
MODELS FOR PREDICTING TIME TO SPUTUM 

CONVERSION AMONG MULTI-DRUG RESISTANT 

TUBERCULOSIS PATIENTS JN LAGOS, NIGERIA 

By 

Olu,vatosin Jonadab AIQNSOLA 

B.Sc. (Hons) !vl,)c, MPhil.

Matriculatio11 Number: 88323 

A Thesis Submitted to the Department oi' Epidemiology and Medical Statistics, 

Faculty of Public Health, College of Medicine, University of Ibadan, Nigeria 

In partial fulfillment for the rcc1uirement of the Avvard of 

Ph.D Biostatistics 

J LIJ1C, 2() 18 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



MODELS FOR PREDICTING TIME TO SPUTUM 

CONVERSION AMONG MULTI-DRUG RESISTANT 

TUBERCULOSIS PATIENTS IN LAGOS, NIGERIA 

By 

Olu,vatosi11 Jonacl�,b AiaNSOLA 

B.Sc. (Hon�� A1/,';c, lv!Phil. 

Matriculation Nun1ber: 88323 

A Thesis Submitted to the Department of Epidemiology and Medical Statistics, 

Faculty of Public Health, College ofMcclicine, University of Ibadan, Nigeria 

In partial fulfillment for the requirement of the Award of 

Ph.D Biostatistics 

JLltlC, '}(} 18 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Declaration 

l hereby declare that this \VOrk is original other,visc acknowledged. The work has neither been

presented to any other University for an acade1nic a,vard nor has it been sub1nitted elsewhere for 

other purpose. 
-

Oluvvatosin Jonadab AI(INSOLA 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

Certification 

I hereby certify that this \vork is original and ,vas carried out by Olu,vatosin Jonadab 

AKINSOLA of the Depart1nent of Epiden1iology and Medical Statistics, Faculty of Public 

I Iealth, College of Medicine, University of Ibadan, Nigeria under n1y supervision. I also certify 

that this work has neither been presented for any purpose to any other Institution or examination 

body nor has it been sub1nitted else\vhere for other purpose 

. . . . . . . .. . . . . .. . . . .. . . . . . .. . . . . ....... �1. �-.................. ?. ! ... � .t I >5! .. ( r: .....................................

Dr. Oyinda1nola Bide1ni Yusuf BSc, MSc, Ph.D. (Ibadan); Cstat (UK) 

,.__.... g 6 '3> 1 • . o 7 : 2- D r f ................................... � .. -. -=· .= .. � ... -::-... � .. �-...................... 4,,.! , ••••• •••••••• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Dr. Olusoji Mayowa Ige MBBS, MNPMC, FWACP, FCCP 

Associate Professor/Consultant Puhnonologist 

College of Medicine, University of Ibadan/University College Hospital, Ibadan 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Dedication 

This thesis for award of Ph.D. Biostatistics is dedicated to Almighty God (Jehovah), 

To n1y darling ,vife and son. Christiana and Richard 

And n1y beloved mother, Mrs Florence Jadesola AKINSOLA, 

And lo 

All 1ny teachers: Both past and present 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Acknowledgement 

I thank the Almighty God for seeing me through this study; it was indeed a long wait. I am 

greatly indebted to many people too nu1nerous to 1nention, who have contributed their expertise 

in specific areas and participated in the developn1cnt of technical content of this study. First and 

foren1ost, I sincerely appreciate 1ny supervisor, Dr. Oyindamola Bidemi Yusuf. Despite her tight 

and con1peting schedules as the incu1nbent Head of Departtnent, she painstakingly took time to 

read every aspect of this \York; her personal efforts ensured the present quality of this thesis. I 

appreciate her constructive criticisn1, patience, support and accessibility. 

I atn particularly grateful to n,y second supervisor, Dr Olusoji Mayowa Ige who is a 

Consultant Puln1onologist (UCl-1), for his splendid and unequalled technical inputs to this 

research ,vork. I an, highly indebted to Dr Abin1bola Bowale, Medical Director of Infectious 

Disease Hospital, Lagos Mainland and Mrs Olanikc Morounfolu, Principal Officer, Ministry of 

1-lealth, Lagos State ,vho gave i1nn1easurable help in getting the data used for this study. I say

1nany thanks. I also appreciate n1y Dean, Professor O.I. Fawole, Professor Olusola Ayeni, 

Professor Elijah Ba1ngboye, Dr David Dairo, Dr Matte\¥ Akpa, Dr Stephen Adebowale, Dr 

Babatunde Gbadebo, Dr Adeniyi Fagba1nigbe, Dr Joshua Akinyemi, Dr Babatunde Adedokun, 

Dr Rotimi Afolabi, Dr Eniola Ba1ngboye and Mr Nathaniel Afolabi and all other staff members 

of the department for their support in one ,vay or the other. 

I ,vish to thank 1ny senior colleagues in the College of Medicine, University of Lagos; 

Professor Adebayo Onajole, Professor Ekanen, l�kane1n, Professor Sunday On1ilabu and Dr 

Kofo,vorola Odeyemi for their fatherly advice and 1noral support during the tortuous journey of 

this programme. All your effort ,viii re1nain indelible in 1ny 1ne1nory. God bless you all. 

\1/ith much delight, I thank my loving, caring and adoring wife, Mrs. Christiana Busayo 

Akinsola and my priceless son, Master Richard Oluwatimilehin Akinsola for their maxin1u1n 

understanding and perseverance in the course of pursuing this progran11ne. 1 also appreciate 111) 

S\\ cet mother. Mrs Florence Jadesola Akinsola !or 1ny upbringing; spirituall). n1entall, and 

ph)sicall). You ,viii reap the rc,vard of your labour on n1e. I rc111c1,-1bcr 111) brothers. �Ir 

Lbcnczcr Akinsola and Mr ( lc1ncnt Akinsola. It is great having thcrn ns purl of Ill) blood. UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



This ackno\.vledg1nent \.vould be incon1plete if I fail to mention my in-laws; Mrs Olubunmi 

Alaran, Brother Raphael Alaran, Dorcas Adunbarin. Peter Adunbarin and Mrs Adenike Lawal. I 

thank you all for your prayers, love, care, understanding, trust, support, advice, motivation, faith, 

confidence and belief. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Abstract 

Multi-drug resistant tuberculosis (MOR-TB) develops due to problems such as irregular drug 

supply, poor drug quality, inappropriate prescriplion and poor adherence to treatment. These 

factors allo\V the development and subsequent transmission of resistant strains of the pathogen. 

With the advancements in statistics, 111ixture cure 111odels provide the insight to the covariates 

lhat are related \vith the treat1nent outcon1es. I lo,vever, potential modifiable factors such as 

dc1nographic and clinical characteristics are not clearly known in poor resource settings such as 

Nigeria. Therefore, this study \Vas designed to delennine the factors that can predict ti1ne to 

sputun1 conversion an1ong MOR-TB patients using cure 1nodel. 

A retrospective clinic-based cohort study ,vas conducted on 413 patients who were diagnosed of 

1r1ulti-drug resistant tuberculosis and n1et inclusion criteria fro1n April 2012 to October 2016 at 

the Infectious Disease 1-lospital, Lagos. The n,ain outco1ne 1neasure (sputu1n conversion ti1ne) 

,vas the ti1ne fro1n the date of con11nencen1ent or MOR-TB treahnent to the date of specimen 

collection for the first of t\vo-consecutive negative sn1ear and culture taken 30 days apart. The 

predictor variables of interest include: de1nographic (age, gender and marital status) and clinical 

characteristics (registration group, nun,ber of drugs resistant to during treatment initiation, HIV 

status, diabetes status and adherence \Vith 1nedication). Mixture Cox cure models were fitted to 

the 1nain outcon1e variable using Log-nor111al. Log-logistic and Weibull distributions as 

alternatives to the violation of Proportional I -Iazards (PH) assumption. Akaike Infor1nation 

Criterion (AIC) \Vas used for models comparison based on different distributions, \Vhile the effect 

of predictors of tiine to sputu1n conversion vvas reported as Hazard Ratio (HR) at aoos. 

Age ,,as 36.8±12.7 years, 60.8% \Vere 1nale and 67.6% were 1narried. Majority of the patients 

(58.4%) converted to sputu1n negative. Patients ,vho were resistant to t\vo drugs at treatment 

initiation had 39.0% rate of conversion than those resistant to at least three drugs [HR: 1.39 (Cl: 

O 98. 1.98)]. The likelihood of sputum conversion ti1ne was shorter a1nong non-diabetic patients 

compared to diabetics [I JR: 0.55: (CI: 0.24, 0.85)]. The overall 1ncdian tin1c for sputum 

conversion \.\as 5 5 (!QR· 1.5-11.5) 1nonths. In the cure 1nodcl, rcsistoncc to 1norc drugs at the 

time of initiation \Vas sign I ficantly related \.Vith a longer sputun1 convcrs1on tin1c lor Log norn1al 

Cox 1nixturc [Ill{ 206 (Cl 1.36-3.47)1: l .. og-log1st1c Co\ 1111\turc cure \IIR 2.56 ((I 18)-

4.09)] and \\'cibull lox rnixturc 1111{: 2.81 (CI I.') l-11.19)1 J)1nht.:t1c p11t11.:nts had n s 11•n11icnntl) 
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higher sputum conversion rate compared to non-diabetics; Log-normal Cox mixture [HR: 2.03 

(Cl: 1.17-3.58)]; Log-logistic Cox 1nixture cure [llR: 2.11 (CI: 1.25-3.82)] and Weibull Cox 

n1ixture [HR: 2.02 (CI: 1.17-3.34)]. Ho,vever, l,og-normal PH model gave the best fit and 

provided the fitness statistics [(-2LogL: 519.84); (/\IC: l 053.68)]. The best fitting Log-nor1nal 

PI-I model was Y=l .OOX1+2.06X2+0.98X3+2.03X 1 1 £ ,vhere Y is time to sputum conversion and 

Xs are age, nu1nber of drugs, adherence and diabetes status. 

The 1nodels confirn1ed the presence of so1ne factors related with sputu1n conversion ti1ne in 

Nigeria. The quantun1 of drugs resistant at treatn1cnt initiation and diabetes status would aid the 

clinicians in predicting the rate of sputun1 conversion of patients. 

Kc)"vords: Mixture Cure Model, Sputu111 Conver�ion Tin1e, MDR-TB, Log-normal, Prediction 
\Vord count: 500 
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CHAPTER ONE 

Introduction 

Conte1nporary trends in the burden of tuberculosis point to poor global health indicators. 

According to Tuberculosis Factsheet 2013, Tuberculosis is second only to I-IIV / Al OS as the 

greatest killer ,vorld,vide due to a single infectious agent. ''Nigeria is no,v the 3rd highest TB 

country in the ,vorld and the first in the African region. It is among the 22 high burden countries 

,vith an annual incidence of 338 per I 00,000 and prevalence of 322 per 100,000 individuals. The 

national TB survey also confirmed a ,vorriso1ne situation ,vith regard to Multi-Drug Resistance 

Tuberculosis (MOR-TB) (National TB Prevalence Survey, 2012). 

Consequently, Nigeria is no,v the 13th highest MDR-TB country globally and 2nd highest 

in the African region" (Wl-10, 2014). ln 2014, an estin1ated 480,000 new cases of MOR-TB 

occurred and about 190,000 people died of MOR-TB. Since then MDR-TB has en1erged as a 

,vorld,vide proble1n ,vith an estin1ated incidence of 425,000 cases occurring annually and the 

,vorldwide prevalence estin1ated to be 2 to 3 ti1nes the incidence (WHO, 2014). Yearly, over 8 

million people develop tuberculosis and nearly 1.8 million die from it, despite extensive 

vaccination and drug treatment programmes. In Nigeria, the esti1nated nu1nber of patients ,vith 

multi-drug resistant tuberculosis is between 2,700 and 4,500 while the prevalence rate of MDR­

TB ,, as 2. 9% among ne,v patients and 14.5% a1nong previously treated cases in Nigeria 

(Oladimeji et al, 2016). 

Documented cases of MOR-TB have been reported by ahnost 90 countries and it has been 

recognized by the international con11nunity as a clinical and public health threat (Shah et al, 

2007). The prevalence of MOR-TB and Extra-Drug Resistance (XOR-TB) appears to be 

increasing particularly in low and middle inco1ne settings (CDC, 2004). MOR-TB develops 

through the misdiagnosis, 1nismanagement and treatment of TB diseases such as irregular drug 

suppl). poor drug qua I ity, inappropriate prescription and/or poor adherence to treat1nent. These 

factors allov,1 the development and subsequent trans1nission of resistant and strain<; of the 

pathogen. With the advancement in bio-1nedical statistics, n1ixture cure n1odcls pro, idc 111�1ght to 

the covariates that arc related ,vith the treatment results. UNIV
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Sputum conversion (\vhich is used to monitor program perfor1nance) is one the most 

i1nportant interim indicators of pulmonary tuberculosis treatn1ent outcome, measuring efficac) 

and identifying the constraints. Culture-based n1onitoring of MOR-TB patients is used to 

evaluate treat1nent efficacy and helps to identify those who re1nain infectious. The internationally 

agreed-upon definition of culture conversion is t\vo consecutive negative sn1ear/culture from 

sputum sa1nples collected �30 days apart (WI-10, 2011 ). Early conversion is very important to 

prevent trans1nission of MOR-TB, reduce hospitalization time, and reduce cost related to 

infection control rneasures. There is also son1e evidence that delayed sputun1 conversion is 

associated ,vith an1plifications of drug resistance. Fe'vv published studies bad exa1nined sputu1n 

conversion a1nong MOR-TB patients and factors associated ,vith conversion, but they often 

neglect the influence of correlates and prognostic differentials in the serial assess1nent of sputum 

s1near and culture status for effectiveness of treattnent and case 1nanage1nent of individual 

patients. 

Addressing these gaps are particularly relevant in a developing country characterized by 

n1ajor challenges to public health and epidemic of infection with the hu1nan im1nunodeficiency 

virus (HIV) through increasing pressing need for ne'vv drugs, vaccines and diagnostic procedures. 

It is equally important,' ho,vever, to identify correlates (Age, number of drugs the initial isolate 

,vas resistant to at treattnent initiation and ti1ne in days to initial sputurn culture conversion) and 

prognostic differentials (Gender, HIV status, Diabetes status, Alcohol intake, Medical 

compliance and Social support) for predicting the sputun1 conversion rate in ensuring adequate 

standards of care for treatinent efficacy, i1nproved clinical managen1ent of tuberculosis and 

\\ here increased attention should be paid in future prevention strategies. However, potential 

modifiable factors such as de1nographic and clinical characteristics are not clearly kno,vn in poor 

resource settings such as Nigeria. A patient ,vith tuberculosis disease is capable of experiencing 

three outcomes: cure, relapse or death (Multi-Drug Resistant) when n1onitored over a period of 

ume. 
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1.1 Research Problem 

Tuberculosis is an increasing cause of morbidity among person with )1u1nan in1111une­

deficienc, virus (HIV) infection in Nigeria. As the nu1nber of patients hospitalized \Vith l-l1V 

infection and tuberculosis increases, the risk nosocomial trans1nission of tuberculosis arises. 

Moreover. HIV induced i1nn1une-suppression may amp Ii f) the spread of tubercu Iasis in hospitals 

because it greatly increases the risk of rapid progression to active and infectious tuberculosis. 

Lndeed. advancen,ent has been achieved to lo,ver global incidence of drug-susceptible 

tuberculosis. the e1nergence of 1nulti-drug resistant (MOR) and extra-drug resistant (XOR) 

tuberculosis during the past decade threatens to undennine these advances. Ho\vever, countries 

such as India. Indonesia. China and Pakistan are responding far too slo,vly. or the estimated 

440,000 cases of l'vlOR tuberculosis that occurred in 2008, only 7% ,vere identified and reported 

to World Health Organization (WHO). Of these cases, only a fifth ,vas treated according ,vith 

Wl-10 standards (Gandhi et al. 20 I 0). Although treatn,ent of MOR and XOR tuberculosis is 

possible ,vith cu1Tentl)' available diagnostic techniques and drugs, the treatn,ent course is 

substantially more costly and laborious than for drug-susceptible tuberculosis, ,vith higher rates 

of treatn1ent failure and n1ortality. 

Nonetheless, a fe,, countries provide examples of ho,v existing technologies can be used 

to re, erse the epidemic of MOR tubercu Iasis v-,rithin a decade. M�jor irnprovements in laboratory 

capacit,. infection control. and performance of tuberculosis control programn1es with treatment 

regi111ens for both drug-susceptible and drug-resistant disease ,viii be needed, together with a 

111assive scale-up in diagnosis and treatrnent of tvfOR and XOR tuberculosis to prevent drug­

resistant strains fro1n becoming the dominant fonn of tuberculosis. Ne\.\ diagnostic tests and 

drugs are likel) to become available during the next few years and should accelerate control of 

\10R and XOR tuberculosis. Equally important, especially in the highest-burden countries of 

India. Indonesia, China, Nigeria. Pakistan and South Africa ,viii be a con1111itn1ent to tuberculosis 

control including itnprove1nents in national policies and health systems that remo, e financial 

barriers to treat1nent. encourage rational drug use, and create the infrastructure nccc«-sar) and 

5ufficient in the manage1nent of MOR tuberculosis. 
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1.2 Long-term effects of MOR-TB

Untreated multi-drug resislant tuberculosis can give rise to serious debilitating effects on 

the neurological parts of the body including the bones, brain, liver, kidne} and heart. These 

affected in addition to co1nplications of the lungs. When tuberculosis spreads to other parts of the 

bod). it exposes those areas to further infection and undermines their ability to function. 

M)cobacteriun, tuberculosis causes this contagious but curable disease according to Public

Health England (CDC. 2004). 

According!). once tuberculosis reaches the bones, it can cause long-term destruction of 

joints. Tuberculosis in the bones can dan1age the ribs as \Veil. 'fuberculosis also negatively 

in1pacts organ function. For instance. an affected liver or kidney loses opti1nal capacity to filter 

,vastc substances Fron, the blood circulatory systen1. When tuberculosis infects the hu1nan heart, 

the organ·s capacit) to aid in blood circulation is substantially co1npro1nised. If tuberculosis 

penetrates the brain, it can cause 111eningitis. This condition can lead to death due to s,velling of 

n1e1nbranes around the brain and spinal colun1n. 

·rhe United Kingdon, ·s NHS explains that pulmonary tuberculosis affects only the lungs.

and it can typically be treated using antibiotics, such as lsoniazid and Rifampicin. This treat,nent 

method requires a long-tern1. six-1nonth course of 111edication. The medication is to be taken 

e,er') day until completion of the prescribed dosage. This type of treatment ,vorks on other 

tuberculosis affected organs as ,,ell but may require a 12-month course of antibiotics. l'he NI-IS 

confirms that tuberculosis can result in death if the lungs become too severely dan1aged to 

function proper!). 
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1.3 Justification for the study 

ln the tield of biostatistics. the analysis of survival data is often the goal of studies. The 

methods current!) available to do this analysis are nun,erous and varied. So111e of 111ost 

co1nn1only used methods in survival analysis include the Proportional I Iazards (Pl I) 111odel and 

the Accelerated Failure Time (AFT) model. Both of these n1ethods assume that every subject \Viii 

eventually experience the event of interest, given enough follo,v-up ti111c. However, there are 

so1ne instances. especially ,vith the advancen,ents in n1odern n1edicine, in \vhich a proportion of 

the population of interest are ·'cured'' and will therefore, never experience the event of interest. 

This sitltation n1otivates the incorporation of a cure fraction in a statistical model in order to 

analyse the ability of a certain treatment to cure a disease of interest. 

The comn,on established n1ethod for predicting ti111e to sputun1 conversion a111ong 1nulti­

drug resistant tuberculosis outco111es is the use of Cox propo1tional hazard model. Indeed, 

survival analysis atten1pts to ans,ver questions such as: what is the proportion of a population 

,vhich ,viii survive certain tin1e? Of those that survive, at what rate \Viii they die or fail? Can 

multiple causes of death or failure be taken into account? How do particular circumstances or 

characteristics increase or decrease the probability of survival? More generally, survival analysis 

involves the modelling of tin1e to event data; in this context, death or failure is considered an 

"event" in the survival analysis literature-traditionally only a single event occurs for each subject, 

after ,vhich the organistn or 1nechanis1n is dead or broken. Recurring event or repeated event 

models relax that assutnption. The object of pri1nary interest is the survival function, 

conventionally denoted S, which is defined as 

S( t) = Pr( T>t) .......................................................... .................... equation l .  l 

Where t is some time, Tis a random variable denoting the tin1e of death, and "Pr" stands for 

probability. That is, the survival function is the probability that the ti1ne of death is later than 

some specified time /. The survival function is also called the survivorship function in problems 

of biological survival. Usually one assumes S(O) = I, although it could be less than I if there is 

the possibility of immediate death or failure. 

