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Executive summary
The challenge of communicable disease

Over the second half of the twentieth century, the world has seen enormous health
improvements. However, developing countries have benefited unequally from health
gains, with many, especially in sub-Saharan Africa (SSA), continuing to experience
high mortality. Children bear a major burden of ill health, with infectious and parasitic
diseases the main killers. Adults experience substantial premature mortality. Within
countries, poorer groups have considerably worse health than the better off. Analysis of
avoidable mortality highlights the importance of communicable disease, which
represents around 90% of all avoidable mortality in almost all age/sex groups. The
benefits of research mean that tools and approaches now exist to address the great
majority of the burden of communicable disease, most notably malaria, TB, and
HIV/AIDS, as well as vaccine preventable diseases. However, large numbers of people
do not have effective access to prevention and treatment, and as a result die.

The paper focuses on three opportunities:

e Malaria control

e HIV/AIDS control

e Strengthening basic health services.

This categorisation has been chosen largely because malaria and HIV/AIDS are major
causes of disease burden and economic losses; cost-effective interventions are known to
exist for their control; there is recent literature which can be drawn on to estimate costs
and benefits; and these diseases are currently the focus of world attention. Basic health
services have been chosen as the third opportunity since they address a major part of the
disease burden, and represent explicitly the infrastructure that needs to be in place for
people’s main health needs to be met.

The economic benefits of improved health

The relationship between illness and income is complex. Effects are felt both directly
(through the immediate impact of ill health on productive activities) and indirectly, via
the effects of illness on fertility, morbidity, mortality and intellectual capacity, and
hence on the labour force size, composition and quality, and on the capacity of countries
to engage in the global economy. Empirical studies of the relationship between disease
and economic outcomes fall into two categories: microeconomic and macroeconomic.
The former study the link between disease/ill health at household or individual level,
usually documenting the costs imposed by disease on households but not explicitly the
benefits of disease control, and categorising costs as direct and indirect. Such estimates
are likely to underestimate the true economic impact of a disease, since they neglect the
impact of coping strategies and the broader, dynamic consequences of disease for the
economy as a whole. In contrast, macroeconomic studies assess the influence of a
disease on national income in cross-country comparisons. In principle they are better
able than microeconomic studies to reflect the wide-ranging and dynamic implications
of ill health, but raise concerns as to the extent to which other influences on economic
growth are adequately allowed for. Again such studies usually document the cost of
disease, but only by implication the benefits of disease reduction.



The most abundant literature is that on the cost-effectiveness of interventions,
comparing intervention cost with benefits expressed in terms of health outcomes.
Systematic approaches have recently been applied to the synthesis of both
epidemiological studies and economic studies, making judgements on the quality of
evidence, and facilitating conclusions on both health outcomes of interventions and
cost-effectiveness. However, using these studies to evaluate the efficiency of health
interventions in units that are comparable across economic sectors requires placing a
monetary value on human life.

Given the limitations of the literature in terms both of quantity and quality, and the need
to be comprehensive and consistent, estimates of costs and benefits were where possible
calculated by the authors based on the literature rather than limiting the paper only to
costs and benefits actually provided in the literature. Several different approaches were
adopted. For the two diseases (malaria and HIV), evidence was drawn from three
different sources:

e Studies of the macroeconomic impact of the disease

e Studies of the cost-effectiveness of interventions

e Evidence of the costs and health benefits of large scale country programmes.

For basic health services, evidence was drawn from two different sources:

e Regression analyses that measured the efficiency of health expenditure in generating
health outcomes

e The costs and health benefits of a package of interventions recommended in the
1993 World Development Report.

Where possible, costs and benefits were summarised as both annualised net benefits
(ANB) adjusted for Purchasing Power Parity and benefit cost ratios (BCR). A year of
life lost was valued at 2003 per capita Gross National Income (GNI) (the ceiling ratio),
and a discount rate (DCR) of 3% applied. In sensitivity analyses, the DCR was set at 6%
and the ceiling ratio at the mean GNI for low and middle income countries of Int$3,830.

Control of malaria

Major reductions in the malaria burden and its eradication from temperate parts of the
world gave reason for optimism in the mid twentieth century. However, in the 1980’s,
commitment to programmes waned and resistance to medicines and insecticides
increased. With the increased use of new combination drugs and a greater international
commitment to financing malaria control, there is again reason to believe that the
burden of malaria can be substantially reduced. SSA experiences over 90% of the
global burden of malaria; malaria causes around 20% of the mortality of children under
5; and it is the most important single infectious agent causing death in young children.
Cost-benefit estimates were therefore made for SSA, drawing on macroeconomic
studies; on cost-effectiveness studies of insecticide-treated mosquito nets, intermittent
presumptive treatment of pregnant women (IPTp), and combination therapy (ACT); and
evidence from recent successful malaria control efforts in the KwaZulu Natal province
of South Africa. Based on estimates from macroeconomic models, we predicted that
the ANB of eliminating 50% of malaria between 2002-15 would be Int$11-43 bn, with
BCRs of 1.9-4.7. For the package of malaria control measures these were Int$47.4 bn
and 27. The ANB of the successful South African malaria control programme was
Int$9m, and it was cost saving.



