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Executive Summary

I ntroduction

In 1998, the World Hedth Organization (WHO) identified malaria as a key priority, and

announced the launch of the Roll Back Malaria campaign, which aims to bring about a
significant reduction in the globa malaria burden, with an initial emphasis on the high

transmission areas of Africa. The new initiative has arisen out of a strong and growing political

commitment to combat the disease, both in affected countries and the donor community. The aim

of thisreport is to support this initiative through the synthesis and analysis of information on the

cost-effectiveness and economic benefits of malaria control in sub-Saharan Africa (SSA). Whilst
economic analysis is only one of many inputs into the decision-making process, it can provide

policy-makers with important information on the interventions which represent the best value

for money in Africa

Chapter 1 describes the burden of disease due to malaria, and reviews existing literature which
applies economic analysis to evaluate control interventions. In SSA, malaria is the single most
important infectious disease in children, being responsible for the deaths of around one million
children per year. The malaria health burden has an important morbidity as well as mortality
component, with the severe forms of the disease (cerebral malaria and severe anaemia) the main
reasons for hospital admissions of young children in malaria endemic areas. Millions more
children and adults suffer mild uncomplicated clinical malaria each year. The epidemiology of
malaria across SSA is far from homogeneous, with variations from intense perennial
transmission, to highly seasona low transmission, to sporadic transmission in areas normally
malaria-free. Across this range of transmission intensity, there are associated age-specific
patterns of malaria-related morbidity and mortality.

A review of economic evaluations of malaria control revealed many gaps and inadequacies in
the literature. The number of analyses was very limited, and for some interventions there were
no studies at al. Moreover, it was difficult to draw general conclusions because studies were
related to specific geographical settings, and often drew their information from trials, which were
not typical of operational situations. Comparison of the results was problematic because many
of the studies used different methodol ogies and outcome measures, and did not include al the
costs.

More studies are evidently needed that assess cost-effectiveness in operational settings for a
variety of interventions. However, studies need time to undertake, but policy decisions on the

allocation of resources to malaria control cannot be indefinitely delayed. A modelling approach
was therefore used to provide arange of comparable estimates for the cost-effectiveness of the
main prevention and treatment interventions in SSA, drawing on al available cost and

effectiveness data.

Methods of Analysis
Details of the cost-effectiveness methodology used are provided in Chapter 2. The effectiveness
of each intervention was modelled using a hypothetical population based on a model life table,

and was calculated in terms of disability adjusted life years (DALYs) averted. The DALY isa
measure of health outcome which incorporates both premature death and morbidity/disability,



and which facilitates comparison with other interventions that improve the quality of life, as well
as with those that save lives. Estimates of DALY s averted were combined with information on
costs to both governments and households to produce a likely range for the “cost per DALY
averted” of each intervention. Results were produced for SSA, dtratified by broad
epidemiological zone where feasible, and by three economic zones stratified on the basis of per
capita gross national product (GNP): very low income (under $315); middle income (between
$315 and $1,000); and higher income (above $1,000). All costs were converted to 1995 US
dollars.

Data on costs and effects were obtained through reviews of published and unpublished literature,
and extensive consultation with experts working in both research and programme
implementation. Effectiveness estimates were based on randomized controlled trials and meta-
analyses where possible, and were adjusted by behavioural variables, such as compliance, to
estimate operational effectiveness. Due to the high degree of uncertainty and variability
surrounding many of the key parameters, probabilistic sensitivity analysis was used: cost and
effectiveness input variables were entered as ranges, the model was estimated using a Monte
Carlo simulation, and the cost-effectiveness ratios (CERs) were expressed in terms of likely
ranges rather than point estimates.

The evaluation of CERSs rests on a comparison with the cost-effectiveness of alternative uses of
resources, which will depend on the specific context. As a broad guideline, an intervention was
considered as “highly attractive” if the range for the cost per DALY averted fell entirely below
$25, and “attractive” if it fell below $150. Estimates were also made of the total cost of
implementing each intervention in a‘typical’ low income country: data from Tanzania were used
for illustrative purposes. This gives an indication of the affordability of each intervention.

The availability of data on the costs and effects of malaria control restricted the analyses to a sub-
set of interventions to prevent malaria in childhood and pregnancy (Chapters 3 and 4
respectively) and to improve the case management of uncomplicated malaria (Chapter 5).

The Prevention of Malariain Childhood

The following strategies were evaluated: insecticide treated nets (I TNs), residual spraying of
houses, and chemoprophylaxis for children. The coverage of preventive interventionsin SSA is
currently very limited. Residual house spraying was advocated as the mainstay of the malaria
eradication programmes during the 1950s and 1960s. Over time many countries have abandoned
or curtailed their spraying programmes, although they are till widely active in parts of southern
Africa. The treatment of mosquito nets with insecticide is a relatively new innovation. The
efficacy of ITNsin reducing child mortality has recently been demonstrated in trials, but large-
scale operational programmes remain rare. The provision of chemoprophylaxis to children
represents an alternative to vector control in preventing malaria; it is not currently implemented
in SSA, although large-scale programmes have been undertaken in several countriesin the past.

A model of childhood malaria morbidity and mortality was used to explore the cost-effectiveness
of preventive strategies in reducing morbidity and mortaity in children under 5 years of age. The
analysis was restricted to areas of moderate to high malaria transmission, as effectiveness data
were not available from low transmission or epidemic aress.



Insecticide treated nets

The anaysis of ITNs was based on the delivery mechanism used in the WHO Special
Programme for Research and Training in Tropical Diseases (WHO/TDR) trids, where net
treatment was done on a communal basis, with householders, community health workers and
programme staff working together. Two possible scenarios were considered: first, where nets are
distributed to households as part of the programme, and secondly where there is already a high
degree of net ownership, and treatment is arranged for the existing nets. Estimates of the
effectiveness of ITNs were drawn from the Cochrane meta-analysis of WHO/TDR trias
conducted in SSA, adjusted using estimates of net retreatment rates in operational settings.

If net coverage was low and nets must be distributed as well as treated, the cost per DALY
averted in a very low income country fell within the range of $19 to $85 and hence would be
judged “attractive’. The intervention would also be considered an “attractive’ option in middle
income countries (because the range fell under $150), but not in higher income countries. If net
coverage in the community was already high and only treatment of nets was required, costs were
significantly reduced. Under this scenario, the range for the CER in a very low income country
decreased to between $4 and $10. Indeed, the intervention would be “attractive” for al income
levels, and “highly attractive” in very low and middle income countries.

Residual spraying

Recent evidence on the health impact of residual spraying was not available, so it was necessary
to rely on infant mortality reductions recorded during three controlled trials in the 1950s and
1960s. The effectiveness estimates were adjusted to account for non-compliance, and costs were
calculated on the basis of one or two spraying rounds per year. With one round a year, the CER
in very low income countries fell between $16 and $29, on the margin of “highly attractive’ and
“attractive’, and for the other two economic strata, spraying would be considered an “ attractive”
option. If two rounds were required a year, the CER in each income group approximately
doubled. Spraying would still be considered “attractive” in very low and middle income
countries, but not in higher income countries (though given their higher income, they might well
be prepared to pay in excess of the $150 per DALY averted cut-off point applied here).

Chemoprophylaxis for children

The analysis of chemoprophylaxis for children was based on a system of distribution of the
antimalarial, Maoprim® by village health workers (VHWS). An estimate of the impact on child
mortality was taken from atrial conducted in the Gambia, adjusted to account for compliance
in operational settings. Costs were estimated for perennia transmission (12 months) and seasonal
transmission (6 months), and were calculated for two scenarios. In the first scenario a network
of VHWSs was assumed already to exist, and in the second scenario it was assumed to be
necessary to establish a VHW cadre to run the programme.

Where a network of VHWSs aready existed, the CER in very low income countries with
perennia transmission fell between $3 and $12. The intervention would be considered “highly
atractive’ in very low and middle income countries, and “attractive” in the higher income strata.
Even if it were necessary to set up awhole VHW programme just to implement this intervention,
it would till be “attractive” in very low and middle income countries, with for example, a CER
between $8 and $41 in very low income countries with perennia transmission.



Resistance and immunity

The cost-effectiveness of all of the interventions to prevent malaria in childhood could be
adversely affected by the development of either insecticide or drug resistance. Insecticide
resistance is not currently common in SSA, but could develop in response to widespread
agricultural or public health use of insecticides. Resistance to certain drugs is already
widespread, and there is concern that the provision of chemoprophylaxis could itself significantly
increase the growth of resistance, which would have a detrimental effect on the cost-
effectiveness of the intervention, and could also threaten the provision of effective case
management. There is also concern that long-term use of preventive interventions in areas of
high malaria transmission could reduce the rate at which immunity is acquired, increasing
malaria morbidity and mortality in older age classes. This mortality “rebound” in later childhood
may cancel out to some degree the mortality reduction achieved in the younger children.

Policy conclusions: cost-effectiveness of preventive measures

In summary, al of the interventions analysed that prevent childhood malaria are potentially
attractive uses of resources. There is considerable overlap in the ranges for the CERS, so no one
intervention can be identified as the most cost-effective in all situations.

Although the interventions are cost-effective, the financial costs of wide coverage are high, and
affordability islikely to be a major barrier to widespread implementation. Unless nets are aready
widely used, or astrong network of VHWSs s in place, achieving national coverage of the target
group with any of the interventionsis likely to increase the existing health sector budget by over
20%.

The Prevention of Malariain Pregnancy

Evidence is growing that chemoprophylaxis or intermittent treatment of malaria in pregnancy
has beneficial health effects. In 1986, WHO recommended that all pregnant women in malaria
endemic areas receive regular prophylaxis, but this has rarely been accomplished effectively in
practice. A model was devel oped to assess whether a drive to increase coverage was justified on
the basis of cost-effectiveness. Two drug regimens were considered for primigravidae only:
weekly chloroquine chemoprophylaxis, and two intermittent treatments with sulfadoxine
pyrimethamine (SP). Whilst the impact on increasing birth weight of children born to
primigravidae has been clearly shown in a meta-analysis, the sample sizes of the studies were
too small to demonstrate a significant impact on neonatal mortality. The impact on mortality was
therefore modelled, based on birth weight distributions and birth weight specific neonatal
mortality rates. Estimates of effectiveness were adjusted for non-attendance at clinic and non-

compliance with the prescribed regimen.

In the absence of parasite resistance, both drug regimens were clearly cost-effective. In very low
income countries with SP the CER fell between $4 to $26, and for al economic strata with either
drug, the CER féell clearly below $150. The intervention would therefore be considered an
“attractive” option with either drug regimen. The chloroquine regimen was dightly less cost-
effective than the SP regimen, because the latter was cheaper and was assumed to have higher
compliance. The SP regimen continued to look “attractive” if coverage was extended to all
gravidae, if three, rather than two treatments were provided; or if a share of antenatal care
overheads were included in the costs.

Vi



Resistance

When drug resistance was alowed for, both regimens remained cost-effective up to high levels
of resistance. In very low income countries, the intervention continued to look “attractive” up
to 69% resistance if the chloroquine regimen were used, and up to 83% resistance if the SP
regimen were used.

Policy conclusions: prevention of malaria in pregnancy

This intervention is highly cost-effective. The intervention is also relatively affordable for SSA
governments, with an incremental cost equivalent to less than 1% of the existing health sector
budget. However, these results are based on the addition of the intervention to an existing
infrastructure of antenatal clinics. If antenatal care coverage is currently low, the incremental
costs of providing the service through clinics would be significantly increased.

Improving the Case Management of Uncomplicated Malaria

WHO has argued that appropriate and timely case management should be seen as not only a key
component of any malaria control programme, but also as a fundamenta right of all populations
affected by malaria. In reality, case management is often highly inadequate. | nappropriate drugs
are prescribed, compliance with the recommended regimen is low, drugs are often ineffective
due to resistance or poor quality, and patients with severe malaria are managed inappropriately.

Evauation of interventions to improve case management is hampered by the lack of data on both
costs and effectiveness, and the few studies that do consider such strategies generally do not
include heath outcomes. In order to analyse the interventions, a decision tree model was
developed to trandate changes in intermediate outcomes, such as compliance and drug efficacy,

to final health outcomes. This model was used to assess the cost-effectiveness of interventions
to improve the treatment of uncomplicated malaria, namely improving compliance, improving
the availability of second and third line drugs, changing the first line drug for treatment, and the
use of combination therapies. The results are presented for the two broad strata of low and high
transmission. Cost-effectiveness was analysed using both gross costs (incremental costs of
intervention only), and net costs (incorporating potential cost-savings to estimate the overal

impact on the total cost of the treatment episode).

Improving compliance

An intervention to improve compliance was evaluated, including training of providers, health
education for patients and care-takers, and the pre-packaging of chloroquinein plastic bags. This
was highly cost-effective: for a very low income country with high transmission the CER was
under $25 at any level of drug resistance below 77%. In low transmission areas the CER range
fell under $25 up to 24% resistance, and under $150 up to 87% resistance. Results were very
similar for middle and high income countries.

Improving the availability of second and third line drugs

It is generally recommended that a clear hierarchy of drugs should be available for the treatment
of uncomplicated malaria, so that patients experiencing treatment failure with the first line drug
can be prescribed an alternative. However in reality, access to second and third line drugs at
periphera facilities is often very poor. Analysis using the case management model showed that
moving from a situation where only chloroquine could be prescribed to one where second and
third line drugs were available was potentially highly cost-effective. In a very low income
country, the CER range was under $25 at any level of chloroquine resistance greater than 6% in
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low transmission areas, and at any level of resistance with high transmission. Moreover, in high
transmission areas the intervention would lead to net cost-savings at any level of resistance above
40% in very low income countries, 22% in middle income countries, and 3% in high income
countries.

Changing thefirst line drug for treatment

For decades, chloroquine has been the officia first line drug for the treatment of uncomplicated
malariain nearly all African countries, but resistance is now widespread and increasing. A key
issue facing African policy-makers is the question of when to change to a new first line drug. If
the decision were considered with given levels of drug resistance, a switch from chloroquine to
SP as the first line drug would appear highly cost-effective. However, this ignores the central

concern that resistance to the replacement first line drug will rapidly increase once it is widely
adopted, reducing the effectiveness of the new regimen. A dynamic framework, which
incorporates the growth of resistance over time, is essential to evaluate the complex trade-offs
between higher drug costs, immediate reductions in morbidity and mortality and reductions in
the associated cost of treatment, and potentia increases in resistance to replacement drugs, which
could lead to higher morbidity and mortality in the future. The case management mode,

extended to cover a 10-year time period, was used as an analytical tool to help structure the
problem, explicitly explore the trade-offs involved, and identify key parameters that have a
significant influence on the results.

If the growth of drug resistance isignored, an immediate change of first line drug appears highly
cost-effective, whatever the level of chloroquine (CQ) resistance. By contrast, using a dynamic
framework leads to strikingly different conclusions. With a starting CQ resistance of 20%, there
should be adelay of severa years before a switch is implemented, which would inevitably lead
to higher rates of mortality in the short to medium term. The analysis showed that the appropriate
time to change drugs is highly dependent on both empirical factors, such as the level and growth
rates of resistance, and subjective factors relating to the preferences and priorities of policy-

makers, and their attitudes to risk. The collection and dissemination of relevant information on
thisissue should be a key priority, and constructive advice should be provided to policy-makers
to help them to weigh up the complicated trade-offs involved.

The use of combination therapies

The extended model was also used to evaluate the potential cost-effectiveness of combination
therapies. It is argued that prescribing an additional drug, such as artemisinin, with the first line
drug will reduce the growth rate of drug resistance. The cost-effectiveness of this strategy
depends on the impact on the resistance growth rate. The limited analysis possible with the
available data indicated that in very low income countries with high transmission, the CER range
would be under $25 if the growth rate of SP resistance was reduced by at least 58%, and under
$150 if the reduction was greater than 47%.

Diagnostic tests

The introduction of diagnostic tests was also assessed, but as the impact on health outcomesis
not clear-cut, the analysis was restricted to an evauation of net costs. In very low and middle
countries, the range for the gross cost per test with microscopy was clearly lower than for the
dipstick test, but in higher income countries there was some overlap in the ranges. The potential
cost savings from using microscopy or antigen detection dipsticks rather than clinical diagnosis
were assessed by comparing the incremental cost per test with the savings in drugs prescribed.
Despite the low positive predictive values found for clinical diagnosis, the use of additional
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diagnostic technology is unlikely to be cost-saving in SSA because the current range of first line
antimalarias are relatively inexpensive drugs. If one of the more expensive antimalarials, such
as mefloquine, became the first line drug, both microscopy and dipsticks would be clearly cost-
saving in low transmission areas, where the accuracy of clinical diagnosisis likely to be lowest.
For very low and middle income countries microscopy would also be cost-saving under high
transmission, but the results are ambiguous for higher income countries, and for al countries
with dipsticks.

Poalicy conclusions: improving case management of uncomplicated malaria

It is clear that many interventions to improve case management are potentially extremely good
value for money but information is relatively poor, making it difficult to draw firm conclusions.
This cavest particularly applies to the measures to improve compliance and the accessibility of
second and third line drugs; results for both are extremely promising but need to be interpreted
with some caution, as the data on the costs and effects of these interventions are so limited.
Further analysis of the interventions considered here should incorporate consideration of
potential trade-offs between the two objectives of making prompt, effective treatment as
accessible as possible, and controlling drug use to reduce the growth rate of resistance.

Data on the costs and effects of improving the treatment of severe malaria proved inadequate to
explore cost-effectiveness, except for a preliminary analysis of the cost-effectiveness of the
introduction of artesunate suppositories. This intervention could be highly cost-effective, and it
is plausible that this could also be the case for other interventions to improve the treatment of
severe cases. More research is urgently needed in this area.

Both improving compliance and increasing the accessibility of second and third line drugs are
relatively low cost interventions, representing well under 1% of the existing government health
care budget in a very low income country. Switching from chloroquine to SP as the first line drug
would aso require only asmall increase in the government health budget, of approximately 0.2%
per year. However, the costs of switching to mefloquine, as a potential replacement for SP,
would be much more substantial, requiring an increase of approximately 18%. The introduction
of combination therapy was estimated to require a 5% annual increase in the current health care
budget, and the net cost of using dipsticks for every suspected malaria outpatient case would
require an increase of around 8%.

The Economic Impact of Malaria

Literature was reviewed on the economic burden of malaria, and the potential economic benefits
to be derived from improved control (Chapter 6). Evidence indicates that malaria was a major
economic burden for the households studied, which spent each month between $0.23 and $15
on maaria prevention methods, and between $1.79 and $25 on treatment. However, these data
are inadequate to permit generalization beyond the original settings. Most studies have been done
in urban areas, and thus are unlikely to represent expenditure in rural areas. In addition they
report expenditure in a specific time period (usually a month), which cannot be extrapolated to
an annua figure without better information on the seasonal distribution of malaria and cash
availability.

No attempts have been made to estimate overall public expenditure on malaria prevention and
treatment, but the numbers of patients seeking care for suspected malaria and data on unit costs
of treatment suggest that the total cost is likely to be substantial. Around 20% to 40% of



outpatient visits in SSA are for “fever”, and suspected malaria among inpatients ranges from
between 0.5% to 50% of admissions. An outpatient visit costs in the region of $0.96 in Malawi;
inpatient treatment for severe malaria costs $35 per admission in a typical Kenyan district
hospital and absorbed 9% of hospital inpatient recurrent costs.

In addition to these direct costs, malaria also has an economic impact through its effect on
physical work capacity and labour productivity; land use; and child school attendance, school
performance and cognitive development. However, studies on these issues have been fraught
with methodological difficulties. There has been a genera failure to take into account several
important factors, including the specific nature of the malaria disease burden, the particular
characteristics of the local economy, the coping strategies of households, and the effect of
malaria on the production possibilities and incentives of households. There has aso been a

remarkable lack of attention paid to the relative incidence of malaria by socio-economic group,
and especialy itsimpact on the poorest. Systematic studies of the potential benefits of malaria
control, disaggregated by region and population group, are required both to publicize and justify
amajor malaria control effort, and to inform the design and targeting of control interventions.

Policy Implications

Chapter 7 reflects on the economic evidence available to underpin Roll Back Malaria, and
identifies key knowledge gaps and research priorities. The main cost-effectiveness results are
summarized in Figure 1 for a very low income country with high transmission. The central
message from this analysis is that al the malaria control interventions evaluated would be
considered an attractive use of resources. in very low and middle income countries, the CER
range clearly falls below $150 in each case. This was not the case for al interventions in higher
income countries, but it is plausible that higher ability to pay for health care would mean that a
higher CER cut-off was appropriate in these countries.

Cost-effectiveness depends on a range of factors specific to each intervention, but certain
common influences can be identified, such as the length of the transmission season, the price of
key commodities (such as nets and drugs), behavioural factors (such as compliance with drug
regimens and retreatment rates for nets), and the degree of drug or insecticide resistance.

The level of existing infrastructure significantly affects incremental costs, and therefore cost-

effectiveness, for ITNs, chemoprophylaxis for children, and prevention in pregnancy. This raises
the crucial issue of a potential conflict between efficiency and equity. According to these results
it would be more cost-effective to direct resources to areas where, for example, there is good
antenatal care (ANC) coverage, a network of VHWS exists, or net utilization is already high.

However, if resource allocation were based on this analysis, it would be likely that the better-off
regions and households would benefit most. Those potentialy excluded would be the poorer,
more remote regions which are currently underserved, and households without nets, or with poor
access to health services. It is therefore essential that information on the cost-effectiveness of
interventions is ways considered in conjunction with information on the characteristics of those
benefiting. Where additional costs are required to reach those in greatest need, it is appropriate
that benefits accruing to those groups be given greater weight.

Information on the total and per capita costs of packages of measures are summarised in Table
1. Depending on the choice of interventions, the cost per capita of malaria control packages was
estimated to range between $0.03 and $2.06. If net usage is currently low, and no network of



VHWs dready exists, high coverage with a package including effective prevention in childhood
cannot be achieved for less than $0.81 per capita. In the face of many pressing priorities and
limited resources, this is unlikely to be affordable to low income countries through locally
generated funds aone. It is therefore likely that a prominent donor role in financing will be
required.

Key knowledge gaps which severely hampered the estimation of cost-effectiveness were
identified as the impact of a number of key interventions on health outcomes, costs of these
interventions, and information on the development and impact of drug and insecticide resistance.
The following recommendations are made for further research on the economics of malaria:
analysis of the economic benefits of malaria control, disaggregated by region and population
group; the collection of better information on the costs of interventions; operational research on
the effectiveness, efficiency and equity of different delivery strategies; the development of a
common cost-effectiveness methodology, which is broadly accepted and well disseminated;
analysis of the actual and potential roles of the public and private sectors in malaria control; and
empirical and methodological work on the adaptation of generalized cost-effectiveness estimates
for use by country level policy-makers. The achievement of these recommendations on the scale
needed will require considerable African capacity building in the fields of both economics and

epidemiology.
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Figure 1. Cost-effectivenessin avery low income country with high transmission: mean and 90% range for the cost/DALY averted (1995 US dollars)
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Table 1. Gross average annual cost implications of packages of malaria control measures in
Tanzania (high transmission, very low income country) (1995 US dollars)

Package 1
Antenatal intermittent treatment (primigravidae only, ANC $0.2m
Services exist) $0.5m
Intervention to improve compliance $0.3m
Improving the accessibility of 2nd and 3rd line drugs

$1.0m
Total cost $0.03
Cost per capita 1%
Cost as percentage of existing health sector budget
Package 2
Net treatment (deltamethrin, one treatment per year) $3.1m
Antenatal intermittent treatment (primigravidae only, ANC $0.2m
services exist) $0.5m
Intervention to improve compliance $0.3m
Improving the accessibility of 2nd and 3rd line drugs

$4.1m
Total cost $0.14
Cost per capita 4%
Cost as percentage of existing health sector budget
Package 3
Net distribution and treatment (deltamethrin, one treatment per $22.7m
year) $0.2m
Antenatal intermittent treatment (primigravidae only, ANC $0.5m
services exist) $0.3m
Intervention to improve compliance
Improving the accessibility of 2nd and 3rd line drugs $23.7m

$0.81
Total cost 25%
Cost per capita
Cost as percentage of existing health sector budget
Package 4
Residual spraying (lambda-cyhalothrin, 2 rounds a year) $51.2m
Antenatal intermittent treatment (all pregnant women, ANC $0.6m
Services exist) $0.5m
Intervention to improve compliance $0.3m
Improving the accessibility of 2nd and 3rd line drugs $7.6m
Confirmed diagnosis for every suspected case

$60.2m

Total cost $2.06
Cost per capita 64%
Cost as percentage of existing health sector budget

Source: Tables3.12,45and 5.7

Xiii



Contents

Executive Summary
Contents
Acknowledgements
Acronyms and abbreviations

Chapter 1 —Introduction
1.1 The opportunity to address malariain Africa
1.2 The burden of disease
1.3 Literature review of economic evaluations of malaria control in Africa
1.3.1 Malaria prevention
1.3.2 Madariatreatment
1.3.3 Package of interventions
1.3.4 Comparing the cost-effectiveness of interventions
1.4 Choice of interventions for evaluation

Chapter 2—Methods of Analysis
2.1 Economic evaluation
2.2 Use of modds
2.3 Stratification
2.4 Cdculation of effectiveness
2.5 Cdculation of costs
2.6 Handling uncertainty
2.6.1 Analysis of correlation between input and output variables
2.7 Evauation of cost-effectiveness results

Chapter 3 — Prevention of Malaria in Childhood
3.1 Introduction
3.2 A model of childhood malaria morbidity and mortality
3.3 Insecticide treated nets
3.3.1 Effectiveness of ITNs
3.3.2Costsof ITNs
3.3.3 Cost-effectiveness of ITNs
3.4 Residual spraying
3.4.1 Effectiveness of residual spraying
3.4.2 Costs of residual spraying
3.4.3 Cost-effectiveness of residual spraying
3.5 Chemoprophylaxis for children
3.5.1 Effectiveness of chemoprophylaxis for children
3.5.2 Costs of chemoprophylaxis for children
3.5.3 Cogt-effectiveness of chemoprophylaxis for children
3.6 Discussion of preventive interventions
3.6.1 Resistance to drugs and insecticides
3.6.2 Impact on the development of acquired immunity
3.6.3 The relationship between compliance and effectiveness
3.6.4 Feasibility of implementation
3.6.5 Affordability
3.7 Summary and conclusions

Xiv

il
XV
XXili
XXiii

OO ~NPhrWE B

17
17
18
20
22
23
23

29
30
31
31
32

35
36
37
39
40
41
41
43

46
46
47
48
50



Chapter 4 — Prevention of Malaria in Pregnancy

4.1 Introduction 83
4.2 A model of birth weight and child survival 84

4.2.1 Effectiveness 85

4.2.2 Costs 87
4.3 Cost-effectiveness 88
4.4 Discussion 89
4.5 Summary and conclusions 93

Chapter 5—Improving Malaria Case M anagement

5.1 Introduction 109

5.2 A model of case management 109
5.2.1 Health effects 109
5.2.2 Costs 111
5.2.3 Cost-effectiveness 112

5.3 Using pre-packaging, training and health education to improve compliance with
antimalarials 113
5.3.1 Improving compliance: cost-effectiveness results 114
5.3.2 Improving compliance: discussion 115

5.4 Improving access to the second and third line drugs for treatment failures 116
5.4.1 Improving access to second and third line drugs: cost-effectiveness

results 116
5.4.2 Improving access to second and third line drugs:. discussion 117
5.5 Changing the first line drug for the treatment of uncomplicated malaria 117
5.5.1 Cogt-effectiveness results in a static framework 118
5.5.2 Extending the model to allow for the growth of drug resistance 119
5.5.3 Cost-effectiveness results in a dynamic framework 120
5.5.4 Changing the first line drug: discussion 121
5.6 Combination drug therapies 123
5.6.1 Combination therapies: cost-effectiveness results 124
5.6.2 Combination therapies:. discussion 124
5.7 Introducing new diagnostic tools 125
5.7.1 Net costs of diagnostic technologies 126
5.7.2 Potentia health effects of diagnostic technologies 126
5.8 Other interventions 127
5.9 Affordability 129
5.10 Summary and conclusions 129
Chapter 6 — The Economic Impact of Malaria
6.1 Introduction 159
6.2 Review of studies 159
6.2.1 Effect of malaria on labour productivity 159
6.2.2 Impact of malaria on physical work capacity 162
6.2.3 Impact of malaria on land use 162
6.2.4 Impact of malaria on children’s school attendance, performance and
cognitive skills 162
6.2.5 Impact of malaria on household expenditure 163
6.2.6 Public health sector expenditures on malaria 164
6.2.7 Overall economic cost of malariain Africa 164



6.3 Overall comments on the literature
6.4 Conclusion

Chapter 7 — Policy Implications
7.1 Comparison of the cost-effectiveness of malaria control strategies
7.2 Packages of malaria control measures
7.3 Other economic issues in malaria control policy formulation
7.3.1 Financing
7.3.2 Alternative distribution and provision strategies
7.3.3 Regulation
7.4 Knowledge gaps
7.4.1 The impact of interventions on health outcomes
7.4.2 Intervention costs
7.4.3 The development and impact of drug and insecticide resistance
7.5 Recommendations for further research on the economics of malaria
7.5.1 Research on the economic benefits of malaria control
7.5.2 Collection of information on the costs of interventions
7.5.3 Operational research on delivery strategies
7.5.4 Analysis of the actual and potential roles of the public and private
sectors
7.5.5 The adaptation of generalised estimates of cost-effectiveness for use
by country level policy-makers
7.5.6 Generation of comparable estimates of cost-effectiveness
7.5.7 Capacity building in health economics

XVi

165
167

175
177
178
178
179
179
179
179
180
180
181
181
181
181

181
182

182
182



Figures
Executive Summary
1. Cost-effectivenessin a very low income country with high transmission:
mean and 90% range for the cost/DALY averted Xil
Chapter 2 —Methods of Analysis