'I he survival function can be expressed 1n tcrrns or prohabdll) tl1�tr1hution .ind prt)b:lbtltl\ 

density functions 

,S ( I) J( tt) r/11 I - f, (I), 
• • •••• 

• 
I " . ..l'lj\lllt l(ll) ·-
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Similarly, a survival event density function can be defined 

CXi d 
f ( 1l) (itt = -l 1 - F ( t)] = -f ( t) I 

di 
. . . . . .... equation 1.3 

The hazard function, conventionally denoted by 1\, is defined as the event rate at ti111e t

conditional on survival until time/ or later (that is, T?:. t), 

,\(t) = fun 
Pr(t � T < t . + dt) 

dt-+0 dt · S ( t) 
f(t) 
S(t) 

S'(t) 

S( t) · ......................... equation 1.4 

Force of n1ortality is a synonyn1 of hazard function \Vhich is used particularly in 
den1ography and actuarial science, ,vhere it is denoted by µ. The term hazard rate is another 

synony1n. The hazard function 1nust be non-negative, )..(1) > 0, and its integral over fO, 00\ 1nust 
be infinite, but is not other\vise constrained; it 1nay be increasing or decreasing, non-1nonotonic, 
or discontinuous. 

Several studies have consistently reported that different socio-economic proble1ns have 
influenced outco1nes of patients ,vith tuberculosis condition. However, very few of these studies, 
particular in Nigeria and in Africa have studied any correlates and prognostic differentials for 
predicting time to sputu1n conversion among MDR-TB patients (l-lowhannesyan and Breeze, 
2012). The kno\vledge of the correlates and prognostic differentials of ti1ne to sputum conversion 
of Multi-Drug Resistant TB can give an insight into the cause and ti1ning of the relapse and 
factors that influence drug failure. This would assist considerably in the 1nanagement of patients 
,, ith MOR-TB condition and facilitate the reduction of the degree as \Veil as the frequenc) of the 
ailment. Therefore, this study was designed to develop suitable cure 1nodels that can predict tin1e 
to sputum con,ersion among MOR-TB patients. 
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1.4 Objectives of the study 

The 1nain objective of this work \Vas to develop a model for time to sputum conversion 

among multi-drug resistant tuberculosis patients in Lagos, South-West, Nigeria. 

The specific objectives are to: 

• Describe the background characteristics of MOR-TB patients \Vith respect to sputum

conversion status

• Oetenn ine and con1pare n1edian ti1ne to sputu1n conversion bet\veen new and retreatment

Cases of MDR-TB patients

• Oeter1nine the 1nortality experience a1nong the MOR-TB patients

• Develop a fitting statistical 1nodel of overall sputu111 conversion tiine a1nong MDR-TB

patients

• Examine the predictors of sputun1 conversion tin1e a111ong MDR-TB patients

• Exan1ine the predictors of treat1nent initiation period among MOR-TB patients

1.5 Resea1·ch Q11estions 

In order to establish the linkages bctvvcen predictors of ti1nc to sputun1 conversion among 

n1ulti-drug resistant tuberculosis patients, the f ollo,ving research questions were proposed: 

• What are the background characteristics of the patients \Vho experienced conversion and

non-con\ersion sputu1n at six months or more?

• Is there an) significant difference bet,veen sputu1n conversion time of l'vlDR-TB patients

of ne\v and retreatn1ent cases?

• \\ hat are the predictors of ti1ne to sputu1n conversion?

• \\ hat are the predictors of treatn1ent initiation period?
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Lite1·atu1·e Review 

2.1 Definition 

CHAPTER TWO 

lsoniazid, the 1nost povverful n1ycobactericidal drug available, ensures early sputu,n 

conversion and helps in decreasing the trans1nission of TB. Rifampicin, by its mycobactericidal 

and sterilizing activities is crucial for preventing relapses. Thus, isoniazid and rifan1picin are 

keystone drugs in the manage111ent of TB. While resistance to either isoniazid or ri fa,npicin ,nay 

be 111anaged \Vith other first-line drugs, resistance to both isoniazid and rifan1picin (MDR-TB) 

den1ands treat1nent \Vith second-line drugs. 1'hese drugs have li1nited sterilizing capacity and are 

not suitable for short-course treatinent. Thus, patients with MOR-TB require prolonged treatn1ent 

\vith drugs that are less effective and n1ore toxic. Therefore, it is necessary to distinguish MOR­

TB from mere drug-resistant tuberculosis by perfonning 1nycobacterial culture and sensitivity 

testing because the therapeutic i1nplications are different. 

It is possible to strictly define a given isolate of M .tuberculosis as multidrug-resistant only 

after perfor1n ing mycobacterial culture and in vitro sensitivity testing. Under program,ne 

conditions, these facilities are usually not available and patients are labelled as ·'treat,nent 

failure", "re-treatment failure" and "chronic cases" as per the guidelines issued by the WI-IO. 

2015. It is likely that several of these patients ,nay be excreting multidrug-resistant organisms. 

Keeping these facts in 1nind, the terrn MOR-TB has been used in this review in the strict sense of 

the definition referring to isolates resistant to both isoniazid and rifampicin with or \Vithout 

resistance to other drugs. 
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2.2 Terminology of Drug Resistance 

Pri1nary resistance is that which has not resulted from the treatment of the patient \Vith the 

drug concerned. It includes resistance in wild strains which have never co1ne into contact \Vith 

the drug (natural resistance) and the resistance occurring as a result of exposure of the strain to 

the drug but in another patient. Initial resistance is the resistance in patients ,vho give a history of 

never having received che1notherapy in the past. It includes pri1nary resistance and resistance to 

previous treatn1ent concealed by the patient or of \Vhich the patient was unaware. The term 

"acquired resistance" has often been used ,vith the itnplication that resistance has developed due 

to exposure of the strain to anti-tuberculosis drugs and the consequent selecting out of resistant 

n1utant bacilli. 

�lowever, so1ne of the drug-resistant isolates in previously treated patients 111ay actually

represent pri1nary resistance an1ong patients \Vho ren1ain uncured. In the strict sense, the ter1n 

··acquired resistance'' can be used to refer to strains proven to have drug resistance in a reliable

laboratory ,vhich ,vere subsequently isolated fro1n a patient in who1n initial susceptibility testing 

,vas done to docun1ent the presence of a drug susceptible strain earlier. If initial drug 

susceptibility testing has not been done, the ter1n "resistance a1nong previously treated patients" 

,,·otild be a 1nore appropriate tern, than "acquired drug resistance". 

Susceptible strains are those that have not been exposed to the 1nain anti-tuberculosis 

drugs and respond to these drugs in a unifor1n 1nanner. Resistant strains differ from the sensitive 

strains in their capacity to gro\v in the presence of higher concentration of a drug. Wild strains 

are those that have never been exposed to anti-tuberculosis drugs. Naturally resistant strains are 

\\ ild strains resistant to a drug ,vithout having been in contact \Vith it. It is species specific and 

has been used as a taxono1nic marker. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.3 Epidemiology of Multi-Drug Resistant Tuberculosis 

Although studies presented fro1n global perspective proposed the potential problem of 

drug resistance, hovvever it \Vas in 1990s \Vhen 1nulti-drug resistant tuberculosis e1nerged in 

United States of America that it ca1ne to public health attention. The prevalence of resistance to 

four first-line anti-tuberculosis drugs in 35 countries has been reported (WHO, I 997). The range 

of prevalence \vas 5.3 percent for the acquired resistance in New Zealand con,pared to I 00% in 

Ivanovo Ob last which is located in Russia \vith a median of 36 percent. 

There are separate "hot spots" with high prevalence of MDR-TB scattered around the 

globe vvhich could han1per control progra1nmes. Fe\V of these countries include: Latvia, Estonia 

and t,vo Russian territories in Europe; Don1inica11 Republic and Argentina in Americas and Cote 

d'Ivoire in Africa. The ten1poral changes associated \Vith the survey of the prevalence of 

resistance vvere excluded. In addition, surveys \Vere carried out in son1e high burden countries 

such as India, China and Russia \vhich was not a reflection of their national outlook. Therefore 

WHO-IUATLD survey \Vas extended to define this proble1n further. 

Fron, 1996 and 1999, situations in 58 geographic sites \Vere appraised (WHO, 1999). The 

range of ne\vly diagnosed patients ,vas benveen l .  7 percent in Uruguay compared to 36.9 percent 

in Estonia. A significant fall in multi-drug resistance \Vas docu1nented in United States and 

France. Ho\vever, there \Vas a sharp increase in prevalence from 11. 7 percent in I 994 to 18.1 

percent in 1998 in Estonia. The con,bination of results of resistance surveys fro1n 64 countries 

and predictive resistance from 72 others inti1nated that over 273,000 newly diagnosed cases of 

\t1DR-TB \vere docu1nented globally in 2000 and these gave 3.2 percent of new cases of 

tuberculosis. 
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2.4 Prevalence of Multi-Drug Resistant Tuberculosis in developing countries 

Apparently, concerning the burden of tuberculosis, South Africa \Vas adjudged third in 

global raking, behind China and India \Vith larger populations. Therefore, the quantum of MDR­

TB and XOR-TB patients has become greater in amount as a result of ineffective managen1ent of 

tuberculosis and HIV pande1nic. A total of 9070 n1ulti-drug resistant tuberculosis cases and 594 

extra-drug resistant tuberculosis cases \Vere docu1nented in 2009 \Vhile 7386 multi-drug resistant 

tuberculosis cases and 741 extra-drug resistant tuberculosis cases in 20 IO respectively by the 

National Health Laboratory Services (Nl-lLS) in South Africa. 1-Io,vever, there has been a steady 

increase since 2006, which can be attributed to case detection strategy. 

In the nine provinces of South Africa, approxi1nately 9070 cases of MOR-TB were 

confirn1ed in 2009. With respect to the treatn1ent diagnosis, out of the 7838 cases, 5313 

co1nmenced treatn1ent. Ho\vever, the differential between nu1nber of diagnosis and treatment 

co1n1nencen1ent still need to be narro,ved. Previous esti1nates exhibited that up to 73 percent 

started treatn1ent fron1 those diagnosed \Vhile studies conducted later proposed that the conditions 

,vere being treated effectively and cured in South Africa (I-foltz et al, 2001 ). 

The 111anage1nent of treatment outcomes of MDR-TB inpatients in South Africa are not 

encouraging. A detailed account in Western Cape showed that out of 240 MDR-TB patients; 

thirty-three percent \Vere cured; thirteen percent failed \Vhile 33% died (Schaaf, Marais, 2011 ). 

Consequently, a national study conducted among 671 patients for a period of three years bet\veen 

1991 and 200 l presented a report of 67 defaulters while a1nong these defaulters, 27 had positive 

sputum culture at the time of default. These large defaulters en1phasize the i1nportance of public 

health integration (Holtz et al, 2001 ). Moreover, the co1nparison of treat1nent success to 

defaulters' rates \Vas 45 percent and 15 percent respectively in a Durban tertiary hospital (SA 

Department of Health, 2009). 

Treatment models have succeeded \Vith its application in the com1nunit)-bascd settings for 

\10R-TB 111 other countries (Lockman et al, 200 I) but the situation in South \ fr1cnn 1s 

unambiguous. f heref ore, suitable 1nodels should take into consideration, b) the health ,er\ ,c�, 

planning in the interventions for high burden of MOR 113. XDI{-1 fl, 111\' nnd 11� \\ 1th 111-111\ 

co-in fect1on rates. 
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2.4 Prevalence of Multi-Drug Resistant Tuberculosis in developing countries 

Apparently, concerning the burden of tuberculosis, South Africa \Vas adjudged third in 

global raking, behind China and India \vith larger populations. Therefore, the quantum of MDR­

TB and XOR-TB patients has become greater in amount as a result of ineffective 1nanage1nent of 

tuberculosis and HIV pandemic. A total of 9070 1nulti-drug resistant tuberculosis cases and 594 

extra-drug resistant tuberculosis cases \Vere docu1nented in 2009 while 7386 1nulti-drug resistant 

tuberculosis cases and 741 extra-drug resistant tuberculosis cases in 20 IO respectively by the 

National l-lealth Laboratory Services (NHLS) in South Africa. £-Iowever, there has been a steady 

increase since 2006, ,vhich can be attributed to case detection strategy. 

In the nine provinces of South Africa, approxi1nately 9070 cases of MOR-TB ,vere 

confirn1ed in 2009. With respect to the treatmenl diagnosis, out of the 7838 cases, 5313 

co1n1nenced treattnent. Ho,vever, the differential between nu1nber of diagnosis and treat1nent 

com1nence1nent still need to be narro,ved. Previous estimates exhibited that up to 73 percent 

started treat1nent fron1 those diagnosed ,vhile studies conducted later proposed that the conditions 

\Vere being treated effectively and cured in South Africa (Holtz et al, 200 I). 

The n1anage1nent of treatn1ent outco1nes of MOR-TB inpatients in South Africa are not 

encouraging. A detailed account in Western Cape sho,ved that out of 240 MDR-TB patients; 

thirty-three percent \Vere cured; thirteen percent failed while 33% died (Schaaf, Marais, 2011 ). 

Consequently, a national study conducted among 671 patients for a period of three years bet,veen 

1991 and 2001 presented a report of 67 defaulters while an1ong these defaulters, 27 had positive 

sputum culture at the time of default. These large defaulters e1nphasize the i1nportance of public 

health integration (Holtz et al, 200 l ). Moreover, the co1nparison of treat1nent success to 

defaulters· rates ,vas 45 percent and 15 percent respectively in a Durban tertiary hospital (SA 

Department of Health, 2009). 

·rreatment models have succeeded \Vith its application in the co1nn1unit)-based settings for... 

\1DR-fB in other countries (Lock1nan ct al, 200 I) but the situation in South \ fr1can 1s 

unambiguous. ·1 hereforc, suitable 1nodels should take into cons,dcrations b) the health scr, ,c.c� 

planning in the interventions for high burden of Mf)ll f13, Xl)ll-fl3, l llV .1nd 111 ,, 1th l ll-1 ll\' 

co-infection rates. 
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2.5 Epidemiology of Multi-Drug Resistant Tuberculosis in Nigeria 

An intensifying number of MDR-TB in Nigeria currently constitutes a major source of 

concern. Medical professionals have given a stern \-Yarning on the alarming trend that this 

condition should be addressed so as to avoid what can be described as "in11ninent and total 

collapse of the efficacy of the available first-line drugs for TB treat1nent." Nor1nally, a patient 

diagnosed for MOR-TB \-Vould be treated for a period of eighteen to twenty-four 1nonths \Vhich is 

dissi1nilar to the norn,al tuberculosis that needs six 1nonths to handle.For MOR-TB patients. a 

hospitalization for six n1onths \VOuld precede an ambulatory care for about eighteen 1nonths. "A 

Tuberculosis patient is confirn,ed to have developed MOR-TB when the patient beco1nes 

resistant to the t\VO in1portant and potent anti-tuberculosis drugs. The botto1n line of TB control is 

to detect active cases of TB and render them non-infectious with capable treatment". 

Information fron1 the national agency in charge Tuberculosis and Leprosy Control 

(NTLCP) have den1onstratcd that presently, there are over 7,000 MDR-TB docun,ented cases in 

the country. World\vide, there are over 500,000 cases of MOR-TB reported, out of which a paltry 

3 percent get adequate treat1nent. Nigeria ranks 4111 out of the 22 countries that have 75 percent of

the global burden of Tuberculosis (WHO, 2017). To address this condition effectively, the World 

Health Organisation (WHO) advocates that the affected countries 1nust detect at least 75 percent 

of active case and reach 85 percent treat1nent. In Nigeria, about 36 percent are detected and 

n1ajorit) of the ( over 60 percent) cases are missed. The import of this, according to physicians is 

that no one is immuned to Tuberculosis infection. However, a close interaction \vith a 

Tuberculosis patient over a long period can increase the probability of being infected \vith 

Tuberculosis. 
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2.5 Epidemiology of Multi-Drug Resistant Tuberculosis in Nigeria 

An intensifying number of MDR-TB in Nigeria currently constitutes a major source of 

concern. Medical professionals have given a stern \Varning on the alarming trend that this 

condition should be addressed so as to avoid what can be described as "im1ninent and total 

collapse of the efficacy of the available first-line drugs for TB treatment." Nonnally, a patient 

diagnosed for MOR-TB \vould be treated for a period of eighteen to twenty-four months which is 

dissitnilar to the normal tuberculosis that needs six 1nonths to handle.For MOR-TB patients, a 

hospitalization for six 1nonths \Votild precede an a1nbulatory care for about eighteen 1nonths. "A 

Tuberculosis patient is confir1ned to have developed MOR-TB when the patient beco1nes 

resistant to the t\VO i1nportant and potent anti-tuberculosis drugs. The bottotn line of TB control is 

to detect active cases of TB and render the1n non-infectious \Vith capable treatn1ent". 

lnfor1nation fro1n the national agency in charge Tuberculosis and Leprosy Control 

(NTLCP) have den1onstrated that presently, there are over 7,000 MDR-TB documented cases in 

the country. World\vide, there are over 500,000 cases of MOR-TB reported, out of which a paltry 

3 percent get adequate treatn1ent. Nigeria ranks 4th out of the 22 countries that have 75 percent of 

the global burden of Tuberculosis (WHO, 2017). To address this condition effectively, the World 

Health Organisation (WHO) advocates that the affected countries 1nust detect at least 75 percent 

of active case and reach 85 percent treat1nent. In Nigeria, about 36 percent are detected and 

majorit) of the ( over 60 percent) cases are missed. The in1port of this, according to physicians is 

that no one is i1nmuned to Tuberculosis infection. However, a close interaction \Vith a 

Tuberculosis patient over a long period can increase the probability of being infected \vith 

Tuberculosis. 
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2.6 Pathophysiology of Multi-Drug Resistant tuberculosis 

Multi-drug resistant tuberculosis (MDR-TB) is defined as a form of TB infection caused 

by bacteria that are resistant to treatment with at least nvo of the n,ost po\verful first-line anti-TB 

drugs, Isoniazid (INH) and Rifa1npicin (RMP). Five percent (5%) of all TB cases across the 

globe in 2013 \Vere esti1nated to be MDR-TB cases, including 3.5% of newly diagnosed TB cases 

and 20.5% of previously treated TB cases. While rates of MOR-TB infections are relatively lo"v 

in North A1nerica and Western Europe, they are an increasingly serious proble1n worldwide, in 

particular in areas of the sub-Saharan Africa, Russian Federation, the for1ner Soviet Union and 

other parts of Asia. 

MDR-TB infection n1ay be classified as either pri1nary or acquired. Priinary MDR-TB 

occurs in patients \Vho have not previously been infected ,vith TB but who beco1ne infected \Vith 

a strain that is resistant to treatn,cnt. Acquired MOR-TB occurs in patients during treatJnent with 

a drug regin1en that is not effective at killing the particular strain of TB with which they have 

been infected. Rates of pri1nary MDR-TB are lo\¥ in North America and Western Europe: in the 

US in 2000, the rate of pri1nary MDR-TB was I% of all cases of TB nationally. Most cases of 

acquired MDR-TB are due to inappropriate treatment \Vith a single anti-TB drug, usually INH. 

This can occur due to a 1nedical provider, such as a doctor or nurse, improperly prescribing 

ineffective treatment, but may also be due to the patient not taking the medication correctly, 

,vhich can be due to a variety of reasons, including expense or scarcity of medicines, patient 

forgetfulness, or patient stopping treatinent early because they feel better. 

Treatment of MDR-TB requires treat1nent with second-line drugs, usually four or 1nore 

anti-TB drugs for a minimum of 6 1nonths, and possibly extending for 18-24 months if rifan1picin 

resistance has been identified in the specific strain of TB ,vith \Vhich the patient has been 

infected. In general, second-line drugs are less effective, more toxic and 1nuch 1nore expens1, e 

than first-ltne drugs. under ideal program conditions, MDR-TB cure rates can approach 70°/o. 
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2.7 Prevention of Multi-Drug Resistant Tuberculosis 

There are various ,vays for the prevention of drug resistance tuberculosis. These include: 

• Rapid diagnosis and treatment of Tuberculosis: In most developing countries, the

adjudged greatest risk factors for drug resistant TB are due to problen1s in diagnosis and

treatinent. lf this condition is established and treated as soon as possible, drug resistance

can be averted.

• Co1npletion of treat1nent: A pointer to MDR-TB is regarded as previous treatment of

tuberculosis. Irregular drug supply, poor drug quality, inappropriate prescription by the

physician and poor adherence to treat1nent by the patient can lead to develop1nent of

resistance.

• Diagnosed MOR-TB patients ,vho have con1orbidity with HIV/AIDS should be isolated

and be given in1n1ediate proper attention because of their con1pro1nised i1n1nunity.

