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Introduction 
 
Tuberculosis 
 
Tuberculosis (TB) is an infectious disease caused by the tubercle bacillus, Mycobacterium 
tuberculosis, belonging to the genus Mycobacterium. It is one of the most widespread and 
serious human infectious diseases [1]. M. tuberculosis is one of the four species that form the 
M. tuberculosis complex. The other closely related species include M. africanum, M. microti 
and M. bovis, which may affect human beings and various animals depending on their 
respective affinities [2-4].  
Robert Koch announced the discovery of the tubercle bacillus some 135 years ago, on 24 
March, 1882 and this led to an unprecedented wave of research by the medical community, 
which in due time yielded the powerful tools now available for the prevention, diagnosis and 
treatment of TB. Over the last decade there have been quite remarkable advances in the 
understanding of the tubercle bacillus, and the disease that it causes, at the cellular and 
molecular levels. However and unfortunately, the goal of eradicating this disease seems still 
far away [5-7], despite the recently made quest [8]. 
 
Pathogenesis 
 
Infection of humans with M. tuberculosis occurs by inhalation, ingestion or traumatic 
inoculation, while intrauterine infection leading to congenital disease is extremely rare [1]. The 
most common route of infection is by inhalation. A few bacilli contained in aerosol particles 
when inhaled lodge in the alveoli or small airways, mostly in the downstream regions of the 
lung [9]. When they settle in the lungs they form a primary focus and later, drain to the 
surrounding lymph nodes to form the Ghon Complex [10].  Depending on the competence of 
the immunity, the infection can be contained and become dormant to only persist as latent TB 
infection (LTBI). However, when the immunity of the host is compromised, reactivation may 
occur, thereby leading to the development of active disease [11]. The majority of the people 
infected do not develop symptoms, and the primary infection may go unnoticed. In most 
cases, an effective immune response leads to containment of the disease process. 
Approximately 2-5% of the people infected with the tubercle bacillus will develop clinically 
evident primary tuberculosis and a further 2-5% subsequently develops post-primary disease 
[1]. A summary of the pathogenesis is as described by Chinta and colleagues [12] and 
illustrated as in Figure 1 below. 
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Figure 1: Schematic overview of Mtb infection.  
Legend: Mtb – Mycobaterium tuberculosis; NO – Nitric Oxide; CO – Carbon Monoxide; ROS/RNS – Reactive Oxygen Species/ Reactive 
Nitrogen Species; iNOS – inducible Nitric Oxide Synthase; HO1 – Heme Oxygenase – 1 ; H2S – Hydrogen Sulfide ( Figure adapted from 
Chinta et al. 2016) 
 

Clinical Presentation 
 
Tuberculosis presents in various forms in terms of clinical manifestations both in children and 
adults. The commonest form in children is pulmonary TB. Extra-pulmonary TB in children 
accounts for approximately 20-25% of all childhood TB cases and the commonest 
manifestations are TB lymphadenitis, spinal TB, pleural effusion, abdominal TB, miliary TB 
and tuberculous meningitis [13]. In children clinical features that are suggestive of TB include 
persistent cough, persistent fever, weight loss or failure to thrive, and night sweats. Others 
may include non-specific symptoms such as fatigue and chest pain. In older children, 
haemoptysis may occur [14]. There are no specific physical examination findings that could 
confirm pulmonary TB. However, there are clinical signs that strongly support a diagnosis of 
extra-pulmonary TB such as typical non-painful matted cervical lymphadenopathy which may 
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occur sometimes with fistula formation; the non-painful gibbus of spinal TB or the painless 
ascites of peritoneal TB [13, 15]. 
Tuberculosis in adults presents with clinical features due to systemic involvement and related 
to pathology at the local site or sites of the disease. Main symptoms include fever, night 
sweats, tiredness, loss of appetite, weight loss, and in females, secondary amenorrhoea. 
Systemic signs may include, fever, wasting and tachycardia. Extra-pulmonary and pulmonary 
TB can occur concurrently; therefore, examination of sputum and CXR are important in 
patients with extra-pulmonary TB as well [16].  
 
Diagnostics  
 
The primary method of diagnosis in adults is bacteriological, through smears or culture if 
available. Diagnostic tools developed and introduced more than 100 years ago, such as 
microscopy and X-rays, are still in routine use today. However, these have become 
increasingly inaccurate in the face of the HIV pandemic [11, 17-19]. Consequently, many 
patients with active TB remain undiagnosed and continue to spread the disease within the 
community [20]. Thus, missed or delayed diagnosis results in ongoing transmission, mortality, 
and deleterious social and economic consequences [21]. Currently, there is no available 
point-of-care test that allows early detection of active tuberculosis at the peripheral health 
clinic level. Although the Xpert MTB/RIF assay, especially the newer optimized version, is 
closer to such a test, it has limitations, mainly due to cost implications as it requires some 
technical training and equipment maintenance [22]. Lack of rapid, simple and accurate 
diagnostic tests at the community level is a major hurdle in controlling the global burden of 
TB. A number of new TB diagnostics have shown initial promise. However, an urgent need 
for better point-of-care tests at primary care level remains [22-24]. 

Children with pulmonary tuberculosis rarely produce sputum and therefore the diagnostic 
approach in children is slightly different. The tuberculin skin test (TST) is one of the few 
investigations dating from the 19th century that are still widely used as an important test for 
tuberculosis in children. The TST may provide additional important information in the 
assessment of children suspected to have TB. The recommended method is the Mantoux test 
using either 5 tuberculin units of Standard Purified Protein Derivative (PPD-S) or 2 tuberculin 
units of PPD RT23. A positive or reactive TST indicates TB infection and is defined as greater 
or equal to 10mm diameter of induration, read 48-72 hours after administration in any child 
regardless of BCG vaccination [13, 25].  One reason why TST in children is useful is that it 
has a high positive predictive value for TB disease as compared to adults, because of the 
lower background prevalence of (remotely acquired) LTBI at young age. 

The chest radiograph (CXR) is widely used to support a diagnosis of pulmonary TB in 
children. The lack of specificity of suggestive symptoms, poor sensitivity and specificity of the 
TST, and limitations of sputum examination, as well as limited access to culture and 
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molecular methods, means that CXR is relied upon to arrive at a diagnosis of TB in most 
parts of the world [17, 18]. However, there are techniques that are applied for increasing the 
diagnostic yield of bacteriological methods in children, such as gastric aspiration/lavage; fine 
needle aspiration in children with a palpable peripheral lymph node as well as respiratory 
symptoms. Other potential approaches include stool examination for TB, since young children 
tend to swallow rather than to expectorate sputum [26, 27]. 

Epidemiology  

To understand today’s situation, and to make tangible progress in the control of tuberculosis, 
there is an urgent need to take a broad look at the reasons for the changing trends in the 
epidemiology of the disease worldwide, and the attitudes of the various communities affected 
by the disease [7]. 

Transmission of TB is mainly from an infected person to another person through aerosols, 
although cross-transmission with other domestic animals such as cattle and humans have 
been reported [28, 29]. The risk of infection depends on several factors including: 

i) Source factors, as usually, the main source is from an infectious person to another 
person, rarely the reservoir may be an animal such as cattle.  

ii) Environmental factors, such as overcrowded places, dark and poorly ventilated places 
that encourage survival of the mycobacterium for a longer time and hence increasing 
risk of exposure [30]. 

Control measures and strategies have mainly been based on ensuring that TB patients are 
detected early and treated as soon as possible to cut the chain of transmission. However, 
other challenges have complicated this strategy and approach. Two factors, ostensibly 
biological in nature, are commonly cited to explain this setback; (1) the advent of HIV; and (2) 
the emergence of multidrug-resistant TB (MDR TB) defined as TB caused by a strain that is 
resistant to at least isoniazid and rifampicin, the most powerful anti-TB drugs [31, 32]. 
Tuberculosis is often referred to as a disease of poverty; consequently, social determinants 
also have to be recognized and tackled [7, 33, 34].   

Tuberculosis and HIV co-infection 

Infection with HIV is the strongest risk factor for reactivation of TB [1]. The HIV pandemic has 
dramatically changed the epidemiology and natural history of TB. Tuberculosis accelerates 
viral replication and progression to acquired immunodeficiency syndrome in HIV-infected 
patients, whereas HIV infection speeds up progression to active TB, after both long-standing 
latent and recently acquired infection [35, 36]. In sub-Saharan Africa where HIV prevalence is 
highest, TB is the most common opportunistic infection and most important cause of 
morbidity and mortality in people living with HIV and acquired immunodeficiency syndrome 
(AIDS) [30, 37, 38].  
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The WHO [39] recommends that, in order to reduce the burden of TB in people living with 
HIV/AIDS (PLWHA), they should be screened for TB at the earliest-possible opportunity and 
if found to have TB disease, they should be promptly treated. However, if they are found to be 
infected but without TB disease, then prophylaxis with anti-TB drugs such as isoniazid should 
be instituted. Isoniazid preventive therapy (IPT) has been shown to be an effective measure 
to reduce the risk of development of TB in people living with HIV and AIDS even when given 
for six or nine months [40, 41]. However, there is evidence that in high-burden TB and HIV 
countries, although IPT reduces the risk of TB in PLWHA while they are receiving the drug, 
this benefit is lost once they stop (even due to completing the course), thereby implying that 
lifelong preventive therapy may be required in settings where re-infection in TB may be 
common [42]. Unfortunately, the feasibility of long-term or lifelong implementation of IPT in 
low-resource settings is a challenge [42-44]. Conversely, to reduce mortality in PLWHA who 
have TB, they require to be screened for HIV at the earliest opportunity; and if they are found 
to be infected, they should be treated promptly with antiretroviral therapy (ART), as well as 
that co-trimoxazole preventive therapy (CPT) should be instituted [39]. Since HIV infection is 
an important factor that influences the development of TB, subsequently leading to the 
increase in disease burden as witnessed in sub-Sahara African countries, controlling and 
managing HIV infections in populations should eventually translate into less TB cases. In fact, 
it has been clearly shown that early initiation of combination anti-retroviral therapy (cART) is 
an important intervention to reduce HIV-associated TB [45-47]. 

Drug-resistant tuberculosis 

Drug-resistant isolates of M. tuberculosis were first identified less than 1 year after the first 
introduction of anti-TB chemotherapy [48, 49]. The proportion of TB cases caused by drug-
resistant strains is increasing globally. Interruptions in the drug supply, improper drug 
prescription and non-adherence to treatment protocols promote drug resistance through 
mechanisms that are now well understood. However, non-adherence alone is not a sufficient 
condition for MDR-tuberculosis acquisition and emergence, but low dosing and 
pharmacokinetic variability probably contributes much to acquisition of drug resistance [50-
52]. A patient is said to have drug-resistant TB if the strain causing the disease is resistant to 
one or more of the first-line drugs; that is, isoniazid, rifampin, pyrazinamide, ethambutol and 
streptomycin [53]. The emergence of MDR-TB and its interaction with HIV infection have 
complicated global efforts to control TB, and increasing incidences of MDR-TB and 
extensively drug-resistant tuberculosis (XDR-TB) are a major concern for TB control 
programs worldwide [36, 54]. XDR-TB is defined as MDR tuberculosis strains additionally 
resistant to any fluoroquinolone, and at least one of three second-line antituberculosis 
injectable drugs – i.e., capreomycin, kanamycin, and amikacin [55].  

Routine testing for drug-resistant TB is challenging in most low-income countries especially 
so because it requires trained staff and laboratory infrastructure for performing culture and 
DST [56]; coventional culture-based methods require at least 12 weeks to identify drug 
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resistant organisms whereas liquid culture-based methods may require two to four weeks to 
obtain results. This implies that valuable time is lost before an appropriate diagnosis can be 
made [57]. Novel rapid molecular tests such as the Xpert MTB/RIF and the Genotype 
MTBDRplus assays have reduced this difficulty [57, 58]. The Genotype MTBDRplus line 
probe assay, based on traditional PCR, has shown to be highly sensitive and specific in 
detecting both isoniazid and rifampicin resistance [56-59]. 

Childhood tuberculosis 

The burden of childhood TB is often poorly documented, especially in countries with high 
burden of TB and HIV. Official epidemiological data may not reflect the true burden of 
childhood TB in these countries, due to the inadequacy of existing surveillance systems and 
the difficulty of diagnosing TB in children [60]. Autopsy studies conducted in southern Africa 
showed that diagnosis of TB in children who died of respiratory tract infections was often 
missed [61, 62]. 

Global TB Situation 

The World Health Organization estimated that there were 10.4 million (range, 8.7 million to 
12.2 million) incident cases of TB globally in 2015, equivalent to 142 cases per 100,000 
population. Most of the estimated cases in 2015 occurred in Asia (61%) and the WHO African 
Region (26%). The Eastern Mediterranean Region, the European Region and the Region of 
the Americas accounted for an estimated 13%. Global estimates of TB incident rates are 
shown in Figure 2 below. 

An estimated 11% (range, 9–14%) of the incident TB cases in 2015 were among people living 
with HIV, and the proportion of TB cases co-infected with HIV was highest in countries in the 
WHO African Region, exceeding 50% in parts of southern Africa. The World Health 
Organization estimated TB deaths for the same period to be 1.4 million [8].  

TB incidence in most countries appears to be declining slowly. However, only few countries 
have enjoyed the rates of decline seen in Europe at the start of the chemotherapy era (> 10% 
per year) [63], although notification rates in various countries in the world were showing a 
downward trend [64]. 

Dodd and colleagues (2016) estimated that 51.4% of all pediatric cases of TB disease in 
2014 occurred in children less than five years of age. Applying this to the WHO childhood TB 
incidence estimate would therefore indicate that 514,000 children under five years of age 
developed TB disease in 2014, which is nearly four and half times the number notified to the 
WHO for that year [65, 66]. 

Drug-resistant TB is under-diagnosed among all age groups due to the resources and costs 
required for diagnosis, and to limited access to testing facilities in many parts of the world 
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[67]. The majority of drug-resistant TB cases, especially MDR-TB and XDR-TB are reported 
from the WHO Eastern Region. In 2015, there were 580,000 MDR-/rifampicin-resistant (RR-) 
TB cases; majority of those were from China, India and the Russian Federation [8]. 

Generally there are more males than females TB cases notified globally [64, 68]. 

 
Figure 2: Global estimates TB incident rates (Adapted from the WHO Global TB report 2016) 

 

TB in sub-Sahara Africa  

Sub-Saharan Africa has the highest incidence of HIV in the world and as a consequence, 
bears a high burden of TB as well (Figure 3) [69]. The 30 countries in the world with highest 
TB burden include 16 countries from sub-Sahara Africa. Tuberculosis and HIV co-infection 
rates are also very high in the region. Although the MDR-TB burden is low in comparison to 
the Eastern European region, inadequate surveillance systems and diagnostic capacity in the 
region pose a challenge in addressing the problem [8]. 
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Figure 3: Estimated incidence of Tuberculosis per 100,000 population in African countries in 1990 and 2005. Data are from the World 
Health Organization. ND denotes no data (Chaisson ER & Martinson AN. Tuberculosis in Africa — Combating an HIV-Driven Crisis. N Engl 
J Med 2008; 358:1089-1092) 
 

TB Control Strategies 

National TB Control Programs concentrated on identifying smear positive TB cases through 
passive case finding until just recently when TB control strategies started to include other 
broad issues [31, 70]. The Directly Observed Short-Course (DOTS) Strategy implemention 
that was adopted as recommended by the WHO in the early 1990’s to about 2005 
emphasized five main components to mitigate the TB problem. In 2006, the WHO introduced 
and recommended the Stop TB Strategy that built on the successes of the DOTS strategy but 
included addressing other areas such as TB/HIV, MDR-TB, childhood TB and many other 
challenges including the importance of engaging affected patients and communities and the 
involvement of other care providers [71, 72]. The Stop TB Strategy was meant to go beyond 
the traditional DOTS strategy and facilitate reaching the goals and targets as set in the 
Millennium Development Goals (MDGs) [70, 72]. Whereas with the Stop TB Strategy a lot of 
progress had been achieved and there had been a downward trend in the disease burden in 
most countries of the world, the TB disease burden had not yet come down to the MDG 
aspired targets by the time these goals were about to expire, that is, by 2014 [70]. In 2014 the 
World Health Assembly endorsed the End TB Strategy which is an ambitious strategy 
devised to lead to the eventual elimination of TB and in order to meet the Sustainable 
Development Goals targets [73].  
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Research portfolio rationale 

While there are many studies that have been done on TB, TB/HIV and MDR-TB interventions 
in sub-Sahara Africa in research settings, there is a paucity of systematically analyzed routine 
data that show and analyze the realities of TB control in high HIV burden settings [74-79]. 
National TB control programmes collect routine surveillance reports that are an important 
source of data that can be analyzed appropriately in order to provide information on the 
disease burden and the epidemiological dynamics at play for policy decisions. Unfortunately, 
most time this data is underutilized; filed away or shelved and never used; not analyzed or 
interpreted to drive improved performance of health services, the scale up of workable 
interventions or better outcomes for patients [79-81].  

Routinely collected data through TB notifications do however have limitations for 
understanding the true burden of TB. The World Health Organization’s estimates used to 
define the TB burden globally, regionally and at national level are based on calculations from 
reported TB case notifications and expert opinion; these may represent an under-estimate of 
the actual burden due to issues of inaccuracy of such data. In sub-Saharan Africa today, 
there are still often only poor and inadequate laboratory and diagnostic facilities and 
recording and reporting systems; hence the actual magnitude of the TB problem remains 
undefined. The number of TB cases in SSA including Zambia need to be defined more 
accurately since there appears to be a large number of undiagnosed cases. Tuberculosis 
prevalence surveys can be conducted to better estimate the burden of disease [82]. In 
addition, although in many countries, routine programmes link TB and HIV services together, 
too few patients know their HIV status, mainly due to the stigma attached. Providing an 
opportunity for HIV testing accompanied by counselling at the population level is not only an 
important way of improving access to HIV services but also a way to measure the actual 
burden of TB/HIV [83].  

Similarly, the number of new MDR-TB cases has risen globally, including in sSA. Global 
estimates may be underestimated, especially for sSA, due to the lack of appropriate 
laboratory facilities and resources for testing drug-resistant TB. Molecular technologies such 
as the Genotype MTBDRplus assay may be useful to be incorporated in drug resistance 
surveys [84]. 

Zambia provides an opportunity for studying these various elements in a comprehensive 
manner because of availability of routine TB surveillance data and planned surveys. The 
routine data has never been explored and analyzed before in detail to provide more 
information in terms of TB, TB/HIV and MDR-TB in adults and children. The planned national 
TB prevalence survey for 2013, also gives an opportunity to determine the baseline TB 
prevalence as well as assess TB/HIV co-infection rates at the population level and gauge 
health-seeking behaviour of survey participants through in-depth interviews. Additionally the 
national drug resistance survey conducted in the entire country will give estimates of MDR-TB 
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burden. Furthermore, an assessment of health delivery systems through follow-up of MDR-
TB patients as notified through the nation TB programme will be essential to inform policy. 

Study site - Zambia 

Zambia is a landlocked sub-Saharan country with a land surface area of approximately 
752,612 square kilometers; it shares borders with eight countries, namely Tanzania, Malawi, 
Mozambique, Zimbabwe, Botswana, Namibia, Angola, and the Democratic Republic of 
Congo [85].  It is administratively divided into 10 provinces and 110 districts (Figure 4). Two 
of the provinces are predominantly urban, namely Lusaka and Copperbelt while the 
remaining provinces (Central, Eastern, Muchinga, Northern, Luapula, North Western, 
Western, and Southern) are predominantly rural [86]. 

The population of Zambia in 2015 was estimated to be approximately 15 million with 45.4 per 
cent of the people aged below 15 years. There are about 51% females and 49% males in the 
general population [87].  The mining sector plays a crucial role in the economic development 
of the country and the mining taxes and royalty contribution to the economy constitutes more 
than 30% of the total government tax revenue [88]. 

Zambia is one of the sub-Saharan African countries worst affected by the HIV pandemic. 
Adult HIV prevalence is about 13% and the number of PLWH is estimated to be 
approximately 1 million [86, 89]. Tuberculosis continues to be a major public health problem 
in the country. Although the case notification rates show a downward trend, a lot needs to be 
done in order to address the TB burden. The main reason for this high burden has been the 
high HIV incident rates. However, other factors have also been shown to be at play [64]. In 
our study describing some of the main social determinants of TB and their association with 
TB/HIV, we concluded that social determinants of TB needed to be explored and were 
important to address in order to have maximum impact in TB control programmes [34]. 
Available evidence, though limited, also indicate that measures must be taken to address TB 
in the Zambian mines, targeting mining communities, including miners and ex-miners if the 
burden is to be reduced [88].  
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Figure 4: Map of Zambia available at: http://www.nationsonline.org/oneworld/map/zambia-political-map.htm Accessed on 27th May 2017. 

 

Zambia has adapted the WHO recommended End TB strategy for the control of TB and aims 
to meet the SDG target of [72, 90]. However, major challenges and hurdles need to be 
identified so that these targets can be achieved. In order to address the problem, it needs to 
be well defined so that focused solutions can be devised. Defining the status quo is a step 
towards achieving Zero TB deaths in Zambia. 
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Rationale and aim of this thesis 

The aim of this thesis is to define the epidemiological landscape of Zambia in terms of TB, 
MDR-TB, and HIV/TB co-infection. Furthermore, the thesis is intended to bring to focus and 
highlight some of the social aspects pertaining to TB that are usually overlooked when 
priorities and strategies are set. It also brings to the fore a number of important health system 
challenges that are encountered when implementing TB control programs in sub-Sahara 
Africa; show-casing the Zambian situation. 

PART I  

The first part of the thesis is composed of studies that reviewed the current status by means 
of an assessment of the available literature. This sets the stage and gives the background 
understanding of the situation constituting the status quo at baseline. In this part we discuss 
the issues of the TB, TB/HIV and MDR-TB; look at trends; and examine shortfalls and 
challenges over the past decade; and the efforts that have been made to scale-up workable 
interventions. We present facts based on programmatic and routinely reported data. In 
Chapter 2, we review the expansion of TB services and the implementation of the TB/HIV 
collaborative activities as recommended by the World Health Organization [39]. Sub-Sahara 
African countries have high HIV incidence rates that have negatively affected and 
complicated the progress in TB control in the region [69]. Chapter 3 focusses on addressing 
the issue of childhood TB. We interrogate the non-availability of reliable data and statistics 
pertaining to this vulnerable yet important group and reveal that childhood TB is under-
reported. We highlight the difficulties that TB programmes in low- and medium-income 
countries (LMICs) face in terms of diagnostic capacities for childhood TB. Tuberculosis 
disease in children is an indicator of active and ongoing transmission in the communities, and 
hence understanding the burden of disease in children may have significant implications for 
devising TB control strategies. The topic of drug-resistant TB including MDR-TB is covered in 
Chapter 4 of this thesis. Here, the shortfalls and inadequacies of routine surveillance 
systems concerning drug-resistant TB are shown. We reveal, through analysis of routine 
data, that there are a lot of gaps that need to be addressed; such as diagnostic and culture 
facilities, drug susceptibility testing of presumptive drug-resistant TB patients, case holding, 
referral systems and appropriate patient management. Multidrug-resistant TB is increasingly 
becoming a major problem in most sub-Saharan countries; leaving the situation unchecked in 
the region may have serious implications [91].  

PART II  

This part is composed of cross-sectional studies that determine and define the actual burden 
of disease in Zambia. Previously, the TB disease burden was estimated based on routinely 
collected surveillance data, which was not a very reliable method in the sense that data 
collection often had a lot of limitations. The main problem with inferring TB burden from 
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notification data is that not all cases are diagnosed, as there are usually many cases that are 
missed, and that not all diagnosed cases are reported. In addition, the lack of staff in most 
health facilities adds to this challenge. The diagnostic capacity for TB was also mainly based 
on sputum microscopy. Therefore, it was difficult to estimate the true burden of TB since 
sputum microcopy has a low sensitivity and variable specificity [24]. Similarly, routine 
surveillance of drug resistant TB and MDR-TB was problematic and consequently the 
available data could not accurately be used for estimation of the actual burden since very few 
patients have routine drug susceptibility testing. In Chapter 5, we present the data from the 
national TB prevalence survey that was conducted to determine the true burden of TB in 
Zambia. This was the first countrywide TB prevalence survey to be conducted in Zambia, and 
henceforth it provides a baseline for measuring the impact of the various programme 
interventions that will be implemented for TB control. The TB/HIV co-infection and prevalence 
in the general population, is presented in Chapter 6. This was assessed as a sub-study from 
the TB prevelance survey study and higlights TB/HIV from the community perspective as 
opposed to the usually studies that are health facility based. Chapter 7 takes a look at the 
National Drug Resistance Survey, which is a survey especially designed to estimate the 
prevalence of drug resistant TB based on new and re-treatment TB cases presenting to 
health facilities. This was the second time such a survey was conducted in Zambia, and 
therefore was also used to assess the trends in burden of DR-TB disease. The study also 
assessed the application of the Genotype MTBDRplus assay in conducting drug resistance 
surveys.  

Part III  

In this part, we look at social aspects of TB control and emphasize the importance of 
interaction of the patients and communities affected by TB with the health care services that 
existed in the country. It mainly focusses on the demand side of the health services, exploring 
the formal and informal sectors. In Zambia, the majority of the health care services are 
offered by the public sector. However, the private sector also plays an important role. In 
Chapter 8, we present the health-seeking behaviours of TB patients as obtained from 
interviews and findings from a population based survey. We subsequently, in Chapter 9, 
provide details of the outcomes from a qualitative study of one of the communities in Zambia 
that not only has high TB rates but also represents a cross-section of people and various 
bands of social-economic status. This provides peoples’ perspectives and understanding of 
TB in the communities, how it spreads and what is needed in order to treat it and control it. 
We look at the knowledge gaps and make recommendations on how a holistic approach will 
facilitate improvement in TB control. 

PART IV  

Drug-resistant TB, including MDR-TB and higher forms of resistant TB, are on the rise and 
threaten the achievements made so far in TB control. Management of MDR-TB is usually 
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challenging, particularly in LMICs. The HIV epidemic with high incident rates in sub-Sahara 
African countries, like Zambia, makes MDR-TB treatment complicated. This part of the thesis 
deals with addressing the major challenge of MDR-TB and health systems issues; clearly 
illustrating the importance of decentralization of services. Chapter 10 presents a cohort study 
of patients diagnosed with MDR-TB. This is a follow-up of patients to assess what their final 
outcome was after having been diagnosed. It not only highlights the difficulties that are 
encountered in sub-Sahara African countries, but also shows associations between various 
risk factors and attainment of favourable outcomes. Chapter 11 provides an overall 
discussion of the work in the thesis and its implications for policy, practice and future 
research.   
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Abstract 

OBJECTIVE: To review the activities, progress, achievements and challenges of the Zambia 
Ministry of Health tuberculosis (TB) ⁄ HIV collaborative activities over the past decade. 

METHODS: Analysis of Zambia Ministry of Health National TB and HIV programme 
documents and external independent programme review reports pertaining to 2000–2010. 

RESULTS: The number of people testing for HIV increased from 37 557 persons in 2003 to 1 
327 995 persons in 2010 nationally. Those receiving anti-retroviral therapy (ART) increased 
from 143 in 2003 to 344 304 in 2010.  The national HIV prevalence estimates declined from 
14.3% in 2001 to 13.5% in 2009.  The proportion of TB patients being tested for HIV 
increased from 22.6% in 2006 to 84% in 2010 and approximately 70% were HIV positive. The 
proportion of the HIV-infected TB patients who: (i) started  on ART increased  from 38%  in 
2006  to 50%  in 2010;  (ii) commenced  co-trimoxazole preventive  therapy  (CPT) increased  
from 31%  in 2006  to 70%  in 2010;  and (iii) were successfully treated  increased to an 
average of 80%  resulting in decline of deaths from 13%  in 2006 to 9% in 2010.  

CONCLUSIONS:  The scale-up of TB ⁄ HIV collaborative programme activities in Zambia has 
steadily increased over the past decade resulting in increased testing for TB and HIV, and 
anti-retroviral  (ARV) rollout  with improved  treatment outcomes  among  TB patients  co-
infected  with HIV. Getting service delivery points to adhere to WHO guidelines for 
collaborative TB ⁄ HIV activities remains problematic, especially those meant to reduce the 
burden of TB in people living with HIV ⁄ AIDS (PLWHA). 

Keywords:   TB, HIV, AIDS, anti-retroviral therapy, scale-up, Zambia, epidemiology 
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Introduction 

The latest WHO (2011) states that in 2010, there were an estimated 8.8 million incident 
cases of tuberculosis (TB), 1.1 million deaths  from TB among  HIV-negative  people and 
0.35  million deaths  from HIV-associated TB. The highest TB incidence rates occur in 
sub-Saharan Africa and are associated with high local human HIV infection rates. These 
countries are unlikely to reach the millennium development goal targets related to TB, 
mainly owing to the large numbers of HIV-associated TB deaths.  Sub-Saharan Africa 
accounts for 78% of people with HIV-related TB globally (UNAIDS 2010a,b). 

In Zambia, TB and HIV ⁄ AIDS are important causes of morbidity and mortality and have 
become major public health issues (MoH, 2007; UNAIDS 2009a,b, Kapata et al. 2011). 
Zambia is the thirteenth country most affected by TB, with an incident rate of 433 per 100 
000 population (WHO, 2011). Like many countries in sub-Saharan Africa, Zambia is in the 
midst of a serious TB epidemic which is likely due to the impact of HIV ⁄ AIDS (Chintu & 
Mwinga1999; Mwaba et al. 2003).  The HIV prevalence in the general population of nearly 
13.4 million people is currently estimated at 14.3% (UNAIDS 2010a,b). HIV prevalence rates 
increased since the late 1980s, peaked to up to 28% in the late 1990s and declined by more 
than 25% between 2001 and 2009.  Overall, up to 70% of TB patients in Zambia are co-
infected with HIV (Kapata et al. 2011; WHO, 2011), and TB is a leading cause of death 
among HIV-infected persons (UNAIDS 2010a, b). Integration of TB and HIV testing was 
initially piloted in Zambia in 1999 (MoH, 2005) through the ProTest Project, which was 
established by WHO in 1997.  Zambia was one of three countries (Malawi, South Africa and 
Zambia) that participated in the initial six WHO funded projects. The ProTest project focused 
primarily on the integration of HIV testing, counselling and prevention, intensified case-
finding for TB, isoniazid preventive therapy (IPT), and co-trimoxazole preventive therapy 
(CPT) (WHO, 2004). Integrating TB and HIV activities had shown improvement in patient 
management in Zambia during the implementation of the ProTest Project (WHO, 2004). 

In 2004, the Ministry of Health (MOH) piloted HIV testing and counselling in the TB clinics in 
Livingstone District and in Southern Zambia. Data from the Southern Province demonstrated 
that it was feasible to include HIV counselling and testing as part of the routine care for TB 
patients (CDC, 2008). 

The Ministry of Health formed the national TB ⁄ HIV coordinating body in 2005, to lead and 
foster TB ⁄ HIV collaborative activities in the country, which was in line with the 
recommendations of the WHO policy on TB ⁄ HIV collaborative activities (MoH, 2007). This 
body was comprised of several stakeholders involved in the TB and ⁄ or HIV programmes in 
the country which included NGOs,  private  non-profit  and private  for profit organisations, 
civil society, line ministries, faith-based organisations and human rights organisations. The 
coordinating body spearheaded the development of guidelines for TB ⁄ HIV collaborative 
activities, and these guidelines were developed in line with the WHO Interim Policy on TB ⁄ 
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HIV collaborative activities to: establish a mechanism  of collaboration through setting up a 
coordinating body for TB ⁄ HIV activities; conducting surveillance of HIV among TB patients; 
carrying  out joint TB ⁄ HIV planning and conducting monitoring and evaluation; to lighten the 
burden of TB in people living with HIV ⁄ AIDS through establishing intensified TB case-
finding; introducing Isoniazid preventive  therapy; ensuring  TB infection control in healthcare 
settings and congregate settings; to lighten the burden of HIV in TB patients through 
providing testing and counselling; introducing HIV prevention methods; introducing co-
trimoxazole preventive therapy; ensuring HIV ⁄ AIDS care and support; and introducing 
antiretroviral therapy (WHO  2004). 

The availability of Global Health Initiatives such as the Global Fund to fight AIDS, TB and 
Malaria (GFATM), the President’s Emergency Plan for AIDS Relief (PEPFAR) and others 
contributed to implementation and scale-up of these activities (Corbett et al. 2006; MoH, 
2010; USAID, 2010). This review assesses the Zambian National TB and HIV ⁄ AIDS 
programmes’ scale-up of TB and HIV collaborations, delineates successes and failures and 
identifies gaps and remaining challenges for the effective integration of TB and HIV national 
programme activities. 

Materials and methods 

A 10-year  (January,  2000–January, 2010)  retrospective review was conducted  of available  
data  on the implementation  of the Zambia Ministry  of Health  TB and HIV programmes’  
collaborative activities.  Zambia Ministry of Health National TB and HIV ⁄ AIDS programme 
documents and surveillance reports were reviewed. Data sources were as follows: 
population-based Zambia Demo- graphic  Health  Survey Reports  (2001  and 2007)  based 
on nationally representative data  (Samples); National TB Review Reports  for 2000,  2005  
and 2010  based on the independent reviews of the National TB Control Programme;  
Antenatal Clinic HIV Sentinel Surveillance Reports  for 1994–2009 based on HIV 
surveillance  data collected among  15–39-year-old pregnant  women  attending 21 antenatal 
care sentinel surveillance sites with sample sizes ranging  from 9, 067 in 1994  to 11 530 in 
2008 ⁄ 9; PMTCT  Site Reports  2001–2008 and National HIV ⁄ AIDS ⁄ TB ⁄ STI Council  
(NAC) Reports;  National TB Programme  and National HIV ⁄ AIDS Programme  Routine 
Reports  (which are based on the national  routine  surveillance systems based on health  
facility returns  and specialised population-based surveys). The following data were extracted 
and analysed: TB and HIV case notification rates, HIV testing and anti-retroviral (ARV) 
rollout, trends in numbers of HIV-infected TB patients started on ART and their treatment 
outcomes. 

One of the limitations of this review was the lack of data from the private sector. This is 
because most of the private facilities do not adhere to reporting requirements for notifiable 
diseases like TB. However, private sector provision of health services is below 10% in 
Zambia (Kapata et al. 2011). 
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Results 

Initial TB ⁄ HIV activities 

The first TB ⁄ HIV collaborative activities were through  the ProTest  project  in 1999  and only 
the Lusaka  District implemented these activities,  which were carried  out in PMTCT  and 
voluntary counseling  and testing (VCT) settings (one district  of the 72). A total of 10 333 
patients were tested for HIV and for TB; 5.4% were diagnosed with TB, while 80% (3061 ⁄ 
3822) HIV-positive clients were screened for IPT. Of the 1364 people who started IPT, 92% 
(1264 ⁄ 1364) were evaluated and 365 (29%) had completed IPT. Studies that were 
conducted at University Teaching Hospital (UTH), Lusaka showed that 60–70% of TB 
patients were also infected with HIV (WHO, 2004). 
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TB notifications and HIV prevalence trends 

TB notification rates averaged 373 per 100 000 population in 2010, showing that TB rates 
have been declining (Figure 1). The HIV prevalence rates show a similar downward trend 
from both the population- and facility- based reports:  15.6% in 2001 (594 ⁄ 3807) to 14.3% 
(1493 ⁄ 10 444) in 2007 according to the Zambia Demographic and Health Surveys and an 
estimated  13.5% in 2009  among  adults  aged 15–49  years (UNAIDS 2010a,b); the HIV 
rates among  pregnant  women  aged 15–39  years attending  the 21 ANC sentinel sites 
declined from 19 600 per 100 000 (1723 ⁄ 9067)  in 1994  to 16 400 per 100 000 population 
(1891 ⁄ 11 530) in 2009  (Figure 1), and similarly, the prevalence trends from the PMTCT 
sites declined from 22 300 per 100 000 population in 2001  to 17 900 per 100 000 population 
in 2008  (Figure 1). 