2.1. Relationship between compliance and effectiveness, showing assumed linear

relationship and other possible relationships 24
2.2. Probability distributions used for input variables in the Monte Carlo simulation 24
2.3. Probability distribution for CER from the Monte Carlo simulation 25
2.4. Summary presentation of mean and 90% range for CER 25

Chapter 3 — Prevention of Malariain Childhood

3.1. Cogt-effectiveness of ITNsusing deltamethrin versus permethrin: mean and

90% range for the CER in very low income country, for scenario 1 (“Nets and

Insecticide Treatment”), using one treatment of deltamethrin p.a., one treatment

of permethrin p.a., and two treatments of permethrin p.a. 51
3.2. Cogt-effectiveness of ITNs at different income levels for scenario 1 (“Nets and

Insecticide Treatment”): mean and 90% range for the CER in very low, middle

and higher income countries, using one treatment of deltamethrin p.a. 51
3.3. Cogt-effectiveness of ITNs at different income levels for scenario 2 (“Insecticide

Treatment only”): mean and 90% range for the CER in very low, middle and

higher income countries, using one treatment of deltamethrin p.a. 52
3.4. Comparison of the cost-effectiveness of I TNs with one or two treatments of

deltamethrin p.a.: mean and 90% range for the CER in very low income country,

for scenario 1 (“Nets and Insecticide Treatment”) 52
3.5. Cost-effectiveness of residual spraying with 4 different insecticides: mean and

90% range for the CER in avery low income country, with seasonal transmission,

using Approach 1 to calculate effectiveness 53
3.6. Cost-effectiveness of residual spraying for different economic stratac mean and

90% range for the CER in a very low income country, using lambda-cyhalothrin

and Approach 1 to calculate effectiveness 54
3.7. Cost-effectiveness of residual spraying using Approach 2 to calculate

effectiveness: mean and 90% range for the CER in a very low income country,

using lambda- cyhalothrin 55
3.8. Cogt-effectiveness of chemoprophylaxis for children: mean and 90% range for the

CER in avery low income country, under seasonal and perennia transmission

and using incremental and total costs 56
3.9. Cogt-effectiveness of chemoprophylaxis for children for different economic strata:

mean and 90% range for the CER under seasonal and perennial transmission and

using incremental costs 56
3.10. Cost-effectiveness of chemoprophylaxis for children using total costs. mean and

90% range for the CER under seasonal and perennial transmission for different

economic strata 57

XVii



3.11. Cost per DALY averted by ITNs as afunction of insecticide resistance in very

low income country, for scenario 1 (“Nets and Insecticide Treatment”), using one

treatment of deltamethrin p.a., showing the mean CER and the 90% range 58
3.12. Cost per DALY averted by residual spraying as a function of insecticide resistance,

in very low income country with seasonal transmission, using lambda-cyhalothrin

and Approach 1 to calculate effectiveness, showing the mean CER and the

90% range 59
3.13. Incremental cost per DALY averted by chemoprophylaxis for children as a function

of drug resistance, in a very low income country, with perennial transmission,

showing the mean CER and the 90% range 60
3.14. Incremental cost per DALY averted by chemoprophylaxis for children as a function

of drug resistance, in a very low income country, with perennial transmission,

showing the mean CER and the 90% range 60
3.15. Percentage of iterations with a CER less than $150 per DALY averted with the

rebound effect in children aged 5 to 9 years and 3 to 6 years (very low income

country, for “Nets and Insecticide Treatment”, using one treatment of

deltamethrin p.a.) 61
3.16. Comparison of the cost-effectiveness of preventive interventionsin avery low
income country: mean and 90% range for the CER 62

Chapter 4 — Prevention of Malaria in Pregnancy

4.1. Empirica estimates of birth weight specific neonatal mortality (my) from

Malawi and The Gambia, and the fitted model described by Equation 1 9
4.2. lllugrative example of the birth weight distributions in unprotected and protected
primigravidae, and the birth weight specific neonatal mortality curve (my) 9

4.3. Cost-effectiveness of CQ prophylaxis and SP intermittent trestment: mean and
90% range for the incremental CER in a very low income country with no drug

resistance 95
4.4. Cost-effectiveness of SP intermittent treatment for three economic strata: mean

and 90% range for the incremental CER with no drug resistance 95
4.5. Cost-effectiveness of SP intermittent treatment using average costs: mean and 90%

range for the CER in three economic strata with no drug resistance 96

4.6. Cost-effectiveness of (a) CQ chemoprophylaxis and (b) SP intermittent treatment

as afunction of drug resistance, r, for very low income countries with incremental

costs, showing the mean CER and 90% range 97
4.7. Cost-effectiveness of providing CQ chemoprophylaxis or SP intermittent treatment

to all pregnant women compared with primigravidae only: mean and 90% range for

the incremental CER in a very low income country with no drug resistance 98
4.8. Cost-effectiveness of intermittent treatment with SP using a 2 dose or 3 dose

regimen: mean and 90% range for the incremental CER in a very low income

country with no drug resistance 98

Xviii



Chapter 5—Improving Malaria Case M anagement

5.1. Case Management Decision Tree 131
5.2. Cogst-effectiveness plane 132
5.3a and b. Pre-packaging and training to improve compliance: gross cost per DALY

averted as a function of CQ resistance, for very low income countries and (&) high

and (b) low transmission, showing the mean CER and the 90% range 133
5.4a and b. Improving access to the second and third line drugs: gross cost per DALY

averted as a function of CQ resistance, for very low income countries and (&) high

transmission, and (b) low transmission, showing the mean CER and the 90% range 134
5.5. Improving access to the second and third line drugs: percentage of iterations that

are cost-saving as a function of CQ resistance, using net costs for very low income

countries and high transmission areas 135
5.6. Path of ACR to each drug over time if switch from Regimen 1 to Regimen 2 takes

place after 5 years 136
5.7aand b. Mean incremental effects and costs of switching to Regimen 2 in each year

compared to not switching (origin) using the dynamic framework 137

5.8. Use of combination therapies: gross cost per DALY averted as a function of the
percentage reduction in the growth rate of SP resistance, for very low income
countries and high transmission, showing the mean CER and the 90% range 138
5.9. Useof artesunate suppositories on referral: gross cost per DALY averted asa
function of the percentage reduction in rates of inpatient mortality and neurological
sequelae, for very low income countries and high transmission, showing the mean
CER and the 90% range 139

Chapter 6 — The Economic Impact of Malaria

6.1. Monthly per capita expenditure by households on prevention-related activities 169
6.2. Monthly per capita expenditure on malaria-related treatment by households 170

Chapter 7 — Policy Implications

7.1. Cogst-effectiveness in a very low income country with high transmission: mean
and 90% range for the cost/DALY averted 183

Xix



Tables
Executive Summary

1. Grossaverage annua cost implications of packages of malaria control measures in
Tanzania (high transmission, very low income country) Xiii

Chapter 1 —Introduction

1.1. Summary of economic evaluations of malaria control in SSA 10
1.2. CEA resultsfor currently available interventions using comparable outcome
measures 12

1.3. Summary of available data on the cost and effects of malariainterventionsin SSA 14

Chapter 2—Methods of Analysis
2.1. Economic strata 26
2.2. Annua saary costs of full time equivalent staff (FTES) 26

Chapter 3 — Prevention of Malariain Childhood
3.1. Basdline estimates of malaria morbidity and mortality used in model of childhood

malaria 63
3.2. Input variables used in the analysis of ITNs 64
3.3. Breakdown of expected annual cost of ITNs per child under 5, using one treatment

of deltamethrin p.a., adjusted for non-compliance 66
3.4. Cost-effectiveness of ITNs: mean CER and the range within which 90% of all

CERs fdll 67
3.5. Input variables used in the analysis of residual spraying 68
3.6. Estimated insecticide cost per house sprayed for four insecticides using mean cost

input variables 71
3.7. Breakdown of annual cost of residual spraying per child under 5, using lambda-

cyhalothrin, adjusted for non-compliance 72
3.8. Costs-effectiveness of residua spraying using lambda-cyhal othrin: mean CER and

the range within which 90% of all CERs fell 73
3.9. Input variables used in the analysis of chemoprophylaxis for children 74
3.10. Breakdown of expected annual cost of chemoprophylaxis per child adjusted for

non-compliance 76
3.11. Cost-effectiveness of chemoprophylaxis for children: mean CER and the range

within which 90% of all CERs fell 77

3.12. Annual cost implications of full coverage of target population with prevention
interventions in Tanzania (very low income country). Mean cost, and range (in
brackets) within which 90% of cost estimates fell 78



Chapter 4 — Prevention of Malaria in Pregnancy

4.1.

4.2.

4.3.

4.4,
4.5.

5.1.
5.2.
5.3.

Effectiveness input variables used in the analysis of antenatal prophylaxis or

intermittent treatment. 99
Cost input variables used in the analysis of antenatal prophylaxis or intermittent
treatment 100
Expected incremental and average cost per primigravidae, adjusted for

non-compliance 102

Mean CER and the range within which 90% of all CERs fell (no drug resistance) 103
Annua mean incremental cost implications for Tanzania (very low income country)

of introducing SP antenatal regimen 104
Chapter 5—Improving Malaria Case M anagement
Effectiveness input variables used in the case management model 140
Cost input variables used in the case management model 145
The costs of training, health education and regulatory revisions required when the
first line drug was changed in Malawi 150
Growth rates of drug resistance assumed in the dynamic analysis 151

5.4.
5.5.

5.6.
5.7.

Effect of varying the starting value of CQ resistance on the optimal year of switch
(using gross costs and the dynamic framework, very low income country, high
transmission) 151
Drug cost per case above which diagnostic tests are cost-saving, mean (90% range) 152
Gross average annual cost implications of interventions to improve case

management for Tanzania (high transmission, very low income country) 153

Chapter 6 — The Economic Impact of Malaria

6.1.

6.2.

Estimates used to calculate productivity costs of a malaria episode using the wage
rate method 171
Other estimates of period of illness caused by malaria 171

Chapter 7 — Policy Implications

7.1

Gross average annual cost implications of packages of malaria control measures
in Tanzania (high transmission, very low income country) 184



Acknowledgements

This investigation received financial support from the Global Forum for Health Research, using
a grant provided by the World Bank. Anne Mills and Catherine Goodman are members of the
London School of Hygiene and Tropical Medicine (LSHTM) Health Economics and Financing
Programme, which is supported by the United Kingdom Department for International
Development.

The review of the economic impact of malaria contained in Chapter 6 is based on the research
by Reginad lkechukwu Chima, Lecturer, Department of Economics, University of Nigeria,
conducted when he was a WHO/TDR Post-doctora Fellow and Visiting Scientist at the LSHTM.

This project has been undertaken in collaboration with the LSHTM Malaria Programme, and the
London/Liverpool Malaria Consortium. The technical advice and considerable assistance
provided by their staff is gratefully acknowledged.

The process of preparing the analyses in the report has involved extensive consultation. We are
grateful for the comments provided on earlier drafts by Bernard Brabin, Pierre Carnevale, Chris
Curtis, Clive Davies, Rachel Elliot, Mary Ettling, David Evans, Paul Garner, Brian Greenwood,
Kara Hanson, Patrick Kachur, Christian Lengeler, Jo Lines, Clara Menendez, Malcolm
Molyneux, Rudi Pitroff, Jane Rowley, Caroline Shulman, Bob Snow, and David Wonderling.

We would aso like to thank the following people for their advice and assistance:

Paul Acriviadis, Moses Aikins, Jo Armstrong Schellenberg, Lawrence Barat, Carol Baume, Guy
Barnish, Fred Binka, Peter Bloland, David Bradley, Daniel Chandramohan, Des Chavasse, John-
Paul Clark, Patrick Corran, Jon Cox, Don de Savigny, Manosh Duraisingh, Peter Evans, Dr F
Fortes, Susie Foster, Suzanne Fustukian, John Goose, Pierre Guillet, Jenny Hill, Guy Hutton,
Caroline Jones, Andrew Kitua, Gerard Krause, Lilani Kumaranayake, Dr R Labode, Sally Lake,
David Le Sueur, Michelle Levene, Nicola Lord, Friedrich Mareien, Kevin Marsh, Deborah
McFarland, Sylvia Meek, Omer Mensah, Jane Miller, Halima Mwenesi, Tom Nchinda, Okay
Nwanyanwu, Piero Olliaro, Franco Pagnoni, Joe Perrone, Margaret Phillips, Penny Phillips-
Howard, John Picard, Helen Priestley, Dr L Rakotonjanabelo, Catherine Reed, Alistair Robb,
Eliab Some, Rick Steketee, Marcel Tanner, Stephanie Thorpe, Jean- Francois Trape, Theo Vos,
Damian Walker, Bill Watkins, Gill Walt, Graham White, Nick White, Anthony Zwi and the
participants at the following meetings. “The Southern African Malaria Conference”, Maputo,
May 1997; “The Second Meeting of the African Malaria Vaccine Testing Network”, Accra,
November 1997; “Globa Forum for Health Research”, June 1998; “The Health Economists
Study Group Summer Meeting”, Galway, July 1998; and “Confronting the Challenge of
Antimalarial Drug Resistance in Africa’, Nairobi, June 1998 and Harare, November 1998.

Notwithstanding all the assistance we have received, we take full responsibility for the contents
of this report.

XXii



ACR
ai.
ANC
AQ
ART
CBA
CEA
CER
Cl
CIF
CQ
CUA
DA
DALY
DDP
DHS
DYLG
EC
EPI
FOB
FTEs
GBD
GDP
GNP
HC
IDA
IEC
IMCI
IMR
IP
ITN
LBW
LSHTM
MOH
NGO
NIBP
NNMR
NS
OoP
oTC
p.a
ON
RBM
s.d.
SP

TBA

Acronymsand abbreviations

Adequate clinical response rate

Active ingredient

Antenatal care

Amodiaquine

Artemisinin

Cost-benefit analysis
Cost-effectiveness analysis
Cost-effectiveness ratio

Confidence interval

Cost, insurance and freight

Chloroquine

Cost-utility analysis

Death averted

Disability adjusted life year

Delivered duty paid

Demographic Health Survey
Discounted year of life gained
Emulsifiable concentrate

Expanded Programme on Immuni zation
Free on board

Full time equivalent staff

Global Burden of Disease

Gross domestic product

Gross national product

Health centre

Iron deficiency anaemia

Information, education and communication
Integrated Management of Childhood IlIness
Infant mortality rate

I npatient

Insecticide treated net

Low birth weight

London School of Hygiene and Tropical Medicine
Ministry of Health

Non-governmental organization
National Impregnated Bednet Programme
Neonatal mortality rate

Neurological sequelae

Outpatient

Over-the-counter

Per annum

Quinine

Roll Back Mdaria

Standard deviation
Sulfadoxine-pyrimethamine
Sub-Saharan Africa

Traditional birth attendant

XXiii



TWSA
VHW
WHO
WHO/TDR

WP
WTP
YLDs
YLLs

Time without specific activity

Village health worker

World Health Organization

WHO Specia Programme for Research and Training in
Tropical Diseases

Wettable powder

Willingness to pay

Y ears of life lived with disability

Years of life lost

XXiV



Chapter 1 - Introduction

1.1 Theopportunity to address malariain Africa

In 1998, madaria was identified by the new Director Generd of WHO as a priority project, with the
announcement of Roll Back Mdaria (RBM). The overdl am is to reduce sgnificantly the globa
maaria burden, with an initid emphags on the high tranamisson areas of Africa 2.

The new initiative has arisen out of astrong and growing political commitment to combat the disease,
both in affected countries and the donor community. Strong politica support has come from the
Organization of African Unity and the G8 countries®. The World Bank and WHO African Region
are planning amgor AfricaMadaria Initiative, which is expected to spearhead RBM®. The research
community has established the Multilateral Initiative on Maaria, a globd collaborative effort to
enhance maaria research in Africa®. New dliances between the public and private sectors have
been established, such as the Medicines for Mdaria Venture, which ams to improve the avallability
of effective antimalarialsin poor countries®.

The opportunity now exists for a renewed atack on mdaia in sub-Seharan Africa The
identification of the most gppropriate gpproach urgently requires information on many aspects of the
disease and its control, including the epidemiological and economic nature of the burden, and the
codt-effectiveness, affordability, feeshbility and acceptability of prevention and trestment
interventions. The am of this report is to analyse and synthesise available information on the cost-
effectiveness of malaria control, and to review knowledge on the costs of malaria and the benefits of
control. Whilst economic andysisis only one of many inputs into the decision-making process, it can
provide policy makers with important information for identifying the interventions that represent the
best vaue for money in Africa

This chapter begins with a summary of the Sze and nature of the maaria burden of disease in SSA,
followed by a review of previous work on the economic evduation of control. The review
documents the gaps and inadequacies in the literature, and identifies the need for comparable
estimates of the main prevention and trestment interventions. The chapter concludes by explaining
the sdlection of interventions evaluated in this report.

1.2 Theburden of disease

In SSA, mdariais the sngle most important infectious disease in children, being responsible for the
deaths of about 1 million children per year or 25% of dl childhood degsths. The maaria hedth
burden has an important morbidity as well as mortality component, with the savere forms of the
disease being the main reasons for hospital admissons of young children in maaria endemic aress.
Millions more children and adults suffer mild uncomplicated clinical maaria each year.

Although mdaria has a wider globa distribution, around 90% of the estimated 300 to 500 million
new clinica cases of maaria per year occur in SSA. Mdaria mortdity and severe forms of the
disease throughout SSA are amost exclusively due to Plasmodium falciparum infection, with P.



vivax reatively uncommon, especidly in West Africa The mild form of maaria presents as afebrile
illness associated with other nongpecific sgns and symptoms. The fever may be periodic and
interspersed with afebrile intervas. No clinica syndrome is entirely specific for maariaand diagnoss
tends to be confirmed by the presence of the parasite in the peripherd blood. However, in endemic
countries there are asymptomatic carriers of the parasite and parasitologica diagnosis does not,
therefore, necessarily indicate that malariais the cause of the presenting disease”. Madaria may adso
contribute to the severity of other childhood diseases and repegted infections can be a cause of
chronic anaemia in children. The mgor complications of untrested P. falciparum mdaria are
cerebrd maaria and severe anaemia. Cerebrd maaria in children may be an important cause of
neurologica imparment in SSA®).

Repeated exposure to maaria parasites gives rise to a protective immune response. The risk of
developing severe mdaria is dmog exdusvely confined to those who are not immune. In highly
endemic aress this is limited to young children, and immigrants and travellers from non-endemic
aress. In areas of low endemicity the whole population, including adults, may suffer from severe
maaria. The redive frequency and epidemiologica profile of the severe forms of maaria vary with
transmisson intendty. In areas of high perennid transmission the mgority of severe malaria hospitd
admissions tend to be severe anaemiain very young children below the age of 3 years with rdatively
few cases of cerebrd mdaria On moving to aress of lower transmisson, cerebrd madaria in later
childhood (mean age of around 4 years) has been shown to be relatively more important than severe
anaemia®.

Pregnant women are more easly infected because the placenta is a preferentid dte for parasite
development and possibly because natural immunity is depressed during pregnancy. P. falciparum
maaria in pregnancy may lead to deeth, anaemia, hypoglycaemia and other complications in the
mother as well as abortion, premature delivery and low birth weight. The risks are grestest for
women during therr first pregnancy(10.

Anopheles mosguitoes are the vector of maaria, with the most important species members of the
An. gambiae complex (in particular An. gambiae sensu stricto and An. arabiensis), which are
widdy distributed throughout SSA. Ecologica determinants of the relative abundance of the vector
influence the pattern of maariatransmission seen in agiven region.

The levels of maaria transmisson intensity across much of SSA are generdly accepted to exceed
those from any other setting worldwide. However, the epidemiology of maaria across SSA is far
from homogeneous, with variations from intense perennid transmisson, to highly seasond low
transmisson, to sporadic transmisson in areas normaly mdariafree. Across this range of
transmisson intengity, there are associated age-specific patterns of maaria-rdlated morbidity and
mortdlity.

Various classfication sysems have been used to describe mdaria, none of which fully captures the
epidemiologica spectrum of the disease diplayed in SSA. A smple but useful dichotomous system
differentiates between stable (endemic) and ungtable (epidemic) mdaria Stability is taken to imply
transmission from year-to-year, abet with the posshbility of wide seasond variations in transmisson
intengty and disease incidence. Depending on climatic conditions, seasond transmisson may vary
from afew months to more than 6 months per year.



Maaria tranamisson in SSA tends to be characterized as intense, stable, perennia transmission of
P. falciparum(, Under such intense transmisson, individuals will experience ther firg infection in
early childhood, and the highest rates of clinica dissase and mdaria mortdity tend to be
concentrated in children less than 5 years of age. With each subsequent exposure to mdaria
paragites, surviving children acquire an increasing degree of protective immunity, thereby decreasing
the duration and severity of clinical malariaand lowering the risk of severe complications and degth.

In parts of SSA, particularly highland areas, maaria transmisson is unstable, meaning the disease
occurs sporadicaly as an epidemic in areas generdly free of the infection2. In such Stuations, all
ages of the population may be at risk of clinica disease, as the degree of functiond immunity tends
to be limited in those adults exposed to the malaria parasitesin previous epidemics.

It is important to undersdand the pattern of maaria transmisson in order to assess the rdative
disease burden due to maaria, to dlow for the appropriate design of control strategies and to
predict the effectiveness of such interventions. The rdationship between transmission intensty,
control efforts and health outcomesis complex and not fully understood. Mathematicd models of the
trangmisson dynamics of mdaria provide useful frameworks to dlow the rdaive impact of different
control sirategies on transmisson intendty to be assessed®3 149. However, a mgor shortcoming of
these existing mathematica models is that human age-specific mortdity is not an output. The current
debate over the long-term implications for child mortdity of reducing maaria transmisson rates
through the use of ITNgs 26 highlights the need to develop a robust theoretica framework linking
transmisson dynamics and madaria mortality rates.

1.3 Literaturereview of economic evaluations of malaria control in
Africa

Studies to be reviewed were sdlected from on-line databases, and discussions with people working
in the field identified additiond, unpublished, literature. Table 1.1 provides a summary of economic
evauations that use African datef. Fifteen cost-effectiveness andyses (CEAS) and one cost-benefit
andyss (CBA) were identified. Only two of the studies were based on evauations of ongoing
programmes. Six used data collected during trids, which were costed prospectively or
retrogpectively. The remaining eight involved the use of modes, which combined estimates of costs
and effects from different sources of literature and expert opinion.

This review summarizes available codt-effectiveness results for malaria prevention and treatment
interventions, and identifies gaps in the literature. All costs were converted to 1995 US$ to fecilitate

comparison.

1.3.1 Malariaprevention

@ Two studies presenting only a cost “per person protected” were not included, as this was not considered a
measure of effectivenessi1718),



Twelve evauations provided information on the cost-effectiveness of preventive interventions,
covering ITNs, resdud spraying, chemoprophylaxis for children, and chemoprophylaxis or
intermittent trestment for pregnant women. In addition, two studies estimated the potentid cost-
effectiveness of a hypothetica vaccine.

Insecticide treated nets

Three CEAS were conducted during controlled trids, in the Gambia?® (caled here Gambia 1),
Ghana?, and Kenya?. Another Gambian study?? evauated the Nationa Impregnated Bed Net
Programme (Gambia 2). The Gambia 1 cost data were also used to estimate cost-effectiveness in
two moddling sudies?3 24, Permethrin was the insecticide used to treat nets in dl the sudies. The
cost per death averted (DA) and the cost per discounted year of life gained (DY LG) are shown in
Table 1.2, which summarizes dl CEA reaults for currently avalable interventions that use
comparable outcome measures. The Gambia 2 study reported a net cost-effectiveness ratio, which
incorporated savings in treatment and prevention expenditure and reduced production loss. To
maintain congstency with the other studies, these results are quoted as gross ratios, excluding these
cost-savings.

The gross cost per DA was $219 in Gambia 1 and $665 in Gambia 2, much lower than the ratios of
$2,112 found in Ghana and $2,958 in Kenya. The main reason for the lower ratiosin the Gambian
studies was that the cost of the nets themsdaves was not included. In The Gambia, net coverage in
the communities prior to the trid was dready high, s0 the intervention involved net trestment only.
By contrast in Ghana and Kenya, initial net coverage was low and the intervention costs included the
cost of the netsaswell. In addition, the trids in Ghana and Kenya involved two rounds of trestment
per annum (p.a.), wheress in the Stuation of seasond transmisson in the Gambia only one round
was required.

The variation between the two Gambian studies was mainly due to the greater effectiveness found in
Gambia 1. The firg trid recorded a reduction in dl cause mortality of 42% (children aged under 5
years)?), which was much grester than the reduction of 25% achieved in Gambia 2 (children aged 1
to 9 years)@, Comparing the two trids tha involved digtribution of nets and two trestments per
year, the Ghana trial was more codt-effective than the triad in Kenya This was partly due to higher
cods for gaff and the sengtization and awareness campaign in Kenya In addition, dthough the
percentage reduction in child mortdity was higher in Kenya than in Ghana (33% for children aged 1
to 4 years in Kenya@», compared with 17% for children aged 6 to 59 months in Ghana@®),
underlying mortdity rates were higher in Ghana As a result, a given percentage reduction in
mortality averted a much greater absolute number of degthsin Ghana20.

Evans et al (19973) used the Gambia 1 cost data to estimate the cost per DYLG of providing
both nets and insecticide. They assumed a reduction in dl cause mortality of 25% for children aged
0 to 4 years, and explored the impact on cogt-effectiveness of changing various key factors. The
model estimates fell between $10 and $118 per DY LG. The results demonstrated the importance of
the number of nets digtributed per child and compliance in affecting cost-effectiveness. Increasing the
number of nets per child, from 0.5 to 3, raised the cost per DYLG dmogt sxfold, from $20 to
$118. Reducing compliance from 100% to 50% led to a doubling in the cost-effectiveness ratio.
Ancther moddlling study, by Graves (19984) of net trestment, used an estimated reduction in al



cause mortality of 35%, and the government costs from Gambia 1. A cost per child death averted of
$829 was found (cost of nets not included).

All of these studies consdered one particular method of ddlivering ITNS. a government programme
established to purchase insecticide and organize net retreatment, and where necessary distribute
nets, with no charges for users who provided only limited amounts of abour and resources such as
water and detergent. No CEASs have been undertaken on other delivery modes, such as the use of
socia marketing, the involvement of the private sector, or the individua trestment of nets at home.

Chemoprophylaxis for children

The Gambia 1 ITN CEA® dso evauaed the codt-effectiveness of adding prophylaxis to a net
treetment programme. The researchers found that the addition of prophylaxis did not reduce
mortality further, so the cost per DA increased from $219 with net trestment done to $300 with the
combined intervention. However, there was a marked incrementa reduction in morbidity, reducing
the cost per case averted from $33 to $23.

The Gambia 1 cost data were aso used to estimate the cost-effectiveness of chemoprophylaxis
aonek), Effectiveness data were taken from a controlled trid in rura Gambia®®b, which evauated
the provison to children aged 3 to 59 months of fortnightly Maoprim, digtributed by village hedth
workers. The cost per child DA was $167, leading the authors to conclude that prophylaxis
appeared to be more cogt-effective than net treatment in the Gambia, athough they acknowledged
that maintaining compliance might require much more subgtantia investment in other settings. They
aso noted that wide-scale prophylaxis was not generally recommended due to the dangers of
accderated drug resistance and impaired naturd immunity.

Residual spraying

Two estimates are avalable of the codt-effectiveness of resdua spraying. Data from a trid
conducted in Garki, Nigeria® were used by Barlow & Grobar to estimate a cost per case
prevented of $34263). Thisresult is difficult to interpret because the costs covered both research and
implementation activities, and aso gppear to have included some costs of the accompanying drug
adminigration and larvidding.

Walsh & Warren (1979¢4) provide the only estimate of the cost per DA of resdud spraying. A
smple modd was used to caculate average estimates for a rura area of SSA with twice yearly
DDT spraying. They assumed reductions in crude deeth rates of 40% and infant mortdity rates of
50%, based on trids in the 1950s and 1960s, and derived a cost per adult death averted of $584,
and a cost per infant death averted of $1,402. The cost data used in these estimates were based on
a WHO report©s and covered adult mosquito and larva control in a “smdl area of economic
importance’. It is not possble to isolate the costs of spraying aone, and it is not evident that the
average costs for an area of economic importance such as an agricultura development project
would be appropriate to a typical sub-Saharan rural area It is aso not clear how these cost
estimates were derived, nor whether they included capita aswell as recurrent costs.

Neither study can therefore be considered as an accurate estimate of the cost-effectiveness of
oraying. Moreover, DDT is now rardy used for resdua spraying, but no studies with hedth
outcomes are available on the cost-effectiveness of using the newer pyrethroid insecticides.



Chemoprophylaxisin pregnancy
Three studies used data from Maawi to investigate the cost-effectiveness of chemo-prophylaxis or
intermittent trestment provided to pregnant women during antenata care visits'.

Heymann et al (1990¢7) modelled the cost-effectiveness of CQ chemoprophylaxis, based on a
protective efficacy of 23% in preventing parastaemia and 36% compliance, giving an actua
protective efficacy of 8%. This was combined with drug cost data to give a cost per case prevented
of $15, which the authors concluded “is an unacceptably high cost in much of Africa’. However,
they noted that if prophylaxis were redtricted to women in their first and second pregnancies, the
drug cost per case prevented would be reduced to less than $6.