• Close contacts identification that 111ay be susceptible to Tuberculosis such as relatives,

acquaintances and people in close contact

• A cutting-edge research is essential for the prevention, diagnosis and therapy of

Tuberculosis and 1nulti-drug resistant.
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2.8 Predictors for the development of Multi-Drug Resistant Tuberculosis 

Certain factors have been documented to be associated with the development of MDR­

TB. In an analysis to identify determinants of drug resistant TB, population-based representative 

data on ne\v and previously treated patients with TB collected within an international drug 

resistance surveillance network were studied. or the 9,61 S patients, 85.S per cent ,vere new cases 

and 14.5 percent were previously treated cases. Compared v1ith new cases, patients who received 

treatment in the past \Vere 1nore likely to have resistance to anti-tuberculosis drugs. An 

approxin,ately linear increase vvas observed in the likelihood of having MDR-TB as the total 

ti1ne of prior anti-tuberculosis treat1nent n1easured in n1onths increased. Multivariate analysis 

revealed that prior anti-tuberculosis treat111ent but not HIV positivity, was associated with MDR­

TB. 

In a study from Saudi Arabia, previous history of anti-tuberculosis treat1nent and young 

age \Vere found to be risk factors associated ,vith the develop1nent of MDR-TB. In a study from 

Ne,v Delhi, the presence of past history of tuberculosis, poor co1npliance to treatment, low socio­

econon1ic status and body n1ass index (BMl, kg/n12) <18 kg/1112 ,vere independent contributors to 

the risk of developing MDR-TB. In most of the published studies, previous history of 

tuberculosis and past history of anti-tuberculosis treat1nent have been implicated in the causation 

of MOR-TB. 
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2.9 Management of Multi-Drug Resistant Tuberculosis Patients 

In the early reports of outbreaks of MDR-TB in HIV co-infected patients in hospitals 

and prisons, the mortality rate \,Vas very high ranging fro1n 72 to 89 percent. However, 

subsequent studies have docu,nented decreased mortality and improvement in ciinical outcome 

for HIV sero-positive patients "vith MDR-TB who were started on at least two drugs with in vitro

susceptibility against the MOR-TB isolate. Even in HIV sere-negative patients, treatment of 

NlDR-TB has been difficult and 1nay only give response rates of the order of 50 percent with a 

high mortality rate \,Vith persistent positive cultures. 

In resource-poor nations, the treat1nent of MOR-TB has been considered to be very 

expensive and available only at referral centres. In a recently published study, results of 

co1nn1unity-based out-patient treatn1ent of MOR-TB were reported fro1n Peru. While the results 

of susceptibility testing ,vere pending, the patients were treated e1npirically under direct 

observation ,vith regin1ens containing at least five drugs to which the strains were likely to be 

susceptible. The definitive regi1nens, deter1nined on the basis of the results of drug susceptibility, 

contained a 1nini1nun1 of five drugs and lasted for at least 18 months. Of the 66 patients who 

completed four or ,nore n1onths of therapy, 55 (83%) were probably cured (defined as at least 12 

1nonths of consecutive negative cultures during therapy). Five of these 66 patients (8%) died 

,, hile receiving treat1nent. Only one patient continued to have positive cultures after six months 

of treatment. Lo"v haematocrit [hazard ratio (HR) 4.09; 95% CI, 1.35 to 12.36] and a low BMI 

(kg/m2) (HR, 3.23; 95% CI, 0.90 to 11.53) \,Vere found to be the predictors of the ti1ne to 

treatment failure or death. These observations suggest that con1munity-based out-patient 

treatment of MDR-TB has the potential to yield high cure rates even in resource-poor settings. 

Sparse data are available from published literature regarding the treattnent of patients with MDR­

TB from India. In a study from Ne"v Delhi, additional adtninistration of oral ofloxacin \,Vas found 

to be effective and safe for the treat,nent of MDR-TB. 

A prospective uncontrolled study from New Delhi reported that sparfloxacin. in 

combination ,..,,th kanamycin (for the initial 3 to 4 months) and ethiona111ide treatn1ent ,, as useful 

in achieving sputum conversion, clinical and radiological i111prove111ent 111 nine patients ,, 1th 

pulmonary tuberculosis \vho had received adequate anti-tuberculosis trcatn1cnt ,, 1th tirst line 

drugs. including supervised category 11 treallnent regimen ns per \\ 110 gu1dl·hncs for t1,c 

months, and were still sputu1n smear positive. In a study fr<)lll Vclln1l\ l\111111 N,1du, co111h11l.ltlCHl 

thcrap) containing ollox,1ci11 was useful 111 11ch1cving sp11tHn1 c.011, l'r,ion in 2t, {)I ll> {" ,t• �)

patients and culture conversion occurred 1n I<, ol 2ti (Ci I ,o 11) pulll.'lll!-. ( hHiL·nl nnd t 1{h(\h\�ic.· ,l 
.. 

response wac; notc<l 111 31 (56%) .111d 13 (32 5" o) t}lll nl ,10 pntn.:nt!\ 1t·spt l lt\ t I\ 
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2.10 Prognostic Markers of Multi-Drug Resistant Tuberculosis 

Park et al reported that extra-puhnonary involve1nent ,vas a risk factor for shorter 

survival, ,vhile a cavitary lesion on initial chest film and institution of appropriate treatment \Vere 

positive predictors of survival in patients "vith MDR-TB. In a recently published study from the 

United Kingdom, overall n1edian survival tin1e was 1379 days (95% Cl: 1336 to 2515). Median 

survival ti1ne \Vas 858 days (95% CI: 530 to 2515) in i1nmune-compron1ised individuals and 

1554 (95% Cl: 1336 to 2066) days in i1n1nuno-competent persons. Median survival in patients 

treated \Vith three drugs to ,vhich the bacteriun1 was susceptible on i,1 vitro testing was 2066 days 

(95% Cl: 1336 to 2515), ,vhereas, in those not so treated survival ,vas 599 days (95% CI: 190 to 

969). Itnn1uno-compron1ised status, failure lo culture the bacleriun1 in 30 days or to apply 

appropriate treatn1enl ,vith three drugs lo ,vhich the organisn1 is susceptible, and age were 

significant factors in 1nortality. An in1muno-co1npro1nised patient \Vas nearly nine tin1es 1nore 

likely to die, \Vhile application of appropriate treatn1ent reduced the risk. Increasing age was 

associated ,vith increasing risk of death (risk ratio 2.079; 95% Cl: 1.269 to 3.402) suggesting 

that, for every IO yr increase in age the risk almost doubled 112. r n a study fro1n France, in 

patients \vith MDR-TB, HlV co-infection, treat1nent v,1ith less than two active drugs, and 

kno,vledge regarding the 111ultidrug-resistant status at the time of diagnosis \>Vere found to be 

associated \Vith a poor outco1ne. In study fro1n Turkey, older age and history of previous 

treatment ,vith a larger nun1ber of drugs were found to be associated with a poor outco1ne. 
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2.11 Guidelines for the management of patients \Vith Multi-Drug Resistant 

Tuberculosis 

When MOR-TB is suspected on the basis of history or epide1niological information, the 

patient's sputu1n must be subjected to culture and anti-tuberculosis drug sensitivity testing and 

the WHO re-treatment regin,en or the e1npirical regimens employing second-line reserve drugs 

(Tables Ill and IV) suggested by the American Thoracic Society, Centers for Disease Control and 

Prevention and the Infectious Diseases Society of America (ATS/CDC/IDSA) must be initiated 

pending sputu1n culture report. Further therapy is guided by the culture and sensitivity report. 

These guidelines clearly n1ention that a single drug should never be added to a failing regi1nen. 

Furthermore, \Vhen initiating treat1nent, at least three previously unused drugs must be e1nployed 

to \,Vhich there is i11 vitro susceptibility. 

When susceptibility testing reports are available and there is resistance to isoniazid and 

rifarnpicin (\vith or \Vithout resistance to strepto111ycin) during the initial phase, a co1nbination of 

ethiona1nide, fluoroquinolone, another bacteriostatic drug such as ethambutol, pyrazina1nide and 

aminoglycoside (kanan1ycin, an1ikacin, or capreomycin) are used for three 111onths or until 

sputum conversion. During the continuation phase, ethionan1 ide, fluoroquinolone, another 

bacteriostatic drug (etha1nbutol) should be used for at least 18 1nonths after s1near conversion. If 

there is resistance to isoniazid, rifa1npicin and ethambutol (,vith or without resistance to 

strepto1nycin) during the initial phase, a co1nbination of ethionamide, fluoroquinolone and 

another bacteriostatic drug such as cycloserine or PAS, pyrazina1nide, and aminoglycoside 

(kanamycin, an1ikacin, or capreomycin) are used for three 1nonths or unti I sputun, conversion. 

During the continuation phase, ethiona1nide, ofloxacin, another bacteriostatic drug ( cycloserine 

or PAS) should be used for at least 18 months after s1near conversion. 

The recent)} published ATS/CDC/IDSA guidelines suggest that an,ong the 

fluoroquinolones. levofloxacin is most suited for the treatment of MOR-TB given its good safet) 

profile \Vith long-term use. These observations need to be confir1ned in prospective studies ,, ith n 

large sample size 
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2.12 DOTS-Plus Strategy 

DOTS is a key ingredient in the tuberculosis control strategy. In populations where 

MOR-TB is endemic, the outco1ne of the standard short-course regi1nen remains uncertain. 

Unacceptable failure rates have been reported and resistance to additional agents may be 

induced. As a consequence, there have been calls for ,veil-functioning DOTS program1nes to 

provide additional services in areas with high rates of MDR-TB. These "DOTS-plus for MDR­

TB progran1n1es" may need to 1nodify all five elen1ents of the DOTS strategy: (i) the treattnent 

1nay need to be individualized rather than standardized; (ii) laboratory services 1nay need to 

provide facilities for on-site culture and antibiotic susceptibility testing; (iii) reliable supplies of a 

,vide range of expensive second-line agents; (iv) operational studies would be required to 

detern1ine the indications; and (v) financial and technical support fro,n international 

organizations and Western governn1ents ,vould be needed in addition to that obtained from local 

govern111ents. WHO has established a Working Group on DOTS-Plus for MDR-TB, to develop 

polic) guidelines for the n1anage1nent of MOR-TB and to develop protocols for pilot projects 

intended to assess the feasibility of MDR-TB manage1nent under programme conditions. 

The WHO has also established a unique partnership known as the Green Light Con11nittee 

(GLC) in an attempt to prornote access to and rational use of second-line anti-tuberculosis drugs 

for the treat1nent of MDR-TB. If DOTS-Plus program1nes are established, they 1nay prove 

beneficial not only for patients with MDR-TB but for all patients with tuberculosis. 
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2.13 Treatment of Multi-Drug Resistant Tuberculosis Patients 

Usually, multi-drug resistant tuberculosis can be cured with long treatrnents of second­

line drugs, but these are n1ore expensive than first-line drugs and have 1nore adverse effects. The 

treatment and prognosis of MDR-TB are much 1nore akin to those for cancer than to those for 

infection. MOR-TB has a 1no11ality rate of up to 80%, \vhich depends on a nu1nber of factors, 

including 

• I-Io,v n1any drugs the organisrn is resistant to (the fe\ver the better)

• Ho\v n1any drugs the patient is given (patients treated \.vith five or 1nore drugs do better)

• Whether an injectable drug is given or nol (it should be given for the first three 1nonths at

least)

• The expertise and experience of the physician responsible

• Ho\v co-operative the patient is ,vith treatn1ent (treatment is arduous and long, and

requires persistence and determination on the part of the patient)

• Whether the patient is HIV positive or not (HIV co-infection is associated with an

increased mortality).

The majority of patients suffering from 1nulti-drug resistant tuberculosis do not receive 

treatment, as they are found in underdeveloped countries or in poverty. Denial of treatment 

remains a difficult hu1nan rights issue, as the high cost of second-line 1nedications often 

precludes those who cannot afford therapy. 

A study of cost-effective strategies for tuberculosis control supported three 1najor 

policies. First, the treatment of s1near-positive cases in DOTS prograrns 111ust be the foundation 

of any tuberculosis control approach, and should be a basic practice for all control progran1s. 

Second. there 1s a po\verful economic case for treating sn1ear-negative and extra-puln1onar) cases 

in DO IS prograrns along \.Vlth treating smear-negative and extra-pulmona11 cases 111 DO 1 

programs as a ne\.\: WI JO "STOP TB" approach and the second global plan for tub�rculo,1s 

control. l�ast. but not least, the stud} sho\vs that s1gn1ficnnt scaling up or all inter, cnttons 1s 

needed in the next 10 years if the 1nillcnniun1 clcvclopn1cnt goal ,incl rl'h1tcd i;<.l.tls lor tUPl'rculo,1, 

control arc to be achieved If the case dctcclion r,,tc cun he in1pro\l·cl, tht\ ,, ill gu,1r,1ntl·c th,it 

people \\ho gain a�ces� to tre:itrncnt fucilitic, ,,re covc,�d ,11111 thut co,crngc is \\ldl·I) dt tr,huh:d 

to people "ho do not no\\ hn vc nccc-,� 
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In general, treatment courses are n1easured in months to years; MDR-TB may require 

surgery, and death rates remain high despite optimal treatment. Ho,,ever, good outcomes for 

patients are still possible. The treat111ent of MDR-TB 1nust be undertaken by ph}sicians 

e,perienced in the treatn,ent of MOR-TB. Mortality and 1norbidity in patients treated in non­

specialist centres are significantl} higher to those of patients treated in specialist centres. 

In addition to the obvious risks (i.e .. kno,\.n exposure to a patient ,vith MOR-TB), risk 

factors for MOR-TB include 1-IIV infection, previous incarceration, failed TB treatrnent, failure 

lo respond to standard TB trcat1nent, and relapse f ollo\.ving standard TB treat1nent. Treatlnent of 

MDR-TB n1ust be done on the basis of sensitivity testing: it is i1npossible to treat such patients 

,, ithout this information. When treating a patient ,vith suspected MDR-'l'B, pending the result of 

laborator) sensitivit) testing, the patient should be started on SJ-IREZ 

(Strepton,yc in+ison icoti 11)111 Iydrazine+Ri fa111picin+Etha1n butol+pyra.linarn ide )+moxifloxacin+ 

cycloserinc. There is evidence that previous therapy \Vith a drug for rnore than a rnonth is 

associated ,, ith din1inished efficacy of that drug regardless of in vitro tests indicating 

susceptibi lit). I le nee, a detailed J...no"' ledge of the treat1nent history of each patient is essential. 

A gene probe for 1poB is available in so1ne countries. This serves as a useful marker for 

MDR-TB. because isolated RMP resistance is rare ( except ,, hen patients have a histor) of being 

treated ,, ith rifampicin alone). If the results of a gene probe (1poB) are kno,vn to be positive, then 

it is reasonable to omit RMP and to use SJ IEZ+MXF+cycloserine. The reason for maintaining 

the patient on fKH is that NH is so potent in treating TB that it is foolish to omit it until there is 

microbiological proof that it 1s ineffective ( even though isoniazid resistance so co1nn1onl) occurs 

,,ith rifamp1c1n resistance). 

\\'hen sensitivities are kno,vn and the isolate is confirmed as resistant to both lNll and Rt\lP. ti,e 

drugs should be chosen in the follo,ving order (based on known sensitivities): 

• an am1noglycoside (e.g. a1nikacin. kanarn)'c111) or pol)pcpt1dc .int1b1ol1c. (e.g ..

caprcom}cin)

• P. r 111n unide

• ctha1nbutol

• a fluoroquinolonc (c.g, rnoxilloxacin (ciprolloxncin) shrnald nn ll,ngl·r hl' u,c I).

• r1fabut111
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• cycloserine

• a thioamide: prothiona1nide or ethionamide

• PAS

• a macrolide: e.g, clarithromycin

• linezolid

• high-dose INl-l (if low-level resistance)

• interferon-"(

• thioridazine

• A1npicillin
• 

Note: Drugs placed nearer the top of the list are 111ore effective and less toxic; drugs placed 

nearer the bottom of the list are less effective or 1nore toxic, or more difficult to obtain. 

In general, resistance to one drug ,vithin a class means resistance to all drugs within that 

class, but a notable exception is rifabutin: Rifampicin-resistance does not always mean rifabutin­

resistance, and the laboratory should be asked to test for it. It is possible to use only one drug 

,vithin each drug class. If it is difficult finding five drugs to treat then the clinician can request 

that high-level lNH-resistance be looked for. If the strain has only low-level INH-resistance 

(resistance at 0.2 1ng/l lNH, but sensitive at 1.0 mg/I INI-1), then high dose I
N

H can be used as 

part of the regimen. V/hen counting drugs, PZA and interferon count as zero; that is to say, ,vhen 

adding PZA to a four-drug regimen, another drug must be chosen to make five. It is not possible 

to use more than one injectable (STM, capreon1ycin or a1nikacin), because the toxic effect of 

these drugs is additive: If possible, the aminoglycoside should be given daily for a minin1u1n of 

three months (and perhaps thrice \.Veekly thereafter). Ciprofloxacin should not be used in the 

treatment of tuberculosis if other fluoroquinolones are available. 

·rhere is no intermittent regimen validated for use in MDR-TB, but clinical C\.per1encc is

that giving injectable drugs for five days a week (because there 1s no-one a\.atlablc to g1,e the 

drug at ,vcckcnds) docs not seem to result 1n 1nfer1or results. Dircctl) Obscr,ed l'hcrnp, helps to 

impro,c outcorncs in Mf)R- f f3 and should be cons1dcrcd an 1ntcgrol part or thl.· trl.·at111ent 0t 

\11)1{-113 J{c�ponsc to trcat,ncnt 111u!tl he obtained by repented sputun1 culturc1; (111c)nthl� if 

po5s1blc) I rcauncnL lor Ml )I{ If! 11111!-il he given 101 11 1nin11n11111 ol 18 111(,nths und L.1nnt)t h1..· 

!>lopped until the patient ha!i hccn c11l111rc-ncga1ivc lt11 11 1n111i1n11n1 (\I nilll' n1c,nths It ,, n�,t 

unusual for patients \Y1lh .-11)1' I fl tcJ be on 11c1111ncn1 lor l\\o )t:111� or 11101l', 
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Patients \Vith MDR-TB should be isolated in negative-pressure roo1ns, if possible. 

Patients \'. ith MDR-TB should not be acco1nmodated on the same \Vard as i1n1nunosuppressed 

patients (HIV-infected patients, or patients on i1nmunosuppressive drugs). Careful monitoring of 

compliance \Vith treatment is crucial to the managen1ent of MDR-TB (and so1ne physicians insist 

on hospitalization if only for this reason). Saine physicians will insist that these patients re1nain 

isolated until tl1eir sputun1 is smear-negative or even culture-negative (which n1ay take many 

1nonths, or even years). Keeping these patients in hospital for \Veeks ( or 1nonths) on end 1nay be a 

practical or physical impossibility, and the final decision depends on the clinical judgn1ent of the 

physician treating that patient. The attending physician should 111ake ful I use of therapeutic drug 

1nonitoring (in particular, of the an1inoglycosides) both to 1nonitor co1npl iance and to avoid toxic 

effects. Saine supp lenients n1ay be useful as adjuncts in the treat1nent of tuberculosis, but, for the 

purposes of counting drugs for MOR-TB, they count as zero (if four drugs are already in the 

regi1nen, it 1nay be beneficial to add arginine or vita1nin D or both, but another drug will be 

needed to 1nake five). 
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2.14 Ne,v Drugs in the Management of Drug Resistant Tuberculosis 

BEDAQUILINE (SffiTURO®) 

This 1s the first drug in a novel class approved for the therapy of TB since rifan1pin \\8S

approved in 1971.Bedaquiline is indicated as part of combination therap) in the treatn1ent of 

adults (� I 8 years) \\ ith puhnonary Multi-Drug Resistant Tuberculosis. Che1nical Class: Diaryl­

quinolone. It belongs to World Health Organilation Group 5 drugs. 

PIIAR1"1ACOLOGY 

This Bedaquiline drug has a Half-life of 5.5 1nonths. I Iepatically metabolized; the 1najor 

enzyn,e involved is CYP3A4. It can prolong the QT interval (26.6% vs 8.6% >450ms). 

Moreover, it can cause hepatoto:\icit} and increased risk of death in the Bdq arm of the clinical 

trial (9/79 vs. 2/81 ). 

1VIECHANIS1"1 OF f\CTIO 

Bedaquiline is the first anti-tuberculosis drug to interfere \vith bacterial energy 

metabolism. Bedaquiline kills both torpid and actively replicating mycobacteria by interfering 

\Vith energy production and disrupting intracellular metabolisn1.Bedaquiline specifically 

suppresses JTI)'Cobacterial ATP (adenosine 5-triphosphate) synthase, by binding to subunit c of 

the enzyme that is essential for the generation of energ)' in Mycobacteriun1 tuberculosis. 

