DCP-2

10. TUBERCULOSIS

Christopher Dye, Katherine Floyd…..

World Health Organization, Geneva

Section 1.   The Nature, Causes and Burden of Tuberculosis 

1.1 Causes and characteristics of tuberculosis

Human tuberculosis is caused by infection with mycobacteria, principally Mycobacterium tuberculosis. Individuals with pulmonary or laryngeal tuberculosis produce airborne droplet nuclei 1-5 (m in size while coughing, sneezing, singing or talking.1-3 The infectious droplets are inhaled and lodge in the alveoli in the distal airways. The bacilli are then taken up by alveolar macrophages, initiating a cascade of events that results either in successful containment of the infection or progression to active disease (progressive primary tuberculosis). In most infected persons, cell-mediated immunity develops 2-8 weeks after infection, and granulomas limit further replication and spread of the organism.4 Active disease results when the host immune response cannot suppress the replication of bacilli. 

The most common clinical manifestation of tuberculosis is pulmonary disease and, in the more infectious patients, bacilli can be seen microscopically on stained sputum smears.  Extrapulmonary tuberculosis accounts for approximately 20% of disease in HIV-uninfected persons, but is more common in HIV-positives.5 Among persons not infected with HIV, extrapulmonary disease, particularly lymphatic tuberculosis, is more common in women and young children.6,7 

As a  rule of thumb, untreated sputum smear-positive cases infect about 10 other individuals each year, as determined by tuberculin skin testing 8. For a prevalence of smear-positive disease of 0.1% (i.e.100/100,000, a little less than the estimated global average of 122/100,000) this average contact rate would generate a annual risk of infection of 1%. Only about 5% of infected individuals (in the absence of other predisposing conditions) develop “progressive primary” disease following infection; the proportion is lower in children and higher in adults 9-11. The progression time is slow, averaging 3-4 years 12. After five years there is a low annual risk of developing TB by “reactivation” of infection that is then said to be “latent”. Whether latent bacteria remain viable for the full life-span of all infected people is unknown, but the risk of reactivation certainly persists into old age for many. 

The risk of progressing to active disease is generally low in children, increases quickly during adolescence, and then more slowly throughout adulthood. Although the risk of developing active disease varies according to time since infection, age, and host immunity, it is estimated that the lifetime risk of disease for a newly-infected young child is 10%, with approximately half of that risk occurring in the first 2 years after infection.11,13   
Besides the strong innate resistance to developing disease, infection is associated with an acquired immune response, though this is only partially protective 9,10,14, signalling the problem of developing an effective vaccine 15-17. Consequently, infected persons living in an endemic area are at risk of TB following reinfection. The importance of reinfection remains controversial in the minds of some, but the decline of TB in Europe cannot easily be explained without it 10,18, and molecular fingerprinting is producing a catalogue of increasingly persuasive examples 19-21. The lifetime risk of developing TB following infection clearly depends on ambient transmission rates; it has been calculated at 12% for all forms of pulmonary disease in England and Wales during the second half of the 20th century 22. Styblo found empirically that the incidence of smear-positive disease increased by about 50/100,000/year for every 1% increase in the annual risk of infection 23, a result that is supported by retrospective analysis of survey data from India 24, and which can be re-created with mathematical models when TB is stably endemic and unaffected by HIV 18.

The low incidence of infection and the low probability of breakdown to disease explain why TB is relatively rare. Its importance among infectious diseases is attributable to the high case fatality rate among untreated or improperly treated cases. About two-thirds of untreated smear-positive cases will die within 5-8 years, the majority within the first two years 8. The rest will either remain chronically ill, or self-cure. The case fatality rate for untreated smear-negative cases is lower, but still of the order 10-15% 7,25. Even among smear-positive patients receiving anti-tuberculosis drugs, the case fatality rate can exceed 10% if adherence is low, or if rates of HIV infection and drug resistance are high 26.

The longer-term consequences of this host-pathogen relationship can be explored with simple mathematical model. Individuals in a population are assigned to mutually exclusive states of infection and disease, and the natural history quantified above specifies the rates of flow between states. All such models of M. tuberculosis generate slow epidemics which peak after several decades at an incidence rate that is typically below 1% 18,27-29. 

The early growth rate of the epidemic is governed by the basic case reproduction number, R0, the average number of secondary infectious cases generated when one infectious case is introduced into an uninfected population. For an infection to spread, R0  must exceed 1. Because active TB can arise via three different routes, and typically with a considerable time delay after infection, it is not straightforward to calculate an exact value of R0 30. However, rough estimates of R0 for TB are relatively low among infectious diseases, of the order of 2 in untreated populations 31. For R0 = 2, the expected doubling time of an epidemic in its early stages is the same as the M. tuberculosis generation time of 4-5 years.

1.2 Genetic, environmental and other risk factors 

A small selection of risk factors is given in Table X, classified in terms of the M. tuberculosis life cycle rather than the scale on which they act. Some are obvious, though the magnitude of the risk may not be. Unsurprisingly, sharing a house with a TB patient, a shelter for the homeless, or a hospital ward, increases the risk of transmission. A more subtle question is whether HIV-infected TB patients are just as infectious as those uninfected with HIV. Other environmental determinants of disease and its outcome include physiological factors (body weight), the behavioral response to treatment (adherence to a drug regimen), and the characteristics of the pathogen (antibiotic resistance).

HIV co-infection dramatically increases the risk of disease following primary infection, and reactivates latent infection. For example, in three studies that compared HIV-infected and uninfected individuals, the average relative risk of developing TB was 28 over 25 months 5. The risk associated with HIV infection increases as immunity is progressively impaired 32-35. Other factors known to enhance the risk of TB include diabetes, silicosis, malnutrition, and the smoke from domestic stoves and cigarettes, but HIV infection is massively more detrimental than all of these. 

Besides environmental factors and concomitant illness, infection and the progression to active TB are also under human genetic control. It is well-known that TB runs in families, but this observation on its own confounds genes and transmission. The mechanisms of innate immunity so far discovered by more discerning methods (there are doubtless many others) include class I HLA determined recognition of mycobacterial antigen, activation of macrophages by cytokines and vitamin D, granuloma formation, and apoptosis of bacteria infected cells.36,37 Protection against tuberculous meningitis has been associated with certain variants of collectin molecules, and proinflammatory interleukin-1 haplotypes are over-represented in some groups of patients with tuberculous pleurisy.38 The genetic polymorphisms associated with these conditions produce various clinical outcomes because phenotypes are typically determined by the interactions between genes and their environment.39
Several studies have suggested that some patients may have a genetic predisposition to tuberculosis.  This has been noted in studies among monozygotic and dizygotic twins40  and in an assessment of tuberculosis risk according to ancestral history.41  Population-based studies have found an association between tuberculosis and some HLA alleles, as well as polymorphisms in the genes for NRAMP1, the vitamin D receptor, and interleukin-1.37,42-46 Although the functional importance of most of these polymorphisms is unclear, NRAMP1 polymorphisms may influence tuberculosis susceptibility by regulation of interleukin-10.47 Associations between genetic polymorphisms and tuberculosis susceptibility differ according to ethnicity,48 but the extent to which genetic polymorphisms contribute to the global tuberculosis burden is unclear because of the great difficulty of separating lifelong environmental influences from genetic predisposition.