 

 

Anti-retroviral therapy scale-up and HIV testing 

The number of patients put on anti-retroviral therapy increased from 143 in 2003 to 344 304 
in 2010 (Figure 2). The number of people being tested for HIV each year has also increased 
from 37, 557 in 2003 to 1 327 995 in 2010 from the main VCT centres (Table 1). The HIV 
prevalence estimates from these centres have also declined from 31.5% in 2008 to 19% in 
2010.  Data on the HIV prevalence rates from the routine VCT sites before the year 2008 
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were unavailable. This is because there was no consolidation of the data from the different 
VCT centres offered by different projects during the period before. 

Trends in national programme TB ⁄ HIV activities 

The proportion of TB patients being tested for HIV almost quadrupled from 22.6% (11 545 ⁄ 
51 191) in 2006 to 84% (40 704 ⁄ 48 616) in 2010 (Figure 3). Of those tested, approximately 
70% were found to be HIV positive.  The proportion of the HIV-positive TB patients started 
on ART has increased from 38% (2723 ⁄ 7177) in 2006 to 50% (12 649 ⁄ 26 571) in 2010.  
Similarly, the proportion of TB patients co-infected with HIV commencing CPT has increased 
from 31% (2194 ⁄ 7177) in 2006 to 70% (19 845 ⁄ 26571) in 2010.  There was no evidence of 
implementation of IPT, ICF or TB IC in any of the TB or HIV ⁄ AIDS programme reports that 
were reviewed. 
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Treatment outcomes – Death rates among HIV-infected TB patients (2006–2010) 

Overall, the treatment success for HIV-infected TB patients has improved over the period 
2006–2010 to an average of 80%.  The death rates segregated according to the type of TB 
in these patients showed a downward trend but remained higher than in HIV-negative 
cohorts.  The proportion of deaths of sputum smear-positive TB ⁄ HIV patients  declined from 
13%  in 2006  to 9%  in 2010;  the proportion of deaths  of the sputum  smear-negative TB ⁄ 
HIV patients  declined from 10%  in 2006  to 9%  in 2010  and that  of the extra-pulmonary 
TB ⁄ HIV patients declined from 11–9%. The proportion of deaths of all sputum smear-
positive patients regardless of HIV status was much lower declining from 7% in 2006 to 6% 
in 2010 (Figure 4). 

Discussion 

The formation of TB ⁄ HIV coordinating bodies at all levels of care with the leadership of the 
ministry of Health and involving all stakeholders involved in TB and HIV programmes has 
been the key to a successful scale-up of TB ⁄ HIV activities.  However,  joint planning,  
coordination and monitoring has been a major  challenge owing to the fact that  HIV ⁄ AIDS 
programmes are multifaceted  with several implementers  having project  mode approach 
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and mechanisms  that  are vertical with performance-based funding  only on HIV-specific 
indicators  and targets. 

The HIV and TB data over a decade are encouraging  and show steady,  but slow, increase 
in National TB and HIV ⁄ AIDS collaborative programme activities as evidenced by improved 
access to HIV testing, more people put on ART, declining HIV prevalence  and increase in 
proportion of TB patients  tested for HIV and starting appropriate treatment. The impact 
includes declining death rates in TB and TB ⁄ HIV cohorts from 13% in 2006 to 9% in 2010.  
HIV prevalence in Zambia has been declining over the past decade as can be seen from the 
Zambia Demographic and health Surveys and the UNA- IDS data from 2001 and 2009. A 
similar declining trend of HIV prevalence is noted in the VCT settings from 31.5% in 2008 to 
19% in 2010.  There is a challenge, however, with information of HIV prevalence rates from 
hospital settings and health facilities being collected through provider initiated counselling 
and testing (PICT). There is need to conduct an assessment of HIV prevalence rates from 
these settings to have a clear understanding of the burden in relation to other morbidities. 
The TB trends correlate with the HIV prevalence  trends  in the general population as shown  
by the results from both  the TB and HIV prevalence  data  (Mwaba  et al. 2003;  UNAIDS 
2010a,b; Kapata  et al. 2011). 

The HIV prevalence data for Zambia used in this review is based on the UNAIDS and on 
sentinel surveillance in antenatal clinics and PMTCT service delivery points (UNAIDS 
2009a,b). These population- and facility-based surveys give a proxy of the epidemic over the 
past two decades.  However, improved management of the routine HIV information is 
needed to better understand the course of the HIV epidemic in Zambia. 

Even though the review demonstrates that there has been a steady increase in HIV testing 
services in the last decade, the increase in the capacity for HIV testing has not translated 
into improved TB screening to decrease the burden of TB in people living with HIV/AIDS 
(PLWHA) through a comprehensive package of care. The lack of utilisation of this potential is 
partially owing to weak integration at service delivery points.  Additionally, the TB and HIV ⁄ 
AIDS programmes have been implemented vertically to the extent that,  at a given facility, 
there are separate  TB and ART ‘corners’ of the clinic. The other challenge is that healthcare 
providers do not adhere to the WHO symptom-based screening for TB in HIV-infected 
people, and acceptability of this algorithm is much less than that of the HIV rapid tests. There 
is need for rapid point-of-care tests for TB if integration of services is to be optimised (Lawn 
& Wood 2011) especially for making a TB diagnosis in those cases that after screening may 
have some unclear and doubtful symptoms. 

The proportion of TB patients tested for HIV has more than doubled from 2006 onwards 
(MOH, 2010).  This remarkable improvement was initiated by revising the operating 
guidelines and TB reporting tools to incorporate HIV counselling, testing, and CPT and ART 
commencement. Training staff at all levels of care was also performed to transfer skills. The 
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TB programme has made strides towards incorporating HIV programmes in its routine 
activities.  However, the challenge is that the HIV programmes do not routinely incorporate 
TB programme activities. 

The proportion of TB cases infected with HIV was well above 60% across the years of the 
study. This was true for all the provinces of Zambia, with eight provinces reporting 
proportions higher than 50%.  This observation is consistent with findings elsewhere in SSA, 
in that the majority of TB cases are co-infected with HIV (Corbett et al. 2006).  When the data 
were segregated by province, the prevalence of HIV in TB patients was lower in rural than 
urban provinces.  This is consistent with the general trend in HIV prevalence rates in the 
national population (UNAIDS 2009a,b). 

There has been a marked improvement in CPT administration to TB patients co-infected with 
HIV, attributed to the availability of this resource within TB treatment sites. This 
demonstrates the feasibility of providing CPT to these patients especially if the CPT is 
available at TB treatment sites. We recommend that all TB treatment sites should provide 
CPT, and this should be considered a minimum standard of care within the TB services. To 
facilitate rapid implementation, data collecting tools will need to include CPT provision.  
NTPs and NAPs should begin to quantify commodities for CPT implementation and provide 
clear guidelines. 

Anti-retroviral therapy provision to TB patients’ co- infected with HIV moderately increased 
from 38% in 2006 to 50% in 2010.  This rather low uptake is attributed to the fact that the 
provision of ART services is conducted at sites different from the TB treatment delivery sites. 
Whereas TB treatment is offered in all the more than1800 facilities in the country, there are 
currently only about 400 accredited sites offering ART services (MOH, 2010).  Unfortunately, 
even at the ART accredited sites the TB corners do not provide ART but have to refer to 
another point-of-care; this may be the point at which patients drop out and never get to the 
referred service delivery point.  An assessment should be conducted to evaluate the 
feasibility of providing ART services at all TB sites and whether such an intervention would 
lead to improved access to ART among HIV ⁄ TB patients.  There is also an urgent need to 
redress the accreditation process for ARTs to be included in most if not all TB treatment 
sites. 

There were no data available on IPT, as the programme does not yet recommend IPT in 
adults.  There was also no evidence of IPT being administered to children of smear-positive 
parents or close contacts, although it is recommended in the national TB treatment 
guidelines (MOH, 2007).  Understanding this policy-action gap in implementing the IPT 
strategy is another area requiring operational research, especially on issues concerning the 
adherence to the long duration of treatment (6–9 months), the appropriate screening 
methods to rule- out active TB and isoniazid mono-resistance and its implication for multi-
drug-resistant TB (MDR-TB) development. Clearer  guidelines should  be provided  to 
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frontline  health  workers  on the administration of IPT, which reduces the risk of TB in HIV-
infected  individuals (Mwinga  et al. 2002;  WHO,  2004).  We recommend that IPT be 
included in the national guidelines according to WHO recommendations. 

There were no data  for HIV patients  being screened for TB, despite good HIV programmes 
in almost all the health facilities in the public sector and in a number  of private facilities and 
non-governmental organisations (NGOs)  as documented in the programme review report  of 
2010 (MOH, 2010).  All the HIV programmes including PMTCT, ART, VCT and STI sites 
should be able to screen their patients for TB as it is the most common opportunistic 
infection in HIV patients (Corbett et al. 2006). 

Zambia has more than 1500 VCT centres in the country with approximately 450 ART centres 
and more than 1200 PMTCT sites (MOH, 2010; UNAIDS, 2009).  These HIV programmes 
are an opportunity to increase TB case detection through screening PLWHA, thereby 
improving patient management and care. This is important for attaining universal access and 
has implications for the attainment of Millennium Development Goals (MDGs) 4, 5 and 6. 
Current screening diagnostic tools for TB may be a limiting factor for improved 
implementation, because smear microscopy remains the mainstay for TB diagnosis in 
Zambia (Kapata et al. 2011). 

The scaling-up of joint TB and HIV ⁄ AIDs programme activities appears  to have contributed 
to better  quality  of care as can be deduced  from the improvement in not only the treatment 
outcomes of the TB ⁄ HIV cohorts but also the overall cohorts.  The data also indicate a 
reduction in the mortality rates of the TB ⁄ HIV cohorts after TB ⁄ HIV integration activities 
were commenced.  There is need for further research to understand the true impact of the 
TB ⁄ HIV collaborative activities on mortality rates and treatment outcomes through more 
structured prospective studies. There was poor access to HIV information, education and 
communication (IEC) in TB sites and vice versa. This is a very simple and non-expensive 
strategy that should be implemented immediately.  The lack of such information highlights 
the extent of the vertical approach that these programme have. IEC materials should be 
distributed to all programmes and services to ensure access to all. 

Funding for TB ⁄ HIV activities during the period under review had increased from the 
government and the different donors, especially the GHIs such as GFATM and PEPFAR. 
Nonetheless, the impact and actual contribution of these funding needs to be further 
evaluated (MOH 2010). 

MDR-TB  and extensively drug-resistant (XDR) TB and co-infection  with HIV, including  
resistance  to ARVs, may complicate  the integration of the services at the delivery points  
owing to the complex  nature  of their diagnosis  and importance in infection  control. 

There is a growing need for donors and researchers to invest in development or 
improvement of newer diagnostic tools for rapid TB diagnosis at the point-of-care so as to 
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accelerate TB ⁄ HIV services integration. Strategic re-organisation of the two programmes is 
required for the TB ⁄ HIV collaboration to be successful, while considering infection control 
measures; otherwise, it remains more of a myth than a reality.  Also, the impact of the 
separate TB and ART clinics on service delivery should be investigated and remedial 
measures implemented. To ensure appropriate TB management and control, it is important 
to have TB patients counselled and tested for HIV and conversely, also have HIV-positive 
individuals screened for TB (WHO, 2004). 

Conclusions 

The scale-up of TB ⁄ HIV collaborative programme activities in Zambia have steadily 
increased over the past decade and show increased  testing for TB and HIV, and ARV rollout  
with improved  treatment outcomes  among  TB patients  co-infected  with HIV. Challenges 
still exist in getting service delivery points to adhere to WHO guidelines for collaborative TB ⁄ 
HIV activities.  The healthcare system structure and service delivery package at point-of- 
care are the core components required to achieve total integration and impact.  With the 
global economic recession, scarcity of donor funding and cancellation of Round 11 by the 
Global Fund every effort must be made by funders to ensure that gains being made in TB 
and HIV programmes are not lost. 
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Summary 
Objectives: To ascertain chi ldhood tuberculosis (TB) trends, human 
immunodeficiency virus (HIV) co-infection rates and multi-drug resistant TB (MDR-
TB) prevalence rates in Zambia. 
Methods: A retrospective review of Zambian annual TB notification data and National 
TB Programme reports for a 7 year period (2004–2011). TB trends were stratified by 
age and HIV status. 
Results: The total number of children notified during this period with all forms of TB 
was 40 976. A total of 2670 of 40 976 (6%) were smear-positive cases. Notification 
rates of all forms of childhood TB show a decline in trends from 135 per 100 000 
population in 2004, to 69 per 100 000 population in 2011.  
Conclusions: Childhood TB is an important but neglected problem in Zambia 
highlighted by the fact that no data exists on HIV co-infection and MDR-TB.  
Strengthening of the National TB Programme and diagnostics services/algorithms are 
required to accurately define the TB burden, HIV co-infection and MDR-TB rates in 
children in Zambia. 

 
Key words: TB, HIV, childhood, Zambia, epidemiology. 
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Introduction 
 
The  World  Health   Organization (WHO)  estimates the global tuberculosis  (TB) 
burden  to be    9 million new cases each  year,  of  which  up  to  500 000 were multi-
drug  resistant  TB  (MDR-TB) [1].  A total of 10–20% of the global burden of TB cases 
are thought to occur in children (aged <15 years) [2, 3], although country-specific   
figures are highly unreliable   and variable.   National  TB  Programmes  (NTPs)   focus 
on   sputum    smear-positive    adult   pulmonary   TB cases,  as  they  are  responsible  
for  transmission  of Mycobacterium  tuberculosis and  are  a public  health hazard  [2, 
4]. Children have traditionally not been seen to pose a public health hazard, as they 
rarely develop lung cavities, and most of them do not produce sputum [5, 6]. Accurate 
diagnosis of TB in children   remains   difficult   [7,   8]   and   poses   several diagnostic 
challenges [4]. Clinical diagnostic algorithms have been complicated by co-infection with 
human immunodeficiency virus (HIV), malnutrition and the non-specific nature of most 
symptoms and signs [7, 9]. Children often develop extra-pulmonary TB, such as lymph 
node disease or meningitis, which are easily overlooked. 
 
Childhood TB represents recent transmission [10, 11].  Apart   from  having  the  highest  
TB  incidence rates,  sub-Saharan Africa  (SSA) is also  affected  by a large  
HIV/acquired immune  deficiency syndrome epidemic [8, 12]. HIV infection has led to a 
huge rise in  the  number   of  TB  cases  since  1990,  and  also appears  to  have  
introduced   a  pronounced age and gender shift, affecting more women of child bearing 
age  [8,  13,  14]. Thus, children, both HIV infected and   uninfected,   are more 
vulnerable   to infection with    M. tuberculosis and to    developing TB. Reported figures 
on childhood TB from most high- burden     countries     probably     represent     a    
gross under-estimate of TB case load.  Furthermore, the burden of co-infection of 
childhood TB with HIV and that of MDR-TB in children has not been accurately defined.  
Sputum  microscopy  is often  the  only diagnostic  test  available  at  points  of  care  in  
most sub-Saharan  African   countries   (SSA),  and  it  per- forms  poorly  in children  
because  of the inability  to obtain  sputum  samples from children and the pauci- 
bacillary  nature   of  sputum  from  those  co-infected with HIV.  Furthermore, the 
burden of MDR-TB in children in SSA has been poorly defined. 
 
Surveillance data and reporting systems on childhood TB are weak in SSA because pf 
these reasons. There is a need to fully understand and quantify the actual contribution 
of childhood TB to the overall TB burden, especially in SSA [4]. There were no 
surveillance data available before 2004 on childhood TB.  We conducted  a  
retrospective  review of  childhood   TB  notifications   in  Zambia,   from   2004  to 2011,  
to  ascertain   the  childhood   TB  trends,  HIV co-infection  rates  and  MDR-TB 
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prevalence  rates  to guide future  investments  in childhood  TB services of the Zambia  
NTP. 
 
Methods 
 
We reviewed annual  Ministry  of Health  TB notification  data  for  the  past  7 years,  
from  2004 to  2011, based  on  surveillance  data  records  and  compared trends  in 
adults  and  children.  Surveillance  data  are compiled  from  patient   record  cards  at  
the  health facility  or  hospital,  and  the  data  are  entered  in  a TB register  and  
notified  as a TB case based  on national guideline definitions as adapted  from WHO. A 
TB case is defined as a patient  presenting  with signs and symptoms consistent with 
TB, for whom bacteriological  examination, the  mainstay,  which  is light microscopy  of 
sputum  or gastric  lavage specimens,  was performed.  Each case is defined as either 
smear positive, smear negative or extrapulmonary TB. 
 
All patients diagnosed with TB are offered diagnostic counselling and testing routinely, 
but they can opt out if they so wish. The data  from  facilities are later  consolidated into  
a district  register  and  consequently  reported  to the provincial  level as an 
aggregation of all cases notified. The national data are aggregated from the respective 
provincial levels. Verification  and  validation   of  data  are  performed through  
supervisory  visits by staff  from  the  higher level  to  the  lower  levels  on  a  quarterly   
basis  to ensure good quality data  are compiled. 
 
During   the  period   under   review,  there  was  no change   in  case  definition   or   
treatment   regimens except  for  the  introduction of  child  drug  formulations  in  2009. 
There was 100% reporting from all the facilities during the review period.  Further 
analysis was based on the NTP reports, reviewed for the same period.  In  addition,   
NTP  review  reports  for 2005 and  2010, and  available  published  data  were 
analysed to understand reasons for the discrepancies in notifications  of the different 
age bands. Population data  were collected  from  Zambia  Central  Statistics Office 
reports; the population figures for the children <15 years  of  age  was  based  on  two  
census  points (2000 and  2010),  and  the  population data  for  the period under review 
were projected estimates according  to  the  Zambia   Central   Statistics  Office.  Key 
policy documents, the National TB/HIV Manual, National TB/HIV guidelines and 
programme-specific reports were also used to provide relevant information on childhood 
TB management issues. 
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Ethics Statement 

This study was approved by the Ministry of Health, Lusaka,   Zambia.   This study   was 
a retrospective review of Ministry of Health returns and did not involve information that 
would compromise patient confidentiality, and anonymity of identity was maintained. 

Results 

There were no data on HIV co-infection rates in children with TB, or on MDR-TB in 
children during this period. 
Table 1 depicts trends in all forms of TB case notification rates (CNRs) from 2004 to 
2011 (15 vs. <15 years).   Children   accounted   for 10%   (40 976/ 406 248) of the total 
notifications of all forms of TB from 2004 to 2011. As a proportion of the notification in 
the overall general population, the childhood TB notification rate represented only 11% 
(60 per 100 000 population) in 2004 and 8% (32 per 100 000 population) in 2011. 
Notification rates of all forms of childhood TB show a decline in trends from 135 per 100 
000 population in 2004, to 69 per 100 000 population in 2010. When the data were 
segregated by type of TB, a downward trend was observed in all TB    types.    Children    
accounted     for    only    2% (2670/110 463) of the total smear-positive TB cases 
notified during the period from 2004 to 2011. There were more cases (74%) notified 
from the urban provinces (Lusaka, Copper belt, Central and Southern provinces), 
referred to as ‘along the line of rail’, com- pared with notifications (26%) from the rural 
provinces (Eastern,   Western,   North-Western, Luapula and   Northern Provinces).   
Generally   there   was a downward trend in the notifications of adult cases aged >15 
years from 463 to 330 per 100 000 population in 2004–11, respectively. 
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The  total  number  of  children  <15 years  notified during  the  study  period  with  all forms  
of  TB  was 40 976, of which only 2529 (6%) were smear-positive cases; 56% (22 746/40 
976) were smear negative; 31% (12 610/40 976) extra  pulmonary TB and  7%  (2950) 
retreatment cases. There were more female children notified than male children with smear-
positive TB throughout the study period [1557/2670 (57%)]. Although    female   subjects   
were   over-represented among sputum smear-positive cases, in total, slightly more male TB 
cases [21 333/40 976 (52%)] were notified than female cases throughout the study period 
(Fig. 1). 

There  were more  children  between  the  ages of 5 and    14 years    notified    compared    
with    children <5 years  in  all  the  provinces  in  2011 as  shown  in Table  2. There were no 
age-stratified   data for the remaining years of the study period. 

Discussion 

Bacillus Calmette-Guerin (BCG)  coverage  was consistently  above   90%   for  the  whole  
period   under review  according   to   the   WHO   and   the   United Nations  Children’s Fund  
(UNICEF) estimates of national  immunization coverage  (2010  revision). Despite this, 
childhood  TB is a major  cause of morbidity and mortality  in low/middle-income countries like 
Zambia  [10] and poses multiple diagnostic  challenges [13, 15], which are even more  
pronounced in HIV-infected   children   [7,  16].  Important  findings from  our  study  are  as 
follows: (i) although  the  TB burden  in adult Zambians  is high, comparatively  less than   
expected   childhood   TB  cases  were  notified during    the    study    period.    (ii)   Data    
on    HIV co-infection     and     MDR-TB    in     children     are non-existent.   (iii)  A total   of 
10% of 350 000 TB cases notified are in children, mostly in those older than  5 years of age, 
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and gross under-reporting of TB occurs   because   of  continued   reliance  on  sputum 
microscopy for TB diagnosis. (iv) Improved  diagnostic  services  and   diagnostic   criteria   
for  childhood TB  are  required  in  Zambia,   and  (v) strengthening of the NTP  is required  
to  accurately  define the TB burden,  HIV co-infection and MDR-TB rates in children. 

 

The   majority    of   adult    pulmonary   TB   cases reported from Zambia are in the 
reproductive age group 25–44 years [17], and thus, a high proportion of these patients will 
have transmitted it to their children.  During the 7 year study period, >350 000 TB cases were 
notified [17]. In our review period, childhood TB in all forms only accounted for only 10% of 
TB cases, mostly older than 5 years of age (Table 2). This is lower than the expected case 
burden of up to 20% in high TB endemic countries with on-going transmission [18]. This may 
reflect that  TB diagnosis in Zambian  children is based mainly on clinical diagnostic  criteria  
or  on  sputum   smear  microscopy,  a sample  difficult  to  obtain   from  children  <5 years, 
who  are  more  susceptible  to  TB regardless  of their HIV status. Smear microscopy is the 
mainstay for TB diagnosis   in   Zambia  [8,   19]. The majority of childhood TB cases have no 
microbiological confirmation and are treated empirically. Children rarely develop cavitary 
disease and more often than not tend to have paucibacillary   TB [3, 20, 21]; therefore, low   
microscopy    yield   is   expected.   Nonetheless, programmes for the prevention of mother-
to-child transmission of HIV infection were well implemented and   scaled-up   during   the    
study period  [22]. These programmes could have led to decreased incidence of HIV infection 
at birth and could have contributed  to the decrease in TB incidence  among children. 

Many of the cases had either sputum smear-negative or extrapulmonary TB. It is difficult to 
validate how accurate the diagnoses were in each of these cases, but most cases were 
diagnosed at referral centres by experienced clinical personnel. It is likely that the low 
notifications in the rural provinces was also because of lack of qualified medical personnel 
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with enough skills and knowledge to confidently diagnose TB in children, implying a huge 
barrier to treatment access, especially in more remote areas. To fully address the challenges 
of childhood TB, it is necessary to develop and evaluate new improved accessible and cost 
effective diagnostics that should be available at point-of-care in all the areas and provinces in 
low-resource settings like Zambia. 

Despite a landmark autopsy study, performed a decade ago, of 164 children dying of 
respiratory illness in Lusaka, Zambia, which identified TB as the cause of death in 24% of 
these children [7], childhood TB remains a poorly quantified problem in SSA and Zambia. 
Many of these undiagnosed TB cases had been missed at points of care, even at tertiary 
referral centres, indicating that a huge childhood TB burden was missed and remained 
untreated. Similar results were obtained in subsequent autopsy studies conducted in 
Botswana [16, 23]. A prospective descriptive study from Durban, South Africa, confirmed that 
M. tuberculosisis a common pathogen among children with community-acquired pneumonia 
not responding to a course of antibiotics [24]. Other reports support these findings, indicating 
that TB remains a major cause of death in children [7, 25, 26], and children in resource-
limited settings die undiagnosed because of poor diagnostic tools [23–25]. 

Our study found that 74% of childhood TB cases were notified from the more urbanized areas 
situated along the ‘line of rail’, and only 26% were notified from the rural provinces [27]. One 
reason attributable for this difference could be that the majority of the 213 TB laboratory 
diagnostics facilities (55%) are concentrated in urbanized areas [17], although other 
determinants need to be considered. Extension of laboratory services to the rural areas is 
required. 

Although, generally, there are more male than female TB cases notified [8], the opposite was 
the case in smear-positive childhood TB, with more female than male smear-positive 
childhood TB cases notified. It is well documented that adolescent female subjects tend to 
develop adult-type sputum smear-positive TB more frequently than male subjects, from 10 to 
15 years of age [28]. HIV co-infection in children with TB is responsible for a large proportion 
of deaths in SSA children [7, 29]. A total of 70% of all adult TB cases notified in Zambia are 
co-infected with HIV [8]. In Zambia, actual data on HIV co-infection in children with TB, and 
the load of MDR-TB in children, remain undefined. This needs further study so as to align TB 
and HIV services and to incorporate early antiretroviral therapy with anti-TB treatment in 
those co-infected.  

Our data indicate that although the Zambia NTP has made some progress in overall TB 
control [8, 17], there has been minimal improvement in childhood TB case detection rates. 
Efforts should be focused on developing strategies that specifically address childhood TB 
diagnosis and management. Childhood TB services need to be strengthened in terms of 
diagnostic capacity through training of care providers, use of newer and novel diagnostics 
and improvement of the current diagnostic tools. There is a need to explore the use of new 
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TB diagnostic tools and to develop consensus childhood TB diagnostics algorithms such as 
that recently proposed by Graham and colleagues [9] to improve the standard of care for 
childhood TB and increase case detection rates. Fine needle aspiration biopsy has been 
proven to increase the yield of childhood TB cases [30, 31] and may be applied in addition to 
Ziehl Neelsen microscopy in areas where there may be challenges in accessing radiology 
and LED and fluorescence microscopy. Unfortunately, it is not yet used in Zambia. The Xpert 
MTB/RIF assay is a new molecular diagnostic tool that has been demonstrated to be more 
accurate than microscopy for the detection of childhood TB and could be used as a proxy for 
obtaining data on MDR-TB [32]. Its potential in rural settings in Zambia must be investigated. 

Improved health services delivery to children in rural and resource-limited settings is required. 
These include improved diagnosis of sputum smear positive TB in adults to limit transmission, 
and implementation of simple symptom-based screening strategies to improve provision of 
preventive therapy to high-risk children following documented TB exposure [33]. Although 
isoniazid preventive therapy is recommended in the WHO guidelines, its implementation has 
been minimal within the Zambia NTP [34]. Efforts need to be intensified to ensure isoniazid 
preventive therapy is provided to children based on symptom screening [18]. 

Currently available diagnostics for TB and MDR-TB in children are insufficient, and the 
number of cases detected does not accurately reflect the actual TB burden in children. Smear 
microscopy performs poorly, and the inability to obtain sputum samples from children, the 
paucibacillary nature of sputum from those co-infected with HIV and the inability to identify 
MDR-TB are the main challenges of identifying and quantifying the actual childhood TB load 
in resource-poor high TB/HIV endemic settings. Where optimal culture facilities are available, 
confirmation is delayed, and the combination of sputum smear and culture still misses many 
cases of childhood TB. Identifying feasible strategies to prevent, diagnose and treat childhood 
TB is an important but neglected responsibility of many NTPs in TB endemic countries. It is 
reasonable to assume that a reduction in the incidence of childhood TB (which may pass 
undetected) would also lower under-5 mortality and assist countries to meet important 
millennium development goals [35]. 
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Abstract 

BACKGROUND Multidrug-resistant tuberculosis (MDR-TB) is posing a great threat to global 
TB control. The burden in Zambia is not well defined because routine surveillance data are 
scarce. We reviewed national MDR-TB data for the last decade to inform future public health 
policy with respect to MDR-TB in Zambia. 

METHOD Retrospective review of national surveillance of MDR-TB data, TB programme and 
laboratory reports between 2000 and 2011. 

RESULTS The total number of DSTs performed during this 11-year period was 2 038 and 
accounted for 2.6% (2 038/78 639) of all the retreatment cases notified. The total number of 
diagnosed MDR-TB cases for this period was 446, of which 56.3% (251/446) were male and 
41.7% (186/446) female. Only one child was found to have MDR-TB. Poly-drug resistance 
accounted for 18.9% (172/ 911) of the DR-TB cases and 8.4% of the total DSTs. 8.8% 
(80/911) of the DR-TB cases showed either rifampicin mono- or poly-resistance other than 
MDR-TB. No XDR-TB was reported. There were no data available on DR-TB and HIV co-
infection. Only 65 MDR-TB patients were notified and put on second-line treatment according 
to WHO guidelines. 

CONCLUSIONS Multidrug-resistant tuberculosis may be an emerging challenge in Zambia. 
There is a need to invest in improving the capacity of the TB programme to detect and 
manage MDR-TB. 

Keywords tuberculosis, multidrug-resistant tuberculosis, surveillance, retreatments, 
diagnosis, Zambia 
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Introduction 

Tuberculosis (TB) has remained a huge challenge to global health almost 20 years after 
WHO declared it a global emergency (Zumla et al. 2012). The availability of cost-effective 
anti-TB drugs facilitated the recommendation and implementation of the directly observed 
treatment short-course (DOTS) strategy, as a TB control strategy especially for low- and 
middle-income countries (Raviglione & Pio 2002). Although notable progress has been made 
globally towards TB control with incident rates showing a downward trend over the past few 
years, the emergence of resistant strains, especially multidrug-resistant tuberculosis (MDR-
TB), defined as TB resistant to both isoniazid and rifampicin, poses a great challenge to 
achieving targets which will translate into actual impact in terms of TB control and eventual 
elimination (WHO 2010; Zumla et al. 2012). The global burden of MDR-TB in 2010 was 
estimated to be 650 000 cases, of which the majority was reported from Eastern Europe and 
Asia, with sub-Saharan Africa accounting for a very small and undefined proportion (WHO 
2010; Zignol et al.2 012a). In 2008, MDR-TB killed more than 150 000 people globally (WHO 
2012a). 

Global surveillance has mainly been based on reports from surveys conducted previously 
while routine surveillance data are limited (Zignol et al. 2012a; Zumla et al. 2012). The 
emergence of extensively drug-resistant TB (XDR-TB) is causing even greater concern for 
future TB control strategies (Gandhi et al. 2010), especially in highly HIV-prevalent countries, 
where the prognosis of these patients varies significantly from very poor with 100% mortality 
(Cookeet al.2011) to relatively better outcomes in other cases (Orenstein et al. 2009). 

In sub-Saharan Africa, MDR-TB surveillance data have been scarce in the past years and 
few countries have conducted drug resistance surveys (Wrightet al.2009; WHO 2010; 
Zignolet al. 2012a). The limitation is mainly due to inadequate diagnostic capacity and drug 
susceptibility testing (DST) in most sub-Sahara African countries (Wright et al. 2009). Zambia 
has made good progress in tuberculosis (TB) control with the estimated prevalence rates 
showing a downward trend and having very good treatment outcomes in new cases and 
retreatment cases regardless of the HIV status of the patients (Kapata et al. 2012; WHO 
2012b). 

In Zambia, TB is mainly diagnosed by microscopy, using Ziehl–Neelsen (ZN) stains (Kapata 
et al.2011); culture and DST have been performed in Zambia since the late 1990s, although 
there are currently no reliable records and reports on this before the year 2000. Initially, 
routine culture and DST were only performed at the National Reference Laboratory (NRL), 
which catered for the whole country. The capacity to perform culture and DST gradually 
increased from one referral centre (NRL) to three by the year 2008, which included the 
University Teaching Hospital (UTH) and the Tropical Diseases Research Centre (TDRC). 
These laboratories cater for a population of approximately 13.4 million across a land surface 
area of about 752 000 square kilometres.  
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We conducted a retrospective review to understand the MDR-TB situation in Zambia, to 
ascertain the magnitude of the problem and to discuss possible mitigation issues to improve 
MDR-TB control efforts and patient management. 

Methods 

Review period and documents 

We retrospectively reviewed reports from 2000 to 2011. Records reviewed included 
laboratory registers from the University Teaching Hospital, Tropical Disease Research Centre 
and the Chest Diseases Laboratory (National TB Reference Laboratory), National TB 
programme review reports, annual TB returns and notifications, Ministry of Health 
assessment reports and TB laboratory reports including external quality assurance reports. 
Cases reported from operational research studies were not included in the review. 

Treatment regimens 

The treatment regimens for Zambia were designed following WHO guidelines as follows: (i) 
Category I for all new TB cases, (ii) Category II for all retreatment TB cases and (iii) Category 
IV for all MDR-TB patients. The Category I treatment regimen was changed in 2007, from the 
8-month regimen of rifampicin, isoniazid, pyrazinamide and ethambutol (RHEZ) in fixed dose 
combination in the intensive phase for 2 months followed by 6 months of isoniazid and 
ethambutol (EH) in fixed dose combination in the continuation phase, to the 6-month regimen 
of RHEZ for 2 months initial phase followed by 4 months of RH in the continuation phase. 

Diagnosis 

The mainstay of diagnosis in Zambia is smear microscopy; culture and DST is recommended 
to be performed only on samples from all patients enrolled on treatment as retreatment 
cases; those who fail to respond to treatment and all those who had interrupted treatment. 
The drugs routinely tested for are rifampicin, isoniazid, ethambutol and streptomycin. TB 
diagnosis is free in the public sector. 

Definitions 

The definition for a retreatment case was a case of TB diagnosed in a patient who had been 
treated before with first-line TB drugs for more than 1 month. Mono-resistant TB is defined as 
drug resistance to any one first-line TB drug. MDR-TB was defined as TB resistant to both 
isoniazid and rifampicin, while poly-resistant TB was defined as drug resistance to two or 
more first-line TB drugs excluding MDR-TB. XDR-TB was defined as MDR-TB that is 
resistant to at least one injectable second-line TB drug (kanamycin, amikacin, capreomycin) 
and any of the fluoroquinolones. 
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Multidrug-resistant tuberculosis diagnosis strategy 

The diagnosis of drug-resistant TB (DR-TB) and MDRTB is made by collecting sputum 
samples from the suspected patients and subjecting the specimen to culture on either solid 
media using Löwenstein–Jensen (LJ) or on liquid media using Mycobacteria Growth Indicator 
Tube (MGIT) and then performing DST on the positive samples. The suspected MDR-TB 
patients are usually the patients who fail first-line treatment and have sputum smear-positive 
results at three to 5 months of treatment and at the end of treatment; all retreatment cases 
are also considered to be MDR-TB suspects. The results of the DST are thereafter sent back 
to the referring facility where the patients are then given the results and notified into the 
treatment register and started on second-line treatment. 

 

External quality assurance for the three laboratories is conducted by the supranational 
laboratories annually through proficiency testing. The notification reports and patients record 
cards are kept at the treatment facilities and regular monitoring, and supervision is conducted 
at these facilities by TB programme staff on a quarterly basis to ensure good quality data are 
collected. These reports are mainly based on the public sector, which provides for more than 
90% of TB diagnosis and treatment facilities (Kapata et al. 2011). 

Results 

Retreatment cases 

The total number of all types of retreatment cases for the 11-year period was 78 639 
accounting for 12.9% (78 639/609 724) of the total number of all forms of TB cases notified 
(Table 1). Smear-positive retreatment cases and other retreatment cases accounted for 4.4% 
(26 970/ 609 724) and 8% (51 669/609 724) of all cases, respectively. 

The total number of DSTs performed during the 11-year period was 2 038 which accounted 
for 2.6% (2 038/78 639) of all the retreatment cases notified. Only 0.3% of patients notified 
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with any form of TB were subjected to the DST. The number of DSTs performed increased 
from 69 in 2000 to 207 in 2011, whereas the notification rate for the same period declined 
from 504/ 100 000 population in 2000 to 356/100 000 in 2011. 

Children accounted for 6% (4 718/78 639) of the total number of retreatment cases notified. 
The number of male retreatment cases notified for the same period was 47 970, accounting 
for 61% of the total retreatment cases. 

