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Chapter 1  
 General Introduction 
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This thesis outlines studies that were conducted between 2006 and 2010 in Rwandan clinical and 

public health settings to respond to some unresolved research priority questions. It describes and 

analyses sputum completion and conversion rates at two months of treatment and their 

determinants. It explores determinants of adherence to tuberculosis (TB) treatment, TB mortality 

and the independent effect of adherence on mortality. It reports and analyses HIV test-uptake 

before and after the introduction of Provider-initiated HIV testing and counselling (PITC), as well 

as the acceptability of PITC and its barriers towards linkage to HIV care. It also reports patient 

attrition after HIV diagnosis and analyses factors associated with this. Lastly, it explores the 

prevalence and determinants of discordant treatment responses in a Rwandan cohort of HIV 

patients who started combined antiretroviral therapy (cART).   
 

The burden of TB and HIV  
TB is an infectious disease caused by Mycobacterium tuberculosis. Robert Koch isolated the causative 

agent of TB in 1881.1 It is acquired by inhalation of micro droplets containing bacilli that cause 

infection.1 In 2011, an estimated 8.7 million people world-wide developed active TB (13% of whom 

were co-infected with HIV), and an estimated 1.4 million people died from TB, including almost 

one million deaths among HIV-negative individuals and 430,000 among people who were HIV-

positive.2 Sub-Saharan Africa (SSA) accounted for 24% of the world’s cases in 2011.2 

 

TB is the most common presenting illness and the leading cause of death among people living with 

HIVAIDS.3 HIV is caused by two different types of human immunodeficiency viruses, HIV-1 and 

HIV-2.4 HIV-1 is responsible for the majority of the world’s infections.4 HIV-2 is less transmissible 

than HIV-15 and is largely restricted to West Africa and in countries with large West African migrant 

populations in Europe.6 HIV is transmitted from person to person through sexual intercourse, 

exposure to contaminated blood or body fluids and from mother-to-child.4 In 2011, 1.7 million 

people died from HIV related causes worldwide; of these Sub-Saharan Africa accounted for 70%.7   

 

The epidemiology of tuberculosis and HIV in Rwanda 
In Rwanda, the estimated annual TB incidence rate in 2009 was 376 per 100,000 population.8 In 

2010 the number of newly notified TB patients was 6,434, of whom 98% had a known HIV status.9 

The case detection rate [defined as the percentage of TB cases diagnosed and reported to the 

national health authority among the total number of TB cases estimated to occur country wide each 

year10] was 60%.9 The treatment success rate among new smear positive and/or culture positive 

patients was 88%.11 The treatment success rate was 74% for the combined group of new smear 
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negative, extra-pulmonary and retreatment patients.11 About 4% of new TB cases and 19% of 

retreatment cases were diagnosed with multi drug resistant TB (MDR-TB).11 Any person coughing 

for two weeks or more is considered a TB suspect and must have a sputum examination and an HIV 

test done.12 A diagnosis of smear-positive TB is made whenever at least one acid-fast bacillus (AFB) 

is found in one sputum smear in a person with suspected TB. The diagnosis of smear-negative and 

extra-pulmonary TB is made based on the combination of complementary investigations and 

procedures that include clinical history, clinical signs, laboratory and radiological results and where 

possible culture12 By the end of June 2012, out of the 495 health facilities in Rwanda, 194 provided 

TB diagnosis and treatment services, 485 were providing voluntary counselling testing (VCT) 

services, 467 offered prevention of mother to child HIV transmission (PMTCT) services while 430 

offered ART services.13 In the same year, 107,938 people were receiving HIV care and treatment 

services, and 94% of them were receiving ART.13 

 

Rwanda was ranked by UNAIDS among countries with favourable epidemiologic trends whose 

incidence of HIV infection fell by ≥50% in the period 2001-2011 among adults 15-49 years old.7 

The HIV prevalence among the general population aged 15-49 years was 3.0% (7.1% in urban and 

2.3% in rural areas respectively) in 2010.14 The prevalence in women and men increases with age 

until it peaks at age 35-39 for women (7.9%) and at age 40-44 for men (7.5%).14 According to the 

2010 demographic and health survey (DHS), the adult population aged 15-49, 77% of women and 

73% of men had been previously tested for HIV and the majority indicated they received results.  