BEDAQUILINE monotherapy (efficacy) 

Bedaquiline M!Cs \Vere superior to both rifampin and isoniazid \\hen tested against a 

number of drug susceptible MTB strains: (Andriese/ ct{). Bedaquiline monotherap} \\as also 

superior to all present!} available first-line drugs in a rnurine 1nodel of puhnonary TB \Vith a high 

initial bacillan load (lbrah11n et ct/, 2007). In a 1nurine n1odel, use of Bedaquilinefor 4 months
• 

\,as as effecti,e as standard 6-month first-line therapy (lbrahi1n et c1/, 2009). Thernp) \\ ith 

Bedaquiline for 2 months ,vas more effective than the combination of 1soniazid. r1fan1pin l\. 

pJ r izin 1midc in mice infected ,vith a drug susccpllble fB strain. 11371{, (lJounise, al. 2006). 
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2.15 

• 

Operational Definition of Variables 

Loss to follo,v-up 

Lost to follo\v-up refers to patients \Vho at one point in ti111e \Vere active!} honouring their 

appoint111ents at the NlDR-TB clinic but ,vho are censored (either being inco1n1nunicado or b) 

being unreachable) at the point of data collection of the research study. These patients could not 

be accounted for rnany reasons i.e. \Vithout proper I) in forming the I lealtJ1 Care Worker in the 

MOR-TB clinic about the situation of their treat111ent regin1en they ,nay have opted to v,ithdra\v 

or discontinue treatrnent, rnoved a,vay fro1n the particular study site during their treatment period 

or become ill and unable to comrnunicate or are deceased. 

• Adherence

A patient \\ as regarded as being adhered if he/she takes the drugs for at least 40 days out of the 

60 days (i.e. t,,·o 111onths period). If the total nurnber of days a patient takes the drugs is >= 40 

{Patients that had >0.5 of the fraction ,vere regarded as having adhered to treatment} days which 

excludes Saturdays and Sunda)s for n, o months, it ,vas regarded as "Yes•· (Adhered) and ''No" 

(Not Adhered). 

• Culture Conversion

Culture con, ersion is a diagnostic criterion indicating the point at \Vhich san1ples taken frorn a 

patient infected '" ith tuberculosis can no longer produce tuberculosis cell cultures. Culture 

con, ers,on is a positi\'e prognostic 1narh.er indicating that a patient is cured of, or is reco\ering 

frorn tuberculosis 

• Sputum Con, ersion Rate

Sputum conversion rate is the rate at \\hich all smear positive patients becon,e negati, e. In this 

context. the conversion rate rs defined as the number of negative results divided b) the nun1bcr 

of smear-positive patients for ,vhom the 2 months follo\v-up exam1nat1on ,, as cornplctcd 

flate = { o of negative results/No of smear-positive patients) x I 00% UNIV
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2.15.1 Operationlization of Tern1s 

• Cured

This is defined as consistent completion of treat1nent on negative culture for at least five

negative results in the last t\velve to fifteen months. 

• Treat1nent completed

This is defined as co1npletion of treat1nent in agree1nent ,vith laid do,vn procedures 

,vithout adherence to specification for therapy failure due to lack of laborator) results. 

• Died

This is defined as fatal experience for any reason during the course of MOR-TB

treatn1ent. 

• Treatrnent failure

This is defined as failure of at least t,vo of the five cultures documented during the period

of 12- I 5 months of treatments of positive cultures. 

• Lost to folio,, up

This refers to patients ,vho at one point in ti1ne ,,ere acti ve!}' participating in the stud}'.

but ha ve become lost (either by error in a computer tracking system or b} being 

unreachable) at the point o f  follo,,-up in the study. 

• Transferred out

'fhis is defined as transferring of patient to another documenting unit ,,hich in, ol,es

recording and reporting act1\. ities of an unknov.n treatn,cnt outcon1e. 

• 'fimc to sputum conversion

'Jnis is det,ned as the time fro1n the date of co1n1nencen1cnt of f\lDR-l 13 trcatn1cnt to the

date of spcci,ncn collection for the first of t,-.o-consccutiv<: negn11, L' 1",llle,11 and culturt· 

taken 30 day� apart. 
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2.16 Cox Regression 

The Cox (proportional hazards) n1odel (Cox, 1972) is the most commonly used 

1nultivariate approach for analyzing survival time data in 1nedical research. It is a survival 

analysis regression n1odel, ,vhich describes the relation between the event incidence, as 

expressed by the hazard function and a set of covariates. Briefly, the hazard is the instantaneous 

event probability at a given ti1ne, or the probability that an individual under observation 

experiences the event in a period centered on that point in ti1ne. 

Mathe1natically, the Cox n1odel is \-vritten as 

h(t) = ho(t) x exp(b 1X 1 + b2X2 + ........ + bpXp), ............................................. Equation 2.1 

,vhere the hazard function h(t) is dependent on (or detennined by) a set of p covariates (x1, 

x2, ... xp), ,vhose i1npact is 1neasured by the size of the respective coefficients (b1, b2, ... bp). The 

tenn ho is called the base I ine hazard, and is the value of the hazard if all the X, are equal to zero 

(the quantity exp(O) equals l ). The 't' in h(t) re1ninds us that the hazard 1nay (and probably will) 

vary over time. An appealing feature of the Cox 1nodel is that the baseline hazard function is 

esti1nated non-parametrically, and so unlike most other statistical models, the survival times are 

not assumed to follo,v a particular statistical distribution. 

The Cox model is essentially a multiple linear regression of the logarithm of the hazard on 

the variables X,, \-Vith the baseline hazard being an 'intercept' ter1n that varies with ti1ne. The 

covariates then act multiplicatively on the hazard at any point in tin,e, and this provides us ,vith 

the ke, assumption of the PH model: the hazard of the event in any group is a constant n1ultiple 

of the hazard in any other. This assumption i1nplies that the hazard curves for the groups should 

be proportional and not cross. 

Proportionally implies that the quantities exp (b,) are called hazard ratios. A \-alue of b, 

greater than zero. or equivalently a hazard ratio greater than one, indicates that as the \-alue of the 

ith covariate increases. the event hat:ard increases and thus the length of survivnl decreases t>ut 

another ,va,. a ha1.ard ratio above I 1nd1cates a covariate that is positi\-cl, d�soci.\tcd ,, 1th thl'

event probability, and thus negatively associated \.Vith the length or sur, 1vnl 1 his propr11ti<.1nnltt,

assumption is often appropriate for survival I 1111<: data but it is 11nporla11t tt, vcrtl°) that it hl,lds. 
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2.16.1 Assumptions of Cox (Proportional Hazard) Model 

First and foremost is the issue of non-infor1native censoring. To satisfy this assun1ption, 

the design of the underlying study must ensure that the mechanism giving rise to censoring of 

individual subjects are not related to the probability of an event occurring. In a regression type 

situation, this 1neans that the survival curves for t"\VO strata must have hazard functions that are 

proportional over ti1ne (i.e. constant relative hazard). 

Since the Cox proportional hazards 1nodel relies on the hazards to be proportional, i.e. that 

the effect of a given covariate does not change over ti1ne, it is very i1nportant to verify that the 

covariates satisfy the assu1nption of proportionality. If this assu1nption is violated, the si1nple 

Cox 1nodel is invalid, and n1ore sophisticated analyses are required. If this interest centres upon a 

binary covariate, Z1 , ,vhose relative risk changes over tin1e, one approach is to introduce a time­

dependent covariate as follo,vs. Let 

Z2(t) = Z1 x g(t) = g(t) if the covariate Z1 takes on the value I 

== 0 if the covariate Z1 takes on the value 0, 

,vhere g(t) is a known function of tilne. One difficulty vvith this approach is that the function g(t) 

is usually unknown. In such cases, it may be preferable to use a procedure that would allovv the 

function g(t) to be estimated from the data. One approach to this proble1n is to fit a 1nodel ,vith an 

indicator function for g(t). 

HO\vever. Cure models can be a useful alternative to the standard Cox proportional 

hazards n1odels for data "' ith surviva I trends for quite a number reason (Cox. I 972). First. the 

assumption of proportional hazards can fail ,vhcn survival curves have plateaus at their tails. 

Second 1,. sur, i\-al plots ,vith long plateaus may indicate heterogeneity ,vithin a patient 

population that can be useful to describe e\.plicitl). Cure n1odcls allo,, to us in, estigatc ,, hat 

co, ariates are associated vlith long-ten11 effects. For exa111ple. Cure 111odels can allo,, e\aluating 

v .. hether a ne,\ therap) is associated \Vilh an increase or decrease in the probabilit) of being a 

long-term sur'iivor or an improvement or detri111ent in survival for those \\ho arc not long-tcr111 

'>urvivors. \\ hile Cure models have hcen a popular con1poncnl of stati<;ticnl literature for thl' p,1�1 

20 )Car!>. the) have nol hcen extensively i1nplc111cntccl 111 I pidc111 1olog� nnd Puhhr l ll-.1hh 

l�cncc. there 1., need to device Hn<)thcr app1oat:h 111 order In dctcr1ninc. prcd1<.'t nnd 1.',t,1hlish lhl·

tllllc 10 spuium convcr�1l1n a111011g 11111111-drug rc!.1!".tn111 t11hc11... 11lo�1s �n11dit 1{111 in 1nd1, 1du ii!- ,11 ,1n 

cflccu,c and cllic11.:111 "a) 
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2.17 Cure Models 

A cure is the end of a 1nedical condition; the substance or procedure that ends the 

n1edical condition, such as a medication, a surgical operation, a change in lifestyle, or even a 

philosophical 1nindset that helps end a person's sufferings. It 1nay also refer to the state of being 

healed, or cured. A re1nission is a te1nporary end to the medical signs and syn1pto1ns of an 

incurable disease. A disease is said to be incurable if there is al,vays a chance of the patient 

relapsing. no 111atter how long the patient has been in ren1ission. 

The proportion of people "vith a disease that are cured by a given treat1nent, called the 

cure fraction or cure rate, is detern1ined by co1nparing disease-free survival of treated people 

against a matched control group that never had the disease. Another way of deter1nining the cure 

fraction and/or "cure ti1ne" is by n1easuring vvhen the hazard rate in a diseased group of 

individuals' returns to the hazard rate 1neasured in the general population. Inherent in the idea of 

a cure is the per1nanent end to the specific instance of the disease. When a person has the 

con1111on cold, and then recovers from it, the person is said to be cured, even though the person 

might son1eday catch another cold. Conversely, a person that has successfully managed a disease, 

such as diabetes mellitus, so that it produces no undesirable sy1npto111s for the 1no1nent, but 

,,. ithout actually pern1anently ending it, is not cured. 

In co1nplex diseases, such as cancer, researchers rely on statistical co1nparisons of disease­

free survival (DFS) of patients against matched, healthy control groups. This logically rigorous 

approach essentially equates indefinite remission with cure. The con1parison is usually 1nade 

through the Kaplan-Meier estimator approach. The simplest cure rate model was developed b) 

Berk.son and Gage in 1952. In this model, the survival at any given tin1e is equal to those that are 

cured plus those that are not cured, but vvho have not yet died or, in the case of diseases that 

feature as}mptomatic remissions, have not yet re-developed signs and sy1npton1s of the disease 

\\'hen all of the non-cured people have died or experienced relapse of the disease, onl) the 

permanent!} cured me1nbers of the population ,viii re1nain, and the ors cur,e ,, ill be pcrfcc.tl) 

flat. 'J he earliest point in time that the curve goes nat is the point at ,vh1ch Llll rcn1a1n1ng d1 c,1st·

free sur, ivors arc declared to be pcr1na11cntly cured. If the cur, c nc, er goes llnt. then the <.hst·,,s\.'

is lormall} considered incur:1hlc (\vith the existing trcat1ncnts) 
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Therefore, Berkson and Gage equation is \vritten as: S(t) = p + [(1 -p) S*(t)] ...... Equation 2.2

In addtion, Maller & Zhou (l 996) gave an extensive discussion of classic methods of inference 

for the 1nixture cure rate 1nodel. The t,vo available types of cure models are 1nixture and non­

n1iAture 1nodels. For 1nixture cure models, it concerns 1nodelling the survival hvo group of 

patients: cured and uncured individuals. Siinilarly, logistic regression is used to model the 

probability of curing a patient \Vhile survival 1nodel is used for uncured individuals. Jt is 

note,vorthy that this can be achieved ,vith both Weibull and the Cox 1nodels. Mixture cure 1nodel 

is based on the assumption of t,vo different populations which is contrary to a single population 

of Cox 1nodel. In a typical logistic Weibull n1odel, it propounds the interpretation of Odds ratios 

and Hazard Ratios. Odds Ratio is the probability for cured patient while Hazard Ratio is the 

survival of uncured individuals. 

Non-1nixture cure n1odels assun1e a different procedure to modelling survival. The Non-mixture 

survival equation can be ,vritten as: 

S(t) = p1-S,(t) ..................................................................................... Equation 2.3

The probability of being cured and in Sx(t)can be incorporated in the non-mixture 1nodel. 

Where S(t) is the proportion of people surviving at any given point in time, p is the proportion 

that are permanently cured, and S*(t) is an exponential curve that represents the survival of the 

non-cured people. In addition, Maller & Zhou ( l 996) gave an extensive discussion of classic 

methods of inference for the mixture cure rate model. 

Cure rate curves can be determined through an analysis of the data. The analysis allO\\ s the 

statistician to determine the proportion of people that are pern1anently cured b) a gi, en 

treatment. and also hov.· long aner treatment it is necessal) to \vait before declaring an 

as� mptomatic individual to be cured. Several cure rate 1nodels e"ist, such as the £y1,ect,111o11-

f,.faxin,,z,,1ron ,1/gortt/1111 and 'v!,rrkov ('/1,1111 lvfonte Cc11lo Model It ts possible lo use cure r,1le 

models to compare the efficacy of d1flcrcnt lreatn1cnts C,cncrnlly, thl.· sur, 1,·nl cur, l.'S ,lrl.· 

adjusted for the cftccts of nor111al aging on n1or1:ility, cspcl.1itll) ,, hen discusl.'S l)f l'ld1.·r p1.·c,plt· 

arc being studied. 
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From the perspective of the patient, particularly one that has received a new treatment, the 

statistical model may be frustrating. It n1ay take 1nany years to accumulate sufficient information 

to determine the point at \.vhich the DFS curve flattens (and therefore no 1nore relapses are 

expected). So1ne diseases may be discovered to be technically incurable, but also to require 

treatment so infrequently as to be not n1aterially different fro1n a cure. Other diseases may prove 

to have a multiple plateaus, so that \.vhat ,vas once hailed as a "cure" results unexpectedly in very 

late relapses. Consequently, patients, parents and psychologists developed the notion of 

psychological cure, or the mon1ent at ,,vhich the patient decides that the treatrnent was sufficiently 

likely to be a cure as to be called a cure. For exarnplc, a patient n1ay declare hi1nself to be 

"cured", and to detern1ine to live his life as if the cure 1,,vere definitely confirmed, iin1nediately 

after treat1nent. 

There are t,vo n,ajor classes of cure models, n1ixture and non-rnixture 1nodels. Mixture 

cure 1nodels, as the nan1e suggests, explicitly n1odel survival as a 1nixture of two types of 

patients: those \.Vho are cured and those who are not cured. Typically, the probability a patient is 

cured is modelled ,vith logistic regression. The second con1ponent of the model is a survival 

model for patients \.Vho are not cured. There are many options for this, but two co1nmon models 

are the Wei bu II and the Co>.. models. In ,vords, a 1nixture cure n1odel can be written as follo\.vs: 

Probabilit) alt,e at ti111e t == probability cured+ probabilit) not cured.\· probability alive at ti111e t

j f not cured ...... ................................................................................. Equation 2.4 

Standard survival 1nodels, such as the Cox model, do not assume 2 different populations 

as the mixture cure model does. Many variations of mixture cure models have been proposed in 

the statistical literature. A nice feature of the logistic Weibull 1nodel (and son1e other 1nixture 

models) is that a ,vide range of researchers understand how to interpret ORs and HRs. The results 

of the model provide ORs for the probability of being cured and 1-lRs for the survival for patients 

\\ho are not cured. A benefit of the mixture cure model is that it allo,,s co,ar1ates to ha,c 

different influence on cured patients and on patients ,vho are not cured. ror c,an1plc. a ther,tp) 

ma) increase the proportion of patients \Vho arc cured (cv1dcnccd b) n s1gn1lilanl 01{) but not 

affect sur\ ,,al for patients \vho arc not cured (cv1dcncccl h) a non s1gn1licnnt I Ill) \ 1111\.tllr\.· 

cure model allov,s us to tease out th,1l relationship. 
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Non mixture cure models take a different approach to modelling survival. Many non­

mixture cure models can be thought of as Cox proportional hazards models that allow for a cure

fraction. Non mixture survival models can be \Vritten as follows: 

Probability alive time I = probability cured1 -S,(t) ............................................. Equation 2.5

,vhere 1-Sx(/) is an exponent of the probability of being cured and Sx(t) is a survival function. 

Equation 2.5 has a very different for1n than the 1nixture cure n1odel in equation 2.4. Non mixture 

cure models 1nay fit so1ne data better than mixture cure 1nodels and vice versa. 

For the non-1nixture model, covariates can be incorporated both in the model for the 

probability of being cured and in Sx(t). The interpretation of covariates is different with the non­

n1ixture cure 1nodel than ,vith the n1ixture n1odel. Covariates included in Sx(/) characterize a 

"short-tern," effect, but the covariates do not describe the survival for those who are not cured 

because the non-1nixture n1odel does not directly 1nodel a 1nixture population. 
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2.17.1 Mixture Cure Model 

As previously stated, the motivation behind mixture cure 1nodeling is the desire to 

predict time to sputum conversion in which there are cured proportions of individuals and the 

resulting consequence that those individuals will never experience conversion to sputum negative 

of multi-drug resistant tuberculosis. This has led to the exploration into cure rate esti1nation and 

develop1nent of the first 1nixture cure 1nodels by Boag, Berkson, Gage, and Hay Bittle (1965). 

Frain these developed models, various studies have proposed and assessed para1netric and se1ni­

para1netric 1nixture cure n1odels such as Default time fro111 tuberculosis treatn1ent in the Southern 

Republic of Benin Using Mixture Cure Model for Survival Analysis (Tchibozo Anicet Sylvere et 

al, 2015). This cohort assessed the cured fraction, the conditional probability of default (CPD) 

from treatn1ent course and identified the risk factors predicting its tin1ing. With Cox proportional 

hazards (PH), predictors of default tin1e \,Vere f-lIV/AIDS, TB history and Age. Hovvever, ,vith 

logistic Cox n1ixture cure 1nodel, HIV/AIDS and Age significantly increased the probability of 

default, ,vhereas TB history significantly reduced default probability fro1n previous TB infection. 

Moreover, the study provides the first evidence that 1---IIV/AJDS, TB history and Age were 

the major predictive factors of default ti1ne fro1n anti-TB treat1nent in Benin Republic. Therefore, 

additional efforts to improve the co1npliance of patients ,vith anti-TB treatment through a better 

management of the co-infection with 1-IIV / AIDS in accordance with patient's specific age group 

1na) be an important feature of a prospective TB control strategy in the future. 

Besides, another study has recently used mathematical 1nodels to predict the future burden 

of multi-drug resistant tuberculosis. These models suggest the threat of 1nulti-drug resistant to TB 

control ,viii depend on the relative 'fitness' of MOR strains and i1nply that if the average fitness 

of MDR strains is considerably less than that of drug-sensitive strains, the e1nergence of 

resistance \viii not jeopardize the success of tuberculosis control efforts. These results i1nply that 

current epidemiological measures and short-term trends in the burden of MOR-TB do not 

pro, ide evidence that MDR-TB strains can be contained in the absence of specific efforts to litnit 

transm1ss1on from those \Vith MOR disease (Cohen and Murray, 2004). 
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Several authors such as Persson (2002) and David et al (2013) have studied the parametric 

approach to mixture cure 1nodels. Ho.,,vever, se1ni-parainetric models are often of greater interest 

than parametric models since the parametric assumption can be hard to meet. When this situation 

arises, violations of the assu1nptions of the analysis i1npact the ability to trust the results and 

validly draw inferences about the results. If this assu1nption is violated, the sin1ple Cox 1nodel is 

invalid, and 1nore sophisticated analyses are required to achieve the set objectives. 

Therefore, n1any studies more recently such as Tchibozo Anicet Sylvere et al, (20 I 5) and 

Cohen et al (2004) have explored 111odeling and estimation with se1ni-parametric 1nixture cure 

models. To start, \Ve give the expression for the n1ixture cure 1nodel. Let T denote the failure ti1ne 

for the event of interest and let Y be the indicator of an individual's susceptibility to the event of 

interest (Y=l for susceptible, ,vhile Y=O for not susceptible). Also, define I- 1t (z) as the 

probability of being cured given the vector of covariates z. S ( tlY = I, x) gives the survival 

probability for susceptible, uncured patients at ti1ne t, given a certain covariate vector x. 

