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1.1 TubERCulOSIS DISEASE AnD buRDEn
Tuberculosis (TB) is a treatable disease that ranks among the top ten causes of death 
worldwide1, and is a leading cause of death in people in the most economically productive 
age groups.2 TB disproportionally affects populations in low and middle income countries 
and people living with the human immunodeficiency virus (HIV). In 2009, 30% of the 
estimated 9.4 million incident cases were in Africa, where 12% of the global population 
lives. Twelve percent of new TB cases were HIV-infected of whom 80% were in Africa. 
Of the estimated 1.7 million deaths from tuberculosis 0.38 million (22%) were among 
HIV-infected people.3 Tuberculosis is rooted in poverty and inequity, and the disease 
itself has an impoverishing effect.4, 5  Controlling the tuberculosis pandemic is among the 
Millennium Development Goals (MDGs) that were set to eradicate poverty.2, 6 

TB was an epidemic disease in western Europe and North America during the crowded 
conditions of the Industrial Revolution, where case rates reached over 1000 per 100 000 
population per year in the late 1700s and early 1800s. Between 1600 and 1800 most 
people were infected, and up to 25% of deaths were caused by TB. The epidemic reached 
eastern Europe about a century later and the disease travelled along with European 
exploration and colonization of Asia, Africa and South America.7 In western Europe 
and North America improved living conditions, better nutrition, removal of infectious 
individuals to treatment facilities, and genetic herd immunity likely contributed to the 
decline, which was followed by antibiotic chemotherapy.7 

Tuberculosis is a bacterial infectious disease. The pathogens causing disease in humans 
are part of the Mycobacterium tuberculosis complex of organisms (comprising M 
tuberculosis, M africanum, M bovis, M microti and M canetti), of which M tuberculosis 
is responsible for most of the disease.8 Phylogenetic studies suggest that mycobacteria 
were contemporaneous with early hominids in East Africa 3 million years ago9, and have 
since been shaped by human demographic and migratory events and evolved into a 
genetically diverse pathogen that is transmitted efficiently and is capable of causing 
disease.10, 11 Members of the M tuberculosis complex likely developed 20,000–35,000 
years ago from ancestral strain that underwent an evolutionary bottleneck.9  Robert 
Koch first identified M tuberculosis in 1882.7

M tuberculosis is a non-motile, non-encapsulated, non-spore forming obligate 
intracellular pathogen, with an acid-fast lipid-rich wall, that can infect several animal 
species, although human beings are the principal hosts. The bacillus replicates slowly, 
and grows most successfully in tissues with high oxygen content, such as the lungs.8 
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M tuberculosis is transmitted through inhalation of infectious droplet nuclei that are 
projected in the environment by infectious persons through coughing, sneezing, talking, 
and singing. The bacteria are able to withstand drying and remain buoyant in ambient air 
or house dust for prolonged periods of time, which can be interrupted by ventilation and 
ultraviolet irradiation.12, 13 The major factors that determine the risk of becoming exposed 
to tubercle bacilli include the number of incident infectious cases in the community, the 
extent and duration of their infectiousness, and the number and nature of interactions 
between a case and a susceptible contact per unit of time of infectiousness.12, 13 

Following exposure to M tuberculosis, most immunocompetent individuals either 
eliminate the infection by their innate immune response or an acquired mediated 
immune response, or develop so-called latent tuberculosis, a clinical disorder in which 
the host immune system retains sufficient control over replication of the bacterium such 
that the individual remains free of tissue damage and symptoms.8, 14  Approximately 
one third of the global population has latent M tuberculosis infection15, with great 
variations between the proportion infected between different parts of the world. The 
interactions of M tuberculosis with the human host that mediate clinical latency are 
largely unknown.8  Clinical disease develops in approximately 10% of immunocompetent 
infected individuals.16, 17  Nearly all pathology and disease is a consequence of the cell 
mediated immune response, and has traditionally been classified according to the 
pattern of progression. Progressive primary disease is severe acute disease resulting 
from a primary infection, usually in childhood or in immunocompromised individuals. 
Manifestations include meningitis and miliary (disseminated) tuberculosis.18 In 
reactivation, pre-existing infection emerges from its otherwise quiescent state causing 
disease.18 Incidence is highest within the first few years after infection, and then rapidly 
falls off.16 Post-primary disease is for practical purposes defined as disease that occurs 
more than five years after primary infection.18 The binary concept of latent infection and 
active disease is increasingly considered over-simplistic and replaced by the concept of 
a more dynamic spectrum of immune responses, mycobacterial metabolic activity and 
organism load.14 Important risk factors for progression to disease given that infection 
has occurred are HIV infection and the degree of immunosuppression, under nutrition, 
smoking, diabetes, alcohol misuse and possibly indoor air pollution. Age and sex are 
strong determinants, with highest risks in elderly people, those who are very young, and 
in men older than 20 years.2,16 Genetic factors are also important determinants of the 
host defense but in the presence of chemotherapy their contribution to TB epidemiology 
is unclear.19
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Diagnosis
Respiratory symptoms like persistent cough and haemoptysis, and systemic symptoms 
like weight loss, fever, night sweats ad fatigue are suggestive of active tuberculosis,18 but 
have low predictive values.20, 21 Microscopic examination of a smear of sputum stained 
by Ziehl-Neelsen’s method (ZN) or by auramine to identify acid-fast rods22 is most widely 
used for a bacteriological diagnosis. It is a sensitive test for identifying the most infectious 
cases, but not for diagnosing all tuberculosis, since patients with bacterial loads below 
10,000 bacilli per ml of sputum and extrapulmonary tuberculosis are missed.12, 23 Smear 
examination is laborious and requires collection of multiple samples.23, 24

Mycobacterial culture followed by species identification is the most sensitive method for 
detecting TB, but it can take several weeks to yield results25, 26, and demands advanced 
technical infrastructure that is not widely accessible in many countries.23 Radiographic 
examination, together with a trial of antibiotics, is the prevailing procedure to diagnose 
smear-negative pulmonary tuberculosis.27-29 Although certain abnormalities are highly 
suggestive of pulmonary tuberculosis18, the radiographic appearance of TB is not 
uniform, and interpretation is subject to observer error30, which limit the sensitivity and 
specificity of chest radiography.31, 32 

Nucleic acid amplification tests have high specificity, and their sensitivity in respiratory 
samples is better than that of sputum smear microscopy, but lower than culture  The 
technology is still expensive but provides rapid results,33, 34 and is promising in the rapid 
detection of drug resistance.34 

So far there is little or no role for immunological tests in the diagnosis of pulmonary 
tuberculosis. Serological tests to detect the antibody response to one or more 
mycobacterial antigens have shown variable performance.35 Positive tuberculin skin 
test (TST) responses, or interferon-gamma release assays incorporating species-specific 
mycobacterial proteins provide evidence of prior M tuberculosis infection36, but are 
unable to distinguish latent infection from active disease. 