Only 39% of women and 38% of men said to have received results from an HIV test done in the 12 

months preceding the survey.14 

 

Education is not associated with HIV infection among women or men, but prevalence is highest in 

the wealthiest households.14 In 2010, condom use at last sexual intercourse among the youth aged 

15-24 and CSWs was estimated at 43% and 83%, respectively.15  

 

To combat TB and HIV, the Rwandan TB and HIV control programs focus on WHO’s 

recommended Stop-TB Strategy12,16,17 and the UNAIDS global commitment to “Zero new HIV 

infections, Zero discrimination and Zero AIDS-related deaths” respectively.18,19 The six strategies to 

control TB include: (1) pursuing high quality directly observed treatment short-course (DOTS) 

expansion and enhancement; (2) addressing TB/HIV, MDR-TB and other challenges; (3) 

contributing to health system strengthening; (4) engaging all care providers; (5) empowering people 

with TB and communities and (6) enabling and promoting research.17 To control HIV, three impact 
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areas have been prioritized: (1) reducing the incidence of HIV in the general population to half by 

2012 (HIV prevention); (2) significantly reducing morbidity and mortality among people living with 

HIV (HIV Care and Treatment); (3) providing the same opportunities to people infected and 

affected by HIV as the general population (HIV Impact mitigation).18 

 

In the past decade, the HIV epidemic caused a surge in the incidence of TB. Progress has been 

made regarding the diagnosis and treatment of TB and HIV. In low-resource settings, national 

programs face major operational challenges regarding sustaining scaling-up, universal coverage, 

therapeutic success, careful monitoring and evaluation.20 Today, there is a growing recognition 

among policy makers and program managers to use evidence-based information while formulating 

and implementing interventions. In this perspective, the studies reported in this thesis were designed 

to inform both the TB and HIV programs in Rwanda and similar settings on unresolved challenges 

of diagnosis and treatment TB and HIV. 

 

The rationale for the studies reported in this thesis 
Inaccurate and delayed TB diagnosis and start of treatment result into prolonged transmission, 

increased infectiousness, morbidity and mortality.21 Inefficiencies in management of TB patients on 

treatment must be addressed by national TB control programs to minimize the development of drug 

resistance.22,23 Improving TB treatment adherence and treatment outcomes in countries with high 

incidence of TB are priorities for national TB control programs. To inform performance 

improvements, we conducted two operational studies to assess the proportions of sputum 

completion, sputum conversion rates, treatment adherence and mortality among TB patients in 

Rwandan health facilities [chapter 2 and 3]. 

 

Timely HIV diagnosis facilitates access to HIV prevention and treatment services. To complement 

the VCT method of routine HIV testing, PITC was recommended by WHO and adopted by 

national HIV control programmes in countries with generalized HIV epidemics to increase the 

number of individuals with knowledge of their HIV status. Following the adoption of the PITC 

policy, it was not clearly known to what extent PITC was acceptable to health facility attendees and 

health care workers as a new national policy in Rwanda. In order to inform health services planning 

and improvements, we evaluated the acceptability of PITC, reasons for being tested or not being 

tested and the factors associated with HIV testing [chapter 4]. 

Challenges regarding timely linkage to care and treatment following HIV diagnosis are frequent and 

have been documented in South African studies despite increased access to ART services.24-26 To 
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achieve favourable health outcomes patients must enrol into ART clinics for immediate CD4 staging 

and start treatment as soon as possible.27,28 Early ART initiation also makes good prevention of HIV 

transmission.29 In several countries HIV test-uptake and factors associated with delayed linkage to 

care and treatment have been studied, but not in Rwanda.24,28,30 We conducted studies to assess HIV 

test up take, linkage to care after HIV diagnosis before and after PITC implementation as well as 

predictors for failure of linkage to care [chapters 5, 6 and 7]. 

 

In resource-limited settings, health care workers mainly depend on WHO clinical and 

immunological criteria to maintain or switch ART regimens for patients on life-long treatment. 