Schultz et al (19953) used a decison-andyss model to assess the relative cost-effectiveness of
three antenatal drug regimens in reducing low birth weight. Again only drug costs were included.
They found a cost per low birth weight case prevented of $10 for a regimen of two treatment doses
of SP, compared with $67 for aregimen of initia SP treatment followed by weekly CQ prophylaxis,
and $123 for initid CQ trestment followed by weekly CQ. The results were extrapolated to give an
estimate of the cost per DA, by assuming that infant mortality was 128/1000 for babies of adequate
weight, and 257/1000 for low birth weight babies. This gave acost of $81 per infant DA for the two
doses of SP, $522 for the SP treatment and CQ prophylaxis regimen, and $951 for the CQ
trestment and prophylaxis option3. The regimen of intermittent SP trestment was found to be more
cost-effective because it was chegper than the CQ regimens, compliance was assumed to be higher,
and there was less drug resistance to SP. Univariate and multivariate sengtivity anayses were used
to demondtrate that the relative cost-effectiveness of the three regimens was not changed by varying
CQ efficacy, SP efficacy, or CQ compliance within reasonable ranges.

Helitzer-Allen et al (199340) evauated the impact on cost-effectiveness of methods to improve
compliance with antenata prophylaxis. They found a cost per compliant woman of $2.15 with the
origind practice, which fell to $1.64 following the introduction of a new hedth education message,
and to $1.55 if coated (non-bitter tasting) CQ tablets were used. Only the cost of drugs and new
health education were included in the costings.

All of these studies represent minimum estimates of the cost-effectiveness retio because the costings
were partid, covering drug cogts only in the studies by Heymann et al and Schultz et al, and drug
and health education costs in the sudy by Helitzer-Allenet al. Only the study by Schultz et al usesa
measure of hedth outcome (deaths averted), which dlows comparison with other maaria control
Srategies.

® Another study is forthcoming on the cost-effectiveness of intermittent treatment when HIV prevalenceishigh
(36),



Potential malaria vaccines

Two andyses have modelled the potential cost-effectiveness of a mdaria vaccine. Graves (199829)
assumed that a vaccine could be given in three doses before the age of 6 months through the
Expanded Programme on Immunization (EP1) and remain effective up to the age of 5 years, and
would reduce dl cause mortality by an estimated 20%. Costs were based on the estimates for
delivering hepatitis-B vaccine in The Gambia, assuming a price per maaria vaccine of $1.17. The
estimated cost per DA was $294. A similar anadysis was reported by WHO (1996¢0), which found
that the cost per DY LG by avaccine ranged between $0.36 and $41 in a high transmission area and
between $5 and $621 in alow transmission area, depending on the duration of protection, the price
per child, and whether the strategy could be delivered within the existing EPI schedule.

Other prevention interventions
No CEAs were found of other interventions such as untrested nets, other methods of persona
protection, environmental management, or the control of epidemics.

1.3.2 Malariatreatment

One CEA and one CBA were identified on the case management of uncomplicated mdaria. Sudre
et al (199242) used probability-based decison tree anadysis to investigate the cost-effectiveness of
three dternative drugs for the treatment of children at primary hedth care facilities in a hyper or
holoendemic area of SSA. They consdered CQ, amodiaquine (AQ) and SP, usng case fataity
rates derived from a Delphi survey of 19 maaria experts. In the absence of drug resistance, the drug
cost per DA was $1.70 with SP, $1.47 with CQ and $2.35 with AQ. The cost per DA with CQ
rose from $1.49 in the “low resstance’ scenario to $2.56 in the “high resstance’” scenario. The
anaysis showed that more deaths were prevented per dollar spent on SP than for CQ aslong as the
leve of RIII CQ resstance was greater than 14%. The authors concluded that SP would be the
drug of choice even in the “no resstance’ scenario if the vaue of a degth prevented was more than
$2.66. (AQ was the least cogt-effective drug in al scenarios examined.) Only the cogts of the first
line drugs were included, and the possibility of increased resistance to SP once it was adopted was
not considered.

Schapiraet al (199343) used a mathematica mode to incorporate the growth of drug resistance by
assuming that once a drug is introduced on a wide scale, treatment failure increases exponentialy at
arate of 11% per annum. Assuming that the firgt line drug would initidly be CQ, they estimated
when it would be appropriate to switch to SP, and from there to mefloguine and findly haofantrine,
in order to minimize total costs over a 27-year period. Each death was valued at $843 to represent
the loss in lifetime production. Their study was therefore structured as a CBA rather than as a CEA.
They concluded that it would be appropriate to shift to SP after 5 years, when the proportion of
treatment failures with CQ was 42%, and then to use SP and mefloquine for 10 years each, and
haofantrine for two years. The model makes an important contribution in attempting to incorporate
some dynamic aspects of the real world Situation. However, it did not dlow for the posshility that
there is variation in the rate of growth of resistance to different drugs, and the mode was congtrained
S0 that al four drugs had to be used in the 27-year period for at least 1 year in the specified
sequence, and that SP and mefloquine had to be used for an equd length of time.



No CEAswith full costings were found on the case management of uncomplicated mdaria, and no
evauations of the case management of severe malaria were identified. Data were aso absent on dl
trestment outside the formal hedlth care system.

1.3.3 Package of interventions

Only one study was identified that evaluated a package of interventions®. Hedman et al (1979¢4)
reviewed amaaria control programme in amining town in Liberia, which induded resdua spraying,
larvidding, chemoprophylaxis for workers, and treatment. They calculated a cost per capita of
$10.42. This was extrapolated to give a cost per case prevented of $19, based on the difference in
parasitaemia rates between the town covered by the programme and the surrounding uncovered

villages*),
1.3.4 Comparing the cost-effectiveness of interventions

Only evauations that have used comparable outcome measures can be directly compared. Studies
for currently available interventions that quote a cost per degth or per DYLG are shown in Table
1.2.

For severd reasons it is difficult to draw conclusions on relaive cog-effectiveness from these
results, these include:
- the cogtings for some of the studies are partid, for example including only drug costs
the methodology used varied between studies, e.g. in the choice of discount rate, or the trestment
of cogsto the community
the mgority of studies are concentrated in a couple of countries (Gambia and Maawi), and it is
difficult to assess the generdizability of the conclusions to other epidemiologica and economic
conditions
many of the studies are based on trid settings, which may not be a good indication of cogt-
effectivenessin operationa Stuations
for many interventions there are no data a dl.

More sudies are evidently needed that assess codt-effectiveness in  programme Stuations for a
vaiety of interventions. However, studies take time to undertake, but policy decisons on the
alocation of resources to maaria control cannot be indefinitely delayed. 1t was therefore decided
that a modelling exercise should be undertaken, to provide a range of comparable estimates for the
cogt-effectiveness of the main prevention and treatment interventions, drawing on al available SSA
cost and effectiveness data. Details of the cogt-effectiveness methodology used are provided in
Chapter 2.

¢ A CBA of a“projected 8-year control programme” in Sudan is reported in Barlow and Grobar (1986)33), which
valued benefits as the present value of output gains due to reduction in disability. The study was excluded from
the review because it was not possible to assess its quality, nor identify the interventions included in the
planned control programme.



1.4 Choice of interventions for evaluation

Table 1.3 summarizes the availability of data on the costs and hedth outcomes of prevention and
trestment interventions in SSA. The scarcity of data is immediately gpparent. Relatively good hedlth
outcome data are available only for ITNs and prophylaxis/intermittent treetment in pregnancy, which
are the only two interventions for which meta-andyses have been conducted. There are a few
gudies on the effectiveness of resdud spraying and prophylaxis for children, but no data on the
hedth impact of environmental management, or persond protection methods such as coils and
sprays. Full cost data are relatively poor or non-existent for al prevention strategies except ITNs. In
view of the lack of data, the andyds of the codt-effectiveness of preventive interventions was
resricted to ITNs, resdua spraying, and chemoprophylaxis for children (Cheapter 3), and
chemoprophylaxisintermittent trestment for pregnant woman (Chapter 4).

The dtuation is even more problematic for interventions to improve case management. The few
studies that do congder such Strategies generdly do not include health outcomes, and information on
the cost Sdeis aso very poor. In order to address some of the key issues, a model was developed
to trandate changes in intermediate outcomes, such as compliance and drug efficacy, to find hedth
outcomes. This modd was used to analyse a sub-set of the interventions to improve the treatment of
uncomplicated mdaria, namely improving compliance, improving the availability of second and third
line drugs, changing the fird line drug for trestment, and the use of combination therapies (Chapter
5). In addition the net cogts of introducing new diagnostic techniques was aso assessed.

To complete the picture of the full report, Chapter 6 reviews the evidence on the economic cost of
maaria and the benefits of control, and Chapter 7 outlines the policy implications of the andyss and
highlights knowledge gaps and research priorities.



Table1.1. Summary of economic evauations of maaria control in SSA

Reference, area
studied and study year

Intervention(s)
evaluated

Study type

Outcome measur e used

Aikinset al, 1998(22
The Gambia, 1991-2

Barlow & Grobar,
1986(33), based on
Molineaux et al,
1980(32),

Nigeria, 1970-6

Binka et al, 1997(20)
Ghana, 1993-1995

Evans et al, 1997(23)
Africa(Gambia cost
data), 1996

Graves, 199824,
The Gambia, 1990

Hedman et al, 1979(44)
Liberia, 1976

Helitzer-Allen et al,
1993(40)
Malawi, 1988

Heymann et al, 1990(37)
Malawi, 1988

Picard et al, 1992(30)
The Gambia, 1988

Picard et al, 1993(19)
The Gambia, 1989-90

Schapiraet al, 1993(43),
Africa, modd covers
1993 - 2020

Schultz et al, 1995 &
1996(38) (39)
Malawi, 1992 costs

Some, 1998,(21)

Insecticide treatment of
bednets

Residual spraying
(accompanied by mass
drug administration and
limited larviciding)

Provision and insecticide
treatment of bednets

Provision and insecticide
treatment of bednets

Insecticide treatment of
bednets and hypothetical
vaccine

Package of measures
including residua
spraying, larviciding,
chemoprophylaxis and
treatment

Improving compliance
with antenatal
chemoprophylaxis

Antenatal
chemoprophylaxis

Chemoprophylaxis for
children

Insecticide treatment of
bednets with and without
chemoprophylaxis

Changing thefirst line
drug for the treatment of
children

Antenatal intermittent
treatment and
chemoprophylaxis

Provision and insecticide

Programme evaluation

Controlled trial and
incurred costs

Controlled trial costed
prospectively

Model using
hypothetical cohort of
newborns

Model using
hypothetical cohort of
newborns

Programme evaluation

Controlled trial costed
retrospectively

Model using estimates
of costs, efficacy and
compliance

Controlled trial costed
retrospectively

Controlled trial costed
prospectively

Model of health service
costs and costsin terms
of deaths

Model using decision
tree analysis

Controlled trial costed

10

Child death averted
Case averted
DYLG

Case prevented

Child death averted
DYLG

DYLG

Child death averted
Case averted

Per capita, extended to per case
prevented in Mills, 1991(45)

Compliant woman

Case prevented

Child death averted

Child death averted
Case averted
DYLG

Deaths averted are valued in financia
terms, outcomeislevel of CQ
resistance when first line therapy
should be changed

Low hirth weight prevented
Infant death averted

Child death averted



Reference, area Intervention(s) Study type Outcome measur e used
studied and study year  evaluated
Kenya, 1993-1994 treatment of bednets prospectively

Sudre et al, 1992(42)
Africa, 1991

Drug treatment for
children

Case cured
Child death averted

Model using decision
tree analysis

Table 1.1. Summary of economic evauations of maaria control in SSA (cont.)

Reference, area Intervention(s) Study type Outcome measur e used
studied and study year  evaluated
Walsh & Warren, Residual spraying Simple model using Adult death averted
197934, estimates of costs and Infant death averted
SSA, 1978 effects
WHO, 1996(41), Hypothetical vaccine Model using DYLG
Africa, 1996 hypothetical cohort of
newborns
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Table 1.2. CEA resultsfor currently available interventions usng comparable outcome measures (1995 US dollars) (sengtivity analyss resultsin brackets)

Reference Areastudied Intervention(s) evaluated Cost per child  Cost per discounted year of Notes
and study year death averted (DA) lifegained (DYLG)

Prevention in Childhood

Picard et al, The Gambia, I nsecticide treatment of $219 $9 Sensitivity analysisfor cost per DA based on reducing
1993(19) 1989-90 bednets ($167-$243) ($9-$14) price of insecticide, and reducing effectiveness by 10%.
Sensitivity analysis for cost per DY LG based on
I nsecticide treatment of $300 $13 increasing discount rate on Y LG to 6% and reducing
bednets and ($246-$333) ($13-$20) effectiveness by 10%.
chemoprophylaxis
Aikinset al, The Gambia, I nsecticide treatment of Net costs $494 Net costs $21  Sensitivity analysis for net cost ratios based on reducing
1998(22) 1991-2 bednets ($326-$805) ($14-$35) price of insecticide, halving treatment costs, and reducing
number of cases seeking treatment.

Gross costs $665 Gross costs $27  Gross CEA results adapted from net CEA results
excluding savings in other government and household
costs (no sensitivity analysis available).

Binka,et al, Ghana, 1993- Provision and insecticide $2112 $77  Sensitivity analysis based on increasing discount rate on

1997(20) 1995 treatment of bednets ($992-$2289) ($37-$84) coststo 10%, reducing number of treatments to one per
year, reducing the insecticide cost by 50%, and reducing
the number of nets distributed.

Some, 1998(21)  Kenya, 1993 Provision and insecticide $2958 - Sensitivity analysis based on varying discount rate on

1994 treatment of bednets ($2838-$3120) costs from 3% to 10%.

Evanset al, Africa(Gambia  Provision and insecticide - $10-118 Quoted variation based on varying compliance from 50%-

1997(23) cost data), 1996  treatment of bednets 100%, age group protected from 0-4 yearsto 1-4 years,
number of nets per child from 0.5 to 3, price of net from
$9 to $33, life expectancy at birth from 50 to 84 years,
and including 10 days for morbidity per episode.

Picard et al, The Gambia, Chemoprophylaxis for $167 - No sensitivity analysis.

1992(30) 1988 children



Table 1.2. CEA resultsfor currently available interventions usng comparable outcome measures (1995 US dollars) (sengtivity analysis resultsin brackets)

(cont.)

Reference Areastudied Intervention(s) evaluated
and study year

Cost per child
death averted (DA)

Cost per discounted year of

lifegained (DYLG)

Notes

Prevention in Pregnancy

Schultz et al, Malawi, 1992 Antenatal treatment and - Only drug costs were included.
1995(39) costs chemoprophylaxis: Sensitivity analysis based on varying ANC attendance,
2 SP treatments $381 compliance with both drugs, SP cost, number of weeks of
($79-$352) CQ prophylaxis, SP efficacy.
1 SP treatment, weekly CQ $522
prophylaxis ($212-$812)
1 CQ treatment, weekly CQ $950
prophylaxis ($317-$951)
Treatment
Sudre et al, Africa 1991 Drug treatment for children: - Only drug costs were included.
1992(42) CcQ Sensitivity analysis based on varying probability of lethal
No resistance scenario $1.47 and minor side-effects, probability of malariainfection,
($0.21-$3.36) case fatality rate and compliance.
Low resistance scenario $1.49 No resistance scenario:
($0.22-$3.36) No resistance to any drugs
High resistance scenario $2.56 Low resistance scenario:
($0.31-$4.34) CQ - RI 23%, RIl 4%, RIlI 0%
AQ AQ-RI 3%
No and low resistance $2.35 SP - no resistance
scenarios ($0.34-$5.40) High resistance scenario:
High resistance scenario $2.89 CQ - RI & RIlI 57%, RIIl 34%
($0.40-$5.67) AQ - RI & RIl 60%, RIII 7%

13



Reference Areastudied Intervention(s) evaluated Cost per child  Cost per discounted year of Notes

and study year death averted (DA) lifegained (DYLG)
SP - no resistance
S $1.70
All resistance scenarios ($0.25-$3.92)
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Table 1.3. Summary of available data on the cost and effects of mdariainterventionsin SSA

I ntervention Effectivenessdata on Cod data
health outcomes

ITNS *k* *k %k

Residual spraying ** *

Chemoprophylaxisfor children * *

Chemoprophylaxis or intermittent treatment in pregnancy ** *

Environmental management - -
Personal protection - *
Control of epidemics - -
Changein the drug used for first line treatment * *
Strategies to increase compliance with therapy - *
Improvementsin drug availability - -
Improvementsin diagnosis - *
Improvementsin drug quality - -
I ntroduction of treatment algorithms - -
Training of health care staff - -
The use of combination drug therapies - -

Improvementsin referral practices - -

Improvementsin the treatment of severe malaria * -
Key:

- nothing

* very limited (one or two studies)

** fair (several studies)

* ok good (several studiesfrom avariety of settings)
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Chapter 2— Methodsof Analysis

2.1 Economic evaluation

Economic evduation requires a comparison of the costs and benefits of different interventions.
Different types of economic evaluation can be categorized by their treatment of benefitsd. In cost-
effectiveness andyds (CEA), bendfits are described as units of hedth outcome, such as cases
prevented or deaths averted®. In cost-benefit anadysis (CBA), benefits are expressed in financia
terms, usudly using dther the human cepitd or the willingnessto-pay approach. Due to the
ggnificant theoreticd and practical problems with both of these gpproaches for vauing hedth
outcomes?, in practice CBA isrardly used to assess hedlth care interventions. This study has used
CEA to derive ranges for the cost per DALY averted by maaria control interventions.

2.2 Useof models

A modelling approach was used to synthesize data from a wide range of sources on the costs and
effects of each intervention. Through the use of a standardized methodology it was possible to
compare the cost-effectiveness of different interventions, and to generdize results from country-
specific sudies to predict codt-effectiveness in other economic and epidemiologica settings, and in
operationd, rather than tria, Stuations. In addition, cost-effectiveness could be predicted over time,
for example, as resstance to antimaaria drugs or insecticides increases.

Concerns have been raised about the use of modds in economic evaluation, especidly where the
degree of anayst discretion is high®. Whilst results are dependent on both the model design and the
accuracy of the input estimates, modds perform a useful role when empirica evidence is limited and
uncertainty is high, but policy decisons are required. The modds amed to capture the key variables
and reationships affecting cost-effectiveness, rather than describing al the details of a particular
gtuation. Moreover the desire to make the modds as redlitic as possible had to be balanced by the
need to ensure that the results remained comprehensible to the policy-makers for whom they were
intended®.

2.3 Stratification

Rather than estimating cost-effectiveness for a limited sample of specific countries, the anayss
provides generd results for SSA, dratified by epidemiological and economic zones where feasible
and appropriate.

Information is available that broadly dratifies SSA by type of mdaria tranamisson, but data are
lacking on the effectiveness of interventions in different epidemiologica zones. Trids of preventive

# When outcomes are quantified using measures such asthe DALY that incorporate weightings for disability
and morbidity states, the term cost-utility analysis (CUA) is sometimes applied.



interventions, such as ITNs and resdua spraying, tend to be conducted only in areas of high and
moderate transmisson, and metaandyses of results combine studies conducted under both
perennia and seasond conditions® ©. Prediction of effectiveness in areas with lower transmission,
different lengths of transmisson season or epidemic mdaria is far from Sraghtforward. The
relationship between maaria transmisson, mortality and intervention efficacy is complex and not well
understood, due to the lower levels of acquired immunity in populations experiencing lower
transmission. All effectiveness reaults for preventive interventions were therefore reported only for
the broad category of moderate to high transmisson. For the andysis of interventions to improve
case management, it was possble to use different parameters for high and low transmission,
reflecting differences in the age digtribution of presenting cases, the postive predictive vaue of
cinicd diagnoss, and the probability of developing severe mdaria The results for trestment
interventions were therefore presented for the two broad strata of low and high transmission.

Although effectiveness estimates could not be adjusted for length of transmission season, annua cost
estimates were adjusted, for example, for the number of spraying rounds or months of prophylaxis
required per year. Two dternatives were taken: perennia transmisson (12 months) and seasond
transmisson (6 months).

Cogt edimates were dso dratified on the basis of country income level, which is expected to
influence the cost of non-traded inputs such as sdaries. Three economic strata were identified on the
basis of per capita GNP (Table 2.1): very low income (under $315); middle income (between $315
and $1,000); and higher income (above $1,000). By far the mgjority of SSA countries have a per
capita GNP of less than $1,000. A cut-off of $315 was used to divide these countries roughly
equdly into the very low and middle income drata. Those in the higher income category are mainly
southern African or idand states, not typical of SSA, and were therefore categorized as a separate
gratum. The population for the higher income stratum was moddled using a life table with a higher
life expectancy at hirth to reflect the anticipated difference in age-specific mortdity rates (see
below).

2.4 Calculation of effectiveness

Edtimates of reductions in morbidity and mortdity were used to cdculate the effectiveness of each
intervention in terms of DALYs averted, following the methods used in the Globa Burden of
Disease (GBD)™. The DALY is a measure of hedth outcome that incorporates both premature
deeth and morbidity/disability. The DALY's caused by a given disease consist of the years of life lost
(YLLs) and the years of life lived with disability (YLDs). Deaths averted are converted to YLLS
using the age-specific life expectancies from the gppropriate life tables. A West African life table
with alife expectancy at birth of 50 years was used for very low and middle income countries, and a
Generd Pettern life table with a life expectancy a birth of 65 was used for higher income
countries®. It could be argued to be inequitable to use a lower life expectancy in poorer countries,
as this implies that fewer years of life will be gained for each decth averted in those countries.
However, it was conddered that the estimates would mainly be used to compare interventions within
a given country context, where a locd life expectancy would be more rdlevant®. These estimates
should not be used for comparing investment in a given intervention between countries at different
stages of economic development. Although any reduction in mortdity rates would lead to revised life
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expectancies in the intervention population, al YLLs were cdculated usng the initid life
expectancies in order to give the same vauation to a deeth at a given age both with and without the
intervention.

Y LDs were caculated based on the duration of disability/morbidity, and disability weights given to
each condition. The weights ranged between 0 and 1, with O representing full hedth and 1
representing deeth. The weights for each mdariardated condition were taken from the GBD
study™, and were derived using the person trade-off method at an international meeting held in
Geneva in 1995. Mdaria episodes had a weight of 0.211 with an average duration of 0.01 years,
and neurologicd sequelae were given a weighting of 0.473 if untrested and 0.436 if treated
(assuming that 5% of cases were treated), with the average duration of both being 35.4 years.
Anaemia was given a disability weighting of 0.012 (with no duration specified as anaemia was
defined in terms of prevaence rather than incidence).

The YLLsand YLDs averted by an intervention were summed to give the DALY s averted. DALY'S
were discounted at a rate of 3%, to account for time preference and the risk premium. The
discounting of hedlth benefits, which gives alower weight to hedlth benefits that occur further into the
future, has been criticized as inequitable® and has attracted considerable controversy and debate.
Those readers concerned about discounting should note that effectiveness is assumed to occur only
in the year of the intervention, so discounting has an impact only on the number of YLLS per death
averted. As dl the interventions are mainly concerned with reducing mortdity in children under 5
years of age, discounting has very little impact on the relative cost-effectiveness of the interventions.
Ageweghting of DALY's was not incorporated, because no consensus on the use of age weights
has yet emerged, and the impact of the age weighting function used in the GBD has been shown to
be counter-intuitive® 19, The incluson of age weights would have little impact on the relative cost-
effectiveness of mdaria control interventions, as it would affect al interventions more or less equaly.

Using a generic measure such as the DALY, rather than intermediate measures of benefits such as
cases prevented or cases cured, alows for comparison of preventive and treatment interventions.
Moreover, as DALY's incorporate both mortaity and morbidity/disability, it is possible to make
comparisons with other interventions that improve the qudlity of life, as well as with those that save
lives. Whilgt severd limitations of DALY's have been identified in recent critiques (eg. Anand &
Hanson 1997, Evans & Hurley 1995, Ugalde & Jackson 1995, Barker & Green 1996, Paalman et
al. 1998 9.10.12.13) ' they do have severd important advantages in thistype of andysis, and their use
facilitates comparison with the results of other recent codt-effectiveness studies in developing
countries (see, for example, Jamison et al. 1993(19).

Egtimates for the effectiveness of interventions were drawn from the literature, and based on results
from randomized controlled trids and meta-analyses where possble. They are thus much closer to
efficacy than effectiveness, snce results from tria Stuations reflect adequate resourcing and close
monitoring, and are unlikely to be achievable in an operationa setting®). It was therefore necessary
to adjust trid efficacy data by behaviourd variables such as compliance, or retrestment rates for
ITNSs, to get an estimate of operational effectiveness. A linear relationship was assumed between
compliance and effectiveness, such that zero compliance resulted in zero effectiveness, and the level
of compliance achieved in the trid resulted in the trid reductions in mortaity and morbidity (solid line
in Figure 21). The trid effectiveness results were then multiplied by the ratio of estimated
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operational compliance to trid compliance to caculate effectiveness under a programme Stuation,
i.e

Operationd effectiveness = Trid effectiveness x Operational compliance
Trid compliance

It is possible that the relationship between compliance and effectivenessis not linear (see dotted lines
in Fgure 2.1): for example, some threshold coverage level may be needed before significant effects
occur. In the absence of suitable data this possibility could not be alowed for.

2.5 Calculation of costs

The cogt of each intervention was cdculated using the ingredients gpproach, which involved building
up an estimate of cost by considering the quantity and vaue of each resource used®®). Capital costs
were annuaized using adiscount rate of 3%, and estimates of useful life from the literature. EStimates
for cost inputs were obtained through reviews of published and unpublished literature, programme
budgets, price catdogues, and consultation with experts working in research and programme
implementation. All costs were converted to 1995 US dallars, using the US dollar period average
market exchange rate in the study year, and the US Consumer Price Index®7.18),

The costing perspective included costs to both the provider and the community where appropriate.
Incrementa out-of pocket expenses for households were included. The indirect cogts of the time
taken by patients to seek care, and the lost productivity due to morbidity, were not included due to
the mgor vauation and measurement problems involved. However, estimates were made of the
market value of volunteer worker time, based on the estimated vaue of loca |abour, as in certain
circumstances it could be necessary for the provider to pay for these resources. Where non-
compliance would have reduced costs, such as falure to re-treat a mosguito net, the estimates were
adjusted to take thisinto account.

The mgority of inputs are traded internationally (e.g. drugs, insecticide) and therefore one price was
used for dl SSA countries. Codts for drugs commonly used in SSA were obtained from the
International Drug Price Indicator Guide 199619, which provides data on the average, minimum and
maximum price from a number of vendors who supply the public sector in developing countries.
Transport, insurance and delivery were assumed to add an additiona 25% to the drug price, and
25% of drugs were assumed to be wasted. Labour costs were assumed to vary by the per capita
income level of each economic drata. Vauing saff time is complex, asit involves assumptions about
both the type of staff involved and the full sdary rates for these workers, both of which vary greetly
across Africa, making generdization difficult. In addition, data on salary levels are extremely scarce.
Edimates of cogts of full time equivdent daff FTES) for severd hedth sarvice levels for Safe
Motherhood interventions20) were extrapolated to provide estimates for the three economic strata.
These estimates covered the average annud sdary cogt, scded up to include extra benefits and
alowances, and averaged to reflect differences in both the level of sdaries and compostion of staff
a each hedth service leve. Esimates for hedth centre, hospitd and programme management staff
areshownin Table2.2.



Incremental versus average costs

It is standard practice in economic evauation to calculate the codts of adding the intervention to the
exiding infragtructure, conventionaly termed incrementa codts, since this is the andyds rdevant to
local decison makersio. With generdized estimates such as those presented here, incremental
codings can be difficult to interpret: they are measured from a given darting point of existing
infrastructure, but the current level of community, hedth service and generd infrastructure (such as
roads), varies between countries, o their incremental costs will differ. It is not possible to capture dl
possible variations, but where the costs of interventions vary subgtantialy, depending on the exigting
infrastructure, cost-effectiveness was caculated for more than one starting point. The provison of
chemoprophylaxis in pregnancy was consdered firg, including only incrementa costs, and secondly
including a share of antenatal care overheads. The codt-€effectiveness of ITNs was considered in
gtuations of both high and low initid net coverage, and the provison of chemoprophylaxis for
children was consdered both with and without an initid network of village heglth workers.

Gross costs versus net costs

Maaria control leads to savings in expenditure on prevention and treatment. In some cost-
effectiveness andyses, these cost-offsets are subtracted from the gross cost of the intervention to
give a net cost. The caculation of these cogt-offsets is complex. Savings in prevention expenditure
will depend on the origind rationde for using the preventive method, and whether the new
intervention eiminates this need. Moreover, the levd of initid expenditure is likedy to vary
consderably, depending on income levels and culturd factors. Savings in trestment expenditure will
depend on the proportion of fever cases treated, the proportion of fever cases actually caused by
malaria, the quality and type of care provided, and the proportion of costs that are variable,” and will
therefore be saved if utilization fals. Due to these uncertainties in estimating cost-offsets, only gross
costs were condgdered for the preventive interventions. The moded developed to andyse
interventions to improve case management alowed the net impact of an intervention on the overal
cost of the care-seeking episode to be estimated. For the case management interventions, cost-
effectiveness was therefore calculated using both gross and net cogts.

Scale

Average costs may vary with the scale of the project or programme. For example, if large initid
capita investment is required, one might expect falling average costs as the programme expands, a
phenomenon termed economies of scde. For the maaria control interventions considered, the
magority of costs are variable and dgnificant economies of scae are unlikely. It was therefore
concluded that any variations due to scale would be captured in the ranges used for the cost input
vaiables There may be some exceptions. a very smdl scdes, the costs of supervison and
management could be relaively large, increasing the average cost; and at very high coverage rates,
the costs of reaching the last few members of the target population could be extremey high, dso
increasing average cogs.

2.6 Handling uncertainty

®Variable costs are those that vary in relation to the level of activity, as opposed to fixed costs, which remain the
same.
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There is condderable uncertainty over the vaues of many of the key cost and effectiveness
variables, because true parameter values are not known and there is a high degree of regiond
vaidion. This type of uncertainty is commonly handled by usng point estimates for each input
variable, and then conducting a sengtivity andysis by varying these estimates to test the robustness
of the conclusons of the andyss. This can take the form of a oneway sendtivity analyss, where
one vaiable is varied a a time, multi-way sengtivity andyss, where severd varigbles are varied
together; or a max-min andyss, where dl vaiables are given their extreme “optimigtic’ and
“pessmigtic” values to dlicit a best and worst case scenario. One, two or three-way sengtivity
andysis tends to underestimate variation in codt-effectiveness, varying a larger number of inputs
becomes unwiddy and difficult to interpret; and max-min analyss gives unlikely extreme outcomes2t.
22 Moreover, these methods do not provide any information on where the retio is most likely to fal
within the range provided.