Treatment
Mycobacteria are innately resistant to most antibacterial agents. Standardized short-
course chemotherapy – rifampicin (R) and isoniazid (H) for 6 months, supplemented 
with pyrazinamide (Z) and ethambutol (E) in the first 2 months - is effective against drug-
susceptible tuberculosis, but the long treatment necessitates structured programmes to 
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improve adherence.37 Effective treatment reduces infectiousness even of sputum smear-
positive cases within a few weeks.12, 38 The emergence of multidrug-resistant (MDR) TB, 
caused by M tuberculosis that is resistant at least to isoniazid and rifampicin, and of 
extensively resistant (XDR) TB, resistant to multiple second line drugs, is an increasing 
global problem. MDR and XDR TB greatly challenge TB control in Eastern Europe, Asia 
and South Africa, but are still less common in other African countries.3,8

HIV-Tb
Human immunodeficiency virus (HIV) is the most powerful known risk factor for 
progression from M tuberculosis infection to active disease. The relative risk of TB 
among HIV-infected persons, compared with HIV-uninfected persons was estimated 
in 2007 to vary from the order of 20 times more in countries with a generalized HIV 
epidemic, to 37 times more in countries with low prevalence of HIV infection.39 The risk 
of tuberculosis strongly increases with declining CD4 cell counts.40, 41 Within the first 
year after HIV infection, the risk of contracting TB is already increased42, but the clinical 
presentation largely resembles that of TB in HIV-uninfected. With declining immunity 
more disseminated forms of TB are seen, and lack of typical features like cavitations.40 
The overlap of the TB and HIV epidemics have increased the burden of HIV-associated 
tuberculosis and resulted in rising TB case notifications from the mid-1980s.17 Of the 
33.2 million persons infected with HIV globally, one-third is estimated to also be infected 
with M tuberculosis. Two-thirds of HIV-infected persons live in sub-Saharan Africa.43 HIV 
alters the epidemiology of tuberculosis through endogenous reactivation of pre-existing 
infection with M tuberculosis in persons who become infected with HIV, and through 
increased progression from new infection or re-infection with M tuberculosis to active 
disease in persons with pre-existing HIV infection.44-46 Finally, increased TB incidence in 
HIV infected individuals may lead to  increased transmission of tubercle bacilli to the 
general population.47

The presence HIV infection complicates the clinical presentation through its effect on the 
immune system, resulting in changes in the presentation of active TB disease. This makes 
the diagnosis of active TB more difficult.48 Prolonged cough is not sensitive enough on 
its own as a symptom of TB in HIV-infected persons. Patients may have few symptoms 
or have symptoms that are very non-specific.40, 49, 50  Individuals with HIV-associated TB 
have fewer bacilli in their sputum than do HIV-uninfected persons with pulmonary TB, 
resulting in lower sensitivity of ZN smear microscopy, and thus more smear-negative 
pulmonary disease.29, 50, 51 Subclinical disease52-54, and extrapulmonary disease are also 
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more common.40  In addition, HIV infection compromises the validity and effectiveness 
of chest radiography in the diagnosis of pulmonary TB, and the findings are more often 
normal in HIV-infected persons who have culture-confirmed pulmonary TB.52, 55 The 
diagnostic difficulties27, 56 contribute to a longer duration of the diagnostic process57, and 
to increased mortality from undiagnosed TB.52, 58-61

Although standard first-line therapy for TB is effective in HIV-infected patients with drug 
susceptible TB40, the treatment of M tuberculosis and HIV co-infection is complicated by 
increased toxicities and interactions between standardized short-course chemotherapy 
and antiretroviral drugs (ART) when administered together, and may result in reduced 
adherence.40, 62 Immune reconstitution inflammatory syndrome (IRIS) is an additional 
complication, either from paradoxical worsening or recurrence of TB manifestations during 
immune recovery, or unmasking IRIS in HIV-infected patients who have unrecognized TB 
when they begin receiving ART.62, 63 This issue underlies the recommendation to delay 
ART until TB treatment has been completed in patients with well-preserved immunity, or 
until completion of the 2-month intensive phase of TB treatment for patients with CD4 
cell counts between 50 and 200 cells/mm3.63 There is however increasing evidence that 
ART initiation early in TB treatment greatly improves survival.64, 65  Outbreaks of MDR-TB 
in settings with high HIV prevalence suggest that HIV infection is associated with primary 
MDR-TB.39, 66

1.2 TubERCulOSIS COnTROl
The main focus of tuberculosis control has been on cutting transmission from infectious 
TB cases through early detection and effective treatment, which also reduces the duration 
of illness and the risk of death.2, 67  The contribution of vaccination has been limited so far. 
The BCG vaccine, although widely used68 has low, variable and waning efficacy and little 
effect on the transmission of tuberculosis infection.69, 70 Better vaccines could potentially 
have a large impact with time71, 72, but are still in pre-clinical and clinical development 
stages. Reducing the impact of social determinants could also reduce TB2, as happened 
in Europe and North America where improved social conditions at the beginning of the 
20th century contributed to a decline in TB incidence.7 For high burden countries, this 
goal depends on long term development. However, it has been suggested that TB can 
be controlled in almost any socioeconomic circumstances.73 Prompt case detection and 
treatment of infectious individuals will in the next decades remain important pillars 
towards TB elimination.74 
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The DOTS strategy has been the mainstay of the TB control strategy recommended by 
the WHO since TB was declared a global emergency in 1993, and includes 5 elements: 
political commitment, reliance on passive case detection and diagnosis by direct 
smear microscopy, a mechanism to secure drug supplies, standardized recording and 
reporting, and use of standardized short-course chemotherapy with direct observation 
of treatment.70, 74 The challenges75 due to the increasing burden of HIV-associated 
tuberculosis17, MDR, and too slow decline (or rises) in the global TB burden, led to 
The Stop TB Strategy. It aims at reducing the burden of TB in line with global targets 
set for 2015.76 The six major components of the strategy are: (i) pursue high-quality 
DOTS expansion and enhancement; (ii) address TB/HIV, MDR-TB, and the needs of poor 
and vulnerable populations; (iii) contribute to health-system strengthening based on 
primary health care; (iv) engage all care providers; (v) empower people with TB, and 
communities through partnership; and (vi) enable and promote research.76 The TB/HIV 
interventions include the ‘3I’s’: Intensified case finding in HIV-infected (ICF), Isoniazid 
preventive therapy (IPT) and Infection control.77

1.3 ROlE OF IMPROVED CASE DETECTIOn
The WHO estimated that in 2009 approximately 63% of all new cases of TB were notified 
globally, and approximately 50% in the African region.3 Although the estimates are 
imprecise due to limited data3, 78, 79, and some TB patients may have been diagnosed and 
treated but not been captured by surveillance80, many TB patients remained untreated 
because they either did not seek care, or sought care but were not diagnosed.3 

Case finding in most high TB burden countries depends primarily on detecting TB among 
symptomatic patients who self-present to health services, also called ‘passive case 
finding81, with ZN sputum smear microscopy for bacteriological confirmation.82 Active and 
enhanced case finding (ACF and ECF) require a special effort by the health care system, 
to identify and bring into treatment people with TB who have not sought diagnostic 
services on their own initiative. ECF makes a population aware of TB symptoms and 
encourages self-presentation, while ACF involves face-to-face contact and immediate 
onsite evaluation.81 ACF has been successful in Europe and North America, mainly 
through mass radiography campaigns, although their yield decreased with declining TB 
rates.81 In developing countries ACF was explored in studies from India83 and Kenya.84-89 
Nsanzumuhire, Aluoch and colleagues conducted a series of studies in eastern Kenya 
between 1974 and 1983 and explored different strategies to identify TB suspects, i.e. 
persons with a chronic cough, who were then further examined by sputum smear and 
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culture. The strategies included questioning village elders for community members with 
a chronic cough, questioning pregnant women attending antenatal care for household 
members with a chronic cough, identification of suspects among outpatients attending 
local health units, or examination of previously registered TB patients and their close 
contacts. They compared the yield with the number of cases identified through a 
household survey, during which household heads were requested to identify persons 
with chronic cough for at least one month. House to house visits revealed by far the most 
TB cases, but were considered too cumbersome and costly for scaling up. Moreover, 
75% of suspects identified in the case finding studies had consulted a health facility for 
their respiratory symptoms, and for persons living within 9 miles of a district hospital, a 
similar yield was obtained by examination of outpatients.84-89 At the time, TB diagnostic 
services were centralized at district hospitals, suggesting that improved case detection 
in decentralized health facilities would effectively identify people with TB, rather then 
needing mass active case finding.70 

In areas with high HIV prevalence, the DOTS strategy failed to control TB.75 Modeling 
studies suggest that substantial improvement in TB control can be expected from 
improved case finding, including in populations with high HIV prevalence.90, 91 Improving 
case detection in combination with improving cure rates are considered the most cost-
effective strategies to reduce the burden of TB in high HIV prevalence settings.92

