











<G
O Coverage of ITN: survey data Coverage of IRS and ITN: programme data
= 100 100
< I % of households with any net 1 Operational IRS coverage (relative to total population at risk)
N 0 [0 9% of households with at least one ITN go I Operational coverage of ITN (1 LLIN or ITN per 2 persons at isk) VIO 2010 target
WHO 2010 target [ % of < 5 years who slept under any net I Operational coverage of any net (per 2 persons at risk)
I 9 of < 5 years who slept under an ITN
go 60 ga 60
E 8
£ 40 & 40
) ) El [l
2001 2002 2003 2004 2005 2006 2007 2001 2002 2003 2004 2005 2006 2007
% of pregnant women 17 No. of households 69774 175192 236759 537871 657 695
who slept under any net protected by IRS
% of pregnant women 9 2% No. of ITNs 115891 112020 557071 176 082 516999 1162578 2458183
who slept under an ITN and/or LLINs
Source: DHS 2001-2002, MIS 2006.
Access by febrile children to effective treatment: survey data Access to effective treatment: programme data
100 50
[ % of children < 5 years with fever who took antimalarial drugs
o . - h h Operational coverage of first-line treatment (relative
0 | s/;r%fecgr"r?gi?d:ys years with fever who took antimalarial drugs 10 L to estimated fever cases in need of treatment)
WHO 2010 target [ % of children < 5 years vith fever who took ACT [1 Operational coverage of ACT (relative to estimated
% of children < 5 years with fever who took ACT same or next day fever cases in need of treatment)
& 60 & 30
o] o]
s 8
&£ 40 £ 20
20 10
0 0
2001 2002 2003 2004 2005 2006 2007 2001 2002 2003 2004 2005 2006 2007
% of children 4 No. of 1st-line 1184698 1379955 2111348 3036982
< bHyears with fever treatment
% of febrile children 61 courses recived
< Hyears who sought No. of ACT treatment 1184698 1379955 2111348 3036982
treatment in health facility courses received

Source: DHS 20012002, MIS 2006.

IV. FINANCING MALARIA CONTROL
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V. SOURCES OF INFORMATION
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Operational coverage of ITNs, IRS and access to medicines ~ NMCP  Programme report Treatment MICS 1999, DHS 200102, MIS 2006
Financial data HMIS Programme report Use of health services DHS 2001
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ANNEX 1

Estimating the numbers
of malaria cases and deaths
by country in 2006







The working definition of a case of malaria is considered to
be “fever with parasites” which normally defines all those
that require antimalarial treatment (2).! Estimates of the
number of malaria cases and fever suspected of being
malaria have been made by one of two methods:

1. By adjusting the reported malaria cases for reporting
completeness, the extent of health service utilization
and the likelihood that cases are parasite-positive;
where data permit, this is generally the preferred meth-
od and it was used for countries outside the African
Region and selected African countries*.

2. From an empirical relationship between measures of
malaria transmission risk and case incidence; this pro-
cedure was used for countries in the African Region
where a convincing estimate from reported cases could
not be made.

Estimates of the number of malaria deaths were also made
by one of two methods:

1. By multiplying the estimated number of P. falciparum
malaria cases by a fixed case fatality rate for each coun-
try. This method was used in countries where malaria
accounts for a relatively small proportion of all deaths,
and where reasonably robust estimates of case inci-
dence could be made. This method was used primarily
for countries outside the African Region.

2. From an empirical relationship between measures of
malaria transmission risk and malaria-specific mortality
rates. This procedure was used primarily for countries in
the African Region where estimates of case incidence
could not be made from routinely reported cases.

1. Estimates of cases by adjusting the malaria
cases reported by countries

The principal source of data was outpatients attending
health facilities as recorded in the health management
information system (HMIS) of a ministry of health, or by
disease surveillance systems. National malaria control pro-
grammes (NMCP) were asked to report on: (i) the number of
probable or unconfirmed cases recorded - these are cases
that were treated as malaria but not tested or confirmed;?
(i1) the number of cases confirmed by slide examination
or RDT; and (iii) the number of slide or RDT examinations
undertaken. The relationship between these numbers is
summarized in Fig. 1 (2).}?

* (Cibulskis RE et al. Estimating trends in the burden of malaria. American
Journal of Tropical Medicine and Hygiene, 2007, 77(suppl 6): 133-137.

! There are, however, widely recognized exceptions to this notion. In much
of sub-Saharan Africa, antimalarial treatment may be recommended for
all fever cases without parasite confirmation, particularly for children
under 5 years. In these circumstances it is also useful to estimate the
number of fever cases. In other situations, parasites may be detected in
individuals that do not have fever. No special provision has been made
for such asymptomatic malaria cases even though they would normally be
eligible for treatment, since they rarely receive treatment.

2 WHO expert committee on malaria: twentieth report. Geneva, World
Health Organization, 1998.

* Adapted from (2).
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The following steps were used to estimate the number
of malaria cases in a country:

1. The total number of parasite-positive cases that attend-
ed health facilities covered by the HMIS of a ministry
of health was estimated; this is given by the confirmed
malaria cases plus the unconfirmed cases multiplied by
the slide positivity rate.