 

Drug-resistant (DR) TB cases 

The total number of MDR-TB cases diagnosed in the 11 years under review was 446; this 
accounted for 49% (446/911) of the total cases that were diagnosed as DR-TB from all the 
reference laboratories, and 22% (446/2 038) of the total DSTs (Table 2). Of the 911 DR-TB 
cases, 12.6% (115) were mono-resistant to isoniazid, 4.8% (44) to rifampicin, 4.1% (37) to 
ethambutol and 10.7% (97) to streptomycin. Poly-resistance accounted for 18.8% (172/911) 
of the DR-TB cases and 8.4% of the total DSTs, of which poly-resistance including rifampicin 
resistance, excluding MDR-TB, accounted for 8.8% (80/911) of DR-TB cases. The average 
age of patients with DR-TB was 39.4 years CI (38.1, 40.6); 44% (CI 40.9, 47.8) were females 
and 56% (CI 52.1, 59.1) were males. No XDR-TB cases were reported, and only three cases 
of DR-TB were children younger than 15 years. No data were available on DR-TB and HIV 
coinfection for the review period. 
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Notification of MDR-TB cases 

Data on initiation of second-line treatment were only available from 2010. For the 2-year 
period from 2010– 2011, there were a total of 175 MDR-TB cases, of which just 65 (37%) 
were initiated on second-line treatment. There was a fourfold increase in the number of cases 
notified by year from 18 in 2000 to 85 in 2011 as shown in Figure 1. 

Discussion 

In Zambia, a national drug resistance survey was conducted in 2001, reporting the 
prevalence of MDR-TB to be low at 1.8% and 2.3% in new and retreatment cases, 
respectively (Mulenga et al.2010). The number of cases diagnosed in the past 11 years with 
drug susceptibility testing performed on just 3% of the expected cases raises concerns with 
regard to selection bias and an overall underestimate as the sample cannot be considered 
representative. Nearly half of all the DR-TB cases diagnosed during the review period were 
MDR-TB. The number of MDR-TB cases detected through the routine surveillance system 
appears to have been increasing. This increase could be attributed to the improvement and 
expansion of the reference laboratory network and capacity to perform DSTs, including the 
introduction of newer methods of diagnosis such the Mycobacterium Growth Indicator Tube 
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(MGIT). The MGIT services improved the turnaround time of performing culture and DST thus 
led to more tests being performed (Muyoyeta et al. 2009). Our study has highlighted that DST 
among the eligible samples is inadequate. National TB control guidelines state that all 
retreatment cases should be subjected to culture and DST upon notification, but adherence to 
this guideline is low. The restriction of DST services to a limited number of centralised 
laboratories is clearly a major obstacle to improving DST coverage. It needs to be 
investigated whether it would be more cost-effective to install DST services in more 
laboratories, or to invest in logistics for the transporting sputum samples to the existing 
reference laboratories for culture and DST, from high-risk patient groups and other cases 
where DR-TB is suspected. 

The numbers of retreatment patients in the first 3 years (Table 1) of the review show some 
inconsistencies, mainly because during this period, the NTP was just being re-organised after 
disruption in the late 1990s (Mwaba et al. 2003). However, the small number the retreatment 
cases in 2011 needs to be explored. The majority of the MDRTB cases (39%) were 
diagnosed in the latter 2 years. Considering that the cure rates for retreatment cases range 
from 50 to 70% (Kapata et al. 2011; WHO 2012b), it is likely that the cases that were selected 
to be sent for DST were at very high risk of being MDR-TB, such as treatment failures in the 
previously treated cohorts. Further reviews are required to understand this; especially that the 
prevalence of MDR-TB is low based on the drug resistance survey of 2001 (WHO 2010). 
However, other studies have shown rates of 9.5% MDR-TB in high-risk places, such as 
prisons (Habeenzu et al. 2007) and in tertiary referral hospitals such as the UTH, where the 
prevalence of MDR-TB in hospitalised patients was 16.2% (O’Gradyet al. 2012). These 
findings underscore the need for improved routine surveillance and screening of patients, 
through culture and DST or indeed through the use of better and quicker diagnostics such as 
the Xpert MTB/RIF assay; proactive screening of cases such as routine screening on 
admission of patients into medical wards of the hospital should be advocated for to ensure 
that cases are not missed especially in high-risk groups such as patients who failed Category 
1 treatment (Bates et al. 2012; O’Grady et al. 2012). 

There was only one case of MDR-TB cases in children under the age of 15 years; this may 
not be representative of the true situation as only three childhood cases had DST performed. 
In a study conducted at the UTH, 2 childhood cases of MDR-TB were diagnosed when active 
case finding was applied using the Xpert MTB/RIF on gastric lavage aspirates in a study 
conducted within a 1-year period (Bates et al. 2013). This underscores the importance of 
MDR-TB surveillance in children through the routine programme and active case finding in 
risk groups such as contacts of known or suspected infectious MDR-TB patients, especially 
using the Xpert MT/RIF assay, as there is also evidence in the subregion of a childhood 
MDR-TB emerging problem (Zignolet al. 2012b). 

Due to inadequate reporting and recording, no data were available on MDR-TB / HIV co-
infections. Co-treatment of MDR-TB and HIV is extremely debilitating, with both medical and 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

66 
 

social impediments to adherence (Isaakidis et al. 2013). More investments should be made in 
improving data capturing to include data on HIV co-infection in MDR-TB (Klinkenberg et al. 
2012). 

The presence of other types of resistance patterns (Table 2), including rifampicin mono-
resistance, indicates that DR-TB must be fully addressed and managed in terms of more 
investment into better diagnostics and availability of drugs as this may eventually complicate 
further TB control programmes if left unchecked. DRTB other than MDR-TB accounted for 
465 cases during the period under study when DST was only performed in 3% of the 
suspected cases. Almost all the DSTs were actually performed on pulmonary cases from 
which sputum samples could be collected and not from cases with extrapulmonary TB. MDR-
TB that presents as EPTB was not documented and yet MDR-TB in EPTB does occur, 
although diagnosis is usually problematic (Maurya et al. 2012). Considering the high number 
of EPTB in retreatment patients, ways to improve diagnosis in this group of patients should 
be explored. There were no data on extensively drug-resistant TB as no routine DST to 
second-line drugs is currently performed in Zambia. 

Conclusion 

Multidrug-resistant tuberculosis in Zambia may increasingly pose a challenge and reverse the 
achievements made so far if not well managed. At global level, only 16% of patients requiring 
second-line treatment actually receive it (WHO 2012a), and so our proportion of 37% for 
2010–2011 is encouraging, but more investments are needed to improve reporting systems, 
and for the development of better diagnostics and drugs to detect and treat MDR-TB. The 
NTP should be strengthened to improve the management of MDR-TB in Zambia while also 
realising that the best method to control MDR-TB is to ensure a good TB treatment 
programme for drug susceptible TB. 
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Abstract 

Background: Tuberculosis in Zambia is a major public health problem, however the country 
does not have reliable baseline data on the TB prevalence for impact measurement; therefore 
it was among the priority countries identified by the World Health Organization to conduct a 
national TB prevalence survey 

Objective: To estimate the prevalence of tuberculosis among the adult Zambian population 
aged 15 years and above, in 2013–2014. 

Methods: A cross-sectional population-based survey was conducted in 66 clusters across all 
the 10 provinces of Zambia. Eligible participants aged 15 years and above were screened for 
TB symptoms, had a chest x-ray (CXR) performed and were offered an HIV test. Participants 
with TB symptoms and/or CXR abnormality underwent an in-depth interview and submitted 
one spot- and one morning sputum sample for smear microscopy and liquid culture. Digital 
data collection methods were used throughout the process. 

Results: Of the 98,458 individuals who were enumerated, 54,830 (55.7%) were eligible to 
participate, and 46,099 (84.1%) participated. Of those who participated, 45,633/46,099 (99%) 
were screened by both symptom assessment and chest x-ray, while 466/46,099 (1.01%) 
were screened by interview only. 6,708 (14.6%) were eligible to submit sputum and 
6,154/6,708 (91.7%) of them submitted at least one specimen for examination. MTB cases 
identified were 265/6,123 (4.3%). The estimated national adult prevalence of smear, culture 
and bacteriologically confirmed TB was 319/100,000 (232-406/100,000); 568/100,000 (440-
697/100,000); and 638/100,000 (502-774/100,000) population, respectively. The risk of 
having TB was five times higher in the HIV positive than HIV negative individuals. The TB 
prevalence for all forms was estimated to be 455 /100,000 population for all age groups. 

Conclusion: The prevalence of tuberculosis in Zambia was higher than previously estimated. 
Innovative approaches are required to accelerate the control of TB. 
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Introduction 

The burden of tuberculosis (TB) in Zambia is among the highest in the African region and 
in2013 the prevalence was estimated at 388/100,000 population according to the World 
Health Organization (WHO) and an estimated incidence rate of 427/ 100 000 population; TB 
is one of the major public health problems in the country with a notification rate of 289/ 100 
000 population of all forms of TB in 2012. Zambia was one of the 22 high priority countries 
selected by the World Health Organization (WHO) to undertake a national TB prevalence 
survey [1], because it met the criteria as defined by the WHO Global Task Force on TB 
Impact Measurement [2]. Historically, there have been no national TB prevalence surveys 
that have been conducted in Zambia. Therefore, the country lacked baseline data on the 
prevalence of tuberculosis disease (TB). The WHO recommends implementation of 
population-based prevalence surveys to estimate the prevalence of TB for baseline and 
consequently impact assessment to measure progress [2, 3]. 

Currently, Zambia is relying on routine surveillance data from health facilities collected 
through the national TB control program, to measure progress towards TB control targets. 
This data has limitations such as under-reporting, and it does not provide information on the 
number of undetected cases in the community and on those individuals seeking care outside 
of the public sector. The HIV pandemic and poverty in the Country may have also led to 
increase in the TB burden; furthermore, routine surveillance data may have gaps due to 
recording and reporting bias [4]. Therefore, a nationally representative population-based 
survey was conducted to estimate the burden of disease to inform policy makers and to 
provide baseline data for measurement of program achievements. 

The aim of the survey was to estimate the adult (15 years and older) prevalence of sputum 
and culture positive pulmonary tuberculosis (PTB). The other objectives were to study the 
health seeking behaviour and the association between household income and TB disease 
among the TB cases. 

Materials and Methods 

The study was a nationally representative cross-sectional community based survey among 
households in selected clusters. A sample size of approximately 54,400 adults (aged 15 
years or more) was targeted to estimate the prevalence of pulmonary TB based on the 
following assumptions: Prevalence of smear-positive pulmonary TB = 199/100,000 population 
[5] with a precision of 25%; a design effect of 1.5 and expected response rate of 85%. 

The 66 clusters were selected in 49 districts in all the 10 provinces of Zambia. These were 
randomly selected, following a two-stage probability proportion-to-size (PPS) sampling 
strategy. The average cluster size was 825 inhabitants. The sampling frame consisted of a 
list of Census Supervisory Areas (CSAs) as primary sampling units (PSUs) from all 
administrative areas. 
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Data collection was implemented using three field teams between September 2013 and July 
2014. The country was zoned into three regions and each team was assigned a specific 
region. In each cluster, the census team conducted household visits to register all eligible 
household members, and to administer a social economic questionnaire to household heads. 
The electronic census register and socioeconomic questionnaire were pre-loaded on the 
Personal Digital Assistants (PDAs) before the field teams started to conduct the survey in the 
cluster. 

All eligible household members (individuals meeting the inclusion criteria and who had slept 
in the house during the previous 24 hours before the census team visited the households, 
irrespective of nationality) were invited to a central survey site located within the cluster. The 
inclusion criteria was based on individuals living in households within the selected clusters 
who were 15 years or older; were able to give informed consent and had slept in the 
household in the previous 24 hours prior to survey team visit. The individuals who met the 
exclusion criteria were those aged less than 15 years or were unable to understand the 
information given to them because they were deaf and a sign language interpreter was not at 
hand at time of recruitment; or they had speech impediments and thus could not 
communicate; or if they were incapacitated by disease such that they could not understand 
the information given to them. Others who were excluded were people that were considered 
to be living in institutional settings, such as prisons, boarding schools, military camps, Hotels 
and Lodges. Individuals who were unable to provide consent or assent were also excluded. 

The definitions of TB as per the national protocol were: (i) Acid fast bacilli (AFB) positive 
smear which was a Fluorochrome-stained smear with at least one acid fast bacilli in 40 fields 
(ii) Smear positive pulmonary TB patient was a patient with at least one specimen positive for 
AFB by smear microscopy (iii) A Culture positive pulmonary TB patient was a patient with 
Mycobacteria Growth indicator Tube positive showing presence of AFB and coding By Ziehl 
Neelsen (ZN) stain and identified with TAUNS (capillia) test as Mycobacterium tuberculosis 
complex within the maximum incubation period of 42 days. (iv) A bacteriologically confirmed 
pulmonary TB patient was a patient with smear-positive and/or culture-positive pulmonary TB 
(or Xpert MTB/RIF positive). (v) New smear-positive pulmonary tuberculosis patient was a 
smear-positive pulmonary TB patient having no history of treatment for tuberculosis or had 
taken anti-tuberculosis drug for less than a month. 

Consenting eligible participants were screened for TB symptoms using a structured 
questionnaire and underwent chest x-ray (CXR) screening using mobile digital CXR units to 
determine their eligibility to submit sputum for laboratory investigation (presumptive TB 
patients). A normal chest X ray was defined as an X-ray showing clear lung fields and no 
abnormality detected whereas an abnormal chest X ray was defined as one showing any lung 
abnormality (e.g. opacities, cavitation, fibrosis, pleural effusion, calcification, any unexplained 
or suspicious shadow) and heart abnormalities detected on interpretation by a qualified 
medical officer. The Chest X-rays were initially read in the field immediately by Medical 
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officers and then images were electronically transmitted to the central radiology unit at the 
University Teaching Hospital where they were re-read by a specialised Radiologist. They was 
a panel of four specialized radiologists who were at all at post graduate level of qualification 
and each had at least more than ten years’ experience involved in reading the X-rays. 

The PDAs were programmed to automatically identify presumptive TB patients based on the 
outcome of either the symptom-screening interview or field CXR examination. Household 
members reporting to have any of the following symptoms: cough for2 weeks, or fever for2 
weeks, or chest pains for2 weeks, or those with abnormal shadows on chest CXR or 
indeterminate CXR findings were requested to submit two sputum samples, one on the spot 
and one morning sample. After the collection in the field, the clearly labelled sputum 
specimen’s containers were sealed by tightening the screw cap and cleaning with bleach any 
contamination on exterior of the container. Each container was packed in a zip-locked leak-
proof plastic bag with biohazard label. The sputum specimens were kept cool and stored a 
cool box with ice packs and were transported to the laboratories under same conditions in a 
refrigerated cool box or one with ice packs to reduce culture contamination rates. All sputum 
specimens were transported from the field within three or less days (five days was the 
maximum transport time). A courier system was in place to ensure that the specimens were 
delivered within the specified timelines. The specimens were processed within 5 days from 
the date of collection. 

The samples were examined for AFB smear using the Auramine-Phenol method and liquid 
culture (BACTECTMMGITTM 960) at any of the three central reference laboratories (CRLs). 
Each sample was digested and decontaminated using the Sodium Hydroxide N-acetyl-L-
Cysteine (4%NaOH-NALC) method and inoculated into one MGIT media and incubated in 
automated MGIT machines. The remaining deposits were used for concentrated AFB smear 
microscopy using Fluorescent Microscopy technique. The inoculum was plated on a non-
selective blood agar plate and incubated for 24 hours. The remaining inoculum was stored at 
4°C and only discarded after the outcome of the contamination check. Culture reading was 
performed daily and confirmation of positive Mycobacteria tuberculosis growth was done by 
Acid fastness on ZN stain and Capillia Test. All isolates, both M. tuberculosis and Non-
Tuberculous Mycobacteria, were stored at -70°C. 

Additionally, the Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) was performed to 
confirm MTB positivity for all smear positives cases. Samples from cases with culture 
indeterminate and CXR suggestive of TB were also subjected to XpertMTB/RIF assay 
(Xpert). 

Quality assurance for AFB Smear Microscopy was conducted in such a way that all the slides 
were examined by trained biomedical technical personnel meeting national AFB smear 
microscopy proficiency test standards. The slides were stored serially after examination and 
were prepared for blinded re-checking of a random sample that was conducted at the end of 
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each cluster operation. A negative and positive (+1) control for every 24 slides stained was 
included. Internal quality control for culture was done using the reference strain H37Rv as a 
positive control and sterile phosphate buffered solution as a negative control. The controls 
were included in every batch of 14 samples run. 3 ml of suspension of 0.5 McFarland’s 
H37Rv bacterial suspension and 3 ml of sterile PBS were included in each batch of samples 
run. The participants who were eligible to submit sputum underwent an in-depth interview, 
using an electronic structured questionnaire. After completing TB related procedures, all 
consenting survey participants were also offered HIV counselling and testing on an opt-out 
basis. If the participant agreed to participate, the HIV testing and counselling was conducted 
in accordance with national algorithm. Participants who consented to HIV testing had their 
blood collected through a finger prick and blood was placed directly onto the screening rapid 
test strip (Determine™). Pre-test and post-test counselling was provided to all participants 
who choose to know their results. Pre-test counselling was done prior to testing. The 
counselling was performed by trained nurse counsellors. Participants had an option to be 
informed or not on the results of their HIV test. If the test was non-reactive, a negative result 
was communicated to the participant. However, if the test was reactive, the participant was 
asked to give a second blood sample from another finger prick for a confirmatory test (Uni-
Gold™Recombigen1). If the second test was reactive, the participant was informed of the 
positive status, appropriately counselled and referred for further management to the nearest 
health facility which was already identified in the vicinity of each and every survey cluster. If 
the second test was non-reactive, the result was considered indeterminate and the participant 
was advised to visit the nearest health facility for a further testing after six weeks. 

Eligible adults who failed to show up at the survey site for screening, were followed up at 
household level by Community Health Volunteers (CHVs). During the follow up visit, 
individuals found to be either very old, sick or physically incapable of going to the survey site 
were transported by the survey team’s vehicle. 

All cases found to have TB according to the national TB treatment guidelines were referred to 
the nearest health facility for further evaluation and treatment. The survey coordinator was 
responsible for notifying TB cases to the provincial and district TB officers in the clusters for 
further case management. 

The survey generated mostly digital data with the exception of participant invitation cards, 
consent forms and hard copy QA questionnaires. A unique Personal Identification Number 
(PIN) was used in all the stages of data collection and data management. The PIN was 
converted into a barcode which were used on all forms, registers, specimen containers, 
results and in digital data files to identify each survey participant. 

Data files from the field (on PDAs), the CRLs and the CXR were stored electronically, 
cleaned and validated separately before being merged in the final MS Access database at the 
data management unit (DMU). The merge key was the PIN which had been entered in the 
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separate data files from the field, the CRLs and the CXR by reading the barcode of the 
participant. 

Case definition meetings were held every last week of the month to consider all cases with a 
complete set of results. The case definition meetings were done making sure that all areas of 
expertise were available to undertake a case-by-case review of the results so as to classify 
the survey participants using a predetermined case definition framework. 

Data was analysed using the STATA software package version 12. The first stage in the 
analysis focused on describing eligibility, enrolment and participants by age, sex, and 
province and wealth tertiles. Wealth tertiles were generated by principal components analysis 
on a standard list of household assets and access to basic amenities. Subsequently the 
outcome of screening (interview and x-ray film) and sputum testing was described, 
disaggregating by key characteristics namely sex, age, and type of symptoms or x-ray 
abnormality, setting and education level. The core analysis focused on estimating the 
prevalence of pulmonary TB in the adult population. The recommended 3-model approach as 
proposed by the WHO Global Task Force on prevalence surveys was applied, in line with 
new guidance on best practice methods based on Floyd et al [6]. 

Using a two-step approach and three different models, a robust estimate of the TB 
prevalence was made. As a first step a simple cluster level analysis was done whereby the 
prevalence rates were calculated at cluster level and then combined to one single point 
estimate with confidence boundaries. The second step was an individual level model analysis 
whereby three different logistic regression models were applied, in this article only model 3 
results are presented. In Model 3, multiple missing value imputation was done only for those 
eligible for sputum examination that missed data on outcome. All participants screened out 
were considered not having TB. In a second step, using inverse probability weighting 
extrapolation was done to represent all eligible individuals. 
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Ethical approval 

The study protocol was cleared by the University of Zambia Biomedical Research Ethics 
Committee (UNZABREC) No: 020-08-12. Authority to conduct the survey was sought in line 
with the existing national guidelines. Written informed consent was obtained from all 
individuals who agreed to participate in the survey. For minors, both the assent of the minor 
and the consent of the next of kin or caretakers or guardian was obtained in writing for each 
participant aged 15–17 years. The institutional review board (IRB) approved this consent 
procedure. All the consent or assent forms were recorded on standard forms which were 
developed for the study and these were filed in lockable cabinets at the end of each cluster 
operation. 

Results 

From the initial census, 98,458 participants were enumerated in the 66 clusters. Of these, 
54,830 (55.7%) were eligible to participate and 46, 099 (84.1%) participated as illustrated in 
Fig 1. 

There were more rural (65.2%, n = 30,042) than urban (34.8%, n = 16,057) participants. The 
median age of the eligible participants was 32 years (IQR; 22 to 47) with more females 
(56.4%) than males (43.6%). All the 46,099 survey participants underwent symptom 
screening, while 45,633 (99.0%) were screened by chest x-ray. Four hundred and sixty-six 
(1.01%) had an interview only; and 45, 633 (99%) had both interview and chest x-ray 
screening performed. Participants who were found to be positive on symptom screening were 
4,453/46,099 (9.7%) while 3,758/45,633 (8.24%) had abnormal chest x-rays and 1,505/4,453 
(33.8%) had both symptom positive and chest x-ray abnormal. 

The majority of the presumptive TB participants (CXR and Symptom) reported at least a 
history of chest pains (4,653, 69.4%) followed by cough (3,708, 55.3%), night sweats (2,418, 
36.0%), fever (2,375, 35.4%), sputum production (2,369, 35.3%), and weight loss (2,306, 
34.4%), respectively, as shown in Fig 2. 

Based on the results of the symptom and or the chest x-ray screening, 6,708 (14.6%) of the 
survey participants were eligible to submit sputum sample (presumptive TB patients) for 
laboratory investigations. Of those eligible for sputum submission, 6,154 (91.7%) submitted at 
least one sample; 6,087/6,708 (90.7%) at least spot; 4,124/6,708 (61.5%) at least morning 
and, 4,057/ 6,087 (66.7%) submitted both spot and morning sample. 

Out of the 6,154 (91.7%) participants who submitted at least one specimen, 265 MTB cases 
were identified and defined as definite MTB cases by the expert panel. Of these, 135 (50.9%) 
were smear positive and 130 (49.1%) were smear negative. 45% (118) of the cases were 
culture and smear positive; 43% (113) were culture positive and smear negative; 39 (0.6%) of 
the 6123 available laboratory results were Xpert positive for MTB as outlined in Table 1. 
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The samples from 585/6,708 (8.7%) participants were not processed at the laboratory 
because they were either inadequate or wrong specimen. 

Additionally, 61.8% (161/265) of the survey cases were symptomatic (i.e fever, cough or 
chest pain lasting two weeks or more) and 82.6% (219/265) had an abnormal CXR. As shown 
in Table 2, there were 97% symptomatic survey cases not on anti-TB treatment at the time of 
the survey; and 49.7% of the cases that were not on treatment had sought care for their 
illness. Of the 156 symptomatic TB cases not on treatment but who sought care; 93% (74) 
had sought care from a public health facility, 4% (3) from a private facility and another 4% (3) 
from either a traditional healer of faith-based organization. Of the 7 TB cases (0.3%) who 
were already on treatment, five were treated at a public facility, none at a private clinic and 
two from other facility. Furthermore, 15% of the survey cases reported that a member of their 
household had been treated for TB before. 
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Non-tuberculous mycobacteria (NTM) were found in 936/6,123 (15.3%) of the individuals 
whose samples were sent for culture. 13/936 individuals with NTM had MTB co-infection. Of 
the 923 NTM participants without MTB, 872 were smear negative and 51 were smear 
positive. 
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Of the 46,099 TB survey participants 44,761 (97.1%) underwent HIV counselling, out of which 
30,584 (68.3%) were tested. The crude prevalence of HIV among survey participants was 
6.8% (2,062/30,584). 
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After modelling the 265/46,099 MTB cases identified, the prevalence of smear-positive TB 
was estimated at 319 per 100,000 adult population, and that of culture-positive TB was 568 
per 100,000 population; while bacteriologically confirmed TB prevalence was 638 per 
100,000 adult population as shown in Table 3. The prevalence of smear, culture and 
bacteriologically confirmed TB was higher in males, the HIV positive, those in the age group 
35–44 years and the urban participants. 

By socioeconomic status, the burden of TB was similar in the rural areas while in the urban 
areas; the burden of TB was higher among participants from the lower economic status than 
those in the higher wealth status as shown in Table 4. 
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Discussion 

This is the first nationally representative survey to estimate the burden of TB in Zambia. It is 
also the first fully digital national TB prevalence survey conducted world-wide to the best of 
our knowledge. Additionally, it is the first national TB survey to concurrently test for HIV 
among the survey participants. The survey was conducted in accordance with the WHO 
guidelines [7] on conducting TB prevalence surveys. The participation rate of 84% was by 1% 
undercutting the lower threshold that was aimed at 85%. The slightly lower participation rate 
was probably due to the use of large primary sampling units, that is, the CSAs instead of the 
Standard Enumeration Areas (SEAs) that were used for Zambia, a vast country with a 
population density of about 19 inhabitants per square kilometre. This made it difficult for some 
potential participants who had to walk very long distances to get to the survey operations site. 
The inclusion of HIV testing in this survey may have had a negative impact on the 
participation rate as well; nonetheless, the HIV testing was administered at the end of the TB 
related procedures with a separate consent. Considering that the HIV testing was offered 
after the participants had already participated in the TB processes, we would therefore 
assume that this did not affect the participation rate in the TB survey significantly. Studies to 
explore the effect of inclusion of HIV testing on participation in TB prevalence surveys are 
therefore recommended for future surveys and in other settings. 

Other countries which have conducted prevalence surveys before reported varying 
participation rates with some reporting higher [8, 9, 10] while others reported yet lower 
participation rates [11, 12, 13] than the Zambia survey. 

Almost all of those who participated underwent the screening process through both the 
symptom screening questionnaire interviews and CXR, with only approximately 1% being 
screened by interview only. The sputum collection rate was 91%, that is, individuals who 
submitted at least one sputum sample out of those who were eligible for sputum examination. 
The proportion of survey participants eligible for sputum collection was higher than what was 
found in other African countries such as Ethiopia and Nigeria [8, 11]. 

The prevalence of bacteriologically confirmed MTB was 638 per 100,000 adult population in 
2013–2014. This prevalence of tuberculosis is higher than currently reported by routine 
surveillance; for instance the notification rate for bacteriologically confirmed TB for the same 
period in the age group of 15 years and above was 173 per 100,000 population. Extrapolation 
of the burden of all forms of TB resulted in a national level prevalence of 455 per 100,000 
population (range 386-578/100,000) for all age groups in Zambia. This is within the WHO 
prevalence estimates for all forms of TB for the same period, which was 338 (193–524) per 
100,000 population, but with a narrower confidence interval. 

The survey has also shown that there are wide variations in the burden of TB by location, 
sex, social economic status and age category. The prevalence of MTB was two to three times 
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higher in the urban than in the rural areas; this was true for all the forms of TB, smear, culture 
and bacteriologically confirmed. The risk of TB was higher in males than females in the ratio 
of 2:1 for all forms; this is consistent with what is normally observed with notifications in data 
from the routine surveillance system in this group, and a previous review of routine data 
indicated consistently higher notifications of males than females over a period of more than 
ten years [4]. The survey has also demonstrated the importance of the TB/HIV co–morbidity, 
with the HIV positive having a 5 times higher risk of TB than their HIV negative counter parts. 
However, there were more participants with TB among the HIV negative individuals 
compared to the HIV negative, therefore underscoring the fact that high TB burden of HIV 
negative individuals in the communities is equally important. 

In terms of socio-economic status using wealth tertiles; the risk of MTB was two times higher 
among the highest wealth tertiles than the lowest tertiles in the rural areas. However, the 
opposite was true for the urban areas, where the lowest income level reported two times 
more TB in the lowest income level than the highest income level. 

This survey has also highlighted that MTB cases are likely being missed by routine passive 
case finding as most of the symptomatic cases not on treatment had actually even sought 
care for their symptoms. Active case finding strategies should be employed in order to 
improve case detection and more programmes to inform the general public and communities 
about the disease should be considered. More than 90% of TB patients identified during the 
survey had not been identified prior to the time of the survey; the reasons for this need to be 
further investigated, however, the fact that this was a population based survey, most of the 
patients identified could have been in the early stages of the disease and hence may not 
have felt the need to go to the health facilities to be investigated. On the other hand, some of 
them had sought care at one point at the health facilities and had not been diagnosed with 
TB. This could be due to inadequate knowledge on the part of the health care providers, 
therefore, underscoring the urgent to ensure that health care providers should be adequately 
trained in order for them to have a high index of suspicion in presumptive TB patients. There 
is a need to sensitize health workers on ensuring that they provide quality health care 
services so as to avoid missing cases which could have otherwise been picked. This presents 
a pool for perpetuation of the TB burden if it is left unchecked. 

The cases of TB were largely occurring between the age group 25–44 years (51%) with the 
peak being around the 35–44 age bands; a group which is also economically viable and 
hence points to the TB burden having potential economic consequences on the micro and 
macroeconomic level [14]. This is an important area for future research to estimate the 
economic consequences of TB especially among the workforce in Zambia. The survey 
detected more cases in the age group similar to what is pertaining under routine surveillance 
[4]. 
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Of the survey cases identified, 49 percent were smear negative, meaning that these cases 
could have been missed by routine case detection since it is normally done without culture 
identification. However, this finding may even be an underestimation because in some cases 
two culture results were not available in significant proportion for the individuals who were 
eligible for sputum submission. It is therefore important to scale up TB culture laboratory 
facilities and also investment in better point of care diagnostic approaches is required so that 
the chances of missing MTB cases are minimized. 

Additionally, 62 percent of the smear positive cases were actually found not to be MTB as 
some of the cases were NTM. It is therefore recommended that smear positivity alone may 
not be adequate in the detection of TB patients especially when intensified case finding or 
active case detection strategies are employed. More specific point of care tests are required, 
so that only true MTB positive cases are put on anti-TB treatment. In fact, there are some 
studies that have shown that smear positivity is not a good indicator of MTB disease [8, 15]. 

If only one of the symptoms (lasting two weeks or more) was used to screen potential cases; 
84 percent, 57 percent and 53 percent of the survey cases would have missed by fever, 
cough and chest pain respectively. Fortunately, in this survey, all the three symptoms were 
used in combination or alone to come up with potential survey participants to submit sputum 
for laboratory investigation. Nonetheless; using symptoms alone; 39 percent of the survey 
cases could have gone undetected. The additional 104 out of the 265 cases were detected 
using chest x-ray screening. It is also likely that even the bacteriologically negative individuals 
with abnormal CXR could later develop TB as has been shown before [16]. Therefore, post-
survey follow-up of participants with abnormal CXR is highly recommended. 

On the other hand, if only chest-x-ray screening alone was used to identify cases eligible for 
sputum submission; 17% of the survey cases would have been missed. The use of an 
elaborate symptom screening algorithm resulted in a more robust screening criteria hence 
minimizing the possibility of missing cases in this survey. This is unlike other surveys, for 
example Pakistan [13] and Vietnam [12] used cough only]. It is therefore cardinal to use both 
symptom screening in combination with chest x-ray screening so as to optimize the case 
detection TB prevalence surveys. Missing of cases would lead to an underestimation of the 
prevalent cases in a given country. 

Another important feature of the Zambian survey was the use of Xpert for all cases which 
were either smear positive or the culture results were inconclusive. This way; 17 additional 
cases were detected which could have otherwise gone undetected (Table 1). The Xpert was 
especially useful when the only available culture sample was contaminated and CXR was 
consistent with TB. The role of Xpert in national TB surveys needs to be further evaluated in 
other settings. 
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Through the use of digital systems, the usually anticipated data transcription errors were 
minimized through the use of pre-programmed electronic questionnaires, barcoding and 
scanning thereby leading to efficient and quality data collection. The digital data collection 
systems enabled daily monitoring of field operations and the survey teams to receive 
immediate feedback on data quality so that necessary improvements were made on a 
continuous basis with no or minimal disruption of field operations. This resulted in high quality 
data being collected and real-time data checking. The application of technology and digital 
collection systems also reduced the time from data collection to reporting of results. 

The TB prevalence in the adult population in Zambia in 2014 (638/100,000; range 502-
774/100,000) is similar to what was found in Nigeria in 2014 (524/100,000; range 378-
670/100,000), Myanmar in 2010 (613/100,000; range 502-748/100,000) and Cambodia in 
2011 (831/100,000 range 707-977/100,000) but is higher than that of Ethiopia (277/100,000; 
range 208–347) and Pakistan (296.6/100,000 range 248.1–345.2/100,000) in 2011 [8, 9, 10, 
11, 13]. This therefore shows that the burden of TB in Zambia, like in many low-income 
countries, is very high requiring intensified and innovative TB control strategies [17] without 
which TB elimination may not be achieved [18]. 

The second TB prevalence survey after seven to ten years of intensive implementation of the 
National TB control program will be important to measure the difference in the disease 
burden and help assess whether or not the global and national target to reduce prevalence 
has been a success in Zambia. 

Limitations 

It is acknowledged that national prevalence surveys have inherent limitations as information 
on paediatric TB (<15 years old), extra pulmonary TB, smear and culture negative cases is 
not collected. 

Conclusion 

The TB burden in Zambia is higher than previously estimated through routine surveillance. 
There is need to improve case detection rates especially among the identified hot spots in the 
sub-regions. This survey has also shown that digital systems are feasible. We have also 
demonstrated that TB surveys can integrate HIV testing so that the TB/HIV co-morbidity is 
better estimated. The application of digital data collection systems is recommended for future 
national TB prevalence surveys in order to make data collection more efficient and reduce 
time from data collection to results reporting. 
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Abstract 

Background: Tuberculosis and HIV co-infection is one of the main drivers of poor outcome 
for both diseases in Zambia. HIV infection has been found to predict TB infection/disease and 
TB has been reported as a major cause of death among individuals with HIV. Improving case 
detection of TB/HIV co-infection has the potential to lead to early treatment of both conditions 
and can impact positively on treatment outcomes. This study was conducted in order to 
determine the HIV prevalence among adults with tuberculosis in a national prevalence survey 
setting in Zambia, 2013–2014. 

Methods: A countrywide cross-sectional survey was conducted in 2013/2014 using stratified 
cluster sampling, proportional to population size for rural and urban populations. Each of the 
66 countrywide clusters represented one census supervisory area with cluster size averaging 
825 individuals. Socio-demographic characteristics were collected during a household visit by 
trained survey staff. A standard symptom-screening questionnaire was administered to 
46,099 eligible individuals across all clusters, followed by chest x-ray reading for all eligible. 
Those symptomatic or with x-ray abnormalities were confirmed or ruled out as TB case by 
either liquid culture or Xpert MTB Rif performed at the three central reference laboratories. 
HIV testing was offered to all participants at the survey site following the national testing 
algorithm with rapid tests. The prevalence was expressed as the proportion of HIV among TB 
cases with 95% confidence limits. 

Results: A total of 265/6123 (4.3%) participants were confirmed of having tuberculosis. 
Thirty-six of 151 TB survey cases who accepted HIV testing were HIV-seropositive (23.8%; 
95% CI 17.2–31.4). The mean age of the TB/HIV cases was 37. 6 years (range 24–70). The 
majority of the TB/HIV cases had some chest x-ray abnormality (88.9%); were smear positive 
(50.0%), and/or had a positive culture result (94.4%). None of the 36 detected TB/HIV cases 
were already on TB treatment, and 5/36 (13.9%) had a previous history of TB treatment. The 
proportion of TB/HIV was higher in urban than in the rural clusters. The HIV status was 
unknown for 114/265 (43.0%) of the TB cases. 

Conclusions: The TB/HIV prevalence in the general population was found to be lower than 
what is routinely reported as incident TB/HIV cases at facility level. However; the TB/HIV co-
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Background 

People living with TB are 26–31 times more likely to be co-infected with HIV, particularly in 
sub-Saharan Africa [1–3], with co-infection rates having been reported as high as 95% in 
Southern Africa [4]. The diagnosis of TB remains a challenge especially in areas where 
access to health services is limited and in view of HIV-positivity being associated with a high 
rate of extra-pulmonary TB, which offers formidable diagnostic challenges on its own [5]. 