1.4 MEASuREMEnT OF Tb buRDEn AnD MDG GOAlS
In the assessment of DOTS implementation, key elements are the case detection of 
smear-positive TB and their treatment success.93 In the Stop TB Strategy94, the targets set 
for tuberculosis control are that by 2015 the incidence of tuberculosis needs to be falling, 
and the 1990 prevalence and mortality are halved. By 2050, TB should be eliminated as a 
public health problem, which will be achieved if incidence has fallen to <1 case per million 
population per year.95 Incidence, prevalence and mortality are important measures to 
describe tuberculosis epidemiology, and have become the main indicators to monitor 
impact of control strategies. If surveillance systems are optimal, the tuberculosis 
incidence rate, the number of new and relapse tuberculosis cases (all forms) arising per 
100 000 population per year, can directly be measured from the case notification rate, 
i.e., the number of cases (new and relapse) notified to national TB programs per 100 
000 population per year. Direct measurement of incidence in population based cohort 
studies is laborious and rarely done. Indirect incidence estimates, from measures of the 
prevalence of infection or active disease, or estimates of tuberculosis deaths, suffer from 
bias and imprecision.3, 78



Introduction

15

1
The prevalence of active tuberculosis is defined as the number of cases of TB disease 
in a specified population at a given point in time3, is a direct measure of illness caused 
by tuberculosis, and an indicator of transmission in the population.78 Prevalence is the 
product of incidence and duration of illness and responds more rapidly than incidence 
to improved case finding and drug treatment (which shorten the duration).78 Prevalence 
is measured directly through surveys. Indirect estimates have a considerable level of 
uncertainty.96

Mortality, the number of deaths caused by TB, can be counted directly from vital 
registration, provided vital registration systems have adequate quality and coverage, or 
can be assessed from verbal autopsy, or estimated indirectly from the product of incidence 
and case fatality (the risk of death from TB among people with active TB disease).3, 97 TB 
mortality statistics often exclude TB deaths in HIV-infected, since HIV is then recorded as 
the underlying cause of death, according to the International Classification of Diseases.98

The case detection rate (CDR) expresses the number of new infectious cases detected 
as a percentage of expected incident cases (i.e. the notification rate divided by the 
incidence rate). In the absence of direct measures of incidence, the CDR is assessed 
from completeness of case notifications in combination with expert opinion78, 96, from 
a combination of time trends in tuberculosis case notification rates, HIV infection 
prevalence in adults and in TB patients99, or by using prevalence measures from 
surveys.100 Then, the CDR is derived at by calculation of the patient diagnostic rate (PDR), 
which is the notification rate divided by the prevalence rate101, taking into account an 
estimate of the duration of illness in untreated patients. On its own, the PDR provides 
a measurable indicator of the rate at which prevalent cases are detected by the health 
service. The complex interactions between HIV and TB have increased the difficulties in 
assessing case detection.99 The importance of CDR estimates in monitoring TB control 
is decreasing, and from 2010 only the CDRs for all TB cases are still reported in global 
reports, while the CDR for smear-positive TB is phased out.3

The prevalence of M tuberculosis infection, measured through TST surveys, provides - if 
repeated - supporting information about trends in transmission.78  The use of single TST 
surveys for estimating disease burden has lost importance.102 

The cure rate is the proportion of patients cured out of those diagnosed, analyzed 
in cohorts of patients. The goal is at least 85%103, in the assumption that, based on 
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observations from Europe and North America, achieving a CDR of 70% and cure rate of 
85% will reduce the prevalence of infectious TB cases, the number of infected contacts, 
and hence the burden of illness and mortality due to TB.69, 95 

1.5 TubERCulOSIS PREVAlEnCE SuRVEyS
In addition to providing a direct measure of the burden of infectious tuberculosis, 
prevalence surveys provide an opportunity to characterize prevalent cases who were not 
yet on TB treatment, explore the reasons why some patients are diagnosed and treated 
for TB while others are not, and explore associations between TB and other social and 
economic factors (potential determinants of health).93, 104 If repeated, prevalence surveys 
allow assessment of TB disease prevalence over time, and thereby the evaluation of 
the impact of TB control interventions on reducing disease burden.78, 105, 106  A number 
of Asian countries have demonstrated declining prevalence at national or regional 
level.107-109 National TB prevalence surveys are conducted, planned or recommended 
(between 2008 and 2015) in 21 global focus countries3, where notification data obtained 
through routine surveillance are incomplete or of unproven accuracy, and estimated TB 
prevalence is more than 100 per 100 000 population.78, 93 Of those, 12 are in Africa3, 
where national surveys have rarely been conducted, and even less so during the HIV-era.
Because TB is a relatively rare disease, TB prevalence surveys require large sample sizes 
to accurately identify pulmonary tuberculosis (PTB) cases in the study population, as 
only a relatively low number of TB cases (50 to several hundred cases) can be identified 
even in a large study population (50-100 000 individuals). To ensure that the number of 
TB cases missed is kept to a minimum, one would ideally perform bacteriological testing 
on the full study population. To limit the cost of the survey and the burden to the study 
population, screening is often performed, to select participants with relatively high 
risk, i.e. suspects, of whom sputum samples are collected.110 Reported screening tools 
include symptom questionnaires109, 111, 112, chest radiography113, sputum culture21, sputum 
microscopy and combinations of these.114 The experience with screening from Asia 
may not be fully applicable to Africa, because HIV has complicated the diagnosis of TB 
disease in Africa, and there are greater limitations in the availability of highly specialized 
personnel to read and interpret chest radiographs, and in the laboratory capacity to 
perform large numbers of sputum cultures. The implications of these differences on 
screening and missed cases in prevalence surveys have not been fully evaluated. 

1.6 TubERCulOSIS In KEnyA
Kenya is a low income country with - in 2008 - a population of 38.8 million. Gross national 
income per capita was $730 and health expenditure per capita $33. Approximately 46% 
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of the population lives below the national poverty line and 78% lives in rural areas. Life 
expectancy at birth was 53 years (Table 1).115 Kenya is one of the 22 high TB burden 
countries that together account for approximately 80% of all new TB cases arising globally 
each year.3 In 2009, a total of 110,065 TB cases (all forms of tuberculosis) were reported. 
In the 1960-ies and 70-ies TB rates were falling, but they have increased exponentially 
in the last 2 decades (Figure 1), largely attributed to the HIV epidemic. HIV prevalence in 
Kenya reached it’s peak in 2005116, and was 7.1% in adults aged 15-64 years at the Kenya 
AIDS Indicator Survey in 2007, 8.4% in women and 5.4% in men. In Nyanza province, a 
predominantly rural area bordering lake Victoria, HIV prevalence was 14.9%, 17.2% in 
females and 11.6% in males, with the highest prevalence rates in 30-34 years old women 
and 40-44 year old men.117 In Nyanza province, TB case notification peaked at 440/100 
000 in 2006, (431/100 000 in 2007) and was 400/100 000 in 2009 for all types of TB, 
and 130/100 000 for smear-positive TB. In Nyanza province, the prevalence of HIV in TB 
patients was 70%, while this was 44% nationally.118

Figure 1. The Case Notification Rate for all forms of TB and smear-positive PTB for the different 
Kenyan provinces between 1990 and 2008 118.
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In Kenya, short course chemotherapy was initiated in 1993 as part of the DOTS strategy, 
and fully implemented in the whole country in 1998.  New cases have been treated for 
8 months (2RHZE/6HE) since DOTS and with the 6 month (2RHZE/4RH) regimen since 
2009.118 Nationally, the treatment success rate of new smear-positive cases was 85%. 
In 2004, the case detection rate was estimated to be 53%, much lower than the WHO 
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target of 70%.119 After a revision of the estimation methods, the CDR was estimated to be 
70% in 2006, 79% in HIV-negative adults and 57% in HIV-positive adults99, and has further 
increased since.3  During the last national tuberculosis prevalence survey, done in 1958-
59, the prevalence of TB disease prevalence was 0.6% (0.3%-0.9%) in the population of 
10 years and older.120