To address these problems, probabilistic sengtivity anadysis was used. This alows for multivariate
uncertainty by assgning ranges rather than point estimates to mode input variables?21-23). The cost
and effectiveness input varigbles were assumed to follow uniform, triangular or norma continuous
probability didtributions (Figure 2.2). If range information only was known for a variable, a uniform
digtribution was assgned dong the range, to incorporate the maximum uncertainty in the true vaue.
If available data showed a pesked distribution, atriangular distribution was used. Where data on the
mean vaue and confidence intervals were available, for example from dinicd trids, this information
was used to congtruct anorma distribution.

The cost-effectiveness ratios (CERs) were estimated usng a Monte Carlo smulation, in which input
variables on both the cost and effectiveness sde were varied within the ranges described. At each
iteration, parameter vaues for each input varidble were chosen a random from the defined
probability digtributions. The cost per person, DALY's averted per person and the CER were
recorded as the outputs for each of the iterations, and the output variables were collated as
probability digtributions. The mean and range within which 90% of estimates fell were caculated
(see Figure 2.3), and this was represented in summary form, as shown in Figure 2.4.

The smulaions were run until dl the output variables had reached convergence (defined as a
percentage change in the output mean, standard deviation and percentiles of less than 1.5% after
each 100 iterations®). The simulaion assumed that dl input parameters varied independently of each
other, unless they were explicitly linked in the modd.

This method of andlyss cannot be compared with rigorous hypothess testing. However, the
representation of results as ranges rather than point estimates incorporated the variability and
uncertainty surrounding many of the input variables, and alowed for relatively robust conclusions to
be drawn from uncertain data inputs, even with large and complicated models@2).

2.6.1 Analysisof correation between input and output variables

¢ In the case management model, the inclusion of cost-offsets meant that the net cost of the intervention was
negative in certain circumstances, causing a discontinuity in the distribution of the CER. This meant that
convergence for the ratio would not be achieved, so these simulations were run for a set number of 3,000
iterations.



The sengtivity of the CER to the vaues of the input variables was examined by caculating Spearman
rank order corrdation coefficients between each input variable and the output variable from the
gmulation results. The correlation coefficients indicated which input variables were most important in
explaining the variation in the reported CERs, and whether the inputs were positively or negetively
correlated with the CER.

2.7 Evaluation of cost-effectivenessresults

The evduation of CERs rests on a comparison with the cost-effectiveness of aternative uses of
resources, which will depend on the pecific context. However, a broad guide to which interventions
count as “cogt-effective’ in low income countries’ was provided by the Ad Hoc Committee on
Hedth Research Rdating to Future Intervention Options. They argued that anything costing less than
$25 per DALY averted should be consdered as “highly attractive’, and that anything costing less
than $150 per DALY averted should be considered “ attractive’24). These guidelines were used to
evauate the CER reaults. It was assumed thet if at least 95% of the iterations had a CER below a
given threshold, one could be reasonably certain that the CER fell below this levd. It should be
noted that these thresholds are not appropriate in dl dtuations. In particular in higher income
countries, higher cut-offs may be gppropriate snce the ability to pay for hedth care interventions is
higher.

Cogt-effectiveness andysis can be used to identify interventions that represent good vaue for money
per unit of output. However, highly cog-effective interventions can be extremey codtly in financid
terms. In order to shed further light on the policy implications of the cost-effectiveness andysis, the
total and per capita codts of each intervention were estimated in the context of a very low income
country, using data from Tanzania. To give an indication of affordability to government, the tota cost
of each intervention was expressed as a percentage of the current public sector hedth budget
(including donor contributions).

41n this definition “low income” refers to countries with a per capita GNP of less than $765 in 1995.
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Figure 2.1. Reationship between compliance and effectiveness, showing assumed linear relationship
(—) and other possible relationships (- - - - - )
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Figure 2.3. Probability distribution for CER from the Monte Carlo smul&tion
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Table 2.1. Economic Srata

Strata GNP per capitain 1995

Countriesin stratum

Very low income Lessthan $315
Middleincome $315- $1,000
Higher income More than $1,000

Burkina Faso, Burundi, Chad, Democratic Republic of
Congo, Eritrea, Ethiopia, Guinea Bissau, Kenya, Liberia,
Madagascar, Maawi, Mali, Mozambique, Niger, Nigeria,
Rwanda, Sierra Leone, Somalia, Sudan, Tanzania, Togo,
Uganda

Angola, Benin, Cameroon, Cape Verde, Central African
Republic, Comoros, Congo, Cote d'lvoire, Djibouti,
Equatorial Guinea, Gambia, Ghana, Guinea, Lesotho,
Mauritania, Mayotte, Sao Tome and Principe, Senegal,
Zambia, Zimbabwe

Botswana, Gabon, Mauritius, Namibia, South Africa,
Seychelles

Source: GNP data taken from World Devel opment Report, 1997.(29)

Table 2.2. Annua sdary cogs of full time equivaent gaff (1995 US dollars)

Per capitaincome Health centre Hogpital Programme management’
Very low income $2,275 $2,754 $3,601
Middle income $2,993 $3,624 $4,856
Higher income $8,603 $10,432 $13,963

Source: Extrapolated from Tinker & Koblinsky, 1992.(20)

! Programme management includes personnel involved in planning, administration, management and

communications.
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Chapter 3— Prevention of Malariain Childhood

3.1 Introduction

This chapter explores the codt-effectiveness of preventive strategies in reducing morbidity and
mortdity in children under 5 years of age through the use of amodd of childhood maaria morbidity
and mortdity. The following drategies were evauaed: insecticide treated nets (ITNs), resdua
Spraying of houses, and chemoprophylaxis for children.

Resdud house spraying was first developed as an effective prevention tool during the Second
World War, and subsequently was advocated as the maingay of the maaria eradication
programmes during the late 1950s and 1960s. However, over time many countries have abandoned
or curtailed their spraying activities due to disillusonment over the falure to achieve the eradication
god, concerns over the safety and environmental impact of some insecticides, and adminidtrative,
manageriad and financid congdraints on implementation. Current WHO guiddines Sate that spraying
“should never be an open-ended programme’, but may be justified in certain circumstances, such as
the control of epidemics, in areas of economic importance, in refugee camps and for the initid
protection of non-immune settlers in development areasV). However resdua spraying remains a
magor control activity in the southern African states of Botswana, Madagascar, Mauritius,
Mozambique, Namibia, South Africa, Swaziland, Zambia and Zimbabwe, and is aso practised in
parts of Algeria, Angola, Tanzania, Uganda, Burundi, Rwanda, Ethiopia, Eritrea, Reunion and
Comoros?.

Over the last 15 years, ITNs have increasingly been advocated as an dternative method of
preventing mosguito biting. Whilst mosquito nets have been used for centuries, and are common
household items in some SSA countries, the treatment of nets with insecticide is a rdaively new
innovation, firgt tried in the 193093. The efficacy of ITNs for the control of mdariain children under
5 years of age has recently been demondrated by severd large-scde trids“?, which found
reductions in dl-cause mortdity, ranging from 14% to 63%. However implementation of this
intervention in SSA remains limited. Whilst many small-scale NGO projects have been established,
only The Gambiaruns a nationa programme for the treetment of nets.

The provison of chemoprophylaxis represents an dternative to vector control in preventing maaria.
Whilg it is generdly agreed that adminigtration of prophylaxis to the whole population is not
appropriate, targeted programmes have been advocated for vulnerable groups, such as non-immune
travellers, pregnant women and children under 5 years of age. This Strategy is not currently being
implemented for children in SSA, dthough large-scale programmes have been undertaken in severa
countries in the past, such as Senegd, Ghana, Niger and Burkina Faso®. WHO no longer
advocates widespread use of chemoprophylaxis due to problems of drug resistance and poor
compliance®.



A modd is presented, and used to estimate the cost-effectiveness of each intervention in turn. The
chapter concludes with a discusson of common themes of relevance to the interventions that
concern thelr long-term effectiveness, and the feasibility and affordability of implementation.

3.2 A modd of childhood malaria morbidity and mortality

The modd uses standard life tables to describe the basdine populaions® that have a stable age
digtribution and are growing a a constant rate of 2.6% per year, equa to the average SSA
population growth rate between 1990 and 19959). Assumptions were made about the rates of
maaria-rdated morbidity and al-cause mortdlity in the basdline and intervention populations, and the
mortality estimates were used to cdculate the age didribution in each population, usng standard
demographic theory19. The deaths and morbidity/disability averted due to the intervention were
caculated for each age class, and converted to YLLs and YLDs averted per child. The YLLs and
Y LDs averted in each age class were multiplied by the proportion of children in that age class, and
summed together to give the DALY s averted per child in the target age group.

The target age group was defined as the age range over which effectiveness is assumed to be
experienced. This was sdected for each intervention on the basis of the results reported in the trids,
and therefore varied from intervention to intervention. For ITNs, the target group was children aged
1 to 59 months, and for chemoprophylaxis, children aged 6 to 59 months. For resdud spraying the
target age group depended on the approach used for estimating effectiveness (see below). With
Approach 1, which used estimates of the reduction in the infant mortality rate from controlled
spraying trids, only children aged 0 to 11 months were included in the target group. With Approach
2, which used estimates of ITN effectiveness as a proxy for spraying effectiveness, the target group
was children aged 1 to 59 months. With chemoprophylaxis only, the target group received the
intervention, but with 1TNs and resdua spraying, coverage may be provided to other groups,
athough any hedlth benefits they experienced were not included in the model.

Astrids of preventive interventions tend to be conducted in areas of high/moderate transmission, the
andysis can be consdered relevant only for this epidemiologica zone. Prediction of effectivenessin
aeas with lower transmisson was not possble because the reationship between madaria
transmisson, mortdity and intervention efficacy is complex and not well understood, due to the
lower leves of acquired immunity in populations experiencing lower transmission. It was dso not
possible to differentiate between effectiveness in areas with different lengths of transmisson season.
However, annual cogt estimates were adjusted, for example, for the number of spraying rounds or
months of prophylaxis required per year, congdering two adternatives, perennid transmisson (12
months) and seasona transmission (6 months).

Basdine levels of maaria associated morbidity were derived from a number of sourcesi-14 (see
Table 3.1). Without any intervention the annua incidence of dlinical episodes of mdaria per child
aged 1 month to 4 years in a high transmission area was taken to be between 1 and 2.9. It was

& A West African life table with alife expectancy at birth of 50 years was used for very low and middle income
countries, and a General Pattern life table with alife expectancy at birth of 65 was used for higher income
countries, as described in Chapter 2.



assumed that between 3% and 7% of cases are severe, and that between 0.41 and 2.24% of severe
casesresult in neurologica sequelae. The prevalence of maaria-associated anaemia was assumed to
be 9%.

3.3 Insecticidetreated nets

The anadlyss was based on the ddivery mechanism used in the WHO/TDR trids, where net
treetment was done on a communa bass, with householders, community hedth workers and
programme staff working together. Two possible scenarios were considered: first, where nets are
distributed to households as part of the programme (termed Nets and Insecticide Treatment), and
secondly where there is dready a high degree of net ownership, and trestment is arranged for the
existing nets (Insecticide Treatment only). It was necessary to condder both scenarios as in some
aress of Africa untreated nets are dready widely used. For example, 58% of beds in rura Gambia
had anet and in Brazzaville, Congo, 73% of households owned at least one net. However data from
Sierra Leone, Burkina Faso and northern Ghana showed fewer than 10% of people using nets, and
low rates were dso found in Kenya, Tanzaniaand Maawis).

Bed nets are treated with a synthetic pyrethroid insecticide, which repds and kills mosquitoes and so
inhibits their feeding on humans. Nets are washed immediately before treatment, dlowed to dry and
then soaked in abasin of insecticide diluted with water for a few seconds. They are then wrung out,
and lad flat or hung up to dry. Whilst nets normaly last for severd years, the efficacy of the
insecticide gradualy wears off over time, so it is necessary to retreat the nets regularly. Two
commonly used pyrethroids are considered in the model, permethrin and deltamethrin®. Detamethrin
is effective for about a year, so annud retrestments are adequate (assuming limited washing) but
permethrin lasts only gpproximately 6 monthse), so more than one treatment is required per yeer if
the transmisson season is more than haf ayear.

The activities undertaken as part of the intervention are the training of staff and community hedth
workers, a sengtization and awareness campaign to inform the community about the intervention, the
procurement and trangport of the insecticide and nets (where appropriate), and the initid treatment
and subsequent retreatment of nets.

3.3.1 Effectivenessof I TNs

Estimates of the effectiveness of ITNs were drawn from the Cochrane meta-andysis of WHO/TDR
trids conducted in SSA®. Children aged 1-59 months deeping under ITNS experienced a
ggnificant reduction in dl cause mortdity of 19% (95% Cl 14%—24%) and a reduction in clinica
episodes of 46% (95% Cl 41%-51%). The data on the reductions in mortdity are based on the
results of the meta-analysis for the five trids that included mortality as an outcome. The confidence
intervds for the reductions in morbidity and mortdity are dightly underestimated as they are not
adjusted for group randomization. However, adjusting the confidence intervals would not change the
sggnificance of the effectiveness estimates (C. Lengder, persond communication). The proportiona

® Other suitable insecticidesinclude lambdacyhal othrin, al pha-cypermethrin, cyfluthrin and etofenprox, but
adequate price information was available only for permethrin and deltamethrin.
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reductions in the incidence of severe maaria and the prevalence of maaria associated anaemia were
st to equa the reduction in clinical episodes.

Effectiveness was assumed to be the same for the “Trestment and Nets’ scenario and the
“Insecticide Treatment only” scenario, and was assumed not to vary with the length of the
transmission season, as in the meta-andysis dl scenarios were combined®. The two insecticides
consdered were assumed to be of equa efficacy, dthough dl the WHO/TDR trials used permethrin.
The effectiveness of nets treated with deltamethrin and permethrin has never been directly compared
in epidemiologica terms, but the entomologica evidence clearly suggests that deltamethrin is at least
as effective as permethrin(s),

The effectiveness esimates were adjusted to account for non-compliance. A fully compliant child
was defined as one whose net had recently been treated and who dept under the net. In practice,
households may not re-treat their nets, and children may not deep under them if they deep outsde in
hot wesather, the nets are used for other family members, or the nets are taken away, destroyed or
sold. The average compliance of the WHO/TDR trids from which the effectiveness estimates were
taken was 65%“7). Retrestment rates under programme conditions are likely to be much lower than
under tria conditions, and were given a range between 20% and 80%19), while between 50% and
97% of children were assumed to use the net correctly“?. These two estimates were multiplied
together to caculate actud compliance. A linear relationship was assumed between compliance and
effectiveness, such that zero compliance results in zero effectiveness, and 65% compliance resultsin
the reductions in mortaity and morbidity found in the metarandyss. The effectiveness results from
the meta-andys's were then multiplied by the raio of actua compliance to trid compliance to
edimate effectiveness under a programme stuation. All effectiveness input parameters are listed in
Table 3.2,

The DALY s averted per child aged 1 to 59 months by the intervention were on average 0.17 for
very low and middle income countries and 0.05 for higher income countries. Fewer DALY's were
averted per child in higher income countries because a life table was used with lower underlying
mortality rates for children under 5 years. Mortaity was by far the most important component of the
DALYs. YLLson average made up 98% of the DALY s averted by the intervention in the very low
and middle income populations, and 92% in the higher income population.

3.3.2 Costsof ITNs

The cost per child for the purchase, digtribution and annud trestment of 1TNSs was caculated using
edimates of input parameters drawvn from the economic evauaions that accompanied the
WHO/TDR trids-23), supplemented by additiond technical and economic data from other
published and unpublished sources and expert consultation. The costing included the cost of the
insecticide, Saff, sengtization and awareness campaign, transport, other overheads, and community
time.

¢ Contrary to what one might expect, the studies included in the meta-analysis found a higher protective efficacy
in the “ Treatment only” scenario than in the “ Treatment and Nets” scenario (23% compared with 17%), but the
number of trials of both type was small.
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In scenario 1 (Nets and Insecticide Treatment) the cost of the nets was included, but in scenario 2
(Insecticide Treatment only) it was assumed that the nets did not condtitute an incrementa cost so
they were excluded. All other costs were assumed to be the same for both scenarios, athough in
practice, some other costs, such as trangport, may be lower in scenario 2, which does not require
net digtribution. Although the intervention is targeted at children under 5 years, it has been found in
practice that it is necessary to provide ITNs to other household members as well, to ensure that the
target group is covered??. Between 2 and 3.9 nets were therefore assumed to be distributed per
child under 5 yearg20. 22.24.25),

The range for the price of nets was obtained from the delivered, duty paid prices recorded in bed
net trids for both locally made and imported nets (between $4 and $11.39)(20.22.24.25), Prices as high
as $35 have been recorded for private sdlers in Africa, but were not assumed to be representative
of the prices obtainable for a large-scale programme. An annudized net cost was calculated on the
bass of auseful life for anet of between 3 and 6 years®.

The cost of the insecticide per net depends on the number of treatments per year, the cost per litre,
the insecticide concentration, the dose used, the size of the net, the freight cost, and the wastage
incurred. The average size of a double or family size net was assumed to be between 13 m and 18
. More insecticide will be used than is indicated by the target dose for severa reasons. During
mixing some Spillage is likely to occur, some insecticide will drip off nets while they are drying, and
different fibres absorb different amounts of insecticide, making it hard to estimate the exact quantities
needed when different types of nets are dipped together. Wastage due to these factors was
estimated to be between 10% and 50% of insecticide used.

Minimum and maximum estimetes for the cost per litre of deltamethrin and permethrin were taken
from published sources and communication with recent purchasers, and were adjusted to cover
freight cogts. With detamethrin the insecticide cost was based on one trestment a year in both
seasona and perennid transmission, but with permethrin the cost was based on one treatment a year
for seasond transmisson, and two treatments a year for perennid transmisson. Where more than
one treatment is required per year, al non-net costs were doubled. Thiswill dightly overestimate the
additional cogt asit should not be necessary to repest dl initid training and sengtisation.

Other cogs, including the senstisation and awareness campaign to explan and promote the
intervention, trangport, equipment and buildings, dtaff time, traning and office supplies, were
estimated by caculating the cost per net from the trids2. 22 24, The cods of community time, daff,
sengtisation and awareness campaigns, training and office supplies were assumed to vary by per
capita GNP, so estimates were made for the three economic strata. In addition the community bears
the codts of the detergent and water to wash and treat the nets, and provides much of the labour for
dipping. Minimum and maximum estimates for each of these costs were incorporated. Varigble costs
were adjusted for the proportion of nets not retreated. Cost input parameters are listed in Table 3.2.

The cost per child depends on the insecticide used, the number of treatments required per year, the
income level, and whether it is necessary to ditribute nets as part of the intervention. The mean and
90% range for the cost per child under 5 is shown in Table 3.3 (adjusted for non-compliance). For
“Nets and Insecticide Treatment” the mean cost per child ranged from $6.59 in very low income
countries to $7.18 in higher income countries. The “Insecticide Trestment only” scenario was much



chegper, with a cogt of $1.12 in very low income countries, $1.18 in middle income and $1.70 in
higher income countries”. For “Nets and Insecticide Treatment” the nets themselves made up the
bulk of the cost, accounting for between 76% and 83%, insecticide accounting for 7%, and
overheads (staff, sendtization and awareness campaign, trangport, buildings and equipment etc.) the
remainder. In the “Insecticide Trestment only” scenario, where nets are adready owned by
households and therefore not included in the cogt, insecticide accounted for 43% and 41% in very
low and middle income countries respectively, and 28% in higher income countries, the remainder
being overheads. The codts to the community of their time and detergent for net washing were
included in overheads and were relatively low (under $0.03 per child).

3.3.3 Cost-effectiveness of | TNs

Codg-effectiveness was ca culated for each insecticide under seasond and perennia transmission, for
each income level, and both scenarios (“Nets and Insecticide Treatment” and “Insecticide Trestment

only”).

Congdering first scenario 1, “Nets and Insecticide Treatment”, the cost-effectiveness results for very
low income countries for the two insecticides are shown in Figure 3.1. With one treatment per year
usng detamethrin, the mean cost per DALY averted was $44, with the CER in 90% of the
iterations falling between $19 and $85. With one treatment of permethrin per year there was a very
dight increase in the CER to a mean of $45 (90% range of $19 to $86). As the effectiveness of the
two insecticides was assumed to be the same, the difference is purdy due to the dightly higher
insecticide cogt per net with permethrin (average of $0.53 compared with $0.38 with deltamethrin).
As permethrin is effective for about 6 months, results are dso shown for two treatments of
permethrin per year, which increased the mean CER by $7, to $52 (90% range of $25 to $96).
ITNs would therefore be considered an “attractive’” option for very low income countries with either
insecticide, as over 95% of the iterations had a cost per DALY averted below $150, but they could
not be assumed to be “highly attractive’ as the CER is not dways below $25. The insecticide price
data avallable indicate that deltamethrin is chegper than permethrin, and therefore should be the
insecticide of choice, especidly in areas of perennid transmission where its longer effective duration
is an advantage. However prices for insecticides are very variable, depending, for example, on the
quantity ordered, the detination and the competitive conditions, so in practice, localy avallable
prices would have to be considered. All other results are quoted for one trestment with detamethrin
per year (all results are summarized in Table 3.4).

Figure 3.2 shows the cod-effectiveness results for “Nets and Insecticide Trestment” with
deltamethrin for the three income levels. There was no sgnificant difference between the CER in
very low and middle income countries, because effectiveness is assumed to be identica, and there
was only a very dight increase in costs. However the CER was much higher in higher income
countries with a mean of $177, and a 90% range from $79 to $334. This was partly attributable to
higher sdlary and community time costs in higher income countries, but mainly due to the lower
DALYs averted per child, as a result of the lower underlying mortdity rates. In higher income

4With full compliance, the average cost per child would have been higher, for example, $8.06 for Nets and
Treatment in avery low income country, compared with an adjusted figure of $6.59.
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countries one cannot be certain that the “Nets and Insecticide Treatment” intervention is cost-
effective at the $150 levd.

Figure 3.3 shows the results for the second scenario, “Insecticide Treatment only”. DALY s averted
per child were assumed to be the same as with “Nets and Insecticide Trestment”, but the cost per
child was lower as the cogt of the nets was not included. With this scenario, more than 95% of the
iterations had a CER below $150 at dl income levels and in very low and middle income countries
the CER was clearly below $25.

In summary, if net coverage is low and nets must be distributed and treated, one can be reasonably
sure thet the intervention is an “attractive’ option in very low and middle income countries, but not in
higher income countries. If net coverage in the community is dready high and only trestment of nets
is required, the intervention is “attractive’ for dl income levels and “highly dtractive’ in very low
and middle income countries. The model congders hedth benefits only for children under 5 years. If
benefits to other household members were aso included, the CERs would be lower.

Rank order correlation coefficients were calculated to show the input variables which were most
important in explaining the variaion in the CER. For “Nets and Insecticide Treatment” the most
important variables were the retrestment rate and the number of nets per child in the target group
(negatively related to the CER), and the price per net (postively related). The number of nets
treated per child was aso important for “Insecticide Treatment only”, together with the proportion of
children using the net correctly and the reduction in mortdity rate (both negatively related). The
retrestment rate does not gppear as an important variable in this scenario, because with “Insecticide
Trestment only,” both costs and effects vary with the retrestment rate, leaving the cost-effectiveness
ratio relatively unchanged.

There are severd reasons why the results may be over-optimistic. First, owners may wash their nets
frequently, necesstating more regular retreatment even with long-lasting insecticides such as
deltamethrin. For example, in The Gambia, it was most common to wash nets once in a 16-week
period@?. To illudtrate the potentia impact on cost-effectiveness, the cost per DALY averted with
one or two treatments of deltamethrin per year is compared in Figure 3.4 (“Nets and Insecticide
Treatment”, very low income country). Using two treatments per year raised the mean cost per
DALY averted from $44 to $50 and the upper end of the range from $85 to $93.

Costs per child may dso vary with the scde of the programme. The importance of economies of
scae for “Nets and Insecticide Treatment” is likely to be limited, because 80% to 90% of unit costs
were made up of insecticide and nets, which would vary with the number of people covered (see
Table 3.3). For “Insecticide Treatment only” overhead costs were more sgnificant, but as the
mgority of these costs were dso likely to be variable, scde is 4ill unlikely to have an important
influence on unit cogts.

3.4 Resdual spraying

Resdud spraying involves the treating of dl interior walls and cellings usng a handheld compresson
orayer, and is effective against mosguitoes that favour indoor resting before or after feeding. The



delivery mechanism consdered here is based on a government-run programme, where loca
temporary saff are hired and trained to spray dl houses in their area. The intervention involves the
training of gaff, a sendtization and awareness campaign to inform the community, the procurement
and trangport of the insecticide, and the actua spraying of houses.

Four insecticides were considered: DDT, maathion, and two pyrethroids, ddtamethrin and lambda:
cyhdothrin. DDT was the most commonly used insecticide in the past, but in recent years, the use of
organochlorines and organophosphates, such as DDT and maathion, has declined due to concerns
about ther environmental and safety impact, and the use of pyrethroids has increased@. 29).
However, dl of the insecticides assessed are till used to some degree in SSA®.

3.4.1 Effectivenessof residual spraying

Evidence from controlled trids on the effectiveness of goraying on hedth outcomes is restricted to
three studies that date from the 1950s and 1960530. These studies provided results for the impact
on infant mortdity, but data were not provided for the impact on mortality of children over one year
of age, or on morbidity.

Two gpproaches were used to estimate the effectiveness of spraying:

Approach 1: Infant mortality reduction from spraying trials

Edtimates for reductions in the infant mortdity rate (IMR) from the controlled trids in Pare Taveta
(Tanzania), Kisumu (Kenya) and Garki (Nigeriad) were used, ignoring effects on other age groups
and reductions in episodes, anaemia and neurological sequelae. Reductions in the infant mortaity
raem (IMR) of 41% were achieved in Kisumu, 51% in Pare Taveta and between 47% and 59% in
Garki®, so a range of between 41% and 59% was used in the modd. Other trials which did not
have a control arm aso reported results within this rangey.

Approach 2: Assume effectiveness equivalent to ITNs

The only trid in SSA, which directly compared ITNs and residua spraying showed that there was
no difference in the rate of reinfection after parasite clearance with spraying or ITNS®). It was
therefore assumed that the results of the Cochrane review meta-anadysis of ITN trias conducted in
SSA@) could be used to gpproximate the effects of spraying on morbidity and mortality. Children
aged 1-59 months living in sprayed houses were assumed to experience a reduction in al cause
mortdity rates of 0.19 (95% Cl 0.14-0.24) and a reduction in rates of clinica episodes,
neurologica sequelae and anaemiaof 0.46 (95% Cl 0.41-0.51).

The duration of resdua effectiveness depends on the insecticide and dose used and the type of
surface sprayed. It was assumed that on average one round of spraying would be required where
transmission is seasond, and two rounds where transmisson is perennid. The four insecticides were
assumed to be of equal effectiveness.

The effectiveness estimates were adjusted to account for non-compliance. Compliance implies that a
household dlows the team to spray their buildings fully. It was assumed that the studies which
produced the effectiveness estimates experienced high levels of compliance of around 95%.
However, in a contemporary operationa setting people may object to the spraying of their houses



because of the inconvenience, the residue left on the walls, the smell, or fears about the hedlth effects
of inhding the fumes. For example, householders in Namibia have refused entry to the spray
teams32), and in Zimbabwe, 21% of villagers refused to have some roomsin their homes sprayed3).
Actua compliance with spraying was assumed to be between 70% and 95%. As with the modelling
of ITN effectiveness, a linear relationship was assumed between compliance and effectiveness, such
that zero compliance resulted in zero effectiveness, and 95% compliance resulted in reductions in
mortaity and morbidity found in the trials. The effectiveness results were multiplied by the ratio of
actud compliance to trid compliance to esimate effectiveness under a programme sStuation. The
same range for actual compliance was used for dl of the insecticides consdered, athough it has
been suggested that pyrethroids will be better accepted because, unlike DDT, they do not leave a
vighble depost on wals. The effectiveness input variables are summarized in Table 3.5.

The DALY s averted per child depended on the approach used for caculating effectiveness. Using
Approach 1 (reduction in IMR from spraying trids) on average 0.36 DALY s were averted per child
aged 1 to 59 months in very low and middle income countries and 0.15 DALYSs in higher income
countries. Using Approach 2 (assuming equivaence to ITN reductions) effectiveness was dightly
lower with an average 0.31 DALY s averted per child for very low and middle income countries and
0.08 DALYsfor higher income countries. Fewer DALY s were averted per child in higher income
countries due to the use of a life table with lower underlying mortality rates for children under 5
years. Effectiveness was greater with Approach 1, even though zero effectiveness was assumed for
al children over 1 year of age, because the reduction in the IMR was s0 great and underlying
mortality rates are highest in the under 1 age group.

3.4.2 Cossof resdual spraying

A review of sudies of the cost of gpraying in SSA produced ranges for the cost per house sprayed
of $3.71 to $8.93, and for the cost per capita of $0.24 to $6.70 (1995 US$H)@s. 3439, However,
these studies were ether unclear about the costing methods employed or did not include al
resources used, and are therefore difficult to compare or generdize. Moreover, the estimates were
based on a variety of different insecticides, which vary greetly in price. It was therefore necessary to
estimate spraying codts using the ingredients approach, based on cost data where available, and
condructing estimates for other input variables from technical information on resources used and
price information from catalogues and discussions with experts.