In Zambia, the HIV prevalence among adults in 2014 was estimated to be 13%; with more 
cases in urban than rural areas, this representing a decline from the 16% prevalence reported 
in 2001 [6]. The prevalence of all forms of tuberculosis for all ages in 2013–2014 in Zambia 
was estimated to be 455/100,000 and bacteriologically confirmed TB among adults was 
638/100,000 [7], underscoring the fact that Zambia has a high burden of both TB and HIV. 

TB/HIV co-infection is one of the main drivers of poor outcome for both diseases and has 
been widely studied previously, including in Zambia [8, 9]. HIV infection has been found to 
predict TB infection/disease [1] and TB has been reported as a major cause of death among 
individuals with HIV [10–12]. Improving case detection of TB/HIV co-infection has the 
potential to lead to early treatment of both conditions and can impact positively on treatment 
outcomes [13]. 

In view of this, there is a clear need to better understand the HIV prevalence rate among TB 
patients and determine the co-infection rate at a population level. The Zambia national TB 
prevalence survey, the first to offer HIV testing to all participants provided an excellent 
opportunity to investigate this. This is the first study to document the national level prevalence 
of TB/HIV in a general population in Zambia. 

Methods 

This was a cross sectional survey of the HIV status of the TB cases diagnosed during the 
national TB prevalence survey implemented by the Ministry of Health in Zambia. Nationwide 
data was collected among 66 clusters from September 2013 to July 2014. The sampling 
frame was nationwide clusters which were selected using random sampling proportional to 
size, stratified by rural and urban census supervisory areas (CSAs). The study participants 
were aged 15 years and above residing in the area. Survey participants were first screened 
for symptoms (chest pain or fever or cough lasting 2 weeks or more) and subsequently a 
chest x-ray was performed regardless of the screening result. Participants screening positive 
for symptoms or having an abnormal chest x-ray submitted a spot and morning sputum for 
mycobacterial (MTB) investigation at any of the three central reference laboratories. The 
details of the enrolment, screening and laboratory investigations are outlined elsewhere [7]. 

The TB cases were defined as cases having positive Mycobacterium tuberculosis (MTB) 
result by liquid culture and or by the Xpert MTB/RIF assay regardless of their TB treatment 
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status at the time of the survey. The detailed methods for bacteriological confirmation of TB 
cases are outlined elsewhere [7]. Rapid HIV testing (with tie breakers) was performed on site 
on an opt-out basis accompanied with pre- and post-test counselling among consenting 
individuals using the national algorithm. The HIV testing procedure details were described 
earlier by Chanda-Kapata et al. [14]. 

Data on HIV status, TB status and relevant socio-demographic characteristics were extracted 
from the main survey database for all detected TB cases. The socio-demographic information 
collected included age, sex, location, education level, marital status and socio-economic 
status. The socio-economic status was measured using wealth indices as described earlier 
[14]. The symptom and chest x-ray screening outcome was also recorded; including TB 
treatment history for both participants and household members. 

Data analysis was performed using STATA version 12. The prevalence of HIV among the TB 
cases was estimated as a proportion with 95% confidence limits. The difference in outcomes 
for binary variables was established using Pearson chi-square test while the Kruskall-Wallis 
difference in proportions was used for multiple categorical variables. 

Ethical considerations 

The study protocol was cleared by the University of Zambia Biomedical Research Ethics 
Committee (UNZABREC) No: 020–08-12. Authorisation to conduct the survey was sought in 
line with the existing national policies and guidelines at national, provincial and district levels. 
The Institutional Review Board (IRB) approved this consent procedure. All the consent or 
assent forms were recorded on standard forms which were developed for the study and these 
were filed in lockable cabinets at the end of each cluster operation and stored in central 
archives as per national requirements. 

Results 

Overall, 46,099 individuals (84.1% of eligibles) participated in the TB survey; 6,708 (14.6%) 
were eligible for sputum investigations and 265 (265/6,123; 4.3%) bacteriologically confirmed 
TB cases were identified. Out of the 265 MTB cases, 151 (57.0%) agreed to be tested for 
HIV; 36 (23.8%; 95% CI 17.2–31.4) of whom were co-infected with HIV as shown in Table 1. 
The mean age was 37.6 (range 24–70) years. The proportion of individuals with TB/HIV co-
infection was significantly higher among the urban (52.8%) versus rural (47.2%) residents 
(p=0.001). There were no significant differences in the prevalence of TB/HIV co-infection by 
sex and education level. Participants aged 35–44 years were found to have the highest 
prevalence of TB/HIV (50%; p= 0.0001) compared to other age groups. More than two-thirds 
of the TB/HIV cases were currently married (63.9%; p< 0.05) and 50.0% were from the fourth 
wealth quintile (p<0.05). 
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The majority of the TB/HIV cases were from Copperbelt (n= 14; 39%) and Lusaka (n= 10; 
28%) provinces respectively; 4 (11%) from Western province and two each from Eastern, 
Luapula and Southern respectively; one each from Northern and North-Western and none 
from Muchinga and Central provinces. 

The ART status of the TB/HIV cases was not assessed in this study. 

The majority of the TB/HIV cases had a positive culture result (94.4%; p= 0.000) and were 
found to have an abnormal chest x-ray (88.9%; p= 0.004) (Table 2). Also, half of the TB 
cases co-infected with HIV were smear positive (p= 0.000) and 52.8% had a cough lasting 
more than 2 weeks (p = 0.046). However, none of the 36 (100%) detected TB/HIV cases 
were on TB treatment at the time of the survey while 5/36 (13.9%) reported a previous history 
of TB treatment. 
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Table 3 highlights the signs, symptoms, imaging results, bacteriology and treatment status for 
TB cases with and those without or unknown HIV co-infection as observed in the Zambia 
national TB prevalence survey. Smear positivity and culture positivity predicted TB/HIV (p= 
0.027 and p= 0.000) respectively. The HIV status was unknown for 43% of the observed 
survey cases. The signs, symptoms and bacteriology results among individuals found with TB 
in the survey, but who declined to be tested for HIV, were similar to those in whom an HIV 
test was done. 
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Discussion 

The prevalence of HIV among the TB cases tested in the survey was up to five times lower 
than routinely reported among clinical cases at facility level in the programmatic setting, 
where co-infection rates of 60–62% are reported [9, 15]. This implies that facility based data 
on co-infection rates alone may not reflect the true epidemiological picture of the general 
population. The difference is likely explained by two processes. On the one hand, TB-HIV co-
infected patients are known to have poorer treatment outcomes [9] and therefore TB/HIV co-
infected patients who do not seek care or cannot access care are likely to die early and do 
not remain as prevalent cases in the community. Furthermore, it is possible that TB/HIV co-
infected individuals who fall sick are more likely to go to the health facility earlier because of 
the severity of symptoms and are thus potentially diagnosed earlier. It is also possible that the 
cases detected in this survey were in the early stage of disease since this was a TB 
screening of the general (healthy) population. In addition, with an active TB screening 
program among PLHIV for TB like in Zambia, it can be anticipated that those with known HIV 
are routinely screened for TB during ARV visits and hence TB was detected already and 
treated. Unfortunately, in this survey it was not assessed whether persons already knew their 
HIV status or whether they were receiving ARV care. The implication for TB/HIV detection 
and management in a community setting require further investigation of the costs and 
benefits. 

The TB/HIV co-infection rate among those tested was higher in the urban areas than in the 
rural settings; the geographical areas in which the prevalence of TB was higher, were also 
found to have higher levels of TB/HIV co-infections (as was the case for the highly urbanized 
Copperbelt and Lusaka Provinces of Zambia). This was similar to what has been reported 
from other countries such as China [16], where TB patients from HIV prevalent areas also 
reported higher HIV rates. The TB/HIV burden was also found to be higher within the age 
group that is also mainly affected by TB [9]. It thus appears that HIV may be a key driver of 
the TB epidemic in Zambia. This shows that although good progress has been made in 
implementing TB/HIV collaborative activities in Zambia as reported by Kapata and colleagues 
[9], there is need for sustaining effective coverage of interventions. 

Notably, all the identified TB/HIV co-infected individuals were not on TB treatment at the time 
of the survey, similarly most (97%) of the TB cases without HIV were not anti-TB treatment. It 
should be noted that all individuals found with TB were included as cases irrespective of their 
treatment status and mycobacterial load. This could imply that these were HIV individuals in 
the early stage of TB and therefore had not yet sought care. This is more so as the screening 
procedures for the survey involved the application of chest X-rays and more sensitive 
diagnostic tools for diagnosis, namely culture methods and the Xpert MBT/RIF assay. There 
is need for implementation research to better understand the cost-effectiveness and health 
benefits of detecting TB/HIV early in the general population in resource constrained settings. 
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The majority of the identified TB/HIV cases had an abnormal chest x-ray while only 50% had 
a positive smear. This may imply that chest x-ray screening of HIV infected people for TB 
where possible may lead to increased TB case detection [17]. The role of chest x-rays in 
routine testing of people living with HIV should be explored further as part of the diagnostic 
algorithm for TB screening. 

TB programs should continue to routinely screen for HIV in order to improve TB/HIV detection 
[18, 19]. On the other hand, HIV treatment centres should in fact scale up co-detection and 
co-management of TB as well so that TB/HIV co-infected individuals can be provided with 
comprehensive care and management [9]. Integration of TB/HIV diagnostic and treatment 
services in a one stop shop approach is key regardless of whether a patient entry into the 
health system is through the TB or HIV clinic, because they have mutual goals to find and 
treat cases [1, 9] however rigorous evaluation of the impact of the various models of 
integration are required [20]. Zambia should consider testing all presumptive TB cases for 
HIV in a bid to implement a more sensitive case detection algorithm. 

The other important finding was that about a quarter of the TB/HIV co-infected patients who 
were detected in this study had a previous history of TB. The ART status of the participants 
was not assessed in this study unfortunately. However, it would be important to include ART 
status in future population level prevalence surveys so that the effect of ART on diseases 
duration could be understood in this context. In clinical settings in Zambia, TB/HIV 
collaborative activities have been improving with the proportion of TB cases tested for HIV 
rising from 23% in 2006, to 84% in 2010 but only 50% of the TB/HIV cases were put on ART 
[9]. Understanding the coverage of ART among TB/HIV cases can be useful in identifying 
areas of potential intervention so that the proportion of TB/HIV cases put on ART can be 
increased. Ensuring that ARVs are readily available in TB clinics may complement efforts to 
increase the number of TB/HIV patients on ART and lead to improved treatment outcomes of 
both diseases in the long term [21]. 

The national response to TB/HIV co-infection should be designed to pay particular attention 
to high burden areas when determining resource allocation. This will ensure that adequate 
resources are allocated to cause significant impact within reasonable time. Improving access 
to TB/HIV detection and management should be a priority on the national agenda; 
improvements in access to TB care have potential to yield positive outcomes [21]. One area 
of focus for intensive case detection could be the high-density urban areas where the 
prevalence of both HIV and TB is high [7]. Intensified TB case finding among people living 
with HIV is another area of TB/HIV response which could be further strengthened as a matter 
of priority. 

The main limitation of this analysis is the high HIV testing refusal rate which could have 
introduced selection bias thereby affecting the precision of the reported estimates. The 
proportion of TB survey participants refusing HIV testing was 31.6% [14]; this potentially 
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overestimated or underestimated the HIV-TB burden reported in this study depending on the 
characteristics of those who declined testing. If all decliners were HIV negative the 
prevalence would have been 14% (36/265) and if all were HIV positive, the prevalence would 
have been 57% (150/265). Since the HIV testing refusal rates were higher among the 
younger survey participants, rural residents and the married [14] some bias may have been 
introduced in particular for these subgroups. Nonetheless, it remains key to address non-
acceptance of HIV testing in future surveys in order improve estimates and enhance 
appropriate care provision. Additionally, the survey was designed to detect pulmonary TB 
only hence there is a possibility of the occurrence of extra-pulmonary TB/HIV (EPTB/HIV), 
which was not investigated. This may have underestimated the true burden of TB/HIV in the 
general population, more so that HIV individuals tend to have EPTB as seen from a Zambian 
study [22] and routine surveillance data [23]. The use of FASH screening for extra-pulmonary 
TB (EPTB) detection may be considered in future surveys; FASH screening has been shown 
to detect EPTB in rural settings in Africa [24]. 

It is possible to use tuberculosis prevalence surveys to estimate the burden and 
characteristics of HIV among pulmonary TB patients specifically and in the general 
population. However, there is need for better yields in terms of the proportion of TB survey 
participants accepting an HIV test in order to reduce selection bias. 

Conclusions 

The TB/HIV prevalence in the general population was found to be about five times lower than 
routinely reported among incident cases at facility level. TB/HIV co-infection rate was higher 
in areas with higher TB prevalence. Seeing that all TB/HIV co-infected individuals were not on 
anti-TB treatment; it is important to investigate innovative effective strategies for ensuring 
early case detection and treatment for these individuals. However, the costs and benefits of 
early detection and treatment of TB and HIV in a general population require further 
investigation in operational settings. Ensuring high acceptance of HIV testing in a community 
survey setting is key to improve estimates of TB/HIV co-infection. 
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immunodeficiency virus; TB: Tuberculosis 

Acknowledgements 

The authors acknowledge the dedication of the survey teams and research participants who 
made this study possible. Special thanks to Ms. Doris Osei-Afriyie for reviewing the earlier 
version of the manuscript. 

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 105PDF page: 105PDF page: 105PDF page: 105

105 
 

Funding 

This work was supported by the Government of The Republic of Zambia (GRZ) through the 
Ministry of Health in Zambia and the United States Government (USG) through The United 
States Agency for International Development (USAID) in Zambia, and Centres for Disease 
Control and Prevention (CDC) Zambia. 

Availability of data and materials 

The datasets generated during and/or analysed during the current study are not yet publicly 
available due to local regulations but are available from the corresponding author on 
reasonable request upon receiving written permission from the Permanent Secretary, Ministry 
of Health, Zambia. 

Authors’ contributions 

PCK conceptualised the study, performed data analysis and drafted the manuscript. NK, EK, 
MPG, FC contributed to writing, literature review and approved the final version of the 
manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Consent for publication 

Not applicable. 

Ethics approval and consent to participate 

The study protocol was cleared by the University of Zambia Biomedical Research Ethics 
Committee (UNZABREC) No: 020–08-12. Written informed consent was obtained for those 
aged 18 years and above; whereas for minors aged 15–17 years, both consent for legal 
guardian and minor assent was obtained before participating in the survey. 

 

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 106PDF page: 106PDF page: 106PDF page: 106

106 
 

Author details 
1Department of Disease Surveillance and Research, Ministry of Health, Lusaka, Zambia. 
2Center of Tropical Medicine and Travel Medicine, Department of Infectious Diseases, 
Division of Internal Medicine, Academic Medical Center, University of Amsterdam, 
Amsterdam, the Netherlands. 3KNCV Tuberculosis Foundation, The Hague, the Netherlands. 
4Department of Global Health, Academic Medical Centre, University of Amsterdam, 
Amsterdam Institute for Global Health and Development, Amsterdam, the Netherlands. 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 107PDF page: 107PDF page: 107PDF page: 107

107 
 

References 

1. Dye C, Harries AD, Maher D, Hosseini SM, Nkhoma W, and Salaniponi FM. Tuberculosis. 
Disease and mortality in sub-Saharan Africa. 2006. 2nd edition. [Online] Available on: 
http://www.ncbi.nlm.nih.gov/books/NBK2285/. Accessed 8 Sept 2015. 

2. Kwan CK, Ernst JD. HIV and tuberculosis: a deadly human syndemic. Clin Microbiol Rev. 
2011;24(2):351–76.  

3. World Health Organisation. WHO 2014 Global TB Report, Geneva. Available at: 
http://apps.who.int/iris/bitstream/10665/137094/1/9789241564809_eng. pdf. Accessed 28 
March 2017. 

4. John M, Menezes CN, Chita G, Sanne I, Grobusch MP. High tuberculosis and HIV 
coinfection rate, Johannesburg. Emerg Infect Dis. 2007;13(5):795–6.  

5. Corbett EL, MacPherson P. Tuberculosis screening in high human immunodeficiency virus 
prevalence settings: turning promise into reality. Int J Tuberc Lung Dis. 2013;17(9):1125–38.  

6. Central Statistical Office (CSO) [Zambia], Ministry of Health (MOH) [Zambia], and ICF 
International. Zambia demographic and health survey 2013–14. Rockville: Central Statistical 
Office, Ministry of Health, and ICF International; 2014. 

7. Kapata N, Chanda-Kapata P, Ngosa W, Metitiri M, Klinkenberg E, Kalisvaart N, et al. The 
prevalence of tuberculosis in Zambia: results from the first national TB prevalence survey, 
2013–2014. PLoS One. 2016;11(1):e0146392.  

8. Abdool Karim SS, Churchyard GJ, Abdool Karim Q, Lawn SD. HIV infection and 
tuberculosis in South Africa: an urgent need to escalate the public health response. Lancet. 
2009;374(9693):921–33.  

9. Kapata N, Chanda-Kapata P, Grobusch MP, O'Grady J, Schwank S, Bates M, Janssen S, 
Mwinga A, Cobelens F, Mwaba P, Zumla A. Scale-up of TB and HIV programme collaborative 
activities in Zambia - a 10-year review. Tropical Med Int Health. 2012;17(6):760–6. 

10. Lucas SB, Hounnou A, Peacock C, Beaumel A, Djomand G, N'Gbichi JM, Yeboue K, et 
al. The mortality and pathology of HIV infection in a west African City. AIDS. 1993;7:1569–79. 

11. Harries AD, Hargreaves NJ, Gausi F, Kwanjana JH, Salaniponi FM. High early death rate 
in tuberculosis patients in Malawi. Int J Tuberc Lung Dis. 2001;5:1000–5. 

12. Getahun H, Gunnenberg C, Granich R, Nunn P. HIV infection-associated tuberculosis: 
the epidemiology and the response. Clin Infect Dis. 2009; 50(Suppl 3):S201–7. 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 108PDF page: 108PDF page: 108PDF page: 108

108 
 

13. Anthony DH, Rony Z, Elizabeth LC, Stephen DL, Ezio TS, et al. The HIV associated 
tuberculosis epidemic–when will we act? Lancet. 2010;375(9729): 1906–19.  

14. Chanda-Kapata P, Ngosa W, Moraes AN, Maddox N, Kapata N. Decliners of provider-
initiated HIV testing and counselling: characteristics of participants who refused HIV testing in 
a population survey in Zambia. Asia Pac J Trop Biomed. 2015.  

15. Miyano S, Dube C, Kayama N, Ishikawa N, Nozaki I, Syakantu G. Association between 
tuberculosis treatment outcomes and the mobile antiretroviral therapy programme in Zambia. 
Int J Tuberc Lung Dis. 2013;17(4):540–5. 

16. Wang L, Liu W, Wang L, Wang Y, Wu Z. HIV prevalence among pulmonary tuberculosis 
patients in Guangxi, China. J Acquir Immune Defic Syndr. 2010 Feb;53(Suppl 1):S61.  

17. Mosimaneotsile B, Talbot EA, Moeti TL, et al. Value of chest radiography in a tuberculosis 
prevention programme for HIV-infected people, Botswana. Lancet. 2003;362:1551–2. 

18. Hasnain J, Memon GN, Memon A, Channa AA, Creswell J, Shah SA. Screening for HIV 
among tuberculosis patients: a cross-sectional study in Sindh, Pakistan. BMJ Open. 
2012;2:e001677.  

19. Date A, Modi S. TB screening among people living with HIV/AIDS in resource-limited 
settings. J Acquir Immune Defic Syndr. 2015;68(Suppl 3): S270–3.  

20. Legido-Quigley H, Montgomery CM, Khan P, Atun R, Fakoya A, Getahun H, et al. 
Integrating tuberculosis and HIV services in low- and middle-income countries: a systematic 
review. Trop Med Int Health. 2013;18:199–11.  

21. Chindelevitch L, Menzies NA, Pretorius C, Stover J, Salomon JA, Cohen T. Evaluating 
the potential impact of enhancing HIV treatment and tuberculosis control programmes on the 
burden of tuberculosis. J R Soc Interface. 2015. 1220150146.  

22. Bates M, Mudenda V, Shibemba A, Kaluwaji J, Tembo J, Kabwe M. Burden of 
tuberculosis at post mortem in inpatients at a tertiary referral centre in subSaharan Africa: a 
prospective descriptive autopsy study. Lancet Infect Dis. 2015;15(5):544–51.  

23. Ministry of Health. National tuberculosis annual report. Lusaka: Ministry of Health; 2014. 

24. Janssen S, Grobusch MP, Heller T. Remote FASH telesonography–a novel tool to assist 
diagnosing HIV-associated epTB in remote areas. Acta Trop. 2013;127(1):53–5.  

 

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 109PDF page: 109PDF page: 109PDF page: 109

109 
 

 

Chapter 7 
 

The Second Zambian 
National Tuberculosis Drug 

Resistance survey–a 
comparison of conventional 

and molecular methods 
 

Published in:  

Trop Med Int Health. 2015 Nov; 20(11):1492-1500.  

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 110PDF page: 110PDF page: 110PDF page: 110

110 
 

The Second Zambian National Tuberculosis Drug Resistance 
survey – a comparison of conventional and molecular methods 

 

Nathan Kapata1,2,3, Grace Mbulo4, Frank Cobelens5, Petra de  
Haas4,6, Ab Schaap4, Pike  Mwamba4, Winnie Mwanza4, Mweemba 
Muvwimi1, Monde Muyoyeta4, Maureen Moyo4,  Lutinala Mulenga1, 
Martin P. Grobusch3, Peter Godfrey-Faussett6 and  Helen Ayles4,6 

 
1 Ministry of Health, Lusaka, Zambia 
2 National TB and Leprosy Control Programme, Lusaka, Zambia 
3 Center for Tropical Medicine and Travel Medicine, Academic Medical Center, 
University of Amsterdam, Amsterdam, TheNetherlands 
4 Zambia AIDS Related Tuberculosis Project, Lusaka, Zambia 
5 Department of Global Health, Amsterdam Institute of Global Health and 
Development, Academic Medical Centre, Amsterdam, TheNetherlands 
6 Department of Clinical Research, London School of Hygiene & Tropical Medicine, 
London, UK 

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 111PDF page: 111PDF page: 111PDF page: 111

111 
 

Abstract 

OBJECTIVE: The prevalence of MDR-TB in Zambia was estimated to be 1.8% in 2001.  A 
second drug resistance survey was conducted in 2008 to determine trends; the use of the 
Genotype MTBDRplus assay was applied to compare results to the gold standard. 

METHOD: A two-stage cluster sampling, with health facilities as primary sampling units.  
Processed sputum specimens were inoculated on solid media for culture; heat-inactivated 
bacterial suspensions from sputum  samples were tested on a commercial  line probe  assay 
for the identification  of rifampicin  and isoniazid  resistance. 

RESULTS: A total of 917 patients with TB were enrolled and 883 (96.3%) analysed.  A total 
of 574 (65%) had LJ results and 824 (93.3%) had results from MTBDRplus assay. The 
median age was 32, and 63.3% were males. MDR-TB according to LJ-based DST was 1.1% 
(CI 0.1–2.4) whereas according to MDTBDRplus assay was 1.6% (CI 0.6–2.6).  Isoniazid 
monoresistance in new cases was 2.4% (CI 0.613–4.26) based on LJ results and 5.0% (CI  
3.2–6.7) based on the MTBDRplus; in retreatment cases, it was 4.4% (CI 0.3–8.6) and 2.40% 
(CI <0.1–5.1) on LJ and MTBDRplus, respectively. Rifampicin monoresistance in new cases 
was 0.1% (CI <0.1–0.4) based on LJ and 0.6% (CI 0.01–1.1) based on the MTBDRplus; in 
retreatment cases, it was 0% (CI 0–3.8) and 1.8% (CI <0.1–4.0) on LJ and MTBDRplus, 
respectively. There were no XDR-TB cases found and no association between MDR-TB and 
HIV. 

CONCLUSION:  There was no increase in MDR-TB prevalence in Zambia from 2001 to 
2008; results from the two methods were similar.  Molecular methods were quicker and 
simpler to use. 

Keywords: Surveillance, MDR-TB, Laboratory, Diagnosis, Molecular, Prevalence 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 112PDF page: 112PDF page: 112PDF page: 112

112 
 

Introduction 

Drug-resistant tuberculosis (DR-TB) and in particular multidrug-resistant tuberculosis (MDR-
TB) is becoming widespread, causing a substantial obstacle to TB control in a number of 
countries. WHO estimates that there were 480 000 cases of MDR-TB in 2013 and that 
mortality due to MDR-TB amounted to 210 000 lives lost [1]. While there are data from 
hospital-based studies and clinical settings with inherent risk of selection bias [2], surveillance 
data on DR-TB in sub-Saharan Africa are limited, as very few countries have the capacity to 
sustain routine surveillance; and as only a limited number of countries have repeatedly 
conducted drug resistance surveys to understand the actual trends in disease burden [1, 3]. 
Some of the obstacles to implementing drug resistance surveillance and surveys in sub-
Saharan Africa are the complicated logistics involved; in particular, the need for sputum 
samples to arrive in a reference laboratory within 2–3 days. Due to long distances, and often 
poor transportation and courier systems, this is difficult [4, 5, 6]. However, molecular methods 
of drug resistance testing potentially offer a solution, as they do not require Viable 
Mycobacterium tuberculosis (M.tb) bacilli [1, 7]. 

Zambia has one of the highest TB burdens in the African Region, with recent notification rates 
of about 314 per 100 000 population [1, 8]. The HIV pandemic has been an important 
contributor to the increase in the TB cases that have been observed in the past two decades, 
with approximately 70% of all notified TB cases being co-infected with HIV in Zambia, but 
even more in areas of high co-endemicity such as in South Africa [9, 10]. In 2001, a national 
survey of drug resistance was carried out following the WHO recommended methodology of 
clustered sampling and culture on Löwenstein Jensen (LJ) medium [11]. Prevalence of 
multidrug resistance TB was estimated to be 1.8% (95% CI 0.8–3.5) in a nationally 
representative sample of smear-positive tuberculosis patients including both new and 
retreatment cases in 2001 [12, 13]. 

In 2008, a repeat survey was conducted which aimed at determining whether drug resistance 
has remained the same. Conventional culture-based method; Löwenstein Jensen was used 
as the gold standard. Additional objectives were to apply the use of a rapid molecular method 
in a drug resistance survey (DRS), namely the Genotype MTBDRplus assay that can be 
performed directly on sputum, and to compare the results. Other objectives were to determine 
the association of HIV with MDR-TB in a population-based sample and to determine rates of 
extensively drug-resistant tuberculosis (XDR-TB). 
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Methods 

The survey was designed according to the standard WHO recommended protocol [11] with a 
clustered sampling from the entire country. A target sample size of 1000 new patients was 
calculated to provide 80% power to detect as statistically significant a difference if the 
estimated prevalence of MDR-TB had risen to 5%, assuming a design effect due to the 
cluster design of 2 and adding 10% for expected losses. 

Sampling method 

The recruitment period was 12 months (January through December 2008). The weighted 
cluster sampling method was used, which allowed centres with large numbers of notification 
cases to be proportionally represented. A two-stage cluster sampling was performed in which 
the primary sampling units were health facilities (outpatient health centres or hospitals) that 
were sampled with probability proportional to size (PPS). The PPS was defined based on the 
number of notified new TB cases in the year 2006, and the secondary sampling units were 
individual patients that were sampled by taking the first consecutive 20 new patients and all 
the re-treatment patients who were diagnosed during the data collection period of 12 months. 
Consecutive patients with tuberculosis whose sputum smear was positive for acid-fast bacilli 
(AFB) by Ziehl-Neelsen (ZN) staining were included in the study. History of previous TB 
treatment, TB disease and demographic information were collected by structured interviews 
with patients by trained interviewers who were either physicians or clinical officers. A 
standardised questionnaire was used for the interviews. History of previous TB treatment was 
also validated against the hospital TB case registry. Forty-four heath facilities had a cluster of 
20 patients each while 3 health facilities had 2 clusters per facility of 20 patients each; thus 
adding up to a total of 50 cluster from 47 health facilities (centres). Patients under 15 years of 
age who met the inclusion criteria were also recruited into the study. 
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Sputum preparation and culture 

Two sputum samples, a spot sample and an early morning sample, were collected from each 
patient into 50 ml screw-cap centrifuge tubes (Falcon tubes, Becton Dickinson, USA) before 
commencement of treatment. A blood sample for HIV testing was also collected from 
consenting patients. Sputum samples were stored at the respective centres at 4 °C and later 
transported to the national reference laboratory in Lusaka. The two samples from an 
individual were then pooled and processed applying the N-acetyl L-cysteine (NaOH)-NALC 
method using the Becton Dickinson MycoPrepTM kit as per manufacturer instructions. After 
centrifugation, the sediments were reconstituted to 2.5 ml using phosphate buffer. 
Concentrated specimens were stained to confirm the presence of acid-fast bacilli (AFB) using 
the auramine phenol staining method and read using a fluorescence microscope. 

The processed specimens were inoculated on solid media LJ (home-made) and incubated at 
37°C. The inoculated volume was 0.2 ml. The LJ slant contained 0.75% glycerol. Two milliliter 
of decontaminated sputum was also stored in a 2.2-ml micro centrifuge tube at –20°C. 

The LJ culture was checked weekly for growth. Tubes which exhibited growth on LJ were 
examined for potential mycobacterial growth. ZN staining was made from the cultures to 
confirm whether it was Mycobacterium tuberculosis complex. Pure cultures were subcultured 
on home-made LJ slant for DST. Mixed cultures were re-decontaminated and re-inoculated. 

Isolate identification 

Cultures were identified as presumptive M. Tuberculosis complex (MTC) according to colony 
morphology and microscopic appearance and where confirmed as MTC by the capilia TB 
test. In order to reduce the time to identification, a chromatographic test (Capilia TB, TAUNS 
Laboratories Inc, Shizuoka, Japan) was used instead of the usual biochemical tests. Pure 
cultures were stored in 2.2-ml microcentrifuge tubes for archiving and DNA extraction. The 
archived and DNA samples were stored at –20°C. 

First-line Drug susceptibility 

Drug susceptibility testing (DST) was performed on all M. tuberculosis isolates using the 
indirect proportional method. The drug concentrations used in the LJ system were 
streptomycin 4lg/ml, isoniazid 0.2lg/ml, rifampicin 40lg/ml and ethambutol 2lg/ml. According to 
our laboratory guidelines, pyrazinamide is not routinely tested. 

Genotyping 

Heat-inactivated bacterial suspension from the sputum sample stored for this purpose was 
tested on a commercial line probe assay system for the identification of rifampicin and 
isoniazid resistance (GenoType MTBDRplus, Hain Lifescience GmbH, Nehren, Germany). 
The lysate from the sputum was obtained by heating the decontaminated sputum at 95 °C in 
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a water bath for 20 min, followed by sonication for 15 min. The samples were then 
centrifuged, and 5ll of the supernatant was used in the PCR. 

The principle of this assay is the polymerase chain reaction (PCR) amplification of relevant 
regions of genes including the katG and inhA promoter region for isoniazid resistance and 
rpoB genes for rifampicin resistance, followed by reverse-phase hybridisation to probes 
immobilised on a solid-phase membrane. 

Drug susceptibility testing for second-line anti-TB drugs 

All the isolates found to be MDR by genotypic method (GenoType MTBDRplus) were tested 
for resistance to second-line drugs using the GenoType MTBDRsl (Hain Lifesciences, 
Nehren, Germany) based on mutations or non-binding wild-type probes for the gyrA gene 
(fluoroquinolones), the rrs gene (aminoglycosides/cyclic peptides) and the embB gene 
(ethambutol). 

HIV testing 

A blood sample was collected for HIV testing after counselling, and consent had been 
obtained from the patients. Patient confidentiality of results was maintained at all stages. HIV 
testing was performed using two rapid tests, Determine HIV-1/2 (Abbot, Tokyo, Japan) and 
Unigold Recombinant HIV (Trinity Biotech, Wicklow, Ireland). Samples were first tested on 
Determine and those that were non-reactive were reported as negative. Positive samples 
were then confirmed with Unigold. 
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Statistical analysis 

All data obtained in the laboratory was entered into a Microsoft Access database at the 
National Reference Laboratory and at the serology laboratory. The demographic and 
molecular data were double-entered into databases. Stata Version 12.1 was used for 
statistical analysis. Comparison of categorical variables was performed through the chi-
square test. Univariable and multivariable analyses were performed by logistic regression. 
Significant testing was performed at 5% confidence level. The design effect was accounted 
for in the analysis by calculating robust standard errors using the method of Rao and Scott as 
implemented in the Stata ‘svy’ commands. 

Ethical issues 

Ethical clearance was obtained from the University of Zambia Research Ethics Committee, 
and approval from the Ministry of Health. Written informed consent was obtained before 
interviewing and collecting sputum samples. The DST results were communicated to the 
national TB programme for follow-up and treatment where applicable. 

Results 

A total of 917 sputum smear-positive patients with TB were enrolled in the survey out of a 
total sample size of 1000. There were 883 (96.3%) sputum samples submitted and analysed, 
including 772 new (82%, or 77.2% of the target sample size) and 156 previously treated 
patients (18%), with 0.5% treatment history unknown. A total of 574 (65%) had results from 
the LJ culture method because 23.6% (208/883) failed to grow, 9.6% (85/883) were 
contaminated and 1.8% (16/883) were missing results. A total of 824 (93.3%) had results 
from the genotype MTBDRplus, whereas 5.7% either failed or was uninterpretable and 1% 
(9/883) were missing (Figure 1). The median participant age was 32 years (range 6–77). As 
shown in Table 1, of the 883 participants, 63.6% were male and 36.4% female. A total of 
1.5% (13/883) were children under the age of 15. 43.1% tested HIV positive, 43.3% HIV 
negative and 13% had no HIV test result. Based on the LJ-based DST results, 6 of the 574 
samples showed MDR-TB whereas 13 of 824 showed MDR-TB according to the MTBDRplus 
assay. There were no children under the age of 15 with MDRTB according to DST based on 
neither LJ nor the MTBDRplus assay (Table 1). 

According to the LJ-based DST results (all proportions weighted and confidence intervals 
adjusted for cluster design), any resistance in new cases was 40/474 (8.1%; CI 5.1–11.1) and 
in previously treated (retreatment) cases 16/96 (17.2%; CI 7.9–26.4). Any resistance to 
rifampicin was 0.14% (CI <0.1–0.4) in new cases and 6.52% (CI <0.1–13.1) in previously 
treated cases, whereas any resistance to isoniazid in new cases was 4.5% (CI 2.1–6.9) and 
11.9% in retreatments (CI 4.6–19.2). The MDR-TB cases based on LJ DST results were 0 
(CI; 0–0.4) in new cases and 6.5% (CI <0.1–13.1) in previously treated cases; therefore, the 
overall MDR-TB due to this method was 1.1% (CI <0.1–2.4). Monoresistance to Isoniazid in 
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new cases was 2.4% (CI 0.6–4.3) and 4.5% (CI 0.3–8.6) in retreatment cases, whereas 
rifampicin monoresistance was 0.14% (CI <0.1–0.4) in new cases and 0% (CI; 0–0.4) in 
retreatment cases (Table 2). 

However, based on the MTBDRplus assay using similar calculations, MDR-TB in new cases 
was found to be 0.3% (CI <0.1–0.7) and 6.7% (CI 2.1–11.2) in previously treated cases. 
Overall, MDR-TB according to the MTBDRplus assay was therefore 1.6% (CI 0.6–2.6). 
Isoniazid monoresistance in new cases according to the MTBDRplus assay was 5.0% (CI 
3.2–6.7) and 2.4% (CI <0.1–5.1) in retreatments whereas rifampicin monoresistance was 
0.6% (CI <0.1–1.1) in new cases and 1.8% (CI <0.1–4.0) in retreatment cases (Table 2). 