1.3 Age, Geographical and Gender Burden:  Mortality & R-DALYs

Tuberculosis is the world’s second leading cause of death due to an infectious disease, after HIV/AIDS.  There were an estimated 8-9 million new cases of tuberculosis in 2000, fewer than half of which were reported; 3-4 million cases were sputum smear-positive, the most infectious form of the disease.49  Most cases (5-6 million) are in adults 15-49 years old.  Sub-Saharan Africa has the highest incidence rate (290 per 100,000 population), but the most populous countries of Asia harbor the largest number of cases: India, China, Indonesia, Bangladesh and Pakistan together account for more than half the global burden. Eighty percent of new cases occur in 22 high-burden countries.

Cases and deaths by age and sex.

The global tuberculosis caseload appears to be growing slowly.  Case numbers have declined more or less steadily in West and Central Europe, the Americas, and the Middle East. In contrast, there have been striking increases in countries of the former Soviet Union and in sub-Saharan Africa. 

Tuberculosis has increased in the former Soviet Union because of economic decline and the general failure of tuberculosis control and other health services since 1991.50  Based on periodic surveys, more than 10% of new tuberculosis cases in Estonia, Latvia and some parts of Russia are multidrug-resistant (MDR), i.e., resistant to at least isoniazid and rifampicin, the two most effective anti-tuberculosis drugs.51  Resistance is a by-product of tuberculosis resurgence in these countries, not the primary cause of it.

HIV infection accounts for much of the recent increase in global tuberculosis burden.49 Globally, it is estimated that 11% of new adult tuberculosis cases in 2000 were infected with HIV, but with marked variations between regions: from 38% in sub-Saharan Africa, through 14% in industrialized countries, to 1% in the Western Pacific Region.  HIV infection rates in tuberculosis patients have so far remained below 1% in Bangladesh, China and Indonesia.  The increase in tuberculosis incidence in Africa is strongly associated with the prevalence of HIV infection.52  HIV infection rates among tuberculosis cases are correspondingly high, exceeding 60% in Botswana, South Africa, Zambia and Zimbabwe.  Approximately two million people died of tuberculosis in 2000; about 13% of these deaths were among persons who were also infected with HIV.49 

1.4 Impact on the Poor

Tuberculosis disproportionately affects the poor. The poor made poorer. Globally the highest burden of TB is found in poor countries. Seventeen of the twenty-two countries that account for 80 percent of the world’s TB burden are classified as low income (GNP per capita of less than US$760, World Bank 2000). Within countries the prevalence of TB is higher among the poor, and other vulnerable groups such as the homeless. Studies in both high income and low-income countries (USA, United Kingdom, Germany, Norway, Vietnam, Mexico and Philippines) reveal significantly higher rates of TB in poor populations.53
Women constitute 70 percent of the world’s poor. Globally there are 1.7 times as many male pulmonary TB cases reported annually as female cases.54 Some evidence suggests that this may be due to inequities in access to care55 or may reflect underlying epidemiological differences in TB between men and women.56 There is evidence that the HIV epidemic, which disproportionately affects women, will increase the proportion of female TB cases in the worst HIV/AIDS affected areas.57 

Tuberculosis has a severe impact on the impoverishment of patients and their households. The major factors which lead to impoverishment are: the inability to work due to illness and the direct and indirect costs of accessing diagnosis and treatment. The pathway to TB care is characterised by many, and repeated visits to different care providers, which are associated with both provider and patient delays.58-62 Poor and vulnerable people have longer pathways to care than other social groups. The direct and indirect costs of accessing care are generally higher before diagnosis than after diagnosis.63,64 Although the aggregate real costs are higher for non-poor patients, the relative costs for the poor are much higher. This is because they have little disposable income due to the nature of their livelihood activities, such as daily wage labour and petty trading.64,65 These costs add to the economic burden of households and lead to wider impacts such as children replacing the activities of their ill parents, and an inability to support school fees.64 TB also has an impoverishing social impact. Fear and stigma are associated with TB in several settings, particularly for women.65  

TB generates and exacerbates poverty at household level. Unlikely to have significant impact on national economy – too rare, too much focused on those contributing least to economy.

Section 2.   Interventions against Tuberculosis and their Implementation

Some questions about investing in tuberculosis control are broad and strategic (e.g. should we spend money on the control of TB rather than some the condition?), others are specific and technical (e.g. which laboratory diagnostic procedures should we use?). The number of valid questions is unlimited. Various analytical approaches, of which cost-effectiveness is just one. In general, we choose the simplest analytical method to address the question at hand.

Breadth of studies done on TB. Approach: (1) different kinds of intervention against TB in different settings – vaccines/TLTI/DOTS/HIV prevention, and compared with other diseases; different ways to implement each intervention – ACF/DOTS/inpatient. Assemble data in a mathematical model of cost-effectiveness of diverse methods for TB control. To make comparisons in a single framework.

Box 1 lists 5 interventions against TB, placed in three groups. Although BCG vaccination (1) is widespread, the most important interventions are those concerned with the treatment of active disease. The components and variations of the DOTS 

strategy listed in (3) are the ones that have been most carefully examined for efficacy, effectiveness and cost. Because HIV infection has become such a powerful force in TB epidemiology, we must also consider the impact of HIV/AIDS interventions on TB incidence and on the outcome of treatment (4,5). 

The nature, efficacy and application of each of these interventions is discussed in detail below. Each section begins with a summary of the mode of action of the intervention and its efficacy (i.e. at the individual level). We then describe the progress that has been made in population coverage and the resulting impact or effectiveness.

The immediate outcome measures differ for each of these interventions depending on whether e.g. they are directed at prevention or cure, but all could ultimately be converted to cases, deaths and DALYs averted, as necessary (i.e. DALYs not always needed). 

However, difficulties in assessing efficacy and effectiveness. Trade-off between controlled trials in specific study populations with questionable generality versus observations on large-scale public health interventions where deductions clouded through lack of experimental controls. RCTs provide a formal experimental method for evaluating, and generalizing from, clinical trials of vaccines and drugs, methodology is less formal and less generalizable for sociological interventions such as the DOT.

Some of following evidence on efficacy and effectiveness to be lifted out and put in Annex Table 1. More to be added. 

2.1 Vaccination

Mode of action and efficacy: BCG probably prevents progression rather than infection. Randomized and case-control trials have shown consistently high protective efficacy (mostly above 70%) of Bacille Calmette Guerin (BCG) against serious forms of disease in children (meningitis and miliary tuberculosis), but variable efficacy against pulmonary tuberculosis in adults.66  Thus, in high-prevalence areas, vaccination is recommended for children at birth, or at first contact with health services.  Even with high coverage, BCG has not had any substantial impact on transmission, and hence incidence, because its main effect is to prevent serious (but non-infectious) disease in children.8 Policy must also consider the finding that BCG may have substantial non-specific effects on child mortality, that is, in reducing deaths from causes other than TB.67 

If R0 for M. tuberculosis is of the order of 2, then TB could be eliminated with a vaccine that can immunize more than a fraction 1-1/R0 = 0.5 children (50%) at birth. In terms of generating herd immunity, this is a less demanding criterion than faced by the polio vaccination programme, which has almost succeeded in eradicating that disease. 

The elimination of TB by vaccination presents problems of two kinds. The first is that the current vaccine, BCG, generally has low efficacy in preventing infectious TB in countries with a high disease burden 66. Thus, even with the very high coverage now achieved ((100 million or 86% of all infants annually 68), BCG is unlikely to have any substantial impact on transmission, and hence incidence, because its main effect is to prevent serious (but non-infectious) disease in children. In parts of Europe and North America that did and did not use BCG, TB declined at rates that were not noticeably different 8. 