2. The revised estimate of confirmed cases was adjusted
to take account of missing HMIS reports; by dividing by
the health-facility reporting completeness fraction.

3. The estimated number of confirmed cases attending
health facilities in the HMIS was then adjusted to take
into account the propensity of fever cases to use health
facilities not covered by the HMIS (e.g. those going to
the private sector), or not to seek treatment at all.

Upper and lower limits for the estimated number of cases,
M, arising in any given year in a country are given by:

C+(sxU) 1
N e
r u

upper =

C+(sxU) 1-n
- X —

lower

r

Where:
C = Reported number of confirmed malaria cases in a year.

U = Reported number of probable or unconfirmed cases in a
year - cases suspected of being malaria but not tested
or confirmed.

s = The proportion of slides examined that are positive for
malaria parasites, often known as the slide positivity
rate (SPR). In countries that are unable to undertake
microscopic examination of all suspected cases, s was
derived from a selection of facilities, or treatment
outlets, that undertake case confirmation. The propor-
tion of cases found to be positive, s, was applied to
cases that were not tested.

r= Completeness of health-facility reports. Typically this
is the number of outpatient health-facility reports
received divided by the number of facility reports
expected. The expected number of reports is given
by the number of health facilities multiplied by the
number of reports expected to be submitted by each
health facility in a year, which is 12 for a monthly
reporting system. The quantity r has been reported by
countries as lying within three possible ranges (less
than 50%, 50-80% and > 80%). In order to calculate
an average reporting rate, it has been assumed that
the reporting rate has a triangular distribution in the
outer ranges and a uniform distribution in the middle
with expected values in these ranges of 33%, 65% and
87% respectively.
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Fig. 1 Relationship between suspected, unconfirmed and confirmed malaria

Fever suspected of being malaria
(uncomplicated and severe)

|
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Probable or unconfirmed malaria Patients tested by slide or RDT
(uncomplicated and severe) (uncomplicated and severe)
|
| ]
Confirmed malaria Negative

(uncomplicated and severe)

u = The proportion of the population with fever (or sus-

pected malaria) that uses health facilities that are
covered by the health-facility reporting system. This
was derived from household survey information on
whether or not children under 5 years, with fever in
the previous two weeks, sought treatment and where.
The household survey used for most countries was
a DHS or MICS that only considers fever in children
under 5. Fever treatment rates for older age groups are

Fig. 2 Variation in utilization of health facilities for treatment of
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¢ Analyses of household surveys undertaken (a) in India (NSSO, 2004) and (b) in Indonesia (Suse-
nas, 2004) suggest that the percentage of children under 5 using health facilities for treatment of
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Fig. 3

Number of household surveys compared

a

(confirmed NOT malaria)

assumed to be the same as those for children under 5.
Household surveys undertaken in Indonesia (Susenas)
and India (NSSO) suggest that this assumption is rea-
sonable (see Fig. 2).

Several of the MICS3 surveys were not available for
analysis at the time of publication of this report, but
otherwise the DHS, MICS or other survey closest to
2006 was chosen. In general, there has been little
change in the proportion of fever cases seeking treat-
ment over time (see Fig. 3), hence it is a reasonable
approximation to the proportion of fever cases seeking
treatment in 2006, unless there is specific knowledge
that treatment-seeking behaviour has changed.

If there was more than one survey for a country, the
following choices were made:

1. if both a DHS and a MICS were available for the
period 2001-2006, the DHS was selected in prefer-
ence to the MICS, even if the DHS was undertaken
earlier, since sample sizes were larger and u can be
calculated more directly;

2. if a MICS was available for the years 2001-2006 and
a DHS only for 2000 or earlier, the MICS was select-
ed because it was more recent;

Variation over time in the percentage of fever cases
seeking treatment at health facilities?

, ull IlI‘IIll-

9 -8-76-5-4-3-2-101234586 718910
Annual change in percentage of children using health facilities for treatment of fever (%)

oo

o

=~

N

0f 58 survey differences that could be compared over time using DHS and MICS data sets, the
median annual change in the proportion of febrile children attending health facilities was 0.1%
(inter-quartile range: 1.4%-2.0%).
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Fig. 4 Percentage of fever cases using more than one outlet

Children seeking treatment for fever (%)
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@ Inan analysis of 105 DHS surveys (with each survey weighted equally), the proportion of fever

cases using more than one treatment outlet was only 5%.

3. if a MICS and a DHS were only available in 2000
or earlier, the DHS was selected. In total, relevant
household survey data could be found for 69 coun-
tries.

For DHS surveys, the measure of u is the proportion of
fever cases seeking treatment from hospitals, health
centres and health posts run by the government and
missions but excludes cases treated at private for-
profit organizations and pharmacies or shops. It also
excludes those cases not seeking any treatment.
If more than one source of treatment was used, the
source of treatment considered to be at the highest
level or furthest along the referral chain was selected,
with government facilities ranked higher than mission
or private facilities as in the following order: govern-
ment hospital, government health centre, government
health post, other government facility, mission hospi-
tal, mission health centre, mission health post, private
clinic or health centre, private doctor, private other,
community health worker, pharmacy, shop, traditional,
other. The ranking was intended to reflect the proba-
bility that a case attending multiple treatment outlets
would be recorded in the HMIS of a ministry of health,
but the precise classification used has little effect on
the final results since the percentage of children using
more than one outlet for treatment is only 5% (see
Fig. 4).