Covariate vectors x and z n1ay affect the survival and the cure function, respectively. The 

expression for the n1ixture cure 111odel is as fo!lo,vs: 

Spop(tlx, z) = 1t (z) S(tlY = 1, x )  + 1 -n (z) .................................... Equation 2.6 

,vhere Spop( ti x, z) is the unconditional survival function of T for the entire population. Here, 

S(t]Y = I, x) is defined as the latency and n( z) is defined as the incidence. The 1nodeling strategy 

for the mixture cure model involves separately modeling the cure proportion and the survival 

distribution of the uncured patients. 
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2.18 Log-normal Distribution 

In statistics, a log-normal distribution can be described to be normally distributed when 
a random variable fits a continuous probability distribution. Therefore, if the random variable 

_;\is log-normally distributed, then r
r 

= ln(X) has a normal distribution. Like,vise, if 1.,.has a

normal distribution, then X = e:>..1)(Y) has a log-nor1nal distribution. A Iog-nom1al 

distribution data takes an only positive real value "vhich "vas developed by Francis Gallon (bald, 
1998). The procedure of co1nbination of a variety of independent random variables "vith positive 
values is associated ,vith log-norn1al distribution. This distribution process can function 
efficiently ,vith mean and standard deviation of the variable's natural logarith1n. Therefore, given 
a log-nor1nally distributed randon, variable ... Yand t"vo para1neters µand a-that are, respectively, 
the 1nean and standard deviation of the variable's natural logarithn1, then the logarithn1 of X-is 
normally distributed, and \,Ve can "vrite �Yas 

X = f'µ+q z ,vith a standard norn1al variable. 

Probability Density Function 

A rando1n positive variable xis log-normally distributed if the logarith1n of 1;is normally 
distributed, 

' 
X > 0. 

.............. Equation 2.7 

A chanoe of variables must conserve differential probability. In particular,
0 

,, here 

dlnx dx 
JV(li1x)dlnx = N(lnx)-dx = N(lnx)- = lnJI\J(x)dx, 

d:r .r. ......... Equation 2.8 

, J' > 0 

........ [quntion 2 C) 

is the log-norrnal probability density function. UNIV
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Cumulative Distribution Function 

The cumulative distribution function is 

1 ( ln T - µ) _ ,r, ( lJ'l T - µ) 
= -erfc -�='- - 'Y 

2 a./2 u 

• • •
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  Equation 2.10 

Where erfc is the co1nple111entary error function, and CD is the ct11nulative distribution function of 

the standard normal distribution . 

•

• 
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2.19 Weibull Distribution 

In probabilit)' theory and statistics, the Weibull Distribution is a continuous probabilit) 

distribution. lt is named after Swedish mathe1natician Waloddi Weibull, ,.vho described it in 
detail in 1951, although it ,vas first identified by Frechet ( 1927) and first applied by Rosin & 
Rammler (1933) to describe a particle size distribution. 

The probability density function of a Weibull random variable is: 

f (x;J\, k) =
� ( f) k-1 e-(x/ ,\)k

0 

X 2:: 0, 

x<O '· ........................... Equation 2.11 

Where k> 0 is the s/1ape para111eter and l > 0 is the scale JJC1ra111eter of the distribution. Its 
con1plen1entary cu,nulative distribution function is a stretched exponential function. The Weibull 
distribution is related to a nu1nber of other probability distributions; in particular, it interpolates 

bet,veen the exponential distribution (k = 1) and the Rayleigh distribution (k = 2 & A = V2v). 

If the quantity X is a "ti1ne-to-failure", the Weibull distribution gives a distribution for which the 
failure rate is proportional to a power of time. The shape parameter, k, is that po,ver plus one, and 
so this paratneter can be interpreted directly as follows: 

• 

• 

• 

• 

A value of k< 1 indicates that the failure rate decreases over time. This happens if there is 
significant "infant mortality", or defective ite1ns failing early and the failure rate 

decreasing over time as the defective ite1ns are ,,veeded out of the population. 
A ,alue of k = l indicates that the failure rate is constant over time. This n1ight suggest 

random external events are causing mortality, or failure. 
A value of k> J indicates that the failure rate increases with time. This happens if there is 

an "aging" process, or parts that are more likely to fail as ti1ne goes on. 

In the field of materials science. the shape para1neter k of a distribution of strengths is "-no,, n as 

the \\'cibull modulus. UNIV
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Density Function 

The form of the density function of the Weibull distribution changes drastically ,vith the 

value of k. For O <k< l ,  the densit) function tends to rJJ as x approaches zero from above and is 

strictly decreasing. For k = I, the density function tends to J /). as x approaches zero from above

and is strictly decreasing. For k> I, the density function tends to zero as :c approaches zero fron1

above, increases until its 1node and decreases after it. It is interesting to note tJ1at the density

function has infinite negative slope at x = O if O <k< 1, in finite positive slope at x = 0 if 1 <k< 2 

and null slope at x = 0 if k> 2. Fork= 2 the density has a finite positive slope at x = 0. As k goes 

to infinity, the Weibull distribution converges to a Dirac delta distribution centred at ,t = ,�. 

Moreover, the ske,vness and coefficient of variation depend only on the shape parameter. 

Distribution Functio11 

The cu1nulative distribution function for the Weibull distribution is 

( ) 
-(:i:/ >.)k F .1·· k .,\ = 1 - e 

' ' ................... .................................. . 

For x > 0, and F(x; k; ).) = 0 for .-r< 0. 

Equation 2.12 

The quantile (inverse cumulative distribution) function for the Weibull distribution is 

1/k 
Q(p;,�, .,\) = .,\(-ln(l-p)) ........................ ..................... Equation 2.13 

for O � p < I 

The failure rate/1 ( or hazard function) is given by 

/;, 
h(x: � . .,\) = 

A

X l.:-1

................................... 
. ................................................ Equation 2.14 
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2.20 Log-Logistic Distribution 

The log-logistic distribution is the probability distribution of a random variable ,vhose

logarithm has a logistic distribution. It is sunilar in shape to the log-normal distribution but has

heavier tails. 

The cumulative distribution function is 

F (x; a, P) = I I (I + (x/a)·O 

- (x/a)O I (1 + (x/a)O

= xP / (aP + xP) .................................................................... Equation 2.15

,vhere x > 0, a> 0, p > 0 

The probability density function is 

/(x; a, P) = (Pia) (x/a)P·' / ( J + (x/a)P)2 . ..................................................... Equation 2. 16 
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2.21 Log-rank Test 

In statistics, the log-rank test is a hypothesis test to compare the survival distributions of 

t\vo samples. It is a non-parametric test and appropriate to use \vhen the data are right skewed 

and censored (technically, the censoring 1nust be non-infonnative). It is widely used in clinical 

trials to establish the efficacy of a ne\v treat1nent in cotnparison with a control treat1nent when 

the n1easurement is the time to event (such as the time fro111 initial treat111ent to a heart attack). 

The test is so1neti1nes called the Mantel-Cox test, nan1ed after Nathan Mantel and David Cox. 

The log-rank test can also be vie\ved as a titne-slratified Cochran Mantel-Haenszel test. 'fhe test 

,vas first proposed by Nathan Mantel and \Vas 11a111ed the log-rank test by Richard and Julian 

Peto. The log-rank test statistic cotnpares esti1nates of the hazard functions of the two groups at 

each observed event tin1e. lt is constructed by co1nputing the observed and expected nu1nber of 

events in one of the groups at each observed event time and then adding these to obtain an 

overall summary across all-tin1e points \Vhere there is an event. 

Let}= I, . . .  ,J be the distinct tin1es of observed events in either group. For each ti1ne J, let N11

and JV2j be the nun1ber of subjects "at risk" (have not yet had an event or been censored) at the 
•

start of period J in the two groups ( often treat1nent vs. control), respectively. Let 

J\'.1 = J\'11 + fv'!.1. Let U11 and U2j be the observed nu1nber of events in the groups 

respective!) at ti1ne J. and define OJ = 01j + 021. 

Given that OJ events happened across both groups at tin1e J, under the null hypothesis ( of the

l\"o groups having identical survival and hazard functions) Ot1has the hyper geo1netric

distribution ,-.ith parameters 1'i1, iV11, and OJ. This distribution has expected value

0, v 
,. _ o,(1v1.,;�v1)(1- N11f1\T

J
)�NJ -01 1

E11 = �· .. lJ J - V - 1 E 
. 1 17 

� J and variance . 7 .............. -quatton -· 

The log-rank statistic compares each 017 to its expectation E11 under the null hypothesis and 1s

defined as UNIV
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..................................................... ... Eqt1ation 2.18

2.21.1 Asymptotic Distribution 

If the n.vo groups have the sa1ne survival function, the log-rank statistic is approxi1nately 
standard nor1nal. A one-sided level 0: test \viii reject the null hypothesis if 7, > la where Za is 

the upper {Y qua11ile of the standard nor1nal distribution. If the hazard ratio is>., there are r,. total 
subjects, 1-/ is the probability a subject in either group \Viii eventually have an event (so that n.rl 
is the expected nu1nber of events at the ti111e of the analysis), and the proportion of subjects 
rando1nized to each group is 50%, then the log-rank statistic is approxi1nately nor1nal with 1nean 

rid 
(log,\) 

4 and variance l For a one-sided level Cr' test v,ith po\ver 1 - /3, the sample size 

4(z0 +zs) 2

71 = ') 

required is d log- A .............................................................. Equation 2.19 
,vhere Zn and ZJ are the quartiles of the standard nor1nal distribution. 

Joint Distribution 

Suppose Z1 and Z2 are the log-rank statistics at t\VO different ti1ne points in the sa1ne study 
(Zl earlier). Again, assume the hazard functions in the two groups are proportional \Vith hazard 
ratio ). and d1 and d? are the probabilities that a subject will have an event at the t"\vo tin1e points 

log,.\ 
,, here d1 � d2 Z1 and Z2 are approximately bivariate normal \Vith means 

nd1 

4 and 

log ,.\ 
7l d2 

4 and correlation 

01 
-' 
a2 ............................................ fquat1on 2 20 

I o o o I o I O • o 
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2.22 Likelihood and Akaike Information Criterion 

Many statistical models in 1nedical research are estimated using a technique

called rnaxin1z1111 likelil1ood. This technique atteinpts to estimate the parameters of a 1nodel, \Vhich

we denote generically by P, by 1naxi1nizing the likelihood function. The likelihood function,

denoted L(P), is the product of the probability density functions ( or probability 1nass functions

for discrete distributions) evaluated at the observed data values. Given the observed data,

1naxin1um likelihood estiination seeks to find values for the para1neters, p, that 111axin1ize L(P). 

Instead of maxi1nizing the likelihood function L(P), it is easier to work with the negative 

of the natural logarithm of the likelihood function, -Log L(p). The proble1n of 111axi1nizing L(P) is 

reformulated as a n1initnization proble1n \Vhere you seek to minin,ize -LogLikelihood = -

Log L(P). Therefore, sn1aller values of -LogLikelihood or (-2LogLikelihood) indicate better 

n1odel fits. 

One can use the value of -LogLikelihood to choose bet,veen ,nodels and to conduct custo1n 

hypothesis tests that co1npare models fit using different platfor,ns. This is done through the use 

of likelihood ratio tests. One reason that -2LogLikelihood is reported in 1nany medical research is 

that the distribution of the difference between the full and reduced model -2LogLikelihood 

values is asy1nptotically Chi-square. The degrees of freedom associated ,vith this likelihood ratio 

test can be equated in value to the difference bet\veen the nun1bers of para1neters in the nvo 

models (Wilks, 1938). The corrected Akaike's lnfor1nation Criterion (AICc) and the Bayesian 

Information Criterion (BIC) are information-based criteria that assess 1nodel fit. Both are based 

on -2LogLikelihood. 

AlCc is defined as follows: 

Al Cc= -2LogLikelihood + 2k + 2k (k + I )/(n-k-1) 

,,here k ,s the number of esti1nated parameters in the 1nodel and n is the number of obser\ations 

in the data set. This value can be used to compare various 1nodels for the san,e data set to 

determine the best-fitting model. The model having the smallest value, as discussed 111 \k.n1\..e 

(1974). is usually the preferred rnodcl.

BI C I defined as fol lov.; s: UNIV
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fllC == -21�-0gL1kclil1ood + k In (n)

\\ here k is the number of estimated parameters in the model and n is the number of obsen ations

1n the data set. \Vhen comparing the SIC values for mo models. the model ,, ith the smaller BIC

value is considered better. 
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CHAPTER THREE 

Methodology 

3.1 Stt1dy Design 

Secondar)' data \Vas en1ployed for this retrospective study. This secondary dataset ca1ne 

fron1 patients \Vho attended Lagos Mainland (Infectious Disease J-lospital) Hospital, Lagos, 

Nigeria. 

3.2 Stt1dy Popt1lation 

The target population consisted or patients ,vho were diagnosed of multi-drug resistant 

tuberculosis disease in Infectious Disease J-Iospital, Mainland Hospital, Lagos and University 

College 1-lospital, Ibadan. This involved a 54-n,onth (April 2012-0ctober 2016, except Decen1ber 

2015) of 413 involving treated multi-drug resistant tuberculosis patients who met inclusion 

criteria out of 469 since the program1ne inception. The patients received treat1nent at the facility. 

Consequently, ethical approval and data accessibility for this study ,vas granted by Health 

Research and Ethics Com1nittee of Lagos State University Teaching Hospital (LASUTH) and 

Health Service Com1nission, Lagos respectively.

3.3.1 Inclusion Criterion

The criteria for inclusion of patients in this study was

• Patient (aged 15 years or 1nore) who had earlier had an episode of 1nulti-drug resistant

tuberculosis condition.

3.3.2 Exclusion Criterion

·rhe criteria for exclusion of patients in this study was

• Patient less than 15 years ,vho had earlier had an episode of 1nulti-drug resistant

tuberculosis condition.UNIV
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3.4 Selection of Records 

This \vas achieved by consecutive!} extracting information about each multi-drug

resistant patient \Vho met the inclus· · · · · · ion cr1ter1on. A right censoring technique \.Vas emplo) ed for 

the selection of the patients Right · · · · censoring occurs \\ hen a subJect or patient leaves the study 

before the event occurs or the study ends before the event has occurred. Therefore, one hundred

and t\.venty-three ( I 23) patients \.Vere censored out of four-hundred and thirteen ( 413) patients.

So. hvo-hundred and ninety (290) patients \Vere left at the end right censoring period.

Converse}), left censoring is \Vhen the event of interest has already occurred before enrolment in

the study. This is very rarely encountered. 

3.5 Description of Data Extractio11 

The n1ain outcome measure (tin1e to sputum conversion) was the ti1ne fro1n the date of 

MOR-TB treat1nent started or date of 111a"-ing diagnosis to the date of speci1nen collection for the 

first of t\vo consecutive negative smear/culture taken 30 days apart. Time \Vas computed as the 

period of months each patient \Vas 111easured for sputu1n conversion. The predictor variables of 

interest include: demographic (age and gender) and clinical characteristics (registration group, 

number of drugs resistant to at treatment initiation. HIV status, diabetes status and adherence 

, .. ith medication). 

In addition, variables such as patients status: (transferred in, previously exposed \\ ith both 

first hne and second line anti-TB drugs and others), type of test (smear/culture), history of TB 

treatment, treatment outcomes ( cured, co1npleted, failed. died, defaulted, transferred out) Type of 

Test (Gene £\.pert and Drug Sensitivit) Test), Result (Resistant. Susceptible and Contan1inated). 

ART status (Yes/No). bacillary load and negative sputum smear and culture at the beginning of 

treatment. drug-resistant pattern at initiation of treat1nent, treatment initiation period. nun1bcr of 

drugs the initial isolate \.Vas resistant to at treat1nent initiation and ti1ne in da) 5 to initial sputun1 

culture con\.crsion \\ere also extracted
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3.6 Data Management and Analysis

R statistical sofuvare was d · · 
· · use 1n carrying out the Kaplan-Meier Est1mat1on and

Modellin°. Statistical Package for S · 1 s · 0 ocia c1ences ([BM SPSS) version 20.0 \Vas used to produce 
life tables so as to give a detailed · 

I· · · · survivors 11p pattern a1nong multi-drug resistant tuberculosis 
patients and also to assess the effi t f h · · · 

· ec o ot er soc10-b1olog1cal factors using Cox regression 

ar tno e \Vas used to deter1n1ne \Vhtch of the explanatory1nodels. The Cox proportional haz d d I 
· · 

variables explained differences i · 1 · · · n surv1va tune of patients (the lifespan or period that the

patients on n1ulti-drug resistant tuberculosis drugs ,vere visible during the study). In the analyses, 

descriptive statistics (frequency distribution tables, 1neasures of location and variation) was used 

to examine the distribution of the patients according to so1ne socio-econo1nic and de1nographic 

variables of interest. 

Also. survival analysis \Vas perfor1ned to co1npare the tilne to initial sputum conversion 

by various levels of variables (HIV status, gender, medical co1npliance, social support, period of 

enroln1ent). For each categorical variable (Gender, HIV status, Medical co1npl iance and Social 

support), Kaplan-Meier survival curves ,.vas constructed and stratified for each level of the 

variables. The log-rank test was used to test for statistical differences in the observed ti1ne to 

sputu1n conversion between ne\v and retreatment cases. Unadjusted and adjusted hazard ratios for 

sputum conversion ,vere determined from a Cox proportional hazard regression. Factors 

associated \Vith time to sputu1n conversion at 5% level of significance in Kaplan-Meier analysis 

,vere for,varded to the 1nultivariate Cox regression model. Mixture Cox cure 1nodels \Vere also 

fitted to the main outcome variable \Vhich is time to sputu1n conversion using Log-nonnal, Log­

logistic and Weibull distributions as alternative to the violation of Proportional Hazard 

assumption. 

First, the standard Cox regression was fitted under the proportional hazard assumption. 

That is: h(t: Xi, x2, .... Xk) = 1--0(1) exp(l1X1 + l2X2 + ...... + AkX1.). Where A-O(t) is the baseline 

hazard of time to sputum conversion at time t and X1, X2, .... X1.are the k independent covariates. 

Here, 1 is the time to sputum conversion. This ,vas in1ple1nented in R using the PARft-. l

procedure. Second the logistic Cox Pl-I 1nixture 1nodel ,vas used to account for the cure fracli<.111

of the sample. It assumes a binary distribution to n,odel the 111cidencc probt1b1ht) and a

t • t conversion time distribution to n,odcl the l11tcnc). ( ollctt and l),1, c (2003).
parame r1c spu um 

extended the n,odcl by usinµ ( ox proport1onnl hn1.1rds 1cgn.:ss1on for th1..· lutcnc., I hal 1s:
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S [ t, X, Z] = 7t [ Z] S [ t / U I , x] + [ I _ 7t ( 2)]

� here S [ t/x z] is the cond't· I · l � 
· · 

h ' 1 1ona surv1va tL1nct1on for the entire co ort. 
S [t/U==t,x] == P[T> t/u = I x] is the su1·v·1val fu t· c: 'bl · d' 'd 1 · ' nc 1011 ,or susceptt e 1n 1v1 ua s given a covariate 
vector X == [X1, X2, .... Xk]' and 1t[z] == P[u - 1/ ] · th b b'l' f b · 'bl · - z 1s e pro a 1 1ty o e1ng suscept1 e given a
covariate vector Z=[ z,, z2, · 

· 
.zp]' \Vhich 1nay include the san1e covariates as x. These were also

implemented through PARFM in R software. Sputum conversion ti111e can take the for1n of

parametric distributions such as \A/eibull, Log-nor1nal and Log-logistic \.Vhich are con,monly used

to n1odel survival data. Estin1ates \Vere co1nputed using the R PARFtvl procedure for the

parametric con1ponent and through the Expectation Maxi111ization (EM) algorithm for the Cox

PH 111ixture cure con1ponent. Three n1odels (Weibull, Log-nor111al and Log-logistic) were

proposed and the best one was selected based on the goodness of fit statistics: De ,iance 

(-2LogL), Akaike lnfor1nation Criterion (AIC). That is the 1nodel with the sn,allest criteria \Vhile 

the effect of predictors of ti1ne to sputu1n conversion ,vas reported as Hazard Ratios at ao os 

Besides, data \Vas designed such that each of the selected covariates has an effect on both 

the cured fraction and the survival of the uncured patients who experienced sputum conversion. 