Comparing the performance of the MTBDRplus assay to the LJ results for MDR-TB cases, 
the MDTDRplus assay identified 13 MDR-TB cases against the LJ which identified 6 MDR-TB 
cases. Of these, the MDTDRplus correctly identified 5 cases according to the LJ and missed 
1 MDR-TB case that was positive. As the LJ is currently the gold standard, the sensitivity of 
the MTBDRplus assay in detecting MDR-TB was therefore 83.3% and the specificity was 
98.5% (Table 3). 
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Regarding isoniazid, 34 isolates were resistant on LJ, and of these, 8 were missed by 
MTBDRplus. However, of the 53 isolates that were resistant on MTBDRplus,13 were missed 
by LJ, that is, the true positives were 34 as opposed to 53 identified by the MTBDRplus 
assay. Therefore, the assay correctly identified as positive 24 isolates of 34, and thus, the 
sensitivity was calculated to be 75.0% and the specificity was 97.4% (Table 3). Of the 13 that 
were missed by LJ, 7 had KatG mutations and 4 had inhA mutations, and 2 were presumably 
nonwild type. Overall, 36 isolates had katG mutations, 8 had inhA mutations and 1 had both. 
The LJ-missed isoniazid resistance seems more often inhA (as expected, low-grade 
resistance). 

For rifampicin resistance, there were 7 isolates that were resistant on LJ, and of these, 1 was 
missed by the MTBDRplus assay. However, of the 20 isolates that were resistant on line 
probe assay testing, 4 were missed by LJ (Table 3). 

There was no association observed between HIV and MDR-TB in this survey (Table 4). 
Moreover, there were no isolates that were resistant to any of the second-line drugs that were 
tested; hence, no XDR-TB was identified. 
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Discussion 

The levels of MDR-TB remained low over the period of approximately eight years, from 2001 
when the prevalence of MDR-TB was 1.2% in new cases and 1.8% in previously treated 
patients [12]; compared to 2008 when it was 0 and 6.5% in new and previously treated 
patients, respectively, according to the gold standard. The low levels of MDR-TB were 
attained despite the challenges of TB control in terms of huge numbers of cases, weak health 
infrastructure, high HIV incidence rates of about 14.7% and inadequate resources [8]. This 
low prevalence observed in new cases in our study is comparable to other findings of studies 
conducted in sub-Sahara Africa [14, 15]. In recent years, there have been concerns and 
anxieties about MDR-TB in sub-Sahara Africa, especially due to the high burden of both TB 
and HIV in the region and the emergence of XDR-TB in South Africa which led to high 
mortality in HIV co-infected patients [16–18]. However, our study shows that there was no 
evidence of the significant rise in MDR-TB over the period 2001 to 2008 in Zambia. The 
implementation of a good DOTS programme at all the levels of care over the said decade that 
ensured good treatment outcomes of patients could have played a role in sustaining these 
low levels [8, 10]. This underscores the fact that good implementation of a national TB control 
programme could prevent escalating MDR-TB in addition to reducing transmission in 
communities [19–21]. Also, the fact that six-month treatment regimens containing rifampicin 
in the continuation phase were only introduced in 2008 may have played some role in 
keeping numbers of DRTB cases low. The availability of anti-TB drugs in the private sector in 
Zambia is limited, and most providers adhere to national guidelines; therefore, this could also 
contribute to the low prevalence as the possibility of substandard drugs circulating in the 
private sector is minimal. Another reason could be that the availability of adequate quality 
assured anti-TB drugs that are provided by the NTP free of charge to most private sector 
facilities and all the public sector facilities have contributed to maintaining good treatment 
outcomes. 
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Rifampicin resistance in any combination other than MDR-TB was also low; and as expected, 
so was rifampicin monoresistance, which is in concordance with other findings [4, 22]. The 
introduction of fixed dose combinations may have played a role in minimising the 
amplification of resistant strains; this may be the case as was shown by Monedero and 
Caminero that fixed dose combination reduces the risk of development of MDR-TB in patients 
taking them [23]. 
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This study highlights the advantages to using MTBDRplus in conducting national drug 
resistance surveys including the fact that there is no need to culture samples in order to wait 
for growth; the samples can be heat-treated locally to increase safety. In addition, a bigger 
sample size can be managed easily; and this study showed a very good agreement with LJ, 
which is the current gold standard. In this study, MDR-TB detected by the MTBDRplus assay 
did not differ significantly from that which was detected through the LJ method; for instance, 
the results of 0 and 0.3% prevalence of MDRTB in new cases for the LJ DST and 
MDTBDRplus assay and 6.5% and 6.7% in previously treated cases, respectively (Table 2). 
However, using LJ led to loss of a lot of samples (Figure 1) with only 65% analysed as 
compared to 96.3% of the samples analysed with the MTBDRplus assay. 
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Therefore, molecular methods may be preferred over conventional DST. As the MTBDRplus 
assay has been endorsed by WHO as a recommended tool for diagnosis of drug-resistant TB 
[24], it offers a good alternative to the conventional methods in performing nationwide drug 
resistance surveys as shown in this study. The disadvantage of the assay is that currently, it 
is recommended to only detect rifampicin and some isoniazid resistance [25]. Therefore, such 
surveys would not be informative on other types of resistance. Additionally, the MTBDRplus 
assay exhibited high sensitivity and specificity compared to LJ methods and conformed to 
various evaluation studies in different settings [26–28]. The use of the assay has mainly been 
limited to hospital settings and to routine surveillance; however, we were able to show that it 
would be useful in population-based surveys in a low-resource setting. Although some cost-
effectiveness studies have been carried out in using the MTBDRplus assay in routine 
surveillance [29], more studies are required to ascertain the cost implication when it has to be 
applied in population-based drug resistance surveys. There is also need to ensure quality 
assurance needs are fully attended to [25]. 

The high HIV prevalence rates in sub-Sahara Africa have stimulated debate about HIV as risk 
factor of MDR-TB; yet in this study, we have confirmed the findings of most population-based 
studies that HIV is not a risk factor for MDR-TB in our setting like in many others in the region 
[5, 30–33]. There was no XDR-TB seen among 883 samples from across the country. 
However, the MTBDRsl assay has limitations in terms of its sensitivity to fluoroquinolones 
which is in the order of 0.87 and that 0.82 for the injectable second-line anti-TB drugs [34]. In 
addition, the availability of second-line anti-TB drugs in Zambia is very limited, and the public 
sector only started using them for programmatic management of drug-resistant TB in 2010. 

There is need to strengthen the laboratory network and begin to apply the new molecular 
technologies to strengthen routine surveillance of drug-resistant tuberculosis in order to 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 123PDF page: 123PDF page: 123PDF page: 123

123 
 

ascertain trends [35]. Nonetheless, we recommend that another special drug resistance 
survey should be conducted in Zambia to determine trends, especially considering that this 
survey was conducted 7 years ago and that since 2008, there have been changes in TB 
control in Zambia, such as the introduction of the 6-month treatment regimen using rifampicin 
containing fixed-dose-combination drugs throughout the treatment period, hence requiring 
improved and ongoing surveillance; the implementation of isoniazid preventive therapy (IPT) 
in people living with HIV/AIDS; and also the increased use of second-line anti-TB drugs in 
both the public and private sectors although this is not yet well documented. Although the 
prevalence of MD(X)R-TB was low in this particular study, it translates into more than 600 
cases per year which is plenty of patients with MDR-TB that need to be treated for a low-
resource setting, and therefore, the government should ensure that a very strong system for 
programmatic management of drug resistance TB programme is developed and then scaled-
up. However, for effective TB control, emphasis still needs to be firmly on finding and curing 
sensitive cases as quickly and efficiently as possible [21]. 

We recommend that TB control programmes should invest in the use of molecular testing in 
routine surveillance and that future surveys should be conducted using molecular testing as 
we have shown that it is feasible to do so. 
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Abstract 

Background: Tuberculosis (TB) prevalence surveys offer a unique opportunity to study health 
seeking behaviour at the population level because they identify individuals with symptoms that 
should ideally prompt a health consultation. 
Objective: To assess the health-seeking behaviour among individuals who were presumptive 
TB cases in a national population based TB prevalence survey. 
Methods: A cross sectional survey was conducted between 2013 and 2014 among 66 survey 
clusters in Zambia. Clusters were census supervisory areas (CSAs). Participants (presumptive 
TB cases) were individuals aged 15 years and above; having either cough, fever or chest pain 
for 2 weeks or more; and/or having an abnormal or inconclusive chest x-ray image. All sur- vey 
participants were interviewed about symptoms and had a chest X-ray taken. An in- depth 
interview was conducted to collect information on health seeking behaviour and previous TB 
treatment. 
Results: Of the 6,708 participants, the majority reported at least a history of chest pain (3,426; 
51.1%) followed by cough (2,405; 35.9%), and fever (1,030; 15.4%) for two weeks or more. 
Only 34.9% (2,340) had sought care for their symptoms, mainly (92%) at government health 
facilities. Of those who sought care, 13.9% (326) and 12.1% (283) had chest x-ray and sputum 
examinations, respectively. Those ever treated for TB were 9.6% (644); while 1.7% (114) was 
currently on treatment. The average time (in weeks) from onset of symp toms to first care-
seeking was 3 for the presumptive TB cases. Males, urban dwellers and individuals in the 
highest wealth quintile were less likely to seek care for their symptoms. The likelihood of having 
ever been treated for TB was highest among males, urban dwellers; respondents aged 35–64 
years, individuals in the highest wealth quintile, or HIV positive. 
Conclusion: Some presumptive TB patients delay care-seeking for their symptoms. The 
health system misses opportunities to diagnose TB among those who seek care. Improving 
health-seek- ing behaviour among males, urban dwellers and those with a higher social 
economic status; and addressing health care lapses in TB case detection is required if TB is to 
be effectively controlled in Zambia. 
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Introduction 
 
Zambia records approximately 43,000 tuberculosis (TB) cases annually [1], with an estimated 
prevalence of 455/100,000 [2] for all forms of TB in the country. The target of any TB control 
program is to detect and treat incident cases early. This is because timely diagnosis and 
treatment of TB has individual and community benefits in curbing personal ill health and 
transmission of the disease [3]. This is, however, difficult to achieve because patients usually 
present late to the health facility and when they do, health care workers may fail to diagnose 
TB among symptomatic individuals [4]. The reasons for delays in health-seeking for TB related 
symptoms are due to both patient and provider factors; such as fear of social isolation, 
economic constraints, distance to the health facility, inadequate staff, attitudes and poor 
quality of health services [3, 5]. Stigma towards TB patients may be another cause for health 
seeking delays, as it has been demonstrated in studies conducted among TB patients in 
Africa and Asia [6, 7, 8]. The health-seeking behaviour of TB patients has been demonstrated 
to be affected by the patient’s socioeconomic circumstances in studies conducted at 
diagnostics centres or clinics in various countries [9–15]. Delays from the health care provider 
side in diagnosing and starting treatment have also been documented in Asia and Africa [10, 
16]. 
Health-seeking behaviour of presumptive TB patients in Zambia has been studied only at 
health facility level [12, 17]. To our knowledge, this is the first population-based study to 
assess health-seeking behaviour of presumptive TB cases and previously treated TB patients 
in Zambia. TB prevalence surveys offer a unique opportunity to study health seeking 
behaviour at the population level because they identify individuals with symptoms that should 
ideally prompt a health consultation, and should trigger health services to exclude TB–
irrespective of whether they have TB or not. Additionally, they allow studying health-seeking 
behaviour for TB symptoms among patients previously treated for TB, who may be more 
inclined to seek TB care. Therefore, we assessed health-seeking behaviour of presumptive TB 
cases for TB symptoms as part of a nationwide TB prevalence survey conducted in Zambia. 
Specifically, we sought to identify proportions of participants who sought care; previous TB 
treatment history and their provider choice. Areas for potential programme improvement are 
discussed. 
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Materials and Methods 
 
Study design 
 
This was a cross-sectional study of health-seeking behaviour of individuals with signs and 
symptoms suggestive of TB, and of their provider choice. The study population was drawn from 
the national TB prevalence survey, a nationwide survey of 66 clusters, sampled proportionally 
to size, and representing both rural and urban Zambia. The primary sampling unit (cluster) 
was a census supervisory area (CSA). 

Study population 
 
All survey participants (aged 15 years and older who were residents of the survey clusters) in 
the national TB prevalence survey were interviewed about symptoms and had a chest X-ray 
taken. 

Data collection 
 
Individuals who were TB survey participants underwent symptom screening for cough or chest 
pain or fever lasting 2 weeks or more. Thereafter, chest x- ray screening for abnormalities con- 
sistent with TB was performed. Those who were found to have one or more of the symptoms 
and or any abnormal/inconclusive chest x-ray were eligible for sputum submission for TB 
diagnosis and included in the present analysis as ‘presumptive TB cases’.  The presumptive TB 
cases underwent a detailed in-depth interview using a standardized structured questionnaire 
on symptoms, time of disease onset, health-seeking behavior, treatment history and health 
care access issues. In addition, all survey participants were offered HIV antibody testing. 

Data analysis 
 
Data was analysed using STATA version 12. Frequencies with their 95% confidence intervals 
were estimated for the outcomes of interest. Wealth quintiles were generated by principal 
components analysis using a standard list of household assets and access to basic amenities. 
Both univariate and multivariate logistic regression analysis was performed in order to 
determine the relationship between outcome variables and participant characteristics. Kruskal-
Wallis equality-of-populations rank test was performed for non-parametric outcomes (time 
from onset of symptoms to first care-seeking). 
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Ethics statement 
 
The study protocol was cleared by the University of Zambia’s Biomedical Research Ethics 
Committee (UNZABREC), approval number 020-08-12. Authorisation to conduct the survey 
was sought in line with the existing national policies and guidelines at national, provincial and 
district levels. Written informed consent was obtained from all individuals who agreed to 
participate in the survey. For minors, both the assent of the minor and the consent of the next 
of kin or caretakers or guardian were obtained in writing for each participant aged 15–17 
years. The Institutional Review Board (IRB) approved this consent procedure. All the consent 
or assent forms were recorded on standard forms which were developed for the study and 
these were filed in lockable cabinets at the end of each cluster operation. 

Results 
 
There were 54,830 participants who were eligible to participate in the TB survey and 46,099 
(84.1%) gave consent and turned up for investigations. All 46,099 (100%) underwent symptom 
screening to identify history of chest pain, cough or fever. Subsequently, 45,633/46,099 
(99.0%) underwent field level chest x-ray screening. Based on symptom and or chest x-ray 
screening, 6,708 (14.6%) participants were classified as presumptive TB cases and included in 
the present analysis. Fig 1 outlines the flow of participants. 
The general description of the background characteristics of the presumptive TB cases are 
presented in Table 1. The majority were from a rural setting (67%) and had some primary 
education (52%); 23% were aged more than 65 years; 22% were from the lowest wealth 
quintile and the HIV positivity among those tested was 6.2%. 

Of the 6,708 presumptive TB cases 4,453 (66.4%) reported, one or more of the three screen- 
ing symptoms while 3,760 (56.1%) had abnormal or inconclusive X-ray; 2,948 (43.9%) were 
detected by symptoms alone; 2,255 (33.6%) by abnormal or inconclusive chest x-ray; and 
1,505 (22.4%) by both symptoms and chest x-ray. At the time of the survey, 114 (1.7%) of the 
pre- sumptive cases were on TB treatment. A total of 644 presumptive cases (9.6%) reported a 
previ- ous history of TB treatment (Table 1), while 636 (9.5%) indicated that a member of their 
household had been treated for TB prior to the survey. 
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Of the 2,340 (34.9%) presumptive TB individuals who sought care, the majority (81.8%) had 
chosen a government facility for their first visit (Table 2). The males were less likely than 
females to use a government health facility (RR = 0.43; p = 0.004); those aged 25 years and 
above were more likely to use a government health facility than those aged 15–24 years (RR = 
1.52; p = 0.000); the urban residents were less likely than their rural counter parts to usesa 
government facility (RR = 0.64; p = 0.000); individuals from the highest wealth quintiles were 
less likely to choose a government facility for their first visit than those from the lowest wealth 
quintile (RR 0.49; p = 0.000) and the educated were less likely than the uneducated to use a 
gov- ernment health facility (p<0.05). Almost 326 (13.9%) had a chest X-ray performed and 
283 (12.1%) reported having had a sputum smear examination. 
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The average time (in weeks) from onset of symptoms to first care-seeking was 3; with majority 
(32%) of the cases seeking care 2–3 weeks from onset of symptoms (p = 0.0001). The 
distribution of those who sought care by time from onset of symptoms to seeking care is 
shown in Table 3. 
 
 

 

 

Table 4 shows the odds of seeking care by background characteristics of the presumptive TB 
cases. The older age groups were 1.6 times more likely to seek care than the younger. The 
males and urban dwellers were less likely to seek care than their female and rural 
counterparts, (OR = 0.8 and 0.6 respectively). Presumptive TB cases in two highest wealth 
fourth and fifth wealth quintiles were less likely to seek care for their TB symptoms than those 
from the lowest wealth quintiles (OR = 0.7 and 0.5, respectively). The educated were less likely 
to seek care than their uneducated counterparts. 
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A history of TB treatments was 3–4 times more likely among presumptive TB cases aged 
35–64 years than among those aged 15–24 years (Table 5). However, the odds were about 
twice for those aged 25–34, or 65 years and above respectively, than those aged 15–24 
years. The odds of prior TB treatment was 1.5 times higher among male than among 
female presumptive TB cases; and 2 times higher in the urban than in the rural population. 
Individuals in the higher wealth quintile and those well-educated were more likely to have 
been treated for TB than those in the lowest quintile and with no formal education, 
respectively. The likelihood of having a history of TB treatment was 3 times higher among 
the HIV-positive than the HIV-negative individuals. 
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Discussion 
 
This is the first nationally representative population-based survey to document health-
seeking behaviour among presumptive and confirmed TB cases in Zambia.In this study, only 
35% of the presumptive TB cases reported to have sought care for their symptoms. Of those 
who had sought care, the majority had chosen a public health facility. Additionally, less than a 
quarter of those who sought care had sputum or chest x-ray examinations. The average time 
from onset of symptoms to first time seeking care was found to be around three weeks for the 
majority of presumptive TB cases. Males, younger age groups, urban dwellers and those from 
higher wealth quintiles were less likely to seek care for their TB symptoms. The poor and less 
educated were less likely to have had prior TB treatment. How- ever, the HIV positive were 3 
times more likely to have had prior TB treatment. 
 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 139PDF page: 139PDF page: 139PDF page: 139

139 
 

 
Our findings suggest that among Zambian presumptive TB cases, some delays in health care-seeking 
do occur. However, even for patients who do seek care, the opportunity to make a TB diagnosis at the 
health facility can be missed. The initial health provider choice was found to be appropriate in the 
majority (>90%) of patients who sought care since a medical facility (health centre) was a source of 
care. Unfortunately, the overall effectiveness of the appropriate provider choice is negated by the fact 
that this did not always translate into a TB diagnosis being made. This highlights the need to intensify 
the behaviour change communication for both patients and health care providers. In a qualitative study 
at an urban clinic in Zambia, TB-related stigma was perceived to be high, with negative consequences 
disproportionately higher among women than men [18]. Stigma towards TB has been widely reported 
elsewhere [6,7,8] and is known to affect the patient decision to seek care. Therefore, effective 
strategies of addressing TB stigma will be require to be tested so as to address patient delays in 
seeking care. 

It was observed that the delay in seeking care was about three weeks, irrespective of the nature 
of symptoms. In this period, the individuals can transmit the infection to other community 
members. It is therefore important to put strategies in place to reduce patient delay so that 
transmission in the community can be reduced, and those with the disease can be put on 
treatment [19]. 

Previous TB treatment history was found to be more likely in the older, especially those aged 
35–64 years. Additionally, those belonging to the highest wealth quintile and being well- 
educated were more likely to have been treated for TB, compared to those in the lowest quintile 
and with no education, respectively. It is possible that access to TB diagnosis and treatment 
may be better in these sub-groups. Additionally, since HIV prevalence is higher among these 
groups and HIV positivity was associated with a higher likelihood of a history of TB treatment, it 
is possible that HIV care may have provided an opportunity for TB detection and treatment. 
Nonetheless, the causes of these disparities need to be further investigated and addressed 
appropriately because it has been pointed out that health seeking consists of the interplay of 
both supply and demand side factors [20]. Therefore, strategies such as TB/HIV integration 
targeting the marginalised and improving health worker capacity to make a TB diagnosis may 
offer a solution to effectively detect and treat incident TB cases in Zambia. 

The occurrence of chest pain was higher than cough and fever in both the presumptive and 
confirmed TB groups. However, the majority of those with cough more than 2 weeks were 
found to be TB patients. Therefore, a cough of two weeks or more may generally be more 
specific at predicting TB, as has been stated in other studies [21, 22]. Nonetheless, efforts to 
rule out TB should be made among individuals presenting with chest pain. This can be an 
important entry point for collaborating with cardiac related programs as chest pains may be 
more associated with cardiac problems [23]. 
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The public sector still has a larger role to play in TB diagnosis in Zambia, as the majority of the 
participants who sought care chose a government-owned facility. However, a number of 
people sought care through the private and mission facilities as well. Thus, public-private 
partnerships are an important avenue to explore in order to create more options for access to 
TB care services, according to the patient situation and preferences, and more so in the urban 
areas where private providers are growing in number [24]. 

The patient delay found in this study is shorter than what was found in rural hospitals in 
Nigeria [25], rural South Africa [4] and a referral hospital in Kenya [15], but more than what was 
found in an urban clinic in Zambia [12]. However, the patient delay was similar to what was 
found in Vietnam [13]. It must be noted here that the time from onset of symptoms to first 
seeking care may have been affected by recall bias. Still, the Zambia National Tuberculosis 
Program (NTP) does not specifically define the patient delay threshold. There is need for the 
NTP to clearly define the threshold for delays and disseminate such information to both the 
patients and health care providers. 

Conclusion 
 
There are supply and demand side factors affecting health care-seeking for TB in Zambia. 
Some presumptive patients delay seeking care for their symptoms. However, patients with 
TB symptoms are missed even when they seek care, and the majority seeks care through 
public health facilities. Targeted strategies to improve health seeking among males, urban 
dwellers and those with a higher social economic status are required. Future TB control 
strategies should address these patient delays and health care lapses if TB is to be effectively 
controlled in Zambia. 
Information on the reasons for individuals not seeking care and the source of medication for 
those currently on treatment was not collected. Future surveys should endeavour to collect 
this information which has potential to highlight areas of program improvement. 
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Abstract 
Background: Stigma is one of the many factors hindering tuberculosis (TB) control by 
negatively affecting hospital delay and treatment compliance. In Zambia, the morbidity 
and mortality due to TB remains high, despite extended public health attempts to control 
the epidemic and to diminish stigma. 
Study Aim: To enhance understanding of TB-related stigmatizing perceptions and to 
describe TB patients’ experiences of stigma in order to point out recommendations to 
improve TB policy. 

Methods: We conducted a mixed method study at Kanyama clinic and surrounding 
areas, in Lusaka, Zambia; structured interviews with 300 TB patients, multiple in-depth 
interviews with 30 TB patients and 10 biomedical health workers, 3 focus group 
discussions with TB patients and treatment supporters, complemented by participant 
observation and policy analysis of the TB control program.  Predictors of stigma were 
identified by use of multivariate regression analyses; qualitative analysis of the in-depth 
interviews, focus group discussions and participant observation was used for 
triangulation of the study findings. 

Results: We focused on the 138/300 patients that described TB-related perceptions 
and attitudes, of whom 113 (82%) reported stigma. Stigma provoking TB conceptions 
were associated with human immunodeficiency virus (HIV)-infection, alleged immoral 
behaviour, (perceived) incurability, and (traditional) myths about TB aetiology. 
Consequences of stigma prevailed both among children and adults and included low 
self-esteem, insults, ridicule, discrimination, social exclusion, and isolation leading to a 
decreased quality of life and social status, non-disclosure, and/or difficulties with 
treatment compliance and adherence. Women had significantly more stigma-related 
problems than men. 

Conclusions: The findings illustrate that many TB patients faced stigma-related 
issues, often hindering ef- fective TB control and suggesting that current efforts to 
reduce stigma are not yet optimal. The content and implementation of sensitization 
programs should be improved and more emphasis needs to be placed on women and 
children 
 
 
 
 
 
 
 
 
 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 146PDF page: 146PDF page: 146PDF page: 146

146 
 

Introduction 
 
Alongside biological, economic, and cultural barriers to effective tuberculosis (TB) control, 
stigma constitutes one of the major social factors causing hospital delay and hindering 
compliance among TB patients [1, 2]. Various studies conducted in different African settings 
have exposed negative attitudes towards TB patients and/or described the subsequent 
consequences. Oftentimes attitudes can be explained by local believes and knowledge of TB 
transmission, such as shared use of eating utensils [3], hereditary factors [3–5], sexual 
intercourse [6–8], be-witchment [3, 5, 9], smoking [3, 4, 7, 8], heavy labour [3–5, 7], human 
immunodeficiency virus (HIV)-infection [9–12], and poverty [13]. These perceptions lead to 
shame [12, 14], fear of physical contact among community members [10], affected marriage 
prospects [15], social isolation [9, 10, 14], and discrimination [16]. The extensive systematic 
review of Chang et al (2014) describes that consequences of stigma hinder, or even adversely 
influence, efforts to stimulate treatment compliance and reduce delays in diagnosis and 
treatment worldwide [17]. Moreover, stigma impedes the application of preventive measures 
such as coughing-hygiene and good ventilation at home resulting in increased transmission 
risk, severe morbidity and mortality and increased development of multi-drug resistance 
(MDR-TB), thus undermining successful TB control [12,18,19]. 
 
Stigma is often explained as a discrediting attribute leading to an impairment of social status 
and position, rejection and/or exclusion [20]. In addition, stigma is seen as a key factor in the 
production and reproduction of power structures, causing devaluation of certain social groups 
or individuals, thus aiding social inequality [20–22]. Stigma can be differentiated into three 
main sub-categories: experienced stigma (the experience of exclusion and/or discrimination), 
anticipated stigma (the perception, expectation and/or fear of stigma), and internalized 
stigma (a loss of self-esteem, dignity, fear and/or shame) [1,18]. Since these sub-categories 
elicit the di- versely layered struggles associated with stigma, we have applied those in this 
study. Taking into consideration that stigma varies from culture to culture [22,23], we will 
address the con- text of stigmatizing actors, local values and ideology, political organization 
and economic sys- tem of the society from which stigma arises [21,23]. Moreover, we will 
critically evaluate how the Zambian National TB Program (NTP) addresses TB-related stigma 
and whether the pro- gram plays a role in the (re)production of stigma. 
 
The importance of addressing stigma related to TB is illustrated by the fact that this disease is 
one of the major causes of death worldwide. Zambia ranks 29th among the world’s top TB 
countries identified by the World Health Organisation (WHO) having 427/100.000 incident TB 
cases in the year 2012. HIV co-infection rate is 61% and MDR-TB prevails in 0.3% of new TB-
cases and 8.1% of retreatment TB-cases. Males are more often affected by TB than females 
(Zambian male-to-female ratio: 1.7:1) [24]. Besides epidemiological factors, the NTP faces a 
wide variety of clinical, operational, and social challenges. 
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Stigma is still a low-priority issue in international TB control efforts [1], notwithstanding the 
numerous papers written on this topic [2, 4, 19, 25–27]. However, in Zambia, little research has 
been performed on HIV/TB-related stigma [12] and an assessment of the scope, nature, and 
social consequences of specifically TB-related stigma in Zambia has not been published. 
Therefore, we combined both qualitative and quantitative research methods [28] to investigate 
TB-related stigma in an urban health care setting in Lusaka, Zambia. The research aim is to 
enhance understanding of stigma and its effects on TB patients’ lives and the NTP to offer 
suggestions for improving health interventions. Secondly, our study may serve as a baseline for 
monitoring and evaluating potential future interventions and prevalence of stigma over time. 
 
Methods 
 
This research is part of the broader TB patients’ Adherence and Compliance (TBAC) study 
that took place from September 2013 until January 2014 in Kanyama (Lusaka, Zambia), an 
urban squatter settlement characterised by poverty and a high TB prevalence. In the Kanyama 
clinic, a modified version of WHO Direct Observed Therapy (DOT) policy to address 
tuberculosis is applied. The first two months, smear-positive and DR-TB patients receive 
medication daily at the clinic, and smear-negative patients once a week. After this period, 
patients collect TB-drugs every two weeks. Treatment takes several months and on average a 
patient is no longer infectious after two weeks of continuous drug-intake. Isoniazide Preventive 
Therapy (IPT) is offered for HIV-infected children who have close contact with TB patients. 

Various (education) programs address TB-related stigma: treatment starts with a one-on- 
one talk to educate patients about TB. A treatment supporter is assigned to each patient for 
answering questions, family-sensitization, treatment encouragement, or finding patients who 
are lost to follow up (LTF). A household member of the patient gets involved in supervising 
treatment intake. In addition, a counsellor is available for TB patients and support groups are 
organised for people with TB-HIV co-infection. Treatment supporters organise twice-a-week 
sensitization programs in the community. They go from door to door to discuss TB and to 
hand out information brochures. Occasionally, they give a music and theatre show about TB. 
Additionally, the clinic allocates long-term TB nurses with expertise in TB, putative aetiologies, 
fear of transmission, and stigma-related struggles. 
 
We used a mixed method design in a sequential explanatory model for which we first col- 
lected quantitative data and subsequently qualitative data to gain an in-depth understanding 
of statistical relationships and its context [16]. 
 
The four-month study period enabled us to conduct structured interviews with 300 (extra-) 
pulmonary TB patients undergoing Direct Observed Therapy at Kanyama clinic willing to 
participate in the study. Respondents under age eighteen were either interviewed with 
permission of their parent/guardian or their parent/guardian was interviewed. All 300 patients 
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completed the structured interview. The sample size was considered to be sufficient to 
investigate the nine predictors of compliance for the TBAC study, considering a prevalence of 
defaulting patients of 30% of the overall study group [29] and the sample size 
recommendations for a logistic regression analysis [30] to investigate predictors with a 95% 
confidence interval. For this sub- study on stigma, we focused on the 138 patients who where 
identified to have experienced stigma, defined as having experienced negative or positive 
attitudes or perceptions regarding TB patients. 
 
Additionally, we conducted qualitative research for which we randomly selected 30 patients of 
the study group (N = 300) for in-depth interviews of which six patients were younger than 20 
years. Respondents under age eighteen were either interviewed with permission of their 
parent/guardian or their parent/guardian was interviewed. 
 
Moreover, we approached ten biomedical health care providers (both nurses and treatment 
supporters of the TB department) for in-depth semi-structured interviews in the clinic. In addi- 
tion, we organised three focus group discussions (FGD) in a secluded area of the clinic in 
order to enhance confidentiality. We randomly recruited ten treatment supporters for the first 
FGD and eight patients and two treatment supporters for both the second and third FGD. 
Participant observation was conducted at the clinic, during sensitization programs in the 
community, and in patients’ homes/neighbourhoods. 
 
The structured interview contained questions regarding demographics, treatment history, 
bio-medical knowledge, and TB-related difficulties. Three questions were stigma-related: Do 
you feel shy/shame coming to the clinic? What do people in the place you live/in your 
neighbourhood think about TB? How do they compare HIV and TB? The questions were 
based on the literature [1, 18], screened by a Zambian medical doctor and the nurses of the 
TB corner in Kanyama clinic, and tested in a two-week pilot study. Subsequently some 
questions were adjusted, added or deleted to optimise the questionnaire for use in the 
current study. The interviewer fitted the responses to response-options using verbal and 
numeric labels. We allowed space for respondents to elaborate on their answers or to 
provide additional comments. 
 
We visited 30 patients 1–3 times at their homes for in-depth, semi-structured interviews (1–2 
hours each) extensively assessing stigma-related topics. The in-depth interviews with health 
workers focused on the functioning of the TB program and the challenges in their work. The 
FGDs addressed (1) childhood TB & parents, (2) problems of TB patients encountered in 
daily life, and (3) TB-related stigma. We used various techniques to foster an informal setting 
in which respondents felt free to talk, such as forming word clouds, theme ranking, making 
posters, and group presentations. All interviews and FGDs were conducted by a medical 
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anthropologist and local research assistant in the local Zambian languages (English, Nyanja, 
Lhosi, Tonga, or Bemba) and transcribed into English. 
 
We divided the 138 included patients in two groups: one comprising patients describing 
negative attitudes/perceptions (stigma), and another with patients describing supportive or 
positive responses from their social environment (no stigma). Furthermore, the group of stig- 
matized TB patients was subdivided into the above-mentioned subcategories experienced, 
an- ticipated and/or internalized stigma [1,18]. 
 
In order to identify factors that rendered a TB patient more vulnerable for stigma, we con- 
ducted univariate logistic regression analyses. Variables that had an association with stigma 
with a significance of p <0.1 were subsequently included in a multivariate regression model 
predicting stigma. We compared the sample (N = 30) undergoing multiple in-depth interviews 
with the overall study group (N = 300) regarding demographics (sex, age, education, marital 
status), treatment-related parameters (HIV co-infection, TB relapse, treatment duration, TB 
knowledge), and the percentage of people suffering from stigma applying Chi Square and T- 
tests. All analytic tests were performed using IBM SPSS statistics version 21.0 (IBM Corp, 
Armonk, NY). 
 
Qualitative data analysis was conducted to explain, contextualize, and interpret quantitative 
outcomes. Using Qualitative Data Analysis and Research Software (ATLAS.ti,7

th edition; 
Scientific Software Development GmbH, Berlin, Germany), we conducted thematic and 
content analysis for the in-depth interviews and FGDs. Transcripts were screened multiple 
times, coded into meaning units and categorized into broad themes [31]. Additionally, we 
analysed context, meaning and structures of identified codes and themes and explained 
statistical relationships found in quantitative analysis [32]. Some quotes of respondents were 
used to il- lustrate most important themes. 
 
Ethical approval (HSSREC 02-08-13) for the study was obtained from the University of Zambia 
Biomedical Research Ethics Committee (UNZAREC). Written informed consent was obtained 
from all informants using UNZAREC-forms prior to inclusion in the study. For respondents 
under age eighteen we asked additional written informed consent from their parent/ guardian. 
We guaranteed anonymity and confidentiality of given information by safe storage of data, 
usage of pseudonyms, and unidentifiable descriptions of patients throughout this article. Data 
were stored safely under lock and key. Only the main investigator had access to these data.’ 
 
Results 
 
Mean age of TB patients participating in the study (N = 300) was 33 years, ranging from 1 to 70 
years and including 25 children and teenagers aged 1 to 19 years. Almost two thirds (64.3%) 
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were male; 148 patients (49.3%) had a low education level (0–7 school years), and about half 
(49.0%) were co-infected with HIV (Table 1). The sample of 30 TB patients that was followed up 
for in-depth interviews did not significantly differ from the overall study group (N = 300) 
concerning study population characteristics (Table 2). 
 

 
 
 
Responding to the three stigma-related interview questions and/or elaborating in free text 
answers, 138 TB patients reported positive or negative perceptions or attitudes regarding TB 
whereas 162 did not. Socio-demographic characteristics and tuberculosis-related parameters 
were similar in both populations with the exception of age and educational attainment that 
was observed to be higher in the first group (with a minor difference of one school year and 
age difference of three years). Of those, 16/138 patients (12.0%) were younger than 20 years 
of age. 
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We focused on the group reporting perceptions or attitudes regarding TB (N = 138). 
In total, 113/138 TB patients (81.9%) reported that they personally encountered consequences 
of stigma of which 47/113 patients (41.6%) were female and 13/113 patients (11.5%) were aged 
under 20 years (Table 3). Using the above-mentioned subcategories, 22/113 stigmatised TB 
patients (19.5%) reported experienced stigma, 61/113 (54.0%) faced anticipated stigma and 
57/113 (50.4%) had internalised stigma (Table 3). The study sample (N = 30) included more 
women suffering from stigma. 
 
Univariate analyses identified an important difference in sex between stigmatized and non- 
stigmatized patients. Moreover, relapse cases and married persons were less stigmatized 
(Table 3). In a multivariate logistic regression model, the variable sex (female) was found to be a 
significant predictor for stigma (Table 4), and being single or a relapse case were further, albe- 
it non-significant, predictors for stigma. In the sample (N = 30), the variables sex and marital 
status were also found to have an association with stigma (p<0.1) (Table 2). 
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Patients’ experience of the TB program 
 
At Kanyama clinic, most patients were satisfied with the TB department (the ‘TB corner’) and 
its staff. However, TB patients described more uncomfortable situations at the general clinic: 

I came to the clinic, because I was not feeling well. [. . .] The nurse did not respond well, be 
cause they suspected TB. When I came I was coughing and she was very rude. She 
shouted: “If you are coughing, this is not the right place to come. Go to the TB corner!” I felt 
stigmatized at that first day (TB patient during FGD). 