Box 1. Interventions against tuberculosis.

	Type of intervention
	Number of studies

	
	Efficacy or

Effective-ness
	Cost
	Cost-effectiveness

	Prevention of active TB
	1. Vaccination (BCG)

2. Treatment of latent infection, TLTI (preventive therapy, PT)
	
	
	

	Diagnosis and treatment of active disease, and prevention of transmission 
	3. Chemotherapy (variations on DOTS)

a. Passive and active case finding

b. Smear-microscopy and other diagnostics

c. Short-course chemotherapy

d. Directly observed and unsupervised treatment (DOT)

e. Inpatient and outpatient care

f. Community-based and institutional care

g. Treatment of drug-susceptible and resistant disease
	
	
	

	Prevention and treatment of HIV/AIDS (to prevent or mitigate TB)
	4. Prevention of HIV infection

5. Treatment of HIV infection and AIDS
	
	
	


Second, even high coverage at birth of a vaccine that confers lifelong protection against pulmonary disease would cause only a slow decline in incidence. This is the expected response of a predominantly adult disease with a generation time of several years. However, the manufacture of a new, high-efficacy vaccine would certainly change immunization practice: mass vaccination campaigns among adults (rather than infants) would have dramatic effects going far beyond the expectations of DOTS programmes. A “post-exposure” vaccine that stops progression to disease among those already infected, as well as preventing infection in others, would have greater impact than a “pre-exposure” vaccine that only prevents infection 69. But this is theory; we presently have little idea about the efficacy of new vaccines and cannot therefore accurately predict their impact 15-17.

Coverage and effectiveness: Immediate outcome measures: number of cases and deaths prevented. Reported BCG vaccination coverage has increased throughout the world over the past 25 years, reaching 92% in Europe and 62% in Africa (www.who.int/vaccines-surveillance/StatsAndGraphs.htm). Over the past 15 years, coverage has generally been most variable between African countries and least variable in Europe and the Americas. Vaccination is being discontinued in many low-incidence countries. This is because the risk of infection is low, and because the response to BCG confounds the interpretation of skin tests which are used to track persons infected during occasional outbreaks. 

Despite the phenomenal number of BCG vaccinations given to children, there have been few assessments of BCG effectiveness at the population level. In one rough assessment, the annual average global risk of TB infection was taken to be 1%, assuming 1% of infected but unvaccinated children contract meningitis. Ignoring non-specific effects of BCG on child mortality,67 a vaccine of 60% efficacy used to immunize 80% of an annual cohort of 500 million children would prevent 24,000 meningitis cases. That is, 16,700 inoculations are needed to prevent one case.70 Eighty percent protection with 100% coverage would prevent 40,000 cases. More detailed analysis along these lines would help to judge the value of continuing to vaccinate in different settings.

2.2 Treatment of latent infection

Mode of action and efficacy: Persons at high risk of TB can be given a tuberculin skin test; those found to be positive are offered treatment for a latent infection (TLTI), most commonly isoniazid preventive therapy (IPT). Studies among contacts of active cases have demonstrated that 12 months of daily isoniazid gives 30-100% protection against active TB,71 and yet IPT is not widely used. The main reason is that compliance to six or more months of daily treatment tends to be poor among healthy people: a relatively high risk of TB is usually still a low risk in absolute terms. In addition, active disease must be excluded (e.g. by radiography) before isoniazid is taken alone, and side effects include a hepatitis risk of 1%/year.

The epidemiological literature on IPT contains mixed reports of success and failure, with outcomes that are not always predictable. In the USA, the practice of contact tracing and IPT fall short of recommendations 72; some high-risk groups, such as the elderly 72,73, do not receive the full benefits that IPT can provide. IPT can be hard to manage in the groups that most need it, such as illegal immigrants 74, though supervision has helped drug users 75,76, and financial incentives have improved completion rates among the homeless 77. High levels of compliance have been achieved among immigrants to Australia, even with indirect supervision.78 Over 80% completion has been achieved among close contacts of TB cases in Italy, though completion was lower among immigrants.79
The high risk of TB among persons co-infected with M. tuberculosis and HIV is a reason for encouraging wider use of preventive therapy, especially in Africa. However, there are significant barriers to making preventive therapy effective for co-infected individuals living in areas of high transmission (in additional to those listed above). Although trials of IPT in skin test positive individuals infected with HIV have averaged 60% protection for up to three years, the effects have been lost soon afterwards, and there has been little or no impact on mortality 80-85. NB anergic, skin test positive and negative. Early studies have also experienced problems with uptake and compliance: in Zambia, only 35% of HIV-infected individuals actually started IPT; of those that started, only 23% completed at least 6 months of treatment (H. Ayles & A. Grant, personal communication).

TLTI has generally consisted of daily administration of isoniazid for 6-12 months.  TLTI is approximately 60-90% effective in reducing the risk of progression from tuberculosis infection to tuberculosis disease.86 HIV-infected, tuberculin-positive individuals can benefit greatly from TLTBI, if programmatic aspects of administration can be addressed.  Contacts of active cases (especially children), recent tuberculin skin test converters, patients with abnormal chest X-rays who have not been treated previously and who do not have active disease, and selected persons at high risk of disease can also benefit. Recent trials have shown that drug combinations, particularly rifampicin and pyrazinamide for 2-3 months, can be as effective as 12 months of isoniazid, but are not as safe.87-89        

Long-term isoniazid treatment – although safe and reasonably cheap – cannot easily be administered to the large number of infected people who are at low risk of developing tuberculosis disease.  In the coming years, TLTI will be used more frequently to prevent tuberculosis among HIV-infected individuals even though, in areas of high transmission, protection may not extend for more than 2 to 3 years beyond the end of treatment, and there is at most a minor prolongation of life.80,82,83        
Coverage and effectiveness: Immediate outcome measure: number of cases prevented. The treatment of latent infection plays no more than an accessory role in global TB control at present. The number of recipients around the world has been neither directly quantified nor indirectly estimated. Quantification in future would aid judgements about the cost-effectiveness of TLTI e.g. at sites with high rates of HIV infection, or in the context of developing policy on testing immigrants to industrialized countries. TLTI has been used as a component of intensive control campaigns (Eskimos), but probably had effects secondary to the impact of chemotherapy. Selected studies of effectiveness and CE.

2.3 Chemotherapy: the DOTS strategy

Mode of action and efficacy: To control tuberculosis, WHO recommends the DOTS strategy,90 which has five elements: political commitment, diagnosis primarily by sputum-smear microscopy among patients attending health facilities, short-course treatment with effective case management (i.e., direct observation), regular drug supply, and systematic monitoring to evaluate outcomes of every patient started on treatment.  Standard short-course regimens can cure more than 95% of new, drug-susceptible tuberculosis cases.  DOTS should be used as the basis for more complex tuberculosis control strategies where rates of drug resistance or HIV infection are high. The international targets for tuberculosis control by 2005 are to detect 70% of new pulmonary smear-positive cases annually, and to successfully treat 85% of detected cases.91    

The cornerstone of TB control is the prompt treatment of symptomatic cases with short-course chemotherapy, administered as the DOTS strategy.26,92 Standard short-course regimens can cure over 90% of new, drug-susceptible TB cases, and high cure rates are a prerequisite for expanding case finding. DOTS is a foundation for more complex strategies for control where, for example, rates of drug resistance (DOTS-Plus) or HIV infection are high. 