The use of the standard Cox PH n1odel is linked to the hypothesis that, if complete follov,-up 

\Vere possible for all patients, each \Vould have eventually experienced the sputum conversion 

from treatment. This hypothesis, ho\vever, did not hold for the dataset at hand. Some individuals 

,vere cured or im1nune against the event, resulting in the fact that ti1ne to sputum conversion

distribution ,vas improper as it has total mass less than I. Indeed, fro1n the figure 4.1, the Kaplan­

Meier Estimate (KME) curve levels off at nonzero proportion (around 95%) at the right tail and

exhibit a relatively Jong and stable plateau (Figure 4.1 ). Co1nbined with the fact that the last

sputum con\.ersion time ,vas censored, this supported the applicability of the mixture cure model.

Another evidence of the presence of immune individuals in the 2016 cohort of MDR-TB patients

,, as based on the largest event ti1ne. The largest sputum conversion time was censored. This led

to the rejection of the hypothesis of no im1nune patient in the source population of the cohort

,-.·hich establishing the evidence of sufficient follow-up. Added to this, ,vc found 64 9° 
o of

�put um conversion, satisfying the cut-off criterion of at least 5°/o of event needed to .tppl, the

mixture cure 1nodel. 
UNIV

ERSITY O
F IB

ADAN LI
BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



3.7 Confidentiality 

All information collected fro1n this study was given code numbers and no name \Vas also

recorded. The name or the identity of the patient was not used and \Vould not be used in any

publication or report from this study. 

3.8 Etl1ical Approval 

The ethical approval for this study \Vas granted by the Ethical Research Co,nmittee of the 

Lagos State University Teaching 1-Iospital (LASUTH), Lagos, Nigeria. 
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CHAPTER FOUR 

The deniographic. clinical, social and lifestyle characteristics are presented in this chapter.

four. The results of factors associated \.\ ith sputuni conversion time a,nong multi-drug resistant

tuberculosis patients in bivariate analysis ,vere presented. Moreover, covariates associated \.vith

tin1e to sputun1 conversion using n1ixture cure models and its niodels goodness-of-fit stalistics 

,vere also displayed. Finally. clinical life tables which relate to life expectancy and n1ortality 

e:-.pericnce of the 1nulti-drug resistant tuberculosis patients ,vere su1nmarizcd. A total of 413 

records of 111ulti-drug resistant tuberculosis patients ,vere included for this analysis. 

-t. l Den1ograpl1ic, Clinical, Social ancl Lifest)•lc Characteristics

The demographic characteristics or the n1ttlti-drug resistant tuberculosis patients \Vere 

sun1111arized in table 4.1.1. The 111ean age of the respondents ,vas 36.8 ± 12.7 )'ears. About a third 

or then1 (32.0) ,vere bet,veen 25-34 years. A larger percent or the patients (60.8%) ,.vere 111ale 

\\. ith a sex ratio of I. 7 ,vhile so111e of the111 ( 41.4%) acquired secondary education. About nvo­

third (67.6%) or thetn ,vere married and 68.8% had nonnal Body Mass Index. Most of the1n 

(47.7°/o) \.Vere of Yoruba ethnic tribe. More than three-quarter (77.7%) of the patients reside 

\\ ithin Lagos . 

•
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Table 4.1.1: Demographic Characteristics of Multi-Drug Resistant Tuberculosis Patients

Variables Frequency Percentage 

Age group (years) 

15-24 62 15.0 

25-34 132 32.0 

35-44 103 24.9 

45-59 82 I 9.9 

>60 24 5.8 

Unkno,,\'n 10 2.4 

Total 413 100.0 

Gender 

i\ lale 251 60.8 

Female 148 35.8 

Unkno,vn 14 3.4 

Total 413 100.0 

Level of Education 

None 78 18.9 

Prima1') 127 30.8 

41.4 Secondary 17 l 

7.0 
Tertiary· 29 

I. 9 
Unkno,,n 8 

100.0 
Total 413 

Marital Status 
20.3 

Single 84 
279 67.6 

rvtarried 
4.6 19 5eparated 

24 5.8 
\\ ido,, /'w 1do,, er 

I. 7 7 
unkno,,n 

100.0 413 
Total 

Tribe 
197 47.7 

\ oruba 
73 17.7 

lebo 
28 6.8 � 

Hausa 
98 23.7 

Others 
17 4.1 

t.,; nkno,, n 
413 

100.0 
'J'otal 

Bodv �lass lndc,
284 

71.6 • 

ormal 
103 

25.C) 

0\ cr.vcight , . 
10 

.. . :-, 

Obese 
J'J7 100.0 

·rota I
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\'ariable Frequency Percentage 
Location of Patients 

Lagos 321 77.7 
Outside Lagos 92 22.3 

Total 413 100.0 
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Table 4.1.2 shows the clinical characteristics of the multi-drug resistant tuberculosis patients. A larger

percentage (86.9%) of the patients was of pulmonary tuberculosis status. The distribution ratio of the

registration category of the patients in respect to new and retreatment cases was 1 :3. More than half of

them (58.4) converted within the duration of study period while among the non-converted, 11.4%

extended into extensive drug resistant category. A paltry percentage (13.3%) of the patients were HIV

positive and on anti-retroviral treatment ( 11.1 %). Less than a fifth of the patients ( 15.5%) were cured

while 7 .3% died, 8.2% are lost to follow-up, 9.2% defaulted and 5.3% relapsed. 

Table 4.1.2: Clinical Characteristics of Multi-Drug Resistant Tuberculosis Patients 

\1ariables Frequency Percentage 

Form of 1'uberculosis 

Puln1onar) Tuberculosis 359 86.9 

Extra Puhnonary Tuberculosis 54 I 3. I 

Total 413 100.0 

Registration Category 
22.8 

Ne,, 
94 

Retreatn1ent 319 77.2 

Total 413 100.0 

Conversion status 
58.4 

Converted 
241 

41.6 
Not Converted 

172 
100.0 413 

Total 

XOR-TB 
47 I 1.4 

Yes 
79 19. I

'Jo 
46 69.5

Lnkno,,n 

Total 
172 100.0 

HIV Status 
55 13 .3 

Positive 307 74.3 

Negative 
51 I 2.4 

UnknO\\O 
413 100.0 

·r otal

Anti-RetroYiral Treatment
46 I 1 . 1 

Ye� 308 74.6 

0 59 14 3 
l nknc,,vn

413 l 00.0
·1 otal
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Variable Frequency Percentage 

Colon) count at initial culture

I+ or 2-r 164 39.7 

3+ or 4+ 172 41.6 

Unl--.n0\\11 77 18.7 

Tot.ti 413 100.0 

Bacilloscop)' before tre<1tmcnt 

Positive 303 73.4 

Negative 49 I I . 9 

Unkno\vn 61 14.8 

Total 413 100.0 

Clinical outcome 

Sputt1n1 converted 268 64.9 

Died 30 7.3 

Defaulted 
. 

38 9.2 

Relapses 22 5.3 

Loss to follov,-up 34 8.2 

Transferred out 21 5. I

Total 413 100.0 

Table 4.1.3 shO\VS the social and lifestyle characteristics of multi-drug resistant tuberculosis

patients. A larger percentage of the patients (42.6%) had ever taken alcohol "vhile a paltry

percentage 17.4% had ever sn1oked. Less than half of thc1n (16.9%) ,vere kno\vn diabetic. Less

than half of them (47.4%) adhered ,vith their medication. The average number of drugs resistant

to at treatment initiation by the patients \Vas five (4.83 ± l. 9). Majority of the patients \vere

resistant to strepto1nycin (79.7) while 16.2% ,vere resistant to of1oxacin.

' ,.. 
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T�tble �.I.3: Social and Lifestyle Characteristics of Multi-Drug Resistant Tuberculosis

Patients 

\'ariables Frequency Percentage 

Ever taken alco)1ol

Yes 176 42.6 

No 199 48.2 

UnknO\Vn 38 9.2 

Total 413 100.0 

Ever smol<ed 

Yes 72 17 .4 

No 293 70.9 

Unkno\,n 48 I I . 6 

Total 413 100.0 

Diabetes statt1s 

Yes 70 16. 9 

No 298 72.1 

Unkn0\.\11 45 I I .0 

Total 413 100.0 

Adlterence ,vitl1 medication 
47.4 196 

Yes 
43.4 179 

No 
38 9.2 

l.Jnkno,vn 
413 100.0 

Total 

Nuntber of drugs resistant

to at treatment initiation
192 46.5 

2--4 drugs 
131 3 l .7 

5-6 drugs
90 21.8 

>=7 drugs
413 100.0 

Total

Resistant to Streptomycin
329 79.7 

'I es 58 14.0 

No 
26 6.3 

Unkno,,n 
413 100.0 

·rota I

-

•
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Variable Frequency Percentage 

Resistant to Etbambutol 

Yes 16-,_ ) 64.2 

No 107 25.9 

Unkno,vn 41 9.9 

Total 413 100.0 

Resistant to Kanamycin 

Yes 69 16. 7 

No 81 19 .6 

Unkno,vn 263 63.7 

Total 413 100.0 

Resistant to Ofloxacin 

Yes 67 I 6.2 

No 270 65.4 

Unkno,vn 76 18.4 

Total 413 100.0 

Resistant to Caprcomycin 

Yes 
73 17.7 

No 
228 55.2 

\.Jnkno,, n 
1 I 2 27. I

Total 
413 100.0 

Resistant to An1ikacin

Yes 
88 21.3 

No 
214 51.8 

Lnkno,, n 
I I l 26.9 

Total 
413 100.0 

-
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-' 2 Factors associated \Vith time to sputum con · 1 · d · t t. . . version among mu t1- rug res1s an 
tubcrculos1s patients 

Factors associated'' ith time to sputum conversion atnong multi-drug resistant tuberculosis

patients are sho,vn in table 4.2. The overall median tin1e for sputu1n conversion ,vas 5.5

(IQR: l .5-11.5) 111ontl1s among those ,vho converted. The 111edian sputun, conversion ti1ne of

patients ,vho reside within Lagos vvas 3.5 (!QR: t .5-6.0) months coinpared to 5.5 (IQR: 3.0-8.5)

months an1ong those \Vho reside outside Lagos [p=0.037). The 11,edian sputun, conversion ti1ne 

for patients ,, ho are less than or equal lo 40 years \Vas 4.5 (!QR: 2.0-1 1.5) months con1pared to 

6.0 (IQR: 2.33-9.5) n1onths an1ong patients ,vho are older than 40 years [p<0.001 ]. The median

sputum conversion tin1e for patients ,vho adhered to drug 1nedication vvas 3.5 (!QR: 1.5-6.5) 
months compared to 6.5 (IQR: 2.0-11.33) months a111ong patients who did not adhere to drug 

1nedication [p<0.00 I). Also. the n1edian sputun1 conversion time for diabetic patients ,.vas 6.67 

(!QR: 2.5-10.5) n1onths con1pared to 3.33 (!QR: 2.0-6.0) 1nonths an1011g non-diabetic patients 

[p<O .00 l]. Finally. there ,vas a significant difference in sputu1n conversion ti1ne for patients ,vho 

had success!'ul treatment outco1ne; 3.0 (!QR: 1.67-6.33) n1onths co1npared to 8.33 (!QR: 2.0-

11.50) n1onths from patients ,vho had poor treat1nent outco111e [p<0.00 I]. 
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Table 4.2: Factors associated \vith time to sputum conversion among MDR-TB patients
No of Converted Not Converted Median duration of P-value 

riables Patients Freq. (%) Freq. (%) conversion (months) (log-ranlc. test) 
,tire group 413 241 (58.3) 172 ( 41. 7) 5.5 (1.5-11.5) NA 

ocat1on 0.037**
agos 321 190 (59. I) 129 ( 40.1) 3.5 (1.5-6.0) 
1utside Lagos 92 51 (55.4) 43 (44.6) 5.5 (3.0-8.5) 
ge of patienls <0.00 I** 
==40 years 265 171 (64.5) 94 (35.5) 4.5 (2.0-11.5) 
40 years 138 69 (50.0) 69 (50.0) 6.0 (2.33-9.5) 
jnkllO\Vll 10 I ( 10.0) 9 (90.0) 
fender 0.198 
�ale 251 161 ( 64.1) 90 (35.9) 5.4 (0.75-6.5) 
e1nale 148 99 (66.9) 49 (3 3. I) 6.45 (0.7-8.0) 
lnkno\vn 14 6 (42.9) 8 (57. I) ' 

0.894 leg. Group 
5.5 (0.8-7.5) le\V 94 60 (63.8) 34 (36.2) 

letreat1nent 319 206 (64.6) I 13 (35.4) 5.0 (0.85-6.0) 
<0.001** {o of drugs

esistant at
reat111ent
niliatio11

(23.3) 3. 75 (2. 9-6.2)-2 60 46 (76.7) 14 
5.5 (4.6-9.8)�3 353 195 (55.2) 158 (44.8) 

0.073 �olonv cou11t at , 

nitial cul1ure 
65 (41.4) 4.4 (0.93-5.60) 157 92 (58.6) I+ or 2+ 
48 (29.3) 5.25 (0.65-8.50) 164 116 (70.7) 5+ or 4+ 
34 (37.0) Onkno,vn 92 58 (63.0) 

0.485 Bac1lloscopJ 
before treat111e11t 

194 (64.0) 109 (36.0) 5.55 (0.73-6.85) 
Positive 303 

(28.6) 4.6 (0.65-6.33) (71 .4) 14 35 •egati, e 49 
(39.3) (60.7) 24 61 37 nkno,,n

<0.00 I** 
Adhere11ce u 1th 
n1ed1cation 

(75.0) 49 (25.0) 3.5 ( 1.5-6.5) 147 Yes 196 
(58.7) 6.5 (2.0-11.J) 105 

No 179 74 ( 41 .3) 
(42.1) 16 

22 (57.9) Unkno,,n 38 
0.001 • • 

D1abete\ \lat11s

(24 3) 53 ( 75. 7) 6,C>7 l:2,5-10.5) 
Yes 70 17 

(28 2) 1 )1 (2 (l.(i 0) 
(71 .x) 8•1 

214 No 298 
(82.2) (17.8) 37 

Unknov.n 45 8 
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ariable 

11' status
' . 

os1t1ve 
. 

Jegat1ve

JnknO\VO 

No of 

Patients 

55 

307 

51 

Converted 

Freq. (%) 

30 (54.5) 
204 (66.4) 

32 (62.7) 

Not Converted Median duration of P-value

Freq. (%) Conversion (months) (log-rank test) 

0.228 

25 (45.5) 5.7 (0.80-7.75) 
103 (33.6) 5.25 (0.65-7.33) 
19 (37.3) 
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3 Multivariate Analysis (Cox Reg · ) . . . �- . · ress1on of factors 1nfluenc1ng t1n1e to sputumconversion 

The factors significantly associated \vith ti1ne to sputum conversion in bivariate analysis
�·ere harvested and subjected to multivariate analysis. The result of the Cox regression analysis
for time to sputuin conversion is shown in table 4.3. Patients who are aged less than or equal to
forty years had 18% increased rate of conversion than those who are aged greater than forty years
(HR== l .18, p=0.361, 95% CJ: 0.83, 1.68). Patients \Vho reside within Lagos had 12% decreased
rate of conversion than those \vho reside outside Lagos (HR=0.88, p=0.456, 95% CI: 0.62, 1.24).
Non-diabetic patients had 55% rate of conversion than diabetic patients (l-JR=0.55, p==O.O 14 **,
95% Cl: 0.24, 0.85). Patients 'vvho adhered 'vVith 111edication had about twenty-percent ( 19%) rate
of conversion than those who did not adhere (l-IR= I .19, p=0.263, 95% CI: 0.88, 1.63).

Table 4.3: Test of association of variables ,vith tin1e to sputum conversion in the Cox model 
for Multi-Drug Resistant TB patients 

Variables Crude Hazard Ratio P-value Adjusted I-Iazard Ratio P-value
(95% CI) (95% CI) 

Age of patients 0.001** 1.18 (0.83-1.68) 0.36 I 

:s40 years 2.09 (1.38-3.18) 

>40 years RC 

Location of patients 0.038** 0.88 (0.62-1.24) 0.456 

Lagos 0.61 (0.38-0.97) 
RC Outside Lagos 

0.036** 0.002** 1.39 (0.98-1 .98) No of drugs resistant 
at treatment initiation 
1-2 0.80 (0.58-1.12) 

RC >3
0.45 (0.24-0.85) 0.014** <0.001 ** 

Diabetes status
Yes 

RC 

No 0.13 (0.07-0.23) 

Adherence ,vith 
<0.001** 1.19 (0.88-1.63) 0.263 

n1edication 4.26 (2.74-6.61) 
Yes RC 
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Test of statistical comparison t th b · or e o served tame to sputun1 conversion behveenne," and retreatment groups of MDR-TB patients

The result of statistical co1nparison (Jog-rank test) for the observed time to sputu1n
conversion between new and retreat1nent groups of MOR-TB patients are shown in table 4.4.
There was no significant difference bet\veen the sputum conversion time of nevv and retreatment
ITToups of MDR-TB patients (p=0.894). ln addition, figure 4.1 sho,ved no clear differentials ine 

� 

survival pattern of tin1e to sputun1 conversion between new and retreatment cases of n1ulti-drug

resistant tuberculosis patients. 

•

Table 4.4: Test of statistical comparison for the observed time to sputum conversion 

behveen ne,v ancl retreatn1ent groups of MDR-TB patients 

Registratio11 Group Median duration of IQR P-value

conversion (n1onths) (log-ran){ test) 

Ne,v 5.50 4.0-7.5 0.894 

Retrea tn1 en t 5.00 3.5-7.5 
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Figure 4.1: Survival function of time to sputum conversion by registration group using the 

KME and the Mixture cure model 
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4.5: Clinical Life Tables 

In this section, techniques of clinical !"ti . . . . 
1 e tables are e1nployed to sum1narize the probabilityof surv1v1ng given a period of follow u 1 th . . 

- p. n ese tables, a steady drop \Vas observed in the
Cumulative Proportion Suriviving at th d f e en o 2-month Interval. These statistics are computed
in the following life tables that are constructed using the methods described earlier.

4.5.1: Clinical life table of treatn1ent i11itiation period in months for the ,vhole n1ulti-drug
resistant tuberculosis patients

The median survival ti1ne vvas 9.0 111onths as displayed in table 4.5.1. In the first interval, 2

patients vvere censored and none ,:vere lost to follo\v-up, this gave the nurnber of patients who 

entered the next interval ( 411 ). Also, a significant difference was observed in the treat1nent 

initiation period between converted and non-converted patients (Log-rank = 129. 747, p<0.001).

ln figure 4.2, there ,vas a clear differential in survival patterns of treat1nent initiation period 

bet\veen converted and non-converted patients of 111ulti-drug resistant tuberculosis patients. 

Overall, the converted patients had a better survival probability than non-converted patients. 

Table 4.5.1. Clinical Life Ti1ne Table of treatment initiation period for the whole 1nulti-drug 
resistant tuberculosis patients 

Interval Nu1nber Cun1ulative Nu1nber of Proportion Cu1nulative Standard 
Start Beginning Event Tenninal Surviving Proportion Error of 

Surviving Proportion Surv. Time (Months) Interval (LFU) Events 
413 0 2 0.9952 0.9952 0.0034 0 

- 411 I 10 0.9879 0.9832 0.0054 

37 10 0.9564 0.9403 0.010 I 
4 400 

59 21 0.9 I 96 0.8647 0.0137 
6 353 

31 0.8327 0.7200 0.0200 
8 273 59 

15 0.7461 0.5372 0.0251 
10 183 27 

18 0.6525 0.3505 0.0297 
25 12 141 

0.2100 0 O
"'"l') 

I I 0.5992 . .., __ 
12 14 98 

0.1082 0.0357 10 0.5 I 51 
14 

16 75 
0.0476 0.038, 7 0.440 I 

10 
18 51 

0,3378 0.0161 0.04:::0 7 13 
20 34 

0.2N07 0,00-15 0 046� 3 9 
22 14 

0 l •101 0 000(, 0,0719 0 
I 

24 2 

0 () 1 101 (l 00()09 0 0717 
I 

I 26 
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�.S.2: Clinical life table of treatment initiation period (n1ontbs) for converted multi-drugresistant tuberculosis patients 
The median survival time was 7.5 months as displayed in table 4.5.2. There \Vas an

observance of constant proportion of terminal events between four to ten-month follo\v-up. In
addition, graphical representations of Survival and Hazard functions for the hvo conversion
status of the patients are also displayed.