Control of HIV/AIDS

The HIV/AIDS pandemic is devastating the economies of many low- and middle-
income countries. Current estimates are that more than 22m people have already died,
34-46m are currently living with HIV/AIDS, and 5.3m new infections occur each year.
The scale of the problem is such that it is considered a development issue and global
security threat. The costs and benefits of approaches to addressing the epidemic were
estimated, drawing on four different sources of information: a macroeconomic model of
the gains to prevention in several north African and Middle Eastern countries at the
‘nascent’ stage of the epidemic; the costs and benefits of successful control in Thailand,
at the ‘concentrated’ stage of the epidemic; evidence on the cost-effectiveness of a
number of specific interventions in Africa; and estimates of the cost and health impact
of the UNGASS global programme. For the group of North African/Middle Eastern
countries, intervening now was estimated to save 15-30% of 2000 GNP by 2005. In
Thailand, the ANB of the AIDS control was Int$3.5 bn and BCR 15. BCRs of
individual interventions were highly variable but generally exceeded 2, with condom
distribution and blood safety having BCRs of 466. The UNGASS package had ANB of
Int$359.4 bn and BCR of 50.

Basic health services

The great majority of health interventions depend for successful and sustained
implementation on an infrastructure of basic health services, consisting of community
based services, health centres, and local hospitals. These can address much of the
burden of ill health including that from maternal and neonatal conditions, childhood
illnesses such as diarrhoea, ARI and vaccine preventable diseases, and malaria, TB and
HIV/AIDS. Over the last decade recommendations have been made on a package of
priority interventions to be delivered at this level. We estimated the costs and benefits
of scaling up basic health services drawing on firstly evidence for HIPC countries of the
relationship between health expenditure and health gains and the necessary increase in
public spending to reach the MDG child mortality target; and secondly estimates of the
costs and health benefits of the package of interventions recommended in the 1993
World Development Report. The first approach gives ANB of Int$50.0 bn and BCR 3.9
(though benefits for children only are included). The 1993 WDR package gives ANB
of Int$534.1 bn and BCR of 2.6.

Conclusions

All sources of data used have severe shortcomings, which must inform the interpretation

of the costs and benefits. In particular:

e The macroeconomic literature is quite inadequate;

e The microeconomic literature comes mainly from interventions implemented
individually in the context of epidemiological trials; evidence of costs and health
effects of large scale programme implementation is very limited. Health effects
were translated into a monetary value using a somewhat arbitrary ceiling ratio.

e For the basic health services opportunity, benefits for children only are valued
although other population groups are likely to benefit.

e Evidence from successful programmes is hard to interpret, since external factors
may also have affected changes in health effects.

In addition, our estimates suffer from other shortcomings:



e Available costs were usually costs to the provider, excluding costs to users

e Resource savings were rarely included in the estimates

e We were unable to be explicit on which groups would benefit most under each of
the challenges, and in particular on the extent to which the poorest would benefit.

Finally, macroeconomic estimates of benefits and calculations made from cost-
effectiveness evidence cannot of course be assumed to be reflecting the same
dimensions of benefits.

Given the weakness of the evidence base, it would be unwise to read too much into
detailed differences between or within opportunities. However, a clear message from
the calculations is that in general, the benefits from investing in communicable disease
control greatly exceed the costs. It remains unclear whether greater priority should be
given to controlling one specific disease, such as malaria or HIV/AIDS, or to a package
of priority health services, and the decision will depend to a considerable degree on total
funding available. However it cannot be emphasised enough that these three
opportunities are not completely independent — both malaria and HIV/AIDS control
must include a substantial component of strengthening health services if they are to be
successful.

Finally, it should be noted that the productivity of health expenditure is likely to be
greater both in a supportive policy environment, and where complementary investments
take place, for example in female education.



1. The challenge of communicable disease

Over the second half of the twentieth century, the world has seen enormous
improvement in health. Between 1960 and 1995, life expectancy in low income
countries improved by 22 years, in contrast to 9 years in developed countries (/).
However, developing countries have benefited unequally from health gains (2): the
large life expectancy gap between developed and developing countries in the 1950s has
changed to a large gap between developing countries with persisting high mortality
(mainly in SSA), and those who have experienced rapidly falling mortality (Figure 1.1).
For example, average adult life expectancy is below 40 years in several countries in the
developing world, particularly in those severely affected by HIV such as Botswana.
Sierra Leone has the highest mortality rates for infants and children under 5 years old in
the world (3).

Figure 1.1: Life expectancy at birth, 1955-2002 (WHO 2003)
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Of the 57m deaths in the world in 2002, nearly 20% were children under 5, and 98% of
these were in developing countries (4). Communicable diseases represent 7 out of the
top 10 causes of child deaths in developing countries, and account for around 60% of all
such deaths (Table 1.1). Just over 30% of all deaths in developing countries are of
adults aged 15-59, in contrast to 20% in developed countries, representing a substantial
problem of premature adult mortality with strong economic implications. Within
countries, the poorer groups have substantially poorer health than the better off: for
example in Cambodia under five mortality in the poorest quintile, 147 per 1000, was
three times that of the richest quintile, and in the Central African Republic, under five
mortality of 189/1000 in the poorest quintile was double that of the richest quintile (5).