Wide coverage is a prerequisite for high impact. Mathematical modeling suggests that the incidence of endemic TB will decline at 5-10%/year with 70% passive case detection and 85% cure.14,93 In principle, TB incidence could be forced down more quickly, as much as 30%/year, if new cases could be found soon enough to eliminate transmission. In general, the decline will be faster when a larger fraction of cases arises from recent infection (primary progressive or exogenous disease), i.e. in areas where transmission rates have been high. As TB transmission and incidence go down, a higher proportion of cases comes from the reactivation of latent infection, and the rate of decline in incidence slows. These facts also explain why it should be easier to control epidemic rather than endemic disease: during an outbreak in an area that previously had little TB, the reservoir of latent infection will be small, and most new cases come from recent infection. 

In the control of endemic TB (largely) by chemotherapy, the best results have been achieved in communities of Alaskan, Canadian and Greenland Eskimos, where incidence was reduced at 13-18%/year from the early 1950s 8. Over a much wider area in Western Europe, TB declined at 7-10%/year after drugs became widely available during the 1950s, though incidence was already falling at 4-5%/year before chemotherapy8. For epidemic TB, as a result of aggressive intervention following an outbreak in New York City, the number of multidrug resistant TB cases (MDR, resistant to at least isoniazid and rifampicin) fell at over 40%/year 94. 

Although the long-term aim of TB control is to eliminate all new cases, cutting the death rate is arguably of greater importance. About 90% of the burden of TB, as measured in terms of years of healthy life lost (or disability-adjusted life years, DALYs) is due to premature death, and prevalence and mortality can be reduced faster than incidence in a programme of community-wide chemotherapy. Thus the TB death rate among Alaskan Eskimos dropped at an average of 30%/year in the interval 1950-70, and at 12%/year throughout the Netherlands from 1950 to 1990 (faster at first, slower later; Fig. 13). Indirect assessments of DOTS impact suggest that 70% of TB deaths were averted in Peru between 1991 and 2000, and more than half the expected TB deaths are prevented each year in DOTS provinces of China.95,96 Surveys done in China in 1990 and 2000 showed a 37% reduction in the prevalence of smear-positive disease in DOTS areas, as compared with other parts of the country.97 These observations imply that the objective of halving TB deaths by 2010 98 is technically feasible, at least in countries that are not burdened by high rates of HIV infection or drug resistance.

Coverage and effectiveness: Immediate outcome measures are number of patients treated and cured. Many of the 155 national DOTS programmes in existence by the end of 2001 have shown that they can achieve high cure rates: average treatment success was 80%, not far below the 85% international target 26. The outstanding deviations below that average were in Africa (69%) and some former Soviet countries (e.g. 65% in the Russian Federation). Although most TB patients probably receive some form of treatment, only 32% of all estimated new smear-positive cases were notified by DOTS programmes to WHO in 2001. DOTS population coverage and case detection have been accelerating in some countries, but the annual increment in case notifications under DOTS has been steady since 1995. If the current rate of progress in DOTS expansion is maintained, the principal global target of 70% case detection will not be reached until after 2010. 

To reach that target by 2005, DOTS programmes must find an extra 330,000 smear-positive cases each year. This will require immense effort, especially as the rate of case finding is expected to slow down. Observations on the way DOTS is presently implemented suggest that a ceiling on case detection will be reached at 40-50%.99 This fraction is about the same as the percentage of all smear-positive cases notified annually to WHO from all sources. The central problem is that, as DOTS programmes have expanded geographically, they have not reached beyond existing public health services. 

The most impressive recent examples of impact come from Morocco and Peru. In Morocco, the incidence of pulmonary TB among children aged 0-4 years fell at more than 10%/year between 1994 and 2000, suggesting that the risk of infection was falling at least as quickly. The overall reduction in pulmonary TB was only 4%/year, probably because of the large reservoir of infection in adults. DOTS was launched in Peru in 1990, and high rates of case detection and cure appear to have forced down the incidence of pulmonary TB at 6%/year.96 

2.6 Alternative approaches to the diagnosis treatment of active disease

TB control has been dominated by the treatment of active disease, so various studies have explored different modes of delivery, especially in the context of the DOTS strategy. Passive vs active case finding; smear-microscopy and other diagnostics; short-course chemotherapy (vs standard); directly-observed treatment (DOT, Cochrane reviews etc); inpatient vs outpatient care; community-based care; treatment of drug-susceptible and drug-resistant disease.

Active case finding

Mode of action and efficacy: The DOTS strategy espouses passive case detection for three reasons: the majority of smear-positive cases develops much more quickly than any reasonable interval between mass screening of symptoms or by radiography; the majority of patients severely ill with a life-threatening disease are likely to seek help quickly 100; and countries that have not yet implemented effective systems for passive case detection are not in a position to pursue cases more actively. But the drawback of passive case finding is that it is often very passive indeed. Population surveys of disease commonly find large numbers of TB patients that have not sought treatment of any kind, or have sought treatment but were not diagnosed with TB. Whilst drug treatment after a long illness can prevent death, it may not have much impact on transmission. Going beyond passive case finding, further studies of risk can identify sub-populations in which TB tends to be relatively common, and systematic surveys of these sub-populations for active TB may be logistically feasible and affordable. The target populations include refugees 101, those sleeping in shelters for the homeless 102, contacts of active cases 103,104, health workers 105, drug users and prisoners 106. 

Coverage and effectiveness: Immediate outcome: number of additional patients found. The investigation of close contacts of cases has been found to be highly cost-effective in Montreal, Canada (the screening of prospective immigrants much less so) 107. NB application of studies from high- to low-income countries?

Management of drug-resistant disease

The treatment of patients whose organisms are resistant to standard drugs or who do not tolerate them is difficult. Reserve drugs are generally less effective and more toxic than standard therapy, must be given daily, and some need to be taken several times a day. 

When devising a regimen for suspected or confirmed drug resistant disease, several important principles must be followed.  The initial regimen should include at least three drugs to which the bacilli are likely to be fully susceptible.  Drugs should not be kept in reserve; the regimen most likely to be effective should be prescribed.  Second-line drugs should be given daily under direct observation. Bacteriological results (smear and, if possible, culture) should also be monitored. 

If susceptibility test results are available, a regimen can be chosen based on the drugs to which the strain of M. tuberculosis is susceptible. Most authorities recommend three or four oral drugs plus one injectable drug (such as capreomycin, amikacin or kanamycin) to which the isolate is susceptible for 3-6 months, and then at least three effective oral drugs for 15-18 more months, for a total of 12-18 months after culture conversion to negative. 

2.4 Interventions to prevent HIV infection 

Mode of action and efficacy: Interventions are behavioral, condoms, microbicides etc. Summarize efficacy, but refer to HIV/AIDS chapter. 