Table 4.5.2. Clinical Life Ti111e Table of treatment initiation period for converted 1nulti-drug 
resistant tuberculosis patients 

Standard Interval Nu111ber Cu1nulative Nu1nber of Proportion Cu1nulative 
Error of Beginning Event Tern1inal Surviving Proportion Sta1t 

• 

Surviving Proportion Time Interval (LFU) Events 
Surviving (Months) 

0 241 I 1 0 1.0000 1.0000 0.0000 

4 240 34 2 1.0000 1.0000 0.0000 

6 204 51 2 0.9913 0.99 I 3 0.0061 

8 151 47 2 0.9740 0.9655 0.0116 

10 102 23 2 0.9568 0.9238 0.0167 

12 77 24 3 0.9335 0.8624 0.0230 

14 50 8 2 0.8672 0.7479 0.0386 

16 40 9 0 0.8672 0.6485 0.0386 

0.5443 0.0464 0.8393 8 I 18 31 
0.0579 0.4361 0.8011 12 I 20 22 

0.0579 0.3493 0.8011 7 0 22 9 
0.0579 0.8011 0.2798 0 I 2 
0.0579 

24 
0.8011 0.2242 0 1 I 26 
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4.5.3: Clinical life table of treatment initiation period (months) for non-converted multidrug resistant tuberculosis patients 
The median survival time was 9.5 months as displayed in table 4.5.3. There was a steady

progression of proportion of terminal events behveen four to eight-1nonth follo\.v-up, \.vhich
suggests that patients 1nust be closely monitored to avoid subsequent fatal events.

Table 4.5.3. Clinical Life Titne Table of treat1nent initiation period for the non-converted
n1ulti drug resistant tuberculosis patients

-

Interval Nu1nber Cu1nu lative 
Start Beginning Event 
Tin1e Interval (LFU) 

(Months) 
0 172 0 

2 170 10 

4 160 3 

6 149 8 

8 l22 12 

10 8l 4 

12 64 l 

14 48 4 

16 35 5 

18 20 2 

20 12 l 

22 
2 

23 2 0 

Nun1ber of Proportion 
Terminal Surviving 
Events 

2 0.9884 

0 0.9709 

8 0.8953 

19 0.8243 

28 0.6688 

13 0.529 l 

15 0.4017 

9 0.3631 

10 0.2631 

6 0.1878 

6 0.0957 

I 0.0547 

2 0.0000 

Cu111ulative 
Proportion 
Surviving 

0.9884 

0.9596 

0.8592 

0.7082 

0.4736 

0.2506 

0.1007 

0.0365 

0.0096 

0.0018 

0.0002 

0.0000 

0.0000 

Standard 
Error of 
Proportion 

• • Surv1v1ng 
0.0082 

0.0128 

0.0233 

0.0291 

0.0367 

0.0402 

0.0407 

0.0403 

0.0382 

0.0354 

0.0296 

0.0246 
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4.5.4 : Clinical life table of time to sputum conversion (months) for the multi-drug resistant
tuberculosis patients 
The median survival time was 5.5 months as displayed in table 4.5.4. About 85% of the

patients cu1nulatively survived at 3 1nonths while 25% survived at 6 1nonths.

Table 4.5.4. Clinical Life Ti1ne Table of ti1ne to sputum conversion in 1nonths for the 1nulti-drug
resistant tuberculosis patients 

Standard Interval Nt1mber Cu1nulative Nun1ber of Proportion Cu1nulative 
Error of Start Beginning Event Ter1ninal Surviving Proportion 
Proportion Tilne Interval (LFU) Events Surviving 
Surviving (Months) 

I 241 I 0 1.0000 0.9884 0.0000 

240 12 0 1.0000 0.9596 0.0000 

3 228 41 0 1.0000 0.8592 0.0000 

4 187 45 2 0.9893 0.7082 0.0075 

5 140 32 2 0.9752 0.4736 0.0124 

6 106 32 2 0.9568 0.2506 0.0177 

7 72 26 4 0.9036 0.1007 0.0308 

0.0368 0.8821 0.0365 15 1 8 42
0.0573 0.8142 0.0096 13 2 9 26
0.0877 0.0018 0.7402 I 4 10 1 1 
0.1343 0.0002 0.6169 I 5 

I I 6 
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4,6: Effect of covariates using the mixture cure model

Data �as designed such that ea h c of the selected co 
fraction and the survival of the . 

variates has an effect on both the cured 
uncured individuals or at· . 

The use of the standard Cox PH d . . 
P tents who experienced a conversion.

mo el ts linked to the h . 
,vere possible for all patients ea  h 

ypothesis that, if complete follow-up 
, c \Vould have eventual! , . 

from treatrnent. Tl1is hypothesis h . 
Y experienced the sputu111 conversion 

' owever, did not hold fo I 
"vere cured or irnmune aoainst ti 

r t  1e dataset at hand. Son1e individuals

i:, 1e event, resulting in the fact . . 
distribution \Vas iinproper as it h 

that tune to sputum conversion 
as total n1ass less than I I d d . 

Meier Estin1ate (KME) . 1 
· n ee ' fi 0111 the figure 4.1, the Kaplan-

cu1 ve eve ls off at no . 

exhibit a relatively l d 
nzero proportion (around 95%) at the right tail and 

ong an stable plateau (F' . 4 
. 

. . 
iguie · 1 ). Coinbined with the fact that the last 

sputu1n conversion time was censored, this su . . . 
. 

pported thc appltcab1ltty of the mixture cure 111odel. 
111 1v1 ua s 111 the 2016 cohort of MOR-TB patients Another evidence of the presence of iintnune . d' 'd 1 . 

11e. 1e argest sputun1 conversion ti1ne was censored. This led ,vas based on the largest event tit Tl 1 

to the rejection of the hypothesis of no in1n1une patient in the source population of the cohort 

,vhich establishing the evidence of sufficient follo\v-up. Added to this, we found 64.9% of 

sputum conversion, satisfying the cut-off criterion of at least 5% of event needed to apply the

n1ixture cure 111odel. 

Table 4.6. l and 4.6.2 showed the results of time to sputun1 conversion among MDR­

TB patients using mixture cure model. In log-nor111al n1odel, non-diabetic patients are two ti1nes

more likely to experience sputun1 conversion than diabetes [2.03 ( 1.17-3.58)] "vhile patients who

are resistant to two drugs are two times more likely to experience sputu1n conversion than those

,, ho are resistant to at least three drugs [2.06 ( 1.36-3.47)]. For Log-logistic model, non-diabetic

patients are nvo times more likely to experience sputu1n conversion than diabetes [2.11 ( 1.25-

3.82)] "hile patients who are resistant to two drugs are about three times more like!) to

experience sputum conversion than those who are resistant to at least three drugs [2.56 (1.85-

4.09)] Moreover, for Weibull model, non-diabetic patients are two times more like!) to

e - · than diabetes (2 02 ( 1.17-3.58)] while patients ,vho are resistant to
xper1ence sputum conversion · 

l d 
· more likely to experience sputun1 conversion than those ,, ho urc

"O rugs arc about three tunes
· d [2 81 ( I 94-4 19)]. Ho\vever. a111ongst the entire n1odel. the l oc.

resistant to at least three rugs · · · ....

fi •d cl ta as it gave the lo\vcst gooclnc,;;s of lits ,r1h:r1n n, sho,,n

normal cure model ha!> the best 1ttc a 

IC. 1053 68)1 '1 he bes! lttllng 111oclcl ,,ns l ()g·lll'llll,il n11'\lUf\.'

table 4 6 I [(-21.,ogl.,: 519 84); (A · . 

2 03X •r ,vhcrl! 't' is 1i111l' to sput11111 �llll\l't,nin and\, ,lrl

cure ,vas Y=I .OOX 1 +2.06X ,+O 98X1 t- • 1 

d 01,1bctcs s111111s
age, number of drug:,, adhcr..:ncl.! 1111 ' 
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Table 4.6. l: Factors associated ,vith time to sput . . . um conversion among MDR-TB patientsusing mixture cure model

Log-normalVariable 
Log-Logistic \Veibull Cox Mixture Cure Cox Mixture Cure Cox Mi�ture Cure OR (95% Cl) OR (95% CI) OR (95% Cl) Age 1.00 (0.99-1.02) 1.00 (0. 96-1.02) 1.00 (0.98-1.02) 

Diabetes status 2.03 (l.17-3.58)** 2.11 (1.25-3.82)** 2.02 ( 1.17-3.58)** 

Adherence status 0.98 (0.80-1.19) 0.98 (0.80-1.19) 0.95 (0. 78-1.16) 

Nun,ber of drugs 2.06 ( 1.36-3.47)** 2.56 (l.85-4.09)** 2.81 (1.94-4.19)** 
resistant at treat1nent 

initiation 

• • 

** Significant p-value 

Table 4.6.2: Models' goodness-of-fit statistics (tin1e to sputun1 conversion) 

Fit Sta tis tics Log-norn1al Log-Logistic Weibull 

Cox Mixture Cure Cox Mixture Cure Cox Mixture Cure 

-2LogL 519.84 522.22 521.694 

AlC 1053.68 I 058.44 I 057.39 
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4 1· Factors associated ,vitb treatm t . . . · · en 101t1ation · d 
(conversion) using mixture cure model

perio an1ong MDR-TB patients

The results of the effect of selected . covariates on the tre t t . . . . . d . a men 1n 1t1at1on a1nong the patients 
that experience conversion were shown · t bl 

. . 
in a es 4.7. l and 4.7.2 showed the results of treatment

initiation period among MOR-TB patients ·
. 

using n1ixture cure model. In log-nonnal model, non-

diabetic patients are t\vo ti1nes less like! t Y O co1nplete treatment initiation period than diabetes

[0.54 (0.38-0.79)], patients \¥ho adhered t t · . 
0 reatment med1cat1ons are about n.vo ti 1nes less ltkely

to cornplete treatinent initiation period than those \¥ho did not adhere (0.63 (0.57-0.92)], \Vhile

Patients who are resistant to two dr 1 · 1 · ugs 1ave erg 1t percent increase to con1plete treat1nent

initiation period than those who are resistant to at least three drugs ( 1.08 (0.85-1.36)]. For Log­

logistic n1odel, patients who are less than or equal to forty-years old have eight percent decrease

in completing treatn1ent ini tiation period co1npared to patients \¥ho are more than forty-years old

[0.92 (0.98-1.09)] while non-diabetic patients are have sixteen-percent percent decrease in

completing treatme11t initiation period compared two ti1nes more likely to experience sputu1n

conversion than diabetes [0.84 (0.69-l. 
l 5)]. Moreover, for Weibull 1nodel, non-diabetic patients

have a paltry four percent decrease in co1npleting treat1nent initiation period than diabetes (0.96

(0.62-1.07)] \vhile patients \Vho adhered to treatment medications have a paltry four percent

decrease in completing treatn1ent initiation period than those who did not adhere [0.96 (0.78-

1.11 )]. However, an1ongst the entire rnodel, the Log norrnal cure 1nodel has the best fitted data as

it gave the lovvest goodness of fits criteria as shown table 4.6.1 [(-2LogL: 519.84); (AIC:

l 053.68)]. Hovvever, among the entire 1nodel, the Log-Logistic cure 1nodel has the best fitted

data as it generated the least value goodness of fits as shown table 4.7.1 [(-2LogL: 694.28); (AIC:

1402.55)]. 
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Table 4.7.1: Factors associated ,vith t reatment init' t· (conversion) using mixtu 
ta 1011 period among MDR-TB patientsre cure model

variable

Age 

-Diabetes status

I 

-Adherence status

Nun1ber of drugs 
resistant at treat1nent 

initiation 

Log-normal 
Cox Mixture Cure

OR (95% CI) 
1.0 l (0.96-1.23)

0.54 (0.38-0.79) 

0.63 (0.57-0.92) 

1.08 (0.85-1.36) 

NA (Not Applicable) 

Log-Logistic 
Cox Mixture Cure

OR (95% Cl) 
0.92 (0.98-1.09) 

0.84 (0.69-1.15) 

0.96 (0.78-1 .18) 

0. 97 (0. 94-1.06) 

Weibull 

Cox Mixture Cure 

OR (95% Cl) 

1.00 (0. 99-1.02) 

0. 96 (0.62-1.07)

0.96 (0.78-1.11) 

1.00 (0.94-1.07) 

Table 4.7.2: Models' good11ess-of-fit statistics (treatment initiation period of conversion) 

Fit Statistics Log-norn1al Log-Logistic Weibull 

Cox Mixture Cure Cox Mixture Cure Cox Mixture Cure 

-2LogL 737.07 694.28 707.16 

AIC 1488.13 1402.55 1428.32 

1452.69 1512.49 1426.92 
BIC 
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4 8. Factors associated ,vith treatment· ·t· . . 101 iat1on period a MD 
(non-conversion) using mixture c 

mong R-TB patients
ure model 

The results of the effect of selected c 
. 

ovariates on the treatment initiation among the non-

converted patients were shown in tables 4.8 1 d . . . . 
· an 4.8.2 showed the results of treattnent 1n1t1at1on

Period among MOR-TB patients using · 't mix ure cure model. In log-normal ,nodel, patients who

are less than or equal to forty-years old are t\ 
· . . . . vo times tnore l1kely to complete treat1nent in1t1at1on

period cotnpared to patients vvho are 1nore than forty-years old [2.2 3  (1.85-3.37)], non-diabetic

patients have over n-venty percent increase to cotnplete treatment initiation period than diabetes 

(1.23 (0.94-1.61 )] \vl1ile patients \Vho adhered had over thirty-percent increase to co1nplete

treat1nent initiation period than those \Vho did not adhere [ 1.33 (0.97-1.85)]. For Log-logistic

1nodel, non-diabetic patients are have eighteen-percent percent increase to con1pleting treatment

initiation than diabetes [ l. l 8 (0.92-1.51 )] \Vhile patients \vho adhered had thirty-percent increase

to complete treattnent initiation period than those who did not adhere [1.30 (0.94 -1. 79)].

Moreover, for Weibull 1nodel, patients who adhered to treat1nent 1nedications had about twenty­

percent increase in completing treat1nent initiation period than those who did not adhere [ 1.21

(0.87-1.66)]. However, among the entire model, the Weibull cure 1nodel has the best fitted data

as it yielded the lovvest goodness of fits criteria as displayed table 4.8.1. [(-2LogL: 488.57);

(AIC: 991.15)]. 

I 
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• 

Table 4.8.1: Factors associated ,v·tb t . . • 
1 reatmeot 101tiatioo period among MOR-TB patients(non-convers100) using mixture cure model

Variable Log-normal Log-Logistic Weibull Cox Mixture Cure Cox Mixture Cure Cox Mixture Cure 

I-ill. (95% Cl) HR (95% CI) HR (95% CI) 

Age 2.23 (1.85-3.37)** 1.02 (1.01-1.04)** 1.0 I (0.99-1.03) 

Diabetes status 1.23 (0.94-1.61) 1.18 (0.92-1.51) 0.96 (0.70-1.32) 

Adherence status 1.33 (0.97-1.85) 1.30 (0.94-1. 79) 1.21 (0.87-1.66) 

Nutnber of drug resistant I . 04 ( 0. 9 5-1 . I 3) 1.03 (0.94-1.11) 0.99 (0.91-1.08) 
at treattnent initiation 

** Significant Cl values 

Table 4.8.2: l\llodels' goodness-of-fit statistics (treat1nent initiation period of 

non-conversion) 

Fit Statistics Log-norn1al Log-Logistic Weibull 

Cox Mixture Cure Cox Mixture Cure Cox Mixture Cure 

497 .13 492.07 488.57 -2LogL

991.15 I 008.27 998.14 AIC 
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CHAPTER FIVE
5. 1 Discussion

This study has been designed 'ti h 
. . 

\¥I 1 t e ai1n to develop a model to predict time to sputun,conversion a1nong n1ult1-drug resistant t b 1 . 
. . 

u ercu os1s patients. The application of the findings. the
contr1but1ons to knowledge the conclu . 

. 
• Slons and recon1n1endations are presented sequentially in

th 1s chapter. 

5.1.1 Demograpl1ic cl1aracte · t· f ris ics o 111ult1-drug resistant tuberculosis patients
An over\vheln1ing 1naJ·ority or th 1

· · · · · e pa tents \Vere 1nale. This 1s 111 agree1nent ,, 1th the

findings of Hovhannesyan and Breeze (2012) that there are fewer fe1nalcs than 1nalcs in cases of 

1nulti-drug resistant TB condition. Nigerian ,von,en are so sensitive about the stig1na associated 

,, ith TB disease and negative social consequences have been shown to be 1nore of i1nportance to 

,., omen. Moreover. studies have sho\vn that \V0111en with pulinonary TB are diagnosed on 

average t ,,o , .. eeks later than 1nen due to a delay fron1 the health care provider, and in a study on 

cough patients it ,vas found that men more often than \Von1en were asked for sputu1n specitnen

(Thorson el al. 20 I 0). 

More than half of the patients studied ,vere above forty years old. According to this finding, 

there is an increasing risk of TB drug adverse events"' hen age increases. Sylvere (2015) reported

that about t\\o-third of the 111ale population were 111ulti-drug resistant tuberculosis patients. In

pre, ious repoits, the occurrence of any 1najor side effects has been linked '" ith aging, ,vhich are 

d · t st the old people The frequency of adverse reactions has de1nonstrated apre om1nan a1nong 

d · d d' t correlation ,vith acre Overall, susceptibility to adverse reactions are
stea ) increase an tree o · 

· Id I pecially at a hepatotoxic level due to a significant reduction 1n
frequent ,v1th o peop e es 

b I. d drug agents b) the cytochro1ne P450 et1L.y1ne, changes in the
clearance rate of meta o 1ze 

. '
b 

· ·ell as other factors affecting liver function (Chung -Delgado
hepatic blood flo\.V d 1str1 ut1on as "' ' 

et al. 20 I I). 
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The findings that 67 601 f h .... . io o t e I . 
. . - . mu ti-drug resista l TB . . . 

s1m1lar t1nd1ngs by Javaid et al  2016 
n patients are 1narr1ed substantiate

, . The latter reported h 
married. According to a study cond 

t al 66.8% of the stud} population \.Vere
ucted by Con1m . b . 

(COMDI-1 ISO), 1narried \.VOi . 
unica le Diseases Health Service Delivery

11en are particularly vu Ii . bl 
impacts of MOR-TB . . 

1e,a e to the social, econo 1nic and 1nental
' including isolation ti . 

\Vives and mothers give c. . 1 "' . 
' inancial hardship and depression.

... t uc1a ia1n lly suppo1t t ti .. I . d . 
0 ieu iusbands and children \Vith MOR-TB but

are somet11nes en1ed even basic s r. upport 1ro1n husband d f: -1 
l h · d . s an am, Y ,vhen they are the patients.
n t ts stu y' patients who resided wi I . . t 11n Lagos had a lo\.ver rate of ti1ne to sputu1n

conversion than those who resided outside L O 
• • • a::,os. This var 1at1on could be attributed to salient

health care delivery systems provided b 1 . . . Y t 1e state which 1nvar1ably translated to TB care delivery
in Lagos. Also, patients who were res· t t IS an to l\.VO drugs at lreat111ent initiation had approximately

version 1an t1ose \.Vho ,vere resistant to at least three drugs. Thisforty-percent rate of sputun1 con · ti 1 · 
finding \Vas consistent with a previous study on Intensive-Phase Treat1nent of MDR-TB patients.
(Oladimeji et al, 2014).

This study confirmed the kno,vledge of a association betvveen MOR-TB and Diabetes
Mellitus diseases due to the co-morbidity nature which 1nakes the 1nanage1nent of MDR-TB
challenging. Indeed, 1najority o f  the non-diabetic patients in this study had a higher rate of
sputum conversion ti1ne than diabetic patients. This finding ,vas corroborated by a study on the
relationship bet\.veen multi-drug resistant tuberculosis and diabetes which showed that diabetes
mellitus is a risk factor for tuberculosis infection and the reactivation of latent tuberculosis can be
adduced to the compromised i1nmune system as a result of certain infections and diseases like

diabetes mell itus (Yorke et al, 2017).

Moreover, number of drugs resistant to treatment initiation ernerged as a significant risk

factor in predicting tinie to sputu1n conversion after controlling for other variables. The results

suggested that patients who had fewer numbers of drugs significantly predicted the sputu1n

• 
• & h verted patients The reasons for this require further investigation. One

conversion time 1or t e con 

1 . . h b d t misclassification in proper case definition of the MOR-TB patients
exp anat1on m1g t e ue o
. 1 b d on analytical retrospective study. Another reason could be

since the study \.\:as pure y ase 
d. rr. ct of other conco1nitant variables that cannot be e,phc1tl)

adduced to the confoun 1ng e 1e 
I I t dy (Kolappan et al, 2002). 
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5.1.2: Clinical Characteristics of M ult1-Drug Resist 
The results shO\\ed a h' 1 

ant Tuberculosis Patients

. tg 1er propo1tion of I 
puln1onar) TB ( 13. l % ). 1-Io,veve . 

pu n,onary TB ( 86. 9%) compared to extra-
1. a study carried out b 

care hospital in ,vestem Nepal th . 
Y Sreerarnareddy et al (2000), in a tertiary 

• et e ,vas a shar con . 