Table 1.1 Leading causes of death in children in developing countries, 2002 (2)

Rank Cause Numbers (000) % of all deaths
1 Perinatal conditions 2 375 23.1
2 Lower respiratory infections 1 856 18.1
3 Diarrhoeal diseases 1566 15.2
4 Malaria 1098 10.7
5 Measles 551 54
6 Congenital anomalies 386 3.8
7 HIV/AIDS 370 3.6
8 Pertussis 301 2.9
9 Tetanus 185 1.8
10 Protein-energy malnutrition 138 1.3

Other causes 1437 14.0
Total 10 263 100

The analysis of avoidable mortality undertaken by Working Group 5 of the Commission
on Macroeconomics and Health (CMH) highlights the importance of focusing on
communicable disease (/). Avoidable mortality is a population’s excess risk of dying
before age 70, as calculated by comparison with the death rates in another population: in
this case non smokers in the richest countries. Table 1.2 shows that almost 90% of
deaths in children under five are avoidable, and 84% of deaths in women aged 5-29.
Avoidable mortality due largely to communicable disease represents around 90% of all

avoidable mortality in all age/sex classes other than middle aged men, for whom it is
80%.

Table 1.2: Risk of dying and avoidable mortality (%) in low- and middle-income countries, 1998 (1)

Males at ages Females at ages

Risk of dying 0to4 5t029 30to69 O0tod45t029 30 to 69
Low- and middle-income countries (a) 8.6 6.1 35.0 8.2 5.6 26.7
Nonsmoking, high-income population (b) 1.2 2.2 19.2 1.0 0.9 12.6
Excess risk of dying (avoidable mortality) in low- and

middle-income countries (¢ =a —b) 7.3 3.9 15.7 7.2 4.7 14.2
Relative contribution of avoidable mortality to risk of

dying in low- and middle-income countries (d = c/a) 86 63 45 88 84 53
Relative contribution of Group 1* causes to avoidable

mortality 91 94 80 93 97 91

*Communicable diseases, maternal conditions, perinatal conditions, nutritional deficiencies

Historically, rapid declines in mortality have been the result of access to better housing,
sanitation and education, growing incomes, and public health measures such as
vaccination. The benefits of research mean that tools and approaches now exist to
address the great majority of the burden of communicable disease, most notably
malaria, TB, and HIV/AIDS, as well as vaccine preventable diseases. This helps to
explain the current international focus on tackling these diseases. However, as Table
1.1 demonstrates, large numbers of people do not have effective access to prevention
and treatment, and as a result die. For example, coverage of DPT3' is under 50% for
children in households living below the poverty line of $1 per day (5); and only 2% of

" The third dose of the DPT vaccine, commonly used as a proxy for vaccination coverage



children are protected from malaria by sleeping under insecticide treated mosquito nets
in Sub-Saharan Africa (6).

The control of communicable disease is achieved by some combination — depending on
the disease — of action through a health service infrastructure and through specific
targeted efforts which in some instances depend on the infrastructure and in others are
independent of it. Hence the evaluation of the case for controlling specific
communicable diseases cannot ignore its relationship with the health system. However,
issues of whether successful health improvement can be achieved by general health
system strengthening, or by targeted efforts focused on specific diseases, have been the
subject of considerable controversy (7). The reality is that with the very unusual
exception of diseases that can be eradicated (notably smallpox in the past and polio in
the future), sustainable health improvement requires some combination of a
strengthened and accessible health service plus focused efforts to strengthen the control
of priority diseases. Nonetheless, given limited resources, there are choices to make,
which this paper seeks to evaluate.

The paper has chosen to focus on three opportunities:
e Malaria control

e HIV/AIDS control

e Scaled up basic health services.

As emphasised above, this definition of the opportunities should not be taken to imply
that these are completely distinct efforts. Expanded and improved basic health services
are a precondition for malaria and HIV/AIDS control, though also address a much
broader range of conditions including other communicable diseases such as acute
respiratory infections, diarrhoeal diseases, TB, vaccine preventable diseases, and
maternal/perinatal conditions. This categorisation of opportunities has been chosen
largely because malaria and HIV/AIDS are major causes of disease burden and
economic losses; cost-effective interventions are known to exist for their control; there
1s recent literature which can be drawn on to estimate costs and benefits; and these
diseases are currently the focus of world attention. Basic health services have been
chosen as the third opportunity since they address a major part of the disease burden
affecting poor countries, and represent explicitly the infrastructure that needs to be in
place for people’s main health needs to be met.

The following section provides an overview of the economic benefits of improved
health, discusses the availability of evidence, and outlines the overall approach taken in
the paper to estimating costs and benefits. Subsequent sections address each
opportunity. A final section discusses methodological weaknesses and limitations, and
draws conclusions.
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2 Assessing the opportunities

2.1 The economic benefits of improved health and the availability of
evidence

Health has both consumption and investment benefits. In other words, it is valued for
its own sake, as well as a means to achieve other goals (such as a good income). The
relationship between illness and income is complex, as illustrated in Figure 2.1 (8).
Effects are felt both directly (through the immediate impact of ill health on productive
activities) and indirectly, via the effects of illness on fertility, morbidity,

Figure 2.1: Channels through which illness reduces income (Ruger, et al 2001)
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mortality and intellectual capacity, and hence on the labour force size, composition and
quality, and on the capacity of countries to engage in the global economy.