Failure to achieve adequate ART response occurs frequently among HIV patients. Studies on 

discordant treatment response (inadequate immunological recovery despite viral suppression) among 

HIV positive patients on ART have been published elsewhere but little is known about this problem 

in the Rwandan context.31,32 We therefore studied the prevalence and determinants of discordant 

treatment responses in a Rwandan cohort [chapter 8]. 
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About the research setting  
Rwanda is located a few degrees south of the equator in East of Africa and shares borders with 

Uganda, Tanzania, Burundi and the Democratic Republic of Congo. It is a low-income country with 

about 10.5 million inhabitants33 and has a surface area of 26,338 km2. Table 1 shows more key 

development indicators on Rwanda. 

 

Table 1. Key development indicators of Rwanda 
Indicator Rwanda the Netherlands 
Area (km2) 26,338 41,526 
Population (millions) 10.5 16.5 
Population density (inhabitants per km2) 399 397 
UNDP Human Development Index 0.429 0.935 
Rank on Human Development list 2011 (out of 187) 166 8 
GNI per capita, Atlas method (current US$) 560 48,250 
Poverty headcount ratio below national poverty line (% of population) 44.9 -- 
Life expectancy at birth, total (years) 63 81 
School enrollment, primary (% gross) 142* 108* 
Literacy rate, adult total (% of people ages 15 and above) 71 99 
Improved water source, rural (% of rural population with access) 63 100 
CO2 emissions (metric tons per capita) 0.1 11 
Adult male mortality rate /1000 male adults *** 263.5 75.4 
Adult female mortality rate /1000 female adults *** 218.5 55.9 
Maternal mortality ratio/100,000 live births 476 6 
Infant mortality rate/1000 live births 38.8 3.4 
<5 mortality rate/1000 live births 58.9 4 
Neonatal mortality rate/1000 live births 27 -- 
Vaccination coverage** (%) >90 97 
Total fertility rate (TFR %) 4.6 1.8 
Incidence of TB (/100,000) 106 6.8 
Tuberculosis treatment success rate (% of registered cases) 87 78 
Tuberculosis case detection rate (%, all forms) 64 86 
HIV prevalence in 15-49 year age group (%) 3 0.2 

 
Sources: UNdata. United Nations Statistics Division. Country profile Rwanda. 2012 population and Housing Census 
report. Rwanda demographic and health survey 2010. World Bank Development Indicators 2011. WHO Global TB 
Control report 2011.  
UNDP United Nations Development Program. GNI Gross National Income. CO2 Carbon dioxide. 
*Gross enrollment rate can exceed 100% due to the inclusion of over-aged and under-aged students because of early or 
late school entrance and grade repetition. **% Children 12-23 months fully vaccinated includes BCG, measles, and three 
doses each of DPT-Hep B-Hib and polio. 
*** Probability of dying between ages 15 and 60 years; i.e. the probability of a 15 year old dying before age 60. 
 
The INTERACT Program 
In the process of health systems strengthening over the last decade, the role of research has become 

an important ingredient in improving health care delivery,34,35 yet it remains a critical challenge. In 

2007, INTERACT (Infectious Diseases Network for Treatment and Research in Africa), an African-

Dutch partnership program was funded through The Netherlands-African partnership for capacity 

development and clinical interventions against poverty-related diseases (NACCAP), a programme 
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from WOTRO Science for Global Development, a Dutch governmental funding agency. The aim of 

INTERACT was to build public health research capacity for young scientists and health institutions 

in both Uganda and Rwanda. Six PhD projects from this partnership were envisaged in Rwanda. 

This thesis reports the research done in the course of one of these PhD projects; it focused on 

operational aspects of TB and HIV diagnosis, care and treatment in Rwandan health facilities 

between 2007 and 2012. 

 
Introducing the chapters of this thesis 
In chapter 2, we report data from a cohort of TB patients who were diagnosed and treated in 89 

Rwandan health facilities between January and June 2006. For this study, we abstracted data from 

patient registers. A total of 1509 new pulmonary TB sputum smear-positive (PTB+) patients had 

been registered in six months at the selected study clinics. We evaluated the sputum completion and 

the sputum conversion rates after the intensive phase of TB treatment and their determinants in the 

context of the Rwandan TB control programme.  

