11d SLtsceptibility to i11}1ibitors), 

epide111iology a11d l1ost prefere11ce (HL1ard el al., 2003, Sreevatsan el al., 1997). 1-Iowever, 

eacl1 01-- tl1c Ml'C sLtl)Sl)ecies is kno\vt1 to infect l1t1111ans (Horstl<otte et al., 200 I, Viana

Niero et ,,! .. 2001: O'l�cill) & Oabor11. l 995), and si11ce 111ost lal1oratories do 11ot fully 

cl1aractcri1e species <)f' MT(' isolates, tl1e trL1c cause ot' tLtbercLtlosis in these patie11ts and 

it� \OL1rct: l)l'tcr1 rc111rti11 L111di�c0\1creci. or i1111)orta11t pL1blic l1ealtl1 co11cern is tl1e zoo11otic 

tra11s111i��io11 ot' S()tne MTl' trai11s f'ro,11 ani,nals to l1u111a11s a11d vice versa. In particular 

is tl1c (lir�ct tra11�111is�it) 11 t)i' ,\/. IJ<>,1i.,· frl>111 cattle ll) l1L1111a11s tl1rougl1 tl1e co11sL1n1ption of 

t111ra�tcL1ri1.ecl 111ilk a11cl ,\/ /Jc,,·i., BC(1 i111'ectio11 ol' i111n1L111oco111pro111ised i11di, i<.iuals 

(I IL1ard el ltl., 2003: O'Reilly & Dal1or11, I 995). 

l 

•

• 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



2.2.1 Mycobacteri11111 tt1berci1/osis 

This is tl1e predo111inant cat1se of l1u111an tuberculosis and thot1ght to be the most 

successfttl l1uman bacterial patl1oge11 , yet tl1e n1ost poorly understood (Mustapl1a & AI

Attiyah, 2009; Mahairas et c,I., 1996). 1-lumans are tl1e only reservoirs of Al/. ti,berculosiS, 

but it cat1ses tuberculosis i11 cattle. l�l,is baci 11 LIS \Vas first described by Robert Koch i 11

I 888. 

2.2.2 MJ1cobacte1·i11n1 bovis 

1\1/J;cobact e,·i i1111 bo,,is is tl1e age11t of bovi 11e tt1bercL1l osis, a mycobacterit1111 very si n1 i lar 

to !vfJ'l'()bacte1·iz1111 tz1he1·ci1l<>�·i�·. Cattle is tl1e main reservoir ·for M. bo,,is, tl1ot1gh it 

affects a ,vide ra11ge of do111estic a11d wild a11i1nals i11clt1di11g, non-hun1a11 primates, goats, 

sl1ccp. Ci.tts, L-,adgers, pigs, bt1t�falos, deer a11d biso11 (O'Reily & Daborn, 1995). It has 

bee11 observed tl1at tl1e risk factors for !vi. bovi.\· i11fectio11s in botl1 animals and hu111ans 

espcci ,111) i 11 A frica11 set ti 11gs \vl1ere do 111est ic ani 1nal s are a11 i 11tegral part of l1 u1na11

social Ii fe ,1re close co11tact \Vitl1 I ivestock, food l1ygie11e practices I ike co11sumption of 

co11ta111 i 11ated dairy ar1d 111cat JJrod t1cts a11d H !VI Al OS i 11fectio11 (Cosi vi et al., l 998; 

Grange, 1996; Guillespie & Tin1oney., 1983). 111 man, it is the 111ost freqt1e11t cause of 

zoonotic tt1berct1losis, wl1icl1 is clinically indistingt1isl1able from tuberct1losis caused by 

!'vi. 111l1e1·l·Ltl <>.�·is. In many developed cot1ntries� bovine tuberct1losis vvas eradicated 30-40 

years �\go by stro11g ca1npaigr1s based tl1berculi11 sl(in testing (TST) and mandatory 

slat1gl1tcr of' a11imals at tl1e abaLtoirs/slat1gl1terl1ot1se. In these countries, human 

tuberct1losis cat1sed by 1l1. l1<J,1i.\ accot111tcd for abot1l I 0/o of all TB cases on1c of the e

dcvc lope(! cot1nt rics, i 11cl Lid i 11g f�11gland a11ci Nev, Zea lar1d, cot1 Id 11ot co1npletel) 

clin11nalt: bovine tubcrcul<>�is, or vvor�c. tl1crc 1s tl fl;-cr11crgcncc ol' tl1c tl1,�t1"� ('I hoc,1 el 
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al., 2006). On the other hand, in many low-income countries, bovine tuberculosis 

conti11ues to be an i1nportant anin1al health problem (Palomino et al., 2007). 

2.2.3 The Bacille Caln1et-te-Guerin vaccine 

The Baci l le Calmette-Gt1erin (BCG) is a live, attent1ated vaccine derived from a virulent 

strair1 of 1\1/. bovi.\·. Cal1nette and Guerir1 perfor111ed 230 i11 vitro passages of M bovis·

L111til tl1e organisn1 lost its virt1le11ce (Calmette, 1927). Wl1ile tl1is strai11 l1as been t1sed as 

a live atte11t1ated ,,acci 11e, it 111ay cat1se disease but only a·fter vacci 11atior1 with BCG. 

BCG is l<11ovvn to cause local reactio11s consiste11t witl1 primary i11fection with ar1 

atte11L1ated strai 11 (i.e. a s111al I localized ti leer a11d possible regio11al I y1np l1adenopathy ), 

and n1orc severe reac1 io11s are tl1ot1ght to be rare. Deep ulcers, prolonged drainage, 

ly111pl1ade11itis ( 1 o/o). abscess (2°/o) (TurnbL1ll el al., 2002), osteitis (0.04°/o) (Kroger et al.,

1995). and rarely dissemi11ated infectio11 l1ave all bee11 reported (Albot el al., 1997). The 

,1ge ot' tl1c recipier1t a11cf tl1e tfose of' vacci11e affect tl1e incide11ce of local complications. 

Oisse111i11ated disease is tl1ot1gl1t to be rare, ir1 tl1e order O"f I/ 1,000,000 doses a11d directly 

rel�1Lcd to i1n111 L111e (l)1SfL111ctio11 (TL1r11bLtll et c1I., 2002). '"rl1e major world'A1ide co11cern 

abot1t tl1c risk: of di�se111i11ated i11fection l1as bee11 connected to the risk of Hf V-related 

i 1n n1 u11osu1)pressio11 in tl1e recipient. BCG is give,, rot1ti nely to newborr1s in rnany 

countries. 1-Io,vever, this practice is tinder active revie\v because of concerns that the 

vaccine's proble1ns tnay ot1tweigl1 its efficacy. Some aut\1ors recommend t\1at BCG 

vacci11ati()11 should be confi11ed to grot1ps of infants witl1 a l1igh risk of tuberculosis 

infectio11, a11d sl10Ltl(I be givc11 at six 111011tl1s ot· age, i11 orcler lo redt1ce severe di ease and 

deatl1s a 1nong i 11 f a11ts ,\,j tl1 i 111111 tinocle ficicnc)' cl iS()rders ( Ro111ant1s ,_,t al . I 993) Becnti�e 
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of the sig11ificant risk of dissemination in i1nmunocompromised patients, tJ,e place of 

BCG vaccination in tt1berculosis control progra1ns is bei11g carefully re-assessed. 

2.2.4 Mycobacteri,1111 africa,111111 

Tl1is species is l1eterogeneous a11d has cl1aracteristics tl1at appear to lie between M bovis

a11d /Vf 111berci1losis. It was first isolated fro1n a Senegalese patient SL1ffering fro1n 

pulmo11ary tuberctrlosis i11 1968 (Caslets el al., 1968). M africar1i11n is predomina11tly 

isolated i 11 Africa a11d, i 11 ccrtai 11 areas or tl1e co11ti ne11l. It is tl1ougl1t to produce a 

sig11ifica11 l proportio11 of tl1e cases 01· pL1l111onary tL1berct1losis (Frotl1i11gl1arn 1999, 1--laas 

1997). Rc1)orls 011 tl1c spc)r�1clic isolatio11 t1f 1\1/. a.fi·ica11i1111 in Etrrope a11d tl1e United 

States (Dcsmo11d et (1/ .• 2004) l1ave also been 1nade, includi11g 011e outbreak of 

mt1ltidrt1g-resistanl (MDI() 1\1. aji·ica11i1111 (Scl1ill-(e I 999). Based on biocl1emical 

cl1aracteristics, t\VO 111ajor st1bgrot1ps of M. a/i·ica,1u1n have bee11 described, 
• 

correspo11ding to tf1eir geograpl1ic origi11 i11 Western (subtype I) or Easter11 (subtype I I) 

Africa. N L11nerical a11alyses of biochemical cl1aracteristics revealed tl1at M. africanttm 

sL1l1l)'J)e I is 1nore closely related to ! vi. bovi!J·, wl1ereas subtype 11 more closely rese1nbles

,\ I 11rherc·1,l<J.,·i.\· (N ie,11,111 11 2002, Sola et al., 2003 ). 1\,f qfrican111n subtype l I was 

classi ficcl by its resist<111ce lo tl1 iopl1e11-2-carboxy I ic tic id l1ydrazide (TC I I). It is the main 

ca Lise or l1L11nan t L1berct1losis i 11 Ka111 pal a, U ga11da ( East Ar rica). S pol igotypi 11g does not 

lead to a c lcar di ff erc11tiat ion ot� ,\1 t11he1·c11!0.\·i.\· ,1nd Jvl. l1/1·ican11111, but all 1'vl. crfric a11i11n 

subtype 11 isolates lack spacers 33 lo 36, differe11tiating tl1e1n from A1. qfrica,111m subtype 

I (Brudey 2004, Mosto\vy et ct/., 2004). 
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2.2.5 Mycobacteri i,m 1nicroti 

Mycobacteriu1n microti was first isolated in 1937 as the causative agent of pulmonary TB 

in the wild vole (Mic, .. otuJ· agreJ·tis) (Wells 1937). It was co11sidered to be a-virulent for 

hu111a11s� cattle and laboratory animals and was tl1ere·fore proposed as a I ive vaccine 

against tL1berculosis. 1-lowever, Al/. n1ic1·oti l1as been recently identified as the causative 

agent of pL1l1no11ary TB in bot!, i1n1nu11oco111promised ar1d immLtnocornpetent hu1nans 

(van Soolinge11 et al., 1998, 1-Iorstl<otte et al., 200) ). Genotypic analysis of M n1icroti 

sl,owed Ll1e existence of two different varia11ts of /vi. ,nic, .. oti: vole and I la1na types. Tl1ree 

0L1t of tl1e first foL1r Nf 111ic1·01i isolates frorn l1L11nans were obtained from 

i111111L111oco111pro111ised patie11ts (two l1ad undergone kidr1ey tra11splantation; 011e was HIV

i 11 (ected). Tvvo of tl1e patie11ts witl1 !vl. n1icr·oti i11fectio11 l1ad a l1istory of contact with 

n1ice. vvl1icl1 vvas fot111d to be sttggestive of zoonotic transmission (van Soolingen el al., 

1998, Brodi11 2002). ---r11e tirst case of l1u1nan infection with A1. ,nicroti of the llama-type

\Vas reported i11 Gcrn1any: tl1e patie11t was f//1/-intected and prese11ted with pul111onary 

tt1berculosis (Horstkotte et al., 2001 ). Recent data de111onstrated that M. microt i can 

cat1se severe pt1ln1onary tt1berct1losis in i1n111L 111oco111peter1t patients (Nie1nann 2000a). M.

111ic.·1·<>f i l1as bee11 isolated i11 Gern1any fro1n l wo J-/IV-11egati ve imm L1noco1n petent patients 

,, itl1 pL1l1n<)n,1ry tt1bercL1losis. Accordi11g to spoligotype patterns, one of the isolates 

belonged to the lla111a type a11d tl1e otl1er to tl1e vole type. Tl1ese tindings e1nphasize the

relcva11ce of 1\/1. 111ic1·<Jli as a patl1ogc11 in i1n111t1noco111pro111ised as ,,,ell as 

i m munocc.)1n pelent patie11ts. Tl1e prevaler1ce and clinical i m portancc 01· tl1e di f'ferent 

types of NI. 111ic1·oti may l1ave been L1nderesti111ated so far becat1se of dil'ficttlties ,vith 

primary isolation a11d d,fferc11tiation. 1-\cr,cc, furtl1cr stt,dics appl) i11g 1110\ect1lar methods 

arc nccc<;sary Lo ar1aly/c tl1c cpidc111iology ot· Al 111ic·1·cJti 111orc tl1or()t1gl11). 
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2.2.6 Mycobacterii1n1 caprae 

This species was originally described as preferring goats to cattle as hosts (Aranaz 1996, 

Gutierrez et al., 1998) and has been found in Spain, Austria (Prodinger et al., 2002). 

France (Haddad 200 I), Germany, Hungary, Italy and Slovenia (Erler et al., 2004) and 

the Czech Republic (Pavlik et al., 2003). In addition, M. caprae was isolated from 

hu1nans and wildlife species such as red deer (Prodinger et al., 2002) or wild boar (Erler 

et al., 2004, Machackova et al., 2003). In Central European regions. where M. caprae is 

the n1ajor cause or tuberculosis in cattle, it is also the predo1ninant agent of tuberculosis 

i11 l1L1111a11s (l Ltbica et c1I, 2003. f)rodi11ger et al., 2002). Tl1e 111ajor phenotypic difference 

bet\vcc11 tl1e caprinc 111ycobacterial isolates a11d Iv!. bo,,is is tl1e sensitivity to 

pyrazinan1ide (PZA). v,hich has been used as a major criterion for separation of M bovis 

fro111 tl1c ot\1er 111e111bers of the M. tube1··ci1/05·is co1nplex. Growth of M. bovis is not 

i 11l1i l1i tcd b)' l)ZA, \,vl1 i le c)ti1cr /vi. tz1/Je1·ci1/osis complex species are susceptible to th is 

antin1ycobacterial drL1g. t-lo\vever, Nf cap,·ae is similar to /VI. bovis· in its preference for 

pyruvatc for gro\r\rth, wl1 icl1 di t'tere11tiates botl1 species fro111 other 111en1bers of tl1e MTC. 