Disease has been shown to have a major impact on the economy through these effects
on productivity, education, and investment. As people fall ill, they are less likely to be
able to work and less likely to be productive if they can. People have weaker incentives
to invest in their education if it is uncertain that they will be alive to reap the benefits.
There is also less incentive for people to save for their retirement, as shorter life spans
reduce the value of saving and investment in productive assets. As foreign investors
withdraw their money from these areas, the economic costs of disease are exacerbated
(9). However, it has been argued that effective intervention can thrust the economy just
as powerfully in a positive direction. Better health can lead to a demographic transition
and economic growth in the long term. Initial reductions in child mortality are followed
by a decline in fertility. As the flood of new children mature and reach working age,
and a larger proportion of people are able to contribute to the economy, the wealth of
the society rises substantially as is argued to have happened in East Asia between 1965-
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2 (9). The massive improvements in public health that occurred in East Asia between
1965-1990 most powerfully show these effects, and may have accounted for as much as
1.68% of its economic growth during this period (/0).

The CMH recently argued that the impact of health on economic development has been
underestimated (8, 1/), and that health improvements globally during the 20™ century
contributed as much, or more, to improvements in economic welfare as the innovations
and expansion in material goods and services. Such conclusions have been drawn from
studies which seek to explore the determinants of economic growth, and in particular
the influence of improved health status. From the perspective of this paper, this
literature presents two problems: it is not disease specific; and it does not address well
what type of action might best improve health.

Empirical studies of the relationship between disease and economic outcomes fall into
two categories: microeconomic and macroeconomic. The former study the link between
disease/ill health at household or individual level. Usually they document the costs that
disease imposes on the household, but not explicitly the benefits of disease control.
Costs are commonly categorised as direct (household and government expenditure on
prevention and treatment), and indirect (loss of productivity due to illness and death).
There are strong reasons to believe that this simple methodology does not measure the
true economic impact of a disease, not least because in response, households and firms
adapt their productive activities, or ‘cope’. Coping mechanisms are defined as
strategies adopted by family members, friends and colleagues to minimise the effects of
an illness on the welfare of all concerned (/2). Sauerborn et al. identified 11 different
kinds of household coping behaviours in response to illness episodes of all kinds in
rural Burkina Faso (/3). The most commonly used strategy was intra-household labour
substitution in response to lost work time of household members. Direct costs were
usually met by mobilising cash reserves and savings, selling livestock, or receiving gifts
from other households.

Such strategies may have knock-on effects through depleted capital stock, lost savings
and indebtedness. The sale of assets such as livestock potentially jeopardises the
household asset base, with households emerging more vulnerable and less able to cope
with further crises (/3). A household without livestock, and unable to rely on gifts, may
be forced to take out loans which could lead to serious debt and future impoverishment
(12). These knock-on effects ultimately affect supply or production through low saving
and investment. Furthermore, this means that the causal relationship by which disease
affects the economy may not necessarily be through sick labour only, but also through
lost capital and purchasing power.

The potential for labour substitution crucially affects the degree to which any loss of
time is translated into a loss of output. Unemployment and underemployment are
common features of underdeveloped economies, and farming is often undertaken
communally, in households or extended families. In the event of temporary disability of
a household member, the family workforce may provide a cushion, limiting the
consequent loss of output. During some seasons, agricultural underemployment may be
so prevalent that time lost by sick individuals can be fully compensated for. Similarly
in the industrial and service sectors, other members of the workforce may cover to some
extent for sick colleagues.

12



However, even if market output were maintained, there may be costs associated with
labour substitution, depending on the value of the activities from which the substituting
labour is withdrawn (/2). Moreover, assessment of a single measure of household
output, such as agricultural production, will not capture the total impact on household
welfare as it ignores the quantity and quality of home production such as food
preparation or child care, and participation in other activities, such as education or
social organisations.

Coping strategies are likely to respond not only to actual illness, but also to the risk of
disease. The risk of poor health status may have a pervasive effect on economic
incentives, behaviour and strategies (/4). Households and firms respond with
anticipatory coping strategies, ranging from insurance mechanisms to changes in the
organisation of productive activities (/2). Although formal insurance is rare in
developing countries, informal mechanisms are common, including social networks and
community organisations, and incur administrative costs which produce efficiency
losses in comparison with a risk-free setting. Precautionary measures affecting the
organisation of economic activity are likely to have wide-reaching economic effects.
High rates of absenteeism may engender labour supply responses such as limiting staff
specialisation and maintaining labour reserves to reduce the risk of labour shortages at
key times of the year, reducing the average labour productivity of all staff. Households
may respond to the risk of high financial expenditure for serious illness by reducing
their level of investment, or investing in assets which have higher liquidity but lower
returns. Finally, the risk of disease may affect reproductive as well as productive
strategies, for example increasing desired family size to insure against high rates of
child mortality and increase the family’s ability to cope when illness occurs (/2).

The impact of these anticipatory coping strategies cannot be captured by comparing
households or firms exposed to the same degree of risk because they reduce the average
productivity of all households and firms, not just those experiencing illness during the
study period. Thus microeconomic estimates are likely to be an underestimate.

In contrast, macroeconomic studies assess the influence of a disease on national income
in cross-country comparisons, and methods and data permitting, are better able than
microeconomic studies to reflect the wide-ranging and dynamic implications of ill
health.  Again such studies usually document the cost of disease, but only by
implication the benefits of reduced disease. Compared to microeconomic studies, the
volume of the macroeconomic literature is far more limited. Apart from the many
econometric difficulties encountered such as omitted variable bias, there are problems in
measures and data on disease prevalence, leading to some uncertainty on whether such
studies really are picking up the impact of the disease in question.