Cogt egtimates were made per house sprayed and included the costs of insecticide, staff, training,

sengtization and awareness campaign, transport, other overheads, and equipment. The cost of the
insecticide used depends on the cost per kilogramme or per litre, the insecticide concentration, the
dose used, the surface area to be sprayed, and the wastage incurred. Even in awel run programme
a certain amount of wastage will be norma due to spillage, mixture being unused & the end of a
session, or overlapping in spraying. Wastage rates of between 10% and 50% of the target dose
were assumed.

Minimum and maximum estimates for the cost per litre of DDT, maathion and deltamethrin were
estimated from published sources and communication with recent purchasers. The price per litre for
lambda-cyhdothrin was obtained by persona communications with the suppliers (G. White,
persona communication). All insecticide costs were adjusted to cover freight. The mean costs of
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insecticide per house were cdculated (Table 3.6). The chegpest insecticide was DDT at $3.47 per
house, and the most expensive, lambda-cyhdothrin at $4.52.

Staff costs depend on salary levels and the number of houses sprayed per day. It was assumed that
local spraymen earn the daily rate for a relatively unskilled labourer, which was estimated at $3.83
to $5.18 per day for a very low income country, $4.68 to $6.33 in middle income countries and
$14.03 to $18.98 in higher income countries. The number of houses sprayed per man-day will
depend on the dendty of habitation, the sze of the houses, and the insecticide used (if a less
concentrated insecticide is used, more frequent mixing and filling of sprayerswill be required). It was
assumed that with ateam of 5 workers, between 12 and 40 houses were Sprayed per team per day.
Training of sprayers was estimated to take between 4 and 10 days, a a cost of $10 per day.
Training costs were not annuaized as temporary workers would reguire training before each round.
Costs were included for one supervisor for every three teams of sprayers, to coordinate activities,
oversee the adherence to specified standards and the maintenance of equipment, and ensure that
safety requirements were met.

Transport will be needed for the insecticide, equipment and personnel, and costs will vary depending
on the density of habitation, the distance of the houses from the main depot, and the road qudity. As
trangport costs depend on so many different factors, they are very hard to estimate usng an
ingredients approach. Instead, data were extrapolated from the transport costs for the ITN trids. An
estimate was made of the proportion of ITN transport costs that were incurred in transporting
insecticide, and the proportion incurred in transporting staff. The insecticide transport costs were
scaled up to account for the grester quantity of insecticide used in spraying a house than in dipping a
net. Costs for transport of personnel were assumed to be the same per person covered for spraying
and ITNs. Differences in trangport codts for different insecticides were not alowed for. Information
from the ITN trids was adso used to estimate costs for a sengtization and awareness campaign to
inform and consult communities about the spraying. Households may incur time codis in preparing
their houses (e.g. removing foodstuffs and cooking utensils), but these costs were not included
because they are likely to be rdatively minor, and are very difficult to measure and value.

The capitd codsts of the equipment involved (hand-operated compression sprayers, maintenance
kits, equipment for weighing, packing and mixing the insecticides, and protective clothing) were
annualized based on their expected ussful lives.

The recurrent and annudized capital components were combined to caculate a cost per house
sprayed per round, which was converted to a cost per child under 5 using an average household size
of between 3.8 and 5.2, and the proportion of the population under 5. In areas of perennid
transmission where two rounds of spraying take place per year, recurrent costs were doubled and
capita costs adjusted to account for the higher number of houses sprayed and the more rapid
depreciation of equipment. The codts of insecticide and prayman time were adjusted for non-
compliance, but al other costs were left unchanged. Cost input variables are shown in Table 3.5.

The cost per child depended on the number of spraying rounds required per year and the economic
grata. The mean and 90% range for the cost per child under 5 using lambda-cyhdothrin are shown
in Table 3.7 (adjusted for non-compliance). Costs were only marginaly lower with other
insecticides. With one round a year the mean cost per child ranged from $7.33 in very low income



countries to $7.56 in middle income countries and $12.50 in higher income countries. Two rounds
per year increased codts to $14.65 in very low income countries, $15.12 in middle income and $25
in higher income countries”. Insecticide was the most significant cost, accounting for more than two-
thirds of the cost in very low and middle income countries, and over haf in higher income countries.
Staff cogts accounted for 14%, 16% and 37% in very low, middle and higher income countries
respectively, and overheads (training, trangport and sendtization and awareness campagn)
comprised about 16% of cogts in very low and middle income, and 12% in higher income countries.
Equipment was rdaively indgnificant, accounting for lessthan 1% at dl income levels.

3.4.3 Cost-effectiveness of residual spraying

The cog-effectiveness of resdua spraying was caculated usng both gpproaches for estimating
effectiveness, for each of the three income leves, with seasond and perennia transmisson. The
amulatiions were hdted after 1,100 iterations a which point al output variables had reached
convergence.

Congdering first Approach 1 (reduction in IMR from spraying trias), the cost-effectiveness results
are shown in Figure 3.5 for very low income countries with seasond transmission (one round a
year), for the four insecticides. With lambda: cyha othrin the mean cost per DALY averted was $22,
with the CER in 90% of the iterations faling between $16 and $29 (al results are summarized in
Table 3.8). As the effectiveness of the insecticides was assumed to be the same, the results for the
other insecticides were very smilar, with only dightly lower CERS, due to the marginaly lower
insecticide costs per house. As there was very little difference between the insecticides, and the
modern pyrethroids are more likely to be used in future, al other results are presented only for
lambda-cyhdothrin.

Results are shown in Figure 3.6 for the three economic strata. With one round per annum there was
very little difference between the CERs in very low and middle income countries, because
effectiveness was assumed to be identical and there was only a very dight increase in cods.
However the CER was much higher in higher income countries with a mean of $86, and a 90%
range from $60 to $120. Thisis partly attributable to higher labour costs in higher income countries,
but mainly due to the lower DALY's averted per child as a result of the lower underlying mortdity
rates. With two rounds per annum, costs increased but effectiveness was assumed to stay the same,
s0 dl of the CERs gpproximately doubled, giving a mean of $43 in very low income, $45 in middle
income and $172 in higher income countries.

The results were compared to the CER cut-offs of $25 and $150. With one round a year, Spraying
would be congdered an “attractive’ option for al income levels, as over 95% of the iterations had a
cost per DALY averted below $150, but would not be considered “highly attractive’ as the CER
was not aways below $25. If two rounds a year were required, spraying would still be considered
atractive in very low and middle income countries, but not in higher income countries.

¢ Costs were adjusted for non-compliance; with full compliance the average cost per child would have been
higher, for example, $8.56 for seasonal transmission in avery low income country.

" The cost of insecticide, equipment and overheads per house were not varied by economic strata, but the cost of
these inputs per child is higher in higher income countries, because children under 5 make up asmaller
proportion of the population in the life table used for the higher income stratum.
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Reaults are presented in Figure 3.7 using Approach 2 for caculating effectiveness (assuming
equivalent to ITN effectiveness). Cogts per child were assumed to be the same as with Approach 1,
but the DALY's averted per child are lower in Approach 2, so the CERs are higher. With this
approach, the intervention remains attractive with either seasond or perennia transmisson in very
low and middle income countries, but not in higher income countries for either transmission type.

Rank order corrdation coefficients were cadculated to show which input variables were most
important in explaining the variation in the CER. With Approach 1 for a very low income country
with seasond transmission, the most significant input variables were the reduction in the IMR and the
average household size, which were negatively related to the CER; and the sprayable surface area
per household and wadtage of insecticide, which were postively related. Household size was
important because it affected the number of children assumed to be protected per house. Variations
in the number of houses sprayed per team per day, the cost of internd transport, the sdary of
poraymen and the cost of external freight were aso important.

The cogt-effectiveness results should be interpreted with some caution because of the absence of
up-to-date estimates of effectiveness in children under 5 years of age. The reationships between
effectiveness and epidemiologica parameters are not well understood, so congiderable assumptions
were made in extrgpolating the results across regions with different transmisson intensties and
different lengths of transmission season.

The model was based on one round of spraying a year in areas of seasond transmission, and two
rounds a year in perennid transmission. Whether this is sufficient will depend on the actud length of
the transmission season in seasona areas and the type of insecticide used. DDT lagts for 6 months
or more, but lambda-cyhdothrin lasts 3 to 6 months and maathion and deltamethrin only 2 to 3
months2). The duration of resdud effectiveness will dso be affected by the materids used in house
congtruction, and behaviourd factors, such as whether walls are regularly replastered.

3.5 Chemoprophylaxisfor children

The intervention involves the provision to children of an antimaaria such as Maoprim®, chloroquine,
pyrimethamine or chloroproguanil. Prophylaxis must be provided on a regular basis, so community-
based volunteers such as VHWSs are often involved in the didtribution of drugs“). The andyss was
basad on the provison of prophylaxis on a fortnightly basis to children aged between 6 and 59
months. Carers bring children to the village hedth post a a pre-arranged time, and the VHW
observes the child swalowing the pill. Defaulters are not followed up. The drug included in the
model was Maoprim® (100 mg dapsone and 12.5 mg pyrimethamine), with a dose of a quarter
tablet per 6-11 month year old, and a half tablet per 12-59 month year old“o. The activities
involved in the intervention are the traning of VHWSs and other hedth workers, community
sengtization and the digtribution of drugs.

3.5.1 Effectiveness of chemoprophylaxisfor children



Severd smdl-scde trids in SSA have shown that chemoprophylaxis can reduce episodes of fever
and improve haemoglobin levels in children, but only one trid in rurd Gambia was large enough to
demondrate a Sgnificant effect on child mortaityo. 40, Estimates of effectiveness were based on the
reductions in morbidity attributed to maaria and al cause mortdity reported in this study. For
children aged 6-59 months?, the proportionate reduction in al cause mortdlity rates was 0.49 (95%
Cl 0.02-0.74) and the reduction in the incidence of clinical episodes was 0.73 (95% CI 0.25—
0.90). It was assumed that the proportionate reduction in both the incidence of neurologica
sequdae following maaria infection and the prevaence of maaria associated anaemia was equd to
the reduction in clinical episodes. The trid took place in an area of seasond transmisson. As no
other sudies were available it was assumed that the same annud reductions in morbidity and
mortaity would be achieved in areas of perennid transmission.

The effectiveness estimates were adjusted to account for non-compliance. Full compliance implies
that the child visted the VHW at the correct time, and the correct regimen was provided and
consumed. The average compliance from the Gambian trial was 72% in the study cohort of children
from which the effectiveness estimates were taken. A linear relationship was assumed between
compliance and effectiveness, such that zero compliance resulted in zero effectiveness, and 72%
compliance resulted in reductions in mortaity and morbidity found in the trid. Actud compliance
under operationa conditions is likely to be lower than under trial conditions, so0 the effectiveness
results from the trid were multiplied by the ratio of actua compliance to trid compliance to estimate
effectiveness under an operational setting. Actua compliance was assgned a range based on
compliance rates reported in the literature. Allen et al. (1990)“2 evaluaed the Gambian
chemoprophylaxis programme over a 5-year period and found that compliance was lower in a
programme sSituation, with an overal mean rate of 33.6%. In a Smilar programme in Kenya, which
digtributed chemoprophylaxis to pregnant women through VHWS, only 29% of women received
prophylaxis4®. However, MacCormack and Lwihula (1983)“4 found higher rates in their sudy of a
prophylaxis programme for children in rura Tanzania, where community drug distribution led to the
correct dosage being administered on 57% of occasions. overdosing was 15%, underdosing was
23%, but only 3% received no dose a dl. The percentage recaiving at least the minimum dose was
72%. The range of rates for actua compliance was set at between 29% and 72%. The effectiveness
variables are summarized in Table 3.9.

On average 0.47 DALYs were averted per child aged 6 to 59 months in very low and middle
income countries, and 0.09 DALY sin higher income countries.

3.5.2 Costsof chemoprophylaxisfor children

The annua cost per child was caculated for the three economic drata. Drug costs were estimated
using data on the price of Maoprim® from the British Nationad Formulary 199749, dlowing an
additional 25% for freight and ddivery, and 25% wastage. Estimates for dl non-drug costs were
taken from data provided by Picard et al. (1992)“o from The Gambia, recdculated usng a 3%
discount rate for capita cogts, and converted to 1995 prices. The cost estimates included initia
training and sengtization, regular annud training and sengtization, ddivery of the drugs, transport for

91n the Gambian trial, drugs were actually given to children aged 3-59 months, but the strategy subsequently
adopted in the areatargeted 6-59 month year olds,“9 so the latter age group was sel ected to represent actual
practice.
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the mdaria control officer and the time of the VHWSs (who would in fact work as volunteers, so a
shadow price was put on their time, based on the margind vaue of dternative agricultura work).

The cost estimates by Picard et al. were based on providing prophylaxis over a 20-week period.
To enable these data to be generdized to settings with different lengths of transmisson season, the
cogts were divided into fixed and variable components. The fixed components do not vary with the
length of the transmission season (cogt of initid and annud training of government employees and
VHWSs, and the sensitization and awareness campaign)". The “variable’ components (drugs, VHW
time and transport) were estimated as a cost per month. Fixed and variable components were then
combined to give an annua incrementa cost per child for perennia transmisson (12 months) and
seasond transmission (6 months).

The costs of drugs and transport were assumed to be constant across al income levels, but the costs
of the initid and annua training of government employees and VHWSs, the sengtisation and
awareness campaign, supervison and the time of VHWSs were assumed to vary by economic strata.
The cogt estimates come from The Gambia, which fals in the middle income bracket, so the data
were extrapolated to estimate cogts for very low and higher income countries. As the main source of
cogt variation between countries is staff remuneration, the cogts for very low and higher income
countries for these inputs were estimated using the ratios for sdlaries for the three economic drata
No costs were included for the time of villagers bringing children to the hedlth post. These codts are
difficult to measure and vaue, and were likely to be low as the VHWSs would be located in the
villages that they served. The codts of the drugs and VHW time were adjusted for non-compliance.

These incrementd costs were based on the assumption that a network of VHWS, with basic training,
aready existed. However, in much of SSA thisis not the case, and operating a programme for the
community digtribution of prophylaxis would require the establishment of a VHW cadre. The cost of
thiswill vary, depending on the type and length of training, whether the VHWSs are paid or voluntary,
whether they are full or part time, the type of services they provide and the degree of support and
supervison they are given. To obtain an estimate of the cost per child when the costs of establishing
the cadre must be included, data on the annua cost of a VHW were taken from the literature.
Edimates were avaladle for Zambia and Swaziland“?). The data for Zambia gave an annud
recurrent cost per VHW, excluding drugs, of $591, and the Swaziland data gave a figure of $1,321
p.a for a“low cost VHW” who would work part-time, and $2,891 for a full-time “high cost VHW”
(again excluding drugs). The Zambia data were used for very low income countries, the Swaziland
datafor higher income countries, and an estimate for middle income countries was extrapolated from
the very low income data, usng the ratios for sdaries for the economic strata. The cost per child
aged 6-59 months was estimated by dividing the estimated annua VHW cost by the average
number of people covered, multiplied by the proportion of the population in this age group.
Estimates of population coverage per VHW from the literature ranged between 500 and 1,200:48. 49),
This cost was then added to the incrementd cost of ddlivering prophylaxis per child, to give atotd
cost per child. Thisisamaximum estimate of the costs atributable to chemoprophylaxis ddivery as,
once edtablished, the VHW would presumably undertake other activities as well.

" Supervision costs could not be separated from the “fixed” costs, and so were also treated as fixed, although in
reality they would vary with the length of season.
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The cost inputs used are shown in Table 3.9. Very few cost estimates were available so only three
of the cost inputs were assgned didtributions, the others being included as point estimates. The
results therefore underestimate the actua degree of potentid variation in the CER.

The mean incrementa cost per child was $1.25 in seasond transmission and $2.15 in perennid
transmission (see Table 3.10). In middle income countries the mean incrementa cost rose to $1.37
and $2.28 in seasond and perennia transmission respectively, and in higher income countries to
$2.29 and $3.27 respectively. Over 90% of incrementa costs were made up of drugs and
transport, with VHW time and fixed costs accounting for a smal proportion of costs. The mean total
cost per child was much higher at $5.86 for seasona and $6.76 for perennia transmission in very
low income countries, $7.43 and $8.34 in middle income countries, and $22.42 and $23.40 in
higher income countries. The cost of running the VHW programme made up over two-thirds of the
total cost.

3.5.3 Cost-effectiveness of chemoprophylaxisfor children

Incremental and total cost-effectiveness were calculated for each of the three economic Strata, under
seasond and perennid conditions. The smulation was halted after 2,800 iterations a which point all
output variables had reached convergence,

The ranges for the CER for seasona and perennid transmission are shown in Figure 3.8 for a very
low income country (al results are summarized in Table 3.11.). Using incrementa codts, the mean
CER under seasond transmission was $3, and 90% of the smulation results fell in the range of $2
to $7. Under perennid transmission the cost per DALY averted was dightly higher, with a mean
CER in very low income countries of $6, and 90% of the estimates falling between $3 and $12. If
prophylaxis was required for only 6 months a year, the CER was lower because the effects were
assumed to be the same, but the variable costs were reduced. Results are also shown in Figure 3.8
using total codts. Including the annuad codts of the VHW programme more than trebled the mean
CER, increasing the range for the cost per DALY averted to between $7 and $36 for seasond
transmission, and between $8 and $41 for perennid transmission.

Figure 3.9 shows the incrementa CER for the three different economic drata. There was no
ggnificant difference between the CERs for very low and middie income countries, but the CER was
significantly higher in countries with higher per capitaincomes, with arange of between $16 and $59
in seasond transmisson and between $23 and $85 in perennid transmisson. This was partly
attributable to higher cogts in higher income countries, but mainly due to the lower DALY s averted
per child. Smilarly with total cogts, Figure 3.10 shows thet there was only a dight increase in the
cost per DALY averted between very low and middle income countries, with an increase in the
mean from $17 to $22 (seasond) and from $20 to $24 (perennid). However the CER for higher
income countries was much higher, with a mean of $315 in seasond transmission (range $121 to
$695), and amean of $327 (range $129 to $723) in perennid transmission.

The modd results show that where a cadre of VHWS dready exidts, the intervention would be
consdered “dttractive’” as 95% of the smulated CERs adways fell under $150 in al economic srata,
under seasond or perennid transmission, and that for very low and middle income countries, it
would be consdered “highly atractive’ as 95% of the CERs dways fdl under $25. If it were



necessary to set up a whole VHW programme just to implement this intervention (i.e. using tota
costs), one could no longer be sure that the intervention could be categorised as “highly attractive’,
as in no circumstances were 95% of the results using totd costs under $25, and in higher income
countries the intervention no longer appears “attractive’ a the $150 cut-off. Maoprim® is a
relatively expensve drug with a cost per prophylaxis dose of $0.07 for a child aged 1 to 4 years.
The intervention would appear more cost-effective if a chegper drug such as chloroquine could be
used (equivalent cost per dose $0.0260).

The effectiveness inputs were based on only one study, which was used as an estimate for the whole
of SSA. The generdizability of the results is not known, especidly as the relationship between
effectiveness, length of transmisson season and transmisson intengty is not fully understood.
Similarly there was only one study available on cods Picard et al., 1992¢49)), and these were
adapted figures, derived from atria of ITNs and chemoprophylaxis in The Gambia?). There was
no way to judge whether these cogts were representative for other settings, or if the extrapolations
performed for other economic strata were appropriate. For example, the Gambian cost estimates
were based on voluntary VHWS, but elsewhere in SSA true volunteer workers are rare and most
programmes pay VHWSs some sort of sdlary or provide perks, such as free hedth care services*).
If a payment were required to give VHWS the incentive to participate, and it was greater than the
margina vaue of agricultura work used to vaue VHW time in the modd, costs would increese.

3.6 Discussion of preventive interventions

Severd common themes emerge as areas for concern with al three preventive interventions: the
development of resstance to insecticides or drugs, the impact on the immune datus of the
population; the relationship between effectiveness and compliance;, and the feesbility and
affordability of implementation.

3.6.1 Resistanceto drugsand insecticides

There have been reports of resstanceto DDT in awide range of SSA countries®, but this does not
necessarily imply that resistance has reached an operationdly sgnificant level. With the exception of
the Gezira region of Sudan®”, widespread loss of vector susceptibility is not common. A worrying
new development is the emergence of knock down resistance to pyrethroid insecticides in naturd
populations of Anopheles mosquitoes in Cote d'lvoire and Burkina Faso2 53, where the
insecticides are widdly used in cotton productions4. It is aso possible that exposure to insecticide
could lead to changes in mosguito behaviour, with for example a change in the period of pesk biting
to earlier in the day®. Pyrethroids are the only insecticides currently used for net trestment and are
a0 increasingly used for spraying, so there is a threat that if widespread resistance develops, the
interventions will gradualy become less codt-effective over time,

The analyss was extended to estimate how the cost per DALY averted of ITNs and resdua
goraying would change as pyrethroid resstance develops. Resstance is defined here as the

' Rank order correlation coefficients were not calculated for this simulation: the results would be misleading due
to the small number of input variables that could be given distributions.
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proportion of vector biting that would not be prevented by appropriate use of the insecticide. The
relationship between resistance and effectiveness is difficult to predict. For example, even where an
insecticide no longer has a killing effect on vectors, it may gill have repdlent power®. As a worst
case scenario it was assumed that al vectors exhibiting resistance would not be prevented from
biting, and that the relationship between effectiveness and resstance is linear. The rate of resstance
was alowed to vary between 0 and 99%".

Figures 3.11 and 3.12 show CERs as a function of insecticide resstance for a very low income
country with ITNs (“Nets and Insecticide Treatment”, one trestment of deltamethrin per year) and
spraying (Approach 1 to estimate effectiveness, one round with lambda- cyhadothrin per year). The
results were used to calculate the threshold level of resstance a which the 90% CER range no
longer fell below $150. This threshold resistance level was 43% for ITNs, and 82% for residud
Soraying. Whilst this analyss is highly speculative, as the impact of resstance on effectiveness is not
well undergtood, it highlights the importance of monitoring resstance levels, and the need for
investment in the development of aternative insecticides and more research on the factors affecting
the evolution of resgtance. In particular, the impact of the interventions themselves on vector
susceptibility should be monitored: one reason for the absence of widespread insecticide resstance
in SSA may be that large-scale praying programmes have rarely been implemented.

With chemaoprophylaxis, the concern is that resistance will develop to the drug used, which would
obvioudy reduce the effectiveness of the programme. The rdationship between the CER and the
level of drug resstance is shown in Figures 3.13 and 3.14 using incremental costs and total costs
respectively (very low income countries). Resistance was defined as one minus the adequate clinical
response rate’®. With incrementa costs the CER range no longer fell below $25 at 53% resistance,
or below $150 at 91% resistance. With total costs the equivalent threshold for $150 was 72% (i.e.
one could never be certain that the CER was below $25).

Whilg the levd of drug resstance influences cost-effectiveness, the implementation of the
intervention could itself sgnificantly encourage the development of resistance in the future, through an
increase in drug pressure. This would in turn affect the cost-effectiveness of the intervention, and
could aso threaten effective case management. This negative externdity is not captured in the CER,
but may be extremely important if, for example, the intervention led to the loss of one of the few
remaining affordable and effective antimadariads. However, no sgnificant increase in resstance to
Maloprim® was found after 5 years of regular administration in The Gambias).

In addition to affecting the efficacy of interventions, resstance to either drugs or insecticide is dso
likely to affect behaviour, as households will be less willing to participate if they perceive the
intervention as ineffective. Resistance may therefore aso reduce effectiveness through a decline in
compliance.

3.6.2 Impact on the development of acquired immunity

I Thisisdifferent from the operational criterion used by WHO of survival of more than 20% of mosquitoes at the
currently known diagnostic concentrations®2).

K Thisimpliesthat if resistance is 100% there will be zero effectiveness, although with I TNs, benefit may still be
obtained from the physical barrier of the net.



Quesgtions have been raised about the long-term epidemiologica consequences for children who
comply with preventive interventions in areas of high maariatranamisson. It is possble tha the rate
a which immunity is acquired will be reduced, so thet whilst maaria mortdity fals over the younger
ages relative to an unprotected population, there would be a reative increase in madaria mortality in
the older age class57-59. This mortdity “rebound” in later childhood may cancel out to some degree
the mortality reduction achieved in the younger age classes, or at the extreme could even exceed i,
depending on the actua relationship between transmisson and mortality.

Empirical evidence on this phenomenon is not conclusive. The recent sudies on ITN effectiveness
involved a most a two-year follow-up period, so it was not possble to assess whether
mortality/morbidity rebound occurred. No rebound was noted after two years of highly effective
maaria control usng resdud spraying in Garki, Nigeria©. Following the use of prophylaxis some
gudies have found no evidence of impaired immunity® 62, but others suggest there may be some
effects. Greenwood et al. (1995)©) found a sgnificantly higher incidence of dinica atacks in
children who had received prophylaxis during the year after medication, athough there was no
increasein the risk of deeth. Menendez et al. (1997)@3 found that at the end of a chemoprophylaxis
intervention in Tanzania, children who had received prophylaxis had higher rates of severe anaemia
and mdaria than non-prophylaxis groups, and concluded that the development of natura immunity
was impaired. In view of the paucity of dataon thisissue, it is essentid that long-term surveillance be
included as a component of any preventive intervention to monitor potentia effects on immunity, and
that effective trestment services are dso maintained. The potentid implications of “rebound”
mortality for the cost-effectiveness of ITNs are discussed in Box 1.

3.6.3 Thereationship between compliance and effectiveness

The anayds incorporated the assumption tha the relationship between compliance and the
effectiveness of each intervention was linear. However, it is possble that the effectiveness of
goraying or ITNs is due in part to mass killing of the mosquito population. It may therefore be
necessary to reach some critica level of compliance before sgnificant effects are observed. On the
other hand, a high levels of compliance there may be some reductions in mortality and morbidity
amongst non-compliersif children living in unsprayed houses or not deeping under trested nets dso
receive fewer infectious bites per year. Effectiveness may therefore be expected to increase in a
non-linear fashion, with disproportionately grester effects at higher



Box 1. Rebound mortality and ITNs

The model was extended to dlow for arebound in morbidity and mortaity4. The rebound rate was
defined as the percentage increase in morbidity and mortality compared with the no intervention
dtuation, and was dlowed to vary from 0% upwards. It was assumed that the rebound effect
involved the same percentage increase in mortdity, neurologica sequelae, episodes and anaemia.
Two scenarios were conddered: first where reductions in morbidity and mortality were experienced
by children aged 1 to 59 months and rebound mortaity by children aged 5 to 9 years, and secondly
where the reductions were experienced only by children aged 1 to 35 months and rebound was
experienced by those aged 3 to 6 years. Basdline estimates of malaria morbidity and dl cause
mortdity for children aged over 5 yearsare givenin Table 3.1.

The rebound rate was calculated a which less than 95% of the iterations showed the intervention to
be cost-effective at the $150 leve (i.e. more than 5% of the iterations had negative effects, or
positive effects but a CER of more than $150) and is shown in Figure 3.15 (“Nets and Insecticide
Trestment”, one treatment of deltamethrin per year, very low income country). As the rebound rate
increases, the percentage of iterations giving a CER below $150 fdls. With rebound occurring in
children aged 5 to 9 years, above a 39% rebound rate one could no longer be reasonably certain
that the CER was below the $150 cut-off. Changing the age range over which the rebound effect
occurs had a significant effect on the relationship between cogt-effectiveness and the rebound rate.
Assuming that the reduction in morbidity and mortdity occurred only in children aged 1 to 35
months, and that the rebound effect was experienced in the 3 to 6 year age group, subgtantialy
reduced the threshold rebound rate a which the intervention was no longer cost-effective, to 2.5%.
These rates gpplied to the whole population. If there were no rebound amongst children who did not
comply with the intervention, the increases in morbidity and mortaity required to reach these
thresholds amongst compliers would be much higher.

compliance levels. If the mass effect were, for example, more important with spraying than with
ITNSs, the rdative effectiveness of soraying might be overestimated at low levels of compliance.

The spraying trids were accompanied by consderable decreases in vector density: for example, in
Kisumu, Anopheles Gambiae were undetectable for 9 months, and in Pare Taveta, densty fdl by
80%1). Evidence of the existence of a mass effect with ITNs is inconcdusve. Two sudies in The
Gambia failed to find any evidence of a mass effect(©s 66, but studies in Zaire and Tanzania found a
ggnificant reduction in mosquito densty at village level©?. 68), and another Tanzanian trid found no
sgnificant difference between the reductions in mosguito density with spraying and ITNS2).

3.6.4 Feadhility of implementation

The capacity to implement these interventions on a national scae may not be present in dl SSA
countries. The feashility of running a national programme to distribute and treat nets is yet to be
demongtrated, as a present no such programmes exist in SSA, and only one nationa trestment

programme for existing nets is operating in The Gambia

An effective spraying programme requires strong managerid capacity, especidly as the timing of
soraying relative to the transmisson cycle is crucia. Both Zimbabwe and Namibia have reported
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decreasng efficiency and effectiveness of spraying programmes due to condrants in planning,
management and supervison32,

The success of a chemoprophylaxis programme depends on the ability of VHWS to sudtain the
implementation of the intervention. Some sudies have concluded that community-based hedlth
workers are a very effective channd for ddivering prophylaxis. In The Gambia, volunteer VHWS
were reported to administer prophylaxis conscientioudy, and the reductions in morbidity and
mortality were maintained over at least 3 to 4 years“. 40, Also in The Gambia, traditiona birth
attendants (TBAS) were found to be an effective and appropriate channd for providing antimaarid
and iron prophylaxis to pregnant women'e® 70, However, activity levels are low for al types of
community heglth workers, and are especidly low among part-time and volunteer workers, with high
percentages dessing from any work a dl after a time@“?). It is therefore unclear whether
programmes in other settings would be able to sustain high coverage rates. Experience in western
Kenya has shown that even in awel-supported community-based hedth programme, where VHWS
delivered chemotherapy to pregnant women, the programme was able to reach only 29% of
pregnant women3). The authors concluded that the programme was not effective in providing
prophylaxis, and argued that asking VHWS to distribute the drugs was too difficult for many of them
and may have overloaded them. Smilarly, in a study on the use of VHWS for ddivering mdaria
trestment in Zare*d), the authors concluded that the programme was unlikely to be sustainable
because of the non-comprehensiveness of the VHWS care and their ambiguous podtion in the
hedth care system.