Where the prevalence of HIV infection is high, as in Eastern and Southern Africa, aggressive programmes of TB chemotherapy, perhaps including active case finding, will be required to reverse the rise in TB incidence. Mathematical modeling indicates that, even in the midst of a major HIV epidemic, early detection and cure are the most effective ways to cut TB burden. The alternatives – the prevention of HIV infection, treatment of latent TB infection, and antiretroviral therapy - are less promising strategies for the coming decade.108 There are at least two reasons for this. First, DOTS attacks all TB cases, not just those linked with HIV; second, HIV is driving an epidemic in which a higher fraction of TB cases arises from recent rather than remote infection.109,110
Measures taken against HIV are vital in combating AIDS more generally, and preventing HIV infection is an important method of reducing TB incidence in the longer term. But national TB control programmes should not think of interventions against AIDS and associated opportunistic infections as a substitute for sound TB control. 

Coverage and effectiveness: Summary from AIDS literature on coverage – generally low with exceptions of Uganda, Thailand etc. Focus on relevance for TB.

2.5 Interventions to treat HIV infection and AIDS

2.6 Tuberculosis and general improvements in health

(Under)nutrition, (over)crowding (living density), co-infections (other than HIV), quality of housing etc. Agreement that all are detrimental to TB, and that relieving them would be beneficial. Effects rarely quantified, but likely to be weak on TB.

2.7 Factors influencing cost-effectiveness (including ecological/environmental)

2.8 Non-health consequences of interventions

Apart from money saved (below). Significant indirect benefits for quality of surveillance (stable indicators - graph). Changes in time taken to access care by patients/carers measured in 5 studies of community-based care. Currently data being collected for PPM scheme in India. Data on costs to public sector of providing intervention give indication of size of out-of-pocket payments being averted by individuals with TB who access publicly funded care.

Section 3.   Intervention Cost and Cost-Effectiveness
3.1 A review of the literature on the resource use and costs of interventions, including the costing from any cost-effectiveness analysis

What kinds of questions have been asked about CE? What kinds of questions need to be asked about CE? Annex tables to summarize literature on resource use and costs. Tables to summarize methodological issues and main findings. Text and figures to highlight key points e.g. geographical spread of evidence, type of comparators considered, variation in methods used, lack of information in some areas, outputs measured, etc.

3.2 Linking costs and effects of interventions: existing evidence on cost-effectiveness

Annex table to summarize existing evidence on cost-effectiveness. Will highlight for each intervention, estimated costs, estimated effectiveness, cost-effectiveness, and any methodological issues that it is important to highlight (e.g. evidence used to assess effectiveness, whether or not impact on transmission included). Text and figures to highlight key points.

3.3 New analysis for DCPP

Review above exposes gaps in the links between cost, effectiveness and C/E studies – different studies done in different places. Yet data already exist to make these links. Some countries e.g. Peru have a wide range of data which, if pieced together, could tell a fuller story about CE of TB control.


Section 4.   The Economic Benefits of Intervention

4.1 Estimated Economic Benefits (i.e. increments to gdp conventionally measured)

4.2 Welfare Gains from Risk Reduction

Section 5.   Implementation of Control Strategies:  Lessons of Experience.

5.1 Lessons about implementation success and failure

5.2 Implications for health system development

Some constraints are due to TB, others are broader, into the health system at large.

Section 6.   The R & D Agenda (relates to Part Three E)

The next wave of epidemiological studies could support TB control in three ways. The first is operations research to find out how to get high-quality treatment to a larger fraction of TB patients in different settings. Even simple investigations could rapidly make a substantial difference to local practice in TB control, in the manner of recent studies in Malawi.111 Part of the work will be to demonstrate the feasibility of active case finding and preventive therapy in high-risk populations. The second is to gain a better view of the actual and potential impact of the tools being used for TB control now. This will require a better understanding of the way TB epidemiology is affected by human population density, age structure, migration, HIV co-infection and drug resistance. The third area of research should further examine the potential of better diagnostics, drugs and vaccines, with the aim of finding out what kinds of new tools will give the best returns on investment. 

Section 7.   Conclusions:  Promises and Pitfalls

Principal challenge is to develop methods and arguments for scaling up TB control at affordable costs. Application of DOTS has increased the number of patients effectively diagnosed and treated annually from 666,000 in 1995 to 2.4 million in 2001 (all forms of tuberculosis treated under DOTS), with more than 10 million patients treated in the past 10 years. Deaths saved in 2001. No other intervention specific to TB (cf general health improvements) has had an impact at scale.

Two types of argument: (a) TB versus other conditions. (b) Different ways of controlling TB in different settings. DOTS is both inexpensive and cost effective. But DOTS does not provide all the answers to (a) and (b). In principle, DOTS (and variations)can eradicate TB, but is unlikely to do so on an acceptable time scale (102 years). Mainstays of diagnosis remain the sputum smear and culture, both 100 years old. No new first-line drugs have been discovered for several decades, and two thirds of patients who develop tuberculosis are not effectively diagnosed, treated, and monitored.  The impact of HIV infection on the global tuberculosis burden will be difficult to reverse without more effective HIV prevention and more widely available antiretroviral therapy in the developing world. Further progress requires rigorous and dedicated application of current technology, but will be greatly facilitated by the discovery and widespread application of new diagnostic techniques, drugs, and prevention strategies, such as an effective vaccine.

Annex Table 1. Summary of literature on efficacy and effectiveness of interventions in low and middle-income countries

Annex Table 2. Summary of literature on resource use and cost of interventions in low and middle-income countries

	Intervention

(reference)
	Location
	Subjects considered
	Strategies compared
	Perspective and costs considered
	Time horizon
	Outputs measured
	Sensitivity analysis
	Discount rate
	Currency, year of prices
	Type/size of program

	BCG 
	Indonesia112
	N.A.
	BCG (stand-alone program, or addition to DPT programme)  vs. no BCG
	Government health services

Cost of programme and averted treatment costs due to prevented cases
	Five years 1979-84
	Cases and deaths prevented
	None
	Not stated
	1978 US$ and rupiahs
	National

	IPT
	1) Uganda113
2) South Africa114
3) Zambia115
	1) HIV+ individual without TB

2) HIV+ individual without TB

3) HIV+ individual without TB
	1) 3 different regimens vs. no PT

2) IPT vs. no IPT

3) IPT vs. no IPT
	1) Societal (government, patient costs)

2) Government, including averted treatment costs

3) Government, patient including lost productivity
	1) N.A. hypothetical cohort of 100,000 individuals

2) 8 years

3) Not clear
	1) Cases prevented, QALYs gained, TB treatment costs averted

2) number of TB cases

3) Cases prevented, treatment savings
	1) Yes

Various one-way analyses and “most pessimistic assumptions”

2) Yes, varied compliance and discount rate (8%)

3) Yes
	1) 3%

2) 4%

3) Not stated
	1) 1997 US$

2) 1993 Rands

3) 1991 UK£
	1) Hypothetical cohort of 100,000 individuals

2) Hypothetical cohort of 100,000

3) Hypothetical cohort of 1000

	Active case finding
	1) Russian Federation

2) Trinidad116
	1) New cases

2) Students on entry to University of West Indies
	1) Mass screening and passive case finding

2) Mass screening 
	1) Government health services

2) Students
	1) One year, 1999

2) 1989-1997
	1) Number of people screened and detected

2) Number of cases detected
	1) No

2) No
	1) 3%

2) not stated
	1) 1999 US$ and Rubles

2) TT$, average price 1989-1997
	1) Oblast-wide (typical population 

1-2 million)