Iv!. c·ltJ)1·c1e also has speci ftc ft 11gerpri 11ti 11g patterns obtai11ed by I S6110 RFLP, as \\/ell as 

a spoligol) pe patter11 tl1at is very di1
.:-
ferent fro1n tl1ose obtained for other me1nbers of the 

co111plex. 

2.2.6 Jlll�l'Cobacteri11111 pi1111iJJetlii

!vlJ 1c:obc1l ·te1·iz,n1 JJi1111ipeclii \V,1S first isolated fron1 captive a11d \Vild sea lions and fur eals

fro1n c.;\\ /.eala11d a11d /\L1stralia (CoLtsins et al, 2003, Cousi11s et lrl .. 1993). irnilar 

organis1n') were st1bseqt1e11tly recovered fro111 tl1e sa111e 111an1n1al species in ot1th 

/\mcr1<.-a (13astida 1999. l-3cr11t\r<lclli 1996. R<.)1na110 cl ,1/ .• \995) a� ,,,ell a .. fron1 a 

13ra11l1a11 t�1p1r ((tltt<;111c; el £1I, 2001) llcccntly. tl1c1r nl11l1t\ to c,tllst: di�en�c 111 g\tii,�t\ 
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· · · 
t I ·noculatio11 (Cousins et al.,

pigs and rabbits l1as been demonstrated by exper1men a 1 

2003). This fact, together with tl1e finding of a f1uman isolate from a seal trainer, who

worked in an affected colo11y i11 Australia (Thompson et al., 1993), and a bovine isolate

in New Zeala11d (Co11sins el al., 2003), suggests that Alf. pinnipedii can cause infection

across a \Vide l1ost range. Ma11y of tl1e isolates obtained i11 Australia, UrtigLiay, ai,d

Arge11tina l1ave bee11 well cl1aracterized (Ali to 1999, Zumarraga el al., I 999, Romano et

c.,/.
, 

1995, Bernardel Ii 1996, Ro111a110 el al., 1995, Cot1si11s el al., I 993,). This

in1or1natio11, togetl1cr ,vitl1 preli1ni11ary tests on seal isolates fro1n Great Britain and New

Zeal,tnd, SL1ggcsted tl1at t lie seal baci 11 LIS (Cousins el al.. I 993 ), isolated fro1n pinn i peds

fro1n al I co11t i 11e11ts, 111 igl1t be a t1niqL1e 1nen1ber of tl1e M. ti1be1·ci1los·is co111 plex. Tl1e 

resL1lts of biocl1c111ical tests clearly contirmed that the seal isolates belong to tl1e 

N/; 1cobacte1·iz1111 1z1be,·c·i1/osis cotnplex. Most seal isolates grow prefere11tially on media 

tl1at contai11ed sodiurn pyrLtvate, although s01ne also grew on Lowe11stein-Jensen 

1ned i t1111 co11tai 11i ng glycerol. I sol ates i11oculated into gt1i nea pigs produced sign iftcant 

le'>1on1:., ()r cleatl1 \Vitl1i11 si� \\1eel<s and tl1ose inoct1lated i11to rabbits caused death witl1in 

1:,i, \\ eel�s. c<)n fi r111 i 11g tl1,1t tl1c isolates were fLtl ly v irL1Je11t for botl1 laboratory an i,naJs. 

2.2.7 AfJ,c<>bacte1·i11n1 c,111ettii 

l n a11 attctnpt to cl1araL teriLc a11 Lt11L1sual n1)1Cobacterial strain isolated t'rom a 2-year old

Somali patic11t \Vi tl1 l y1npl1andenitis, var1 Sool inge11 et al. ( 1997) applied various

1nolecular 111etl1ods to a bacillus tl1at prodtrces smootl1 and glossy colonies. In a different

study N1ilkgen et al (2002) also i11dentified a11 L1nLtSt1al strair1 of 111ycobacteria from t,vo

patient<; \vith pul111onary tubercLtlosis b)1 its s1nootl1. glos y appearance and prin,aril) tl

gcnotypit cl1aractcric.,t·cc, l'l1i<; ¼as later typed ,1s \/ c·,111c•11ii b), �poltgOl)'J)ia,g ai1d
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I S61 I O. A 11 known cases of tu berc u I os is caused by M ca nett ii have been contracted 

from the horn of Africa (Pfyffer et al., 1998). The prevalence of M cane/Iii isolates may 

be underesti1nated in routine microbiology laboratory due to their close similarities with 

M. tuberculosis particularly as the smooth colony type easily reverts to give a stable

rougl1 colony type i11 Iv!. canettii. 

2.3 lclc11tilication ot· s1Jccies ,vitl1i11 the M. t11berc11/osis com11lex 

The high degree of sequence conservation a1nong 1nen1bers of the MTC makes 

differentiation or species in the clinical mycobacteriology laboratory a difficult task. 

Rot1ti 11c di 1·rerc11tiat io11 is still based 011 phe11otypic cl1aracteristics, such as oxygen 

preference. niacin accun1ulation, nitrate reductase activity and colony 1norphology. 

A1f)1cobactet·iL1n1 t11/Je1·cir/o!}·i.'; is tl1e tnost freque11t cause of huma11 tuberct1losis, but some 

cases arc cat1sed by l\1/. /Jt;, 1i:i. It is necessc1ry to differe11tiate between M bovis· and M

111be1·c11!(>.\·i.s· i11 order to l<11ovv tl1e pre\1ale11ce a11d distribL1tion of humar1 tuberculosis dL1e 

to Alf. h(Jvi.4,· (Pa\01ni1 10 et al.� 2007). Tl1is 1nay contribute to knowledge about tl1e risk 

factors associated \Vitl1 tl1e trans 1nissio11 of M. bo,,i!,' to tl1e hu111a11 population. M. bovis

di t'f ers fro111 M. t i1her·ci1/ o.\·i.\' i 11 l1avi11·g a lo\V grovvtl1 rate 011 egg media sL1pple1nented

\\ it\1 g\)1cerol, bttt a faster grovvtl1 on egg 111edia supple1nented witl1 pyrt1vate (Stonebrink

rnediL11n). Severa\ r,10\cct1\�1r tec\1niqt1es \Vere desig11ed to differentiate At/. tt1be1·c11/osis 

complex. i11c\L1ding methods to detect 1nutations i11 JJ11cA a11d OAJ'R ge11es (Scorpio et al . 

l 997), mfJJ-10-PC R ( Licba11a et er! .. l 997, Del f)orti I lo 1991 ), and PCR-ampli fication of

regions of difference (RD) (f--lL1ard et al., 2003. Parso11s et al., 2002), amo11g others. 

Some techniques are Ltsefttl for tl1e di fferc11tiation of M 11,berc,1/osi.,· nnd 1\,J bol'i .. SLlch 

as p11c1I and OX)'R. A species ';pccific 1nycol)actcrial DNA clen1ent in the \/. 1,tb('rc·,,/o,liil,'i 
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complex has bee11 described by Del Portillo ( 1991 ), tJ1e M. tuberci1losis 111pt40 protein

fragment wl1ich was origi11ally described as bei11g prodt1ced only by M. tuberculosis. 

Now, it is \,Veil l<now tl1at tl1is protei11 is e11coded by tl1e plcA gene, contained in RD5. 

Tl1is region is present in 1nost. but not all, isolates of M. 1z1ber·ci1/o�·i.s·, lvf qfi·icani1n1, M 

pinnipeclii, a11d 1\1. 111ic·1·<Jli. and is co11siste11tly absent fro111 Al/. boviJ' and /vf bovis BCG 

isolates. Given tl1e l1igl1 pof)11norphis111 i11 tl1is region, tl1e t1se ot .. the 111p1-IO seqL1e11ce as a 

ge11etic rnarl<er for J\1/. 11,bercz1/osi5· is very restricted ( Via11a-N iero el al., 2004 ). 

Spoligotypi11g is also L1sed for di ffere11tiatio11 of n1embers of tl1e M ti,berculosis co111plex 

(Ka1nerbeek 1997). For i11stance, tl1e spoligotypes of ''1noder11'' A1. li1berci1losis strains 

typically lac!< spacer scqt1e11ces 33-36 i11 tl1e direct repeat (DR) regio11. Similarly, M 

b(>,,i.\· ancl 1\11. c:ap,·c,e slr,li11s are l<now11 to lacl< spacers 3, 9, and 16. All M. bovi.�, M

c·c.1r;rc1e. �tnd iv!. 111ic:1'"()/i strai11s are k11ow11 to lacl< spacers 39 to 43 in tl1eir spoligotypes 

(?u111arr�1ga et <1! .. 1999). It sl1ot1ld also be noted tf1at all MTC organisms alo11g tl1e M 

a_f1·il·c11111111 l)'pe I to 1\1. !J<>l'i.\· C\10IL1tionary track lac! spacers 9 ancl 39. Tl1erefore, spacers 

9 a11d 39 are pote11tial 111arl(crs tor tl1e di·t'fere11tiatio11 of !vi li1be,·ci1l0.!J·i�· frorn the 

ren1ai11i11g Af 11,be,,.ci,l<).!J'i.� co1nplex species by spoligotyping. Although tl1eir absence

has bee11 11oted in !vi af,,.ican11111 st1btype I isolates, tf1ey are present in A;J. afi·icanun1 

sL1btype 11. RD analysis is CL1rrentl)1 Ltsed for differe11tiation betwee11 species of tl1e M 

ti1be,·ci1/c).Yi\' complex. l�bD l is a deletion foL1nd only in M. ti1be1·ci1/osi."� all otl1er A1. 

111be1·cz1!,,.,i.\ co1nplcx �trai,1s. i11clL1ding s01ne A1. ti1bercu/cJJ'i.s· have TbD I. Based on the 

presence c>r absence ot· tl1is 1\/ lt1be,·L·11l<J.\i .. s·-specifi.c deletion I (TbD I). TbD I I al\,avs 
., 

ab�cnt in \ / c1fr:l·c11111111 ty pc 11 strai r1s. Previot1sl y. ba�ed 011 kll!Ci C()dc)11 463 ( k,it(,46.., )

a11d ,'{.l'l·1I c,)d<)tl 95 (,E[l'/·,.19�) \C(jL1c11t.c pc>l)111c>r1)l1i\111\. S1cc\'lll'-.tlll t'/ ,1/ ( lt)l)() .. 1,,d 
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1997) defi11ed tl1ree grot1ps among the tubercle bacilli: grot1p I with katG463 CTG (Leu), 

gyr1L95 ACC (Thr); group 2 with katG463 CGG (Arg), gyrA95 ACC (Thr); and group 3 

with katG463 CGG (Arg), gyr·A95 AGC (Ser). M ti,berculosiJ· organisn1s belonging to 

grot1p I have katG a11d gyrA seqt1ences i11distinguisl1able fro1n tJ1ose of NI 1nic1"oti, M: 

afi"ica,111111 a11d Jvf bcJ1,i.'i . 

1\1IJ1cnbc1c·te1·iz1111 1z1be1"l't1!(1.vi.s· strair1s co11tai11ir1g the TbD I region belo11g to group I, and 

arc co11si(lcred a11cestral strai11s. 1-lo\vever� A/I 111lJe1·,:1,1/c;,,·i.Y \VitJ1 TbD I deletio11 can also 

be i11 grc>Ltj) l .  altl1ot1gl1 111<)St strai11s prescnti11g TbD I deletior1 belong lo grot1ps 2 ar1d 3, 

grot1ps 2 ,111cl 3 lacl, 1·l1I) I. r�·L1rtl1er111orc, a st1bsec1t1c11t loss of DNA� reflected by the 

deletio11 o 1· DR 9 \Vas idc11li ficd J-or a11 evol t1tio11ary Ii 11eage tl1at diverged fro111 the 

proge11itor A1!. ti1be1·c·11l<J.fiiJ· strai11s. It is represented by Nf africanun1, M. 1nicroti, M

cap,·ae, 1\1!. /Ji1111ipedii, a11d /\if bovi�· (Brosl1 2002). Tl1l1S, RD9 al lows d iffere11tiation 

bet\veen ,, f 111he1·l·11l<JJ·i.Y a11d tl1e otl1er strains of tl1e Iv/ t11be1·culo.\·is complex. Other 

regio11s of' di ff ere nee. sL1cl1 as R07, also al low di fferentiatio11 bet\\1een M tuberculosis 

nnd tl1c C)tl,cr species. RD7 delctio11 v,1as observed ir, iv/. bo,Ji.\·. NI. microti� some /vi.

c1/1·ic·c11111111. a11d 1\/ JJi1111iJJeclii 

,\/ h<,,·1.\ 13CG strai11s �1osscss a spcci fie poly111or1Jl1is111 - tl1e RD l delctio11. Tl,is deletior1 

al lo,vs tl1e <.Ii rferer1tiatio11 bct,veen BCG a11d all tl1e otl1er species of tl1e M. 11,be,·cz,lo.s·ij' 

co111plcx. A,/. pin11iJJecli1 a11d !vi. 111ic·1·oti are very closely related microorgarlisms. 

l-1 urn an beings can be infected by 1\1. · cc11J1·ae or A1. ho,,is· fro1n infected Ii vestock. and

infectio11 with botl1 species ren1ains a seriot1s ptrblic l1ealtl1 proble1n i11 some cou 11tries 

D,f·terentiaLion of these �pecics is i1nport,111t for epide1111ological reasons (Brosi, 2002) 
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2.4 Epidemiology of Tuberculosis 

Worldwide, one person out of tl1ree is infected witl1 Mycobacterium tuberci,losis - two 

billion people in total. TLtberculosis accoLtnts for 2.5 % of tl1e global bLtrden of disease 

and is tl1e co111mo11est caL1se of deatl1 in yoL1ng wo111en, l<illing more wo111en than all 

caL1ses 01-· mater11al mo11:ality co111bined. Despite projected decline in disease bL1rden due 

to infectious age11ts, tL1berct1losis ranks seventl1 a111011g tl1e global caL1ses of death in 

adults a11d is likely to 1nai11tain tl1at position tl1rot1gl1 to 2020 unless i11te11sive efforts are 

1nade to prcve11t a11d control the disease (Smitl1 el al., 2004; Dye el al., 1999). Every I 5 

seconds. so1neor1e in tl1c \ orld d ics fron1 tt1berculosis despite avai la bi Ii ty of effective 

drttgs to treat ancl CL1re tl1e c.iise,1se for over 50 years. More alar1ning is tl1e fact that a

perso11 is 11e\vly i11fectcd ,vitl1 tL1berct1losis every seco11d of every day a11d a perso11 witl1 

active tt1berculosis ca11 i11fect a11 average of 10 to 15 otl1er persons every year (Dye et al., 

2005). 