1.7 STuDy SITE
The studies described in this thesis were conducted in a rural part of Nyanza Province 
in western Kenya, that is included in the Health and Demographic Surveillance System 
(HDSS) of the Kenya Medical Research Institute (KEMRI) and US Centers for Disease 
Control and Prevention (CDC) Research and Public Health Collaboration.121, 122 An 
HDSS is a longitudinal, population-based health and vital event registration system 
that monitors demographic (births, deaths, pregnancies, and migrations) and health 
(e.g., clinic attendance and hospital admission) events in a geographically defined 
population.123 The KEMRI/CDC HDSS was established as part of a randomized controlled 
trial of insecticide-treated bed nets from 1997 to 2004,124 and includes Asembo (Rarieda 
District) from 2001, and Yala and Wagai divisions of Gem District since 2002. Karemo 
division (Siaya District) was added from 2007 (Figure 3). The objectives are to provide an 
infrastructure for evaluation of population-based public health interventions, provide 
socio-demographic data to generate hypotheses and address the causes of morbidity 
and mortality in subgroups of the population, and serve as a sampling frame.121 Home 
visits are 4-monthly to record in-, out- and within- migration. Births and deaths are 
reported through a network of community based reporters and at 4-monthly visits. 

Deaths are followed by a verbal autopsy diagnosis.125 Geographic information systems 
(GIS) coordinates are available for all households, and information on assets to determine 
socioeconomic status and on schooling is updated every 2 years.

By mid 2008 the total HDSS population of 225,061 persons (Asembo=64,509, Gem=83,059 
and Karemo=77,496 people) lived in 54,367 households, distributed over 358 villages. 
Household size varied from 1 to 21 with a mean and median size of 4 individuals per 
household.126 The population is culturally homogeneous (more than 95% are of the Luo
ethnic group) and lives in dispersed settlements. Population density is approximately 
270 persons per km2. Houses are made of mud, cement, or brick with roofs of iron 
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Table 1 General statistics and health indicators for the population of Kenya, and of the KEMRI/
CDC Health and Demographic Surveillance HDSS area

Kenya** HDSS*

Population size 38.8 million 225,061

Crude birth rate (Life births per 1000 population) 39 37.5

Crude death rate (deaths per 1000 population) 12 19

Infant mortality ratio (per 1000 live births) 56 107

Total fertility rate (children born alive per woman) 4.9 5.3

Life expectancy at birth 53 45

HIV prevalence in 15-64 yr olds§ 7% 15%

HDSS=Health and Demographic Surveillance System 
*2008 HDSS report122    **Worldbank115   §14.9% in Nyanza Province117

sheets or thatch. They are predominantly clustered into compounds comprised of 
houses for the male head of household, his wives, and unmarried sons. Compounds are 
dispersed and lie adjacent to the households’ agricultural fields. Subsistence farming 
is the mainstay of the local economy. Rainfall is seasonal. Local crops include maize, 
sorghum, cassava, and millet. Because employment opportunities are limited, many 
young adults temporarily migrate to the urban areas to seek employment.121 Overall 
out-migration in 2008 was 127 moves per 1000 person years (py), and in-migration was 
130/1000 py. The reasons for migration were socio-cultural and economic. The origins 
and destinations of the migrations are diverse with Nairobi being the most preferred 
urban destination, followed by Kisumu.126 More than half of the adult population had at 
least primary school education. In 2008, life expectancy at birth was 45 years.  Of adult 
deaths, 61% were attributed to infectious diseases in 2008, with HIV/AIDS and TB as the 
major causes of death, and 78% of adult deaths took place at home.125 The high mortality 
and fertility rates (Table 1) result in a population pyramid (Figure 2) that is typical of a 
developing country population: a very broad base and slim top with each cohort being 
larger than the previous cohort, especially in the younger ages. Approximately 45% of 
the population is younger than 15 years of age and only 6% aged 65 years or older; 53% 
of the population are females.122

Home based counseling and HIV testing was introduced in the area from 2008, and was 
received well.127 Among 32,000 persons tested by 2009, HIV prevalence in the HDSS 
population was 16.8% in those aged 15-64 years.19.9% in females and 12.5% in males 
(KEMRI/CDC, unpublished data).
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Health care in the area is mostly provided by government dispensaries, health centres 
and (sub)-district hospitals, and a small number of not-for-profit or private facilities. 
In 2005, TB control was supervised by the division of leprosy, tuberculosis and lung 
diseases (DLTLD) of the ministry of health, and the area had approximately 2.5 TB 
diagnostic and 7.8 TB treatment facilities per 100 000 population. HIV prevention and 
treatment programs were initiated in the area from approximately 2003128, but only 
gradually expanded. In Kenya, overall by 2008, ART coverage was approximately half 
of HIV-infected persons with CD4 cell counts below 200 cells/μl, and considerably less 
among persons with higher CD4 cell counts.116 

Figure 2. The 2008 mid-year study population pyramid by age and sex of Asembo, Gem and 
Karemo.122

The HDSS forms part of the research program that was established in 1979, as a 
collaboration between KEMRI and CDC, initially with a focus on entomology and malaria 
epidemiology. Since the 2000’s, the research priorities expanded into demographic 
surveillance, malaria, HIV research and programs, emerging diseases, tuberculosis 
and other infectious diseases. Tuberculosis epidemiology studies were initiated in 
collaboration with the University of Amsterdam and results of the first studies are 
described in this thesis. 
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1.8 SCOPE AnD OuTlInE OF THIS THESIS
The overall aim of this thesis is to evaluate TB case finding in the HDSS population in 
western Kenya and to evaluate the methods used in a TB prevalence survey.
The specific questions are:

What is the prevalence of infectious pulmonary tuberculosis in the HDSS population?
What proportion of prevalent PTB is attributable to HIV?
What are risk factors for prevalent TB?
What proportion of TB cases are found by the health service and at what rate?
What are risk factors for slow/poor case finding?
What are the all cause mortality rate and excess mortality among TB patients, during 
TB treatment?
To what extent may chest radiograph reading by clinical officers rather than medical 
officers have resulted in underestimation of prevalence?
Could the screening strategy used in the survey be modified to reduce the chest 
radiograph and culture requirements in similar surveys?

Chapter 2 describes the methods of the prevalence survey, the prevalence estimates, 
the proportion of the prevalent PTB attributable to HIV, risk factors for prevalent TB, and 
the proportion of and rate at which TB cases are found by the health service. 

Chapter 3 describes risk factors for poor case finding obtained from a comparison 
between self reported TB cases and prevalent TB cases identified in the survey who 
where not (yet) on TB treatment.

Chapter 4 describes the all-cause mortality in a cohort of TB patients registered for TB 
treatment in excess of all-cause mortality in the HDSS population, and risk factors for 
death.

In Chapter 5, the chest radiograph field reading by clinical officers is compared with 
expert classifications on a sample of survey chest radiographs.

In Chapter 6, the screening methods applied in the survey are evaluated and compared 
with other surveys.

In the general discussion, the implications of the results for TB control and measuring of 
TB prevalence are discussed.
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Figure 3. Map of the study area, distribution of TB treatment and diagnostic facilities, and 
clusters sampled in the prevalence survey

 

 

Equator 

Lake Victoria 

Siaya District 

Bondo District Kisumu City 

Bondo Town 

Siaya 
Town 

Equator

 



Introduction

23

1
REFEREnCES

1. Lopez AD, Mathers CD, Ezzati M, Jamison 
DT, Murray CJ. Global Burden of Disease 
and Risk Factors. Washington (DC): World 
Bank; 2006.

2. Lonnroth K, Castro KG, Chakaya JM, 
Chauhan LS, Floyd K, Glaziou P, et al. 
Tuberculosis control and elimination 2010-
50: cure, care, and social development. 
Lancet. 2010; 375(9728): 1814-29.