There is some considerable overlap in the literature on the economic impact of malaria
and that of HIV in terms of the mechanisms of influence. To a considerable extent ill
health has common effects on households and the broader economy, though these can
also differ depending on the nature of the disease. In particular, HIV/AIDS affects
primarily adults, and malaria affects mainly children (in high burden settings), leading
to some distinctly different effects (for example, malaria in children is unlikely to lead
to the dissolution of a household, whereas HIV might well do so; severe malaria in
children can have long term effects on intellectual development). For convenience in
reflecting the body of evidence on each of the diseases, the detailed evidence on

13



economic impact is included in the disease specific sections, although this inevitably
leads to some repetition of mechanisms between sections.

Studies — of which there are many — which evaluate actual interventions almost always
have employed the analytical approach of cost-effectiveness analysis (CEA) rather than
cost-benefit analysis (CBA), thus calculating cost per unit of health effect (such as a life
saved, or a Disability Adjusted Life Year (DALY)? averted). Using these studies to
evaluate the efficiency of health interventions in units that are comparable across
economic sectors requires a monetary value to be placed on a human life. This value,
the value of a statistical life (VSL), is intended to represent the marginal cost or benefit
of saving a life to society (/5). Two approaches may be taken to determine the VSL.
The Human Capital approach assumes that productivity is a proxy for utility and
estimates the VSL in terms of the present value of an individual’s future earnings. It
can be assumed to provide a lower bound on the value of life. Alternatively, a
Willingness-to-Pay approach may be used, which assumes that an individual’s
preferences are reflected in his actual or hypothetical choices according to market
prices. To translate cost-per-health effect into monetary metric, either of these
approaches may be used. While research on the willingness-to-pay for a human life has
been done in high-income countries (/6), estimates for low income countries rely
largely on expert opinion. For example the CMH argued that conventionally, each
DALY can be valued at ‘a multiple of annual income’ (/7). Lower cut-off points are
more normally applied in low and middle income country settings: for example $25 per
DALY as a criterion for a ‘highly attractive’ intervention, and $150 for an ‘attractive’
intervention (c1996 values) (/8). In contrast, it has been argued that the UK cut off is
around £30,000 (c$54,000), and possibly as high as £45,000 (c$80,000) (79), reflecting
approximately two times per capita income.

Two other issues arise in drawing on this cost-effectiveness literature, which stem from
its origin in clinical trials. Firstly, the evidence of efficacy produced by trials may
provide a poor guide to the impact expected from routine service provision’. Secondly,
such trials usually evaluate an intervention delivered on its own (eg insecticide treated
nets (ITNs) for malaria control) whereas in reality packages of interventions are
provided (eg ITNs plus treatment of child fevers). Interventions may be synergistic or
competing, making it difficult to extrapolate the benefits of packages. Finally, the
quantity of literature is very limited with respect to both geographical coverage and the
range of interventions that require evaluation.

Nonetheless, these cost-effectiveness studies represent an important source of evidence.
Moreover, systematic approaches have recently been applied to the synthesis of both
epidemiological studies and economic studies’, making judgements on the quality of the
evidence, and drawing conclusions on both the health outcomes of interventions and
cost-effectiveness. Given the existence of these syntheses for both malaria and
HIV/AIDS interventions, this paper relies on these reviews rather than the original
studies.

> DALYs are probably now the most commonly used unit of health outcome. They sum years of life
gained and years lived with disability, weighted by the severity of the disability.

? Epidemiologists distinguish efficacy, that obtained under ideal conditions (usually a research study),
with effectiveness, that obtained under more normal service conditions.

* The Cochrane library is one of the most up-to-date catalogue of reviews on the appropriateness and
effectiveness of medical interventions, and can be accessed at
http://www.cochrane.org/reviews/clibintro.htm
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Benefits of disease control include not only health benefits, but also resource savings, as
when preventive interventions reduce the need for treatment. While some cost-
effectiveness studies take these into account, in general they are often neglected, in part
because of equity concerns: resources are only saved if used in the first place, and those
population groups which have worst access to care will spend less (and have less spent
on them).

2.2  Methodological approach adopted

Given the limitations of the literature, the following approach was adopted. In general,
conservative assumptions were made. For each opportunity, several different
approaches were adopted to estimate costs and benefits. For the two diseases (malaria
and HIV), evidence was drawn from three different sources:

e Studies of the macroeconomic impact of the disease

o Studies of the cost-effectiveness of interventions

e Evidence of the costs and health benefits of large scale programmes.

For basic health services, evidence was drawn from three different sources:

e Regression analyses that measured the effectiveness of health expenditure in
generating health outcomes

e A major report to determine the cost of interventions that should take priority

e An analysis that determined the costs and benefits of a package of interventions that
was recommended in the 1993 World Development Report.

Given the limitations of the literature in terms both of quantity and quality, and the need
to try and be comprehensive in estimates of costs and benefits, these were where
possible calculated by the authors based on the literature rather than limiting the paper
only to costs and benefits actually provided in the literature. This also enables the paper
to seek some degree of consistency in terms of years and scope of costs and benefits.
Since the literature has very limited and patchy geographical coverage, rather than make
heroic assumptions extrapolating country specific analyses to the whole developing
world, costs and benefits were calculated for the geographical entity from where the
evidence came. While this means that estimates cover very different areas, taken
together the evidence gives a sense of the overall balance of costs and benefits.