In the majority of MICS surveys, there is a question
that records the proportion of fever cases seeking
treatment at health facilities but the type of health
facility attended, and whether it is in the public or pri-
vate sector or not, is not distinguished. Hence for MICS
surveys, information on health-facility utilization for
acute respiratory infection (ARI) was combined with
fever treatment to estimate the proportion of fever
cases attending public-sector facilities as below:

gARI
u= hfever h
ARI
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Where:

h_ = The proportion of children with fever in the

fever

past two weeks who attended a health facility.

h . = The proportion of children with both cough and
rapid breathing in the past two weeks who attended a
health facility.

g, = The proportion of children with both cough and
rapid breathing in the past two weeks who attended a
government or mission health facility.

For countries with both a DHS and a MICS survey, there
was no systematic deviation in the estimate of u made
from either the DHS or the MICS (Fig. 5).

For Papua New Guinea and Myanmar the household
surveys, a DHS and a MICS respectively, did not record
health-facility utilization for fever. Hence information
on health-facility utilization for ARI (cough and/or rap-
id breathing) was used to estimate u since it is observed
for other countries that health-facility utilization rates
for ARI serves as a reasonable approximation for health-
facility utilization rates for fever (see Fig. 6).

For the Solomon Islands and Guinea-Bissau, confidence
intervals of u could not be calculated because of insuffi-
cient information on the sampling procedures employed.
Confidence intervals were therefore assumed to lie 7.5
percentage points either side of the point estimate of
u, since 90% of measured confidence intervals were of
this size or smaller in other countries.

The proportion of the population with fever (or sus-
pected malaria) that does not seek treatment. This
was derived from household survey information on
whether or not treatment for fever was sought, as
described above.

difference between upper and lower limits on M reflects
extent to which it is believed that malaria cases are

treated in the health system (both formal and informal).

The

upper limit produces an estimate of the number of

Fig. 5 Percentage of fever cases taken to health facilities?

Fever cases taken to facilities included in the
HMIS as estimated by DHS (%)
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Fever cases taken to facilities included in the HMIS as estimated by MCIS (%)

@ Comparison of estimates of u (the percentage of fever cases taken to a facility included in a
country’s HMIS) derived from MICS and DHS suggest no systematic deviation in estimates
derived from different survey platforms.
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Fig. 6 Percentage of fever cases seeking treatment for fever
(at all outlets) plotted against the percentage of ARI cases
seeking treatment?
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@ Analysis of 105 demographic and health surveys suggests that the percentage of children with
ARI that seek treatment can provide a good approximation to the percentage of children with
fever that seek treatment.

malaria cases if all fever cases were equally likely to be
malaria whether they sought treatment or not, i.e. those
that do not seek treatment have the same slide positivity
rate, s, as those that do. The lower limit estimates the
number of malaria cases if only those fever cases that seek
treatment were malaria, i.e. the slide positivity rate, s, of
fever cases not seeking treatment is zero. In practice the
true value will probably lie between these points. It will
lie close to the lower limit in areas where accessibility to
services is good and all cases that need treatment actually
seek it. It will lie closer to the upper limit in areas where
accessibility of services is poor, and many malaria cases
go untreated. It was only possible for a few countries to
assume that all cases seek treatment; these were countries
in Europe and some countries nearing malaria elimina-
tion (where most infections produce symptomatic cases
and where access to services is good). In the absence of
detailed information on the structure of health services in
a country, it is expedient to derive a single point estimate,

I from the arithmetic of average of I _and I .

Estimating fever cases and the need for treatment. An estimate of
the total number of fever cases suspected of being malaria,
F, was made by dividing the estimated confirmed cases by
the slide positivity rate. Thus the upper and lower limits

of Fare given by:

M C+(sxU)y 1
= upper  _ X —
upper s rxs u
M, C+(sxU) 1-n
= ower = X
lower s rxs u

As for confirmed malaria cases, a single point estimate
of the number of fever cases, F, can be obtained from the
arithmetic of average of F and Fopper The number of
treatment courses required, 7, depends on the extent to
which case confirmation is undertaken as below:

T=Fxexs+(Fx(1-e))

Where:

T = The number of treatment courses required per year.
M =The estimated confirmed malaria cases per year.

F = The estimated fever cases per year.

e = The proportion of suspected cases tested.

If all cases are confirmed (e = 1), the number of treatment
courses required is given by:

T=Fxs=M

Which is the estimate of confirmed malaria cases. If no
cases are confirmed (e = 0), then:

T=F

Values of C, U, s, r, n, u, M, F, e and T are given for each
country at www.who.int/topics/malaria/en. Note that e is
estimated from patients attending facilities included in
ministry of health reporting systems only.