3. World Health Organization. Global 
tuberculosis control: WHO report 2010. 
Geneva: World Health Organization 
(WHO/HTM/TB/2010.7); 2010.

4. Bates I, Fenton C, Gruber J, Lalloo 
D, Medina Lara A, Squire SB, et al. 
Vulnerability to malaria, tuberculosis, and 
HIV/AIDS infection and disease. Part 1: 
determinants operating at individual and 
household level. Lancet Infect Dis. 2004; 
4(5): 267-77.

5. Bates I, Fenton C, Gruber J, Lalloo D, 
Lara AM, Squire SB, et al. Vulnerability 
to malaria, tuberculosis, and HIV/
AIDS infection and disease. Part II: 
Determinants operating at environmental 
and institutional level. Lancet Infect Dis. 
2004; 4(6): 368-75.

6. United Nations. Millennium Development 
Goals.  2000  [cited 2011 June 4th 2011]; 
Available from: http://www.un.org/
millenniumgoals/

7. Daniel TM. The History of Tuberculosis: 
Past, Present, and Challenges for the 
Future. In: Schaaf HS, Zumla AI, editors. 
Tuberculosis A comprehensive clinical 
reference. Philadelphia: Saunders; 2009. 
p. 1-7.

8. Lawn SD, Zumla AI. Tuberculosis. Lancet. 
2011; 378(9785): 57-72.

9. Gutierrez MC, Brisse S, Brosch R, 
Fabre M, Omaıs B, Marmiesse M, et 
al. Ancient Origin and Gene Mosaicism 
of the Progenitor of Mycobacterium 
tuberculosis. PLoS Pathogens. 2005; 1(1): 
0055-61.

10. Hershberg R, Lipatov M, Small PM, Sheffer 
H, Niemann S, Homolka S, et al. High 
functional diversity in Mycobacterium 
tuberculosis driven by genetic drift and 
human demography. PLoS Biol. 2008; 
6(12): e311.

11. Ernst JD, Trevejo-Nunez G, Banaiee N. 
Genomics and the evolution, pathogenesis, 
and diagnosis of tuberculosis. J Clin Invest. 
2007; 117(7): 1738-45.

12. Rieder H. Epidemiologic basis of 
tuberculosis control.  Epidemiologic 
basis of tuberculosis control. first edition 
ed. Paris: International Union Against 
Tuberculosis and Lung Disease; 1999. p. 
71-3.

13. Dharmadhikari AS, Nardell EN. 
Transmission of Mycobacterium 
tuberculosis. In: Schaaf HS, Zumla AI, 
editors. Tuberculosis A comprehensive 
clinical reference. Philadelphia: Saunders; 
2009. p. 8-16.

14. Lawn SD, Wood R, Wilkinson RJ. Changing 
concepts of “latent tuberculosis infection” 
in patients living with HIV infection. Clin. 
2011; 2011.(pii): 980594. Epub 2010 Sep 
26.

15. Dye C, Scheele S, Dolin P, Pathania V, 
Raviglione MC. Consensus statement. 
Global burden of tuberculosis: estimated 
incidence, prevalence, and mortality by 
country. WHO Global Surveillance and 
Monitoring Project. Jama. 1999; 282(7): 
677-86.



Chapter 1

24

16. Rieder HL. Tuberculosis. Etiologic 
epidemiology: risk factors for disease given 
that infection has occurred.  Epidemiologic 
basis of tuberculosis control. First edition 
ed. Paris: International Union Against 
Tuberculosis and Lung Disease; 1999. p. 
63-119.

17. Corbett EL, Watt CJ, Walker N, Maher D, 
Williams BG, Raviglione MC, et al. The 
growing burden of tuberculosis: global 
trends and interactions with the HIV 
epidemic. Arch Intern Med. 2003; 163(9): 
1009-21.

18. Crofton SJ, Horne N, Miller F. Clinical 
Tuberculosis. London: The Macmillan 
Press Ltd; 1992.

19. Dye C, Williams BG. The population 
dynamics and control of tuberculosis. 
Science. 2010; 328(5980): 856-61.

20. Corbett EL, Zezai A, Cheung YB, Bandason 
T, Dauya E, Munyati SS, et al. Provider-
initiated symptom screening for 
tuberculosis in Zimbabwe: diagnostic 
value and the effect of HIV status. Bull 
World Health Organ. 2010; 88(1): 13-21.

21. Ayles H, Schaap A, Nota A, Sismanidis C, 
Tembwe R, De Haas P, et al. Prevalence 
of tuberculosis, HIV and respiratory 
symptoms in two Zambian communities: 
implications for tuberculosis control in the 
era of HIV. PLoS One. 2009; 4(5): e5602. 
Epub 2009 May 19.

22. World Health Organization. Laboratory 
services in tuberculosis control. Part II 
Microscopy. Geneva, Switzerland: World 
Health Organization Global Tuberculosis 
Programme; 1998.

23. Keeler E, Perkins MD, Small P, Hanson C, 
Reed S, Cunningham J, et al. Reducing 
the global burden of tuberculosis: the 
contribution of improved diagnostics. 
Nature. 2006; 444 Suppl 1: 49-57.

24. Mase SR, Ramsay A, Ng V, Henry M, 
Hopewell PC, Cunningham J, et al. Yield of 
serial sputum specimen examinations in 
the diagnosis of pulmonary tuberculosis: 
a systematic review. Int J Tuberc Lung Dis. 
2007; 11(5): 485-95.

25. World Health Organization. Laboratory 
services in tuberculosis control. Part III 
Culture. Geneva, Switzerland: World 
Health Organization Global Tuberculosis 
Programme; 1998.

26. Whitelaw A, Sturm WA. Microbiological 
testing for Mycobactrium tuberculosis. In: 
Schaaf HS, Zumla AI, editors. Tuberculosis 
A comprehensive clinical reference. 
Philadelphia: Saunders; 2009. p. 164-8.

27. Harries AD, Maher D, Nunn P. An approach 
to the problems of diagnosing and 
treating adult smear-negative pulmonary 
tuberculosis in high-HIV-prevalence 
settings in sub-Saharan Africa. Bull World 
Health Organ. 1998; 76(6): 651-62.

28. World Health Organization. Treatment 
of Tuberculosis: Guidelines for National 
Programmes. Geneva: World Health 
Organization; 2003.

29. Siddiqi K, Lambert ML, Walley J. Clinical 
diagnosis of smear-negative pulmonary 
tuberculosis in low-income countries: the 
current evidence. Lancet Infect Dis. 2003; 
3(5): 288-96.

30. Graham S, Das GK, Hidvegi RJ, Hanson 
R, Kosiuk J, Al ZK, et al. Chest radiograph 
abnormalities associated with 
tuberculosis: reproducibility and yield of 
active cases. Int J Tuberc Lung Dis. 2002; 
6(2): 137-42.

31. Frieden T. Toman’s Tuberculosis Case 
detection, treatment, and monitoring – 
questions and answers. second edition ed. 
Geneva: World Health Organization; 2004.

32. van Cleeff MR, Kivihya-Ndugga LE, 
Meme H, Odhiambo JA, Klatser PR. The 
role and performance of chest X-ray for 
the diagnosis of tuberculosis: a cost-
effectiveness analysis in Nairobi, Kenya. 
BMC Infect Dis. 2005; 5: 111.



Introduction

25

1
33. Ling DI, Flores LL, Riley LW, Pai M. 

Commercial nucleic-acid amplification 
tests for diagnosis of pulmonary 
tuberculosis in respiratory specimens: 
meta-analysis and meta-regression. PLoS 
One. 2008; 3(2): e1536.

34. Boehme CC, Nabeta P, Hillemann D, 
Nicol MP, Shenai S, Krapp F, et al. Rapid 
molecular detection of tuberculosis and 
rifampin resistance. N Engl J Med. 2010; 
363(11): 1005-15.