Several patients were critical about the stigma-reducing measures at the TB corner. They 
described being too ill to comprehend the one-on-one introduction talk about TB. Other 
patients explained their treatment supporter was unmotivated, because he/she was not 
always present at the clinic, did not visit them at home for support or family sensitization, or 
did not properly answer their questions. Some patients had not known that there was a 
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counsellor present at the clinic. More than a quarter of all patients (28.3%) declared they had 
not received any sensitization at the clinic. 
 

 

 
TB perceptions 
 
Most patients (94.9%) used biomedical explanations for contracting TB referring to coughing or 
the airborne nature of TB. However, 112/138 (81.2%) combined this with alternative aetiolo- 
gical explanations such as: sharing cups; familial inheritance; drinking spirits; smoking ciga- 
rettes; promiscuous behaviour; abortion; sleeping with a menstruating woman or a woman who 
had just aborted; a woman adding salt to food while menstruating or after an abortion; or evil 
spirits. Patients’ aetiological reasoning often blended different supposed causes: 

It feels so bad to have TB. And I don't understand, because I am so young. I am not 
drinking, not smoking, I don't have a relationship. I am just a student. Why do I have TB? 
(In-depth interview Claire, 14 year old TB patient). 

 
Claire’s answer illustrates existing negative perceptions regarding TB aetiology and 
demonstrates her struggle as a TB patient. Additionally, Claire explained that TB-affected 
children faced a lack of understanding and uneasiness in their social environment, because 
people generally believed children were unable to contract TB. For this reason, being young 
was an extra burden for her aggravating TB-related stigma. 

The fear for TB was also reflected in frequent use of the term “Kanayaka” meaning “the red 
light that never switches off”. This stigmatising term was initially used in the community for HIV 
patients and a warning to avoid contact. However, we found that this label was also used for 
TB patients. Some patients and many of their relatives/neighbours believed that HIV and TB 
were the same disease or that TB patients were always co-infected with HIV. Accordingly, 
negative attributes associated with HIV, such as (presumed) immorality and promiscuous 
behaviour, were also attributed to TB patients. Moreover, the term kanayaka foreshadowed 
the alleged upcoming death of a HIV and/or TB patient. Indeed, various TB patients (28/138, 
20.3%) reported encountering these negative attitudes and were consequently approached 
as if they were ‘doomed to die’. Overall, this linking with HIV and community-based fear and 
aver- sion aggravated TB stigma and often prompted patients not to disclose their TB status. 
 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 154PDF page: 154PDF page: 154PDF page: 154

154 
 

Experienced stigma 
 
We assigned TB patients to the sub-category experienced stigma if they declared being treated 
differently by relatives/neighbours/friends after disclosure of TB, for instance by facing ridicule, 
insulting remarks, discrimination, social exclusion, and/or isolation. Social exclusion was often 
triggered by the idea that TB is highly infectious, manifesting in dining and sleeping separately; 
avoidance of sexual intercourse; exclusion from activities in school and/or at work. The story of 
a child with open-TB exemplified such social exclusion prompted by fear of presumed 
contagiousness: 

After disclosure they tried to avoid her [Helen], run away, not even greet. Children in 
school were not allowed to play with Helen because their parents would tell them Helen 
had TB and they should keep their distance (In-depth interview Rosemary, mother of 9 
year old TB patient Helen). 

With the term social isolation, we refer to more drastic social consequences caused by 
stigmatizing actors, such as divorce, permanent dismissal at work, or ostracism. Various 
respondents mentioned that some TB patients were banished to a village to live with relatives. 
The main explanation given for this banishment was to prevent infection of household 
members and/or to hide patients from neighbours and relatives. This theme recurred during 
FGDs during which various respondents indicated that women were more often expelled to 
the country- side than men. 
 

Anticipated stigma 
 
We assigned the label anticipated stigma to respondents who mentioned difficulties disclosing 
their TB status due to the fear of negative reactions by others. 

I did not tell anybody [..] Because there is too much stigma. I mean there is too much fear. 
That is why I used to hide. They think if someone is infected with TB, he can have any 
disease, he is stupid, he is not thinking. They spread it to other people, and people just 
add some dis- eases on top of that. Instead of praying, they make it worse (In-depth 
interview Bo, TB patient). 
 

As this quote illustrates, the social standing of TB patients is negatively affected because 
people consider them irresponsible and likely to spread TB or other diseases (such as HIV). 
Faced with prejudices, these patients often concealed their TB in order to avoid insulting re- 
marks, misunderstandings, and a disrupted social status. This is shown by the following quote: 

When you have TB, you are degrading yourself if you tell others [that you have TB]. You 
get a problem. They will use it against you. [. . .] I did not tell anyone in church, because I 
don’t want to destroy my [social] position there (In-depth interview Alex, TB patient). 

 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 155PDF page: 155PDF page: 155PDF page: 155

155 
 

Internalised stigma 

Half of the stigmatised TB patients (50.4%) had internalized the stigmatizing ideas and, 
consequently, they believed that they were less worthy than others. This belief was expressed 
by either fear, shame, hopelessness, guilt and/or a loss of self-esteem. Moreover, 
internalization of devaluating beliefs altered TB patients’ expectations of life. 

I don’t want people to know I have TB. To find a husband is difficult. Who wants to have 
us [herself and her sister]? We have TB, no one will be interested (In-depth interview 
Virginia, TB patient). 
 

Virginia and her divorced sister both suffered from TB and had lost hope to ever get (re) 
married. As they explained elsewhere in the interview, the inability to find a marriage partner 
severely constrained their social and economic prospects and, thereby, the hope of escaping 
the severe poverty in which she, her sister and her three children were living. 

Impact of stigma on the TB program 
 
Processes of stigmatization can lead to denying a positive TB diagnosis, non-disclosure, fear, 
and poor quality of life. Some patients did not want to be seen in the TB corner, were reluctant 
to openly take tablets, and avoided to be associated with the clinic. As a result, stigma led to 
pa- tients’ hospital delay and poor treatment compliance and undermined efforts to screen for 
TB in the households of TB patients. An example hereof was raised during an FGD: 

The nephew of my neighbour got the diagnosis TB at the clinic, this means they will do a 
household screening, but the family refused. The aunt said: “no one can have TB, because 
I believe in God”, even though the nephew is smear-positive. Instead of testing, they do 
nothing. The nephew now has to sleep alone, eat alone and no one talks to him. He is 
taking treatment on his own (TB patient during FGD). 
 

The aunt’s religiously framed argument as to why her nephew could not have a positive TB 
diagnosis shows how stigma can adversely affect a TB control program. Increasingly deprived 
of social support, the nephew was socially excluded, hindering his compliance with treatment 
guidelines. Moreover, since household members believed that God protected them against TB, 
their rejection of TB screening could possibly delay diagnosis and fuel the spread of TB. This 
link between stigmatization and the TB control program is also present when TB patients were 
banished to their relatives’ village: 

I did not finish my treatment, because after the hospital my mother and grandmother 
took me to the farm [in the village]. It was a long distance to the hospital. I ran out of TB 
drugs and I didn't have transport. I couldn't walk and my mother got tired of it. Four years 
later I came from the farm here [at the clinic] (In-depth interview Sarah, TB patient) 
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Sarah’s social position was not only adversely influenced, she was also sent far away by her 
family. This banishment and the inadequate availability or accessibility of TB treatment in the 
villages led to poor treatment compliance and, in Sarah’s case, a sharp decline of her health. 
 
Shortcomings of sensitization programs 
 
During the (structured) interviews and FGDs, the majority of respondents emphasised that 
inadequate biomedical knowledge and existing misconceptions of TB among community-
members were key factors in negative attitudes and behaviour toward TB patients. Some 
respondents educated relatives/neighbours, such as the earlier mentioned Rosemary: 

When I figured out that children in school were told by their parents to keep [their] 
distance from Helen [her daughter], I got mad. I explained all the parents that Helen 
had been on treatment since more than two weeks and that she was not infectious 
anymore. Then the mothers and children apologized. That helped. Now the situation is 
fine (In-depth interview Rosemary, mother of TB patient). 
 

In this case, providing biomedical knowledge reduced fear and stigma. However, not all 
respondents were aware of those misconceptions and/or able to (successfully) confront their 
stigmatizing environment with biomedical information in order to change these attitudes. 
Despite existing sensitization programs, various health care providers and TB patients 
described difficulties in reaching all TB patients and community members, and in making the 
TB-information understandable to patients. 

Stigma can kill a lot of people. [. . .] They are not encouraged to seek health care. [..] 
Sensitiza- tion is working, but it’s a matter of listening. People will hear, but not listen or 
understand. There should be more active sensitization, get them involved, so they listen 
and understand (In-depth interview Alex, TB patient) 
 

Discussion 
 
Based on a mixed methods design, this study aimed at assessing stigma for TB patients in 
Lusaka, Zambia. We focused on TB-related stigmatizing perceptions and attitudes mentioned 
by the TB health care workers and 138 TB patients of the TBAC study including their influence 
on patients' lives and the TB control program. In total, 82% of these patients were affected by 
consequences of stigma. 

Some of the stigma-related TB perceptions found in this study were likewise mentioned in 
studies in other parts of the world: the assumption that TB patients are careless and 
responsible for their own infection [19]; the association of TB with HIV [12] and with immoral 
behaviour [19]; and perceptions that TB is incurable [4] and very infectious throughout the 
treatment trajectory [17]. These perceptions were often associated with patients’ fear of 
disclosure, discrimination, social exclusion, and/or isolation [12,17,19,27]. 
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Within community-level discourses, perceptions of TB were often linked to HIV, a finding that 
coincides with a Zambian study on HIV-TB related stigma [12]. We found that the derogatory 
term Kanayaka, used to warn against contacting with HIV patients [33], was also used for TB 
patients. One Zambian HIV-study briefly referred to the usage of this term for contagious 
disease in general [34] explaining that HIV patients faced an extra dimension of stigma as the 
term additionally symbolised their upcoming and inevitable death. However, we found that 
Kanayaka for TB patients was used in a similar stigmatizing manner, labelling them both as a 
source of infection and as doomed to death. Additionally, TB patients experienced the 
negative attributes of HIV, such as allegations of immoral behaviour. The linking with HIV 
seriously aggravated TB stigma and illustrates that research on TB should not ignore HIV. 
 
In contrast to findings in a Nepalese and a Zambian study [27,35], respondents did not asso- 
ciate TB with poverty or low class. A plausible explanation is the relatively limited socio-eco- 
nomic variation in the studied population. This resonates with World Bank statistics [36] that 
60.5% of the Zambian population lives under the poverty line and a socio-economic case study 
of Lusaka describing that poverty levels are specifically high in slum areas such as Kanyama 
[37]. 
 
Two groups that have proven extra vulnerable were children and women with TB. First of all, 
childhood TB is a recognised, yet under-researched problem [38–40] and studies on children 
and TB-related stigma are scarce [41,42]. Our quantitative data demonstrated that children 
were as vulnerable as adults to suffer from the social consequences of stigma. During 
qualitative data collection, several patients explained that community members generally 
thought children were unable to contract TB. A paradoxical finding was that as a result, TB 
infected children faced an extra dimension of stigma being confronted with misunderstanding 
and uneasiness. 
 
Secondly, quantitative analysis showed that women were significantly more vulnerable to 
stigma than men. Additionally, qualitative analysis showed more women faced stigma, despite 
the higher number of men interviewed. This finding resonates with previous research world-
wide [17,43–45]. Another study conducted in Lusaka describes the vulnerable position of 
female TB patients explaining that this group has more often diagnostic delays because of 
stigma [46]. Moreover, we found that women are often blamed in the local understandings of 
TB transmission, a finding that parallels a study on HIV-related stigma in Zambia [33] in which 
women are blamed for the spread of HIV and more impacted by stigma. Gender inequality 
enhances the vulnerability for stigma and, additionally, leads to different consequences of 
stigma among women and men [33,35,43–45]. Following this argument, the differences in 
stigma be- tween male and female patients reflect gender inequalities in Zambian society 
where, historical- ly, women often have more limited rights and power than men [47–50]. In this 
context, TB- related stigma can be perceived as being rooted in cultural patterns of gender 
inequality. There- fore, we postulate that there is an important link between stigma, gender, 
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and TB perceptions, a connection insufficiently recognised in the literature on TB-related 
stigma as in TB policies. 
 
It is important to fight stigma as its social consequences hinder effective TB control causing 
delayed diagnosis and poor treatment compliance. Consequently, this leads to poor 
treatment outcomes and treatment failure, fuels ongoing transmission, and facilitates the 
emergence of TB drug resistance. Kanyama clinic has acknowledged the importance of 
fighting stigma, and developed several interventions such as a treatment supporter program, 
family and community sensitization, and counselling. However, based on the findings of this 
study these programs are not (yet) functioning optimally. 
 
Many patients reported experienced and/or anticipated stigma. Anticipated stigma should 
be taken as seriously as experienced stigma as it reflects the prevalence of stigmatising 
understandings and practices in the community. Accordingly, respondents mentioned 
repeatedly that community members possessed insufficient (biomedical) knowledge and 
hold TB misconceptions. However, ascribing stigma solely to a knowledge deficit and 
assuming that knowledgeable people will not stigmatize ignores the cultural context with 
deep-seated beliefs [51]. Therefore, instead of simply relaying biomedical knowledge, we 
advocate interactive sensitisation programs at schools and in the community that stimulate 
discussion and raise awareness regarding stigma. In addition, stigma-reducing measures 
should not only be implemented at the TB corner, but across the clinic. 
 
Strikingly, almost one third of patients reported that they never received TB-information, 
notwithstanding the available sensitization programs at the clinic and the skilful, experienced 
staff. This gap was only partially explained by patients who mentioned that they had been 
too ill to pay attention; that educational sessions did not sufficiently capture patients’ 
attention; and that information was often too complicated for patients to comprehend. 
 
Patients’ ignorance regarding TB can be associated with the fact that about half of the 
stigmatized patients had internalized stigmatizing beliefs. They reported shame or self-
exclusion indicating that, notwithstanding education and supervision, they blamed themselves 
for contracting TB and lacked sufficient ability to ignore or resist stigmatizing cultural ideas. To 
diminish internalised stigma, more empowerment of patients with regards to their TB status is 
needed, either through sensitization, counselling, or support groups. For instance, the clinic’s 
current running and successful support groups for TB-HIV co-infected patients should extend 
to all TB patients regardless of their HIV status. 

Lastly, within these programs more attention is needed for the vulnerable position of women 
and children. Since women disproportionally bear the burden of TB stigma in Zambia, they 
urgently need better care. Although gender inequality is influenced by structural patterns that 
cannot be changed easily, it is important to take these factors into consideration. Interventions 
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aimed at combating TB and TB-stigma need to acknowledge that women often have a lower 
social status, insecure economic position, and receive less education. Furthermore, children 
may be even more affected by stigma than adults that calls for interventions specifically 
targeted at this vulnerable group. 

Limitations and strengths 
 
The study was embedded into the larger TBAC-study allowing identifying those 138 patients 
who described positive or negative TB-related perceptions and attitudes for detailed 
assessment. However, it may be that we underestimated the extent of stigma: the structured 
interview questions might have been inadequate to provoke associated answers or shame 
resulting from stigma could have made respondents reluctant to discuss the topics. As we did 
not find major differences in characteristics between the two groups, we consider risk of 
selection bias to be minor. In future research, we suggest that the quantitative component of 
the study should contain more stigma-related questions to allow a focus on the overall study 
group. Additionally, during qualitative research, we found that children and adolescents faced 
an extra dimension of stigma, yet their low representation within the study group impeded 
extensive analysis. Further research is required to study TB-related stigma for this group in 
more detail. Furthermore, the fact that patients referred to rural areas were lost to follow up, 
reflects the poor administration systems in rural clinics. In addition, some patients referred to 
rural clinics' difficult accessibility and availability, calling for a similar research in a rural area. 
Unfortunately, we did not document patients' non-response rate. 
 
The major strength of this study was the mixed methods design enabling triangulation of 
study findings. Quantitative research illustrated how many patients struggled with TB-related 
stigma and identified sex to be significantly associated with stigma. Subsequently, qualitative 
data analysis was conducted to contradict or confirm quantitative outcomes, to explain the 
sta- tistical relationship, and to provide in-depth case illustrations for a comprehensive 
understand- ing of TB-related stigma. 
 
Conclusion 
 
Despite the existence of various programs fighting TB-related stigma in urban Zambia, TB 
patients continue to experience stigma extensively. Prominent findings are the high 
vulnerability of women to stigma, the prevalence of stigma among children, the influence of 
stigma-related issues on the TB control program, and the stigma-provoking misconceptions 
in the community regarding TB transmission, the relation between TB and HIV, and the 
perceived upcoming death of TB patients. We therefore recommend a revision of both the 
content and the implementation of interventions aimed at reducing stigma. 
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Introduction 

The World Health Organization (WHO) estimated that in 2015, there were 1.4 million deaths 
due to tuberculosis (TB) [1]. There were 250,000 deaths due to multidrug-resistant 
tuberculosis (MDR-TB), defined as TB due to a Mycobacterium tuberculosis strain that is 
resistant to at least rifampicin and isoniazid, or due to rifampicin-resistant tuberculosis (RR-
TB) [1]. The emergence of MDR-TB has impacted negatively on the progress so far in global 
TB control [1]. High mortality among HIV-infected patients suffering from multi- and 
extensively drug-resistant tuberculosis M(X)DR-TB have raised concerns about TB control 
programs in sub-Saharan Africa [2–4]. Although a lot of progress has been made in the 
recent past to understand the burden of MDR-TB in sub-Sahara Africa, data are still limited; 
mainly due to limited surveillance systems and diagnostic capacity [4–6]. The region also has 
high rates of HIV prevalence and consequently, high TB/HIV co-infection rates [1, 7]. In 2015, 
WHO estimated that 480,000 people developed MDR-TB but only 37% of these were notified, 
even fewer were started on treatment and the treatment outcomes were poor with only close 
to half of these cases having successful outcomes [1, 8]. One of the reasons for fewer 
patients being started on second-line anti-TB treatment in many parts of the world could be 
due to the centralized approaches in treatment facilities and hence making it difficult for most 
people having access [1]. 

Programmatic management of drug-resistant TB (PMDT) in Zambia started in 2010 [9]. 
Culture and drug susceptibility testing (DST) for first-line anti-TB drugs were started in 1995; 
consequently, MDR-TB patients have been diagnosed in the country for the past 20 years 
[10]. The estimated prevalence of MDR-TB in Zambia is currently at 0.3% in new patients and 
1.8% in previously treated patients [11]. Since 2008, there have been three main culture and 
DST laboratories that diagnose M(X) DR-TB, namely the National TB Reference Laboratory; 
the University Teaching Hospital in Lusaka and the Tropical Diseases Research Centre in 
Ndola [10]. However, only a few patients were started on second-line treatment at the latter 
two hospital facilities in the country. 

To establish a baseline for measuring the impact of the programmatic management of drug-
resistant TB (PMDT) program, we followed up on all the patients who were diagnosed from 
the three reference laboratories with the main objective to determine the outcomes of MDR-
TB patients diagnosed in Zambia from 2012 to 2014 and their survival rate. 

Methods  

Design and population 

This was a cohort study of all MDR-TB patients diagnosed across the country between 1st 
February 2012 and 1st February 2014, by the only three TB laboratories in Zambia that 
performed drug susceptibility testing. All patients recorded as MDR-TB, regardless of site, 
were enrolled in the study, that is, both pulmonary and extra-pulmonary MDR-TB patients. 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 170PDF page: 170PDF page: 170PDF page: 170

170 
 

A central data base was created that contained the demographic variables of these patients, 
the areas and health facilities where they had been referred from, and including their 
residential addresses if available. Normally in routine practice, the results were sent back to 
the referring facility through post mails to the attending clinicians to maintain the patients’ 
records confidential. Between January 2015 and October 2015, the confirmed MDR-TB 
patients by culture and DST (according to the diagnostic register) were traced back to the 
areas where they had been identified as presumptive MDR-TB patients. Research assistants 
in the respective provinces used details and home addresses from the registers to follow up 
the patients. 
 
The national guidelines defined presumptive MDR-TB patients as all previously treated 
patients (re-treatment) or patients who were contacts of MDR-TB patients [9]. 
 
Once the patients had been traced, they were assessed clinically and interviewed. Patients 
who did not provide informed consent or were in prison at the time of the follow-up were 
excluded. In cases where patients were found to have died, the consenting next of kin was 
interviewed. 
 
Patient screening and interviews 
 
A team comprising an interviewer and an assistant data clerk traveled to the respective 
province to trace the patients who were recorded as diagnosed MDR-TB and to determine 
whether results had been obtained or not. This was done by checking the records of the 
clinics that sent the samples for DST to check if the patient had been registered for 
subsequent second- or first-line treatment. The national patient treatment cards, TB treatment 
registers and hospital record cards were reviewed. During the period under review, second-
line treatment was provided at the designated health facilities in accordance with the national 
guidelines. A standardized regimen was used and when indicated an individualized regimen 
was provided. The MDR-TB patients were treated with an initial phase of treatment for a 
minimum of 8 months using injectable kanamycin, levofloxacin, ethionamide, cycloserine and 
pyrazinamide followed by a continuation phase for a minimum of 12 months using, 
levofloxacin, ethionamide, cycloserine and pyrazinamide [9]. Treatment outcomes of patients 
were defined in accordance with the NTP guidelines [9]. 

In case the patient was traced, a standardized structured questionnaire was administered by 
the interviewer after informed consent had been obtained. The questionnaires were designed 
according to different scenarios: (1) if the patient was found to be alive, symptom screening 
was conducted through a standard questionnaire, including history of cough, fever, night 
sweats, chest pain, haemoptysis, weight loss, and previous TB treatment before the recorded 
episode. In addition, sputum was collected and sent for microscopy, culture and DST using 
MGIT or Xpert MTB/RIF at the central reference laboratory according to national guidelines. 
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(2) If the patient was found to be deceased, a verbal autopsy questionnaire was administered 
to an available next-of-kin respondent. Where the patient had died, as much information as 
possible was collected from case notes and interviews with relatives through the use of the 
verbal autopsy tool that was adapted from the World Health Organization/International 
Standard Verbal Autopsy questionnaire [12]. The verbal autopsy tool collected information 
pertaining to previous TB treatment before the recorded episode, history of cough, fever, 
chest pains, haemoptysis, weight loss, and history of other diseases. 

Three attempts of visits were made and if by the third visit the patient was not found or 
confirmed dead, they were considered as lost to follow-up. Patients who were found but for 
whom there was no clinical information available were also excluded. 

Data management and analysis 

The information was entered using double data entry into the MS Excel database and 
analyzed using Stata version 14. Pearson’s Chi square test or Fisher’s Exact tests were used 
to compare categorical variables as appropriate. Censoring for participants who were traced 
took place on the date of the interview. Survival analysis was performed using the Kaplan–
Meier method, while the Log-rank test was used to compare survival rates between groups. 
To identify predictors of mortality among MDR-TB patients, Cox proportional hazards 
regression was used with a backward elimination method for variables with p < 0.2. The 
Akaike and the Bayesian Information criteria methods were used to compare models. A p 
value less than 0.05 was considered statistically significant. 

 
Ethical considerations 

The study was approved by the Tropical Diseases Research Centre Ethics Committee, and 
the authority to conduct research was granted by the Ministry of Health. 

Results 

The cohort comprised 258 patients who were diagnosed with MDR-TB from 1st February 
2012 to 1st of February 2014, from across the ten provinces of the whole country (Fig. 1). 
There were 110 (42.6%) out of 258 patients whose results were received at the referring 
facility and we were able to trace and contact them or next of kin. The results for the other 
148 (57.4%) patients were not found in the health facility records, that is, they were lost 
before treatment initiation. Of the 110 patients who were traced, 71 (64.5%) had been started 
on second-line treatment (and 11 had continued on first-line treatment (10 on Category II and 
1 on Category I). For 28 (25.4%) patients, the treatment regimen was not indicated (Fig. 2). 
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There were 67/110 (60.9%) participants who were alive at the time of the interview. Forty-
three (39.1%) were deceased. Their demographic characteristics are shown in Table 1. 

The median age of the survivors was 36 years (IQR 28–45; range 14–82 years). The majority 
of the patients were male (62.8%) and more than 50% had at least a secondary education, 
although the majority (81.4%) were either unemployed or in informal employment. There were 
39 (58.2%) patients that were HIV positive among the survivors (Table 1). 
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Among the 71 patients who were started on second-line treatment, 12 (16.9%) were recorded 
to be still on treatment at the time of interview; of these, three were found to be still 
bacteriologically positive and the other nine were bacteriologically negative. Twenty-nine 
(40.8%) patients had been declared cured and all were alive. Nine (12.7%) patients were 
recorded as ‘lost to follow-up’; however, one was traced and found alive and bacteriologically 
positive, whereas eight patients were found to be deceased. There were 12 (16.9%) patients 
who according to records were deceased and so was one (0.01%) patient recorded as 
transferred out. Among the 8 (11.3%) patients who were indicated as having stopped 
treatment due to adverse treatment effects, three were found to be alive and five had died. In 
addition, eight of the patients who had no treatment outcome recorded were also found to be 
bacteriologically positive on follow-up tests as shown in Fig. 2. 

The overall survival of MDR-TB patients and the follow-up period was 212 person-years, 
during which 43 MDR-TB patients died, with a survival rate of 20.2 per 100 person-years of 
follow-up. More than 25% had died within 1 year of treatment and there was no difference (p 
= 0.35) in survival rates between patients who were on first-line treatment compared to those 
on MDR therapy (Fig. 3). The HIV co-infected MDR- TB patients’ rate of survival was less 
than their HIV negative counterparts (p = 0.013) as illustrated in Fig. 4. 

Table 2 shows that taking ARVs was associated with an 88% decreased risk of dying 
(adjusted hazard ratio (aHR) 0.12, p = 0.002). Being HIV positive was also associated with a 
decreased risk of dying, after adjusting for the effect of taking ARVs and other risk factors 
(aHR 0.10, p = 0.04). Sex, age, marital status and treatment category were no significant 
predictors of survival in MDR-TB patients. 
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Discussion 

This article underscores the fact that most of the MDR-TB patients diagnosed in Zambia were 
lost to follow-up even before they were started on treatment (Fig. 2). The loss to follow-up of 
more than half of the patients diagnosed with MDR-TB within a couple of years is cause for 
concern. The reason for this situation can be attributed to the fact that the reference 
laboratories from where culture and DST are performed are centralized in Zambia, and yet 
patients or specimens are referred from all over the country; in a country with limited 
resources to maintain and sustain a strong courier system for specimen referral and 
transportation, this poses a huge challenge [10]. In a study from South Africa examining 
reasons for loss to follow-up between time point of diagnosis and referral to a specialized DR-
TB treatment centre, Nkosi and colleagues noted that a significant problem in the control of 
MDR-TB was the loss to follow-up after diagnosis and the delay in patient tracing [13]. There 
is need to strengthen patient flow and referral mechanisms to minimize loss of patients at this 
critical time [14]. Some of the other reasons that have been associated with low rates of 
traceable patients from other studies include; death after diagnosis, unknown addresses or 
inability to be contacted, migration from other provinces, incarceration and belief of being 
cured through other means, including poor health seeking behavior [13–16]. A systemic 
review by MacPherson et al. [17] showed that male sex, old age living in an urban area, 
diagnosis in a hospital or stationary clinic were associated high risk of pre-treatment loss to 
follow-up in most middle and low income countries and the main reason for the low rate of 
traceable patients in sub-Sahara Africa was death, although tracing of patients was sub-
optimal. 

It is well understood that pulmonary MDR-TB or XDRTB can be transmitted just like drug 
susceptible TB and therefore, patients who are not traced and thus not put on treatment 
continue to transmit the disease in the communities [18]. 

Based on WHO recommendations, TB control programs usually report on cohorts of TB 
patients from those who were “enrolled for treatment” for the purposes of recording and 
reporting. Therefore, patients lost to follow-up before starting treatment are usually not 
accounted for. Some studies from across the globe have highlighted the high loss to follow-up 
among MDR-TB patients before initiation of treatment and hence have advocated for more 
careful cohort analysis starting from all diagnosed patients rather than only those who are 
started on treatment [19–21]. This study underscores that need, and calls for similar studies 
to be undertaken in other countries in the region to ascertain the magnitude of the problem. In 
fact, one of the reasons for inadequate access to diagnosis and treatment of MDR-TB in 
many countries is that the network for PMDT is usually too centralized [1]. 

Among the patients who were started on second-line treatment during the 2-year period, 29% 
were found to have died by the time of the interviews, implying that there is an urgent need 
for improvement in patient diagnosis, treatment, and management. This study, however, did 
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not assess all the patients started on treatment in 2012–2014 but rather all patients started on 
treatment among those diagnosed during this period. It is envisaged that such cohort analysis 
is conducted within routine PMDT services. 

There were 258 patients diagnosed during the 2-year period of the study, which was far 
below the expected number of cases according to the estimated prevalence of MDRTB in 
Zambia. The prevalence of 1.1% for MDR-TB in Zambia entails the number of cases per 
annum is expected to be approximately 600 and thus in a 2-year cohort enrolment period, 
close to 1200 patients should have been diagnosed and enrolled for second-line treatment. 
Efforts need to be made to improve on case detection and diagnosis [10, 11]. Although 
Zambia has started the use of new diagnostics and technologies, they need to be scaled-up 
and expanded to improve the status quo; the use of the Xpert MTB/RIF and technologies 
such as the Genotype MTBDRplus assay have shown to improve detection of MDR-TB in 
different settings and hence should be utilized [22–27]. 

Only one patient diagnosed with MDR-TB during the study period was a child less than 15 
years of age, thereby emphasizing the need to improve diagnosis in children as currently 
there is limited diagnostic capacity for childhood TB and MDR-TB [28, 29]. However, the 
other reason could also be that there are fewer children with MDR-TB, although this is 
unlikely given the comparative figures from the surrounding countries [1]. An autopsy study 
conducted in Zambia by Bates et al. showed that childhood TB was missed in a number of 
patients [30]; including some who had rifampicin resistance (RR), and thus it is possible that 
some of these patients could have had MDR-TB 

For those who were started on SLD, the cure rate was 41%; a low treatment success rate 
which is not so different from what was pertaining in the region, especially in South Africa 
[31–33]. 

Unfortunately, there are only a limited number of MDRTB cohorts from Africa that have been 
described [34–36]. However, globally, there were only 52% of MDR-TB patients who were 
successfully treated amongst the patients enrolled on treatment in the 2012 cohort, falling 
short of the 2015 target of 75% or more; implying, therefore, that a lot needs to be done to 
address this challenge [1, 37]. 

Nonetheless, with more efforts the treatment success rate can still be improved, considering 
the fact that 17% of the patients were still on treatment at the end of the study period. For 
instance, Loveday et al. [38] showed in South Africa that employing a community-based 
approach for care was effective in increasing the treatment success rate. A study in Ethiopia 
showed that it was possible to improve outcome of treatment through concerted efforts from 
cooperating partners and national TB programs through various interventions such as training 
volunteers and treatment supporters, regular monthly home visits and monitoring by trained 
staff, provision of food supplements, transportation and accommodation for patients, capacity 



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 180PDF page: 180PDF page: 180PDF page: 180

180 
 

building of staff, strengthening health systems and using a combination of hospital-based 
care and ambulatory care, including management of side effects with ancillary drugs that 
were readily available [39]. Although there are multiple challenges in delivering appropriate 
MDR-TB treatment in the region and the evidence base being limited, some studies 
elsewhere have also shown that addressing the non-adherence issues by MDRTB patients 
through improving health care worker’s attitude towards patients, decentralization of services, 
providing sufficient and timely financial assistance and other enablers may improve treatment 
outcomes [40–43]. 

There were discrepancies between the records at the health facilities and the findings of this 
study for some of the patients which were important to note; for instance, 11% of patients 
who had actually died were recorded as lost to follow-up in the treatment registers. Such 
findings underscore the need to ensure that the PMDT in Zambia is strengthened including 
the reporting and recording. Patient follow-up and tracing of lost to follow-up is cardinal to 
improve case holding and eventually patient outcomes. A substantial proportion of patients 
remained bacteriologically positive, thereby adding to the transmission risk in the population. 

Our study also shows that patients were more likely to die in the intensive phase of treatment 
than during the continuation phase. The reason for this could be due to the fact that patients 
report late for treatment and it may take a long time for them to stabilize, thereby increasing 
their risk to die, especially if they have co-infections with HIV which may complicate the 
outcomes, sometimes due sepsis [44]. The treatment regimen for MDR-TB during this period 
was 6 months of an intensive phase then followed by 18 months of the continuation phase, 
thereby making the whole treatment duration to be not less than 24 months. Although Zambia 
now recommends a 20-month treatment regimen, much shorter regimens as recommended 
by the WHO are advocated for [1, 9]. However, intensified monitoring of patients through a 
strong PMDT and patient support system is cardinal to reduce mortality [45]. In addition, we 
strongly recommend a decentralized system of patient management, while ensuring capacity 
is built at all levels of care. 

MDR-TB patients who were on anti-retroviral therapy were found to have better outcomes 
and survival rates than those who were not on ART; therefore, underscoring the fact that 
ensuring co-infected people to be on treatment is important to reduce morbidity and mortality 
in these patients. There was no difference in survival rates between MDR-TB patients starting 
second-line treatment and those continuing first-line treatments (Fig. 4). However, the 
number of patients on first-line treatment was very small and this may account for this finding. 
We recommend further similar studies with more numbers to explore the actual reasons for 
this, especially that presumptive MDR-TB patients in most times may continue on first-line 
treatment as they wait to be initiated on second-line therapy. 
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The limitation of the study was that only MDR-TB patients were followed up and patients with 
rifampicin resistance were not included and neither were patients with polydrug resistance 
included. There were no XDR-TB cases diagnosed during this period. 

Conclusions 

Our study shows that in Zambia more than half of the patients diagnosed with MDR-TB 
patients are lost to follow-up even before treatment has been instituted; underscoring the fact 
that PMDT needs strengthening. The status quo must be challenged as a matter of urgency 
to improve treatment outcomes of MDR-TB patients in Zambia. 
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General Discussion 
 
The main purpose of this thesis was to define the status quo of the TB situation in Zambia, in 
order to inform policies and strategies that will be essential for improving case detection, 
diagnosis and service delivery, for drug-sensitive and drug-resistant TB, particularly MDR-TB, 
including issues of TB/HIV co-infection. 
  
The first part described the baseline understanding of the state of affairs in relation to 
identifying epidemiological gaps in TB, including childhood TB; TB/HIV and MDR-TB. In 
addition, it discusses and identifies implementation strategies that have worked well, and 
what needs to be improved. It also emphasizes the lack of accurate and reliable data for 
decision-making. Data for this part was collected from existing databases available from 
routine programme reports at the various levels of care, and clinical records from the 
established systems.  
 
The subsequent two parts of the thesis presented findings from cross-sectional studies 
conducted to provide an accurate and clear picture of the burden of disease; that is, TB, 
(M)DR-TB and HIV/TB. A qualitative component of this part enables an understanding of 
people’s perceptions and beliefs regarding TB disease. This part complements the preceding 
section and attempts to fill in the gaps by providing prevalence data from the national TB 
survey and the drug-resistant survey.  
 
The final part of the thesis was a retrospective cohort of patients diagnosed with MDR-TB and 
illustrates the challenges encountered by the health systems in case-holding, and also 
discusses some of the factors associated with attaining favourable outcomes. 
 