Lack of data. The formulae used to estimate the number of
malaria cases require six parameters. Four parameters are
obtained from the national malaria control programmes (U,
C, r, s) and two from household surveys (n and u). Some
countries did not provide values for all parameters or a
household survey may not have been available for analy-
sis. In such cases, values for the parameters were imputed
according to the scheme below:

Uor C: If U or C was missing from 2006 the value of U
and C from the most recent year was taken (this
applied to Mexico and Peru only). If no values of U
and C were available then no estimate of malaria
cases was made.

r: If the reporting completeness, r, was not reported
for a single year the most frequent value for the
country between the years 2001 and 2006 was
chosen or, exceptionally, a rate that was consid-
ered more consistent with the reported number of
cases. If r was missing for all years, it was assumed
to lie between 50% and 80% with a point estimate
of 65%.

s: If the slide positivity rate, s, was missing for a year,
then the country arithmetic average for available
years between 2001 and 2006 was taken with each
year being weighted equally. If s was missing for
all years, the regional arithmetic average for the
year 2006 was applied with each country weighted
equally.
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If u and n were missing, household surveys from
other countries in the region were used to derive
regional averages of u and n with each country
weighted equally.

Uncertainty analysis. An attempt was made to quantify the
uncertainty in each of the parameters and to use this
information to construct a plausible range within which it
is reasonably certain that the estimate of the number of
fever and malaria cases lies. The underlying distribution
assumed for each of the parameters is shown in Table 1.
Pallisade @Risk software (version 5.0) was used to sample
from the distributions assumed for each parameter and each
country. Latin Hypercube sampling was performed 1000
times to yield a distribution for the estimated number of
fever and malaria cases for a country, from which the mean
value was taken together with 5% and 95% uncertainty
limits for the mean.

Limitations. Not all aspects of the uncertainty were mod-
elled. Moreover, the assumptions regarding the distribu-
tion of some parameters may not always apply. Particular
concerns regarding different parameters are summarized in
Table 2. Recognition of the limitations, along with infor-
mation on how data are collected in a country, suggests
steps that may be taken to improve estimates in particu-
lar countries. An index of the quality of data available
in each country has been constructed taking into account
the completeness of data in the HMIS of a ministry of
health and the availability of household survey informa-
tion. It ranges from zero (no data) to 10 (maximum score).
Values for each country are are available from www.who.
int/topics/malaria/en and summarized regionally in Fig.
7. Where data systems are good and household surveys
recent, greater confidence may generally be placed in an
estimate.

Fig. 7 Range of data quality scores achieved by countries within
each WHO region?
10

8 i

EMRO EURO
Region

o

Total

AFRO AMR SEARO WPRO

@ The data quality score takes into account the completeness of data in the HMIS of a ministry of
health and the availability of household survey information. It ranges from zero (no data) to 10
(maximum score). The highest scores are obtained in the WHO region where the malaria burden is
lowest and the lowest scores are obtained in the region where the burden is highest.
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Table 1 Distributions assumed for parameters in
uncertainty analysis

ASSUMED DISTRIBUTION IF PARAMETER DERIVED FROM REPORTED DATA

r For each reported value of reporting completeness, r was
assumed to be distributed as follows:

REPORTED ~ DISTRIBUTION ~ MINIMUM MOST MAXIMUM
VALUE LIKELY
80% + Triangular 80% 80% 100%
50-80%  Uniform 50% 80%
< 50% Triangular 0% 50% 50%

S The uncertainty analysis aimed to reflect the variation of s

within a country, so that when s was applied to cases that
were not microscopically examined the slide positivity rate
could take on a range of values that could reasonably be
expected to occur across the country. Specifically, the national
slide positivity rate, s, was assumed to be distributed normally
with a mean ¢ and standard deviation of 0.311s%%%. Values
of s were then truncated so that values lie between 0 and 1.
This relationship was obtained from a least squares regres-
sion of the mean value of s against the standard deviation
of s for each country for which subnational values of s were
available.

u and n were assumed to be distributed normally with mean
and standard deviation derived directly from analysis of
household surveys, taking into account the specified sampling
design.

uvandn

ASSUMED DISTRIBUTION IF PARAMETER IMPUTED

r The reporting rate was assumed to have uniform distribution
with a range between 50% and 80%.

S If a country did not report a slide positivity rate, values of s
from other countries in the relevant WHO region were applied
and assumed to occur with equal probability.

If a relevant household survey was not available for a country,
values of v and n from other countries in the relevant WHO
region were applied and assumed to occur with equal prob-
ability.

uandn
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Table 2 Potential problems and consequences of uncertainty in parameters used to estimate malaria cases

POTENTIAL PROBLEM

REPORTING COMPLETENESS

Countries may not keep a complete and up-to-date list of all open health
facilities, and reporting completeness may have been provided only for
those facilities that are known to malaria control programmes.

If health facility reports are aggregated at a district level then, in the
absence of other information, when a district report is received it may be
assumed that all health facilities in the district have reported. Similarly if
reports are aggregated quarterly they may contain incomplete monthly
information but be counted as complete. If accurate monitoring of the
percentage of reports received is not kept, then reporting completeness
may be overestimated.