35. Steingart KR, Henry M, Laal S, Hopewell PC, 
Ramsay A, Menzies D, et al. Commercial 
serological antibody detection tests for 
the diagnosis of pulmonary tuberculosis: a 
systematic review. PLoS Med. 2007; 4(6): 
e202.

36. Pai M, Zwerling A, Menzies D. Systematic 
review: T-cell-based assays for the 
diagnosis of latent tuberculosis infection: 
an update. Ann Intern Med. 2008; 149(3): 
177-84. Epub 2008 Jun 30.

37. Ma Z, Lienhardt C, McIlleron H, Nunn 
AJ, Wang X. Global tuberculosis drug 
development pipeline: the need and the 
reality. Lancet. 2010; 375(9731): 2100-9. 
Epub 010 May 18.

38. Gunnels JJ, Bates JH, Swindoll H. Infectivity 
of sputum-positive tuberculous patients 
on chemotherapy. Am Rev Respir Dis. 
1974; 109(3): 323-30.

39. Getahun H, Gunneberg C, Granich R, Nunn 
P. HIV infection-associated tuberculosis: 
the epidemiology and the response. Clin. 
2010; 50(Suppl 3): S201-7.

40. Sterling TR, Pham PA, Chaisson RE. HIV 
infection-related tuberculosis: clinical 
manifestations and treatment. Clin. 2010; 
50(Suppl 3): S223-30.

41. Lawn SD, Wood R, De Cock KM, Kranzer 
K, Lewis JJ, Churchyard GJ. Antiretrovirals 
and isoniazid preventive therapy in the 
prevention of HIV-associated tuberculosis 
in settings with limited health-care 
resources. Lancet Infect Dis. 2010; 10(7): 
489-98.

42. Sonnenberg P, Glynn JR, Fielding K, 
Murray J, Godfrey-Faussett P, Shearer S. 
How soon after infection with HIV does 
the risk of tuberculosis start to increase? 
A retrospective cohort study in South 
African gold miners. J Infect Dis. 2005; 
191(2): 150-8.

43. Joint United Nations Programme on HIV/
AIDS (UNAIDS). Global Report. UNAIDS 
Report on the global AIDS epidemic 2010. 
Geneva: Joint United Nations Programme 
on HIV/AIDS (UNAIDS); 2010 2010.

44. Crampin AC, Mwaungulu JN, Mwaungulu 
FD, Mwafulirwa DT, Munthali K, Floyd S, 
et al. Recurrent TB: relapse or reinfection? 
The effect of HIV in a general population 
cohort in Malawi. AIDS. 2010; 24(3): 417-
26.

45. Houben RM, Crampin AC, Ndhlovu R, 
Sonnenberg P, Godfrey-Faussett P, Haas 
WH, et al. Human immunodeficiency virus 
associated tuberculosis more often due to 
recent infection than reactivation of latent 
infection. Int J Tuberc Lung Dis. 2011; 
15(1): 24-31.

46. Daley CL, Small PM, Schecter GF, Schoolnik 
GK, McAdam RA, Jacobs WR, Jr., et al. An 
outbreak of tuberculosis with accelerated 
progression among persons infected with 
the human immunodeficiency virus. An 
analysis using restriction-fragment-length 
polymorphisms. N Engl J Med. 1992; 
326(4): 231-5.

47. Crampin AC, Glynn JR, Traore H, Yates 
MD, Mwaungulu L, Mwenebabu M, et 
al. Tuberculosis transmission attributable 
to close contacts and HIV status, Malawi. 
Emerg Infect Dis. 2006; 12(5): 729-35.

48. El-Sadr WM, Tsiouris SJ. HIV-associated 
tuberculosis: diagnostic and treatment 
challenges. Semin Respir Crit Care Med. 
2008; 29(5): 525-31. Epub 2008 Sep 22.

49. Cain KP, McCarthy KD, Heilig CM, 
Monkongdee P, Tasaneeyapan T, Kanara 
N, et al. An algorithm for tuberculosis 
screening and diagnosis in people with 
HIV. N Engl J Med. 2010; 362(8): 707-16.



Chapter 1

26

50. Getahun H, Harrington M, O’Brien R, Nunn 
P. Diagnosis of smear-negative pulmonary 
tuberculosis in people with HIV infection 
or AIDS in resource-constrained settings: 
informing urgent policy changes. Lancet. 
2007; 369(9578): 2042-9.

51. Kivihya-Ndugga L, van Cleeff M, Juma 
E, Kimwomi J, Githui W, Oskam L, 
et al. Comparison of PCR with the 
routine procedure for diagnosis of 
tuberculosis in a population with high 
prevalences of tuberculosis and human 
immunodeficiency virus. J Clin Microbiol. 
2004; 42(3): 1012-5.

52. Davis JL, Worodria W, Kisembo H, 
Metcalfe JZ, Cattamanchi A, Kawooya M, 
et al. Clinical and radiographic factors do 
not accurately diagnose smear-negative 
tuberculosis in HIV-infected inpatients 
in Uganda: a cross-sectional study. PLoS. 
2010; 5(3): e9859.

53. Mtei L, Matee M, Herfort O, Bakari M, 
Horsburgh CR, Waddell R, et al. High rates 
of clinical and subclinical tuberculosis 
among HIV-infected ambulatory subjects 
in Tanzania. Clin Infect Dis. 2005; 40(10): 
1500-7.

54. Swaminathan S, Paramasivan CN, Kumar 
SR, Mohan V, Venkatesan P. Unrecognised 
tuberculosis in HIV-infected patients: 
sputum culture is a useful tool. Int J Tuberc 
Lung Dis. 2004; 8(7): 896-8.

55. Marciniuk DD, McNab BD, Martin WT, 
Hoeppner VH. Detection of pulmonary 
tuberculosis in patients with a normal 
chest radiograph. Chest. 1999; 115(2): 
445-52.

56. Hargreaves NJ, Kadzakumanja O, Phiri 
S, Nyangulu DS, Salaniponi FM, Harries 
AD, et al. What causes smear-negative 
pulmonary tuberculosis in Malawi, an 
area of high HIV seroprevalence? Int J 
Tuberc Lung Dis. 2001; 5(2): 113-22.

57. Harries AD, Nyirenda TE, Godfrey-Faussett 
P, Salaniponi FM. Defining and assessing 
the maximum number of visits patients 
should make to a health facility to obtain a 
diagnosis of pulmonary tuberculosis. Int J 
Tuberc Lung Dis. 2003; 7(10): 953-8.

58. Lucas SB, Hounnou A, Peacock C, Beaumel 
A, Djomand G, N’Gbichi JM, et al. The 
mortality and pathology of HIV infection 
in a west African city. Aids. 1993; 7(12): 
1569-79.

59. Rana FS, Hawken MP, Mwachari C, Bhatt 
SM, Abdullah F, Ng’ang’a LW, et al. Autopsy 
study of HIV-1-positive and HIV-1-negative 
adult medical patients in Nairobi, Kenya. J 
Acquir Immune Defic Syndr. 2000; 24(1): 
23-9.

60. Cox JA, Lukande RL, Lucas S, Nelson AM, 
Van Marck E, Colebunders R. Autopsy 
causes of death in HIV-positive individuals 
in sub-Saharan Africa and correlation with 
clinical diagnoses. Aids. 2010; 12(4): 183-
94.

61. Kyeyune R, den Boon S, Cattamanchi 
A, Davis JL, Worodria W, Yoo SD, et al. 
Causes of early mortality in HIV-infected 
TB suspects in an East African referral 
hospital. J Acquir Immune Defic Syndr. 
2010; 55(4): 446-50.

62. McIlleron H, Meintjes G, Burman 
WJ, Maartens G. Complications of 
antiretroviral therapy in patients with 
tuberculosis: drug interactions, toxicity, 
and immune reconstitution inflammatory 
syndrome. J Infect Dis. 2007; 196(Suppl 1): 
S63-75.