2) all students entering university over 9 years

	Diagnosis
	1) Kenya117
2) Zambia118
	1) TB suspects

2) TB suspects
	1) PCR vs. direct smear microscopy

2) 1 vs. 2 vs. 3 sputum smears
	1) Health services and patients

2) Health services
	1) Not stated

2) 1997 and 1998
	1) Correctly diagnosed cases

2) Cases identified 
	1) Yes – 13 one-way analyses

2) None
	1) Not stated

2) 3%
	1) US$, year not stated

2) US$, year not stated
	1) cohort of 1000 patients in outpatient clinic

2) 1 hospital in Katete District


	Short-course chemotherapy(SCC)
	1) Botswana119
2) Indonesia120
3) Thailand121
4) Uganda122
	1) Not stated but appears to be new cases

2)

3) New sm+ cases 

4) New cases
	1) 2 SCC regimens and 1 standard 18mo regimen, with combinations of inpatient and outpatient care for each

2) 

3) 3 SCC regimens vs standard 18mo regimen

4) conventional hospital-based care vs ambulatory care


	1) Government health services

2) Government health services

3) Government health services, patients 

4) Government health services, patients


	1) 1982

2) 

3) 1987-1988

4) 1992


	1) Patients treated, patients effectively treated, cost savings

2)

3) Percentage of patients “effectively treated”

4) Cases cured
	1) Yes – cure rates, default rates, cost of ambulatory treatment

2)

3) Median vs mean patient costs, no. of follow-up visits required

4) Yes, patient costs, cost of supervision and health education
	1) Not stated

2)

3) Not stated

4) Not stated


	1) 1983 Pula

2)

3) 1987-8 Baht and US$

4) 1992 UK£
	1) National

2)

3) National

4) SW Zone

	DOTS
	1) Malawi, Mozambique, Tanzania123,124
2) South Africa125,126
3) South Africa127
4) Malawi128
5) Kenya129
6) Uganda130
7) Botswana131
8) Bangladesh132
9) Pakistan133
10) Russian Federation134
	1) New sm+ and retreatment patients

2) New sm+ patients

3) New sm+, retreatment patients

4) New sm+ and new sm- patients

5) New sm+ and new sm-/EPTB

6) New sm+

7) chronically ill patients

8) New sm+ patients

9) New sm+ patients

10) New and retreatment patients


	1) DOTS vs. standard 18mo regimen, with and without 2mo inpatient care for new sm+ and incl 3mo inpatient care for retreatment cases

2) Community-based care vs. 3 other strategies for delivering treatment (incl hospitalization for 2mo)

3) Clinic-based care vs. mixture of clinic and community-based care

4) New sm+: conventional model involving 2mo hospital admission vs. decentralised model in which patients can choose outpatient care; for new sm-, unsupervised care vs. community-based DOT

5) New sm+: as above for Malawi. New sm-: conventional model with 1mo hospitalization vs. decentralised/

community based DOT 

6) Conventional strategy involving 2mo hospital admissio vs. community-based care

7) Hospital vs. home-based care

8) clinic vs. community-based care using CHWs

9) DOTS with 3 different DOT options (a) health facility or CHW (b) family member (c) self-supervision

10) DOTS strategy vs. Russian strategy
	1) Government health services

2) Government health services, patients, volunteers

3) Government health services, patients, NGO 

“TB care”

4) Government health services, patients, community “guardians”

5) Government health services, patients, family, community 

6) Government health services, patients, volunteers

7) Government health services, carers

8) Service providers (government, NGO), patients

9) Government health services, patients

10) Government health services
	1) 1988-1989

2) 1991-4

3) 1997

4) 1997-1998

5) 1997-8

6) 1995-1998

7) 1998

8) 1996-1997

9) 1997-1998

10) 1996


	1) cases cured, deaths averted, life years saved, DALYs averted

2) cases cured

3) cases successfully treated

4) Cases successfully treated (new sm+) and cases completing treatment (new sm-)

5) Cases successfully treated (new sm+) and cases completing treatment (new sm-)

6) Cases successfully treated

7) Cases complying with treatment

8) Cases cured and cases successfully treated

9) Cases cured

10) Cases cured
	1) No

2) Not formally presented 

3) No formal analysis 

4) No formal analysis

4) No formal analysis

5) No formal analysis

6) Yes, alternative assumptions about cost of hospital care

7) No formal analysis

8) No formal analysis

9) Yes – varied cure rates using 95% CIs 

10) Yes, different cure rate scenarios
	1) 3%

2) 8%

3) 8%

4) 3%

5) 10%

6) 3%

7) 10%

8) 5%

9) 10%

10) Not stated


	1) 1989 US$

2) 1996 US$ and SA Rands

3) 1997 US$

4) 1998 US$

5) 1998 US$

6) 1998 US$

7) 1998 US$

8) 1996-1997 US$

9) 1997-1998 US$

10) 1996 US$
	1) National

2) One rural district (population 200,000)

3) 2 areas in Cape Town (population about 50,000-60,000 each)

4) Lilongwe district (urban, population about 1.3 million)

5) Machakos district (rural)

6) 1 district (Kiboga, rural, population about 171,000)

7) 1 district (Francistown, population 102,000)

8) two thanas 65-100km north of Dhaka

9) 3 trial sites – Rawalpindi, Gujranwala, Sahiwal

10) 1 oblast (population 1.3 million)

	DOTS-plus 
	1) Peru135
	1) Chronic patients, 87% of those tested had MDR-TB
	1) national program using standardised second-line drug regimen implemented 1997-2000, 2 modifications to this program involving individualised regimens,  vs. no DOTS-plus program
	1) public sector
	1) 1997-2001
	1) Cases cured, deaths averted, DALYs gained
	1) Yes, multivariate uncertainty analysis used to estimate effectiveness and CE. Different cost scenarios considered 
	1) 3%
	1) 2000 US$
	1) National

	
	
	
	
	
	
	
	
	
	
	


Annex Table 3. Summary of main results on resource use and costs (sources as in Annex Table 1)

	Intervention
	Location
	Resources used, non-monetary units
	Average costs
	Total and incremental costs

	BCG
	Indonesia
	Not much data provided

Total number of contacts = 50.8 million

Number of children fully immunized = 9.1 million
	Cost per contact = US$0.66

Cost per fully vaccinated infact = US$3.7
	US$16.3 million if BCG only, US$3.7 million if added to DPT programme

	IPT
	1) Uganda

2) South Africa

3) Zambia
	1) Drug regimens are defined, also included cost of initial tuberculin skin test, screening (1 X-ray and sputum smears), personnel and administration, home visits for patients who miss follow-up appointments. Does not include HIV counselling and testing.

2) PPD testing, isoniazid, clinical services (physician consultations and clinic visits with a nurse), transport, TB treatment (drugs, 90 days hospitalization for 30% of patients), sputum cultures and other laboratory tests, X-Rays, treatment of isoniazid induced hepatitis

3) HIV testing and counselling, clinic visits, preventive therapy, TB drugs, hospitalization for TB, clinic visits by TB patients
	1) Cost per person  receiving PT US$23 to US$44

Cost of TB medical care per patient, gov’t perspective US$113.5

Cost of TB medical care per patient (gov’t and patient costs) = US$388.2

2) R260 per day for hospital admission for isoniazid induced hepatitis, R91.4 for set of liver function tests

3) UK£66.5 for TB treatment, UK£1 for counselling, UK£1 for HIV test, UK£2.15 for 6mo isoniazid, UK£3 per X-ray
	1) Not reported.