3.6.5 Affordability

Ancther crucid consderdtion is affordability. The government budget required to implement the
interventions on a nationwide scade for a very low income country such as Tanzania was estimated
and is shown in Table 3.12. Net ditribution and treatment would cost between $12 million and $38
million annually, representing between 12% and 40% of the exigting government hedlth care budget.
Net ownership is currently low in Tanzania, o a programme concentrating solely on net trestment
would not be appropriate, but for illugtrative purposes an estimate was made of the burden of
covering the incremental government cogts. This would be between $1 million and $6 million per
annum, or between 1.4% and 6% of the health budget.

Chemoprophylaxis for children would cost between $5 million and $8 million per annum where a
VHW network aready existed, representing between 5% and 9% of the existing budget. If aVHW

programme had to be sat up from scratch, the cost would be between $17 million and $29 million,

or 18% to 31% of the existing budget.

Resdua spraying has the highest costs of the three interventions. With one round per year the cost
would be between $20 million and $36 million per annum, or 21% to 38% of the existing budget.
With two rounds per year the cost would be between $40 million and $71 million per annum, or
43% to 76% of the budget.

These esimates demondrate the influence of exigting infrastructure on the incrementa codts of the
interventions. Unless ether net ownership is dready high or a network of VHWS dready exists
countrywide, a nationd prevention programme is likely to require an increase of more than a one-



fifth in the hedth sector budget, and could cost sgnificantly more. This would involve a massive
investment of scarce government resources and would not be affordable without substantia externa
assistance.

Government costs could be reduced by ether improving the targeting of the interventions or
introducing an eement of cost-recovery. ITNs could be more narrowly targeted by restricting the
digtribution and trestment of nets to vulnerable groups, such as children under 5 and pregnant
women. If distribution could be reduced to only one net per child, the tota government cost per
annum in a very low income country for “Nets and Insecticide Treatment” would fdl to $7 million,
representing 8% of the existing hedth sector budget. However, if the mass effect is important,
restricting treated net use to a sub-set of households could reduce effectiveness in the target group.

The costs of gpraying could be reduced by undertaking foca or targeted spraying rather than
covering dl aeas, egpecidly in regions with epidemic maaria This would require an effective
aurveillance system, which could be codly, and the ability to respond quickly to news of an
outbreak, which would require flexible organizationd arrangements.

An aternative way to reduce the burden on the government budget would be to charge households
for preventive services. There is concern tha the price dadicity of demand for preventive
interventions may be high, meaning that any increase in charges would substantidly reduce utilization.
With ITNs, households may be unwilling to pay for the insecticide component as its vaue is
relatively difficult for them to perceive. At the dat of the intervention in The Gambia, when
insecticide was digtributed free, about 80% of nets were retrested but when charges were
introduced for the service, retreatment rates fell to less than 20% (though there is some evidence that
after saverd years of charging, the retrestment rate is rising to around 35% to 40% when insecticide
isavalable J. Rowley, persond communication). With nets, the value of the commodity is easier to
perceive, but the one-off capita nature of the purchase may be a barier to affordability for
households. Efforts are currently underway in severd SSA countries (e.g. Tanzania, Maawi and
Burkina Faso), to use socia marketing to stimulate demand for nets and net retreatment. It remains
to be seen whether households will have the willingness and ability to pay for ITNs, and there is also
concern that the poorest will be excluded. Evidence at this stage is lacking on the costs of socid
marketing. Although a substantial share of costs would be borne by households, there is usudly il
a mgor dement of government or donor subsidy for the promotional campaigns, development of
brands, and often to cover a proportion of the net and treatment costs aswell. It islikely that greater
use of individud rather than community dipping of nets and the introduction of “dip-it-yoursdf”
kits™) would change the cogt structure from that found in the trids, and overal cogts could actudly
be higher. Work is urgently needed in this area to evauate the impact of dternative digtribution
drategies on cost-effectiveness and affordability.

Cogt-recovery has not been conddered in the literature for spraying or chemoprophylaxis,
presumably at least in part due to the anticipated negative impact on demand. Chemoprophylaxis
does not have the added advantages of reducing nuisance biting, but it is more clearly identifiable
with individua protection and the cost is much lower, making it more affordable. Nonethdless, it is
generdly assumed that preventive interventions targeted at children should not be charged for by the
public sector(”. With resdua spraying, the mass effect has been consdered potentidly too
important to consider excluding households that have not paid. In economic terms, the substantia
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positive externdities from house spraying would result in sub-optimal service provison if households
were asked to pay.

3.7 Summary and conclusions

All of the interventions for preventing maaria in childhood are potentialy cog-effective in high
transmisson aress for very low and middle income countries. Evidence is not avalable for low
transmission or epidemic areas. Results are shown in Figure 3.16 for al of the interventionsin avery
low income country with high trangmisson. Net trestment is highly cod-effective where net
ownership is dready high, but would 4ill count as an dtractive use of resources if nets were
digributed. The mean CER for resdud spraying is amilar to that for “Nets and Insecticide
Treatment” if two Spraying rounds are required a year, but if only one round is required the mean
CER is congderably lower, dthough there is considerable overlap in the ranges. Chemoprophylaxis
for children appears a cod-effective intervention if a VHW network dready exists, and dill
compares favourably with the other interventions, even if the costs of establishing a network are
included. However, these results should be consdered in the light of the potentia reductions in
acquired immunity, and the impact of insecticide and drug resstance. The possbility that
chemoprophylaxis could increase the growth of drug resstance is especidly serious, due to the
potentia negative externdities for case management and prevention in pregnancy.

Affordability is likely to be a magor barrier to widespread implementation. Unless dther nets are
aready widdy used, or a strong network of VHWSs is in place, achieving nationd coverage of the
target group with any of the interventions would probably require an increase in the existing hedth
sector budget of over 20%. Even if it were possible to generate these resources from externd
sources, sgnificant operationa problems would have to be tackled in implementation. The nature of
these problems is different for the different interventions, and congderation should be given to locd
inditutiona strengths and weeknesses in deciding which intervention could be most effectively
implemented. For example, if cgpacity exigts to run an effective and well-timed praying programme,
it may be more cogt-effective than an ITN intervention because compliance is likely to be higher.
However, if the organizational and maintenance requirements of resdua spraying are consdered too
arduous, a method such as ITNs, which relies more heavily on persona protection, could be more
gppropriate. The choice of an gppropriate prevention strategy therefore, must take into account
exiding infrastructure, the financia resources available, the public acceptability of interventions, and
local managerid capacity.



Figure 3.1. Cogt-effectiveness of ITNsusng ddtamethrin versus permethrin: mean () and 90%
range for the CER in very low income country, for scenario 1 (“Nets and Insecticide Treatment”),
using one treetment of deltamethrin p.a, one trestment of permethrin p.a, and two treatments of

permethrin p.a. (1995 US dollars)
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Figure 3.2. Cog-effectiveness of ITNs at different income levels for scenario 1 (“Nets and
Insecticide Treatment”): mean () and 90% range for the CER in very low, middle and higher
income countries, using one trestment of deltamethrin p.a. (1995 US dollars)
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Figure 3.3. Cog-effectiveness of ITNs at different income levels for scenario 2 (“Insecticide
Trestment only”): mean () and 90% range for the CER in very low, middle and higher income
countries, using one trestment of deltamethrin p.a. (1995 US dollars)
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Figure 3.4. Comparison of the codt-effectiveness of ITNs with one or two treatments of
deltamethrin p.a: mean (! ) and 90% range for the CER in avery low income country, for scenario 1
(“Nets and Insecticide Treatment”) (1995 US dollars)
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Figure 3.5. Cog-effectiveness of resdud spraying with four different insecticides: mean () and
90% range for the CER in a very low income country, with seasond transmission, usng Approach 1
to caculate effectiveness (1995 US dollars)
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Figure 3.6. Cogt-effectiveness of resdud spraying for different economic stratas mean (1 ) and 90%
range for the CER for different economic drata, usng lambda-cyhaothrin, and Approach 1 to
caculate effectiveness (1995 US dollars)
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Figure 3.7. Cog-effectiveness of residual spraying using Approach 2 to cadculate effectiveness.
mean (} ) and 90% range for the CER for different economic Strata, using lambda: cyha othrin (1995
USdallars)
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Figure 3.8. Cost-effectiveness of chemoprophylaxis for children: mean (1) and 90% range for the
CER in avery low income country, under seasonad and perennid transmission and using incremental
and total costs (1995 US dollars)
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Figure 3.9. Cogt-€effectiveness of chemoprophylaxis for children for different economic stratac mean
(1) and 90% range for the CER under seasond and perennid transmisson and using incremental
costs (1995 US dallars)
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Figure 3.10. Cogt-effectiveness of chemoprophylaxis for children using total costs mean () and
90% range for the CER under seasona and perennia transmisson for different economic dtrata
(1995 US dallars)
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Figure 3.11. Cost per DALY averted by ITNs as a function of insecticide resstance in a very low
income country, for scenario 1 (“Nets and Insecticide Treatment”), using one trestment of
ddtamethrin p.a, showing the mean CER (- - - -) and the 90% range ( )
(1995 US dallars)
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Figure 3.12. Cost per DALY averted by resdua spraying as afunction of insecticide resstance, in
very low income country with seasond transmission, using lambda:cyhaothrin, and Approach 1 to

caculate effectiveness, showing the mean CER (- - - - - ) and the 90% range (—) (1995 US
dollars)
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Figure 3.13. Incremental cost per DALY averted by chemoprophylaxis for children as a function of
drug resstance, in a very low income country, with perennid transmission, showing the mean CER
(----- ) and the 90% range (——) (1995 US dollars)
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Figure 3.14. Incrementa cost per DALY averted by chemoprophylaxis for children as a function of
drug resstance, in a very low income country, with perennid transmission, showing the mean CER
(----- ) and the 90% range (——) (1995 US dollars)
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Figure 3.15. Percentage of iterations with a CER of less than $150 per DALY averted with the
rebound effect in children aged 5 to 9 years and 3 to 6 years (very low income country, for “Nets
and Insecticide Trestment”, using one trestment of deltamethrin p.a)) (1995 US dallars)
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Figure 3.16. Comparison of the cogt-effectiveness of preventive interventionsin a very low income country: mean () and 90% range for the CER (1995
USdollars)
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62



Table 3.1. Basdline estimates of maaria morbidity and mortaity used in modd of childhood mdaria

Input variable Probability Parameters Source
distribution

Children under 5yearsof age

Annual incidence of clinical episodes  Triangular mode =15 Murray & Lopez 1996(12; Ngera &

of malariaper child min=1.0 Hempel 1996(10); Greenwood et al
max =29 1987(13)

Percentage of episodes that are Triangular mode = 5% Murray & Lopez 1996(73); Ngjera &

severe min= 3% Hempel 1996(11); Greenwood et al.
mex = 7% 1987(13)

Percentage of severe casesthat result  Triangular mode = 1.32% Brewster et al. 199014

in neurological sequelae min=0.41%
max = 2.24%

Prevalence of malaria associated Point o Murray & Lopez 199612

anaemia estimate

Children over 5yearsof age

Annual incidence of clinical episodes  Triangular mode = 0.55 Murray & Lopez 1996(12; Ngera &

of malariaper child min=04 Hempel 1996(1); Greenwood et al.
max =1.1 1087(13)

Percentage of episodes that are Triangular mode = 1% Murray & Lopez 1996(12); Ngjera &

severe min = 0.5% Hempd 1996(11); Greenwood et al.
max = 1.5% 1987(13)

Percentage of severe casesthat result  Triangular mode = 0.5% Murray & Lopez 1996(12; Ngera &

in neurological sequelae min = 0.25% Hempel 1996(1); Greenwood et al.
max = 0.75% 1987(13)

Prevalence of malaria associated Point 4% Murray & Lopez 199612

anaemia estimate




Table 3.2. Input varigbles used in the andlysis of ITNs

Input variable

Probability distribution

Distribution arameters

Source

All costsin 1995 USdollars

Effectivenessinputs

Reductionin all cause mortality in children aged
1-59 months using ITNs

Reduction in malaria-related morbidity in
children aged 1-59 months using ITNs
Retreatment rate

Percentage of children sleeping under net
Cost inputs

Cost of net

Useful life of net

Average size of net

Nets distributed per child under 5 years
Permethrin target dose

Deltamethrin target dose

Duration of permethrin effect

Duration of deltamethrin effect

Wastage (excess insecticide used compared

with target dose)

Cost of permethrin EC per kg active ingredient
FOB

Normal
Normal

Triangular

Triangular

Uniform
Uniform
Uniform
Uniform
Uniform
Uniform
Point estimate

Point estimate
Triangular

Uniform

mean = 19%
sd. =3%
mean = 46%
sd. =2.6%
mode = 30%
min=20%
max = 80%
mode=0.72
min=0.50
mex =0.97

min = $4.00

max = $11.39
min = 3 years
max = 6 years
min=13nt

max = 18 nf
min=2

max = 3.91

min = 200 mg/nt
max = 500 mg/nt
min = 10 mg/nt
max = 25 mg/nt
0.5years

1year

mode = 30%
min = 10%

max = 50%

min = $46.40/kg
max = $63.00/kg

Lengeler, 1998(17)

C. Lengeler, personal communication
Lengeler, 199817

C. Lengeler, personal communication
Chavasse et al., 1999(19)

Alonso et al., 1993, D'Alessandro et al ., 1995, Binkaet al ., 1996,
Nevill et al., 1996, Habluetzd et al ., 1997(5-7. 74, 75)

Imported and local nets used in trial s(20. 22-25)
Range given in Feilden, 1996(26)
Feilden, 1996(29), J. Lines, personal communication

Picard et al., 1993, Aikins et al ., 1998, Binkaet al ., 1997, Curtiset
al ., 1998(20. 22, 24, 25)
Lines, 1996(16)

Lines, 1996(16)

Lines, 1996(16)

Lines, 1996(16)

G. White, D. Chavasse, M. Bhatia, J. Lines, personal
communication, Curtiset al ., 1998(25)

Acriviadis personal communication 1997, Zeneca personal
communication to S. Meek, 1996, Feilden 1996(26), Zeneca
personal communication to J. Lines, 1994



Table 3.2. Input varigbles used in the andlysis of ITNs (cont.)

Input variable Probability distribution  Distribution arameters Sour ce
All costsin 1995 USdoallars
Cost of deltamethrin EC per kg activeingredient  Uniform min = $684.40/kg Wery and Coosemans, 1993(36), P. Acriviadis personal
FOB max = $895.20/kg communication 1997, and Mouchet, 1994(76),
External freight cost per tonne Uniform min = $651 Schofield, 1992(7Yand G. White personal communication to C.
max = $1560 Curtis, 1994

Cost of staff, sensitization & awareness
campaign, office supplies and services per net

very low income countries Uniform min = $0.07 Asfor middle income but adjusted for lower income countries
max = $0.21 using estimated salary data from Tinker and Koblinsky, 1992 (78)
middle income countries min = $0.09 Aikinset al., 1998, Picard et al ., 1993(20.24)
max = $0.28
higher income countries min = $0.26 Asfor middle income but adjusted for higher income countries
max = $0.80 using estimated salary datafrom Tinker and K oblinsky, 1992 (78)
Cost of community time per net Uniform
very low income countries min = $0.02 Asfor middle income but adjusted for lower income countries
max = $0.03 using estimated salary datafrom Tinker and K oblinsky, 1992 (78)
middle income countries min = $0.02 Aikinset al., 1998, Picard et al ., 1993(20. 24)
max = $0.04
higher income countries min = $0.06 As for middle income but adjusted for higher income countries
max = $0.11 using estimated salary data from Tinker and Koblinsky, 1992 (78
Cost of transport per net Uniform min=$0.17 Aikinset al., 1998, Picard et al., 1993(20. 24)
max = $0.33
Cost of buildings and equipment per net Uniform min = $0.01 Aikinset al., 1998, Binkaet al., 1997(22. 24)
max = $0.04
Cost of detergent per net Uniform min = $0.05 Aikinset al., 199824, plus or minus 15%
max = $0.07




Table 3.3. Breskdown of expected annua cost of ITNs per child under 5, usng one treatment of
deltamethrin p.a., adjusted for non-compliance (1995 US dallars)

Scenario Economic strata
very low income middleincome higher income
Netsand Insecticide  Net $5.48 (83%0) $5.48 (82%) $5.48 (76%)
Treatment Insecticide $0.48 (7%) $0.48 (7%) $0.48 (7%)
Overheads $0.63 (10%) $0.70 (11%) $1.22 (17%)
Mean Cost $6.59 (100%) $6.66 (100%) $7.18 (100%)
90% range $3.35-$10.98 $3.39-$11.05 $3.64-$11.59
Insecticide Net 0 0 0
Treatment only Insecticide $0.48 (43%) $0.48 (41%) $0.48 (28%)
Overheads $0.63 (57%) $0.70 (59%) $1.22 (72%)
Mean Cost $1.12 (100%) $1.18 (100%) $1.70 (1009%)
90% range $0.37-$1.70 $0.39-$1.79 $0.51-$2.59




Table 3.4. Cogt-effectiveness of ITNs mean CER and the range within which 90% of dl CERs fdl

(1995 US dallars)

Scenario Insecticide Treatments  Economic Mean CER Range within which
per year strata 90% of all CERsfdl
Nets & Insecticide Deltamethrin 1 very low 4 $19- $85
Treatment middle $4 $19-$85
higher $177 $79-$334
2 very low $50 $23- A4
middle $61 $24 - $4
higher $214 $105 - $382
Permethrin 1 very low $45 $19- $36
middle $45 $20 - $86
higher $181 $82 - $336
2 very low $52 $25 - $96
middle $53 $25 - $97
higher $222 $110 - $392
Insecticide Deltamethrin 1 very low $6 $-$10
Treatment only middle 7 $-$11
higher $37 $21 - $58
2 very low $13 $7-$20
middle $14 $8-$21
higher $74 $43 - $116
Permethrin 1 very low $12 $7-$20
middle $13 $7-%$21
higher $60 $34 - $95
2 very low $15 $9-$23
middle $16 $9-$24
higher $32 P47 - $24

67



Table 3. 5. Input variables used in the analysis of resdud spraying

Input variable Probability Distribution Sour ce
Distribution Parameters All costsin 1995 USdollars
Effectiveness Approach 1. Infant mortality reduction from spraying trials
Reduction in all cause mortality in childrenaged 0-11 Triangular mode = 0.52 Molineaux, 1985(30)
months min=0.41
max = 059
Effectiveness Approach 2: Assume effectiveness equivalent to I TNs
Reductionin all cause mortality in children aged 1-59 Normal mean =0.19 Lengeler 1998(17
months sd.=0.03
Reduction in malaria-related morbidity in children Normal mean = 0.46 Lengeler 1998(17
aged 1-59 months s.d. =0.026
Compliance Triangular mode = 0.825 Vundule et al. 1996(33), Attanayake, 1994(79)
min=0.70
max = 0.95
Codt inputs
Malathion and DDT target dose Point estimate 2000 mg/nf Chavasse et al ., 1997(29)
Deltamethrin target dose Point estimate 20 mg/nt Chavasse et al ., 1997(29)
Lambda-cyhal othrin target dose Point estimate 25 mg/nt Chavasse et al ., 1997(29)
Sprayable surface area per house Uniform min = 175n7 Wery et al., 199339, Curtiset al. 199829, Attanayake, 1994(79), USA|D(&0)
max = 250nT
Wastage (total insecticide used compared with Uniform min=0.1 USAID(®0)
target dose) max =05
Cost of DDT WP per kg active ingredient FOB Uniform min = $4.67/kg Estimate using WHO, 199081 and Mouchet, 1991(76)
max = $6.04/kg
Cost of malathion EC per kg active ingredient FOB Point estimate $11.48/kg Estimate using P. Acriviadis personal communication
Cost of deltamethrin EC per kg active ingredient FOB ~ Uniform min = $684.40/kg Wery et al., 199336, P, Acriviadis personal communication., and Mouchet
max = $895.20/kg 1991(76)



Table 3. 5. Input varigbles used in the analys's of resdua spraying (cont.)

Input variable Probability Distribution Sour ce
Distribution Parameters All costsin 1995 USdollars
Cost of lambda-cyhalothrin EC per kg active Point estimate $700/kg G. White personal communication
ingredient FOB
External freight cost per tonne Uniform min = $651 Schofield, 1992("") and G. White personal communication to C. Curtis, 1994
max = $1560
Cost per spraying pump Uniform min =$40 Hudson price catal ogue®, Songane34 (2 pumps per team)
max = $120
Useful life of spraying pump Point estimate 5 rounds
Cost per maintenance kit Uniform min=$3 Hudson price catal ogue®? (one kit between 3 teams)
max = $10
Useful life of maintenance kit Point estimate 2 rounds
Cost per team of equipment for mixing insecticide Uniform min=$3 Some, 1998(23), Phillipset al. 1991(83)
max = $4.95
Useful life of mixing equipment Point estimate 3 rounds
Cost per team of equipment for measuring Point estimate $14.15 Phillipset al. 1991(83)
Useful life of measuring equipment Point estimate 10 rounds
Protective clothing per sprayman Uniform min = $16.08 Bird (Zeneca) personal communication.Includes hats, visors, overalls, aprons,
max = $31.56 rubber boots, gloves and face masks
Useful life of protective clothing Point estimate 4years
Sprayman salary cost per manday Triangular Estimate of daily wagerate for unskilled labourer (extrapolated from Tinker and
very low income mean = $4.50 Koblinsky(7®), using half of health centre staff FTE, plus or minus 15%)
min=$3.83
max = $5.18
mean = $5.50
middleincome min = $4.68
max = $6.33
mean = $16.5
min = $14.03
higher income max = $18.93
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Table 3. 5. Input varigbles used in the analys's of resdua spraying (cont.)

Input variable Probability Distribution Sour ce
Distribution Parameters All costsin 1995 USdollars
Men per team Point estimate 5 M. Bhatia, personal communication
Houses sprayed per team per day Uniform min=12 Phillipset al. 199183, Curtiset al. 199825, USAID, Attanayake, 1994(79)
max =40
Number of days per spraying cycle Uniform min=30 USAID(®0)
max = 60
Supervisor salary cost per manday Triangular Estimate of daily wage rate for supervisory staff (extrapolated from Tinker and
very low income mean = $14.00 Koblinsky(7®), using programme management staff FTE, plus or minus 15%)
min=$11.90
max = $16.10
mean = $18.00
middleincome min=$15.30
max = $20.70
mean = $53.00
min = $45.05
higher income max = $60.95
Number of teams per supervisor Point estimate 3
Training cost per day Point estimate 10
Number of days training per sprayman Uniform min=4 Phillips et al. 1991(83), J. Lines personal communication, Songane, 199764
max =10
Transport cost per house Uniform min=$0.33 Based on datafrom ITN trials scaled up to account for greater insecticide
max = $0.98 quantities for spraying(% 24
Sensitization & awareness campaign cost per person  Uniform min = $0.020 Estimated from costsin ITN trials(@2 24)
max = $0.051
Average household size Triangular mode = 5.2 United Nations, 1997(84
min=2338
max = 6.4
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Table 3.6. Estimated insecticide cost per house sprayed for four insecticides using mean cost input
variables (1995 US dallars)

DDT Malathion Deltamethrin Lambda-cyhalothrin

Target dose, mg/nt 2000 2000 20 25
Sprayable surface per house, n 2035 2035 2035 2035
Target active ingredient per 407000 407000 4070 5087.5
house, mg

% active ingredient 0.75 05 0.025 01
Target insecticide per house, mg 542667 814000 162800 50875
Wastage % 02 02 02 02
Total insecticide per house, mg 678333 1017500 203500 63593.75
Cost per kg or litre FOB $4.02 $2.87 $19.75 $70
Cost insecticide per house $2.72 $2.92 $4.02 $4.45
Freight cost per tonne $1100 $1100 $1100 $1100
Freight cost per house $0.75 $1.12 $0.22 $0.07
CIF cost of insecticide per house $3.47 $4.05 .24 M52
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Table 3.7. Breskdown of annuad cost of resdud spraying per child under 5, usng lambda-
cyhaothrin, adjusted for non-compliance (1995 US dollars)

Typeof Economic strata
transmission
very low income middleincome higher income
Seasonal Insecticide $5.03 (69%) $5.03 (67%) $6.27 (50%)
(Oneround p.a.) Staff $1.01 (14%) $1.25 (17%) $4.64 (37%)
Equipment $0.04 (0.6%) $0.04 (0.6%) $0.05 (0.4%)
Overheads $1.24 (17%) $1.24 (16%) $1.54 (12%)
Mean Cost $7.33 (100%) $7.56 (100%) $12.50 (100%)
90% range $5.76 - $10.18 $5.99 - $10.55 $.12- $17.57
Perennial Insecticide $10.07 (69%) $10.07 (67%) $12.53 (50%)
(Two rounds p.a.) Staff $2.02 (14%) $2.50 (17%) $9.28 (37%)
Equipment $0.08 (0.6%) $0.08 (0.6%) $0.10 (0.4%)
Overheads $2.48 (17%) $2.48 (16%) $3.08 (12%)
Mean Cost $14.65 (100%) $15.12 (100%) $25.00 (100%)
90% range $11.53- $20.36 $11.92-$21.09 $18.23- $35.15
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Table 3.8. Cog-effectiveness of resdua spraying using lambda-cyhdothrin: mean CER and the
range within which 90% of dl CERsfdl (1995 US dollars)

Spraying Economic Mean CER, $ Range within which 90% of
roundsp.a. strata all CERsfdll

Effectiveness Approach 1. Infant mortality reduction from spraying trials

1 very low $22 $16 - $29
middle $22 $16 - $30
higher $36 $60 - $120

2 very low 3 $32- $58
middle $45 $33 - $60
higher $172 $120- $239

Effectiveness Approach 2: Assume effectiveness equivalent to ITNs

1 very low $26 $18- $36
middle $27 $19- $37
higher $167 $113 - $242

2 very low $51 $36 - $72
middle $53 $37 - $75
higher B34 $226 - $484
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Table 3.9. Input varigbles used in the andysis of chemoprophylaxisfor children

Input variable Probability Distribution Parameters ~ Source
Distribution All costsin 1995 US dollars
Reduction in all cause mortality in children aged 6-59 Normal distribution mean = 49% Menon et al. 1990(40) (distribution truncated at upper and
months truncated at 95% Cl Cl 2%-74% lower 95% CI to avoid extreme values which would lead to
negative effectiveness, and bias estimates of the CER)
Reduction in malaria-related morbidity in children Normal distribution mean = 73% Menon et al. 1990(40)
aged 6-59 months truncated at 95% Cl Cl 25%-90%
Actual Compliance Uniform min=0.29 Kasgjeet al (43, Allenet al., 1990421, MacCormack and
max = 0.72 Lwihula, 1983(44)
Warehouse cost per tablet of Maloprim® (100mg Triangular mean = $0.14 BNF, 199749, converted to 1995 prices, plus or minus 15%
dapsone and 12.5mg pyrimethamine) min=$0.12
max = $0.16
Freight cost for drugs as a % of warehouse cost Point estimate 25% Foster 1991(89)
Wastage of drugs Point estimate 25%
Tablets per dose Point estimate
6-11 months 0.25 Menon et al., 1990(40)
12-59 months 05
Doses per month Point estimate 217 Assuming one dose afortnight (Menon et al., 1990(40)
Annualised cost per child of initial training of staff Point estimate
and VHWs
very low income countries $0.10 Middleincome estimate from Picard et al. 1992(46)V ery low and
higher income estimates as for middle income, but adjusted by
middle income countries $0.14 ratio of salaries (using data adapted from Tinker and Koblinsky
1992(78))
higher income countries $0.39
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Table 3.9. Input variables used in the andysis of chemoprophylaxis for children (cont.)