The analysis undertaken does not consider the type of institution failing
to report. Failure of a hospital to report will generally have a greater
influence on the reported number of malaria cases than a health post. In
some countries malaria programmes have difficulty obtaining data from
hospitals that use a separate reporting system. In other countries,
missing reports may be mostly those from health posts and reporting
completeness underestimated.

UTILIZATION OF PUBLIC HEALTH FACILITIES

DHS and MICS were used to estimate the proportion of malaria cases
attending public health facilities, private health facilities, pharmacies or
shops and those not seeking treatment at all. These proportions were
derived from children under 5 who experienced fever in the two weeks
before the survey. Care-seeking behaviour in children under 5 seemed to
provide a reasonable approximation to care-seeking behaviour in other
age groups in two countries where it could be checked, but may not
apply elsewhere.

Care-seeking behaviour for self-reported fever may not necessarily
reflect care-seeking behaviour for suspected or confirmed malaria.

Only 9 of the 69 household surveys analysed were conducted in 2006.
85% of surveys were from 2000 or later, with the median age of survey
being 5 years. Utilization of health services may therefore be under-

or overestimated

A single national estimate of the proportion of fever cases attending
public health facilities was used. In some countries, the availability and
accessibility of services may be greater in areas with less malaria.
Conversely services may be less accessible in areas where there is
more malaria.

The uncertainty analysis considered only sampling variation in the
estimation of v and n. The potential effect of misclassification of
treatment outlets as being covered by the HMIS or not was not explored.

SLIDE POSITIVITY RATE

Health facilities that undertake slide examination may only do so for
selected patients, e.g. those admitted, or for adults.

A slide positivity rate derived from selected government facilities is
applied to suspected malaria cases attending other facilities to estimate
confirmed malaria cases. Health facilities not undertaking case
confirmation may differ qualitatively from those undertaking slide
examination (e.g. they may be in different parts of the country) and
obtain a different SPR.

An SPR from public health facilities is applied to private facilities
including shops and pharmacies, but the true rate may be different.

On average an SPR of half of that found in public health facilities is
applied to fever cases not attending facilities; the range of SPR used
being from 0 to s.

CONSEQUENCE

Reporting completeness overestimated and malaria burden
underestimated.

Reporting completeness overestimated and malaria burden
underestimated.

If hospitals are more likely to underreport, the reporting completeness
will be overestimated. If health posts are more likely to underreport,
reporting completeness will be underestimated.

There is no comprehensive evidence to suggest that other age groups
use health services more or less than children under 5 years in response
to reported fever. Potential consequence unknown.

There is no comprehensive evidence that fever differs significantly from
true malaria. Potential consequence unknown.

There is no evidence that the percentage of fever cases using
government health services has either increased or decreased. Potential
consequence unknown.

Potential overestimation of the proportion of malaria cases attending
public health facilities. Simultaneously the proportion of malaria cases
using private health facilities may be overestimated. The combined
effect of these tendencies is unknown.

Potential underestimation of the uncertainty regarding case estimates.

If slide examination is reserved for more severe cases, the number of
confirmed malaria cases may be overestimated. If slide examination is
reserved for adults, the number of confirmed malaria cases may be
underestimated. The combined effect of these tendencies is unknown.

If facilities undertaking slide examination are located in more developed
or urban areas, the true proportion of suspected cases that are
confirmed may be underestimated. If slide examination is more likely

to be undertaken in areas where malaria transmission is more intense,
the proportion of all cases that are confirmed will be overestimated. The
combined effect of these tendencies is unknown.

No evidence that slide positivity in the private sector differs from that in
the public sector. Potential consequence unknown.

Knowledge of infection rates in fever cases that do not seek treatment is
insufficient. Potential consequence unknown.
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2. Estimates of malaria cases from an empirical
relationship between measures of malaria
transmission risk and case incidence

The procedure follows that of Snow et al. (3) and Koren-

romp et al. (Z). The number of malaria cases was estimated

in two steps: firstly, populations in each sub-Saharan coun-
try were classified as living at either high, low or no risk
of malaria; secondly, high, low or zero case-incidence rates
were applied to the number of people living in each ende-
micity class as derived from literature reviews. The case-
incidence rates were subsequently adjusted to take into
account the level of malaria intervention coverage (use
of ITNs and IRS only). Such an approach was attempted
only (i) for countries in the WHO African Region where it is

assumed that transmission is relatively homogenous and a

broad categorization of malaria risk into low-transmission

and high transmission is possible; and (ii) for countries
with profound deficiencies in malaria reporting.

Defining malaria risk. Malaria risk for countries in the African
Region was defined according to climatic suitability, as per
the Mapping Malaria Risk in Africa (MARA) project estimate
for the year 2002.! Long-term climate data were used to
define the probability of malaria transmission, in terms of a
“climate suitability index”, ranging from 0 (unsuitable) to
1 (very suitable), at a resolution of 5 x 5 km?. Areas with
a MARA index greater than 0.75 were considered to be at
high transmission risk, and areas with a MARA index below
0.75 at low transmission risk (5). These two categories are
thought to correspond broadly with parasite prevalence in
childhood populations greater than or equal to 25%, and
less than 25% respectively (6). The proportion of a coun-
try’s 2002 population reported to be living at high, low and
no risk (7) was applied to the 2006 country populations as
projected by the UN Population Division (8).