 

Chapter 3 focuses on results from a retrospective cohort study of tuberculosis patients treated at 

Rwandan health facilities between January and March 2007. In this cohort, we assessed the impact 

of sputum-smear conversion after two months of treatment, and the impact of adherence to 

treatment on all-cause mortality. We first analysed which factors determined smear conversion and 

adherence; then we assessed which factors were predictors of mortality; finally we assessed whether 

smear conversion and adherence were independent predictors of mortality. 

 

Chapters 4 through 7 report various analyses of a cluster non-randomised controlled trial of 

introducing Provider Initiated HIV Test and Counselling (PITC) in health facilities in Rwanda. 

 

Chapter 4 reports results regarding the acceptability of PITC, the reasons for being or not being 

tested for HIV and factors associated with having been tested on the day of the interview among 

attendees in eight Rwandan HFs.  

 

In chapter 5, we analyse data from the cluster non-randomized controlled trial on PITC, in which 

PITC was introduced in six health facilities, but not yet in two other facilities.  We compared the 

uptake of HIV testing and HIV case finding between the baseline and the intervention phase while 

correcting for a possible effect of a time trend or seasonality using the double difference estimation.  
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Table 2. Data sources, study populations and period by chapter.  
Data sources Study population Study period Chapter 
TB clinic registers, structured 
interviews with heads of health 
facilities 

1509 TB patients and 89 heads of 
health facilities 

January to June 
2006 

2 

    
TB clinic registers and individual 
treatment charts 

581 new adult TB patients diagnosed 
at 48 clinics.   

January to 
March 2007 

3 

    
Systematic interview of health 
facility attendees using a structured 
questionnaire * 

1772 health facility attendees and 85 
health care workers 

March to May 
2009 and 
December to 
February 2010 

4 

Health facility registers * 56,737 clinic attendees [phase 1] and 
57,692 clinic attendees [phase 3] in 
eight health facilities 

March to May 
2009 and 
December 
2009 to 
February 2010 

5 

Health facility registers * 482 HIV positive patients in eight 
health facilities 

March to May 
2009 

6 

    
Health facility registers, 
structured and in-depth interviews 
* 

953 adults and children aged 18 
months and above who were 
diagnosed with HIV at the OPD, 
VCT clinic, TB clinic and ANC clinic 
in eight health facilities 

March to May 
2009 and 
December 
2009 to 
February 2010 

7 

    
Patient intake study-forms, health 
facility registers, laboratory 
registers 

610 naïve HIV patients treated at 
nine rural health facilities 

June 2007 to 
August 2008 

8 

 
TB Tuberculosis; OPD Outpatient department, VCT Voluntary counselling and testing; ANC Antenatal care; cART 
Combined antiretroviral treatment  
* These studies are all part of the PITC Intervention research conducted in 8 clinics. 
 
 

In chapter 6, we describe and analyse linkage to HIV care and treatment after HIV diagnosis in a 

cohort of HIV positive patients diagnosed at eight Rwandan health facilities. This analysis is based 

on data preceding the introduction of PITC. We examined the proportion of HIV infected patients 

that enrolled at ART clinics, the proportion of enrolled patients that were eligible for ART, and the 

proportion of eligible patients that started ART, all within 90 days of diagnosis. We also examined 

clinic and patient factors associated with enrolment, eligibility and start of ART. 

 

Chapter 7 compares linkage to HIV care before the implementation of PITC (as described in 

chapter 4) and linkage to care after implementation of PITC. We studied the impact of PITC and 

patient factors on linkage to HIV care and treatment and the possible barriers towards linkage to 

HIV care in Rwanda. 
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Table 2 shows the populations and data sources, as well as the data collection periods of the studies 

reported in this thesis. 

 

Chapter 8 reports a study of a 12-month prospective cohort of 610 cART-naïve HIV patients 

treated at nine rural health facilities from two regions in Rwanda. We assessed the prevalence and 

determinants of discordant treatment responses defined as good virological response but a poor 

immunological response to cART. 

 

In chapter 9 the main findings from the different studies that make up this thesis are discussed, 

conclusions are drawn and recommendations regarding operational aspects of TB and HIV control 

are given.  
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