Given the geographical focus of this paper, benefits accrue to the populations of low
and middle income countries and if valued according to exchange rate conversions,
would understate benefits when compared to another challenge where benefits to high
income populations are included. Costs and benefits were therefore adjusted for
Purchasing Power Parity (PPP), and expressed in 2003 international dollars (Int$). Each
year of life lost (YLL), or DALY”, was valued at per capita Gross National Income
(GNI). Depending on the population served, the corresponding GNI was used to
represent this value, or ceiling ratio (Table 2.1). While this choice of value is arbitrary,
it is a conservative reflection of the level of its income the developed world is willing to
spend on saving a year of life. To avoid disadvantaging low income countries (since the
lower their income, the lower the value of benefits), results were recalculated in the

> both were used, depending on the original source. In general, for the conditions considered here which
cause death, YLLs dominate in the DALY and so the values are very similar
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sensitivity analysis using a standard value of Int$3,830/YLL or DALY averted, the
mean GNI for low and middle income countries.

Table 2.1: Value of a DALY/YLL

Region 2001 PPP adjusted per-capita 2001 per-capita GNI (2003
GNI (2003 Int$) Us$)
Low & middle income $3,830 $1,160
East Asia & Pacific $3,790 $900
Europe & Central Asia $6,320 $1,970
Latin America & Caribbean $6,900 $3,580
Middle East & North Africa $5,430 $2,220
South Asia $2,570 $450
Sub-Saharan Africa $1,750 $460
Thailand $6,230 $1,940
South Africa $10,910 $2,820

Figures taken from (3).

Costs were calculated from a social perspective (ie including costs to both providers and
users) where data permitted, though they often reflected provider costs only. Reductions
in treatment expenditures arising from disease prevention were included where possible.

To make results comparable to those in other Challenge Papers, estimates were
presented in terms of annualised net-benefit (ANB) and benefit-cost ratios (BCR).
Where absolute levels of benefits and costs could not be estimated from information
given in the literature, benefits were estimated from cost effectiveness ratios by dividing
them by the ceiling ratio appropriate to the study. Where it was possible to estimate
total costs and benefits, net-benefit was calculated with the equation (1):

NB[ndividual = (RC * BeneﬁS) - COStS (eq 1)

where Rc represents the ceiling ratio. Evidence of absolute costs and health benefits
was given in two estimates from successful programmes (20) (27). Costs and benefits
for individuals were calculated for other estimates, and scaled up to incremental target
coverage levels for the population in need (PIN) (equation 2).

NBTatul = NB[ndividual * Coverage * PIN (eq 2)

Where possible, costs and benefits were estimated for the period 2002 to 2015 (to
coincide with the Millennium Development Goals (MDGs)) and MDG targets were
used, where relevant, to establish the desirable scale of interventions. Costs and
benefits were adjusted by a discount rate (DCR) of 3%. Sensitivity analysis was used to
explore the sensitivity of costs and benefits to changed assumptions, including a higher
DCR (6%) and common ceiling ratio (Int$3,830).

For all models, it was assumed that scaled up coverage targets were achieved
instantaneously. Where specific evidence was unavailable, parameter values were
extrapolated assuming linear growth rates and relationships between data points
calculated as incremental values: additional amounts relative to the costs and benefits of
existing programmes.
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3 Control of malaria

3.1 Identification and description
Introductory statistics

Malaria is the most important of the parasitic diseases of humans. Transmission occurs
in 103 countries; more than 1bn people live in malarious areas; and between 1-3m
people die from malaria each year. Malaria was eradicated from North America,
Europe and Russia over the twentieth century, and for a period was substantially
controlled in much of South Asia, but in recent decades has resurged. The increased
threat from malaria is particularly a result of international neglect of the disease in the
1980s onwards following realisation that malaria eradication was not feasible; and
major and increasing problems of resistance to the most commonly used drugs and
insecticides.

Malaria is caused by four different species of the genus Plasmodium, of which the most
dangerous is P. falciparum. Human infection occurs when the malaria vector, a female
mosquito of the Anopheles genus, inoculates sporozoites from its salivary glands when
it bites humans. The parasite reproduces within the human host, and the disease is
transmitted by gametocytes in the blood meal when further female anophelene
mosquitoes feed on the infected individual.

Epidemiological description

Malaria is primarily a tropical disease. P. falciparum predominates in SSA, which as a
result bears over 85% of the disease burden and 90% of malarial deaths. P. vivax is
more common in Central America and the Indian subcontinent. The epidemiology of
malaria is complex, varying considerably from place to place. Transmission is termed
stable when infection occurs all year round. In these settings small children are infected
repeatedly early in life, and morbidity and mortality are considerable: (22, 23). Through
repeated infection children develop immunity, meaning that as adults they may suffer
febrile episodes but are very unlikely to die from malaria. Pregnant women are the
other population group at high risk, since their immunity is impaired especially in the
first pregnancy. In contrast, where transmission is low, unstable or very focal (termed
unstable transmission), immunity is not acquired and symptomatic disease may occur at
all ages. Areas with unstable malaria are prone to epidemics — for example northern
India, Sri Lanka, Southeast Asia, southern Africa — which can cause many deaths.