In n1ost cot111tries, inore cases of TB are reported arno11g 1nen thar1 wo111en. Tl1is is partly 

d Lte to tl1e f,1ct that wo111e11 have less access to diag11ostic faci Ii ties in some setti 11gs. even 

tl1ot1g)1 it also rellects real epiderniological differe11ces both in exposL1re to i11fection and 

in sL1sceptibility to disease bet\veen 111ales and temales (Er11esto & Rodriguez, 2007). In 

regio11s ,vl1ere trans111issio11 of tL1bercL1losis l1as bee11 stable or 011 tl1e increase, the 

incidence rate is l1igl1cst a111011g yoL1ng adL1lts and 1nost cases are caused by recent 

infection or re-i11fection. As trans1nissio11 falls, tl1e case-load sl1i fts to tl1e older age 

groups and a l1igher proportion of cases come fro1n tl1e reactivation of late11t infection 

( Borgdoff 2000). 

While the ht1ma11 i mm t111c)de fie iency vi rL1s (II 111') inf ectio11 l1as clenrl) line) n JJrof Ollnd 
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been some'vvhat neglected. In tl1e comi11g years, rnore attention needs to be given to the 

interaction betweer1 chronic diseases and tL1berct1Josis, inclLtding diabetes, under

nutritio11, a11d respiratory ill11esses caused by tobacco and air pollutio11 (Corbett el al., 

2003 � World 1-lealth Orga11izatio11 2004 ). 

Global cfto11s to co11trol Lt 1berct1losis were rei11vigorated i11 l 991, wl1en a World Health 

Asse1nbly resolt1tion recognized tL1berct 1losis as a 1najor global public healtl1 problem. 

Two targets for tt1berculosis co11trol were established as part of this resolutio11 -

detectio11 of 70 % of new AFB s1near-:positive cases, a11d cLtre of 85 o/o of such cases by 

the year 2000. Despite i1 1te11siticd ef�forls, 1J1ese targets ,vere not met; rnore tl1a11 803/o of 

l< 110,v 11 c,1ses are sL 1ccessl�L1ll)' treatecl, bt 1l 01 1ly 45 o/o of cases are detected (WHO 2006a, 

Wl--\0 \ 9C)4, \\11-10 \ l)93). 

Tt1berct1l0 is accot111ts for 2.5°/o of tl1e global bttrden of disease a11d is tl1e most com1non 

cause ol� deatl1 i1 1 yot1ng \,vo1ne11. Despite projected decli11e in disease burden dtJe to 

i11fectioL1s age11ts, tt 1berct1losis ra11l(S seve11th amo11g tl1e global caLtses of deatl1 and is 

likely to 111aintain tl1at position tf1rougl1 to 2020 t111less i11te11sive effo11s are made (Smith 

et al .. 2004� Dye el al., 1999). 

• 

Tl1e World I-Iealtl1 Orgar1ization (WHO) reported 8.9 1nillion new cases of tuberculosis 

\\ orld\\i icle in 2004 ( l 40/ I 00,000 popt1latior1), about 3. 9 1nill ion of these cases 

(62/100.000) \Vere acid f,1st bacilli (AFB) spt1tL1111 s1near-positive, tl1e 1nost i11fectious 

form of the disease 'rl1ere \vere 14.6 1nillio11 prevale11t cases (229/100,000), of v\'hicl1 6.1 

millio11 \\ere AFB spt1tun1 s1near-positive (95/100,000). A11 esti1nated 1.7 111illio11 people 

(27/ J 00,000) died fror11 lt1bcrct1losis i11 2004, inclt1di11g tl1ose co-ir1fectcd ,,,itl1 HIV

(248.0C)()) r lie WI IO A f"ricar1 region l1as tl1c l1igl1cst csti 1nntcd i ncide11cc rate 
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(356/l 00,000), but tl1e majority of patients with tuberculosis live in the 1nost populotis 

cou11tries o·f Asia; Bru1gladesl1, Cl1in�, I 11d ia, J ndonesia, and Pakistan wl1ich together 

account for l1alf ( 48 o/o) of tl1e new cases that arise every year. Abot1t 80 percent of new 

cases o{' tubercL1losis occur i11 t)1e 22 top-ranki11g cot1ntries (Dye 2006, WHO 2006a). 

In 2004, Ll1e esti 111ated tt1berct1Josis incidence per capita was stable or fa] Ji rig i r, five OLJt

of six Wl-10 regio11s, eve 11 thot1gl1 it was still growi 11g at 0.6 % per year globally. The 

A trica11 regio11 is tl1e 0 11ly exception Africa11 regio11, wl1ere tl1e incide11ce of tt1berculosis 

-vvas still risi11g, dL1e lo tl1e spread of' /-/JV. However, tl,e rate of increase in tl1e nt1mber of

cases 11otified fro111 tl,e A {'rica11 region is slowly decreasi11g each year, probably because 

tl1e H/11 epidemic i11 African coLtntries is bei11g co11tair1ed. In Eastern Et1rope (mostly 

cot111tries of tl1e tor111er So\1iet U 1 1ior\): the incidence per capita of tt1berculosis ir,creased 

dt1ri11g tl1e '90s, pealed arot111d 200 I, and l1as si11ce decli11ed. The average downturn i11

case 11oti fications i11 E,1stcrr1 Et1rope is 111ai11ly dLte to data ·fro1n Rtrssia arid the Baltic 

States ot· Esto11ia. Latvia, a11d Litl1L1a 11ia; l1owever, incidence rates 1nigl1t still be 

increasi 11g i11 tl1e ccr,tral Asia11 rept1bl ics of Taj i l<ista11 and Uzbekista1 1 (Dye 2006, WHO 

2006a). I 11 al I otl1er regio11s. tl1e incide11ce rate ,vas stable or decreasi11g bet weer, 1990 

and 2003. The decline was relatively qL1icl< in Latin A1nerica, Central Europe and the 

establ isl1ed 1narket economies. 111 st1mn1ary, the global trend in incidence rate was 

increasing most qt1ickly at l .S 0/o per year i11 1995 bttt \1as since been decelerating. l f the 

trends st1ggcsted by t lie case r1oti fications are correct. and if these trends persist, t11e 

global incidence rate \viii reacl1 abot1t 150 per I 00 .000 in 2015. rcsL1lti11g in r11ore tt1�1n IO 

rnilli<)11 rlC\V cases ir, tl1ul yc,tr (r)yc 2006. WI 1() 2006b. "''I 10 2006a). 
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There are 22 l1igl1-burden cot1ntries, whicl1 account for approxi111ately 80% of the 

estimated 11umber of new tt1bercL1losis cases (all forms) arising worldwide each year. 

These countries (Table I) are tl1e focL1s of intensified efforts in Directly Observed 

Treat1ne11t, Sl1ort-course (DOTS) expansio11. Tl1e l1igl1-burden countries are not 

necessarily those witl, the l1igl1esl i11cide11ce rates per capita; 1nar1y of the latter are 

111ediu111-sized Aft·ica11 coL111tries witl1 J1igl1 rates of TB/HIV co-infection (Dye 2006, 

Wl-10 2006a� Wl-10 2006 b). Tt1bercL1losis deatl1 rates i11 tl1ese l1igh-burden cot1ntries 

varied t
=-

ro1n 9 per I 00,000 popLtlatio11s i11 Brazil to 139 per I 00,000 in Soutl1 Africa. In 

tl1ese t,,o cot111lries, tl1 e overall case fatality rates for lL1berculosis were 13% and 27%, 

respective!)', a11d tl1c ctif'(erc11ce 'vvas clt1e largely lo tl,e ditTerence i11 HIV ir1fection rates 

(Dye 2006, Wl-10 2006a). 

Since 2()00, the United Natio11s Milte11niu1n Develop1ne11t Goals have provided a 

fra111e\\'Orl� for eval t1ati ng i 111plc1ne11talior1 a11d i 1npact t111der target 8 ( a1no11g I 8), which 

is to ··/1(/l'e J1a/1ed b;· 2015 c111cl beg1111 to ,·e,,e,·.re t/1e i11cidence o.t· 111a/a1·ia a11d othe,·

111(1jo1· c/1 ,ec1j·e5·'' (incft1di11g lt1bcrcL1losis). Althot1gl1 tl1e objective is expressed in terms of 

incide11ce. it also specifies tl1at progress lJe 111east1red i11 te1·1ns of tJ1 e redtJction in 

tL1berct1losis prevale11ce and deaths. The target for tl1ese lwo i11dicators, based on a 

resolution passed at the 2000 Ol<i11awa (Japa11) su1nn1it of Great Eigl1t (G8) 

industrialized nations, and subseqL1e11tly adopted by tl1e Stop TB Partnership, is to halve 

tuberculosis prevalence a11d death rates betwee11 1990 and 2015 (cvoltttion TB control). 

'f hesc additional targets are much 111orc of a cl1allenge in Africa and E'aster11 Europe 

\\here prc\•alcncc cJf tl1e d1�ca�e is l11gl1 (U11itcd N,1tio11s Statistics [)i\ isic)n 2006. \\ l-10 

2<JC)5h. \\ 11<) 2CJl)(J) 
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able 2.1 Estimate� TB burden in Higl1 TB in I-Iigl1 TB countries

igl1 burden Incidence Prevale11ce, Mortality, 
untries all torrns per al I for1ns per 

• 
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Table 2.1 Estimated TB bt1rden in fligl1 TB in I-ligt1 TB countries 
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2.5 Epidemiology of Tuberculosis and HIV co-infection 

Tt1berculosis is a major opportu11istic infectio11 in HIV-infected persons'I tl1e two diseases 

forming a lethal combination and each speeding the other's progress (Raviglione el al., 

1995). /-/Iv' i 11tectio11 is a potent risl< factor for tt1berct1losis; not only does fl/Tl i11crease 

the risk of reactivating latent tuberculosis infection, it also increases the risk of rapid

tt 1berct1losis progressio11 s0011 af'ter i11fectio11 or re-i11fection. I 11 perso11s infected with tl,e 

A1;1cobac1e,·ic1 011ly, tl1e lifeti111e risl< of developir1g tt1berct 1losis ranges between IO o/o 

and 20 %. In perso11s co-i11tected witl1 Mycobacteria a11d !-/IV, however, tl1e annual risk 

can rise tip to 50% (Er11esto & Rodrigt1ez 2007). According to WHO global esti1nates, 

. 
of tl1e 9.4 111illion people infected \,\1itl1 botl1 /-/JV and tuberculosis in mid-1996, 6.6 

111illio11 (70°/o) live i11 st1b-S,tl1ara11 A{'rica (Wl-10 2004). "fl1e greatest impact of HIV

intcctio11 011 tt1berct 1losis is i 11 a1no11g yot111g ad tilts. ,.fhe occt1rrence of botl1 ir1fections in 

ar1 i 11d i vid L1al 1 11al(es tt 1berct1losis i11fectior1 very Ii kel y to progress to active dis ease. 

Hff/ pa11de1nic prese11ts a n1assive cl1allenge for global tt1berculosis control. The 

preve11tion of HIV and tuberculosis, tl1e extensio11 of WHO DOTS progra1ns, and a 

foct1sed effort to cor1trol ff JV-related tuberctrlosis in areas of higl1 HIV prevalence are 

matters of great urgency (Wl-10 2006a, A,lro11 2004, Wl-fO 2002a,b). HIV infected 

patients contract less of pul,nonary tL 1berct1losis and tl1us harder to detect by sputum 

m icroc;C()P) w 11 icl1 is 011e of' tl1e cor11ersto11es I or diagnosis i ti resource I I rn ited settings. 

\'vl1erc I III/- rs co-intcctio11 are actL1ally l1igl1 (Godr'rcy-Fat 1ssett & A)iles 2003). 

'fhc t LthcrcLrlosis bt1rc.lcn in coL1r1tries \Vi tl1 a gc11eral i?ed /-// l;I A ID cpiclc111 ic has 

i ncr<:ascd rapid I y cJvcr tl1c past dccacle. c<;pccial ly i 11 tl1c sc,1crcl)t n fleeted ct1t1ntr1c Or 
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easter11 and soutl1ern Africa due to high HIV/TB co infection rates. Tuberct1losis is one

of the most com1non cat1ses of 1norbidity and tl1e most com1non cat1se of death in HIV

positive adults living in less-developed cotintries, yet it is a preventable and treatable

disease (Wl-10 2006b, Aaro11 et al., 2004, Corbett et al., 2003). 

In add i tio11 to increasing i 11di vid ual st1sceptibi l i ty to tuberct1losis, a l1igl1 bt1rde11 of f-1117-

associated tubercttlosis cases also expa11ds tra11smissio11 rates of tuberct1losis at tl,e

co1nm t111ity level, tl1reatc11i11g tl1e l1eal tl1 a11d st1rvival of HIV-negative individuals as 

well. l r1 several cot111tries, I-II V l1as been associated with epidemic ot1tbreaks of 

tuberct1losis. Many of tl1e reported outbreaks i11volved 111t1ltidrug-resistant (MOR) 

strai11s, "' l1ich respo11d poorly to sta11clard t}1erapy (Wl-10 2006b� Wl-10 2006a, Aaron el

al., 2004, Corbett et al .. 2003 ). 

Accordi11g to Corbett et al., (2003), an estirnated 8.3 111illio11 11ew tt1berct1losis cases were 

reported i11 2000 \,vorld\¥ide, and 9% of all new tt1berct1losis cases i11 adt1lts (aged I 5-49 

)'ears) \Vere attribt1table to !-!IV infectiot1. In tl1e Wl-10 African Region and tl1e United 

States of America, 31 °/o a11d 26o/o respectively of all new tuberculosis cases in adt1lts 

vvere attributable to / -!JV infection. 111 tl1ese regio11s, there was an estimated 1.8 n1illion 

deaths f'ron1 tuberculosis, of wl1icl1 12 o/o were attributable to HIV. l n tt1r11, tt1berculosis 

\Vas the cause of 11 °/o of all adt1lt AIDS deatl1s. Tl1e worldwide prevalence of TB-HIV

co-infection in ad Lilts was 0.36 °/o ( 11 1nillion people). Co-infection prevalence rates 

equaled or exceeded 5 °/o i11 eight Africa11 cot111tries. In Soutl1 Africa alone, tl1ere ,vere 2

mi 11 io11 co-infected adt1l ts (C'orlJctt el al .. 2004� Corbett el al , 2003 ). 