Findings 
 
Part I 
 
Background review of TB, TB/HIV and MDR-TB situation 
 
In Chapters 2, 3 and 4, we reviewed routinely collected data and all available programme 
reports. The review presented in Chapter 2 assessed the Zambian National TB and 
HIV⁄AIDS programmes’ scale-up of TB and HIV collaborative activities to see what progress 
had been made towards recommendations by WHO in order to address TB and HIV in order 
to have effective impact in TB control [1]; delineated successes and failures; and identified 
gaps and remaining challenges for the effective integration of TB and HIV national 
programme activities. Tuberculosis case notifications increased with the increase in HIV 
prevalence, and this was shown to be consistent throughout the period of review [2]. This was 
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an important finding to highlight and document, especially because the region has a high 
incidence rate for both TB and HIV [3]. The first TB/HIV collaborative activities in Zambia at 
the programmatic level to be recorded and documented were implemented during the pilot 
study that was commissioned by the World Health Organization (WHO), and referred to as 
ProTest Project. This project was designed to promote testing for HIV in people with TB while 
also encouraging screening for TB in people living with HIV (PLWHA). This was meant to 
improve outcomes for these patients and to provide a comprehensive package of care [4]. 
Interestingly, our findings indicated that although this project was conducted in Zambia (and 
Malawi and South Africa) some time in 1999, and showed that these interventions were 
effective, the National TB Control Programme only adopted this approach in 2005 [5]. Trends 
for the burden of TB presented in Chapter 2 were based on analysis of notification data from 
routine surveillance systems. These were then compared with HIV prevalence trends that 
were determined from analysis of sentinel survey data and available facility-specific data for 
Prevention of Mother to Child Transmission (PMTCT) programmes. Although these data were 
collected from different sources, they were used to give estimates of trends, yielding a similar 
pattern [2]. Unfortunately, there was limited data available to provide accurate estimates of 
the burden of both diseases; this data gap demonstrated the justification for conducting 
cross-sectional surveys to estimate the disease burden. Most of the data was collected from 
the public sector; mainly because the private sector does not normally provide these data to 
the TB or HIV programmes [6]. Generally, this chapter indicated that good progress had been 
made in implementing activities that aim at decreasing mortality due to HIV in TB patients, as 
recommended in the WHO Policy document on TB/HIV collaborative activities [5]. However, 
there was no evidence of any activities targeting TB burden reduction in people living with 
HIV/AIDS (PLWHA) [2]. This finding raises concern because there are more than 1 million 
people infected with HIV in Zambia, and if the TB programme addressed TB in this group it 
would be cardinal for impact. There was no data on MDR-TB and HIV co-infection from 
routinely collected surveillance data. The Chapter highlighted the deficiency of data 
concerning TB in HIV settings and revealed the slow pace at which progress was moving 
pertaining to this issue. The need for improved investment in research towards development 
of better diagnostic tools at point of care than currently available was emphasized. 
Nonetheless, good programmatic practices such as coordination between TB and HIV 
programmes and joint planning showed that service delivery can be improved [2].  
 
Chapter 3 focused on exploring the situation of childhood TB in Zambia and analyzed the 
trends over a period of seven years based on routine surveillance data, programme reports 
and returns. There were no data recorded on HIV co-infection rates in children or MDR-TB 
during the period that was reviewed and reported in this chapter. Children accounted for only 
10% of the total notifications; most of the cases (74%) were from urban areas. Challenges in 
diagnosis were the major reason identified as to why the number notified was low [7]. 
Generally the estimated burden of TB in children is supposed to account for 20-30% of the 
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total TB notifications in the general population [8, 9]. Our findings in this review showed that 
only 2% of smear positive cases were children. Diagnosis of TB in Zambia is mainly through 
smear microcopy and therefore, childhood TB data is not adequately captured. Reporting 
systems are also limited in terms of capturing childhood TB data and hence these findings 
may not reflect the true picture of the burden. This may also be true for other countries in the 
region [10]. Chintu and colleagues [11] showed in an autopsy study conducted in Zambia that 
24% of children who died of respiratory illnesses actually had TB; other studies in the region 
showed similar findings [12, 13]. This chapter also revealed that there were more children 
above 5 years notified than those less than 5 years old; yet, the children under the age of 5 
are more susceptible than older children [14]. The main reason for this discrepancy could be 
the poor diagnostic capacities, especially in sub-Sahara African countries. The chapter mainly 
highlighted the fact that childhood TB is under-reported; diagnosis is a challenge in resource-
limited countries like Zambia and TB/HIV co-infection rates are poorly defined [7]. The 
findings presented in this chapter also indicate that MDR-TB in children and its co-infection 
rates with HIV is not well understood. New and better diagnostic capacity is advocated for in 
order to address the main challenges of childhood TB [15]. 
 
The findings that are reported in Chapter 4 are based on a retrospective review of the 
national TB programme database for TB and drug-resistant TB. An analysis of routine 
surveillance data over a period of more than ten years was conducted with the main data 
sources including TB programme registers from three reference laboratories in Zambia, 
where TB culture and drug susceptibility testing (DST) is performed. Two of these 
laboratories are situated in Lusaka province and the other one is in Copperbelt province. This 
implies that DST for TB in Zambia is centralized [16]. National TB guidelines recommended 
that all retreatment cases for TB, whether relapsed, treatment after failure, treatment and 
default or lost to follow-up should be subjected to culture and DST. However, the guidelines 
did not recommend this for new cases [17]. In this chapter, we reported the proportion of 
cases that were cultured and tested for drug susceptibility to determine the number of drug-
resistant TB cases including the proportion that had MDR-TB and RR-TB. The WHO issued 
guidelines in 2016 to treat RR-TB as MDR-TB and therefore these were important findings to 
quantify the burden [18]. The proportion of re-treatment cases notified over the study period 
from the year 2000 to 2011 was 12.9% of all the cases; translating into 78,639 cases. 
However, out of these only 2,038 (2.6%) underwent DST. This finding not only highlighted 
poor adherence to the guidelines but also the fact that a lot of cases were not appropriately 
diagnosed during this period; underscoring the importance of improving diagnostic capacities. 
Children only accounted for 6% of the total re-treatment cases notified. The total number of 
MDR-TB diagnosed and reported over this period was 446 accounting for 49% of DR-TB 
case from all three laboratories. This proportion could have been higher if more cases had 
been tested. In as much as selection bias could have occurred regarding the methodology 
considering the low numbers, this needed further investigation [16]; and the findings in this 
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chapter formed the background for understanding the missed cases. The WHO estimated in 
2015 that approximately 60% of drug-resistant cases were missed [18]. These findings are 
important because the missed cases had reached the health systems and therefore should 
have provided an opportunity to be tested. The reason this gap existed needed further 
exploration. One reason that could have impacted on the performance in Zambia could have 
been the near-collapse of the national TB control programme in the late 1990s; the 
subsequent years after the re-organization of the programme had health system challenges 
such as inadequately skilled staff, poor recording and reporting systems and lack of quality 
diagnostic capacities accessible at the lowest level of care [19]. Drug-resistance surveys 
conducted during this period indicated the prevalence of MDR-TB in new cases to be 1.8% 
and in retreatment cases to be 2.3 % [20]. Therefore, the expected number of cases should 
be much higher than what was notified. Even before pro-actively watching out for missed 
cases in the general populations, there is a need to strengthen systems to capture the cases 
seeking care in health facilities. The findings also reported no cases of extensively drug-
resistant TB because during the time under review DST to second line anti TB treatment was 
not being conducted at any of the referral laboratories in the country [16]. 
 
The findings of Chapter 4 added to the body of knowledge on drug-resistant TB in Zambia 
and complemented work that was done by others such as Habeenzu at al [21] in prisons, and 
O’Grady et al [22] in a tertiary referral hospital in Zambia.  
 
Part II 
 
Cross Sectional studies and surveys 
 
Chapters 5, 6 and 7 report findings from data collected from cross sectional studies and 
surveys. In Chapter 5, we report findings from the national TB prevalence survey that was 
conducted in 2013-2014. This was a nationwide survey conducted to estimate the prevalence 
of tuberculosis among the adult Zambian population aged 15 years and above. It was a 
cross-sectional population-based survey conducted in 66 clusters from 49 districts in all the 
10 provinces of the country. This provided a representative sample of the general population. 
Electronic systems were employed at all points of data collection; making it the first fully 
digital TB prevalence survey to be conducted in Zambia and the region, rendering data 
quality to be very high. Unlike what is pertaining in the routine TB programme services, 
diagnosis and case definition of TB involved a combination of various methods including AFB 
smear miscroscopy; using digital chest X-rays (CXR); culture methods using mycobacteria 
growth indicator tubes (MGIT); and additionally molecular technology using the Xpert 
MTB/RIF assay. The main findings in this chapter include the fact that the prevalence of TB in 
Zambia was found to be higher than what was previously estimated by the WHO. The survey 
found the prevalence of TB in Zambia in 2013-2014 to be 455/100,000 in the total population 
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(all ages), whereas WHO estimates were around 338/100,000 for the same period, although 
falling within the same confidence interval [23]. In fact bacteriologically confirmed prevalence 
was 638/100 000 population among adults [23]. This finding contributed to the WHO 
classification of Zambia as one of the 30 countries with high TB burden in the world. 
Previously, Zambia was not considered among the 22 high burden countries [24]. The other 
fact that was brought to the fore in this chapter was that the risk of having TB was five times 
higher in HIV-positive than in HIV-negative individuals. Other studies have also shown that 
people living with HIV have higher risk of developing TB than their HIV negative counterparts 
[25-27]. The findings also highlighted that there were non-tuberculous mycobacteria (NTM) 
present in symptomatic presumptive TB cases; emphasizing the fact that reliance on smear 
microscopy for TB diagnosis is problematic [28]. Routine programme settings should 
therefore move away from using smear microscopy for TB diagnosis and employ better 
diagnostic tools such as the Xpert MTB/RIF. Some countries in the region have completely 
replaced microscopes with the Xpert MTB/RIF assays [29]. The findings also indicated that 
the prevalence of TB was higher in urban areas than in rural areas. This has provided an 
understanding of high risk areas and hot spots that should be targeted for implementation of 
control measures and interventions. One example of such areas is the mining province of the 
Copperbelt [30]. 
 
The findings in this chapter also showed that electronic data capture was feasible in a low-
resource country such as Zambia, which can be used to improve surveillance data. The 
chapter provided evidence to advocate for more active case finding interventions. More than 
90% of the TB cases that were reported as having been identified during the survey, had not 
been identified previously; some of them had even sought care at the health facilities and had 
not been diagnosed [23]. This scenario is similar to that reported previously in the findings 
presented in Chapter 4. There is a need for further exploration of reasons for health care 
system failure to establish correct diagnoses in presumptive TB cases presenting to the 
health facilities.  
 
Chapter 5 also reported that close to 49% of TB cases identified in the survey were smear 
negative; naturally, a programmatic approach could have missed such cases. In order for the 
TB control programme to mitigate the TB problem in the country and to meet the targets as 
set up for the Sustainable Development Goals and Stop TB Partnership Targets of 
eliminating TB, better diagnostic tools and methods with high sensitivity and specificity should 
be employed in high burden countries and replace smear microscopy [23, 31].  
 
This chapter presented findings of an attempt to clearly and accurately define the TB 
prevalence rates in Zambia; profiling the areas where the burden is concentrated and 
providing strata in terms of age-groups; most affected population; and the respective 
variations at national and provincial level. 
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Chapter 6 provides the findings to better understand the HIV prevalence rate among TB 
patients. This chapter highlights details of the co-infection rates at the population level as 
determined through the national TB prevalence survey. It reports findings from the first study 
to document the national level prevalence of TB/HIV co-infection in the general population in 
Zambia. To achieve this, all participants in the survey were offered an opportunity to test for 
HIV on an opt-out basis [32]. Patients with TB are often co-infected with HIV especially in 
sub-Sahara African countries like Zambia [33, 34]. In South Africa for instance, in some cases 
the rates were as high as 70%. A cohort of XDR-TB patients had recorded poor outcomes 
with HIV co-infected patients having almost 100% mortality [35, 36]. Understanding the actual 
situation of TB/HIV co-infection at population level is therefore cardinal in order to design 
interventions that are appropriate. 
 
The findings reported in here show that 57% of participants who had TB accepted to be 
tested for HIV; there were 23.8% of these who were co-infected with HIV. The majority of the 
co-infected patients were from urban areas in the Copperbelt and Lusaka provinces [32]. 
Other studies have reported co-infection rates of 60-70% in routine programmatic settings 
[37, 38]. The discrepancy between TB/HIV co-infection rates observed from routine data and 
the rates from the prevalency survey can be partly explained by the fact that notification data 
reflect incidence, while the survey established prevalence, which quantitatively is the product 
of incidence and duration of disease. In addition TB/HIV co-infection rates based on routine 
facility data may have selection bias, as people going to seek care may have a higher 
probability of having HIV infection; especially in sub-Sahara African countries, where 
prevalence of HIV in the general population may also be high [32].   
 
Drug-resistant tuberculosis is retarding the progress in TB control and this is further 
complicated by the HIV epidemic [39-41]. In Chapter 7, findings from the second drug-
resistance survey conducted in Zambia in 2008 are presented. This survey was conducted to 
ascertain whether drug resistance had remained the same since the period of the first survey 
conducted in 2001. Additionally, the survey was to assess the use of a rapid molecular 
method, the Genotype MTBDRplus assay, in conducting TB drug resistance surveys. The 
main findings reported in this chapter were that the prevalence of drug-resistant TB in Zambia 
had remained the same; MDR-TB prevalence in 2001 was reported to have been 1.2% in 
new cases and 1.8% in previously treated cases whereas the prevalence in 2008 was found 
to be zero in new cases and 6.5% in previously treated patients, respectively; there was no 
statistical difference between the findings of the two surveys. The reason for this was 
attributed to a good and sustained TB control programme, especially one that ensured that 
high quality anti-TB drugs were available at all times, and that DOT was routinely practiced 
[19, 42, 43]. Prevalence was lower in new cases, implying that minimal transmission was 
occurring in the general population. Drug susceptibility testing is not routinely conducted for 
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new cases in Zambia and therefore, it was difficult to understand how these finding would 
relate to routine findings. The findings also underscore the need to strengthen routine 
surveillance systems and to employ molecular methods such as the Genotype MTBDRplus in 
order to understand this. Furthermore, genotyping of the MDR-TB strains could provide 
relevant information on what strains are circulating in the population [44-46]. 
 
The chapter also reports that there was no difference between the prevalence of MDR-TB as 
was determined using the MTBDRplus assay in comparison to that determined by the LJ 
method which was the gold standard. Nevertheless, more samples were processed using that 
molecular test than the LJ solid media culture method [43], indicating its better field feasibility 
over standard methods. Chapter 7 provided information on the situation in terms of drug 
resistant TB prevalence in Zambia based on drug resistance surveys (DRS) that were 
conducted in accordance with the WHO guidelines. The DRS normally provide estimates of 
prevalence of DR-TB and are very useful for programmatic purposes. However, the DRS 
have some limitations often due to sample size which are generally too small for comparison 
of geographic regions or sub-populations. Additionally, understanding quickly developing 
trends is sometimes a challenge as the surveys are normally conducted periodically (only 
once every 5-10 years), and therefore strengthening routine surveillance of DR-TB within the 
programmatic systems is important to be able to monitor changes in trends timely. Novel 
molecular tests provide an opportunity and an easier way of strengthening routine 
surveillance of DR-TB in sub-Saharan African countries [47, 48]. 
 
Part III 
 
Studies on Service Delivery Perspective 
 
The studies reported in Chapters 8 and 9 were based on understanding TB service delivery 
from the point of view of communities, patients, and health workers. The findings are from in-
depth interviews and include discussions with affected populations. 
 
In Chapter 8, results are presented from in-depth interviews of participants from the 
population-based national TB prevalence survey conducted in 2013-2014 reported on in 
Chapter 5. This component of the study sought to assess the health seeking behaviour of 
participants who were presumptive TB patients based on symptom screening questionnaire 
responses. Major findings reported in this chapter included the fact that a majority of the 
presumptive TB patients were from rural settings and of the presumptive TB patients who had 
sought care only 28.6% was in the highest 2 wealth quintiles; the HIV positivity rate among 
those tested was 6.2%. The majority of those who indicated to have previously sought care 
had done so by going to a government health facility as their first choice. This held true more 
for rural dwellers than for their urban counterparts [49]. Chongwe and colleagues [6], in a 
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study they conducted to assess public private partnership in Zambia, found that only 47.4% of 
private facilities offered TB services and notified cases to the government. They also noted 
that there were more private facilities in urban areas than in rural areas. This discrepancy 
may explain why there were more urban residents seeking care in private facilities than rural 
residents. Males were also less likely to seek care than females; this counters observations 
that are seen with routine notification data whereby more males are notified than females [19, 
50]. There is need to further explore and investigate the reasons for these disparities. The 
likelihood of having a history of TB treatment was three times higher in people living with HIV 
than those without HIV; clearly underscoring the importance of HIV in influencing the TB 
epidemic in Zambia and other sub-Saharan African countries [51-54]. In addition, the findings 
in this chapter emphasize the fact that there were delays in health seeking behaviour among 
the affected communities. Furthermore, the findings indicate that even those who sought care 
for their symptoms at the health facilities did not get an accurate and appropriate diagnosis as 
they were not tested for TB but were treated for other ailments [49].  
 
These findings highlighted the need for improved behaviour change communication for health 
care providers to improve diagnosis [55, 56]. Further, the findings point to addressing issues 
of stigma as a way to improve patients’ decisions to seek care timely [57-59].  
 
Other findings included the observation that belonging to the highest wealth quintile and 
being educated was associated with having been treated for TB from previous episodes. This 
may be due to the fact that this group is more likely to survive from episodes of TB disease 
because they are likely to have access to health care services and may be more 
knowledgeable on importance of adherence to treatment than those in the lower wealth 
quintile and less educated. Similarly, HIV prevalence was higher among this sub-group, 
underscoring the need for further investment in addressing TB/HIV integrated approaches 
targeting especially this sub-group. The chapter reported findings that underlined the 
importance of addressing both supply and demand side factors for health seeking behaviour 
in Zambia and suggested targeted strategies for those seeking care at health facilities, public 
or private, males, and urban dwellers [49]. 
 
Chapter 9 reported the findings from a study conducted in one of the areas in Lusaka district 
which has one of the highest TB incidence rates in the country [37, 60, 61]. The study was to 
enhance an understanding of TB-related stigmatizing perceptions and to describe TB 
patients’ experiences of stigma to point out recommendations in order to improve policy. This 
study involved structured interviews; in-depth interviews and focus group discussions. 
 
Some of the major findings reported in this chapter included the fact that patients expressed 
various types of stigma in relation to how they perceived TB. Another main finding was that 
patients tended to relate TB disease to HIV infection and hence related TB stigma to HIV 
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stigma. The majority of patients, however, showed an understanding of how TB was 
transmitted and spread, although some showed misconceptions concerning the disease [62]. 
Understanding people’s perception of TB is important in order to devise appropriate 
strategies for control [63-66]. Other findings reported in this chapter included the stigma that 
some patients indicted to have encountered because of suffering from the disease or stigma 
that they anticipated they would experience when diagnosed with the disease. There was 
gender disparity as women tended to bear the burden of stigma more than men [62]. Based 
on the findings reported in this chapter, recommendations were made to address the issue in 
the TB control programme to revise both the content and implementation strategies in order 
to reduce stigma. 
 
Part IV 
 
Cohort Study 
 
This part deals with a cohort study for patients with MDR-TB, an aspect of TB control 
programmes that had not received enough attention in the sub-Sahara Africa due to a 
number of reasons, including, but not limited to, poor diagnostic capacities and inadequately 
skilled and trained human resources. Chapter 10 reports findings from a cohort study of all 
the patients with MDR-TB who were diagnosed in Zambia from the period of 2012 to 2014. 
The cases were diagnosed from the three main facilities in the country, which have the 
capacity to perform culture and drug susceptibility testing (DST) to first line anti-TB drugs. 
The main findings highlight the challenges that Zambia faces in case-holding in relation to 
MDR-TB patients; the difficulties in management of these patients; their survival rate; and 
factors associated with favourable treatment outcomes. Key issues included the fact that of 
all the MDR-TB patients that were diagnosed in the two years under study, only 43% had 
records indicating the name of the health facilities that had reffered the samples to the 
laboratories for testing. The other 57% were lost before treatment was initiated. This finding 
revealed an important health system aspect of the study; namely that in low resource 
countries MDR-TB patients are often lost even before treatment initiation, probably due to the 
centralized nature of diagnostic facilities, poor sample referral systems and inadequate 
tracking systems in routine programmes [67-70]. In addition, the findings reported in the 
chapter were that only 64% of the patients whose records were traced to the referring facility 
were actually started on second-line anti-TB treatment. This again reflected on the challenges 
of the centralized nature of the MDR-TB treatment programme in Zambia. Decentralization of 
these services could lead to more patients accessing treatment, as has been shown in other 
settings [67, 71-73]. The proportion of patients initiated on second-line treatment was small in 
this cohort. Patients started on treatment from earlier cohorts were not included in this study 
and a review of outcomes of all patients initiated on second-line treatment in routine 
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programme setting is recommended. The chapter also reports that 43 out of 110 MDR-TB 
patients were deceased at the time of the study. 
  
This emphasized the importance of early treatment initiation and good patient tracking and 
follow-up programmes.  
 
The findings also reported that MDR-TB patients who were on anti-retroviral therapy had 
better outcomes and survival rates than those who were not on ART. This finding is similar to 
those from other studies that looked at factors associated with good outcomes for patients on 
second line treatment [39, 74-76]. 
 
Conclusions 
 
Global TB control has been threatened by advent of the HIV pandemic and drug resistance; 
however, poverty, and inadequate resources for TB research to develop newer drugs, 
vaccines and better point of care diagnostic tools that are easy to apply have also contributed 
[77,78]. In Zambia, a lot of progress has been made, but there are numerous challenges still 
to be addressed if the TB burden is to be reduced and the disease is to be eliminated 
eventually [2, 19, 50]. 
 
Recommendations and implications for Policy 
 
The findings from all the chapters presented in this thesis have policy implications with regard 
to TB control in Zambia and other countries in sub-Sahara Africa, including:  
 

i. Tuberculosis case finding should be intensified and therefore, investments need to be 
made in order to improve diagnostics, and to ensure the use of new technologies and 
tools. Since smear microscopy has low sensitivity and specificity and considering that 
now, there are better tests to accurately diagnose TB, deliberate policies should be to 
replace sputum microscopy by molecular tests, of which the Xpert MTB/RIF assay is 
one example. In order to detect the missed cases as revealed through the TB 
prevalence survey and as indicated by the World Health Organization, active case 
finding is essential unlike the usual routine passive approach normally applied in TB 
control programmes [23]. Targeting high risk groups and populations, such as, miners 
and mining communities, health workers, prisoners, and refugees with active screening 
activities and using diagnostic tests such as the Xpert MTB/RIF assay may lead to 
more TB cases to be detected [19, 23, 30].  

ii. Childhood TB is under-diagnosed, under-reported and poorly documented in terms of 
treatment outcomes and case management. Policies should be put in place to improve 
this by ensuring child-specific interventions are drawn up and such that childhood TB 
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is specifically addressed. Resources should also be allocated to promote interventions 
that are tailored for TB in children, including improving data capture for monitoring and 
evaluation. There is a need also to strengthen the already recommended WHO 
policies and preventive measures such as isoniazid prophylaxis in children at risk of 
TB, for example, those with smear-positive guardians [2]. Vaccination programmes 
with BCG have also shown to reduce severe TB in infants and hence should be 
continued and maintained [19]. 
 

iii. The high prevalence of HIV in Zambia and the region entails that policies should be 
devised that will ensure that TB programmes are fully integrated with HIV programmes 
while maintaining focus on both diseases. Co-morbidities also important to address, for 
example, TB and diabetes mellitus and other non-communicable diseases. Non-
tuberculous mycobacteria (NTM) infections are important to tackle. More often than 
not, TB control programmes do not treat NTMs, yet this is important because NTMs 
have also been shown to cause morbidity in TB patients as co-infections, while 
sometimes they may be responsible for pathology without MTB co-infections [23, 28]. 

iv. The prevalence of drug-resistant TB including MDR-TB in Zambia has remained low 
over the past decade; however, the low proportion of cases that are diagnosed and 
enrolled on treatment compared to the expected is cause for concern [16, 43]. Policies 
should be put in place to ensure early diagnosis and treatment of drug resistant TB 
cases. Routine surveillance should be enhanced and use of better diagnostic tools 
such as molecular techniques should be employed. There should be a deliberate 
policy that MDR-TB diagnostic and treatment services be decentralized to a certain 
level of care in order to improve diagnosis, treatment, outcomes of patients and 
eventually minimize the risk of transmission within the general population. 
Improvement in referral systems of MDR-TB patients and sample referral to diagnostic 
centres will lead to high treatment success rates. Similarly establishing an electronic 
system for tracking patient information from point of diagnosis to treatment and 
management will be essential to improve outcomes.  
 

v. The data regarding TB, TB/HIV co-infection and MDR-TB all showed that there are 
several shortcomings in the Zambian health system regarding health-seeking 
behaviour that is from both the supply side and the demand side. There were delays in 
health seeking from the patients’ side and for those who sought care there were delays 
in getting a diagnosis. Factors such as stigma, inadequate knowledge and poor 
diagnostic skills could have been the reason for most of these delays. Therefore, 
policies should be refined to address this shortfall if the TB problem has to be tackled 
appropriately. 
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vi. Other modern innovations and technologies for surveillance should be employed within 

TB control programmes such as CAD4TB, a computerized digital X-ray system that 
can be used for screening and aiding in TB diagnosis and of particular promise where 
there is shortage of well trained radiologists. The role of X-rays in TB diagnosis is well 
established [79]. Investing in research and in shorter TB treatment regimens is 
advocated for. TB is considered a disease of poverty and hence addressing the social 
determinants and applying social protection interventions and strategies may assist to 
reduce the burden of disease [37].  
 

Finally, the whole approach and strategy for TB control should be reviewed in view of the new 
ambitious targets of eliminating TB by 2030 as recommended by the Stop TB partnership and 
in line with the SDGs. We have defined the status quo in terms of the TB situation in Zambia; 
assessed way of improving diagnosis, detection and control; therefore, policies should now 
be put in place to challenge the status quo. 
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Summary 
 
The purpose of this thesis was to define the status quo in Zambia, provide a comprehensive 
understanding of the TB situation in the country and create a platform for advocacy to 
challenge the status quo if the SDG targets have to be attained and to eventually eliminate 
TB so that it is no longer a public health problem. 

This thesis therefore reports findings from several complementary studies aiming at defining 
the status quo in terms of the TB, TB/HIV and MDR-TB situation in Zambia; identifying 
pragmatic strategies to reduce the burden and improve service delivery. The studies are 
arranged in four main parts, i.e. the first part of three studies that reviewed routinely available 
data including various other sources and publications to map the current situation and to 
reflect on what was known at the start of the project. The second part is composed of another 
set of three studies that were conducted through cross-sectional surveys, with mainly 
quantitative approaches to define the actual burden of disease and to establish any trends. 
The third part reports findings from two studies that were conducted to obtain in-depth 
understanding of patients’ attitudes, perspectives and interaction with the health care 
services. The fourth and last part reports the results of a cohort study to identify health 
system issues that need to be improved in managing MDR-TB patients.  
 
Chapter 1 is the general introduction to tuberculosis and the TB epidemiology in the world; 
also focusing on the situation in sub-Sahara Africa and in particular paying attention to the 
case of Zambia as an example for the situation in low resource settings with high TB and high 
HIV burden. It summarizes the TB pathophysiology; its interaction with HIV and issues 
pertaining to drug resistant-TB including MDR-TB and childhood TB. It also briefly describes 
what is known in terms of TB diagnostics and treatment, including the recommended 
strategies for control. 
 
Chapter 2 is an assessment and review of the implementation and scale-up of TB/HIV 
collaborative activities and their impact on TB control measure in Zambia over a period of five 
years. It also assessed treatment outcomes of co-infected patients and gender disparities. 
This was the first of such a national level review to be conducted in Zambia. We found that a 
lot of progress had been made in terms of implementation of TB/HIV collaborative activities 
from the TB control programme aspect. However, little progress had been made from the HIV 
side. Whereas more than 80% of TB patients were being tested for HIV and being put on 
appropriate recommended HIV treatment when found to be positive, there was no information 
to indicate that HIV-positive patients were being screened for TB. This underscored the 
importance of integration of services and for more to be done from the HIV programme 
concerning TB interventions. 
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Chapter 3 is a review of childhood TB burden in Zambia and highlights the diagnostic 
challenges faced over the period of five years. This provided the first national picture of TB in 
children as such a study had never been conducted before. It also revealed the lack of a 
good surveillance system regarding childhood TB. There was no information on treatment 
outcomes for children. Similarly, co-infection data with HIV was also limited and there was no 
data available on MDR-TB in children. Most of the findings underscored the need to improve 
TB diagnosis in children and also improvement in information management and case holding. 
 
Chapter 4 is a review of drug-resistant TB trends and situation for a period of 10 years; such 
an analysis had never been done before in Zambia. Surveillance data and programme 
reports available at the Ministry of Health were the source of information. We found that only 
a small proportion of the expected drug-resistant TB cases including MDR-TB were 
diagnosed. The number of previously treated TB cases that were sent to the diagnostic 
laboratories for culture and drug susceptibility testing (DST) was very small compared to the 
number of cases that were routinely notified. Although national guidelines indicated that all re-
treatment cases were supposed to be subjected to culture and DST for first line anti-TB 
drugs, this was not done in most cases. Additionally, only a small proportion of MDR-TB 
patients were eventually initiated on second line anti-TB treatment. Over the 10 year period 
diagnostic capacity had gradually improved, although more still needs to be done. 
 
Chapter 5 reports findings from the first ever national TB prevalence survey conducted in 
Zambia. It was, to our knowledge, also the first fully digital national prevalence survey 
conducted in a low-resource setting anywhere in the world; an important aspect of the 
methodology was the fact that it was feasible to apply this technology in conducting TB 
prevalence surveys in low-resource settings.  The survey showed that the prevalence of TB in 
Zambia was higher than was initially estimated. It also provided information that the 
prevalence of TB was highest on the Copperbelt province and that HIV positive individuals 
were more likely to have TB than HIV negative individuals. The study also showed that there 
was more TB in urban than in rural areas. The survey defined and facilitated the identification 
of TB hotspots in Zambia. 
 
Chapter 6 is a sub-study of the national TB prevalence survey that was conducted to 
determine the TB/HIV co-infection rate at the population level. To achieve this, participants in 
the TB prevalence survey were offered HIV testing on an opt out basis. It was found that the 
TB/HIV co-infection rates at population level was lower than what is normally found in studies 
that are conducted within health facilities. The study also showed that TB co-infection rates 
were higher in the urban than in the rural areas.  
 
Chapter 7 reports results from the second national TB drug resistance survey in Zambia. The 
first national TB drug-resistant survey was conducted in 2001, which was seven years prior to 
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this survey. The findings showed that TB drug resistance rates in Zambia had remained the 
same over the years. Additionally, there was no association between MDR-TB and HIV 
infection. The results using a novel molecular method, the Genotype MTBDRplus assay, 
were similar to those obtained from the LJ solid media culture methods, which was the gold 
standard.  
 
Chapter 8 is a sub-study from the first national TB prevalence survey that assessed the 
health-seeking behaviour of participants from the survey who were either presumptive TB 
patients or confirmed TB patients. To achieve this, participants who met the criteria of 
presumptive TB patients upon screening were subjected to in-depth interviews. The findings 
were that the majority of the participants went to public health facilities as their first choice of 
health care providers. It was also found that a lot of the participants who had TB had actually 
sought care at the health facility at some point, where a TB diagnosis was failed to be 
attempted. 
 
Chapter 9 reports findings from a study that was conducted at one of the health facilities in 
Lusaka that had among the highest TB incident rates in Zambia. The study employed a 
mixed-methods approach to ascertain the TB-related stigma and patients’ perspectives on TB 
disease. It was found that stigma did still exist within the TB control programme interventions 
and people had varying perceptions that required to be addressed. 
 
Chapter 10 is a cohort study of drug-resistant TB patients who were diagnosed at all three 
reference laboratories in Zambia. The study found that a lot of MDR-TB patients are lost to 
follow-up even before second line anti-TB treatment was initiated. It also reported that the 
treatment success rate for those who were enrolled on second-line treatment was less than 
50%, thereby emphasizing the importance of decentralization of both diagnostic and 
treatment services. This study also highlighted health system issues that needed be 
addressed in order to improve programmatic management of drug resistant TB in Zambia. 
 
Chapter 11 discusses the general findings of the various studies in this thesis and provides 
some recommendations and implications for policies concerning the TB, TB/HIV and MDR-
TB control programmes in Zambia. 
 
Zambia, a country in sub-Saharan Africa that has a struggling economy and is faced with one 
of the highest TB/HIV burdens in the world, was the study site for this project; however, 
findings reported here may be similar to what is pertaining to other countries in the region. 
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Samenvatting 

Het doel van dit proefschrift was om de status quo in Zambia vast te stellen, een uitgebreid 
inzicht te krijgen in de tuberculosesituatie in dit land en de basis te leveren voor 
beleidswijzigingen om die status quo te veranderen teneinde de Sustainable Development 
Goals te bereiken en uiteindelijk tuberculose (TB) als gezondheidsprobleem te elimineren. 

Dit proefschrift beschrijft daartoe de resultaten van een aantal complementaire onderzoeken 
gericht op het vaststellen van de huidige situatie in Zambia ten aanzien van TB, TB/HIV en 
meervoudig resistente TB (MDR-TB), en op pragmatische strategieën om de ziektelast terug 
te brengen en het aanbod van daarop gerichte zorg te verbeteren.  De onderzoeken zijn in 
vier delen ingedeeld. Het eerste deel betreft drie studies die de situatie aan begin van het 
promotieproject in kaart te brengen op basis van routine gezondheidszorggegevens en 
diverse andere bronnen en publicaties, en daarop reflecteren. Het tweede deel betreft 
eveneens drie onderzoeken, gebaseerd op dwarsdoorsnedestudies (surveys), met 
hoofdzakelijk kwantitatieve analyses om de wekelijke ziektelast en trends daarin in kaart te 
brengen. Het derde deel betreft twee onderzoeken verricht met als oogmerk een diepgaand 
inzicht te krijgen in de gedragingen en meningen van patiënten, alsmede in hun interacties 
met gezondheidszorgvoorzieningen. Het vierde en laatste deel betreft een onderzoek naar 
tekortkomingen in het gezondheidssysteem met betrekking tot de zorg voor patiënten met 
MDR-TB.  

Hoofdstuk 1 vormt een algehele inleiding op tuberculose en de epidemiologie van TB 
wereldwijd, mede met focus op de situatie in sub-Sahara Afrika, in het bijzonder Zambia als 
voorbeeldcasus voor omstandigheden van beperkte middelen, en hoge ziektelast voor TB en 
HIV. Het geeft een samenvatting van de pathofysiologie van TB, de interactie met HIV en 
kwestie rond resistente tuberculose, waaronder MDR-TB, en pediatrische TB. Het beschrijft 
ook kort de stand van kennis met betrekking tot diagnostiek en behandeling van TB, alsmede 
aanbevolen bestrijdingsstrategieën. 

Hoofdstuk 2 geeft een overzicht en beoordeling van de implementatie en opschaling van 
gezamenlijke programmatische activiteiten gericht op TB/HIV co-infectie en hun impact op de 
bestrijding van TB in Zambia over een periode van vijf jaar. Het evalueerde ook 
behandeluitkomsten en verschillen tussen mannen en vrouwen, en was in Zambia de eerste 
landelijke evaluatie in zijn soort. De evaluatie liet zien dat er veel voortgang was geboekt met 
de implementatie van dergelijke activiteiten van de kant van het TB-bestrijdingsprogramma. 
Er was daarentegen weinig progressie van de kant van het HIV-programma. Terwijl meer dan 
80% van de TB  patiënten getest werden op HIV en, indien positief, startten met de 
aanbevolen antiretrovirale behandeling, bleek er geen informatie te vinden die liet zien dat 
HIV-positieve patiënten werden gescreend op tuberculose. Dit onderstreept het belang van 
integratie van gezondheidszorgvoorzieningen van de noodzaak voor HIV-
bestrijdingsprogramma’s om meer te doen aan op tuberculose gerichte interventies.   
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Hoofdstuk 3 betreft een beoordeling van de ziektelast, in Zambia over een periode van vijf 
jaar, van TB op kinderleeftijd, daarbij wijzend op de diagnostische uitdagingen. Ook dit was 
een eerste landelijk overzicht. Het liet met name het ontbreken zien van een goed 
surveillancesysteem voor pediatrische TB. Er waren geen routinegegevens beschikbaar 
omtrent behandeluitkomsten bij kinderen, gegevens omtrent TB/HIV co-infectie waren 
beperkt en er was geen informatie beschikbaar over het voorkomen van MDR-TB bij 
kinderen. De voornaamste conclusie was dat de diagnostiek van TB op kinderleeftijd dient te 
verbeteren, evenals de beschikbaarheid van gegevens en de retentie in behandeling.     