63. Breen RA, Smith CJ, Cropley I, Johnson 
MA, Lipman MC. Does immune 
reconstitution syndrome promote active 
tuberculosis in patients receiving highly 
active antiretroviral therapy? Aids. 2005; 
19(11): 1201-6.



Introduction

27

1
64. Franke MF, Robins JM, Mugabo J, Kaigamba 

F, Cain LE, Fleming JG, et al. Effectiveness 
of early antiretroviral therapy initiation 
to improve survival among HIV-infected 
adults with tuberculosis: a retrospective 
cohort study. PLoS Medicine. 2011; 8(5): 
e1001029. Epub 2011 May 3.

65. Abdool Karim SS, Naidoo K, Grobler A, 
Padayatchi N, Baxter C, Gray A, et al. 
Timing of initiation of antiretroviral drugs 
during tuberculosis therapy. N Engl J Med. 
2010; 362(8): 697-706.

66. Suchindran S, Brouwer ES, Van Rie A. 
Is HIV infection a risk factor for multi-
drug resistant tuberculosis? A systematic 
review. PLoS One. 2009; 4(5): e5561. Epub 
2009 May 15.

67. Dye C. Tuberculosis 2000-2010: control, 
but not elimination. Int J Tuberc Lung Dis. 
2000; 4(12 Suppl 2): S146-52.

68. Hesseling AC, Behr MA. BCG: History, 
evolution, efficacy, and implications in the 
HIV era. In: Schaaf HS, Zumla AI, editors. 
Tuberculosis A comprehensive clinical 
reference. Philadelphia: Saunders; 2009. 
p. 759-70.

69. Styblo K, editor. Epidemiology of 
Tuberculosis The Hague: KNCV; 1991.

70. Raviglione MC, Pio A. Evolution of WHO 
policies for tuberculosis control, 1948-
2001. Lancet. 2002; 359(9308): 775-80.

71. Abu-Raddad LJ, Sabatelli L, Achterberg 
JT, Sugimoto JD, Longini IM, Jr., Dye C, 
et al. Epidemiological benefits of more-
effective tuberculosis vaccines, drugs, 
and diagnostics. Proc Natl Acad Sci U S A. 
2009; 106(33): 13980-5. Epub 2009 Aug 3.

72. Kaufmann SH, Hussey G, Lambert PH. New 
vaccines for tuberculosis. Lancet. 2010; 
375(9731): 2110-9. Epub 010 May 18.

73. Frieden T. Toman’s Tuberculosis Case 
detection, treatment, and monitoring – 
questions and answers. second edition ed. 
Geneva: World Health Organization; 2004.

74. Raviglione MC. The new Stop TB Strategy 
and the Global Plan to Stop TB, 2006-2015. 
Bull World Health Organ. 2007; 85(5): 327.

75. De Cock KM, Chaisson RE. Will DOTS do 
it? A reappraisal of tuberculosis control in 
countries with high rates of HIV infection. 
Int J Tuberc Lung Dis. 1999; 3(6): 457-65.

76. Stop TB Partnership and World Health 
Organization. Global Plan to Stop TB 
2006-2015: Actions for Life: towards a 
world free of tuberculosis. Geneva: World 
Health Organization; 2006.

77. World Health Organization STDaDoHA. 
Interim policy on collaborative TB/HIV 
activities. Geneva, Switzerland: World 
Health Organization, Stop TB Department 
and Department of HIV/AIDS; 2004.

78. Dye C, Bassili A, Bierrenbach AL, 
Broekmans JF, Chadha VK, Glaziou P, et al. 
Measuring tuberculosis burden, trends, 
and the impact of control programmes. 
Lancet Infect Dis. 2008; 8(4): 233-43.

79. van der Werf MJ, Borgdorff MW. Targets 
for tuberculosis control: how confident 
can we be about the data? Bull World 
Health Organ. 2007; 85(5): 370-6.

80. Dye C, Watt CJ, Bleed DM, Williams BG. 
What is the limit to case detection under 
the DOTS strategy for tuberculosis control? 
Tuberculosis (Edinb). 2003; 83(1-3): 35-43.

81. Golub JE, Mohan CI, Comstock GW, 
Chaisson RE. Active case finding of 
tuberculosis: historical perspective and 
future prospects. Int J Tuberc Lung Dis. 
2005; 9(11): 1183-203.

82. World Health Organization. An expanded 
DOTS framework for effective tuberculosis 
control. Geneva: World Health 
Organization Stop TB; 2002.

83. Banerji D, Andersen S. A Sociological 
Study of Awareness of Symptoms among 
Persons with Pulmonary Tuberculosis. Bull 
World Health Organ. 1963; 29: 665-83.



Chapter 1

28

84. Aluoch JA, Karuga WK, Nsanzumuhire H, 
Edwards EA, Stott H, Fox W, et al. A second 
study of the use of community leaders in 
case-finding for pulmonary tuberculosis in 
Kenya. Tubercle. 1978; 59(4): 233-43.

85. Nsanzumuhire H, Lukwago EW, Edwards 
EA, Stott H, Fox W, Sutherland I. A study 
of the use of community leaders in case-
finding for pulmonary tuberculosis in the 
Machakos district of Kenya. Tubercle. 
1977; 58(3): 117-28.

86. Nsanzumuhire H, Aluoch JA, Karuga 
WK, Edwards EA, Stott H, Fox W, et al. 
A third study of case-finding methods 
for pulmonary tuberculosis in Kenya, 
including the use of community leaders. 
Tubercle. 1981; 62(2): 79-94.

87. Aluoch JA, Edwards EA, Stott H, Fox W, 
Sutherland I. A fourth study of case-finding 
methods for pulmonary tuberculosis in 
Kenya. Trans R Soc Trop Med Hyg. 1982; 
76(5): 679-91.

88. Aluoch JA, Oyoo D, Swai OB, Kwamanga 
D, Agwanda R, Edwards EA, et al. A study 
of the use of maternity and child welfare 
clinics in case-finding for pulmonary 
tuberculosis in Kenya. Tubercle. 1987; 
68(2): 93-103.

89. Aluoch JA, Swai OB, Edwards EA, Stott 
H, Darbyshire JH, Fox W, et al. Study of 
case-finding for pulmonary tuberculosis 
in outpatients complaining of a chronic 
cough at a district hospital in Kenya. Am 
Rev Respir Dis. 1984; 129(6): 915-20.

90. Currie CS, Williams BG, Cheng RC, Dye C. 
Tuberculosis epidemics driven by HIV: is 
prevention better than cure? Aids. 2003; 
17(17): 2501-8.

91. Murray CJ, Salomon JA. Expanding the 
WHO tuberculosis control strategy: 
rethinking the role of active case-finding. 
Int J Tuberc Lung Dis. 1998; 2(9 Suppl 1): 
S9-15.

92. Currie CS, Floyd K, Williams BG, Dye C. 
Cost, affordability and cost-effectiveness 
of strategies to control tuberculosis in 
countries with high HIV prevalence. BMC 
Public Health. 2005; 5(130): 130.

93. Glaziou P, van der Werf MJ, Onozaki I, 
Dye C, Borgdorff MW, Chiang CY, et al. 
Tuberculosis prevalence surveys: rationale 
and cost. Int J Tuberc Lung Dis. 2008; 
12(9): 1003-8.

94. World Health Organization Stop TB 
partnership. The Stop TB Strategy; 
Building on and enhancing DOTS to meet 
the TB-related Millenium Development 
Goals. Geneva: World Health Organization 
(WHO/HTM/TB/2006.368); 2006.

95. Dye C, Maher D, Weil D, Espinal 
M, Raviglione M. Targets for global 
tuberculosis control. Int J Tuberc Lung Dis. 
2006; 10(4): 460-2.

96. World Health Organization. Global 
tuberculosis control: a short update to 
the 2009 report. Geneva: World Health 
Organization (WHO/HTM/TB/2009.426); 
2009.