()1hcr slL1dics have repc>rtecJ tl1at mt1cl1 ot' tl1c observed increase i11 tl1e incidence of global 

tubcrculo',is since I 'J80 ,s ,1tlribt1t�1blc to tl1c spread of· Iii J/ i11 Africn Global I)', lln 

23 

• 

• 

• 

• 

•

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



estimated 13% of adults with newly diagnosed tuberculosis patient \Vere infected with 

HIV in 2004, but tl1ere \Vas great variation among regions - fro1n 34o/o in the African 

region to 1.4% in the Western Pacific region. Rates of HIV infection in patients with 

tuberct1losis l1ave so far remai1 1ed below 1 % i11 Bangladesl1, Cl1ina, l11donesia, and 

Pakistan. In African populations with high rates of HIV infection, a relatively high 

proportion of patients \Vith tuberculosis are wo1nen aged between 15 and 24 years . HIV 

has probably had a s1naller effect on prevalence of tuberculosis than on incidence 

becattsc tl1c vi rL1s sign i ticn11t l y reel t1ccs tl1e life expecta11cy of patients with tt1berct1losis 

(Dye 2006, Dye et al., 2005. Asainoah- Odei el al., 2004 ). In regions where HIV 

in fectio11 rates are 11 igl1 i 11 tl1e general popttlation, tl1ey are also higl1 among patients witl1 

tubercL1losis� esli111ates for 200,:i exceeded 50 o/o i11 Botswa11a, Sot1th Africa, Za111bia, and 

Zi111l1ab\ve, a1no11g otl1er cot111tries (WI -10 2006a, Dye 2006, Dye el c,I .. 2005, Corbett el

c,/., 2003 ). 

Tl1e st1rvival rate of f!Jf/-positive tt1berct1losis patie11ts varies accordi11g to acid fast 

bacilli (AFB) s1near stattis a11d treatrne11t regirne11. St1rvival is generally l1igher for AFB 

sn1ear-posi ti \'e tl1a11 for s1ne,1r-negative patients, and it is lowest wi tl1 ri fampicin-based 

treatment rcgi1ncns (Wf--10 2006a, Dye 2006, Dye et al., 2005, Corbett el al., 2003). 

1vfJ,cobc1c·te1·ii1111 ho,1i.(, l1as been isolated fro111 H IT1-i 11fected persons i 11 industrialized 

countrie�. 1 n France, !vi !Jo,,i.<; i11f eclio11 accourlted for 1.6°/o of tubercL1losis cases in HJJ/

positive patients. All isolated strains were resistant to isoniazid (Dupon & Ragnaud 

1992). I aki11g into consideratio11 the intrinsic resistance of A/. bo,,is to P)'razinan1ide. 

l\vo ,>f tlic first-line a11li-tt1bcrcL1losis drttgs ,vcre not effective. �11 l0-recom111c11dcd 

sta,idar<l t I eatrnc11t f <>r 11cw t trl1crc t1loc;1" case\ i 11cl t1clcc;;, in t l1c i 11it inl pll,1.sc, 1s0111,1zid .. 
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rifa1npicin, pyrazinamide, and streptomycir1 or etha1nbutol. In situations of l1igh primary 

resista11ce to isoniazid and streptomycin, tl1e intrinsic resista11ce of Nl bovis to 

pyrazina1nide may severely limit the efficacy of treatment of tuberculosis caused by M. 

bovi.c;. 

2.6 Economic In1p:1ct 01· Tube,·cuJosis 

TL1berculosis l1i11ders sociocco110111ic develop111e11t of 1na11y countries as over 75% of 

people ,vitl, tuberculosis arc vvitl1in tl1e econo1nically productive age group of 15-54 

years (WI 10 2006a, Dye 2006, Err,esto & Rodriguez 2007). Altl1ougl1 tl1e direct costs of 

diag11osis a11d treat1nc11t ,ire sig11i fic,1nt for poor fa1nilies. tl1e greatest eco1101nic loss 

occt1rs tl · ,J rest1IL of i11dircct c<.)Sl, sucl1 ,1s loss of e111ploy1nent, travel to l1ealth facilities, 

sale oi' �1ssets to pa)' t'or trcntrne11t- related costs, and i11 particL1lar, loss of prodt1ctivity 

t'ro111 i l l11css and prcn1atL1re deatl1, tl1e later being a11 i 11ta11gi ble cost (WHO 2005a., S1nitl1 

et al .. 2004. Floyd 2003 ). Zoo11otic tL1berct1losis can cause severe economic losses due

to loss of' productivity of tar111 animals a11d deatl1s ot' livestocl<. In addition� the presence 

of infectio11 in wildlife popt1latio11s poses a threat to tl1e sLtrvival of endangered wildlife

species. 

2.7 Trc�1tn1cnt ot'Tubcrculosis 

The l1i�tor)' of tubcrcttlosis cl1a11gecl dra111atically after tl1e i11troduction of anti-

m) cobactcrial agc11ts. DrL1g trcatme11t is ft111da111ental for control I i11g tuberculosis� 

prcJmoti11g the cL1re or tl1c patie11tc;; a11d bre,1l<i11g tl1e cl1ni11 of tra11s111issio11 \\l1en tl1e anti

tLibcrculo�1s drL 1g rcg1111erl i� co111pletcly and correctly follo\ved (dn Sil, a & ,\insa 2007). 

Antitubcrculos1 s drL1g trcatme11l started i 11 19Lt4, ,,,l1l!11 slrcpton1 ,c in ( 

paraan1inos;.1licyl 1c acid (PA 5) ,vcrc clic;covcrccl. 111 1950, tl1c first trinl ,vn pcrforr1le I 
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whicl1 compared tl1e efficacy of SM and PAS both as rnonotl1erapy or cornbined. The 

stt1dy de111011strated tl1at combi11ed tl1erapy was 111ore effective and resulted in tl1e first 

multidrug a11titt1berct1losis treat1nent tl1at consisted of a long course of botl1 drugs. In 

1952, a tl1ird drt1g, isoniazid (INl-l), \,Vas added to tl1e previot1s combi11ation, greatly 

i111provi11g tl1e efficacy of treat 111e11t, bt 1t wl1icl1 still J1ad to be ad1ninistered for 18-24 

montl1s. l11 1960. etl1a1nbulol (EMB) st1bstitt1ted PAS, and tl1e treatn1ent course was 

reduced lo 18 111011tl1s. 111 tl1e '70s, witl1 tl1e i11trodL1ction of rita111picin (RIF) into the 

co111bi 11 ,1ti ()n. tre<1l111c11t \N[lS sl1<)rte11ed to jL1sl 1 1i11e 1 11ontl1s (da Silva & Ai11sa 2007). 

Fi11ally., i 11 l 980� pyrazina 1nide (PZA) was ir1troduced i11to the antituberculosis treatment, 

\.Vl1 icl1 cottld be rcdt1ced f'L1rther to 011ly six 1nontl1s. Two biological ·featt1res explain why 

co111bi 11ed drt1g tl1erapy is 111ore effective at ct1ring tt1berculosis tl1an 1nonotl1erapy. One is 

tl1t1t tre,1l111enl of active tt1berct1losis vvitl1 a single drug results in the selection of drug 

re ist,-111t l->acilli a 1 1d f,1ilL1re to eli111i11ate tl1e disease. Tl1e otl1er is tl1at differe 1 1t 

popt1latic)11s ot'tt1bercle b,1cilli - eacl1 of'tl1e1 11 s110\ving a disti11ct patter11 of st1sceptibility 

for a11ti-tt1berculosis drt 1gs - 111ay co-exist in a tL1berct1losis patient (Sl1a1nputa et al.,

2006). 

A11tituberculosis treat1ne1 1t has two 111ai 1 1 objectives (0 1 1yebujol1 el al., 2005). First, to 

rapidly l<i 11 tl1ose baci I l i Ii vi ng ext race I l t1larly i 11 l ting cavities, which are metabo I ical ly 

active a11d are dividing co11ti11uot1sly� this is reqttired in order to attain the negativization 

of spt 1lt 1 rn a 11d tl1ereforc to prevent f't1rtl1er tra11smission of tl1e disease. Second, to 

ach icvc complete stcr 1 I izatio11 and el i 1n i 11ation o 1· tl1ose bac i 11 i rep I 1cati 11g less ncti ve ly 1n 

acidic aiid ar1ox,c closed lc�i<)Jl�. a11d lo kill sc111i-dorrn,\11t l1acilli livi11g i11trncellul,1rt) ,n 

other h,,st tic,sucs. c)tf1cr\Vl',C tl1c�c bacilli 111a), J)Cr\1\t a11d ,, 111 be re po11 ible for 
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subsequent tuberculosis relapses. INH is the drug with the highest activity against 

rapidly dividing bacilli, whereas RI F and PZA have the greatest sterilizing activity 

against bacteria that are not dividing. These reasons, along with the prevention of drug 

resistance, support tl1e LJSe of a combinatio11 tl1erapy ·for tl1e treatment of tt1berculosis. 

Drugs for treating tL1berculosis are usually classified as first- a11d second-Ji11e drugs. 

Traditior1ally, there are five first-line drugs: INH, RIF, PZA, EMB, and SM. Seco11d-li11e 

drt1gs i11clt1de tl1e a1ni11oglycosides l<anarnycin a11d a111ikacin, tl1e polypeptide

caprcon1ycin, PAS, cycloscrinc, the thioamides ethionamide and prothionamide and

several fl t1oroqui11olo11es st1cl1 as n1oxi noxacin, levonoxacin and gatifl oxacin. Sorne

report<;, 110\ve\er, i11clt1dc srv1 a111011g the seco11d-li11c clrt1gs, sir1ce its Ltse l1as decli11ed in 

recc11t ) et\rs, clttc to t\1e \1ig\1 rates of resista11ce, and also, becat1se otl1er more effective

drt1gs l1ave bee11 i11corporatcd i11to tl1e a11ti-tt1berculosis treat111e11t (da Silva & Ainsa 

2007� 011ycbt1joh et al. 2005). 

Similarly, new drugs st1ch as tl1e rifarnycin derivatives rifapentine and rifabtrtin can be 

co11sidered arno11g tl1e first-li11e drt1gs, and in tl1e near ft1ture, it is qL1ite lil<ely tl1at some

fl uoroqt1 i 11olor1es COLI ld be incorporated into tl1e standard anti tt1berculosis treat111ent, thus 

bei11g co11sidered as fi rst-1 i 11e drugs. TI1e ct1rrent sho1·t-course treat1nent for the co1nplete

eli1ninatio11 of active a11d dor1nant bacilli i11volves two pl1ases (da Silva & Ai11sa 2007): 

2.7 .1 In it i,1I pl1ase: three or 1nore drt1gs ( tisual ly iso11iazid, ri fam pici 11. P)' razi na111 ide and

ctharnht1tol or strepto1nyci11) are t1sed for two n1ontl1s. and allo\v a rapid killir1g ot· 

actively dividing bacteria. resulting in tl,c 11cgntivi1..L1tio11 of s1)ttlL1n1 
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2. 7.2 Continuation phase: fewer drugs (usually isoniazid and rifampicin) are trsed for 4

to 7 mo11tl1s, ai 1ned at l(i 11 ing any reinaini ng or dorn1ant baci 11 i and preventi 11g 

recurre11ce. 

• 
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3.1 Study Area 

CHAPTER THREE 

MATERIALS AND METHODS 

Tl1e study was co11ducted i11 tl1e Natio11al TLtberculosis a11d Leprosy Traini11g Centre,

Zaria, Kaduna State. Zaria is tl1e seco11d largest city i11 l(adL1na State. It is located in the 

nortl1er11 part of tl1e State. The l1os1)ilal is a referral hospital for tL1bercL1losis. Most

referrals are fron1 tl1e Nortl1-West geopolitical zo11e of tl1e cot1ntry. The 0L1tpatient Ltnit 

see approxi111ately 200 patic11ts per l1ospital clay whicl1 is usually twice a week and 

patie11ts ca11 be ad111itted direct!)' to an 011site ward for l1ospital care. 

3.2 Stt1cly Desig11 

Tl1e tt1dy design \Vas a l1ospital based case co11trol stt1dy. Cases were defi11ed as a11y 

nev,1ly diag11osed spt1tu111 s111ear-positive patie11t diagnosed for tl1e first ti1ne at the 

l1ospital 1·ro1n I st April 20 IO to 3rd Jt1ly 20 I 0. Cases were contirmed by two consecutive 

spt1tL11n s,nears positive for acid-fast bacilli. Cases diag11osed before I st of April 20 I 0, 

,vhetl1er partially treated or relapsed were excluded. This was done to e11sure that cases 

vvere not on any a11ti tt1berculosis treat1ne11t whicl1 ,night 1nask the laboratory restrlts. 

Cases \Vere recrt1ited consecLttively. Co11trols vvere botl1 clinically negative and sputum 

sn1ear-nega1ive patie11ts see11 at tl1e l1ospital for other reaso11s duri11g tl1e same period of 

time. For each case. 011e co11trol was recrt1ited. 
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Figure 3.1 Map ot· Nige1·ia sl10,ving location of Kaduna State 
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3.3 Sample Size 

At 95.00% con·fidence interval, a po\ver of 80.00% and an odds ratio of 3. a sample size

of 1 I 2 cases a11d 1 12 controls was arrived at t1si11g sample size calct1lation 1nodL1le of Epi 

I 11fo 3 .3. I software. 

3.4 Etl1ical Isst1es 

A consent form \rVas i11clt1ded in tl1e questio11naire. 011ly patients wl10 gave infonned 

conse11t \Vere i11clL1ded i11 tl1e study. Confidentiality of collected data is 111aintai11ed and 

data col lertcd is storecl i11 a J)aSS\VOrd protected co111puter. 