2) R51.3M with IPT programme, R91.9 without programme

3) UK£4,011

	Active case finding
	1) Russia

2) Trinidad
	1) Fluorography machines, supplies, staff time, vehicles, building space

2) X-rays
	1) US$0.4 per fluorography

2) TT$80 per X-ray (approx US$16)
	1) US$177,902 to US$823,461 per year depending on oblast

2) TT$1 million, approx US$0.2 million

	Diagnosis
	1) Kenya

2) Zambia
	1) clinic visits, X-rays, laboratory tests, patient travel costs, income losses and other expenditures, costs of treating false positive cases

2) buildings, equipment, staff, supplies
	1) Screening costs US$12.2 per patient for routine diagnosis, US$26.7 for PCR (33% and 11.5% = patient costs)

2) Cost per smear = US$0.4
	1) routine diagnosis US$13,985 for 1000 suspects, US$26,697 for PCR

2) not reported


	Intervention
	Location
	Resources used, non-monetary units
	Average costs
	Total and incremental costs

	Short-course chemotherapy
	1) Botswana

2) Indonesia

3) Thailand

4) Uganda
	1) drugs, hospital care (0-3mo), clinic visits, sputum smears, X-rays

2) 

3) drugs, sputum smears, X-rays, clinic visits to zonal TB centres (including overheads, training, evaluation)

4) Hospital overheads, drugs, sputum smears, training, health education, supervision, outpatient care, stationery, patient time, transport
	1) P1.6 per X-ray, P1.3 per sputum test, P14.5 per inpatient day, P4.1 per outpatient visit; cost per patient treated P306-1374 for standard 18mo treatment, P323-968 for short-course treatment

2) 

3) Provider costs US$62-82 for SCC, US$100 for standard regimen; patient costs US$24-49 for SCC, US$61 for standard regimen

4) Provider cost per patient UK£56 with current hospital-based strategy, UK£66 with alternative ambulatory care design; Patient costs UK£135 and UK£49 respectively.
	1) P3.7 million per year with existing standard course regimen, P1.25 million for most cost-effective SCC regimen if 80% treated as outpatients and 20% admitted for 2mo

2)

3) Not stated 

4) Not stated

	DOTS
	1) Malawi, Mozambique, Tanzania

2) South Africa

3) South Africa

4) Malawi

5) Kenya

6) Uganda

7) Botswana

8) Bangladesh

9) Pakistan

10) Russian Federation
	1) drugs, program management, laboratory tests, hospitalization, clinic visits

2) Hospital stay, visits for DOT, health clinic visits for monitoring, supervision, drugs, sputum smears, program management. Quantities specified where relevant (e.g. number of hospital days, number of DOT visits)

3) clinic visits, DOT visits, drugs, sputum smears, X-rays, training (quantities specified where relevant)

4) Hospital stay, outpatient DOT visits, clinic visits to collect drugs, drugs, sputum smears, district supervision, training (quantities specified where relevant)

5) Hospital stay, outpatient DOT visits, clinic visits to collect drugs, drugs, sputum smears, district supervision, provincial supervision, training (quantities specified where relevant)

6) Hospital stay, outpatient DOT visits, clinic visits to collect drugs, drugs, sputum smears, district, zonal and central supervision by NTLP staff, supervision by public health staff, training (quantities specified where relevant)

7) Hospital stay, clinic visits to collect drugs, home-based care team, drugs, care provided at home by carers

8) Furniture, equipment, vehicles, buildings, salaries, transport, training, laboratory logistics, reagents, drugs, overhead costs

9) Program strengthening, clinic visits for diagnosis, DOT, and drug collection, drugs, transport used by patients, patients’ time, miscellaneous out-of-pocket expenditures

10) Hospital care, TB drugs, screening, outpatient visits, non-TB drugs, laboratory tests
	1) US$91, US$73, US$72 per new sm+ patient treated in Malawi, Mozambique and Tanzania respectively. US$246, US$341, US$271 respectively for retreatment patients

2) Provider cost per patient US$649 for community-based care, US$1776 for conventional treatment involving 2mo hospital stay; patient costs US$92 and US$272 respectively.

3) Provider cost per patient US$654 for clinic care only, US$420 where clinic and community options available. Patient cost US$111 for clinic care, US$71 where clinic and community options available

4) New sm+: Provider cost per patient US$228 with conventional hospital-based strategy, US$106 with decentralised strategy; patient cost US$228 and US$95 respectively. New sm- provider cost per patient US$42 and patient cost US$25 with conventional unsupervised care, US$63 for providers, US$33 for patients and US$5 for guardians with community-based DOT

5) New sm+: provider cost per patient US$294 for conventional hospital-based care, US$120 for decentralised/community based care, patient cost US$117 and US$51 respectively, family cost US$180 vs US$38. New sm- provider cost per patient US$160 for conventional approach, US$112 with decentralised/community-based care, patient cost US$61 in both strategies, family cost US$90 with conventional approach and US$38 with decentralised/community-based care

6) New sm+: Provider cost per patient US$419 with conventional hospital-based strategy, US$227 with decentralised strategy; average patient cost US$91 and US$53 respectively; volunteer cost US$9 per patient.

7) Provider cost per patient US$1106 for home-based care, US$2250 for hospital-based care; caregiver cost US$551 for home-based care and US$720 for hospital-based care

8) Provider cost per patient US$40 with community-based care, US$58 with only clinic-based care. Patient cost US$10 for community-based care, US$19 for clinic based care. CHW cost US$2 per patient for community-based care

9) Provider cost per patient US$82 for unsupervised/family member DOT, US$129 for health facility DOT, US$88 for CHW DOT. Patient costs US$23, US$55 and US$31 respectively

10) US$1382-2051 per patient treated for DOTS strategy, US$3227-5344 for traditional Russian strategy
	1) Not stated

2) Not stated

3) Not stated

4) Not stated

5) Not stated

6) Not stated

7) Not stated

8) US$7,351 for community-based care, US$10,697 for clinic based care

9) Not stated

10) US$0.7-1.5 million for DOTS strategy, US$2.3-3.8 million for traditional Russian strategy



	DOTS-plus (standardised/

Individualised regimens using second line drugs)
	1) Peru
	1) second line drugs, DOT visits, food parcels, physician consultations, MDR TB unit in Lima, Committee of Treatment Evaluation, sputum cultures, sputum smears, X-rays, training, program management and supervision, TB register, side-effects (quantities specified where relevant)
	1) US$2,381 per patient treated for those patients who completed treatment in standardised second-line drug treatment program implemented 1997-2000. Different scenarios for cost of individualised treatment considered: US$2,500, US$5000 and US$10,000 per patient
	1) Total annual cost US$0.5-0.6 million for program implemented 1997-2000, US$0.7-2.0 million for modifications including use of individualised treatment

	
	
	
	
	


Annex Table 4. Existing evidence on cost-effectiveness 

	Intervention
	Location
	Measure of effectiveness used
	Evidence used to estimate effectiveness
	Total effectiveness
	Cost-effectiveness
	Methodological issues to highlight

	BCG
	
	
	
	
	
	

	IPT
	
	
	
	
	
	

	Active case finding
	
	
	
	
	
	

	Diagnosis
	2) Zambia136
	
	
	
	2) Average cost per case detected US$4.5 for first smear, US$7.6 for second smear, US$10.5 for third smear; incremental cost US$23.3 for second smear, US$44.8 for third smear
	