Deriving case-incidence rates. “Basic malaria incidence rates”
were derived for populations at high and low transmis-
sion risk from a review of longitudinal studies of popu-
lations not benefiting from malaria prevention (3). More
than 20 studies were from high-intensity transmission
areas (defined as parasite prevalence = 25% or MARA cli-
mate suitability index = 0.75), and four from low-intensity
transmission areas (parasite prevalence < 25% and MARA
climate suitability index between 0 and 0.75). The rates
for southern African countries were derived from national
surveillance data from Botswana, Namibia, South Africa,
Swaziland and Zimbabwe, and were not thought to vary
by age. The number of studies and median incidence rates
with inter-quartile ranges (IQR) for each category of trans-
mission risk are shown in Table 3.

Adjusting for urban—rural differences. Adjustments to basic
incidence rates were made for urban settings following

! See www.mara.org.za. More recent work on defining populations at
risk (4) does not provide such a detailed classification of risk with
97.5% of the population at risk within Africa being classified as stable
and 2.5% unstable.
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Korenromp et al. (7). Urban incidence rates for children
under 5 were assumed to be half those of rural areas, as
determined (approximately) from other community-based
studies of urban-rural differences (9). Incidence rates for
other age groups in high-transmission areas were consid-
ered to be the same as for rural areas. Incidence rates for
urban low-transmission areas were considered to be the
same as rural low-transmission areas, although Carneiro et
al. (9) note one study in Kenya which estimated urban
incidence rates to be 40% of those in rural areas for chil-
dren under 5. Similarly, Korenromp et al. note that, outside
Africa, urban incidence rates were approximately one third
of those in rural areas. Hence the assumption that urban
incidence rates in low-transmission areas are the same as
rural incidence rates may lead to an overestimate of malar-
ia incidence in urban low-transmission areas. However, the
influence on individual country estimates is relatively
minor as less than 25% of any country is considered to be
urban and low-transmission, while for sub-Saharan Africa
as a whole it is about 6.5%.

Adjusting for malaria preventive activities. Since the basic inci-
dence estimates were for populations not subject to malar-
ia preventive measures, they are adjusted downward for
each country according to the expected impact of ITNs
and IRS. Local impact was calculated based on an assumed
fixed efficacy of 50% reduction in incident cases for both
IRS and ITNs, at an ITN usage rate of 60% among chil-
dren under 5, according to observations in randomized
controlled trials (10). Local impact was then calculated
by applying the 50% efficacy to the local ITN child usage
rate derived from national household surveys as listed in
Annex 6, assuming a linear decrease in efficacy with cov-
erage lower than 60%. The last two steps, adjusting for
urban-rural differences and impact of preventive activi-
ties, were not undertaken by Snow et al., but were fol-
lowed by Korenromp et al. They result in a reduction in the
number of cases estimated for the continent of 9% and 5%
respectively, or 14% combined. The calculated impact of
ITNs and IRS appears quite small and this is partly because
some of the household surveys documenting ITN use were
undertaken several years before 2006 and may not reflect
current levels of use.

Uncertainty analysis. An attempt was made to quantify the
uncertainty in the malaria incidence rate that could be
applied to each category of malaria transmission. A trun-
cated triangular distribution of basic incidence rates was
assumed for each age group and category of transmission
risk. The median and inter-quartile ranges of the triangular
distributions were the same as those of the basic incidence
rates shown in Table 3. The triangular distributions were
truncated so that their lower limit did not fall below 1. In
repeated simulations the truncated triangular distribution
was found to provide a good approximation for the distri-
bution of basic incidence rates inferred from individual
studies. Its use was preferred to deriving a distribution
of basic incidence rates from a separate literature review
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Table 3 Malaria case-incidence rates by transmission risk category (cases per person per year)

HIGH TRANSMISSION LOW TRANSMISSION

n Median QR n Median
Under-5s 28 1.424 0.838 —2.167 4 0.182
514y 19 0.587 0.383-0.977 0.182a
>=]by 7 0.107 0.074-0.138 0.091b
Urban
Under-5s 0.712¢ 0.419-1.084 0.182d
514y 0.587d 0.383-0.977 0.182d
>=]by 0.107d 0.074-0.138 0.091d

SOUTHERN AFRICA

1QR n Median 1QR

0.125-0.216 5 0.029 0.097 - 0.129
0.125-0.216 0.029 0.097 -0.129
0.063-0.108 0.029 0.097 -0.129
0.125-0.216 0.029 0.097 -0.129
0.125-0.216 0.029 0.097 -0.129
0.063-0.108 0.029 0.097 -0.129

No observations available so assumed to be the same as that measured in children under 5 by Snow et al. (3).