3.5 Sp11t11111 c<>llccti(>11 

1\II SJJt1tt1111 speci111c11s collected \Vere processed i11 tl1e Molecular biology laboratory of 

Natio11al Vetcri11ary Rcsearcl1 I 11stitute, V 0111. Nigeria, to confirm for prese11ce of MTC 

me1nbers L1si11g a Poly1ncrase Cl1ai11 Reaction (PCR) method based 011 pri1ners tl1at 

an1plify seg1nents of tl1e IS61 l O ele1nent, particL1larly targeting for tl1e 123 bp and 245 bp 

frag111ents. and JB2 I/JB22 focL1sed 011 tl1e a1nplificatio11 of a 500 bp DNA fragme11t in M.

bo, 1is· (FigL1eiredo et al., 2009). and PCR a1nplification of geno1nic region of difference 

( Warren et c,I .. 2006 ). A 11 patie11ts f'rom \\1l101n spL1tL1rn was taken were i11terviewed to 

obtai 11 in fc)r1natio11 011 re lcva11t risk factors ( SLtch as l1istory of contact \\1ith cattle, 

consu111 plion of L111pastcl1ri7ed 111 ilk. l1aving pre\' iotts co11tact with a tuberct1 losis patient 

and havir1g a pet at �1<)n1e) lt>r tL1bercL1losis. 

3.6 Sputum J>rcJJllri1tio11 

Specimens were hon1ogcnizcd by digcstio11 for one 111inutc al roo,11 tc111pcrntt1rc \\ itli I nil

of 25mg/ml NAI_..C (N-acctyl-L-cystei11c) i11 pl1osphatc l1L1ffcr (pl I 6 8). \'l)rtc,cc.1 ,, ith 

several 4,n,n glass head� fcJr 10 <,cco11d«; ,l11{f 1J1c11 dcc<)11tn111i11ntc,I lt�i,1g I '}0 'nOJ I arid
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conce11trated at 4000xg for 15 niinutes. Sediments were reconstituted to 5mls, 

irrespective o·f the original sa111ple volLtme t1sing phospJ1ate buffer pH 6.8 (Abbadi el al.

2009). 

3. 7 DNA Pu1·ification

DNA from spLtta \ivas pt1ritied as described by I-It1ard et al., (2003). Twenty n1icrolitres 

(20µ1) of Protei11ase I< was pt1t i11to a 1.5 1nl 1nicro ce11trifuge ttrbe and 200µ1 of sputum 

eacl1 were added i11 separate tubes and spt111 down, re-suspended in 1 1nl of Tris-EDT A

bt1ffer (IO 111rvl Tris-CI lpl-1 8.0], I 1nM EDTA), a11d tra11sferred to a 2-rnl Eppe11dorf 

tube. L)1Sozy1ne solutio11 ( I 00 µI; IO 111g/1nl i11 Tris-EDT A buffer) and five 3-1n1n

dia111elcr glass beacis \\1erc tl1e11 added, vortexed, sonicated for IO rninules, vortexed 

,1gai11, a11d tl1e11 i11c.:L1b�1ted at 37°C tor 2 l1ot1rs ,vitl1 brief vortexing every 30 mi11utes. To 

tJ1c rest1lt�111t st1s pe11s io11, ,1tler w,1ter batl1 s011icatio11 for IO 111int1tes and division into two 

l .5-rnl Eppe11dor1· tt1L-,cs, \Vas added 70 �il of' I 0% sodit11n dodecyl st1ffate and JO µI of

protei11ase I< (IO 111g/111l). 1'11e 111ixtt1re vvas tJ1e11 vortexed arid i11ct1bated for 2 l10Ltrs at 

65°C., \,vitl1 briet'vortexi11g every 30 111int1tes. Afterwards, I 00 µI of 5 M NaCl was added 

a11d vortexed, a11d following tl1e additio11 of 80 µI of l Oo/o l1exadecyltri1nethyl ammonium 

bro1nide (Sign1a, St. Lot1is, Mo.) in pt1re \iVater, tl1e 1nixtt1re was incL1bated at 65°C for 30 

1ninutes. For DNA cxtractio11 750 µI of cl1loroforn1 \Vas added, mixed well, and 

ce11tri fL1gecl at 14,000 rptn for 5 111int1tes in a MicrofL1ge. The resttltant upper phase ,vas 

transferred to a clea11 tL1bc \vitl1 420 µ I <)f isorropa,101 and 1nixed gent I)'. The ttrhes \Vere 

then COC)led on ice ,ind <irltJl i,1 a Microft1ge for JO tniJllllCS at I ,J,000 rr1n a11d 4°c

r ollc)\\ing rcrnc)val ot tl1e �upernatant, tl1c ON/\ jJcllel \\'a, \\,asl1cd ,,itl1 75° 0 etlinnol
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and air dried. The DNA was the11 re-strspended in RNase- and DNase-free water, 

quantified, diluted to 50 to 500µg/111l, and trsed for PCR (Huard el al. 2003). 

3.8 PCR AmtJlification 

3.8.1 Multiplex 

PL1rified geno111ic DNA fro,11 all tl1e sa,nples \,vere subject to a PCR usi11g a 1nixture of 

four pri1ners, ai1ni11g to identity bacteria as MTC 1ne111bers (INS I a11d INS2) as well as 

to disti11gL1isl1 NI. bc>,1i.,· isol,,tcs (JB 21 a11d JB 22) ·fro,11 ot}1er 1ne111bers of this co111plex. 

TJ1e 111t1ltiplex PCR was pcrfor111ed i11 a 50 �LI reactio11 mix co11tai11ing 5 µI of IO X PCR 

bt1ffer (Qiage11®), 200 �LM dNTPs (AJJpliedBiosyste1ns®), 2.5 U of reco111binant Taq 

poly1ncrase (Qiagcn®), 0.2 �tl\!l of eacl1 pri111er JB2 I, JB22, INS I and INS2 (Inqaba®) 

(Table 2) (Figt1eiredo el al 2009), 2.0 1nM MgCl2, 5 µI of pt1rified DNA te1nplate and the 

react ion 111acf c tip to 50µ I \.\1 i tJ1 nt1cleasc free water. Amp Ii fication was carried ot1t i11 a 

Ge11eA111rJ PCR Syste111 9600 (Applied Biosystems®) using the fol lowing cycling 

para111eters: i11itial de11,ttL1ratio11 at 94°C for 5 111in. follovved by 30 cycles of 94°C for J 

111in, 68°C for 1 1ni11 a11d 72°C for I 111i11, \Vitl1 a final extension step at 72°C tor 7 min. 

PCR prodL1cts \Vere a11alyzed by electropl1oresis 011 1.5% agarose gels stai11ed with 

ethidiu1n bro1nide ( 10 �Lg/n1l). DNA ba11ds vvere vist1alized and captured by 

ChemiGenius Biol111agi11g S)1sle1n (Sy11ge11e®). 

3.8.2 j\'J'f'(j Genomic J�cgi,,n of Dif1'crc11cc 
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l�t\�ll ll(.'I{ l'Ct\Ctilll\ C\)lllt\i11�d I µI l)NA lc1tlJ)lt1lc. 5fLI Q-bL1f'fcr (()iL1gc11a. ), 2.5Jtl '(Jx

l>l ll l>t1f1�r (�)i,1gc11 {}), .... �ll l,I' 5 111rv1 rvtg 12, '-fµI rcJ 1111\11 ,IN f'l's, O.SµI c,t·cr1cJ1 primer

( () 1>11,c)l/µI) (l11t1r1l1i, t>) (\\1(11rc11 cl t,I. 20()6), () 25 Jtl I lutSlttr"f'ocr f)N/\ polymerase 

(Qit,gc11�). l·lilllcn, (,cr111t,1ly) ,,11tl \Vtt� 1111,tlc L111 l<> 25µ1 wjtJ1 Ntrclcusc f'rcc water

(l)ro11,cg:, t)) 1\11111lilic:1t1011 \V,1s 1111l1t1lctl l1y 1r1cLrl1t1t1c)r1 t1l 95 ° · fc,r 15 rnr,,utcs, followed

l)\ �5 c,�,c� lll <),I'(' r,>r I lllllllltc. (,:! 0
( ft)l' I 1t1i11L1lc. L1r1cJ 72 °c· for ' 1r1inL1tc After tile 

l,1,t �)t'll·. tl1� "'"111111lt.·s \\l'lc 111c,1l1:1tctl tll 72'<..' r·,l, I() 111i11t1lcs. f'('f{ ,11nplicc,ns were

Cll'l'\l'l1J)lllll\.''-ll'{I tlll"t)llgl, &) ()11 u 1,g�tf()SC i11 I, I Ill� pl I 8 3 <;L1pplc11,cntc,J \\lith 5C)Jtg 

l'tl11J1tt111 l,14.,111ill� •• ,t I _(l\ l�>r t)(}111i11t111..·s l >N1\ l1,11t(ls \Vere visLt:alt/t..(I :1r1tl cLJplt1r�cJ by 

l lll"llll( tl'lllll� lll\llt11�1g111g ,, �lClll (S) ,,gctll:") l'r1111cr SC(lllCllCC llSC(J is stl(l\.Vfl in table

.3. 
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Table 3.1 Oligonucleotide primers for m11ltiplex PCR 
Primer Sequence (5'-3') 

JB21 5'-TCGTCCGCTGATGCAAGTGC- 3' 

JB22 5'-CGTCCGCTGACCTC AAGAAAG-3' 

INSI 5 '-CGTGAGGGCA TCGAGGTGGC-3' 

INS2 5 � - GCGT AGGCGTCGGTGACAAA-3' 

- ---------------
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Table 3.2 PCR primer sequence & amplification product sizes in different MTC

members 
Primer seque11ce RD M c·aneltii /vi. M. M. bovis 

AAGCGGTfGCCG I 
CCGACCGACC 

CTGGCTA1'A
T
TCC I 

TGGGCCCGG 

GAGGCGATCTGG I 

CGG·1·1
¥
l'GGGG * 

ATGTGCGAGCTG 4 

AGCGATG 

TGTACT1\TGCTGA 4 

CCCATGCG 

AA1\GGAGC1\CCA 4 

TCGTCC1\C 

C AAGTTGCCGn7, 9 

CGAGCC 

C AA
r
fGTJ�rG11GC 9 

GCTGC' 

OCT ACcc·1-(
"'GACC 9 

AAGTG1�r 

GGGr\GCCC AGCA 12 

·1·1-1·ACCTC

GTGTIGCGGGAA 12 

TTAC1,CGG 

AGC AGG 1\GCGG'f 12 

TGGA�f A'l�l,C 

t11be1·cz1/osi.s afi·ican11m 

RD I JJresenl RD I present .RD I present RD I present 

( 146 bp) ( 146 bp) (l46bp) ( 146 bp) 

R D4 present RD4 present RD4 preser1t R 04 absent

(172bp) ( 172 bp) (172 bp) (268 bp) 

lt09 1Jresent RD9 prese11t RD9 absent RD9 abse11t 

(235 bp) (235 bp) ( I 08 bp) (108 bp) 

RDl2 RD12 
ROI 2 absent 

preser1t prese11t 
RD12 

abse11lt (369 bp) (369 bp) 
(306 bp) 

Sotr 1·cc: \V �l ,·,·en et ,,/., 2006 ll D: r·egion of d it'f erc11ce 

36 

M. bovis

BCG 

ROI absent 
( I 96 bp) 

RD4 absent 
(268 bp) 

RD9 absent 

( 108 bp) 

RD 12 absent 

(306 bp) 
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3.9 Data collection 

It was deter1nined statistically tl1at 112 cases (with an equal number of controls) would 

be sufficie11t to detect an odds ratio (OR) of 3.0 with a 95% sig11ificance level (two

sided) ai,d 80% povver, given a prevalence of expost1re (risl< factor) o·f I 0% in controls. 

Hovvever. 011Jy I 02 11ew s1near-positive cases \,Vere see11 at tl1e hospital dt1ring the stt1dy 

period a11d all were recrt1ited. Controls were randomly selected among the smear

negative i 11di vid t1als attc11cl i 11g tl1e l1ospi tal. A strt1ctt1red i 11terviewer's administered 

qt1estio11r1aire was ad111i11isterecl to all st1bjects to obtai11 i11for1nation 011 de1nograpl1ics, 

previot1s clinical l1istory. I-fl J/ stalt1s� l<11owledge of ,nodes of transmission of 

tuberct1losis a11d exposure to various risk factors st1cl1 as const1rnption of t1npasteurized 

111ill( a11d 1nill( products, living in close contact with livestock, overcrowding 

characteristics a11d having previous contact witl1 a tuberculosis patients. All 

qt1e�tio1111aires were piloted to re111ove ambiguity in tl1e translatio11 process and 

acf111inistcred b)' trained i11tervie\vcrs. Range a11d consistency checks were performed to 

validate tl1e acct1racy of data e11try. All d,lta were crosscl1ccked a !:>eco11d ti1ne agai11st the 

qt1estio1111,1ires. Cli11ical records of pc1tie11ts were also re\1ie\ved. 

3.10 Data A11alysis 

Data were entered a11d a11alyzed tising Epi-info \1ersio11 3.3 statistical soft\vare and 

Microsoft Excel 2003. Descriptive statistics sucl1 as means, standard deviatio11s and 

proportior,s were dcter1nined. Responses on qt1estions assessing knowledge of 

transmi�sio,1 or tubcrct1losis ,,,ere ra11kecl ftnd scored accordi11g to importance in 

lra,isrni�sio,, <>f. tubcrculo'>iS. Maximt11n "core obt,1i11at)lc ,,,as 3 \\ l1ilc 111i111111t1111 \\d'i o.