97. Korenromp EL, Bierrenbach AL, Williams 
BG, Dye C. The measurement and 
estimation of tuberculosis mortality. Int J 
Tuberc Lung Dis. 2009; 13(3): 283-303.

98. World Health Organization. International 
Statistical Classification of Diseases and 
Related Health Problems 10th Revision 
http://apps.who.int/classifications/apps/
icd/icd10online/; 2007.

99. Mansoer J, Scheele S, Floyd K, Dye C, 
Sitienei J, Williams B. New methods for 
estimating the tuberculosis case detection 
rate in high-HIV prevalence countries: 
the example of Kenya. Bull World Health 
Organ. 2009; 87(3): 186-92, 92A-92B.

100. Dye C, Garnett GP, Sleeman K, Williams 
BG. Prospects for worldwide tuberculosis 
control under the WHO DOTS strategy. 
Directly observed short-course therapy. 
Lancet. 1998; 352(9144): 1886-91.



Introduction

29

1
101. Borgdorff MW. New measurable indicator 

for tuberculosis case detection. Emerg 
Infect Dis. 2004; 10(9): 1523-8.

102. van Leth F, van der Werf MJ, Borgdorff 
MW. Prevalence of tuberculous infection 
and incidence of tuberculosis: a re-
assessment of the Styblo rule. Bull World 
Health Organ. 2008; 86(1): 20-6.

103. F. Luelmo, T. Frieden. Chapter 71. In: 
Friden T, editor. Toman’s Tuberculosis Case 
detection, treatment, and monitoring – 
questions and answers. second edition ed. 
Geneva: World Health Organization; 2004. 
p. 315-7.

104. Lonnroth K, Holtz TH, Cobelens F, Chua 
J, van Leth F, Tupasi T, et al. Inclusion 
of information on risk factors, socio-
economic status and health seeking in 
a tuberculosis prevalence survey. Int J 
Tuberc Lung Dis. 2009; 13(2): 171-6.

105. Corbett EL, Bandason T, Duong T, 
Dauya E, Makamure B, Churchyard GJ, 
et al. Comparison of two active case-
finding strategies for community-based 
diagnosis of symptomatic smear-positive 
tuberculosis and control of infectious 
tuberculosis in Harare, Zimbabwe 
(DETECTB): a cluster-randomised trial. 
Lancet. 2010; 376(9748): 1244-53.

106. Corbett EL, Bandason T, Cheung YB, 
Munyati S, Godfrey-Faussett P, Hayes R, 
et al. Epidemiology of tuberculosis in a 
high HIV prevalence population provided 
with enhanced diagnosis of symptomatic 
disease. PLoS Med. 2007; 4(1): e22.

107. Hong YP, Kim SJ, Lew WJ, Lee EK, Han 
YC. The seventh nationwide tuberculosis 
prevalence survey in Korea, 1995. Int J 
Tuberc Lung Dis. 1998; 2(1): 27-36.

108. China Tuberculosis Control Collaboration. 
The effect of tuberculosis control in China. 
Lancet. 2004; 364(9432): 417-22.

109. Soemantri S, Senewe FP, Tjandrarini 
DH, Day R, Basri C, Manissero D, et al. 
Three-fold reduction in the prevalence of 
tuberculosis over 25 years in Indonesia. 
Int J Tuberc Lung Dis. 2007; 11(4): 398-
404.

110. van der Werf MJ, Enarson DA, Borgdorff 
MW. How to identify tuberculosis cases in 
a prevalence survey. Int J Tuberc Lung Dis. 
2008; 12(11): 1255-60.

111. Pronyk PM, Joshi B, Hargreaves JR, 
Madonsela T, Collinson MA, Mokoena O, 
et al. Active case finding: understanding 
the burden of tuberculosis in rural South 
Africa. Int J Tuberc Lung Dis. 2001; 5(7): 
611-8.

112. Guwatudde D, Zalwango S, Kamya MR, 
Debanne SM, Diaz MI, Okwera A, et 
al. Burden of tuberculosis in Kampala, 
Uganda. Bull World Health Organ. 2003; 
81(11): 799-805.

113. Tupasi TE, Radhakrishna S, Chua JA, 
Mangubat NV, Guilatco R, Galipot M, et 
al. Significant decline in the tuberculosis 
burden in the Philippines ten years after 
initiating DOTS. Int J Tuberc Lung Dis. 
2009; 13(10): 1224-30.

114. Gopi PG, Subramani R, Radhakrishna S, 
Kolappan C, Sadacharam K, Devi TS, et 
al. A baseline survey of the prevalence 
of tuberculosis in a community in south 
India at the commencement of a DOTS 
programme. Int J Tuberc Lung Dis. 2003; 
7(12): 1154-62.

115. The World Bank. Data by country.   [cited 
2011 24 May 2011]; Available from: 
http://data.worldbank.org/country/kenya

116. UNAIDS. Epidemiological factsheet 
Kenya.   [cited 24 May 2011]; Available 
from: http://92.52.112.217/downloadpdf.
h t m ? c o u n t r y _ i d = A F R K E N & l n g _
code=en&pdfoption=epi

117. National AIDS/STI Control Programme 
(NASCOP) Kenya. 2007 Kenya AIDS 
Indicator Survey: Final Report. Nairobi: 
NASCOP; September 2009.



Chapter 1

30

118. National Leprosy and Tuberculosis Control 
Program. Annual Report 2009. Kenya: 
Ministry of Health; 2010.

119. World Health Organization. Global 
Tuberculosis Control: Surveillance, 
Planning, Financing. WHO Report 2004. 
Geneva, Switzerland; 2004.

120. Roelsgaard E, Nyboe J. A tuberculosis 
survey in Kenya. Bull World Health Organ. 
1961; 25: 851-70.

121. Adazu K, Lindblade KA, Rosen DH, 
Odhiambo F, Ofware P, Kwach J, et al. 
Health and demographic surveillance 
in rural western Kenya: a platform for 
evaluating interventions to reduce 
morbidity and mortality from infectious 
diseases. Am J Trop Med Hyg. 2005; 73(6): 
1151-8.

122. KEMRI/CDC Research and Public Health 
Collaboration. KEMRI/CDC Health and 
Demographic Surveillance System (HDSS), 
6th Annual Report. 2008. Kisumu, Kenya; 
2008.

123. INDEPTH. Population, Health and Survival 
at INDEPTH Sites. Ottawa Canada: 
International Development Research 
Centre; 2002.

124. Phillips-Howard PA, Nahlen BL, Alaii JA, ter 
Kuile FO, Gimnig JE, Terlouw DJ, et al. The 
efficacy of permethrin-treated bed nets on 
child mortality and morbidity in western 
Kenya I. Development of infrastructure 
and description of study site. Am J Trop 
Med Hyg. 2003; 68(4 Suppl): 3-9.

125. van Eijk AM, Adazu K, Ofware P, Vulule 
J, Hamel M, Slutsker L. Causes of deaths 
using verbal autopsy among adolescents 
and adults in rural western Kenya. Trop 
Med Int Health. 2008; 13(10): 1314-24.

126. KEMRI/CDC Research and Publich Health 
Collaboration. KEMRI/CDC Health and 
Demographic Surveillance System (HDSS), 
6th Annual Report. 2008. Kisumu, Kenya; 
2008.

127. Amolloh M, Medley A, Owuor P, Audi 
B, Sewe M, Muttai H, et al. Factors 
Associated with Early Uptake of HIV Care 
and Treatment Services after Testing 
HIV-Positive during Home-Based Testing 
and Counseling in Rural Western Kenya.  
18th Conference on Retroviruses and 
Opportunistic Infections; 2011 February 
27th – March 2nd 2011; Boston, MA, USA; 
2011.

128. van’t Hoog AH, Onyango J, Agaya J, Akeche 
G, Odero G, Lodenyo W, et al. Evaluation 
of TB and HIV services prior to introducing 
TB-HIV activities in two rural districts 
in western Kenya. Int J Tuberc Lung Dis. 
2008; 12(3 Suppl 1): 32-8.