Estimated to be approximately half the rate of rural areas by Korenromp et al. (1) and Carneiro et al. (9).

b No observations available so assumed to be half the rate of children 5—14 years by Snow et al. (3).
d

Considered to be the same as in rural area by Korenromp et al. (I).

in order to make the results more consistent with those of
Snow et al.

Palisade @Risk software (version 5.0) was used to sam-
ple from the distributions assumed for each parameter. Lat-
in Hypercube sampling was performed 1000 times for each
country to yield a distribution for the estimated number of
fever and malaria cases for a country, and for the African
continent, from which the mean value was taken together
with 5% and 95% uncertainty limits for the mean.

Limitations. The methods used to estimate malaria case inci-
dence from malaria transmission risk provide only a very
rough guide to the number of malaria cases in any country
because:

1. The delimitation of only two risk categories (high and
low) does not provide for a fine categorization of malar-
ia risk; a particular risk category may contain a wide
range of malaria incidence and death rates.

2. The model to determine the suitability of the climate
model for malaria transmission was based on a 30-year
average of climatic variables. There is known to be
variation year by year in the suitability of climate for
malaria transmission, and this annual variation was not
taken into account in the uncertainty analysis, nor was
the suitability of the climate for malaria transmission in
2006 specifically estimated.

3. The studies used to derive basic incidence rates were
not designed to be representative of the levels of ende-
micity they purport to describe, are small in number,
and show a wide variation in measured case incidence
with few, if any, studies in urban areas and low-risk
rural areas which required rates to be inferred.

4. The studies used to derive basic incidence rates within
categories of endemicity, urbanicity and age group were
mostly conducted during the 1990s and before, and
do not necessarily reflect rates in 2006. Notably, the
influence of artemisinin-based treatments on reducing
transmission and case rates was not captured.

5. The adjustments made to take into account the effects
of interventions on case incidence are based on a rela-
tively small number of clinical trials, run for only two

years after the introduction of ITNs, which tended
to show higher levels of intervention coverage than
observed in most countries. Moreover the assumption of
efficacy varying linearly from lower to higher coverage
levels was not based on empirical evidence.

3. Estimates of malaria deaths by applying a fixed
case fatality rate to the estimated number of
P. falciparum malaria cases for each country

This method was used for all countries outside the African
Region and to countries in the African Region where esti-
mates of case incidence were derived from routine report-
ing systems and where malaria comprises less than 5% of
all deaths in children under 5 as described in the Global
burden of disease: 2004 update (GBD 2004) (11) . The Afri-
can countries were Botswana, Namibia, South Africa and
Swaziland, each of which had less than 5% of all deaths of
children under 5 years attributed to malaria in GBD 2004,
and Eritrea where recent trends in case incidence suggest
that malaria accounts for less than 5% of deaths. In such
situations, estimates of case incidence were considered to
provide a better guide to the levels of malaria mortality
than attempts to estimate the fraction of deaths due to
malaria when the fraction of malaria deaths is small.

An estimate of P. falciparum cases in each country was
made by multiplying the total number of estimated cases
by the percentage of cases that were reported to be P. fal-
ciparum by national malaria control programs for the World
malaria report 2008. If the information on the percentage
of malaria cases due to P. falciparum was missing for a
country then it was taken from GBD 2004. A case fatal-
ity rate of 0.45% was applied to the estimated number of
P. falciparum cases for countries in the African Region and
a case fatality rate of 0.3% for P. falciparum cases in other
regions. Case fatality rates from malaria in populations are
not well documented. Mendis et al (12) estimated P.falci-
parum case fatality rates to lie within a range of 0.01 to
0.3% outside of Africa. Hence, the value used in the World
malaria report 2008 corresponds to the upper limit of this
range.

For most countries the resultant estimates of malar-
ia specific mortality fitted into the permitted mortal-
ity envelops described in GBD 2004. However, for Papua
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New Guinea, Solomon Islands and Vanuatu the estimated
number of deaths were scaled downwards to ensure that
the number of malaria deaths does not require an upward
adjustment of all-cause mortality rates estimated for the
country. The resultant P. falciparum case fatality rates for
the three Pacific nations were 0.17%, 0.26%, 0.26% and
0.19% respectively. The number of malaria deaths in chil-
dren under 5 was estimated by multiplying the estimated
number of malaria deaths in all age groups by the percent-
age of deaths estimated to occur in children under 5 years
for each country in GBD 2004.

Uncertainty analysis. Uncertainty limits for the number of
deaths were calculated by assuming a uniform distribution
of case fatality rates ranging from 0.225% to 0.675% for
African countries and 0.15% to 0.45% outside of Africa.
The number of P. falciparum malaria cases for each country
was assumed to have a uniform distribution with lower and
upper limits given by the 5% and 95% uncertainty limits
calculated in the estimation of total number of cases mul-
tiplied by the percentage of cases estimated to be P. fal-
ciparum in each country. Palisade @Risk software (version
5.0) was used to sample from the distributions assumed for
each parameter. Latin Hypercube sampling was performed
1000 times for each country to yield a distribution for the
estimated number of deaths for a country from which the
mean value was taken together with 5% and 95% uncer-
tainty limits for the mean.