Hoofdstuk 4 kijkt naar trends in resistentie tuberculose in Zambia over een periode tien jaar; 
ook hier betreft het een eerste landelijk overzicht. Gebruik werd gemaakt van 
surveillancegegevens en TB rapportages van het Zambiaanse Ministerie van 
Volksgezondheid.  Wij stelden vast dat van het aantal verwachte patiënten met resistente TB, 
waaronder MDR-TB, slechts een geringe proportie als zodanig was gediagnosticeerd. Het 
aantal eerder behandelde TB patiënten van wie sputummonsters waren ingestuurd naar 
diagnostische laboratoria voor kweek en gevoeligheidsbepaling was zeer klein ten opzichte 
van het aantal in deze categorie aangegeven patiënten, dit ondanks de landelijke richtlijn dat 
voor alle eerder behandelde TB gevallen een gevoeligheidsbepaling voor eerstelijnsmiddelen 
verricht dient te worden. Bovendien werd slechts een klein deel van de patiënten bij wie 
MDR-TB was vastgesteld gestart op tweedelijnsbehandeling.  Over de evaluatieperiode van 
10 jaar nam de diagnostische capaciteit voor resistente tuberculose in Zambia geleidelijk toe 
doch bleef die te laag.  

In Hoofdstuk 5 worden de resultaten gepresenteerd van de eerste landelijke tuberculose 
prevalentiesurvey in Zambia. Het was naar onze informatie tevens de eerste landelijke 
prevalentiesurvey in een laag-inkomensland waarbij de gegevensverzameling volledig 
digitaal plaatsvond. Een belangrijk resultaat met betrekking tot de methodologie was dat 
digitale gegevensverzameling bij TB prevalentiesurveys ook onder deze omstandigheden 
uitvoerbaar is. De survey toonde aan dat de prevalentie van TB hoger was dan aanvankelijk 
voor Zambia was geschat. De TB prevalentie was het hoogst was in de Copperbelt Province, 
hoger onder HIV-positieve dan onder HIV-negatieve personen en hoger in stedelijke dan in 
rurale gebieden. Ook gaf de survey indicaties voor TB hotspots in Zambia en faciliteerde 
deze de identificatie van dergelijke hotspots. 

Hoofdstuk 6 is een deelstudie van de landelijke TB prevalentiesurvey gericht op het 
vaststellen van de prevalentie van TB/HIV co-infectie op populatieniveau. Voor dit doeleind 
werd deelnemers aan de survey een HIV test aangeboden op basis van opting out. Wij 
vonden dat in de survey de proportie gevonden TB gevallen met HIV infectie lager was dan 
wat doorgaans wordt gerapporteerd onder TB patiënten in klinieken. De proportie HIV co-
infectie in de survey was hoger in stedelijke dan in rurale gebieden.   
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Hoofdstuk 7 geeft de uitkomsten van een landelijke survey naar geneesmiddelenresistentie 
bij TB, de tweede in Zambia verricht. Een eerdere resistentiesurvey was zeven jaar eerder 
gedaan, in 2001. De conclusie is dat de prevalentie van resistentie onder TB  patiënten over 
de jaren constant was gebleven. Er werd geen associatie gevonden tussen TB resistentie en 
TB/HIV co-infectie. Resultaten verkregen met een nieuwe moleculaire resistentiebepaling, de 
Genotype MTBDRplus test, kwamen overeen met die van fenotypische 
gevoeligheidsbepaling op Löwenstein-Jensenmedium, de gouden standaard.   

Hoofdstuk 8 betreft opnieuw een deelstudie van de eerste landelijke TB prevalentiesurvey 
waarin werd onderzocht of en hoe survey deelnemers met TB klachten of aangetoonde 
tuberculose zonder klachten hiervoor medische hulp hadden gezocht. Hiertoe werden 
deelnemers die aan deze criteria voldeden ten tijde van de screening onderworpen aan een 
diepte-interview. De resultaten toonden aan dat aanzienlijk deel van de deelnemers eerder 
wegens deze klachten hulp hadden gezocht maar dat geen pogingen tot diagnostiek waren 
ondernomen. De meerderheid van hen had die hulp gezocht bij een publieke zorgverlener.  

Hoofdstuk 9 presenteert de bevindingen van een studie uitgevoerd bij een kliniek in Lusaka 
met een van de hoogste incidenties van TB aangifte in Zambia. Dit mixed methods 
onderzoek was erop gericht inzicht te krijgen in met tuberculose samenhangend stigma en de 
opvattingen van patiënten over deze ziekte. TB blijkt nog steeds stigma met zich mee te 
brengen, ook binnen het TB bestrijdingsprogramma, en er dient aandacht te komen voor de 
opvattingen onder de bevolking rond TB.  

Hoofdstuk 10 is een cohortonderzoek van patiënten met resistente TB, gediagnosticeerd bij 
de drie TB referentielaboratoria in Zambia. Het toonde aan dat een groot deel van de 
gediagnosticeerde MDR-TB patiënten “kwijt raakten” in het systeem nog voordat 
tweedelijnsbehandeling werd ingesteld. Ook liet het onderzoek onder de patiënten op 
tweedelijnsbehandeling minder dan 50% behandelsucces zien, hetgeen het belang aangeeft 
van decentralisatie van zowel diagnostische als behandelvoorzieningen. Een en ander 
maakte ook duidelijk dat er problemen zijn in het gezondheidszorgsysteem in Zambia die 
dienen te worden aangepakt teneinde de programmatische management van resistente TB te 
verbeteren.     

Hoofdstuk 11 tenslotte bespreekt de algemene bevindingen uit de diverse onderzoeken in dit 
proefschrift, alsmede enkele aanbevelingen en implicaties voor programmatisch beleid rond 
tuberculose, TB/HIV co-infectie en MDR-TB in Zambia. 

Dit proefschrift richtte zich specifiek op Zambia, een land in sub-Sahara Afrika dat worstelt 
met zijn economie en wereldwijd een van de hoogste ziektelasten kent voor TB/HIV co-
infectie. Evenwel komen de bevindingen hier gepresenteerd wellicht overeen met die voor 
andere landen in de regio.  
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EDUCATION/ TRAINING   

INSTITUTION AND LOCATION 
QUALIFICATION 

 

YEAR OF 
COMPLETION FIELD OF STUDY 

 

University of Zambia School of Medicine 

 

University of Zambia School of Medicine 

 

University of Zambia  

 

 

MPH 

 

MB Ch B 

 

BSc HB 

 

2013 

 

1999 

 

1996 

 

Public Health 

 

Medicine; Surgery 

 

Human Biology 

 

Chililabombwe Secondary School 

 

Full 
Certificate 1991 Secondary school 

    

Buseko Primary School Full 
Certificate 1989 Primary school 

    

 

Motivation  

I have more than a decade of experience in public health, infectious diseases and medicine. I 
have contributed significantly to disease surveillance, public health and health system 
strengthening. I also have experience managing multi-sectoral teams. I have worked at all 
levels of care in the public sector from district, provincial and central levels. I have served in 
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different portfolios at lower and senior management levels in the Central Board of Health 
(CBOH), Ministry of Community Development Mother and Child Health (MCDMCH) and 
Ministry of Health. During all these institutional transitions, I have provided leadership during 
the changing work/policy environments. 

As Deputy Director of Disease Surveillance, Control and Research in the Ministry of Health, I 
coordinated various national public health programs including, Communicable Diseases, 
Tuberculosis, HIV, Laboratory, Epidemics preparedness and response as well as Research. 

As National TB, TB/HIV and Leprosy control program manager, I led to the attainment of 85% 
treatment success rate (TSR) TB patients, increased case detection and reduced TB related 
mortality. I led the first WHO 3Is program implementation; introduced programmatic 
management of MDR TB; and spearheaded the introduction of molecular based tests for TB 
diagnosis.   

I have represented the country at national, regional and international levels. I represented the 
country as an expert in TB at amongst others, WHO, SADC, and GFATM meetings. I have a 
passion for capacity building and developed a critical mass of staff; during my tenure, I 
expanded the staff portfolio of the TB unit at national level from 1 to currently 10; expanded 
the provincial TB staff from and ensured availability of TB/HIV coordinators in all the districts. 
I expanded and coordinated the partnership base for TB in Zambia and facilitated the 
formation of technical working groups and TB/HIV coordinating bodies and the various levels.  
I have worked with partners such WHO, Stop TB Partnership, GFATM, USAID/TB CAP/TB 
CARE I, CDC, CIDRZ, ZAMBART, World Bank, JICA, KNCV Tuberculosis Foundation, 
UNZA-UCLMS, SADC Steering Committee on Communicable diseases, Civil Society and 
community based organizations. I set up the Zambian component of the World Bank 
Southern Africa Tuberculosis and Health Systems Support (SATBHSS) project worth USD 
45M. 

 I have been instrumental in resource mobilization for both programming and research; as the 
lead technical person for TB facilitated and coordinated country efforts to raise more than 
USD 100 m grants from GFATM over a ten year period, and facilitated USAID and KNCV 
Tuberculosis Foundation, Netherlands funding projects.  I was Principal Investigator for the 
first ever National TB Prevalence Survey (USD4.6M) and the Drug Resistance surveys. I 
have also led the investigation of social determinants of TB.  I was part of the team that won 
the EDCTP partnership award in 2016 (working with UNZA-UCLMS) for outstanding research 
(Awarded during the 8th annual EDCTP Forum). 

I have published or co-published more than 50 scientific articles in peer reviewed journals.  I 
am a reviewer for proposals and grants for both international NGOs and government 
agencies.  I have experience in grant writing and managing grants as evidenced by the 
various projects I have successfully implemented.  
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Positions and Employment 

July 2016 to Jan 2017: Deputy Director – Disease Surveillance, Control and Research 
(Directorate abolished) 

2005 to 2016 (11 Years): Specialist – TB/Leprosy (National TB Control Program manager) 

2009-2011 (2 Years plus): Acting Deputy Director –Epidemiology and Disease Control 

2003 to 2005: Provincial Health Office, Western Province, Zambia, Provincial TB/ leprosy 
control program manager and HIV/STI/ART coordinator 

2002 to 2005: Lewanika General Hospital and Mongu DHMT, Zambia, General Medical 
Officer 

2000 to 2002: University Teaching Hospital, Lusaka, Department of Medicine, Junior/ Senior 
Resident Medical Officer 

Some International courses 

Implementing AIDS Programs – International Health Programs, Public Health Institute, 
September 2002, California, USA. 

International Tuberculosis Course – International Union Against Tuberculosis and Lung 
Disease, November 2005, Arusha, Tanzania 

Second Global TB/HIV Course for Consultants – World Health Organization, June 2006, 
Sondalo, Italy 

Second MDR TB Training Course for the African Region – World Health Organization, May 
2007, Johannesburg, South Africa 

Scientific Writing Training Course – National Institute for Scientific and Industrial Research, 
August 2008, Lusaka, Zambia 
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Research  Experiences  

CO-PI: Active Detection of Active TB Project (ADAT) 

EUROPE AID PROGRAMME (2007 to July 2012) –programme newer diagnostics for TB.   

CO-PI: TB – HAART Project (2007- 2012) 

WHO/TDR Clinic trial – assessing appropriate time to start ART in TB/HIV co-infected 
patients 

CO-PI: TB NEAT Project (2009 to 2014) 

Evaluation of Gene Xpert MTB/RIF Assay for the diagnosis of TB at of point-of-treatment 
primary care clinics in Africa: A multi-centric randomized controlled trial. 

Co-investigator (Zambia): REMOX study (2005 to 2011) 

Clinical trial of moxifloxacin substitution of INH to reduce the duration of chemotherapy 
(eleven country site partnership)  

Co-Investigator: National TB Drug Resistant Survey (2007-2008) Ministry of Health/ Zambart 
Project 

Conducted second TB drug resistant survey to ascertain the MDR TB burden in the country 
and establish trends in TB drug resistance in Zambia. 

Principal investigator: Evaluation of treatment out-comes for MDR TB patients in Zambia 
(January 2012 – 2014)/ Ministry of Health 

To assess the treatment out-comes of patients diagnosed with drug resistant TB in Zambia 
before implementation of programmatic management of drug resistant TB. 

Principal investigator: National TB Prevalence Survey (August 2013 – December 2014) 

A 4.6million dollar project whose objective is to determine the prevalence and socio-economic 
determinants of TB and TB/HIV in. The study was partly funded with support sourced from 
the Centers for Disease Control and Prevention (CDC) – Zambia, United States Agency for 
International Development (USAID) – Zambia and the Government of Zambia through the 
Ministry of Health. This is the first fully digital survey in the world. 
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Memberships 

International bodies 

Member of the International Union Against Tuberculosis and Lung Disease 

2006 to 2011: Member of the DOTS Expansion Working Group – Core team of the Global 
Stop TB partnership 

2011 to 2012: Member of the Stop TB Partnership Global Task Force on Human Rights for 
TB 

Boards 

Board member for the JATA community TB project 

Board member for Community Based Tuberculosis Action Group (COBTAG) 

Board member for Bwafwano Community treatment Group 

Board member of the Anglican Diocesan standing Committee 

Committee member of the National AIDS Council   

Professional  

Member of the Health Professionals Council of Zambia 

Member of the Zambia Medical Association 

Achievement 

Designed and facilitated the setting up of the regional project involving four Countries 
(Lesotho, Malawi, Mozambique and Zambia), the Southern Africa Tuberculosis and Health 
Systems Support Project for Zambia (SATHSSP), worth USD 45 Million. 

Spearheaded the conducting of the first ever National TB Prevalence survey in Zambia 

Strengthening DOTS implementation and expansion in Zambia especially after the 
programme collapse. Helped to re-organize the whole National TB Control Programme in the 
Country, leading to reduction in TB incidence and the TB related Mortality rate 

Establishment of the National TB/HIV coordinating body and national scale up of TB/HIV 
collaborative activities since 2006 to date and therefore having more than 90% of TB 
patients tested for HIV and provided with a comprehensive care 

Spearheaded the conducting of the second National TB Drug Resistant Survey in 2008 
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Establishment and setting up of Programmatic Management of Drug Resistant TB in Zambia 
in 2010 

Successful with application for the Global Fund to Fight AIDS, Tuberculosis and Malaria 
(GFATM) Grant Round 7 for Tuberculosis worth more than USD 40 Million.  

Managed Global Fund grants for six years, and successfully implemented the programme 
activities. 

Successful with CIDA – KNCV Grant for Tuberculosis 2005 to 2010 

Successfully implemented grants under partner support such as the TB CAP/CARE I grants 
and the CDC grant through cooperative agreements. 

List of Publications  
 

What happened to patients with RMP-resistant/MDR-TB in Zambia reported as lost to 
follow-up from 2011 to 2014? Kasapo CC, Chimzizi R, Simwanza SC, Mzyece J, Chizema 
E, Mariandyshev A, Lee HY, Harries AD, Kapata N. Int J Tuberc Lung Dis. 2017 Aug 
1;21(8):887-893. doi: 10.5588/ijtld.16.0933 

Automatic versus human reading of chest X-rays in the Zambia National Tuberculosis 
Prevalence Survey. Melendez J, Philipsen RHHM, Chanda-Kapata P, Sunkutu V, Kapata N, 
van Ginneken B1. Int J Tuberc Lung Dis. 2017 Aug 1;21(8):880-886. doi: 
10.5588/ijtld.16.0851 

Feasibility of district wide screening of health care workers for tuberculosis in Zambia. 
Verver S, Kapata N, Simpungwe MK, Kaminsa S, Mwale M, Mukwangole C, Sichinga B, 
Ahmedov S, Meis M. BMC Public Health. 2017 Jul 14;18(1):17. doi: 10.1186/s12889-017-
4578-z 

Underutilisation of routinely collected data in the HIV programme in Zambia: a review 
of quantitatively analysed peer-reviewed articles. Munthali T, Musonda P, Mee P, 
Gumede S, Schaap A, Mwinga A, Phiri C, Kapata N, Michelo C, Todd J. Health Res Policy 
Syst. 2017 Jun 13;15(1):51. doi: 10.1186/s12961-017-0221-9. 

Tuberculosis caseload in children with severe acute malnutrition related with high 
hospital based mortality in Lusaka, Zambia. Munthali T, Chabala C, Chama E, Mugode R, 
Kapata N, Musonda P, Michelo C. BMC Res Notes. 2017 Jun 12;10(1):206. doi: 
10.1186/s13104-017-2529-5 

Digital CXR with computer aided diagnosis versus symptom screen to define 
presumptive tuberculosis among household contacts and impact on tuberculosis 
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diagnosis. Muyoyeta M, Kasese NC, Milimo D, Mushanga I, Ndhlovu M, Kapata N, Moyo-
Chilufya M, Ayles H. BMC Infect Dis. 2017 Apr 24;17(1):301. doi: 10.1186/s12879-017-2388-
7 

Performance of the Xpert MTB/RIF assay in the diagnosis of tuberculosis in formalin-
fixed, paraffin-embedded tissues: 

Polepole P, Kabwe M, Kasonde M, Tembo J, Shibemba A, O'Grady J, Kapata N, Zumla A, 
Bates M. Int J Mycobacteriol. 2017 Jan-Mar;6(1):87-93. doi: 10.4103/2212-5531.201892 

Application of highly portable MinION nanopore sequencing technology for the 
monitoring of nosocomial tuberculosis infection: 

Bates M, Polepole P, Kapata N, Loose M, O'Grady J. Int J Mycobacteriol. 2016 Dec;5 Suppl 
1:S24. doi: 10.1016/j.ijmyco.2016.10.035. Epub 2016 Nov 23 

Tuberculosis patients' pre-hospital delay and non-compliance with a longstanding 
DOT programme: a mixed methods study in urban Zambia: 

Cremers AL, Gerrets R, Kapata N, Kabika A, Birnie E, Klipstein-Grobusch K, Grobusch MP. 
BMC Public Health. 2016 Oct 28;16(1):1130 

The prevalence and socio-economic determinants of HIV among teenagers aged 15-18 
years who were participating in a mobile testing population based survey in 2013-2014 
in Zambia: 

Chanda-Kapata P, Klinkenberg E,  Maddox N, Ngosa W, Kapata N. BMC Public Health. 2016 
Aug 15;16:789. doi: 10.1186/s12889-016-3449-3. 

High prevalence of tuberculosis in newly enrolled HIV patients in Zambia: need for 
enhanced screening approach. 

Henostroza G, Harris JB, Chitambi R, Siyambango M, Turnbull ER, Maggard KR, Krüüner 
A, Kapata N, Reid SE. Int J Tuberc Lung Dis. 2016 Aug;20(8):1033-9. doi: 
10.5588/ijtld.15.0651. 

Burden of respiratory tract infections at post mortem in Zambian children: 

Bates M, Shibemba A, Mudenda V, Chimoga C5, Tembo J, Kabwe M, Chilufya M, Hoelscher 
M, Maeurer M, Sinyangwe S, Mwaba P, Kapata N, Zumla A. BMC Med. 2016 Jul 1;14:99. 
doi: 10.1186/s12916-016-0645-z. 

Evaluation of a TB infection control implementation initiative in out-patient HIV clinics 
in Zambia and Botswana. 
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Emerson C, Lipke V, Kapata N, Mwananyambe N, Mwinga A, Garekwe M, Lanje S, Moshe 
Y, Pals SL, Nakashima AK, Miller B. Int J Tuberc Lung Dis. 2016 Jul;20(7):941-7. doi: 
10.5588/ijtld.15.0892 

The role of the law in reducing tuberculosis transmission in Botswana, South Africa 
and Zambia:  

Verani AR, Emerson CN, Lederer P, Lipke G, Kapata N, Lanje S, Peters AC, Zulu I, Marston 
BJ, Miller B. Bull World Health Organ. 2016 Jun 1;94(6):415-23. doi: 10.2471/BLT.15.156927. 
Epub 2015 Feb 12 

Host-directed therapies for infectious diseases: current status, recent progress, and 
future prospects: 

Zumla A, Rao M, Wallis RS, Kaufmann SH, Rustomjee R, Mwaba P, Vilaplana C, Yeboah-
Manu D, Chakaya J, Ippolito G0, Azhar E, Hoelscher M, Maeurer M; Host-Directed Therapies 
Network consortium (N Kapata).  Lancet Infect Dis. 2016 Apr;16(4):e47-63. doi: 
10.1016/S1473-3099(16)00078-5 

The adult prevalence of HIV in Zambia: results from a population based mobile testing 
survey conducted in 2013-2014: 

Chanda-Kapata P, Kapata N, Klinkenberg E, William N, Mazyanga L, Musukwa K, Kawesha 
EC, Masiye F, Mwaba P. AIDS Res Ther. 2016 Jan 19;13:4. doi: 10.1186/s12981-015-0088-
1. eCollection 2016. 

Non-tuberculous mycobacteria (NTM) in Zambia: prevalence, clinical, radiological and 
microbiological characteristics: 

Chanda-Kapata P, Kapata N, Klinkenberg E, Mulenga L, Tembo M, Katemangwe P, Sunkutu 
V, Mwaba P, Grobusch MP. BMC Infect Dis. 2015 Nov 6;15:500. doi: 10.1186/s12879-015-
1264-6. 

Genomic research in Zambia: confronting the ethics, policy and regulatory frontiers in 
the 21st Century: 

Chanda-Kapata P, Kapata N, Moraes AN, Chongwe G, Munthali J. Health Res Policy Syst. 
2015 Oct 29;13:60. doi: 10.1186/s12961-015-0053-4. 

Perspectives on Advances in Tuberculosis Diagnostics, Drugs, and Vaccines: 

Schito M, Migliori GB, Fletcher HA, McNerney R, Centis R, D'Ambrosio L, Bates M, Kibiki G, 
Kapata N, Corrah T, Bomanji J, Vilaplana C, Johnson D, Mwaba P, Maeurer M, Zumla A. 
Clin Infect Dis. 2015 Oct 15;61Suppl 3:S102-18. doi: 10.1093/cid/civ609. 
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A survey to assess the extent of public-private mix DOTS in the management of 
tuberculosis in Zambia: 

Chongwe G, Kapata N, Maboshe M, Michelo C, Babaniyi O. Afr J Prim Health Care Fam 
Med. 2015 Mar 27;7(1). doi: 10.4102/phcfm.v7i1.692. 

Host-Directed Therapies for Tackling Multi-Drug Resistant Tuberculosis: Learning 
From the Pasteur-Bechamp Debates: 

Zumla A, Maeurer M; Host-Directed Therapies Network (HDT-NET) Consortium. Clin Infect 
Dis. 2015 Nov 1;61(9):1432-8. doi: 10.1093/cid/civ631. Epub 2015 Jul 28. 

Towards host-directed therapies for tuberculosis: 

Zumla A, Maeurer M; Host-Directed Therapies Network, Chakaya J, Hoelscher M, Ntoumi F, 
Rustomjee R, Vilaplana C, Yeboah-Manu D, Rasolof V, Munderi P, Singh N, Aklillu E, 
Padayatchi N, Macete E, Kapata N, Mulenga M, Kibiki G, Mfinanga S, Nyirenda T, Maboko L, 
Garcia-Basteiro A, Rakotosamimanana N, Bates M, Mwaba P, Reither K, Gagneux S, 
Edwards S, Mfinanga E, Abdulla S, Cardona PJ, Russell JB, Gant V, Noursadeghi M, 
Elkington P, Bonnet M, Menendez C, Dieye TN, Diarra B, Maiga A, Aseffa A, Parida S, Wejse 
C, Petersen E, Kaleebu P, Oliver M, Craig G, Corrah T, Tientcheu L, Antonio M, Rao M, 
McHugh TD, Sheikh A, Ippolito G, Ramjee G, Kaufmann SH, Churchyard G, Steyn A, 
Grobusch M, Sanne I, Martinson N, Madansein R, Wilkinson RJ, Mayosi B, Schito M, Wallis 
RS. Nat Rev Drug Discov. 2015 Aug;14(8):511-2. doi: 10.1038/nrd4696. Epub 2015 Jul 17. 

Implementation Research to Inform the Use of Xpert MTB/RIF in Primary Health Care 
Facilities in High TB and HIV Settings in Resource Constrained Settings: 

Muyoyeta M, Moyo M, Kasese N, Ndhlovu M, Milimo D, Mwanza W, Kapata N, Schaap A, 
Godfrey Faussett P, Ayles H. PLoS One. 2015 Jun 1;10(6):e0126376. doi: 
10.1371/journal.pone.0126376. eCollection 2015. 

Screening for tuberculosis and testing for human immunodeficiency virus in Zambian 
prisons : Maggard KR, Hatwiinda S, Harris JB, Phiri W, Krüüner A, Kaunda K, Topp SM, 
Kapata N, Ayles H, Chileshe C, Henostroza G, Reid SE. Bull World Health Organ. 2015 Feb 
1;93(2):93-101. doi: 10.2471/BLT.14.135285. 

Perspectives on tuberculosis in pregnancy: 

Bates M, Ahmed Y, Kapata N, Maeurer M, Mwaba P, Zumla A. Int J Infect Dis. 2015 
Mar;32:124-7. doi: 10.1016/j.ijid.2014.12.014.  

Tuberculosis treatment and management--an update on treatment regimens, trials, new 
drugs, and adjunct therapies: 
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Zumla A, Chakaya J, Centis R, D'Ambrosio L, Mwaba P, Bates M, Kapata N, Nyirenda T, 
Chanda D, Mfinanga S, Hoelscher M, Maeurer M, Migliori GB. Lancet Respir Med. 2015 
Mar;3(3):220-34. doi: 10.1016/S2213-2600(15)00063-6. Epub 2015 Mar 9. 

Burden of tuberculosis at post mortem in inpatients at a tertiary referral centre in sub-
Saharan Africa: a prospective descriptive autopsy study: 

Bates M, Mudenda V, Shibemba A, Kaluwaji J, Tembo J, Kabwe M, Chimoga C, Chilukutu L, 
Chilufya M, Kapata N, Hoelscher M, Maeurer M, Mwaba P, Zumla A. Lancet Infect Dis. 2015 
May;15(5):544-51. doi: 10.1016/S1473-3099(15)70058-7. Epub 2015 Mar 10. 

Integrating active tuberculosis case finding in antenatal services in Zambia:  

Kancheya N, Luhanga D, Harris JB, Morse J, Kapata N, Bweupe M, Henostroza G, Reid SE. 
Int J Tuberc Lung Dis. 2014 Dec;18(12):1466-72. doi: 10.5588/ijtld.14.0920. 

Early versus delayed initiation of highly active antiretroviral therapy for HIV-positive 
adults with newly diagnosed pulmonary tuberculosis (TB-HAART): a prospective, 
international, randomised, placebo-controlled trial.; Mfinanga SG, Kirenga BJ, Chanda DM, 
Mutayoba B, Mthiyane T, Yimer G, Ezechi O, Connolly C, Kapotwe V, Muwonge C, Massaga 
J, Sinkala E, Kohi W, Lyantumba L, Nyakoojo G, Luwaga H, Doulla B, Mzyece J, Kapata N, 
Vahedi M, Mwaba P, Egwaga S, Adatu F, Pym A, Joloba M, Rustomjee R, Zumla A, 
Onyebujoh P.;Lancet Infect Dis. 2014 May 2. pii: S1473-3099(14)70733-9. doi: 
10.1016/S1473-3099(14)70733-9. [Epub ahead of print] 

The Sensitivity and Specificity of Using a Computer Aided Diagnosis Program for 
Automatically Scoring Chest X-Rays of Presumptive TB Patients Compared with Xpert 
MTB/RIF in Lusaka Zambia.; Muyoyeta M, Maduskar P, Moyo M, Kasese N, Milimo D, 
Spooner R, Kapata N, Hogeweg L, van Ginneken B, Ayles H.; PLoS One. 2014 Apr 
4;9(4):e93757. doi: 10.1371/journal.pone.0093757. eCollection 2014. 

TB and HIV in the Central African region: current knowledge and knowledge gaps.; 
Janssen S, Huson MA, Bélard S, Stolp S, Kapata N, Bates M, van Vugt M, Grobusch MP.; 
Infection. 2014 Apr;42(2):281-94. doi: 10.1007/s15010-013-0568-y. Epub 2013 Dec 6. 

The high burden of tuberculosis (TB) and human immunodeficiency virus (HIV) in a 
large Zambian prison: a public health alert.; Henostroza G, Topp SM, Hatwiinda S, 
Maggard KR, Phiri W, Harris JB, Krüüner A, Kapata N, Ayles H, Chileshe C, Reid SE.; PLoS 
One. 2013 Aug 14;8(8):e67338. doi: 10.1371/journal.pone.0067338. eCollection 2013. 

Use of the Xpert(®) MTB/RIF assay for diagnosing pulmonary tuberculosis comorbidity 
and multidrug-resistant TB in obstetrics and gynaecology inpatient wards at the 
University Teaching Hospital, Lusaka, Zambia.; Bates M, Ahmed Y, Chilukutu L, Tembo J, 
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Cheelo B, Sinyangwe S, Kapata N, Maeurer M, O'Grady J, Mwaba P, Zumla A.; Trop Med Int 
Health. 2013 Sep;18(9):1134-40. doi: 10.1111/tmi.12145. Epub 2013 Jul 3. 

Advances in tuberculosis diagnostics: the Xpert MTB/RIF assay and future prospects 
for a point-of-care test.; Lawn SD, Mwaba P, Bates M, Piatek A, Alexander H, Marais BJ, 
Cuevas LE, McHugh TD, Zijenah L, Kapata N, Abubakar I, McNerney R, Hoelscher M, 
Memish ZA, Migliori GB, Kim P, Maeurer M, Schito M, Zumla A. Lancet Infect Dis. 2013 
Apr;13(4):349-61. doi: 10.1016/S1473-3099(13)70008-2. Epub 2013 Mar 24. Review. 

Assessment of the Xpert MTB/RIF assay for diagnosis of tuberculosis with gastric 
lavage aspirates in children in sub-Saharan Africa: a prospective descriptive study.; 
Bates M, O'Grady J, Maeurer M, Tembo J, Chilukutu L, Chabala C, Kasonde R, Mulota P, 
Mzyece J, Chomba M, Mukonda L, Mumba M, Kapata N, Rachow A, Clowes P, Hoelscher M, 
Mwaba P, Zumla A.; Lancet Infect Dis. 2013 Jan;13(1):36-42. doi: 10.1016/S1473-
3099(12)70245-1. Epub 2012 Nov 5. 

Evaluation of the burden of unsuspected pulmonary tuberculosis and co-morbidity 
with non-communicable diseases in sputum producing adult inpatients.; Bates M, 
O'Grady J, Mwaba P, Chilukutu L, Mzyece J, Cheelo B, Chilufya M, Mukonda L, Mumba M, 
Tembo J, Chomba M, Kapata N, Rachow A, Clowes P, Maeurer M, Hoelscher M, Zumla A.; 
PLoS One. 2012;7(7):e40774. doi: 10.1371/journal.pone.0040774. Epub 2012 Jul 27. 

Leprosy trends in Zambia 1991-2009.; Kapata N, Chanda-Kapata P, Grobusch MP, 
O'Grady J, Bates M, Mwaba P, Zumla A.; Trop Med Int Health. 2012 Oct;17(10):1289-93. doi: 
10.1111/j.1365-3156.2012.03050.x. Epub 2012 Jul 29. 

Evaluation of the Xpert MTB/RIF assay at a tertiary care referral hospital in a setting 
where tuberculosis and HIV infection are highly endemic.; O'Grady J, Bates M, Chilukutu 
L, Mzyece J, Cheelo B, Chilufya M, Mukonda L, Mumba M, Tembo J, Chomba M, Kapata N, 
Maeurer M, Rachow A, Clowes P, Hoelscher M, Mwaba P, Zumla A.; Clin Infect Dis. 2012 
Nov;55(9):1171-8. doi: 10.1093/cid/cis631. Epub 2012 Jul 17. Erratum in: Clin Infect Dis. 
2013 Jan;56(2):313.  

Tuberculosis and tuberculosis/HIV/AIDS-associated mortality in Africa: the urgent 
need to expand and invest in routine and research autopsies.; Mudenda V, Lucas S, 
Shibemba A, O'Grady J, Bates M, Kapata N, Schwank S, Mwaba P, Atun R, Hoelscher M, 
Maeurer M, Zumla A.; J Infect Dis. 2012 May 15;205 Suppl 2:S340-6. doi: 
10.1093/infdis/jir859. Epub 2012 Mar 22. 

Tuberculosis and HIV control in sub-Saharan African prisons: "thinking outside the 
prison cell".; Reid SE, Topp SM, Turnbull ER, Hatwiinda S, Harris JB, Maggard KR, Roberts 
ST, Krüüner A, Morse JC, Kapata N, Chisela C, Henostroza G.; J Infect Dis. 2012 May 
15;205 Suppl 2:S265-73. doi: 10.1093/infdis/jis029. Epub 2012 Mar 22. 
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An evaluation of the performance and acceptability of three LED fluorescent 
microscopes in Zambia: lessons learnt for scale-up.; Turnbull ER, Kaunda K, Harris JB, 
Kapata N, Muvwimi MW, Kruuner A, Henostroza G, Reid SE.; PLoS One. 
2011;6(11):e27125. doi: 10.1371/journal.pone.0027125. Epub 2011 Nov 4. 

Tuberculosis in prisons: anatomy of global neglect.; O'Grady J, Maeurer M, Atun R, 
Abubakar I, Mwaba P, Bates M, Kapata N, Ferrara G, Hoelscher M, Zumla A.; Eur Respir J. 
2011 Oct;38(4):752-4. doi: 10.1183/09031936.00041211. No abstract available.  

Trends of Zambia's tuberculosis burden over the past two decades.; Kapata N, Chanda-
Kapata P, O'Grady J, Schwank S, Bates M, Mukonka V, Zumla A, Mwaba P.; Trop Med Int 
Health. 2011 Nov;16(11):1404-9. doi: 10.1111/j.1365-3156.2011.02849.x. Epub 2011 Jul 29. 

Tuberculosis in prisons in sub-Saharan Africa--a potential time bomb.; O'Grady J, 
Mwaba P, Bates M, Kapata N, Zumla A.; S Afr Med J. 2011 Feb;101(2):107-8. No abstract 
available.  

Achieving STOP TB Partnership goals: perspectives on development of new 
diagnostics, drugs and vaccines for tuberculosis.; Mwaba P, McNerney R, Grobusch MP, 
O'Grady J, Bates M, Kapata N, Maeurer M, Zumla A.; Trop Med Int Health. 2011 
Jul;16(7):819-27. doi: 10.1111/j.1365-3156.2011.02777.x. Epub 2011 Apr 13. 

New and improved diagnostics for detection of drug-resistant pulmonary 
tuberculosis.; O'Grady J, Maeurer M, Mwaba P, Kapata N, Bates M, Hoelscher M, Zumla 
A.; Curr Opin Pulm Med. 2011 May;17(3):134-41. doi: 10.1097/MCP.0b013e3283452346. 
Review. 

Tuberculosis in prisons in sub-Saharan Africa--the need for improved health services, 
surveillance and control.; O'Grady J, Hoelscher M, Atun R, Bates M, Mwaba P, Kapata N, 
Ferrara G, Maeurer M, Zumla A.; Tuberculosis (Edinb). 2011 Mar;91(2):173-8. doi: 
10.1016/j.tube.2010.12.002. Epub 2011 Jan 20. Review. 

Management of pulmonary tuberculosis patients in an urban setting in Zambia: a 
patient's perspective.; Mulenga C, Mwakazanga D, Vereecken K, Khondowe S, Kapata N, 
Shamputa IC, Meulemans H, Rigouts L.; BMC Public Health. 2010 Dec 7;10:756. doi: 
10.1186/1471-2458-10-756. 

Diversity of Mycobacterium tuberculosis genotypes circulating in Ndola, Zambia.; 
Mulenga C, Shamputa IC, Mwakazanga D, Kapata N, Portaels F, Rigouts L.; BMC Infect Dis. 
2010 Jun 17;10:177. doi: 10.1186/1471-2334-10-177. 

Research capacity strengthening in African countries.; Mwaba P, Bates M, Green C, 
Kapata N, Zumla A.; Lancet. 2010 May 29;375(9729):1874. doi: 10.1016/S0140-
6736(10)60874-4. No abstract available.  



519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata519594-L-bw-kapata
Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018Processed on: 23-5-2018 PDF page: 228PDF page: 228PDF page: 228PDF page: 228

228 
 

Trials and tribulations of an African-led research and capacity development 
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