Input variable Probability Distribution Parameters ~ Source
Distribution All costsin 1995 US dollars
Cost per child per month of staff, sensitization & Point estimate
awareness campaign, and supervision
very low income countries $0.24 Middle income estimate from Picard et al. 1992(46), Very low and
higher income estimates as for middle income, but adjusted by
middle income countries $0.32 ratio of salaries (using data adapted from Tinker and Koblinsky
1992(78))
higher income countries $0.90
Cost of VHW time per child per month Point estimate
very low income countries $0.01 Middleincome estimate from Picard et al. 1992(46), Very low and
higher income estimates as for middle income, but adjusted by
middle income countries $0.01 ratio of salaries (using data adapted from Tinker and Koblinsky
1992(78))
higher income countries $0.03
Transport cost per child per month Point estimate $0.19 Picard et al. 1992(46)
Cost of VHW per annum (excluding drugs)
very low income countries Point estimate $591 Walt, 1990(47)
middle income countries Point estimate $778 Asfor very low income, but adjusted by ratio of salaries (using
data adapted from Tinker and Koblinsky, 1992(78))
higher income countries Uniform min = $1321 Walt, 1990(47)
max = $2891
Number of people covered by VHW Uniform min =500 Kasgieet al., 198749, Delacollette et al., 1996(48)
max = 1200

75



Table 3.10. Breakdown of expected annua cost of chemoprophylaxis per child adjusted for non-
compliance (1995 US dollars)

Costing Length of Economic strata
Transmission season
very low income  middleincome higher income
Incremental  Seasonal Drugs $0.67 (54%) $0.67 (49%) $0.67 (30%)
VHW time $0.03 (2%) $0.04 (3%) $0.10 (5%)
Transport $0.21 (17%) $0.21 (15%) $0.21 (9%)
Other overheads' $0.34 (28%) $0.45 (33%) $1.30 (57%)
Mean cost $1.25(100%)  $1.37 (100%) $2.29 (100%)
90% range $0.98- $1.54 $1.09- $1.66 $1.98- $2.60
Perennial Drugs $1.34 (62%0) $1.34 (59%0) $1.34 (41%)
VHW time $0.06 (3%) $0.07 (3%) $0.21 (6%)
Transport $0.41 (19%) $0.41 (18%) $0.41 (13%)
Other overheads' $0.34 (16%) $0.45 (20%) $1.30 (40%)
Mean cost $2.15 (100%) $2.28 (100%) $3.27 (100%)
90% range $1.61-$2.73 $1.73- $2.87 $2.67 - $3.91
Total Seasonal Drugs $0.67 (12%) $0.67 (9%) $0.67 (3%)
VHW time $0.03 (1%) $0.04 (1%) $0.10 (1%)
Transport $0.21 (4%) $0.21 (3%) $0.21 (1%)
Other overheads' $0.34 (6%) $0.45 (6%) $1.30 (6%)
VHW programme $4.61 (78%) $6.06 (82%0) $20.13 (82%)
costs
Mean cost $5.86 (100%)  $7.43 (100%) $22.42 (100%)
90% range $4.58 - $8.59 $6.77 - $11.01 $13.92 - $37.99
Perennial Drugs $1.34 (20%) $1.34 (16%) $1.34 (6%)
VHW time $0.06 (1%) $0.07 (1%) $0.21 (1%)
Transport $0.41 (6%) $0.41 (5%) $0.41 (2%)
Other overheads' $0.34 (5%) $0.45 (5%) $1.30 (6%)
VHW programme $4.61 (68%) $6.06 (73%) $20.13 (86%)
costs
Mean cost $6.76 (100%) $8.34 (100%) $23.40 (100%)
90% range $5.34-$9.54 $6.58 - $11.96 $14.91 - $39.02

1« Other overheads” coverstraining, supervision, sensitization and awareness campaign.
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Table 3.11. Cog-effectiveness of chemoprophylaxis for children: mean CER and the range within

which 90% of al CERsfdl (1995 US dollars)

Costing Length of Economicstrata Mean CER, $ Range within which
transmission 90% of all CERsféll
season

Incremental Seasonal very low 3 $2-$7

middle N7 $2-$7
higher $30 $16 - $59
Perennial very low $6 $3-$12
middle $6 $3-$12
higher $43 $23- $85
Total Seasonal very low $17 $7-$36
middle $22 $9 - $47
higher $315 $121 - $695
Perennial very low $20 $3-$41
middle $24 $10 - $52
higher $327 $129- $723




Table 3.12. Annud cogt implications of full coverage of target population with prevention
interventions in Tanzania (very low income country). Mean cog, and range (in brackets) within

which 90% of cost estimates fell (1995 US dollars)

Intervention Governmentcost p.a. Cost as% Government health
budget

I TNs (deltamethrin, onetreatment per year)
Nets and Insecticide Treatment $22.7m 24%
($11.6m - $37.8m) (12% - 40%)
Insecticide Treatment only $3.1m 3%
($1.3m - $5.9m) (1.4% - 6%)

Residual Spraying (lambda-cyhalothrin)

Seasonal transmission (one round p.a.) $25.6m
($20.1m - $35.6m)
Perennial transmission (two rounds p.a.) $51.2m
($40.3m - $71.2m)

Chemoprophylaxisfor children (Maloprim®, perennial transmission)

Incremental costs only $6.6m

($5.0m - $8.4m)
Total costs (including cost of VHW $20.9m
programme) ($16.5m - $29.4m)

2%
(21% - 38%)

55%
(43% - 76%)

%
(5% - 9%)

22%
(18% - 31%)

Based on the following assumptions:
Tanzania population of 29.2m9)
70% of the Tanzanian population at high risk of malaria

Proportion of the population in target group for each intervention calculated from model life table

Government health budget per annum of $94m (including donor contributions)(®%)

Government cost for ITNs excludes cost of community time and detergent which are provided by

households, and Government cost for chemoprophylaxis excludes cost of volunteer VHW time.

No cost recovery
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Chapter 4 — Prevention of Malariain Pregnancy

4.1 Introduction

Pregnant women are particularly vulnerable to maaria. Infection may cause harmful effects for the
mother, and placental parastemia retards the growth of the foetus and increases the prevalence of
low birth weight (LBW), the proportion of newborns weighing less than 2,500g%3. This is of
particular concern because LBW is associated with increased neonatal mortality. In areas of high
transmission the effects are most marked in women during their first pregnancy (primigravidag). The
reason for this is unclear; it is probable that immunosuppresson is more marked in primigravidae,
but it is dso possble that protective immunity may be acquired in the reproductive tract through
maariainfection during the first pregnancy, reducing susceptibility in later pregnancies®.

ITNs have been shown to be effective in preventing maaria and reducing mortdity in children under
5 years of age©®), but the results for their impact on maternd or foetd health when used during
pregnancy are incondusve®-1), However, chemoprophylaxis or intermittent treatment with
antimaarias during pregnancy has been shown to reduce the risk of mdaria infection in al pregnant
women and to increase dgnificantly the birth weight of babies born to primigravidag®?. In 1986
WHO recommended that dl pregnant women in madaria endemic aress recelve regular
prophylaxisi*3, but this has rarely been accomplished effectively in practice. By the late 1980s few
African countries had achieved coverage of even haf of the population of pregnant women, and in a
survey of four countries only 1% to 18% of women reported using an antimalaria drug on a weekly
bass at a dosage that approximated the WHO recommendation®®. WHO have continued to
recommend chemoprophylaxis for pregnant women as part of the Globa Maaria Control Strategy,
dthough it is recognized that the success of this policy is hampered by both incressng drug
resistance and poor compliance with therapy4.

This andys's assesses whether a drive to increase the coverage of drategies to prevent maariain

pregnancy is judtified on the basis of cost-effectiveness. It combines data from a meta-andysis of

drategies for preventing maaria in pregnancy®? with information on costs and compliance from a
range of published and unpublished sources, and explores the impact of prophylaxis and intermittent

trestment on neonatal mortdity via its effect on birth weight. A modd of birth weight and child

aurviva is presented and used to estimate the cost per DALY averted by prophylaxis or intermittent

trestment in the three economic strata.

The intervention was defined as the provison of chemoprophylaxis or intermittent treatment as an
addition to standard ANC services, with antimaarid drugs didributed during ANC vigts in the
second and third trimesters. Two potentid drugs were considered: CQ, the most widdly used
prophylactic, and SP. CQ is taken prophylacticaly, in a weekly dose of 300 mg, with tablets
prescribed a ANC vidits and then taken home by women. With increasing resistance to CQ in many
aress of Africa, intermittent trestment with SPis now being consdered as a potentia aternative, and
has been introduced in Maawi®®, and gpproved in Kenya®®). In contrast with the CQ regimen,
which is designed to achieve sustained levels of the drug in the blood throughout the second haf of
pregnancy, the intermittent thergpy with SP is designed to ensure that infections are cleared fairly



rapidly if they occur®. Apart from lower levels of drug resistance, SP has the additional advantage
over CQ that it is taken in only two doses (of 1,500 mg/75 mg), and is therefore likely to have
higher rates of compliance than the weekly CQ regimen.

4.2 A modd of birth weight and child survival

It was assumed that birth weight distributions were norma and, therefore, fully defined by their mean
mand standard deviation s®. A range of estimates for mand s for babies born to women who had
not received prophylaxis or intermittent trestment were gathered from published data on birth
weightsin primigravidae in maarious settings in SSA(e-21), Birth weight distributions were described
in terms of the relative birth frequency, f, of weight x kg. Birth weghts were assumed to lie in the
range of 1.0 to 4.5 kg and were grouped to the nearest 0.1 kg.

Birth weight specific neonatd mortdity my was defined as the proportion of live new-borns of birth
weight x kg who die during the neonata period, the first 28 days of life. A Wilcox-Russdl mode of
mortality2”. 22 23) was fitted directly to empirica neonatd mortality observations’® as
ea— bx ea¢+bx
+
1+ ea—bx 1+ ea¢+b<

m, =K+ Equation 1
wherek, a, a, and b are congants. Data on birth weight specific mortdity for Africaare  limited@
and empiricd observations were redricted to two sudies, conducted in The Gambia® and
Maawi®. The empiricd m, data points and the fitted modd are shown in Figure 4.1. The
estimates for the parameters in Equation 1 were k = 0.0249, a = 6.3749, a' = -37.2204 and b =
4.3301. Whereas previous models used a cut-off of 2,500 g, and ascribed different neonata
mortdity rates to children above and below this threshold@, this mode incorporated the continuum
of birth weights and birth weight specific mortdity.

@ SPistoo dangerousto be used as aregular prophylactic, asit has been shown to be associated with Stevens
Johnson syndrome and death when used in this way(16),

® 1t woul d be more accurate to describe birth weights as a combination of two distributions, a predominantly
normal distribution with asecond residual distribution for low birth weights with a much lower mean(*?). By
assuming that the whole distribution can be approximated as normal, the prevalence of low birth weight and
therefore effectiveness will be slightly underestimated, making the estimates of cost-effectiveness conservative.
¢ Empirica m, values were assumed to have binomial errors and the model was fitted using the forward
differencing quasi-Newton iterative method available in Microsoft Excel® to maximize the likelihood between the
observed and fitted values.

9The Malawi study included still births in estimates of mortality, while The Gambia study presented calculations
of m, based on deaths among live births only. The m, estimates from the Malawi study are therefore
overestimates of the neonatal death rate. However, as no still birth rate was presented it is not possible to correct
from perinatal to neonatal mortality.



The crude neonatd mortdity rate (NNMR) was ca culated from the f, distribution and my curve as

X=45
NNMR = é f.m, Equation 2

x=1.0

421 Effectiveness

Antenatal chemoprophylaxis or intermittent trestment was consdered to lead to a shift in the birth
weight frequency digtribution, increesing mby i kg relative to no protection. The proportion of high
birth weights (greater than 3.5 kg), was assumed to be the same with or without the interventiorftzo.
28), |t followsthat if m, and s, describe the birth weight distribution in women who did not receive
the intervention (referred to as unprotected) and m, and s, the didribution in those who did
(referred to as protected) then

35- m, _3.5- m,

s, S,

Equation 3

Therefore, with estimates of i, m, and s, the birth weight distributions in both unprotected and
protected women may be defined.

The average magnitude of i was reported in the Cochrane metaandyss of maaria prevention in
pregnancy2. In sudies including al pregnant women, the overal impact on birth weight was not
ggnificant. However where only primigravidee were conddered, the mean birth weight in the
protected group was sgnificantly greater than in the unprotected group (difference of 0.101 kg with
a dandard deviation (sd.) of 0.042 kg). The andyss was therefore initidly redricted to
primigravidee. It was assumed that the SP and CQ regimens were equdly effective in increasing
birth weight in the absence of resstance to either drug. Although none of the studies included in the
meta-analyss used the SP regimen, it was assumed that a Smilar effect on birth weight would be
obtained, as this regimen is highly effective in decreasing the prevdence of both placenta
parasitaemia and severe materna anaemia(?°.30),

The difference, d, between NNMRs in protected and unprotected primigravidae was calculated
from the two birth weight digtributions. An example of the mode is shown in Figure 4.2, usng the
best estimatesfor m, s, and i of 2.788 kg, 0.476 kg and 0.101 kg, respectively, and the my curve
described by the parameter estimates listed above. In this example the crude NNMRs in
unprotected and protected primigravidae were 0.045 and 0.034, respectively, giving ad of 0.011.

The difference, d, is the maximum leve of effectiveness achieved in a Stuation of complete mdaria
paradte sengtivity to the drugs, where dl pregnant woman complied fully with the correct regimen
and there were no 4ill births. This will not occur in practice for severa reasons. resstanceto CQ is
dready high in many areas of Africaand resstanceto SP is garting to grow; attendance at antenata
sarvices is often intermittent; and compliance with drug thergpy has been shown to be very low31-33),

®In order to keep the proportion of babies greater than 3.5 kg the same in the protected and unprotected groups
whilst increasing the mean birth weight, it was necessary to assume that the standard deviation for the protected
group was slightly lower than that for the unprotected group. This meant that the model predicted that the
proportion of children at very high weights (e.g. greater than 4 kg) would fall very slightly. However this
simplifying assumption had no impact on the effectiveness outcome.
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It was therefore necessary to adjust d by taking into account the level of drug resstance, r, and the
probability of attending the antenatd clinic in the first or second trimester, v, returning for a second
dinic visit, v, and compliance to the correct drug regimen, g. It was also necessary to adjust for the
dill birth rete, s, as it was assumed that the intervention does not affect the primigravidae gill birth
rate’®), and so the benefits of increased birth weight on survival are not experienced by these births.
Resistance, r, was defined as RII/I1 resistance (no clearance of parasitemia within 7 days of drug
adminigtration). It was assumed that parasitological cure was required to increase birth weight(t3),

It was assumed that the regimens were only effective if women made their firgt vist before the end of
the second trimester, and made a least two vists per pregnancy. These are conserveive
assumptions, as it is possible that there would be some beneficid effects if chemoprophylaxis or
intermittent trestment were started later in the pregnancy or fewer doses were receivedo.

Full compliance implies that the drugs were procured, the correct dose was taken, and the doses
were taken & the correct time. Estimates were made of patient compliance, consdering only the
probability of underdosing. The probability of overdosing and incorrect timings were ignored,
athough over-dosing could potentidly lead to arisk of toxic side-effects. Estimates for under-dosing
with CQ prescribed during ANC were taken from two studiesin Maawi. Heymann et al. (1990)34
found a compliance rate of 36% based on the presence of CQ in urine samples on return ANC
vigts, and Hdlitzer-Allen et al. (1993)@2 found a basdine compliance of 25%, which rose to 57%
following the introduction of a new hedth education message®. A range of between 25% and 57%
was therefore sdected for CQ, and this was assumed to reflect average compliance during
pregnancy. No data were available for compliance with SP, but it was assumed that asit is taken in
a series of sngle doses rather than on a weekly bas's, compliance would be much higher than with
CQ. However, it will not necessarily be 100% because patients may not take it if, for example, they
are anxious about sde-effects. Compliance was therefore set at between 85% and 95% for each
dose, giving afigure of between 72% and 90% for the two doses. In some cases of non-compliance
with CQ, only minor under-dosing may occur. The impact of underdosing on effectiveness is not
known, but it is very unlikely that al those who underdose receive zero effects. In the absence of
drug resistance, it was assumed that underdosing with the two-dose SP regimen, led to zero
effectiveness, but that with a multi-dose drug such as CQ, the proportion of underdosed cases
where the drug was 4iill effective (z) was between 0.1 and 0.3.

The effective reduction in the NNMR, D, was calculated as
D=d" (1-9) (1-r)" (g+[1- ¢]2) v~ v, Equation 4

The parameter vaues for s, v, Vo, zand g were esimated from the published literature, and
consultation with researchers and practitioners. D was cadculated as a function of resstance, r,
which was dlowed to vary between 0 (complete sensitivity) and 1 (complete resistance).

"1t was assumed that the efficacy dataincorporated in the meta-analysis were based on study cohorts with close
to full compliance, in the absence of drug resistance, and therefore represent the maximum effectiveness that
could be achieved.

9A rate of 87% was achieved using sugar-coated pills, and arate of 91% using a new health education message
and sugar-coated pills. The estimates based on coated pills have not been included, as such tablets are not
included in the specified intervention.



The possbility of sde-effects from the drug regimens was not included, but they are not expected to
be important. CQ is known to be safe in pregnancy. Fatd side effects have been observed with SP
at arate of between 1:11,000 and 1:25,000 when used as weekly prophylaxiso), but are likely to
be much less frequent with intermittent trestment.

The effective reduction in the NNMR, D, was converted to DALY's averted per primigravidae,
consdering only discounted years of life lo YLLs, as no morbidity or disability effects were
included in the modd. All effectiveness input parameters are listed in Table 4.1.

The DALYs averted per primigravidae with CQ were on average 0.09 for very low and middle
income countries and 0.10 for higher income countries, and with SP 0.14 for very low and middle
income countries and 0.16 for higher income countries. More DALY s were averted per woman in
higher income countries because a life table with a higher life expectancy at birth was used. SP was
more effective than CQ even when there was no resistance to ether drug because compliance was
assumed to be lower with CQ than with SP.

422 Costs

The incremental cost per primigravidae recalving ANC included the cost of the drug, incrementa
gaff time, training, and the production of hedth education materids. The costing was based on
adding the service to an existing ANC programme. Petient travel and time costs were not included,
as they were assumed to be incurred whether or not the additional antimaarid service was
provided.

Implementing the intervention would require additiona time from ANC and supervisory gaff. The
cogt of this time was included since saff could be undertaking other useful activities if they were not
involved in this intervention (i.e. their time has an opportunity cost). It was estimated that the
intervention would add 10 minutes to the firgt vist and 5 minutes to the second vigt, dlowing time to
explain the rationde of the intervention, answer questions, and provide counsdlling on the importance
of compliance. It was estimated that an additiona 15 minutes of supervisory time would be required
per month to discuss the intervention.

Sdary cogts were assumed to vary by per capita income level, but al other costs were held
constant. A full course of SP consisted of two doses of 1,500 mg/75 mg, and a full course of CQ of
16 doses of 300 mg, based on an average first recruitment time of 22 weeks3d, and an average
gedtationa age at ddivery of 38 weeks. Cogts were dso included for one flip-chart and five posters
per clinic to be used for hedlth education, and the cost of these materials was annualised over an
edimated useful life of 4 years. It was estimated that two staff members would be trained per clinic
at a one-day workshop, and this cost was annualized over a two- year period. The cost of tresting
drug-rdlated side-effects was not included. All cost input variables are listed in Table 4.2.

Theincrementd cost varies with v, (probability of returning for second clinic vist), as the cost of the
additiond vist would not be incurred if the woman failed to return. It was assumed that the cost was
independent of compliance, as the drug cost would be incurred whether or not the tablets were
taken as prescribed, and independent of v, (attendance before the end of the second trimester), as
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drugs would be prescribed even when the firgt visit took place during the third trimester (although it
was assumed that this would result in zero effectiveness).

Codt-effectiveness of a particular intervention can be caculated including only the incremental costs
of adding the intervention to an existing service, but some andyses incorporate a share of the service
overheads into the intervention cogts. To enable comparison with such studies, an average cost of
the intervention was cdculated, by scaling up staff costs to account for a share of the time of ANC
gaff spent on administration and non-specific activities, and scaling up dl recurrent cogts to make an
allowance for a share of ANC capitd costs and overheads.

The mean incremental costs per pregnancy for the CQ and SP regimens are shown in Table 4.3.
The incrementd cogt with SP was $1.13 in very low income countries, $1.25 in middle income
countries, and $2.14 in higher income countries, the increase in codts in higher income countries
being explained by higher sdaries. In very low and middle income countries, drugs and saff each
accounted for approximately one-third of the incremental codt, with hedlth education and training
making up the remaining third. In higher income countries, sdary costs made up about two-thirds of
the incremental cost, with drugs fdling to only 15%. The mean average cost with SP in very low,
middle and higher income countries, was $2.24, $2.58 and $5.17 respectively. All costs were higher
with the CQ regimen because of the higher drugs cost per pregnancy. The mean incremental cost
with CQ was $1.30 in very low income countries, $1.42 in middle income countries, and $2.31 in
higher income countries, and the mean average cost $2.51 in very low income countries, $2.84 in
middle income countries, and $5.44 in higher income countries. Although the average drug cost per
dose was higher with SP than with CQ, the CQ regimen demanded an average of 16 doses per
pregnancy, giving a higher total drug cost per pregnancy (mean of $0.50 compared with $0.32 for
SP). Drugs therefore were the most important eement of incremental costs with CQ for very low
and middle income countries, dthough sdaries remained the most important for higher income
countries.

4.3 Cost-effectiveness

The incremental CER was cdculated as the cost per primigravidee divided by the number of
DALY averted per primigravidee. For each drug and each income leve in a Stuation of zero
resstance, the mean cost per DALY averted and range within which 90% of CERs fdl was
cadculated. The mean and range were caculated as a function of r for both CQ and SP. The
amulation was hated after 1,600 iterations a which point al output variables had reached
convergence.

The ranges for the CER for SP and CQ at complete drug sensitivity (r = 0) for a very low income
country, usng incrementa codts, are shown in Figure 4.3 (al results are summarized in Table 4.4).
The mean CER of using SP in a very low income country was $12, and 90% of the smulation
results fell in the range $4 to $26. CQ was dightly less cost-effective than SP, because of both
higher costs per primigravidee and lower DALY's averted. The mean CER in very low income
countries was $21, with a 90% range of between $7 and $47. As current levels of resstance to CQ
are much higher than those for SPin SSA, in practice this difference between the two drug regimens
would be accentuated.



Figure 4.4 shows the CER for SP for the three different income levels (again with zero resstance
and usng incremental costs). There was little difference between the CERs for very low and middle
income countries (mean of $13 compared with $12) but the CER was dgnificantly higher in
countries with higher per capitaincomes (mean of $20, range $7 to $43), as the impact of increased
costs due to higher salaries outweighed the increased DALYs averted due to the higher life
expectancy. For al income leves, the ranges for SP clearly fell below $45 per DALY averted. The
intervention would be considered an “dtractive’ option for al economic dtrata with either drug
regimen as over 95% of the iterations had a CER beow $150. However one could not be
reasonably certain that the CER was below the “ highly attractive’ threshold of $25 with either drug.

The CERs reported above include only the incremental codts of adding the intervention to existing
ANC sarvices. Reaults are shown in Figure 4.5 for SP usng average costs for the three economic
drata. Thisraised the range for the cost per DALY averted in very low income countries to between
$8 and $51. The results show that intermittent SP trestment would till fdl into the “attractive’
category in dl income groups, even usng average CERSs.

Rank order corrdation coefficients for the input varigbles that were most important in explaining the
vaiation in the CER were caculated. The increase in birthweight as a result of the intervention, i,
and the standard deviation of birthweights in the unprotected populetion, s, were the most important
variables (both postively related to effectiveness), followed by the number of ANC vists per clinic
per annum (negatively related to costs). The latter variable was important because it affected the
proportion of fixed cods, such as training and hedth education, attributed to each woman,
demondtrating the importance of economies of scalein delivering the service.

The above results were dl based on full drug sengtivity. Allowing for some degree of drug resistance
reduced effectiveness and caused the CER to increase. The relaionship between the incremental
CER and the levd of drug resistance for very low income countries is shown for CQ and SP in
Figures 4.6a and 4.6b. At any level of resstance below 69%, the CER range for CQ fell below
$150. For SP, up to resistance levels of 83%, the range fell below the $150 threshold.

4.4 Discussion

The results show that in the absence of drug resstance, the intervention is clearly a good use of
resources in SSA countries. For both CQ and SP, the CERs were well below the $150 threshold
for dl economic drata, and for SP in very low income countries the upper end of the range only
marginaly exceeded the $25 threshold. Even when resistance is dlowed for, both drug regimens
remained cogt-effective up to high levels of resstance.

The results demondrate the advantage of using intermittent trestment doses rather than weekly
prophylactic doses, as thisimproves compliance and, therefore, effectiveness and cogt-effectiveness.
Further andlyss highlighted the potentid benefits to be gained from improving compliance with CQ.
For example, increasing compliance with CQ by an average of 20% would reduce the mean CER
by 23%. The cogt-effectiveness of interventions such as the use of coated tablets (to remove the
bitter taste of CQ), pre-packaging of drugs, or intensfied hedth education should therefore be



explored where CQ remains the drug of choice. However, even with resistance levels of over 40%,
the SP regimen would on average sill be more cogt-effective than the CQ regimen with zero CQ
resstance”, and in redity resistance to CQ is much grester than to SP in SSA®D, explaining the
change to an SP antenata regimen in Maawi in 1992/3113),

The intervention appeared highly cost-effective despite the relatively narrow definition of hedth
benefits included. The mode incorporated only reduced mortality in the neonata period, excluding
increased survivd for children older than 28 days, and potentia benefits from reductions in morbidity
and mortaity for mothers. Chemoprophylaxis or intermittent trestment in primigravidee is associated
with a ggnificant reduction in the number of maaria episodes treated for the mother relaive to
unprotected primigravidag®2. Although this morbidity reduction in mothers would be unlikdy to
have a dgnificant effect on the DALY 's averted (because of the low disability weighting and short
duration of a malaria episode), it could lead to significant cost-savings for households and providers
due to the reduction in trestment seeking. In addition, the impact on maternal anaemia was not
incorporated. Mdaaria infection is strongly associated with moderate and severe anaemia in
primigravidae, which in turn is associated with increased maternd morbidity and mortdity®. The
interventions could therefore dso have an impact on the maternd mortdity rate, which could have
spin-off effects on the health and well-being of the whole household®s).

Severd limitations to the andys's should be noted. Whilst the impact of prophylaxis and intermittent
trestment on birth weight in primigravidae has been clearly shown, the sample sizes of the studies
incdluded in the meta-anadyss were too smdl to demondrate a sgnificant impact on neonata
mortdity, even amongst primigravidae?. It was therefore necessary to modd the impact on
mortdity based on empiricad evidence of birth weight didributions and birth weight specific
NNMRs. However, the available data on birth weights and mortdity are limited, and are unlikely to
be representative of the whole of SSA. One might expect that birth weights would be postively
correlated with economic development, and birth weight specific mortdity rates negetively
corrdlated. As the data on birth weights in unprotected primigravidae and birth weight specific
mortdlity al came from studies conducted in middle and very low income countries, it is possible that
the moded overestimates effectiveness in higher income countries.

The model assumed a direct reationship between increases in birth weight and reductions in
neonatal mortality, without distinguishing between different causes of LBW. LBW can arise due to
pre-term birth or retarded intrauterine growth, which resultsin the infant weighing less than expected
for gestationd age at birth. The NNMR & a given birth weight is higher for a pre-term baby than for
a full-term baby with retarded growth®. Whilgt there is evidence that mdaria affects both
gestationa age and weight for age®, no studies have demonstrated that prophylaxis or intermittent
treatment reduces the prevalence of pre-term births®2. It is possble that the intervention could have
adifferentid impact, with for example a bigger impact on the birth weight for gestationa age than on
the gedtational age a ddivery, and may therefore not have the impact on neonata mortaity
predicted by the modd. The effectiveness of the interventions may therefore be overestimated.

It was not possible to andyse the variation in cogt-effectiveness by length of transmisson season
because the increase in birth weight from the Cochrane review was based on a metaanadyss

" Despite the assumption that under-dosing was effective with CQ between 10% and 30% of the time but never
with SP.



combining studies conducted under both perennial and seasond conditions. The relaionship
between length of transmission season and effectiveness is likely to be complex and difficult to
predict, due to the lower leves of acquired immunity in populations experiencing shorter
transmission seasons.

The andysis was redtricted to primigravidae because the Cochrane review reported that prophylaxis
or intermittent trestment had a sgnificant effect on LBW only in the first pregnancy. However for
severd reasons it may be inappropriate or impractica to redtrict the intervention to this group. First
there may be some benefit for multigravidae. Although no trids have shown a sgnificant effect on
second or third pregnancies, there is some evidence that the risk of infection increases in
grandemultigravidae’®. Moreover, HIV infection may increase the risk for multigravidae®, and in
low transmisson areas where acquired immunity is low, al pregnant women may be at risk. Findly,
it is possible that protecting women during their first pregnancy could lead to enhanced susceptibility
to maaria during their second pregnancy@®. Greenwood et al. (1994)® did not find evidence of
increased risk in second pregnancies in a study of Gambian women who had received prophylaxis
as primigravidae, but it is not possble to rule this out as long as the reasons for increased
susceptibility in primigravidae women are not fully understood.

In view of these aress of uncertainty, together with the complexity of offering different services to
different groups of women, and the politica problems involved in excluding some women from what
is perceived to be a valuable sarvice, it may be deemed preferable to offer the intervention to dl
pregnant women, and this policy was recently adopted in Kenya®s). Even if there are some podtive
effectsin multigravidae, it is likdly that ther induson would reduce average effectiveness markedly
and would therefore make the intervention less atractive in terms of cost-effectiveness. To explore
this, Figure 4.7 shows the CER for SP (very low income, zero resstance) if dl women were
included, but as a worst case scenario, the increase in birth weight, i, was st at zero for
multigravidae. Whilgt the average effectiveness was substantidly reduced, the cost per woman aso
fdl due to economies of scae in supervison, training and hedth education. For example, with SPin
a very low income country, the expected incremental cost per woman fell to $0.79 compared with
$1.13 for primigravidae done (total costs would of course rise). The net result was an increase in
the mean CER from $12 to $32, with an increase in the upper end of the range from $26 to $70,
meaning that the intervention remained codt-effective at the $150 per DALY averted threshold.

Evidence is emerging that two doses of SP per pregnancy are inadequate for HIV positive women,
and that more frequent doses may be preferable?. 40, Rates of HIV infection in SSA are increasing
fast; arecent review of the globa HIV/AIDS epidemic“d reported a median HIV prevaence among
antenatal women in SSA of 5% in rurd areas and 6% in urban aress, with rates as high as 47%
reported in rurd areas of Zimbabwe. Due to the cogts and difficulties involved in screening al
pregnant women for HIV, it may be necessary to administer the additiona doses to dl women in
areas with high rates of HIV prevdence. The potentid impact on the cogt-effectiveness of
intermittent trestment is shown in Figure 4.8. Cogts were increased to include one extra dose of SP
and an extra clinic vigt, and effectiveness was reduced to account for lower compliance with a
three-dose regimen. For a very low income country with no SP resstance, the mean incremental
CER rose from $12 to $21, and the upper end of the range increased from $26 to $46, meaning
that the intervention remained cogt-effective a the $150 per DALY averted threshold. Unprotected
birth weights were assumed to be the same in populations with high rates of seropositivity. However,
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HIV infection diminishes the capacity of a pregnant womean to control maaria infection”, and may
therefore increase the prevalence of LBW and potentialy the effectiveness of the intervention.