Chi �qtiarc test wa� Lt�ccJ tc1 dctcr1ni11c a"isociatio11\ hct\\1 ec11 <.:�1tcgc)r1c,1l \ ar 141blr� (e.g. 

gender. ,narit,il st,,tt,s. cdt1c..,1ti<>tl le\t·I. <>cct1p11f1<l11.) t1r1cf tl1t· ottl('t>tl1l' ,:,r1�1hlt: (,,11c:iar-
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• 

positive). U11ivariate analysis was perforined to exainine the effect of each variable of 

i11terest sucl1 as l1aving close co11tact with livestock, co11sun1ption of unpastet1rized mill< 

and previous exposure to a tuberculosis patient on being s1near-positive. Level of 

sig11itica11ce was set at So/o. Bivariate analysis was used to compare various risl< factors 

between s1near-positive a11d s1near-negative. Odds ratios (OR) and their 95% confidence 

intervals (CI) were esti 111ated Lisi ng co11ditio11al logistic regression, wi tl1 tube1·culosis as 

a11 ot1tco111e. Mt1ltivariate models 'vvere tl1en co11strt1cted, includi11g variables t}1at showed 

a sig11i fica11t statistical eftecl i11 tl1e prcdictio11 of tt1berct1losis i11 univariate a11alysis (P < 
• 

0.05) 
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4.1 Laboratory Results 

4.1.1 Multiplex PCRs 

CHAPTER FOUR 

RES'ULTS 

I 11 al I tf1e I 02 spL1tL1m speci1nens, in ul ti plex-PCR st1ccessft1lly a1n pl ified tl1e target 

region, 245-bp fraginent typical and diag11ostic for Nfycobacteriu,n ti,be,·ci,losis· complex 

(tvlTBC). 1-lowever, tl1e 500-bp frag111e11t specific for NI bovis· was not amplified in any 

of tl1e s1Jcci1nl,;11s 1=-igL1res I a11d 2. 

4.1.2 Gcno111ic Region ot· J)ifTc1·c11cc

Ni11ety 011c (89.23/o) of tl1c spt1ta were identified as /vi. /i1be1·cz1los·is vvl1ile 11 ( I 0.8o/o) 

\Vere 1\1/ afi·icc111i1111. Jvf. 1ir!Je1·c:ztl<J.s·i.�· a11d M. ajiAic,1n111n species were detected based on the 

co11tir111atio11 ot· t1·,1gme11t sizes for tl1e fot1r regions of di ffere11ce (RD) depicti11g 

prese11ce or abse11ce (Figt1res 3. 4, arid 5). All M tz,berct,losis· samples displayed 4 

d isti 11ct ba11ds, eacl1 ba11d representing a speci fie RD. Tl1e 146 bp represents RD 1 

.

(prese11t), tl1e 172 bp r,:!prese11ts tl1e RD4 (presc11t), 235 br, is tl1e target fragment for RD9 

(pre�e,1l) nnd 369 l)p targets the RD 12 (presc11lJ 9. 

A1/. ctfi·ic·c11111111 was icle11ti fiec_l by the a111 pl i fication of a I 08 bp targeti 11g tl1e RD9 (abse11t ). 

t 46 bp whicl1 targets RD 1 (prese11t), 172 bp targeti11g tl1e RD4 (prese11t) a11d finall)' a 

369 bp fragme11t ,vJ-1icl1 targets tl1e RD 12 (prese11t). 
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Figure 4.1 Insertion sequence 245bp 

• 

--

•' 

• ' 

" 

• 

Lar1e: M: I 00-bp DNA ladder. La11es: 1. 2. 3, 4 - M. Tt1berc11l0.')i.,·: Lane 5 - Positive control: Lane 6 -

egative co11trol 
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Figure 4.2 Insertion sequence 123bp 

La11e: i\,J · I ()0-bpDN A ladder. La11es: I, 2, 3, 4 - M T11he1·c11/oj·i.\·: Lane 5 - Positive control: Lar1e 6 -

ccrat i ve cc)11t rol 
0 
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Figure 4.3 PCR amplification of genomic region of' difference 

Ln11e� i\ I l 0()-b JJ f) ,\ ln<lder. I. 3, ..J. 5, 6. 8, 9, I l, 12 - 1\,/ T11berc·11l<1.\·1 . ..-. La11es· 2, 7, IO - /\// c1(,·ica11t1111, 

13 Ncga11, e cor1trol, 14 - (Jo�itive co11trol (l>reviously ty1Jcd Iv! /J(J\'/.�.)
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Figure 4.4 J>CR amp[ificatio11 of ge11omic region of dif'ference 
�-:-"'."::".""..':Y.�,:""'".-.,-:-::r::;1 ��;;"!1,:1��- ���!i,1 

La11e: i\1· 100-bp ()N1\ lad(le1 L,111<.:s· I, 2, 3. 4, 6. 7. 9. 10, 11. 12 - A1! T11he1·c11/us1 .... ·• 5 - Nl.afric·a1111n1, 13 

Nc1.?.ati\'t: co11trol. I..J 
... 

Positive co11trol 

•

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



Figure 4.5 PCR amplification ot· genomic region of differe11ce 

I .1ne· �I· I 0()-bJJ D - 6 8 9 I 0. I I. I 2 I J- A1 711be1·c·11/u�-1\ .. La11es: 4, 7, -A l:1ucl�r. I ,i.lllCS. I. 2, J. ). . . . 

·\ I ,1/J'/(,Cl!/l{JJI. I 3 '\Jcoari,1e c<>ntrc>/, l..t - Positive contr<)I 
:::, 
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4.2 Case control 

4.2.1 Descriptive Statistics 

Mean ages of the cases and controls were 36.2 ±9.0 ar1d 35.8 ±9.7 years respectively 

witl, tnajority (24.5% a11d 2 I .6% respectively) of botl1 cases and controls belonging to 

age grotip 36-40 years. Table 4. I and FigL1re 4.6. Eqt1al 11t1mber of ,nales 72(70.6%) 

were recrt1ited amo11g botl1 cases a11d co11trol. Majority of the cases a11d co11trols were 

111arriecl (81.4°/o a11d 78.4 °/o) a11d infur111ally e111ployed (63.7o/o and 56.9 % respectively). 

Fifty eigl1t perce11t of cases a11d 66 o/o ol' co11trc,ls l1ad a.l least seco11dary school educatio11 

Prcvalc11cc ot' 1-f f T/ a111011g cases a11d co11trols ,,vas 20.6% a11d 19.6% respectively. Table 

4.2 and Fig tire 4. 7. 

4.2.2 Age of oldest a11d yot1ngest persons in l1ousel1olds of cases �•nd controls 

Tl1ere ,vas no statistical dif'fere11ce i11 ages of oldest a11d youngest perso11s in J1ousel1olds of both 

cases a11d co11trols (P>0.05). Mean ages of oldest perso11 ir1 l1ot1sel1olds of cases was 48 ± I 2.5 

years while tl1at of controls was 4 7.4 ± 12 years. Media11 age of oldest persons in housel1olds of 

cases \Vas 45 ye<:Lrs (R,1r1ge� 25 years - 90 years) a11d 45.5 years (Range� 26 year - 73 years) i11 

JioLiseliolds 0,� control�. Mea11 ages of you11gest perso11 i11 l10L1seholds ot· cases was 3.9 ± 4.5.5 

years \.viii le tliat of controls was 5 ±6.8 years. Median age of yot1ngest persons in housel1olds of 

cases was 2 years (Range� 1 year - 23 years) and 3 years (Range; l year- 47 years) in households 

of controls. 
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Table 4.1 Demographic cl1aracteristics, vaccinatio11 and H/J/ status of cases and
controls 

Variables Cases (n = 102) Controls (n = 102) 

Age, years 

Mean (std dev) 

Median (range) 

Gender, N (%) 

Male 

Fe1nale 

BCG, N (0/o) 

Yes 

NO 

H/J/ Stt1tus 

Positive 

Negative 

Missing record 

• 

36.2 (±9) 

37 ( 18-6 I) 

72 (70.6%) 

30 (29 .4o/o) 

71 (70%) 

21 (20.6o/o) 

78 (76.5%) 

3 (2.9%) 

,16 

35.8(±9.7) 

37 ( I 9-62) 

72 (70.6%) 

30 (29.4) 

83 (81%) 

19 ( 19°/o) 

20 ( 19.63/o) 

82 (80.4%) 

0 (0) 
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Figure 4.6 Age groups of c·ises d • an controls
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Table 4.2 Marital status . . . ' ' occupation and I I f d . 
Variable 

eve o e ucat1on for cases �111d controls 
Cases Control 

Marital Status 

Married 

Si11gJe 

Occupation 

U 11e1n IJloyed 

I 11for1na) • 

For1nal 

StL1cier1t 

Level ot· Eclucation 

No Forn1al Edt1catio11 

Pri1narv 
., 

Seco11da1·y 

Tech/NCE/OND 

HND/BSc. 

Post grad L1ate 

No. 

83 

19 

� 

.) 

65 

28 

6 

(o/o) 

(81.4o/o) 

( 18.6%) 

(2.9%) 

(63.7%) 

.(27.5%) 

(5.9%) 

I 7 ( 16. 7%) 

26 (25 .5o/o) 

26 (25.5%) 

22 (21 .6o/o) 

IO (9.8%) 

1 (lo/o) 

Figure 4.7 Education levels of cases :1nd controls

'18 

No. (0/4) 

80 (78.4%) 

22 (21.6%0 

3 (2.9o/o) 

58 (56. 9%) 

31 (30.4%) 

10 (9.8o/o) 

l O (9.8o/o) 

25 (24.5%) 

30 (29.4%) 

26 (25.5o/o) 

11 (10.8%) 

0 
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D Below Secondary 

• A ti east secondary.
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4.3 Housing conditions oJ· cases and controls
Most of tl1e cases (81 4¾) . d . . t • 0 a1 1 co,1trols (60.8%) Jived 1n houses tJ1at f1ad between one o

five rooms, however, four (3. 9%) of the cases reported living in houses with 1nore than

ten rooins (Table 4.3). Seve11 (6.9%) of tl1e cases and 16 ( 15.7%) of tl1e controls reported

having less tha11 6 perso11s livi11g i11 tl1eir homes, while 4 (3.9%) of the cases and J (J .0%)

of tJ1e co11trols reported having 26 to 30 perso11s i11 tl1eir J1omes (Table 4.4 ). Tl1ough

majorit)' of botl1 cases a11d controls reported t1aving on tl1e ave1·age 2 to 3 persons per

roo111, it was observed tl1al or1Iy 24 (23.5%) and 31 (30.4%) of cases l1ad 011 tJ1e average

2 a11d 3 p'e1·sons per room res1Jectively as against 43 (42.1%) and 47 (46.1%) oftf1e

co11trols tl1at l1ad 011 tl1e aver,1ge 2 ancl 3 persons per roo1n respectively (Figt1re 4.8) .
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1�able 4.3 Number of" rooms in homes 01· cases ancl controls 

No. of" rooms Cases 

• 

1-5

6-10

11-15

15 

Tot:11 

No. (o/o) 

83 (8 J .4%) 

16 ( 15. 7%) 

3(2.9%) 

1 ( 1.0%) 

102 (100°/o) 

51 

Control 

No. (o/o) 

62 (60.8%) 

40(39.2o/o) 

0 (0.0%) 

0 (0.0%) 

102 (100°/o) 

• 

• 

• 

• 

•
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Table 4.4 N um her of persons in hou h Id 
No of persons 

se O s of cases and controls 

<6 

6-10

11-15

16-2(}

21-25

26-30

36+pcrso11s 

Total 

. c�1ses 

No. (0/o) 

7 (6.9%) 

36 (35.3%) 

27 (26.5%) 

20 ( 19.6%) 

5 (4.9%) 

4 (3.9o/o) 

3 (2.9o/o) 

102 (100°/o) 

52 

Control 

No. (%) 

J 6 (15.7%) 

56 (54.9%) 

24 (23.5%) 

4 (3.9%) 

) () .0%) 

I ( 1.0o/o) 

0 (O.Oo/o) 

102 (100.0°/o) 
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Figure 4.8 Average numbers of persons per roorn in homes of cases and controls
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4.4 I 110,,,Jc(lgc of tl'·�111s111issio11 ot· t11t,c1·culosis

tall)'� 59.So/o of· Ct\Sc� {t11cl 53 9�o ot· tl1c cu11trt1I!:> sctic.J llll'>ctcL1losi� wt1!, sprcc1cl by [I Ir

,,,llilc fc\v, 6.9o/o of tl1c cr1ses tt11d 2'!/u of' ll 1c co11lrol� tl1<1t1gl1t it wo5 sprcltd t,y ir1scct5,

1'al, le 4 .5 · Ot 1 tl score scz, lc t> f 0-3. rc1>rcsc11l 111g 11c) l\110\.vledgc. 1,oor k ,,owl edge, fo i r 

k110,,,tctJgc 011d good k11tl\ ledge of tru1,�111issic>11 of· lltl)crc,,losis. 011ly JO (9.8%) t1r1d 9 

4.6. ll,1l111 , l
t

.l1· kt\()\\ lcc.Jgc t>I. tll lct1sl <l11c 11tt)tlc c>I t1{111s111is\1c111 c>f. tl1l,crcul<1c;is shc,wcd

tl1at 1,1,11<lr1l\ 72 ( 7t) 6'' o) �,,,J (>l) (58 8'1/o) tlt· ct,scs ,,11tl ct>ntr<>I l1£1c.J k,10\.vlcdgc c>f' ot lctlSI

<.ltlc 111tllft: \lt' trt111'-.111i�si\lll l)f' ll1llCtl'l1lc>sis. 'l·t,is \Vlls sl,1tistic11I cliffcrcnt l1ctwccr1 cases

•
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• 

Table 4.5 Mo�es of transmission of tuberculosis as perceived bJ:: cases and controls
Va1·1able Cases Control 

No (0/o) No (%)

Air 61 (59.8%) 55 (53.9%) 

Bloocl 2 (2%) 2 (2%) 

Cont,1n1inated objects 23 (22.5%) 33 (32.4%) 

Food 6 (5.9°/o) I (lo/o) 

Insects 7 (6.9%) 2 (2%) 

S,,liva 42(41.2%) 17 (16.7%) 

2 (2°.lc>) 0 (0%) 

!,5 
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Table 4.6 Knowledge scores of modes of transmission of tuberculosis in cases and
controls 

Sco1·e 

l 

2 

3 

Cases 

No (0/o) 

29 (28.4%) 

33 (32.4%) 

l O (9.8o/o)

56 

Control 

No (0/o) 

42 (41.2%) 

24 (23.5%) 

27 (26.5%) 

9 (8.8%) 

• 

• 

•
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Table 4. 7 Level ot· education of c�1ses and controls that lrne,v at least one mocle of
transmission of TB 
Education Level Case Control Total 

Tertiary 

Sccondan' 

J'> rima111/ No

fo1·n1al cclt1c�,tion 

TOTAL 

No. (0/o) 

33 {45.8%) 

19 (26.4o/o) 

20 (27.83/o) 

No. (0/o) 

37 (61.7%) 

22 (36. 73/o) 

I (I. 7%) 

60 {100 °/o} 

CJ1i square = 18.02 P= 0.003 

57 

No. (0/o) 

70 (53%) 

41 (3 I. J %) 

21 ( 15.9%) 

132 {100°/o) 
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4.5 Analysis for l1ost i·elatcd f: t . '" ac 01 s 1<>r tuberculos1S
Results from univariate an I · h a ysis s owed tl1at marital status (Odds Ratio (OR) 1.20, 95o/o

Confideiice Interval (Cl) =0.61-2.39], edL1catio 11 level (OR: 1.40, 95%Cl= 0. 79-2.46)

HIV (OR: \ · l, 95o/o Cl=0.53-2.32) infection and l1av111g received BCG vaccination (OR: 

0. 79, 95%CI=0.40- I .56) did 11ot i11crease tl1e risl< of tL1berculosis (Table 4.8) as tl1ese did

not differ significantly betwee11 cases and controls (P>0.05). 