	Short-course chemotherapy
	1) Botswana119
2) Indonesia120
3) Thailand121
4) Uganda122
	1) case “effectively treated” (cured)

2)

3) case “effectively treated”

4) case cured
	1) function used to estimate default over time

2)

3) program treatment outcome data for  1642 patients

4) program treatment outcome data and assumptions
	1) 1080 patients cured with standard regimen, 2100 cured with most cost-effective outpatient regimen given to 80% of patients and most cost-effective inpatient regimen given to 20%

2)

3) Percentage of patients “effectively treated” 86-94% with SCC regimens, 48% with standard 18mo regimen

4) Not stated. CE assessed for 3 different scenarios – cure rate of 50%, 60% and 70%
	1) Cost per person effectively treated P853-P3437 for standard regimen, P457-1301 for SCC. Most cost-effective is SCC on entirely outpatient basis

2)

3) Provider cost per patient “effectively treated” US$70-85 for SCC, US$209 for standard 18mo regimen; patient cost US$103-125 for SCC, US$386 for standard 18mo regimen

4) Provider cost per patient cured UK£317-380 with current hospital-based strategy, UK£165-230 with alternative model of ambulatory care
	1) transmission not included, assumptions about default over time. Measure of effectiveness specific to TB.

2)

3) Used exclusively empirical data, transmission not included, measure of effectiveness specific to TB

4) Transmission not included, measure of effectiveness specific to TB, assumed 2/3 of “transferred” patients complete treatment

	DOTS
	1) Malawi, Mozambique, Tanzania123
2) South Africa125 

3) South Africa127
4) Malawi128
5) Kenya129
6) Uganda130 

7) Botswana131
8) Bangladesh132
9) Pakistan133
10) Russian Federation
	1) case cured, death averted, life year saved, DALY averted

2) Case cured

3) Case successfully treated

4) Case successfully treated, case completing treatment 

5) Case successfully treated, case completing treatment 

6) Case successfully treated

7) Case compliant with treatment

8) Case cured, case successfully treated

9) Case cured

10) Cases cured


	1) national program treatment outcome data 1982-88, transmission model, assumptions about natural history of TB

2) district treatment outcome data 1991-4 for CBC, national treatment outcome data for Malawi and Tanzania for strategy involving 2mo hospital stay

3) routine program treatment outcome data

4) Program treatment outcome data 

5) Program treatment outcome data

6) Program treatment outcome data

7) Patient medical records and treatment cards

8) Program treatment outcome data

9) Trial data 

10) various scenarios considered given lack of suitable data


	1) Cure rates 71-87%, successful treatment rate 77-87% for DOTS; for standard 18mo regimen, cure rate 38-44% and successful treatment rate 53-54%. “Effective cure rate” estimated as 86-91% for DOTS, 60-66% for standard 18mo regimen. Otherwise effects not stated separately from cost-effectiveness results

2) 81% cure rate for community-based care, range of 54-98% for strategy involving 2mo hospital stay

3) 64% successful treatment rate for new cases with clinic care only, 68% with community and clinic care; 52% for retreatment patients for clinic care only, 58% where clinic and community care available 

4) New sm+: 58% with conventional hospital-based care, 68% with decentralised care; new sm- 33% completion rate with unsupervised care, 50% with community-based DOT

5) New sm+: successful treatment rate 85% with conventional strategy, 87% with decentralised/ community-based care; new sm-/EPTB 49% completion of treatment rate with conventional strategy, 73% with decentralised/

community-based care

6) Successful treatment rate 56% with conventional hospital-based care, 74% with community-based care 

7) Compliance assumed to be 100% for hospital-based care, 96% for home-based care

8) New sm+: cure rate 84% with community-based care and 82% with clinic-based care, successful treatment rate 85% and 82% respectively; New sm- completion of treatment rate 63% with community-based care and 88% with clinic based care

9) Cure rate 58% for health center DOT, 67% for CHW DOT, 55% for family member DOT and 62% for unsupervised treatment

10) cure rates of 45% to 95% considered 
	1) Average cost per patient cured US$240-326 for DOTS for new sm+ patients with 2mo hospitalization, US$340-447 for standard 18mo treatment; with ambulatory care, US$109-136 for DOTS, US$126-160 for standard 18mo regimen. Average cost per death averted US$56-80 for DOTS and 2mo hospitalization, US$27-32 with ambulatory care; cost per death averted with standard 18mo regimen US$86-113 with hospitalization, US$32-40 with ambulatory care. Average cost per year of life saved US$1-4 for DOTS, US$2-4 for standard 18mo regimen.

2) Cost per patient cured US$891 for community-based care, US$2,096-3,700 for conventional strategy involving 2mo hospitalization

3) For new cases, cost per patient successfully treated US$1,201 for clinic care only, US$726 where both clinic and community care available. Cost per patient successfully treated for retreatment cases US$2,058 for clinic care only, US$1,419 where both clinic and community care available.

4) For new sm+ cases, cost per patient successfully treated US$786 with conventional hospital-based care and US$296 with decentralised care. For new sm- patients, cost per patient completing treatment US$203 for conventional unsupervised strategy and US$202 for community-based DOT strategy

5) For new sm+ cases, cost per patient successfully treated US$696 with conventional hospital-based care and US$239 with decentralised care. For new sm- patients, cost per patient completing treatment US$635 for conventional unsupervised strategy and US$289 for community-based DOT strategy

6) Cost per patient successfully treated US$911 with conventional hospital-based care, US$391 with community-based care

7) Cost per patient compliant with treatment US$1726 for home-based care, US$2970 for hospital-based care

8) Community based care: provider cost per sm+ patient cured US$52, cost per patient successfully treated US$48. Overall cost per patient cured US$64. Clinic based care: provider cost per sm+ patient cured US$77, cost per patient successfully treated US$70. Overall cost per patient cured US$96.

9) Cost per case cured US$310 with health center DOT, US$172 with CHW DOT, US$185 with family member DOT and US$164 with unsupervised DOT

10) US$1,455 to US$4,043 with DOTS strategy, US$3,397 to US$11,876 for Russian strategy


	1) included impact of treatment on transmission and this accounts for 82% of effectiveness. Focused on sm+ cases but TB programs treat many sm- and EPTB cases for whom benefits of treatment are lower. Assumed 65% of defaulters and transferred cases are cured

2) Cure rates calculated with default and transfer cases excluded from denominator. Transmission not considered. Measure of effectiveness specific to TB.

3) Used exclusively empirical data. Transmission not considered. Measure of effectiveness specific to TB.

4) Used exclusively empirical data. Transmission not considered. Measure of effectiveness specific to TB.

5) As above for Malawi

6) As above for Malawi

7) As above for Malawi

8) As above for Malawi

9) As above for Malawi

10) Analysis based on empirical cost data but not on empirical cure rate data. Otherwise as above for Malawi.



	DOTS-plus (standardised/

Individualised regimens using second line drugs)
	1) Peru135
	1) Cases cured, deaths averted, DALYs gained
	1) cure rates observed in national cohort of 466 patients, evidence from the literature
	1) Long term cure rate 48% for national program implemented 1997-2000, 55-59% for modifications including use of individualised regimens
	1) US$165-211 per DALY gained for standardised second-line drug program implemented 1997-2000, US$173-484 for modifications involving use of individualised regimens (range reflects different assumptions about drug costs)
	1) Transmission included. Mixture of assumptions and empirical data used in analysis.
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