The number of children dying of malaria rose substantially in eastern and southern
Africa during the first half of the 1990s as compared to the 1980s, while in West Africa
there was little change in the overall malaria mortality rate in children (6). The most
likely explanation is the rapidly increasing levels of resistance to chloroquine (the most
widely used treatment drug) in eastern and southern Africa.

Defining and measuring the malaria disease burden

Defining and measuring the health burden of malaria presents some major difficulties.
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Mortality

Estimating the number of deaths due to malaria is notoriously problematic (24). Post-
mortem questionnaires are relatively insensitive for detecting malaria deaths, because of
the similarities between the symptoms of malaria and other severe diseases, such as
pneumonia (25). Official reporting systems are often unreliable, as in many areas of
Africa the majority of deaths occur at home and are not formally registered.

Malaria can contribute to death in young children in three main ways:

e an overwhelming acute infection can kill a child quickly

e repeated infections contribute to the development of severe anaemia, which
substantially increases the risk of death

e low birthweight, a frequent consequence of malaria infection in pregnancy, is the
major risk factor for death in the first month of life.

In addition, repeated infections make young children more susceptible to other common
childhood diseases.

In SSA it is estimated that around 20% of mortality of children under 5 is due to
malaria, and malaria is the most important single infectious agent causing death in
young children. Around 1m deaths (range .744-1.3m) are estimated to occur in Africa,
more than 75% of them in children (26).

Episodes of uncomplicated malaria

Uncomplicated malaria is typically treated on the basis of clinical symptoms alone.
400-900m acute febrile episodes are thought to occur yearly in African children under 5
living in endemic areas (26). If 30-60% of these children were parasitaemic, as reported
in some studies, malaria cases in children would be 200-450m annually. Older age
groups in Africa have around 0.4-1 episodes of malaria a year, and probably 2 or more
febrile episodes. Worldwide there may be well over 2bn febrile episodes annually
resembling malaria.

Severe disease

Severe malaria has two major clinical syndromes: malaria with respiratory distress; and
malaria with neurological disturbance, or cerebral malaria (27). These occur primarily
among children, but also affect adults in areas of low or unstable transmission. An
estimated 3% of all attacks are severe, and in the absence of inpatient treatment around
half of cases are likely to die (28). Even with optimal management of treatment, case
fatality rates for cerebral malaria are around 19%, and would be much higher in many
hospital settings in Africa given lack of resources and skilled staff.

Anaemia

Malaria is an important cause of anaemia in SSA (24). The severe form is a life-
threatening condition in young children and often warrants blood transfusion, which
increases the risk of HIV infection. In malaria-endemic areas, the incidence and age
pattern of severe anaemia are strongly dependent on the intensity of P. falciparum
transmission (29), and malaria control trials have been associated with significant
reductions in the prevalence of anaemia in children and pregnant women (30).

Malaria in pregnancy

Anaemia is also a harmful manifestation of malaria in pregnancy. Pregnant women, as a
result of malaria infection and especially in their first pregnancy, experience an
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increased risk of maternal anaemia, abortion, still birth, and low birth weight, due to
both prematurity and intra-uterine growth retardation (37). This is of particular concern
because low birth weight is associated with increased neonatal mortality (32).

Interaction with other diseases

In addition to its direct role in morbidity and mortality, malaria is also thought to have a
significant indirect effect in conjunction with other common diseases such as measles,
respiratory infections, diarrhoeal disease and malnutrition, although the extent of the
indirect impact is difficult to measure and not well understood. Evidence for a
significant indirect effect is bolstered by malaria control trials which have found much
larger reductions in all-cause mortality than would have been expected from data on
malaria specific mortality alone (30). Moreover, the use of insecticide treated mosquito
nets (ITNs) has led to reductions in deaths attributed to acute respiratory infections,
acute gastro-enteritis and malnutrition as well as malaria (33). However, during the
Garki project of residual spraying and mass drug administration, malaria control led to
less than the expected impact on all-cause child mortality, which may be because
children face “competing risks” from other potentially fatal diseases, so that a reduction
in malaria risk increases their likelihood of falling victim to another cause (34).

Intellectual development

Although evidence is limited, it is likely that malaria significantly affects intellectual
development and since variations in reasoning ability, cognitive skill, and years of
schooling are considered to be important determinants of future variations in
productivity and earnings of individuals (35), the economic impact is likely to be
significant.

Survivors of cerebral malaria may be left with neurological sequelae including
weakness in the limbs, speech disorders, behavioural disorders, blindness, hearing
impairment, cerebral palsy and epilepsy. A review of comparable studies of African
children found that 16% of cerebral malaria survivors had some kind of neurological
sequelae at discharge, and for 6% of children these defects persisted for at least 6
months (24). No data were available on residual sequelae among adults.

There is good evidence on the association between iron deficiency anaemia (IDA) and
poor performance in infant development scales, 1Q and learning tasks in pre-school
children and educational achievement among school-age children (36). Iron
supplementation has been associated with improvement in mental development scale
scores in infants (37) and significant increases in school achievement scores (38).
However, it is not clear whether these findings for IDA apply equally to children with
the type of anaemia associated with malaria.

Malaria may also affect intellectual development through the impact on school
attendance. A study in the Gambia of the effects of insecticide-treated mosquito nets
found that absenteeism because of fever was significantly higher in the control group
(39).
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Microeconomic Impact of Malaria

Microeconomic studies are concerned with impact at the level of a productive unit such
as the household or firm. There is quite a voluminous literature, which we lack space to
cover here but which is reviewed in (40).