4.6 A11�1lysis t·or risk 1·�,ctors t·or tubcrc11losis 

Rest1lts frorn bivariate a11alysis carried out are displayed i11 Table 4.9. Co11su1nption of 

t111pastet1rized 1nill( a11d ,nill� JJroducts was found to i11crease tl1e risl< of tt1berct1losis (OR: 

8.33. 95o/oCl=4.28- I 6.2 I). I-laving previous contact with tuberculosis patients a11d living 

in close co11tact witl1 cattle also i11creased tl1e risk of having tuberculosis ((OR: 5.0, 

95o/oCl= 2.61-9.57) a11d (OR: 4.42, 95o/oCl=2.45-7.98) respectively. However, having 

less tl1a11 tl,ree persons in a room was fot1nd to reduce tl1e risk of developing tuberculosis 

(OR: 0. I 5. 95%CI= 0.06-0.34). 

!,8 
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• 
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Table 4.8 Com arison of l1ost rel�1ted t·actors behveen cases and controlsFactor 
Cases No. Control No. OR(95% CJ) P value 

('1/o) (0/o) 

Marital status 

Married 

Single 

Education level 

Belovv seco11dary 

At least seco11dary 

HIV 

Positive 

Negative 

BCG 

Yes 

No 

8 3 ( 5 0. 9o/o) 8 0 ( 4 9. I o/o) 

19 (46.3%) 22(53.7%) 

43 (55. 9o/o) 35 ( 44. l %) 

59 ( 46.8°/o) 67 (53.23/o) 

21 (20.6%) 20 ( l 9.6o/o) 

78 (76.53/o) 82 (80.43/o) 

79 (48.80/o) 83 (5 l .2o/o) 

1.20 (0.61-2.39) 

1.40 (0. 79-2.46) 

1.1 (0.53-2.32)* 

2 3 ( 5 4. g % ) I 9 ( 4 5. 2 % ) O. 7 9 ( 0. 4 0- l . 5 6)

d D HIV status and \Vere exclt1ded in the a11alysis
*3 Cases did11't 11ot have recor s 

59 

0.73 

0.31 

0.92* 

0.60 

• 

• 

• 

• 
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Table 4.9 Comparison of risl{ factors for tube1·culosis in cases and controlsVariable Cases No. Control No. OR(95°/o Cl) P value 
(O/o) (o/4) 

Consun1ption of· under-cool{ed meat

Yes 

No 

l O I (99o/o) I 02 ( I OOo/o) 

I (lo/a) 0 (0%) 
1.000 

Co11st1n111tion 01· unp�1stcurizctl rnilk & mill< pr·oducts (Nono, Wara)

Yes 

No 

Associate closely ,,,itl1 cattle 

Yes 

No 

86 (84.Jo/o) 40 (39.2o/o) 

16 ( 15.7°/o) 62 (60.8°/o) 

65 (63.7%) 29 (28.4%) 

37 (36.3%) 73 (7 I .6o/o) 

P1·e-vious contllCt ot· 'I'B r>atient 

Yes 

No 

I-lousi11g conditio11 

< 3 Perso11s per roo111 

> 3 Perso11s pe1· rooin

51 (50%) 

51 (50%) 

59 (57.8o/o) 

43 (42.2o/o) 

17(16.7%) 

85 (83.3%) 

92 ( 90 .2°/o) 

l O (9.8%)

GO 

8.33 ( 4.28-
16.21) 

0.0000 

4.42 (2.45-7. 98) 0.000002 

5 (2.61-9.57) 0.000002 

0.15 (0.06-0.34) 0.0000003 

•
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4. 7 Predictors of tuberculosis by logistic regression an�alysis

Each factor that showed a statistically signi fica 11t differe11ce between cases and controls

ii, univariate and bivariate analysis was i11corporated into a logistic regression model. 

The incltision o·f age-group as a categorical variable i11 the model did not cJ1ange tl,e 

ef'fect of· tl1e otl1er variables, i11dicatir1g tl1at there was no residual confot1nding of age. 

Results sl1owed tl1at co11sL1111ption of' u 11pastet1rized 1nillc and milk products (Nono, 

Wara ), l1a vi 11g l1ad co11tact wi t\1 a l
"'
f3 pat ier1t. associati 11g close I y \Vi th cattle and having

tl1ree (3) or less perso 11s stayi11g i11 a roo111 wl1ere i1nportant predictors for developing 

tt1berct1losis, .. f'able 4. I 0. 

61 
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Table 4.10 Multiv,1ri:1blc analysis: unconditional logistic regression model for risk
factors for tuberculosis

Varia l1les Adjusted 

Consumption ot· 

unpasteu1·ized 

mill<. �ln(I mill<. 

Wara) • 

Associ�1ti11g ,,,itl1 

C,l ttlc 

Have l1ad contact 

Odds 

Ratio 

(AOR) 

8 , ,,. .) .) 

4.42 

5 

0. \ 5

95'1/o 
Confidence 

Interv�•l 

4.28-16.2 

2.45-7.98 

2.61-9.57 

(0.06-0.34 

G). 

P-value 

0.0000 

0.000002 

0.000002 

0.0000003 

•
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CIIAPTER FIVE 

DISCUSSION 

5.1 Molecular c11aractcriz�,tion of MTC

Analysis by lTILiltiplex PCR (n1-PCR) showed I OOo/o agree111e11t witl1 tJ,e Ziel1I-Neelsen 

(ZN) test. T\t\'O disti11ct a11d disc1·eet ti·agme11ts were expected, a 245 bp wl1icl1 confirms 

bacteria belo11gi11g to tl1e !vi. tz,be,·ci,loi,iJ· co1nplex a11d a 500bp wl1icl1 targets M bovis·.

1-lovvever, no NI bo,,i.,· ba11d \Vas detected indicating tl1e absence of tl1is species in tl1e 

sa111J)les tested. Tl1e 245 bp vvl1icl1 detects MTC also detects M. boviJ·, as tl1is region is 

co111111011 to al I 111e111 bcrs o 1· tl1e groL1p. �l�l,e reg1011s of di fferencc (RD) PC R l1igl1l igf1ted 

i 11 t l1i s stt1d y possess ti,,� cf iscri 1n i 11atory power to ide11ti f y m LIi ti pie species of tl1e MTBC 

in one reaction. Tl1is test ctllows f-or tl1e ide11titicatio11 of 1nixed infectio11s i11 patients with 

pul1no11ary tt1berct1losis. All sa1nples i11 tl1is study vvere SLtbseqL 1e11tly sL1bmitted to a 

sin1ilar diag11ostic PCR to co11t1r1n presence of MTC� tl1is procedure detects a 123 bp 

fragtne11t belo11gi11g to tl,e l S6 l l O ele1nent withi11 member of the complex (Eisenacl1 et

al.� t 990). Tl,ese results are valid as tl1e validity and sensitivity of the protocols are 

proven and reported (Figueiredo et al., 2009, Eisenacl1 et c1I., 1990). 

F\'en tlit>ttgl, 1\1 llthe,·c11/<).' i.\· is still tl1e 111ajor cause of tL1berct1losi� ir. i1uma11s in tl1is
._ 

stLid)'. the fir,diiig ol� 1\//. c1/1·ic·c1,1z1,11 st1ggests tl1at tl1is A 1IJ'C<)hal·te,·1c1 i pla)ing a 

role In tlic etiology of i11fectioL1s lt1bcrct1losis in Nigeria. Altl10L1gl1 ht1n1a11
Si g n j fj C c.l 11 l 

i,,fectioiie.; \Viti, menibcrs of� tl1c M
'"
I C require di�ti11ct trcatn1cnt rcgin1cr1 n11tf pt1blic 

)bacteria belonging to tl1e MTC ctl1111no11l) ,�t)\ntcd troni clinical
health rncasurcs� myc( ' 

. Lt .,cly ILlc,1t j fic<l to tl1c s11ccics lc\1CI.
spcc1n1cr1s arc nr,L rt)lJ 

63 
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5.2 Case cont1·ol
• 

Cases ar1d co11trols we · - 1 
. re s1m1 ar 111 botl1 age group and gender. Majority were in tl1e most

productive aoe a11d tl,us co ild h · · · · · 
Ib L ave serious economic 1mpl1cat101 1s. Becat1se an equa 

Ollll1ber Of 111a\es a11d f e l · . 
111a cs we1 e recruited for both cases and controls, this stt1dy could

not assess ll1e possibility ol' gender bei11g a risl< factor for tt1berct1Josis. l-lowever, the 

higl, nLt1i1ber of n1ales re1)orted in tl1is slL1dy agrees witl1 wl1at has been reported in 1nost 

A frica11 coL111tries vvl1ere 11oti ficatio11 rctles are J1igl1cr (or 111en tl1an for won1en ( WI-I 0 

200 l, l-lol111es el al ... 1998). Tl1is differe11ce could be attributed to difference in l1ealtl1 

seeking behavior and access to care betwee11 males a11d females (l-larper et al., 2003, 

H L1de1son, I 996). 

Ca es a11c.l co11trols ,vere also si1nilar in marital statu� £1t1d level of education witl1 n1ost 

bci rig married. 1 t ,vas also ol,servcd tl1at 1najoril)' of botl1 cases and controls were 

infor111ally c111ployed ,1ltl1ougl1 Lip to a tl1ird of each grot1p had for1nal e1nployment. Even 

tJ1oLiol1 ,nc.)st of Ll1e cases a11c.t co11trols had attended seco11dary scl1ool. only about a tl1ird 
0 

l1 ,1d terl1ar) educ,1tio11. 

About a fifth of botl1 cases and controls were 1-111" positive. Altl1ougl1 TubercL1losis-HJJ/

co-infection was hig11, it is less tha11 the 27°/o reported by WHO (2006b). Prevalence of

B% has been previously reported in sputu111 smear positive cases in The Ga111bia (Hill el

al, 2004 ). I /JV infection was nol IOund lo be assoc·iated \Vilh tuberculosis in this tud).

, . . 1., b ttr.ibtitcd to eitl1cr a s111all sample <;izc or a real decline i11 l'L1bcrct1lo 1 -
ft11s C()U u Ca 

/!/II C()-i11fccti<>n rate�.

l·,v ·<I 1·11 <lvcr<.:t(>\V(lecl t.llllClitillt1s ·1 t,," fi11,ti,,g 1, {)t '-it1h,1,111tiul
· . f tllC C,lSC '--= M�J(>r11y cl 

. . t· lCC ·,s ''''"'�nsccl l1c1t1:-;cllc1l<I "izt· 111,. t,ct:11 t,ltltl<.I tr> l.,l. 1r111,c>rt:111t tt11cf
pt1l,l1c l1c,1ltl1 111lr>clr '11 ' 

Gtl 

•
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overc1·owd i11g has been do curnented as a risl< factor for TB from several other studies in
a variety of settings (Col 1 <er et a ·, 2006. Gustafson el al., 2004). Overcrowding also
increases tl1e risl( of i11·fecting healthy� i11dividuals and tJ1ereby increasing tL1berculosis
i nfectio11 rates It is O f not ti . ti · 

e 1at 1ree qt1arters of cases a11d 1nore tl1an 50o/o of controls in
tl1is stLJd)' \Nere t1·on1 ovc. d d 1 • • 1 crow e 10L1sel1olds. Tl11s 1s q L1i te si1nj I a1· to tJ1e findings of

l-lill et c,I., (2006) \·Ve1·e ll1rec qttarters of cases a11d 60°/o of controls were from 

l1ot1scl1olds tl1at vvcrc i11 tl1c l1igl1est cro\vdi11g catcgory-renected i11 Ga111bia. 

The l<.110\vledge of tra11s111issio11 of tubercLtlosis a1nong botl1 cases and controls was poor.

Accurate l<.novvledge regardi11g possible roLttes of tra11sn1issio11 is not 011ly critical for

decreasi11g tl1e i11fectio11 rate, it is also important to dispel persistent myths. Poor

knovvledge a11d n1isconceptions abot1t tubercttlosis are key factors in people's lacl{ of 

efforts at preventio11. Also tl1e fctct tl1at less tl1a11 I Oo/o of cases and less than only l % of 

co11trols tl1ought tt1bercL1losis could be spread by foods st1ch as unpasteurized milk 

(nono) or und er-cooked n1cat is of serious public health significance as the consump tion

of unpasteurized ,ni lk have been reported as risk factors for tuberculosis (Coker et al.,

2006) and both /t-1 /JoPis and !vi. tuberculosis have been round in ,n ilk in N igeria

C d I 2006 CadinLtS et al 1999 ldristt & Scl111L1rre11berger 1977). In a stud)' to
( a m tt � e I a . , 

I d abOLtl tLtbercL1losis i11 urban Morocco, Ottmani et al .. (2008)
assess the k11ow e ge · 

b > .  1 �js patients l1ad little k110\vledge of tt1berculos1s. its cat1scs or
reported that most tu cicu us 

. d also reveals tl1at kno\vlcdge of tra11s111ission of tt1berculo 1s
its transrnission 'fhas Slll Y 

. . , . i,, level of cdt1c,,tion
incrcusco ,v,tll 1ncicnsc; 

. . , . JucLtti<lll lc\.CI ;111<.I t\ J1L' tlf. L'lllJ1lll)'llll'lll c.Jtd 11<>l 1nLrl·�t,c tht"'

1,1 tl1is stLJOy,. fl1t11·1t,1t st .. 1llts. (.;l 

'. j >I (ftf�l'cr sit•111l1L,111ll)1 llc:1,,cc11 l' 1st.·s llflll l·c111trtll, /1111

I · • , 1 J,esc £ It r l< 0 
risk (),· (tlfJC(Cll ()SI!'> ,IS 

G5 
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infection a11d receiving BCG vacci11ation also did 11ot l1ave any e ffect on tl1e risk of

developiilg tuberculosis. Tl1is may be due to relatively sn1all sample size used in this

stt1dy. 