Limitations. The methods used to estimate malaria mortal-
ity from malaria transmission risk suffer similar limitations
as the procedure described to estimate malaria case inci-
dence from routine case reports. In addition it should be
noted that the case fatality rates assumed for different
countries were assigned without regard to the availability
and utilization of treatment for malaria, and in practice
could vary from the rate used.

4. Estimates of malaria deaths from an empirical
relationship between measures of malaria trans-
mission risk and malaria-specific mortality rates.

For countries in which an estimate of malaria deaths could

not be inferred from estimates of case incidence the number

of malaria deaths were derived from the Global burden of

disease incremental revision for 2004 (from GBD 2004) (11).

This includes all countries in the African Region except

Botswana, Eritrea, Namibia, South Africa and Swaziland.

For GBD2004 the malaria mortality estimates for children

under 5 years in Africa were based on the work of Rowe

et al. (13) which summarized studies that were able to
estimate malaria-specific death rates in areas with high
and low risk of malaria (those with a MARA transmission
suitability index greater than or equal to 0.75, and those

with a suitability index greater than 0 but less than 0.75).

Malaria death rates were applied to the populations at

risk in each country to obtain the number of deaths from

malaria and the proportion of a country’s expected child-
hood deaths due to malaria. The proportions of deaths due
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Fig. 8 Predicted direct malaria mortality rates by transmission
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@ Predictions of malaria-specific mortality rates from a model developed by Ross et al. (14) using
as input the seasonal pattern of inoculations for Namawala, United Republic of Tanzania, scaled
to different entomological inoculation rates (number of infectious bites per person per year).

to malaria and other conditions were adjusted to fit post-
neonatal child death envelopes for 2004, country by coun-
try, as described in Section B2 of GBD 2004. This results
in a reduction of malaria deaths from those initially esti-
mated by Rowe et al (13) of about 10%.

Deaths above 5 years were inferred from a relationship
between levels of malaria mortality in different age groups
and the intensity of malaria transmission (14) (Fig. 8). The
estimated malaria mortality rate in children under 5 years
for a country was used to determine malaria transmission
intensity and the corresponding malaria-specific mortality
rates in older age groups. The malaria-specific mortality
rates were compared with malaria incidence rates derived
from a model similar to that developed by Korenromp et
al. (2).! Implied case-fatality rates were calculated and
adjustments made either to the number of cases or deaths
in some countries to ensure plausible implied case-fatality
rates. This mainly affected smaller countries and did not
have a significant impact on regional totals.

Malaria-specific mortality fractions for 2004 were
applied to the mortality envelopes implied by WHO life
tables for 2006 and UN Population Division estimates for
2006, in order to obtain the number of malaria deaths by
country for 2006. In practice the adjustments lead to small
changes, but they were made in any case to base all esti-
mates on a single year.

Limitations. The methods used to estimate malaria mortality
from malaria transmission risk suffer similar limitations as
the procedure described to estimate malaria case incidence
from transmission risk. In addition it should be noted:

! The principal difference being that if the modelled estimate was more
than 100 times the number of officially reported cases, the estimate
would be replaced by the reported cases multiplied by 50 (rather than
100 in the original model) and that all case incidence estimates were
reduced by 10% to allow for additional effects of control and develop-
ment programmes. These adjustments resulted in a lower number of
estimated cases for all countries, but particularly for larger countries
outside Africa such as India.
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. The relationship between malaria mortality rates of

children under 5 years and in other age groups versus
malaria transmission was derived from a small number
of studies and may not be generally applicable.

. Malaria mortality rates were calibrated with malaria

incidence rates derived from a model of incidence based
on transmission risk, to ensure that case-fatality rates
were plausible. Malaria mortality rates will be prone to
error in countries where the model of incidence does
not provide reliable estimates.
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ANNEX 2

Estimated and reported cases
and deaths, 2006
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ANNEX 3

a. Reported malaria cases,
1990-2007

b. Reported malaria deaths,
1990-2007
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ANNEX 4

a. Recommended policies
and strategies for
malaria control, 2007

b. Antimalarial drug policy, 2008
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ANNEX 5

Operational coverage of
insecticide-treated nets,
indoor residual spraying and
antimalarial treatment,
2004-2006
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ANNEX 6

a. Household surveys of
mosquito net ownership
and usage, 2000-2007

b. Household surveys of
antimalarial treatment,
2001-2007
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ANNEX 7

Funding for malaria control,
2004-2007
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Half of the world's population is &t nsk of malana, and an estmated 250 millon cases led to nearly a millon deaths
in 2006. The advent of longlasting insecticidal nets and artemisininbased combination therapy, plus a revval of
support for indoor residual spraying of msecticide, present a new opportunity for large-scale malaria control,
The World Malaria Report 2008 descnbes the global distnibution of cases and deaths, how WHOrecommended
control strategies have been adopted and implemented in endemic countnes, sources of funding for malaria control,
and recent evidence that prevention and treatment alleviate the burden of disease.

For further information please contact:
Global Malaria Programme m ‘ ‘

World Health Organization
20, avenue Appla

1211 Geneva 27
http://www.who.int/malaria