Evidence on direct costs suggests that households can spend quite substantial sums on
prevention and especially treatment, and also that direct costs to governments are
substantial (for example an estimated 19% of the Rwandan Ministry of Health recurrent
budget (47). In terms of indirect costs, the average time lost per episode for a sick adult
ranges from 1 to 5 days, though these averages conceal considerable variation across
individuals (40). In order to estimate total costs, Ettling et al. (42), using data from
Malawi, multiplied the cost per episode by the predicted number of episodes per year
and average household size to obtain a total annual cost per household of $40.02 or
7.2% of household income. For very low income households the total cost was $24.89,
equivalent to 32% of income. Leighton and Foster (43) found that total household costs
amounted to 9-18% of annual income for small farmers in Kenya, and 7-13% in
Nigeria. Only one study, by Shepard et al. (44), has attempted to use such data to
estimate the overall economic cost of malaria morbidity and mortality in Africa. Based
on extrapolations from four country case studies in Burkina Faso (one district), Chad
(one district), Congo (Brazzaville), and Rwanda, the total direct and indirect cost in
1987 was estimated to be $1,064m, $3.15 per capita, and 0.6% of the sub-Saharan
Africa GDP (1999 prices). The authors predicted that the total cost would increase
substantially over time based on projected increases in population, malaria incidence,
the value of output, and the cost of antimalarials.

However this evidence on the microeconomic impact of malaria is in general partial and
of questionable accuracy (40, 45), and there are many problems in using such data to
reflect the burden to society or the potential benefits from control. Studies have
generally focussed on febrile illness, overestimating the burden of uncomplicated
malaria but underestimating the costs of severe illness, other debilitating manifestations
(especially neurological sequelae, anaemia and cognitive development), and mortality.
Many studies use inadequate data to calculate indirect costs, failing to account for
seasonal variations, the difference between the average and marginal product of labour,
and the ways households and firms “cope” in response to illness episodes. An
alternative approach has been to estimate the net impact on output by looking directly at
the statistical association between malaria and agricultural output through a production
function (46). Findings have been contradictory, at least in part because of data and
methodological weaknesses.

The evidence on the extent to which the burden falls more heavily on lower socio-
economic groups is reasonably consistent (47). Studies examining socio-economic
status using assets, education, and occupation all yield data that suggest an inverse
relationship between the impact of malaria and socio-economic status.

Evidence on the impact of coping strategies in response to the risk of disease is
fragmentary. Such strategies probably affect fertility decisions and crop choices, for
example, but are difficult to identify since they reduce the average productivity of all
households and firms, not just those experiencing illness during the study period. It is
ironic that precautionary measures against the risk of malaria may lead analysts to
conclude that the economic impact of malaria episodes is low, when the reverse is the
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case. For example, maintaining a labour surplus, which is very costly to firms or
households, would permit a high degree of labour substitution in response to a single
episode.

Macroeconomic impact of malaria

Studies of the macroeconomic impact of malaria have produced conflicting results.
Barlow (48) analysed the impact of near-eradication of malaria in Sri Lanka using a
macro model which encompassed both demographic and economic variables, such as
the labour force, savings and investment and public expenditure. He argued that,
although there may have been a positive impact during the first decade, in the long-run
the growth of output would have been outstripped by population growth, reducing real
income per capita. These conclusions should be treated with caution for several
reasons. The impact of malaria eradication on population growth in Sri Lanka has been
a subject of great controversy, with some analysts arguing that its contribution was
much lower than that assumed by Barlow. Borts argued that malaria control may
change household savings behaviour if the productivity of capital is increased through,
for example, the opening up of more productive land (49). More generally, models such
as Barlow’s have been criticised for over-emphasising the role of capital formation in
economic growth. Finally, the relevance of Sri Lanka’s experience to contemporary
Africa is questionable, given that population density and demographic trends are very
different, and malaria interventions focus on control rather than eradication.

A recently applied alternative approach has been to use malaria as an explanatory
variable in economic growth models in the style of Barro (50). Gallup and Sachs (2001)
used cross country regression analysis to relate the growth in GDP per capita between
1965 and 1990 to initial income levels, initial human capital stock, policy variables,
geographical variables and a ‘malaria index’, calculated as the product of the fraction of
land area with endemic malaria in 1965 and the fraction of malaria cases that were P.
falciparum in 1990 (51). Their results suggested that countries with a substantial
amount of malaria grew 1.3% per year less between 1965 and 1990 (controlling for
other influences on growth), and that a 10% reduction in malaria was associated with
0.3% higher growth per year. McCarthy et al. employed a similar cross-sectional
regression approach to explore the impact of malaria on average per capita growth rate
in three five-year periods. They proxied the malaria burden with data on the incidence
of malaria episodes, to account for the impact of differing use of protective measures on
actual morbidity with given exposure (52). They also found a significant negative
association between malaria and economic growth, although the estimated impact
differed sharply across countries. The impact was smaller than that found by Gallup and
Sachs, exceeding 0.25% per year in a quarter of the sample countries, and averaging
0.55% for those located in SSA®.

6 Reasons for the differences between the two models remain to be fully explored. A potential
explanation lies in the time frame used in each evaluation; Gallup and Sachs (2001) use a dataset that
spans 1965-1990 based on historical maps, while McCarthy and colleagues (2000) use WHO data
between 1983-1997. A 