(S 1.5%) and extra-pt1lmonary TB (4& 0 

• p traSl in the prevalence of pul111011af)' 'fB
·5 1/o) \Vtth a relative! 1 · • • 

paltr, proportion of extra-pul . 
Y equa distr1but1on. The reasons for a

n1ona1 y TB can be add d . uce to the r1go d · 
extra-puln1onary TB ,vhich b 

rous 1agnostlc procedures of 
was ased on fine di . . nee e asp1rat1on C)rtol , b' 1 · I 1 

of cerebrospinal/pleural/ . . 
ogy or 10c 1cm1ca ana yses 

ascetic fluid or histopalh 1 . . . 

· 1 d · 1 . 
0 og,cal exammat,on. These procedures also

inc u e unageo og1cal methods, blood tests for laparot . (': . . . . 
. . . 

01n1es 1or exc1s1on b1ops1es and Mantoux 
tests. These fac1ltt1es ,vhcrever availabl 
. . 

' ' c are not functional optimally for the investigation and 

d1agnos1s of extra-puln1onary tuberculosis. 

a e 1at 111aJor1ty of cases were retreat1nent con1parcd to The findings fro1n this study reve I d ti . . 

fe\ver ne,v cases. Tl,e reSu Its sho,ved a clear contrast to the study conducted by Serge Ade et al 

(2016) in ltepublic of Benin \vhere about ninety-five percent of the cases ,vere ne\.v cases. 

ln1proper records and database, case report/1nisclassification 1nay be attributed to this sharp

difference in this study due to lack of proper case definitions.

In respect of conversion status a1nong multi-drug resistant TB patients. there ,vere clear

variations and reports in the propo1tion of conversion to non-conversion status. Epidemiological

reports fron1 a stud) on intensive-Phase Treattnent Outcon1es a111ong Hospitalized Multi-drug

Resistant Tuberculosis Patients, nation,\ide cohort in Nigeria (Oladin1eji, et al 2014), had 88.0%

converted n1ulti-drug resistant TB patients to 12.0% non-converted '"hile 1--Jovhannesyan and

Breeze (2012), reported study had 69.0% conversion to 31.0% non-conversion patients. A stud)

b> He un is et a 1 (201 4) from Free State Pro vi nee South-Africa. reported s imilar findings or non­

conversion benveen gender groups. In addition, the decline in the trend of 2-month sputu1n s1near

non-conversion confirms the relative success of the DOTS strategy in TB control. with bener

performance among females than males. Interventions should cons ider the age and se, of

. . h 2 th spututn smear-conversion rate. 
patients to improve t e -1non 
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5.1.3: Social and Lifest)•le Cha . . racter1st1cs of Mutt· D 
Th ti d. 

1- ruo R · e 1n 1ngs fro1n this st d 
1:1 eSistant Tuberculosis Patients

. 
u y revealed that the level . 

among the multi-drug resistant TB . 
of alcohol intake and use of cigarette 

patients can worse ·h 
patients. However, studies condu t d b . 

n t e treatment outcomes of MDR-TB
c e y Deiss et al (2009) d 

. 

variance with the results of th' d . 
an Dura1sa1ny et al (2014) were at 

is stu y. The unplicatio f b 
that drug and substance use ,vhe h . 

ns O su stance abuse stem from the fact 
t er narcotic or alcoh I d' 

.. 

implement rational decisions. 
0 ,m,mshes the capacity to make and 

5.1.4 Factors associate(! ,vith sputuni conv ,· 
tuberculosis patients 

crs1on t1n1c an1ong n1ulti-drug resistant 

Specifically, patients ,vhose toe t' . a ton ate outside Lagos, those who are at least forty-years 

e 1ne I us con 1t1011 had prolonged sputun, conversion atold, and those dia0nosed ,vith diabetes ll't d' ·

treatn1ent induction. However, the identified factors are assessed either before the condition was 

diagnosed or during treat1nent progran1me. These afford the clinicians to have an insight on the 

progress the patients 1nade individually ,vith respect to treattnent n1anage1nent. Also, in low­

resource setting, it is necessary to have an adequate monitoring systern for sputum cultures

conversion in patients ,vith high risk for longer or delayed conversion in order to rnanage the

cost-effectiveness of the programme. Also, earlier reports on sputum conversion time have

insufficient data on history of drug resistance ,vhich are gennane infonnation for the existing

literature. In this study, diabetes status and nu1nber of drugs resistant to at treatn1ent initiation

emerged as significant risk factors after controlling for other variables. The reasons for this

require further investigation. 

The stud) revealed that a fe,ver patients experienced conversion frorn MOR-TB treatrnent

d ·t11 the level found by a previous study conducted in Ar1nenia
programme co1npare w1 

(H d B 2012) This decrease in proportion may suggest one of the

ovhannesyan an reeze, 

. . TB ·11 nee strategy and still far from the rate recornrnended b) the

shortcomings 1n MDR- surve1 a 

. . H a higher proportion \Vas found in sub-Saharan A fricnn

\1/orld Health Organ1zat1on. owever,

. 60 001. (Berhan et al, 2013).
\\ h1ch \Vas between 45 0% to · 10 UNIV
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Concerning the intensity f 0 conversio 

conversion \Vithin the period Co 
n, approximately 6 out of 10 patients experienced

· nsequentl · 
· 

Y, a significant d'ffi 
documented based on H1V status Th 

. 
1 erence tn sputun1 conversion \vas 

. at is a survival rate of 0 
sputum conversion among HIV C . fi 

. l O per tnonth. Ho\vever, a study on 
o-111 ected \Vith multi d 

South Africa revealed 89% co . 
· rug reSIStant tuberculosis patients in,

nvers1on rate (Brust et al 2 
(Metcalfe et a I, 2 O 14) claimed 6 2 O¾ . 

' O 1 1 l and another one from Zimbabwe 
• o conversion rate Tl . . d . . . 

be attributed to the d'f� . · 11s wi e variation 1n conversion rates can
1 ierences in the study d . eSigns. Multi-Drug Resistant ,vas found to be

resistant to both isoniazid and rifa . .
mptctn vvhether there is resistance to other drugs or not

Y indicates that 111uch 1ntervent1on 1s still needed (Sharma SK and Moha11 A, 2006). This stud 
. . . . . . 

such as healt\1 education. 

5.1.5 u un1 conversion and treatment initiation period Factors associated ,vit11 ti 111e to sp t 

among MDR-TB patie11ts using mixture cure 111odel 

With respect to mixture cure n1odel, nu1nber of drugs resistant to during treatment

initiation and diabetes status were found to be significantly associated with time to sputum

conversion vvhile Log-nor1nal Cox 1nixture cure has the best fitted data as it generated the least

goodness of fits criteria a1nong n1ulti-drug resistant tuberculosis patients in this study. However,

in a similar study on tl1e application of mixture cure model which focussed on the time to default

from tuberculosis infection in Southern Republic of Benin . Age, HJV ffB co-infection were

found to be significantly associated vvith default time fro1n tuberculosis treattnent ,vhile Log ­

logistic Cox mixture has the best fitted data as it generated the least goodness of fits criteria

(Sylvere et al, 2015). 

Indeed, juxtaposing the factors associated with treatment initiation period between

converted and non-converted multi-drug resistant tuberculosis patients, the model shov.ed no

· ·ti 
· · converted MDR-TB patients whilst Log-logistic Cox 111ixture has

s1e.n1 1cant assoc1at1on among 

h . · Id d ti e lowest goodness of fits criteria \Vhereas age ,vas sign1ficantl)..., 

t e best fitted data as 1t y1e e 1 

. d MOR-TB patients while Weibull Cox n1ixture has the best

associated \Vtth the non-converte 

d ess of tits criteria.

fitted data as it generated the least goo n 
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From some developed mod 1 e s, various studies h 
semi-parametric mixture cure mod 1 

ave proposed and assessed para1netric and
e s sucl1 as Default f 

Southern Republic of Benin Usin M. ime fron1 tuberculosis treatment in the 
g ixture Cure Mod I fi 

Sylvere et al, 2015). This cohort a 
e or Survival Analysis (Tchibozo Anicet 

ssessed the cured fract. . . 
(CPD) fro1n treatment cours d . . 

ton, the conditional probability of default 
e an identified the risk facto . . . . . . 

Proportional hazards (PH) ct· 
rs pred1ct1ng its t11111ng. With Cox 

, pre ictors of default f 
H 

. 
une were HIV/AIDS TB history and Aoe 

owever, with \ooistic Cox in· t 
' 0 • 

e ix ure cu d I 
. . . 

re 1no e ,  I-ITV/AIDS and Age significantly 
increased the probab1l1ty of default vvher T . . . 

. . 
' eas B htStory significantly reduced default probability 

fron1 previous TB infection. Moreo th d . ver, e stu Y provides the first evidence that I-ITV/ AIDS TB 

history and Age vvere t\1e 1naJ· or predi t' f; c ive actors of default ti1ne fro1n anti-TB treat1nent in 

, na e 1orts to 1n1prove the co1npliance of pat ients \-Vith anti-TB Benin Republic. Therefore additio I f� 

treatinent through a better n1anagen1ent of the co-infect ion \-Vith 1-IIV/A[DS in accordance \-Vith

patient's specific age group tnay be an i1nportant feature of a prospective TB control strategy in

the future. 

In con1parison, a study of 1nodelling ep iden1ics of n1ulti-drug resistant tuberculosis of

heterogeneous fitne ss was emphasized. These models suggest the threat of 1nulti-drug resistant to

TB control vvill depend on the relative 'fitness' of MOR strains and in1ply that if the average

fitness of MDR strains is considerably less than that of drug-sensitive strains, the emergence of

resistance \-viii not jeopardize the success of tuberculosis control efforts. These results imply that

current epidetniological 1neasures and short-tenn trends in the burden of MDR-TB do not

provide evidence that MD R-TB strains can be contained in the absence of speci fie efforts to J im it

transmission from those w ith MDR disease (Cohen and Murray 2004). 
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5.2 
Conclusion 

ln vie\v of high rate of drug res· t , is ance propounded by the study, about nvo-third of the
Ses attained sputum conversion within · d ca a per10 of two months. Some variables \Vere confirmed
be associated with time to sputum con · Th' . . . to version. 1s could assist 1n e1nploy1ng further strategies

in the patients' care and managen1ent. Sputum culture conversion can be used regularly as a

signal of the achieveinent of the 1nanage1nent of 111ulti-drug resistant TB despite insufficient

infonnation to provide benchmarks against progress 111onitoring. In addition, the findings of tirne

to sputu1n culture conversion n1ay be useful as a gold standard for deter1nining the treatment

outcome for multi-drug resistant tuberculosis patients. 

Finally, factors revealed to be associated \Vith culture conversion within a period of t,vo

inonths in the research can be detected during the course of MOR-TB therapy. This can assist in

future inanage1nent of MDR-TB patients. Further studies are needed to unravel and conftrrn the

finding of negative association between resistance to streptomycin and culture conversion at two

months observed in the present study.
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Recommendations 5,3 

I . 

2. 

More prospective clinical studies are required to assess other possible underlying potential
factors that cause delays in sputt1m conversion such as urban and rural differentials, delay
in presentation, adverse drug reaction and treattnent interruption.
There is need for a paradigm shift in the 1nanage1nent of MDR-TB patients such that fe,ver
patients are hospitalized in favour of co1n1nunity-based treatn1ent care ,vith 1neasures put

in place to ensure co1npliance . 

.1 Contributions to k11owledge s ... 

I 

2. 

· d · t d f descriptiveThe use of n,ixturc cure 1nodel in the analysis of MOR-TB ala ins ca o 

statistics is a substantial contribution to the body of kno,vledge. 

· · · · I ave been identifiedDiabetes inel I itus and quantum of drugs resistant at treatn1ent in1t1at1on 1 

as factors associated vvith ti1ne to sputun1 conversion. 

... 

I 
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fi co�D CODES FOR Tabl es 4.� and 4.51

library(survi val)

library(parfm)
' te s = "Ye . packageDescription ("parfm" fi Id 

Jibrary(Olsurv) 
rs1on") 

tibrary(KMsurv) 
n1ydata<-read.csv('akinsola2 cs , h d · v ,  ea er =T)

#fix(mydata)#spreadsheet 
attach(111ydata) 

1erence - 1 1nydata$adherence <- 1nydata$adl 
.......................... Conve'.·sion Patient with Titne(t) ............. . 
n1odel <- parfm(Surv(tune,conversion) _ di . 

. ................................................ . 

ocat1on , ata = mydata dist= "'<v .b I" .� . 
ou come+ diabetes, cluster =

"l 
. " d 

a 1e1 ence + drugs +age+ t 
. 

n1odel 
' et u , iratlty = "none") 

' · a 1erence" ]
confAd<- ci.parfm(1nodel level = o OS)[" di 

con�d 
confAg<- c i.parf1n(n1odel, level = o.OS)["age",]

confAg 
confDia<- ci.parfm(1nodel, level= 0.05)["diabetes",]

conIDia 
confDr<- ci.parf1n(1nodel, level = O.OS)["drugs",]

conIDr 
confOut<- ci.parfm(1nodel, level= 0.05)[11outcon1e",] 

confOut 
AIC(model) 
BIC(1nodel) 
model I <- parfm(Surv(time,conversion) - adherence+ drugs +age+ outcome+ diabetes, cluster

= "location", data= mydata, dist= "loglog istic", frailty = "none") 

model 1 
confAd l <- ci.parfm(modell, level = 0.05)["adherence",]

confAd I 
confAgJ <- ci.parfm(model I. level= 0.05)["age",]

confAgl 
con fD ia I <- c, parf m (mode\ I , \eve\ � 0. 0 S)["d iabetes" ,]

confD1a 1 
con fDr I <- c j. parf m ( model I , \eve I � 0. 05 )["drugs"• l

confDrl 
,, l

confOut I<- ci.parf m(modcl I, level - O.OS)["outconic 

confOut I 
AIC(mo<lcl I) 

BIC.(modcl I)

• 
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mode12 <- parfm(Surv(time co · ) d 
= "l 

. 11 _ 

' 

_
nverSion - a herence + drugs +age+ outcome+ diabetes, cluster 

ocat1on ' data - n1ydata, dist = "logistics"' frailty= "none")
model2 

confAd2<- ci.parf1n(model2, level= 0.05)["adherence",] 

confAd2 

confAg2<- ci.parfin(1nodel2, level = 0.05)["age",] 

confAg2 

contDia2<- ci.parfin(1nodel2, level = O.OS)["diabetes",] 

confDia2 

contDr2<- ci.parf1n(model2, level= O.OS)["drugs",] 

contDr2 

conf0ut2<- ci.parf1n(1nodel2, level= O.OS)["outcon,e",] 

conf0ut2 

ci.parfin(n1odel2, level = 0.05)["drugs",]

AIC(model2)

B1C(n,odel2) 

1nodel23 <- sel ect.parfn1(Surv(tin1e, conversion) - drugs+ age+ diabetes+ outcorne+ adherence

+ censoring, cluster = "location", data = mydata, dist = c("exponential", "weibull", "gon1pe1tz", 

"loglogistic", "lognorn1al"),frailty = c("gan1n1a", "possta"))
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R COMMAND CODES FO R Tables 4.6 and 4.6.1

library(survival) 

Ii brary(parfn,) 
library(Olsurv) 

library(KMsurv) 

mydata<-read.csv('akinsola2.csv'. header =T) 
# fix( 111 )' data )#spreadsheet 
attach( 111ydata) 
mydata$adherence <- n1ydata$adherence - 1 
......................... Period 2 Conve1·s1· on t· ... pa 1ents 

model <- parfn1(Surv(period? · ) 

1 _ "I . ,, 
_,converSion - adherence+ drugs +age+ outcome+ diabetes.

c uster - ocat1on . data = tnydata, dist = ",veibul" frailty = " ") 

d I

, , none 

1110 e 
confAd<- ci.parfn1(1nodel, level= 0.05)["adhercnce".]

confAd 

confAg<- ci.parfn1(1nodel, level= 0.05)["agc",]

confAg 

confDia<- ci.parf111(111odel. level = O.OS)["diabetcs",]

confDia 
confDr<- ci.parf1n(111odel, level = 0.05)["drugs",l

contDr 

confOut<- ci.parfin(n1odel, level = O.OS)["outco1ne",]

confOut 

AIC(model) 

BJC(1nodel) 

model I <- parf111(Surv(period2.conversion) - adherence+ drugs +age+ outcome+ diabetes,

cluster= "location". data= 1nydata, dist = "loglogistic", frailty = "none") 

model I 

confAd I<- ci.parf1n(n1odel I. level = O.OS)["adherence".]

confAd I 

confAg I<- ci.parfn1(111odel I. level = O.OS)["age",]

confAgl 
confDia I<- ci.parf m(model I. level - O.OS)["diabetes",] 

confD1a l  

confDrl - ci.parfm(model I, level - 0 OS)["drugs".1

contDr l 

c-0nfOut 1 <- ci.parfm(modcl I, level O.OS)["outcomc" .1

coJ110ut I

AIC(modcl I)

l31C(rnodcl I) 
.. le (r ·riod2 convc1 -;ion) .,dhcrcncc I drugs I llgl' f outl'Oll\� d1ob1..·h:-. , 

mudc12 - par,111 .-,urv >C 
"I 11

' I tit) "nnnc"l 

cluster "locatil)ll'' duto n1)d.1t,1, dt!!I ngnorn111 • ,11 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



111odel2 

confAd22<- ci.parfm(model2, level= 0.05)["adherence",]confAd22 

confAg22<- ci.parfm(model2, level= 0.05)["age",]
confAg22 

contDia22<- ci.parfm(rnodel2, level= 0.05)["diabeles",]
contDia22 

confDr22<- ci.parfn1(1nodel2, level= 0.05)["drugs",]
confDr22 

conf0ut22<- ci.parfin(n1odel2, level= O.OS)["oulcon1e",]
conf0ut22 

AlC(mode12) 
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• 

!l COMMAND CODES FORT ables 4.7 and 4.7.1

library(survi >val) 

library(parfrn) 

library(Olsurv) 

library(KMsurv) 

mydata<-read.csv('akinsola3 cs , h · v , eader =T)
#fix(111ydata)#spreadsheet 

attach(m) data) 

mydata$adherence <- ,nydata$adh erence - I 

··················· ··································· U11ct1red Code 
· 

model <- parf1n(Surv(period3 con . . 
( ) Patients 

· veision) - adherence+ d 

cluster= "location". data= tll)'dat d" _,, . 
11 

rugs +age+ outcome+ diabetes. 

model 

a, ist - ,ve1bul ' frailty = "none") 

confAd<- ci.parf111(111odel level = 0 0)-)["adl ., ]' · 1ercnce 

confAd 
confAg<- ci.parf111(111odel, level = O.OS)["age".] 

confAg 

confDia<- ci.parfm(n1odel. level = O.OS)["diabetes",]

confDia 

confOr<- ci.parf111(model, level = O.OS)["drugs".]

contDr 

confOut<- ci.parfm(model. level = O.OS)["outcome",]

confOut 
AIC(model) 
BIC(model) 

model 1 <- parftn(Surv(pcriod3.conversion) - adherence+ drugs +age+ outco1ne + diabetes,

cluster = "location". data = 111ydata, dist = "loglogistic", frailty = "none") 

model I 
confAd I<- ci.parf1n(1nodel I. level == O.OS)["adhercnce".] 

confAd I 
confAg I<- ci.parf1n(n1odel I. level == 0.05)["age'' .]

confAg l 
confD1al <- ci.parfm(n1odel I. level = 0.05)["diabetes".]

confD1al 

confDr I<- ci.parf m( model I. levc 1 = O.OS)f"drugs" ,1

confD r l 

cont Out I,.,, - ci.parfm( rnodcl I, 11.:vcl O.OS)f "out cornc" ,I

confOut I

AIC(modcl I)

131( (rnodcl I) 
13 ,,-,;ion) .idh1!1l.!t11.:I.! I dr11gs t 1gl.! c111t nllll' d1ul l'tC •

mo<lcl2 - par hnlSur-. ( pi:r 1t><. .1.:onv1.: I'' I 11 "nnnc") 

cluster "location" dat,1 ,nydutu, di<t "logn<>t1t1<1 '"' ) 
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1nodel2 

confAd22<- ci.parfm(model2, level= 0.0S)["adherence",]
confAd22 

confAg22<- ci.parfm(1nodel2, level= 0.05)["age",]
confAg22 

contDia22<- ci.parfm(model2, level= 0.05)["diabetes",]
contDia22 

confDr22<- ci.parfm(1nodel2, level= 0.05)["drugs",] 

contDr22 

con f0ut22 <- ci. parf1n ( n1ode 12, I eve I = 0 .05)[" outcon1e" ,] 

conf0ut22 

AlC(n1odel2) 

B 1 C(n1odel2) 
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