Consumptiotl of Lt11pasteurized 1nill< and 1nill< products was a 1najor risl< factor

inde11titied i11 tl1is stud, C · r · ) . onsL11npt1011 o u11pasteur1zed or co11ta1n1nated 111ilk l1as l011g

bee11 regarded as a pri11cipal mode of tra11s1nissio11 of zoo11otic tttberculosis (Acha and 

Szyf'res 1987). Botl1 A1l. bo1 1i.\· '111d Al[ tt1be1·c1,lo.�i.,· l1ave been fot111d i11 milk sa1nples in

Nigeri,1 (ldristt A a11d Scl111L1rrenberger 1977) a11d Egypt (Nafeh I 992). Of recent, M

a_/1·ica11z1111 was isolated t'ro111 fresl1 111ilk i11 Nigeria (Cad1nt1s et al., 20 I 0). Tht1s, the 

possi bi Ii Ly of  tr,111s1n issio11 of zoonotic tt1berculosis a11d other 1n ilk-borne JJathogens

tl1rot1g\1 tl1e consumption of contart1inated mill<. and n1ill<. prodLtcts should 11ot be

t1nderesti 1nated. A I though proper food l1ygiene practices could play a major role in 

controJ)i 11g this forrn of tra11sn1ission, bt1t tl1is may be difftct1lt to e11force in many 

deve\opi11g cot111tries 

Previou-; exposure to a tuberculosis patient was a risk factor for tuberculosis identified

and this is consistent with other studies ,vhere 24% of West African tuberculosis patients

t d t• -1 l · tory of tuberculosis compared to co11trols (AOR: 3.24, 95°/oCI =2.3-4.6:

1a a a1111 y 11s 

(L. h dl ,1 al 200 I) Tl1is is also similar to fi11dings reported b) 1,ocque et

p<O. 00 I ) ,en ar e , 

. E I d where cases of tt1berculosis were fot111d to be more li"ely to hn,1e

al., (200 I) 111 -ng ar, 

h Culos is patie11ts Exposure to ,\ k110\Vn tt1bcrct1losi� cnsc ,, a the

lived \Viti, known tu er ' · 

. f � r ltillcrct1lo�i<; ,n tl1c <;lt1<l) 11) 1 lill t_,f ,1/ .. (2()06) anti t okcr t'I

an important r1'>k actor o 

• • . , •1 11 ii rcl;i1ivc \Vll<l l111tl tt1llL'ICttltl!iis l<l l>c i1ssc>t·it1tc{f ,, it)1 ,, gr� ttt·r

(,/., (2C)(J(,J r1lsc, f<>t,ncf 1,v111g \VI 

11 fi,,<.li,,g i� <)f �t1l1 111r1tii1I pttlllic llt'ttllll in1pllfl,111cl.· i\

risk ,)t· tf<:vcl<.>f>i11g 1f1� ,l,s&:ttst! ,,s 
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most cases I ived in 0,,ercrowd d .. e cond1t1ons a11d active contact tracing is rarely done.
Tl1erefore 'l�B patients need to complete treat111er1t and achieve cure in order to reduce the risk of
transm issio11 to otl1ers.

Liv i n g i 11 c Io s e contact w ·1 t J 1 · t .. 1 . . . 1 ives oc < was also 1dcr1l1 fied as a r1sl< factor for tL1bcrcuJ0s1s

iii tl,is SlLady. Close physical co11tact between t1t1111a11s and pote11tially infected ani1nals is

prese11t i11 111ost J\frica11 co1111nu11ities, especially i11 developing regions where cattle forn1

an i11tegral part of l1t1111a11 social life (Cosivi el al., 1998). l11 Nigeria, pastoral

co1n1n t111 i ties Ii vc in close co11tact wi tl1 tl1ei r cattle. Tl1ese cL1JtL1ra I practices cou Id

fac i Ii tate tra11s1n ission of tLt bercu Iasis betwee11 cattle and hu1nans (Cadmus el. al, 2006).

A//J1C<>IJcrcte1·iL1111 tt1he1·c1.1/o.\·i.\· a11d A1f a/i·icc1nz1111 l1as bee11 reported fro1n cattle (Cad1nt1s et 

al., 2006. Ayele el l7l .• 2004) Sl1ggesti11g l1L1man to cattle tra11smission of ll1berct1losis and 

,,ice 1,e,·yc1. Also M. h<J,,i.\· l1as bce11 reporlecf ir1 l1un1ans i11 Nigeria (Garba & Galadi1na, 

2006, Cad111us el. c1I., 2006). 

Otir sttidy shows tliat havi 11g tl1ree or less persons in a room \.Vas protective against the

· k f d I · tubercLilosis Increased hoL1sel1olcl size a11d overcrowdi11g have been
r1s o eve op111g 

d · k rr:1ctor for tL1bercL1losis fro1n several otl1er stt1dies in a variet)' of
dc)cL11ner1lc as a r1s 1,, 

setting� (('oker el ul .. 2006. Mangtani el al .. 1995). l11 a stt1dy i11 Guinea Bissau. adult

. . · k ,. ctor for tL1berct1losis (GL1stafson el al., 2004) \Vl1ile in India.
overcro\vd1ng was a r,s a 

Shetty et c1I .. d ·d 1 r:11,cf overcrowding as a signi fica11l ri "- f nctot f<)r
(2006) 1 no 11 

lt1bcrct1losis 
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5.3 Conclusion 

Even tl1ough M ltlberci,los ·s 
· th · · · h - 1 ts e 1naJor cat1se of l1t1man tt1berct1los1s 1n r,ort ern 

Nigeria, a significant propo11ion is still attribt1table to M africa11i1n1. Majority of

tL1berculosis cases are yot111g adults i11 the ,nost prodtictive age group. TJ,ere is a general

low level of l<11ovvledge of� cat1ses a11d 1nodes of tra11s111issio11 of tt1berculosis in tl,is part 

of tl1e cot1ntry a11d '"ft1l)erct1losis-J/Jr1 co-111fectio11 rates are l1igi 1. �rhis stt1dy ide11tified 

l<ey ris l< f'ctctors for tt1l1erct1losis i 11 11ortl1ern Nigeria. Tl1ese factors are const1m pt ion of

t111pastct1ri?ed 111ilk a11d 111ill< products, previous contact witl1 a tt1berct1losis patie11t, close

associatio11 witl1 cattle a11d l1avi11g tl1ree (3) or 1nore persons staying i11 a room.
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5.4 llecon1mcndatio11�

Wi ti, respect to oppc)rtt1n·1t1·es r.or 1·ntervent1·on, h
. 

d I ·d · fi d I , , t Is stt1 y 1as 1 ent1 1e severa 

possibilities. 

I. Routi11e cl1aracterizatior1 of MTC should be do11e in order to know tl1e prevalent

s1Jecies of Ml�C i11 Nigeria a11d direct appro1Jriate treat111ent. 

-· I 111 prove l1ec:LI tl1 eel LIC,lt io11 of' tt1berct1 losis p,1tients 011 1nodes of tra11s111 ission of 

tL1b�rct1lo!:.1S. 

3. Eel L1catio11 o I' tl1e gc11eral pLtbl ic 011 tl1c i 111porta11ce of pasteurizatio11 of 111 ilk

before co11st1111rJtio11 sl1ot1ld be a pt1blic l1ealtl1 priority. 

4. Pastcurizatiorl •.>f mill< on s111all dairy/pastoral far1ns should be enforced by the

Gover11me11t. 

5. Active t1·aci11g of tt1berct1losis case contacts shouJd be routinely done to identify

co-prevaler1t cases a11d to encourage early atte11dance at tuberctrlosis clir,ics and 

D0�1
--
s cc11ters for tl1()Se wl10 l1ave sy1nptoms i 11 tl1e long ter,n. 

6. WJ1i le it rnigl1t be di f'ficult to JJreve11t close associatior1 \Vill1 cattle especially witl1

regards to Ii vt:!:> �oc I< 0\\111ers. it is i 1nporta11l t() educate tl1e1n 011 safe meast1res of 

animal l1a11dli11g lJractices. 

7. VI gi lance and n1ore collaboration bet v,een clinicians, veterinarian and

I aboratory workers in tl,e identification o·f tl1c possible route of transmission a11d 

the responsible �tgent� for tl1e lra11sr11issio11 of zoo11otic tt1berculosis. 

8 l'o��iblc way� to avoid ovcrcro\vding in all settings \hould be . ought .ind

· I ,11, .. 1 by tile (,c>vcr111t1c11t l�vcr1 tl1<ll1gl1 tl1�1c '" 11t) e,1�, ,c)lt1tl(.'Jl to th1,
1r11J1 cine ... u 

I I , ,·, ,, ,,1, .. �·1,·il'llf)ly li11�c:cl {() 11 1clic.:cs ()r·,,c,,ltl1 tt ll f)t)J)lll tlitlll li.:,ll
pr,, l c,11 ... ,s , ... ,, 
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.APPENDICES 

1. CONSENT FORM

MOLECULAR CHARACTERIZATION OF MYCOBACTERIUM TUBERCULOSIS 

COMPLEX AND RlSI<. t=
-
ACTORS FOR TUBERCULOSIS AMONG PATIENTS

AT
--
rENDING A NATIONAL ,.rUBERCULOSIS CENTRE IN ZARIA, NIGERIA 

lntroductio11: We are carryi11g out a researcl1 011 Prevalence of A4ycobacte1·iu1n bovis

1 n f ection i 11 S rnear })OSi ti ve p�tlients in a TB re r erral ce11tre in Zari,1, l<ad u11a Stale, 

Nigeria a11d , vi 11 Ii l<c to get so111e i 11 for111atio11 f'ro1n yot1. Partici patio11 is optional and be 

ass tired tl1 ,-tt a11y i 11 r or111at ion you !)rovide will be treated witl1 co11 fidential ity and 

perso11al i 11for1natio11 co I lcctcd ,vi 11 11ot l1p1Jear i 11 ,1ny doct1111e11ts or reports b,tsed on th is 

study. 11ot1 arc f'rec to ,,vitl1draw t·ro111 tl1e stt1dy dt1ri11g tl1e cot1rse if yot1 wisl1 to withot1t 

a11y vi ct i 111 iza tio 11.

Thank )'OLI. 

CON�l:'N r: ·rhe details or the study have been explained to me and I fully understand. I 

an1 l1crcl1) vvilli11g lo participate i11 tl1e stud)'· 

S ig11att1re of p,1rtici pa11t /D,1tc Signatt1re of interviewer /Date 
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2. QUESTIONNAIRE

MOLECULAR CI-JAR/.\C r·E,�IZA1"10N OF rvJYCOBACTERIUM TUBERCULOSIS 

COMPLEX AND RISI< FACTORS FOR '"fUBERCULOSJS AMONG PATIENTS 

ATTENOING A NA .. l'IONAL TUBERCULOSIS CENTJ"lE IN ZARIA� NIGERIA

Questionnaire No. 
Date: 

N�imc of intc1�ic,,1cr: 

PERSONAL IDEN'flFlCA'flON 

Code No.

Age:_ Sex: Marital Statt1s: ______ _ 

OccL1J)ati()11: __________ _ 

Edt1c,1tio,1al Le,,cl: t\ro lor,nal cdt1cation D 

Pri 1nar)1

Sect)11dary 

7 eclvNCE/01'1D 

HND/BSc 

Post gradt1ate 

C>t11cr� (Specify) 

D 

D 

D 

D 

D 

D 

---
--

--

'u111bcr (>t· fJCoplc i11 l1<>Ltscl1c>lu

I� Id • l pcrs,,11 ; ,1 'l1c l1c>t1'ic
Age o c> cs • .____ -

-·-----
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Nu1nber of roorns in tl1e house

Average nt11nfJe1· of persons i r1 eacl1 roo111

How long l1ave you lived in this l10L1se

Kr10,,,1cdgc of· tt1bercul•>sis 

Do yoL1 l<.110\,v wl1aL yoL1r i 1111e�s is? Yes 

• 

D No D 
Wl1at do yc.1L1 tl1i11l< is ll1e CUllSC Of yoL1r i I I r1ess? 

Before co111i11g to tl1c l1os1Jit,1l did yoLt l(no,v \.\1l1a1 TB is? Yes D 

111 )'our ()pinion, 110,,, is 1,13 spread 

Co11ract \Vitl1 conta1ninated objects 
• 

Scxt1,1ll, 

Food 

Saliva 

Blood 

A rr 

Others (Spcci f y)

Ri k Fact<>rs 

r. fJo) 1,Lr t:at ,neat a,,d other n1eat prodt1cts e.g. lt1r1gs/livcr/kidr1ey?

Yes No 0 

D 

D 

D 

D 

D 

D 

2. Do )'OLJ drink unpastcL1ri1t:cl ,nill< ,,,,,1 111ilk prt>tlt1c1" e.g. r·t1rr,. r1tat1l1

Yes Ne> 
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3. Do yot1 l1a\1e pets at l1ome? Yes 

4. Do yoL1 associate closely v\1itl1 cattle?

D 
Yes 

5. I-lave yott eve1· received BCG vacci 11atio11?

Yes D No 0 

No 

0 No 

6. I-lave yot1 l1ad a11y previot1s contact witl1 TB patie11ts?

Yes D 

7. Have )'()LI ever f1ncl �rs be fc.)rc? y cs D 
8. 1-IO\\ lc)ng l1avc yot1 l1[1d l'B? I I 

He�1 ltl1 I nt·orrnation

H/J/ St�1 t11s

Po�iti, c l I

Is ) our part11er aware o 1· )'()t1r / -// f/ statt1s? 

Yes 

I I IV St�lf LIS of Pa rtncr

Positive 

cgat1 ve 

f)cJn l ktl(J\V

No 

86 

No D 

D 

D 
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