Although the intermittent trestment intervention consstently gppeared cost-effective even with the
induson of multigravidee or the use of a three-dose regimen, these adaptations would have an
impact on the tota cost of the intervention. To assess affordability, the expected tota cost to
government was esimated for SP in a very low income country, usng Tanzania as an example
(Table 4.5) . The expected incrementa cost per pregnancy with SP for primigravidae only was
$1.13, giving atotd annua cost of $156,000, representing 0.17% of the existing government hedlth
care budget. The incremental cost of a three-dose regimen would be $1.31 per primigravidae, giving
a totd cogt of $181,000, equivaent to 0.19% of the budget. Including dl gravidee (two-dose
regimen) increased the total cost to $639,000 p.a., or 0.68% of the existing budget. Under al of
these scenarios, the intervention would represent only a relatively minor addition to existing
government health sector expenditure.

The cogt analysis was based on the assumption that ANC services were aready in place, and that
the new intervention could be added to this existing infrastructure. Whilst for most SSA countries,
the percentage of primigravidae receiving ANC is high (median of 89% for 17 countries3?), there
are some exceptions. For instance, in Burkina Faso, only 61% of primigravidae attended ANC, and
in Niger only 32%. The incrementa costs to both the facility and to women would be much greater if
it were necessary to set up an entiredy new ANC sarvice in order to implement the intervention. This
is not fully captured in the average cost caculations, which consider only the proportion of existing
ANC overheads that would be attributable to the intervention. The cost of establishing the service
would depend on many factors, including locd unit cogts, the package of ANC offered and the
exiging infrastructure of hedth facilities. This variation is demongrated by ANC cogting studies that
provide estimates of the cost of the programme per vist ranging from $0.19 to $0.26 in Tanzania“?,
to $0.75 in the Gambia“®), and $8.41 and $12.53 in South Africa“4.49),

It is possble that if wide coverage of ANC services were not attainable, community-based health
workers such as TBAs or VHWSs could ddliver the intervention. TBAs were found to be an effective
and appropriate channd for providing antimadarid and iron prophylaxis to pregnant women in The
Gambia, even though they received no additional paymente. 46, However a well-supported VHW
programme in Kenyawas able to achieve only 29% coverage of primigravidag“?. The man reasons
for not taking prophylaxis were lack of awareness about the service (53%), fear of chloroquine-
induced itching (10%), the VHW had no drugs (8%) and the VHW had not advised the woman to
take the drugs (8%). The authors concluded that the programme was not effective in providing
prophylaxis, and argued that asking VHWS to distribute the drugs was too difficult for many of them
and may have overloaded them.

4.5 Summary and conclusions
Assuming the hypothesized link holds between an increase in birth weight and reduction in NNMR,

prophylaxis and intermittent treetment for primigravidee are cost-effective where ANC coverage
dready exigs. This remains true even when there is a Sgnificant degree of drug resstance, or if al
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antenatd women are included. SP intermittent trestment is likely to be more cogt-effective than CQ
prophylaxis because the SP regimen is chegper, compliance will be higher and there is currently less
resstance to SP in SSA. In addition to being highly cogt-effective, the intervention is dso relaively
affordable for SSA governments, with an incremental cost equivadent to less than 1% of the exigting
health sector budget.

However, these results are based on the addition of the new intervention to an exigting infrastructure
of antenatd dlinics. If ANC coverage is low, the incremental costs of providing the service through
clinics would be much higher. The use of community-based ddlivery strategies would be a potentia
dterndive, but success would be heavily dependent on the availability of well-organized, well-
supervised, and motivated VHWS.



Figure4.1. Empiricd estimates of birth weight specific neonatal mortdity (my) from Maawi (¢ ) and
The Gambia (x), and the fitted model (——) described by Equation 1.
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Figure 4.2. llludrative example of the birth weight distributions in unprotected (——) and protected
(- - - -) primigravidae, and the birth weight specific neonata mortdity curve (my) (—! —).
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Figure 4.3. Cost-effectiveness of CQ prophylaxis and SP intermittent trestment: mean (} ) and 90%
range for the incrementa CER in a very low income country with no drug resstance (1995 US
dollars).
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Figure 4.4. Cogt-effectiveness of SP intermittent treatment for three economic stratac mean (} ) and
90% range for the incremental CER with no drug resistance (1995 US dollars).
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Figure 4.5. Cogt-effectiveness of SP intermittent trestment using average costs: mean (§ ) and 90%
range for the CER in three economic strata with no drug resistance (1995 US dallars).
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Figure 4.6. Cost-effectiveness of (a) CQ chemoprophylaxis, and (b) SP intermittent trestment as a
function of drug resstance, r, for very low income countries with incremental codts, showing the
mean CER (- - - - - ) and 90% range (—) (1995 US dollars)
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Figure 4.7. Cogt-effectiveness of providing CQ chemoprophylaxis or SP intermittent trestment to
al pregnant women compared with primigravidae only: mean (} ) and 90% range for the incrementa
CER in avery low income country with no drug resistance (1995 US dollars).
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Figure 4.8. Cogt-effectiveness of intermittent trestment with SP using a 2 dose or 3 dose regimen:
mean (; ) and 90% range for the incrementa CER in avery low income country with no drug
resistance (1995 US dollars).
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Table 4.1. Effectivenessinput variables used in the andyss of antenatal prophylaxis or intermittent treatment

Input variable Probability Distribution parameters Sour ce
Distribution
Mean birth weight in unprotected primigravidae, m Truncated m= 2.788 Cot et al. 1995(29), Fleming et al. 1986(21),
normal s = 0082 Greenwood et al. 198918), Menendez et
al. 199419,
Standard deviation of birth weight, s, Truncated m= 0.476 Cot et al. 1995(9), Fleming et al. 1986(21,
normal s =0.098 Greenwood et al. 1989(18), Menendez et
al. 199419,
Increase in birth weight, i Truncated m= 0101 Gullmezoglu & Garner 1997012,
normal s = 0042
Minimum Maximum Best estimate
Still birth rate inprimigravidae, s Uniform 0.062 0.116 Greenwood et al. 1994(28),
Initial clinic visit in first or second trimester, v, Triangular 0.540 0.936 0.868 DHS 1997(33)
Probability of returning for second clinic visit, v, Triangular 0.835 0.989 0.937 DHS 1997(33)
Probability of returning for third clinic visit, v; (relevant Triangular 0481 0.942 0.79%6 DHS 1997(33)
where HIV prevalenceis high)
Compliance to prescribed drug, g
CQ (average for whole course) Uniform 025 057 Helitzer-Allen et al. 199332, Heymann et
al. 199034, Schultz et al. 1996(48).
SP (per dose) Uniform 0.85 095
Proportion of underdosed cases which are effective, z Triangular 01 03




Table 4.2. Cogt input variables used in the andysis of antenatd prophylaxis or intermittent trestment

Probability Distribution parameters Source
distribution All costsin 1995 US dollars
Minimum Maximum Best estimate

Drug cost

CQ

Cost of 150mg tablet triangular 0.008 0.013 0.01 International drug price indicator guide, 1996(49)

Tablets per dose 2 WHO Model Prescribing Information: Drugs used in Parasitic
Diseases, 1995(50)

Doses per pregnancy 16

SP

Cost of 500/25mg tablet triangular 0.032 0.040 0.036 International drug price indicator guide, 1996(49)

Tablets per dose 3 WHO Model Prescribing Information: Drugs used in Parasitic
Diseases, 1995(50)

Doses per pregnancy 2 WHO Model Prescribing Information: Drugs used in Parasitic
Diseases, 1995(50)

Delivery cost as % of warehouse cost 25% Foster, 1991(51)

Wastage of drugs 25%

Salariesp.a.

Health Centre Staff FTE

very low income countries uniform 1934 2617 Extrapolation from Tinker & Koblinsky, 1992(52), plus and

middle income countries uniform 2544 3442 minus 15%

higher income countries uniform 7312 9393

Supervisory Staff

very low income countries uniform 3137 4244 Extrapolation from Tinker & Koblinsky, 1992(52, plus and

middle income countries uniform 4127 5584 minus 15%

higher income countries uniform 11868 16057

Daysworked per year 236

Hours worked per day 8

Health Centre staff time per pregnancy (mins) 15

Supervisory staff time per pregnancy (mins) 216
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Table 4.2. Cogt input varigbles used in the andyss of antenatd prophylaxis or intermittent treatment (cont.)

Probability Distribution parameters Source
Distribution All costsin 1995 US dollars
Minimum Maximum Best estimate
Health education
Cost per flipchart uniform 1095 14.81 Helitzer-Allen et al., 1993(32),
Cost per book/poster uniform 411 555 L. Kumaranayake, personal communication
Number of flipcharts per clinic 1
Number of books/posters per clinic 5
Lifetime of health education materials (years) 4
Training
Cost of training per person 10
Number of staff trained per clinic 2
Lifetime of training (years) 2 Picard et al., 1993(%3)
Utilisation data
No. of ANC visits per clinic per year uniform 209 1056 Hanson & Chindele, 199264, Hanson & Nkunzimana, 1992(59),
Ogunbekun et al., 1996(6)
% primigravidae 025
No. of visits per pregnancy triangular 07 5.6 DHS 1997(33)
Scale up factorsto calculatetotal cost
Administration and TWSA* asa % of staff time uniform 0.35 058 Gilson, 1992(42)
Capital costs and overheads as a % of total cost uniform 0.25 0.46 Gilson, 1992(42), Fabricant et al., 1994¢43), Broomberg et al .,

199349)

*time without specific activity
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Table 4.3. Expected incrementa and average cost per primigravidae, adjusted for non-compliance
(1995 US dallars)

Drug Economic strata
Regimen
very low income middleincome higher income
SP Drugs $0.32 (29%) $0.32 (26%) $0.32 (15%)
Staff $0.36 (32%) $0.48 (38%) $1.38 (64%)
Health Education & Training $0.44 (39%) $0.44 (36%) $0.44 (21%)
Mean incremental cost $1.13 (100%) $1.25 (100%) $2.14 (100%)
Mean average cost $2.24 $2.58 $5.17
CQ Drugs $0.50 (38%) $0.50 (35%) $0.50 (21%)
Staff $0.36 (28%) $0.48 (34%) $1.38 (59%)
Health Education & Training $0.44 (34%) $0.44 (31%) $0.44 (19%)
Mean incremental cost $1.30 (100%) $1.42 (100%) $2.31 (100%)
Mean average cost $251 $2.84 $5.44
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Table 4.4. Mean CER and the range within which 90% of dl CERs fell (no drug resstance) (1995

USdollars)
Drug Economic Costing Mean CER Range within which 90%
strata of all CERsféll
CQ very low Incremental  $22 $7 - $47
middle $23 $8- $50
higher $33 $12 - $72
SP very low Incremental  $12 $4 - $26
middle $13 $4-$29
higher $20 $7-$43
CQ very low Average 1 $14 - $91
middle $46 $16 - $102
higher $78 $28- $173
SP very low Average $23 $3-$51
middle $27 $9 - $57
higher 8 $18- $104
CQ(dl gravidae) very low Incremental  $60 $22 - $129
very low Average $125 $45- $271
SP(dl gravidae)  very low Incremental  $32 $12 - $70
very low Average $70 $26 - $146
SP (3 doses) very low Incremental  $21 $7- $46
very low Average 1 $14 - $92
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Table 4.5. Annud mean incrementd cost implications for Tanzania (very low income country) of
introducing SP antenata regimen (1995 US dollars)

Government cost p.a. Cost as% Government

health budget

Two-dose regimen, primigravidae only $155,896 0.17%
Two-dose regimen, al pregnant women $639,474 0.68%
Three-dose regimen, primigravidae only $180,729 0.19%

Based on the following estimates for Tanzania:
Population of 29.2m(>7)
Crude birth rate of 42.6/1000(%8)
17% of al births born to primigravidae
93.2% of primigravidae, and 91.8% of all pregnant women receive ANC(3),
70% of population at high risk of malaria
Government health budget p.a. of $94 million (including donor contributions)(59)
No cost recovery

104



Refer ences

10.

11

13.

14.

15.

16.

17.

18.

19.

20.

21.

Shulman CE, Graham WJ, Jilo H, et a. Malariais an important cause of anaemiain primigravidae: evidence
from a district hospital in coastal Kenya. Transactions of the Royal Society of Tropical Medicine and
Hygiene 1996; 90(5): 535-9.

Brabin BJ. An analysis of malariain pregnancy in Africa. Bulletin of the World Health Organization 1983;
61(6): 1005-16.

McGregor |A. Epidemiology, malaria and pregnancy. American Journal of Tropical Medicine and
Hygiene 1984; 33(4): 517-25.

McCormick MC. The contribution of low birth weight to infant mortality and childhood morbidity. New
England Journal of Medicine 1985; 312(2): 82-90.

Greenwood AM, Menendez C, Alonso PL, et a. Can malaria chemoprophylaxis be restricted to first
pregnancies? Transactions of the Royal Society of Tropical Medicine and Hygiene 1994; 83(6): 681-2.
Alonso PL, Lindsay SW, Schellenberg J, et al. A malaria control trial using insecticide-treated bed nets
and targeted chemoprophylaxis in a rural area of the Gambia, West-Africa. 6. The impact of the
interventions on mortality and morbidity from malaria. Transactions of the Royal Society of Tropical
Medicine and Hygiene 1993; 87(S2): 37-44.

D'Alessandro U, Olaleye BO, McGuire W, et a. Mortality and morbidity from malariain Gambian children
after introduction of an impregnated bednet programme. Lancet 1995; 345(8948): 479-83.

Binka FN, Kubaje A, Adjuik M, et a. Impact of permethrin impregnated bednets on child mortality in
Kassena-Nankana district, Ghana: a randomized controlled trial. Tropical Medicine and International
Health 1996; 1(2): 147-54.

D'Alessandro U, Langerock P, Bennett S, Francis N, Cham K, Greenwood BM. The impact of a national
impregnated bed net programme on the outcome of pregnancy in primigravidee in The Gambia
Transactions of the Royal Society of Tropical Medicine and Hygiene 1996; 90(5): 487-92.

Dolan G, Terkuile FO, Jacoutot V, et al. Bed nets for the prevention of malaria and anaemiain pregnancy.
Transactions of the Royal Society of Tropical Medicine and Hygiene 1993; 87(6): 620-626.

Shulman CE, Dorman EK, Talisuna AO, et a. A community randomized controlled trial of insecticide-
treated bednets for the prevention of malaria and anaemia among primigravid women on the Kenyan
coast. Tropical Medicine and International Health 1998; 3(3): 197-204.

Gulmezoglu AM, Garner P. Malaria in pregnancy in endemic areas (Cochrane Review). The Cochrane
Library 1998; Issue 3: Oxford, Update Software.

Steketee RW, Wirima JJ, Campbell CC. Developing effective strategies for malaria prevention programs for
pregnant African women. American Journal of Tropical Medicine and Hygiene 1996; 55(1 Suppl): 95-100.
WHO. Implementation of the global malaria control strategy - Report of a WHO Study Group on the
implementation of the global plan of action for malaria control 1993-2000. WHO Technical Report Series
839 1993.

Government of Kenya. National guidelines for diagnosis, treatment and prevention of malaria for
health workers. Nairobi: Ministry of Health, 1997.

Miller KD, Lobel HO, Satride RF, Kuritsky JN, Stern R, Campbell CC. Severe cutaneous reactions among
American travelers using pyrimethamine-sulfadoxine (Fansidar) for malaria prophylaxis. American Journal
of Tropical Medicine and Hygiene 1986; 35(3): 451-8.

Wilcox AJ, Russdll IT. Birthweight and perinatal mortality: I. On the frequency distribution of birthweight.
International Journal of Epidemiology 1983; 12(3): 314-8.

Greenwood BM, Greenwood AM, Snow RW, Byass P, Bennett S, Hatib-N'Jie AB. The effects of maaria
chemoprophylaxis given by traditional birth attendants on the course and outcome of pregnancy.
Transactions of the Royal Society of Tropical Medicine and Hygiene 1989; 83(5): 589-94.

Menendez C, Todd J, Alonso PL, Lulat S, Francis N, Greenwood BM. Malaria chemoprophylaxis, infection
of the placenta and birth weight in Gambian primigravidae. Journal of Tropical Medicine and Hygiene
1994; 97(4): 244-8.

Cot M, Le Hesran JY, Miailhes P, Esveld M, Etydale D, Breart G. Increase of birth weight following
chloroquine chemoprophylaxis during the first pregnancy: results of a randomized trial in Cameroon.
American Journal of Tropical Medicine and Hygiene 1995; 53(6): 581-5.

Fleming AF, Ghatoura GB, Harrison KA, BriggsND, Dunn DT. The prevention of anaemiain pregnancy in
primigravidae in the guinea savanna of Nigeria. Annals of Tropical Medicine and Parasitology 1986;
80(2): 211-33.

105



23.

24,

25,

26.

27.

28.

29.

3L

32.

37.

39.

41.
42,

Wilcox AJ, Russell IT. Birthweight and perinatal mortality: 11. On weight-specific mortality. International
Journal of Epidemiology 1983; 12(3): 319-25.

Wilcox AJ Russdll IT. Birthweight and perinatal mortality: Il1l. Towards a new method of analysis.
International Journal of Epidemiology 1986; 15(2): 188-96.

Ashworth A, Feachem RG. Interventions for the control of diarrhoeal diseases among young children:
prevention of low birth weight. Bulletin of the World Health Organization 1985; 63(1): 165-84.

Greenwood AM, Armstrong JR, Byass P, Snow RW, Greenwood BM. Malaria chemoprophylaxis, birth
weight and child survival. Transactions of the Royal Society of Tropical Medicine and Hygiene 1992,
86(5): 483-5.

McDermott IM, Wirima JJ, Steketee RW, Breman JG, Heymann DL. The effect of placenta maaria
infection on perinatal-mortality in rural Maawi. American Journal of Tropical Medicine and Hygiene
1996; 55(1 SS): 61-65.

Schultz LJ, Steketee RW, Chitsulo L, Wirima JJ. Antimalarials during pregnancy: a cost-effectiveness
analysis. Bulletin of The World Health Organization 1995; 73(2): 207-14.

Greenwood AM, Menendez C, Todd J, Greenwood BM. The distribution of birth weights in Gambian
women who received malaria chemoprophylaxis during their first pregnancy and in control women.
Transactions of the Royal Society of Tropical Medicine and Hygiene 1994; 88(3): 311-2.

Schultz LJ, Steketee RW, Macheso A, Kazembe P, Chitsulo L, Wirima JJ. The efficacy of antimaarial
regimens containing sulfadoxine-pyrimethamine and/or chloroquine in preventing peripheral and placental
Plasmodium falciparum infection among pregnant women in Malawi. American Journal of Tropical
Medicine and Hygiene 1994; 51(5): 515-22.

Shulman CE, Dorman EK, Cutts F, et al. Intermittent sulfadoxine-pyrimethamine to prevent severe anaemia
secondary to malariain pregnancy: arandomised placebo-controlled trial. Lancet 1999; 353(9152): 632-636.
World Health Organization. Antimalarial Drug Policies: Data requirements, treatment of uncomplicated
malaria and management of malaria in pregnancy. Geneva: World Health Organization - Division of
Control of Tropical Diseases, 1994.

Hdlitzer-Allen DL, McFarland DA, Wirima JJ, Macheso AP. Malaria chemoprophylaxis compliance in
pregnant women: a cost-effectiveness analysis of alternative interventions. Social Science and Medicine
1993; 36(4): 403-7.

Stewart MK, Stanton CK, Ahmed O. Maternal Health Care, DHS Comparative Studies No. 25. Calverton,
Maryland: Macro International Inc., 1997.

Heymann DL, Steketee RW, Wirima JJ, McFarland DA, Khoromana CO, Campbell CC. Antenata
chloroquine chemoprophylaxis in Malawi: chloroquine resistance, compliance, protective efficacy and
cost. Transactions of the Royal Society of Tropical Medicine and Hygiene 1990; 84(4): 496-8.

WHO. Mother-baby package: Implementing safe motherhood in countries. Maternal Health and Safe
Motherhood Programme, Division of Family Health, 1994.

Steketee RW, Wirima JJ, Hightower AW, Slutsker L, Heymann DL, Breman JG. The effect of maaria and
malaria prevention in pregnancy on offspring birth-weight, prematurity, and intrauterine growth-
retardation in rural Malawi. American Journal of Tropical Medicine and Hygiene 1996; 55(1 SS): 33-41.
Steketee RW, Wirima JJ, Bloland PB, et a. Impairment of a pregnant woman's acquired ability to limit
Plasmodium falciparum by infection with human immunodeficiency virus type-1. American Journal of
Tropical Medicine and Hygiene 1996; 55(1 Suppl): 42-9.

McGregor |A. Thoughts on malaria in pregnancy with consideration of some factors which influence
remedial strategies. Parassitologia 1987; 29(2-3): 153-63.

Verhoef H, Bos R. Development and vector-borne diseases. World Health 1992; 15-7.

Wolfe EB, Steketee RW, Haddix AC, Parise ME. Cost-effectiveness of sulfadoxine-pyrimethamine for the
prevention of low birth weight caused by placental malaria. Abstract of Paper presented at 47th Annual
Meeting of the American Society of Tropical Medicine and Hygiene, Puerto Rico, October 18-22 1998.
American Journal of Tropical Medicine and Hygiene 1998; 59(3 (supplement)): 286-7.

UNAIDS/WHO. Report on the global HIV/AIDS epidemic. Geneva: UNAIDS, 1998.

Gilson LJ. Value for Money?: The Efficiency of Primary Health Units in Tanzania. London School of
Hygiene and Tropical Medicine, University of London: PhD Thesis, 1992.

Fabricant S, Newbrander W. The Gambia Health Facilities Cost Study. Management Sciences for Health,
Boston, Massachusetts, USA, 1994.

Valli A, Ferrinho PD, Broomberg J, Wilson TD, Robb D. Costs of primary health care at the Alexandra
Health Centre. South African Medical Journal 1991; 80(8): 396-9.

Broomberg J, Rees H. Delivering at the right price--the costs of primary maternity care at the Diepkloof
Community Health Centre, Soweto. South African Medical Journal 1993; 83(4): 272-5.

106



47.

49,

51

52.

57.

59.

Menendez C, Todd J, Alonso PL, et a. The effects of iron supplementation during pregnancy, given by
traditional birth attendants, on the prevalence of anaemia and malaria. Transactions of the Royal Society
of Tropical Medicine and Hygiene 1994; 88(5): 590-3.

Kasgje DC, Sempebwa EK, Spencer HC. Maaria chemoprophylaxis to pregnant women provided by
community health workers in Saradidi, Kenya. |. Reasons for non-acceptance. Annals of Tropical
Medicine and Parasitology 1987; 81(1): 77-82.

Schultz LJ, Steketee RW, Chitsulo L, Macheso A, Kazembe P, Wirima JJ. Evaluation of maternal practices,
efficacy, and cost-effectiveness of alternative antimalarial regimensfor usein pregnancy: chloroquine and
sulfadoxine-pyrimethamine. American Journal of Tropical Medicine and Hygiene 1996; 55(1 Suppl): 87-
A,

Management Sciences for Health. International Drug Price Indicator Guide. Boston: MSH, 1996.

WHO. Model Prescribing Information: Drugs used in Parasitic Diseases. Geneva: WHO, 1995.

Foster SD. Pricing, distribution, and use of antimalarial drugs. Bulletin of The World Health Organization
1991; 69(3): 349-363.

Tinker A, Koblinsky MA. Making motherhood safe. Washington D.C.: The World Bank, 1992.

Picard J, Aikins M, Alonso PL, Armstrong Schellenberg JR, Greenwood BM, Mills A. A malaria control
trial using insecticide-treated bed nets and targeted chemoprophylaxisin arural area of The Gambia, West
Africa. 8. Cost-effectiveness of bed net impregnation alone or combined with chemoprophylaxis in
preventing mortality and morbidity from malariain Gambian children. Transactions of the Royal Society of
Tropical Medicine and Hygiene 1993; 2: 53-7.

Hanson K, Chindele F. Costs, resource use and financing: a study of Monze District, Zambia. New York:
Bamako Initiative Technical Report Series, UNICEF, 1992.

Hanson K, NkunzimanaF. Les codts et I'utilisation des ressources dans les centres de santé de la
province de Muyinga, Burundi. New Y ork: Bamako Initiative Technical Report Series, UNICEF, 1992.
Ogunbekun I, Adeyi O, Wouters A, Morrow RH. Costs and financing of improvements in the quality of
maternal health services through the Bamako Initiative in Nigeria. Health Policy and Planning 1996;
11(4): 369-84.

World Bank. World Development Report 1997. The state in a changing world. New York: Oxford
University Press, 1997.

UNDP. Human Development Report. Oxford University Press, 1997.

World Bank. Tanzania - Role of Government: Public Expenditure Review, Volume 1. Washington DC:
World Bank, 1994.

107



Chapter 5— Improving Malaria Case Management

5.1 Introduction

WHO has argued that appropriate and timely case management should be seen as not only a key
component of any maaria control programme, but dso a fundamentd right of al populations
affected by mdaria®. In redity, case management is often highly inadequate. Inappropriate drugs
are prescribed, compliance with the recommended regimen is low, drugs are often ineffective due to
resstance or poor quaity, and patients with severe mdaria are managed inappropriately@s.
Inadequate care results in higher morbidity and mortality from maaria, and may aso encourage the
development of drug resstance®.

Severd interventions have been proposed to improve case management: for example, usng more
effective drugs, improving compliance, strengthening diagnosis, and using combination thergpiess-s).
Evauation is hampered by alack of information on both costs and effects, and the few studies that
do consider such strategies generally do not report health outcomes. In order to address some of the
key issues, a modd of the trestment of outpatients with suspected uncomplicated maaria was
developed to trandate changes in intermediate outcomes, such as compliance and drug efficacy, into
find hedth outcomes. The andys's was redtricted to this group of patients, athough it is recognized
that many cases are not seen at formal outpatient facilities, and aternative strategies would have to
be employed to reach these patients.

The modd of case management is presented below, and used to estimate the costs and effects of the
fallowing interventions: improving compliance through pre-packaging and training; improving the
availahility of second and third line drugs, changing thefirgt line drug for treatment; using combinetion
therapies to reduce the growth of resstance; the introduction of new diagnogtic techniques. The
interventions are conddered in two epidemiological drata (high and low transmission) and the three
Socio-economic Strata.

5.2 A modd of case management
5.2.1 Health effects

The outcome of treatment for people presenting a an outpatient facility with suspected
uncomplicated maariais modelled using a decision tree framework, depicted in Figure 5.1. Patients
enter the tree at point A, when they are given the first line drugf. There is a probability PO that their
illness is caused by mdaria. Of those who are suffering from madaria, the firdt line drug fals with a
probability P1. Given thet the first line drug has falled, the patient will either develop severe maaria

4Thefirst line treatment refers to the drug routinely prescribed for a case of uncomplicated malaria at a health
facility (patients may have already self-treated with chloroquine or another drug). The second line treatment is
the drug used for treating either a case of uncomplicated malariathat has not been cured by thefirst line
treatment, or one for which the first line drug is contra-indicated.



(with a probability P2), or continue to suffer from uncomplicated mdaria. If severe maaria develops,
inpatient care may be sought (probability P3), when the patient will receive intravenous quinine. The
probability is then estimated of full recovery, recovery with neurologicd sequelae (NS) and desth,
with inpatient care (P4, P5 and P6), and without inpatient care (P7, P8 and P9).

If the patients il have uncomplicated mdaria after failing with the first line drug, they may choose to
seek further outpatient care (probability P10), when they are prescribed the second line drug. In the
event of afalure of the second line drug (probaility P11), it is again possble that severe mdaria will
develop (probability P12), or that uncomplicated maaria will perss. If severe mdaria develops,
patients may or may not seek inpatient care, as described above. If uncomplicated malaria persgts,
patients will again decide whether to attend outpatients (probability P13), and if they do they will be
given the third line drug. If the third line drug fals (probability P14), petients will ether ultimatey
recover (probability P15), recover with NS (P16) or die (P17). The probabilities of death or NS for
patients with uncomplicated maaria who do not seek outpatient care (P19 and P20) were assumed
to equa the probability of developing severe mdaria (P2) multiplied by the probability of desth or
NS if severe without inpatient care (P8 and P9)°. The risk of lethal side-effects was also considered
with each drug. The outcomes for the suspected cases which were not maaria were not caculated
that as they were assumed to be unaffected by the interventions to improve malaria trestment.

The probatility of failure with an outpetient drug is defined as
Probability of fallure = 1- (Curerate x Compliance rate)

where the cure rate refers to the “adequate clinica response rate” (ACR), and “resgtance’ is
defined as (1-ACR)®. The prevertive interventions were initialy analysed in a Situation of zero drug
or insecticide resistance (see Chapters 3 and 4). However, chloroquine resstance is common
throughout Africa, and in fact is the rationde for severd of the case management interventions, so
some degree of drug resstance was included in al of the andyses. The initid cure rae of
chloroquine (CQ) was varied. Theinitid ACR for SP was given arange of 63% to 99% (based on
areview by Hill, 199619). Edtimates for quinine (QN) were presumed to be very high (99.5% to
100%) as reports of resstance to this drug in Africa are extremdy rare, and the initid ACR for AQ
was estimated to fal within the range of 80% to 90%.

Edimates of compliance were obtained from the literature® and through discussons with
researchers. It is likely that drugs taken over severa days, such as CQ, AQ and QN, will have
lower patient compliance than those taken in a single dose, such as SP, and that compliance will be
lower with drugs that have more common unpleasant side-effects, such as CQ and QN. Compliance
with CQ was set at 20% to 50%, SP at 85% to 95%, AQ at 30% to 60%, and QN at 10% to
25%. In some cases of non-compliance with multiple dose drugs, only minor under-dosing may have

®