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Background: Malaria is the leading cause of death among children less than five years of age in sub-Saharan
Africa (SSA), however, precise estimates on the burden of malaria are lacking. The aim of this study was to
describe temporal trends for malaria and all-cause mortality by combining a series of clinical and intervention
studies conducted in Burkina Faso.

Methods: Data from a demographic surveillance system was used to follow-up children under five years who
participated in five observational and intervention studies between June 1999 and December 2004 in rural
north-western Burkina Faso. Mortality data was analyzed with cause-specific mortality ascertained using the
verbal autopsy method. Person-years (PY) of observations were computed and age-standardized mortality
rates (MR) for all-causes and malaria (adjusted for missing causes of death) were calculated. Rate ratios to
investigate mortality variations over years were calculated using multivariate Poisson regression.

Results: The study followed 6,387 children aged less than five years (mean follow-up: 2.8 years; 16,099 PY).
During the study period, 443 deaths were registered with malaria accounting for 49% of all deaths. All-cause
and malaria-specific MR were 26.7 (95% CI: 24.2-29.2) and 15.8 (95% CI: 14.217.7) per 1,000 PY. All-cause
MR declined over years of follow-up (from 31.2 to 16.3 per 1,000 PY in 1999/2000 to 2004, respectively) but
malaria MR remained relatively stable (from 15.8 to 12.1 per 1,000 PY in 1999/2000 to 2004, respectively)
resulting in an increasing relative effect of malaria on all-cause mortality. Variations in all-cause and malaria-
specific mortality were observed with increasing age and across village town clusters.

Conclusion: The findings of this study support the continuously decreasing trend of all-cause mortality in
most of SSA, but call for more efforts to comprehensively address malaria with existing control tools such as
insecticide-treated bed nets and effective first-line combination therapies.
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malaria as the eighth highest contributor to the

global burden of disease and its’ share in the African
region was second to HIV/AIDS (1, 2). Current estimates
of malaria morbidity cases annually are in the range of
200-650 million episodes worldwide with about 90% of
all episodes occurring on the African continent (3). In
sub-Saharan Africa (SSA), about one million annual
deaths are attributed to malaria and most deaths occur
among children under five years (4-6). On the other
hand, the much needed data on reported illnesses and
disease episodes in SSA is often incomplete, which makes
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disease-specific morbidity and mortality estimations
rather uncertain (7, 8).

Recent developments to address the data deficiency
gaps include the establishment of demographic surveil-
lance systems (DSS) in several settings in developing
countries where a well-defined cohort is followed up
continuously over time and all vital events are recorded
during several rounds of visits to households (9). In poor
countries, many deaths often occur without previous
visits to a health center where proper documentation is
available and therefore a possible diagnosis for cause of
death can only be achieved by interviewing relatives of
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the deceased person on symptoms and circumstances
surrounding the time prior to death using a structured
questionnaire. This approach is commonly used in DSS
studies and is referred to as the verbal autopsy (VA)
questionnaire method. Several studies have looked at the
sensitivity and specificity of this method with varying
conclusions, while acknowledging it is the best available
option in many resource poor settings (10-12). However,
the accuracy of the VA method for post-mortem malaria
diagnosis is particularly limited because of the disease
interactions with other infections, non-specific symp-
toms, and the indirect effects of nutrition (13, 14).

Other methodological developments to address data
deficiencies have drawn on meta-analysis approaches
where the results of selected studies that fulfill a set
criterion are summarized into a few effect measures to
address specific research questions. Recent estimates for
the burden of malaria morbidity and mortality have
relied on this methodology, often with strict inclusion and
exclusion criteria especially those aimed at addressing
disease-specific seasonal effect biases (6, 15). Critics of
meta-analysis methods cite the publication bias in overall
effects since published studies often show some signifi-
cant results. Therefore, methods for including results
from unpublished studies need further exploration.

Many DSS sites have on-going epidemiological studies
such as drug efficacy trials that cover very short periods
and are often linked to hospital-based research centers
where morbidity histories are available. Such studies may
not fulfill all standard criteria set for inclusion in the meta-
analysis and yet they have baseline morbidity information
such as parasitological data that could be useful in
predicting future outcomes. However, if the follow-up
periods of these studies can be extended especially through
a DSS follow-up, then it is possible to gain this informa-
tion that would otherwise be excluded.

This approach is explored in this article and standard
analysis methods applied for cohort studies are used for
assessing trends and risk factors for all-cause and malaria
mortality. The study uses data from several clinical and
intervention studies conducted in a holoendemic area in
rural Burkina Faso and provides estimates of trends in
malaria mortality for a typical rural African population
by examining all-cause mortality, cause-specific mortal-
ity, and the relative effect of malaria on all-cause
mortality.

Materials and methods

Study area

The Centre de Recherché en Sante de Nouna (CRSN) is
located in Nouna Health District in the Northwest of
Burkina Faso. The CRSN research zone largely overlaps
with the Nouna DSS, which covered Nouna town and 41
rural villages in 2004. This area is a dry orchard
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savannah, populated mainly by subsistence farmers of
different ethnic groups. The total population of the
CRSN research zone is about 60,000 inhabitants, with
about 40% living in Nouna town. Health services are
provided through the district hospital in Nouna town and
through a number of village-based small health centers
staffed by nurses and which care for the surrounding
villages through outreach activities. Vaccination coverage
has been steadily increasing in recent years and is now
around 90% for all standard childhood vaccinations (16).

In the Nouna Health District, malaria is holoendemic
and markedly seasonal, with most cases occurring during
or briefly after the rainy season which usually lasts from
June to October (17). Estimates for childhood malaria
prevalence are about 30-50% in Nouna town and 75% in
the surrounding district, where total annual rainfall
varies between 600 and 900 mm (18). In vivo chloroquine
resistance was initially reported in the late 1980s and
shortly after this period, Day 14 clinical failure rates
averaging 5% in children with uncomplicated malaria
were observed (17, 19, 20). Results from a number of
studies conducted in recent years showed a steep increase
in chloroquine resistance in the Nouna area while less
resistance was observed for pyrimethamine—sulfadoxine
(16, 21). Due to the activities of two large insecticide-
treated bed net (ITN) studies, ITN coverage has been
continuously increasing since 2000, reaching an overall
28% ITN household coverage in the Nouna Health
District by 2007 (22, 23). However, due to the continu-
ously dominating use of chloroquine for fever treatment
despite an official change to artemisinin-based combina-
tion therapy (ACT), malaria morbidity and mortality
have been rather increasing (16, 24), and the rural CRSN
study area has remained hyperendemic for malaria
(Miiller, unpublished data).

The DSS started in 1992 with a census and runs until
the present day with routine activities that include
quarterly visits to all households in the study zone,
upon which all births, deaths, and migrations are
routinely registered and updated (25). CRSN research
activities include observational studies, as well as com-
munity-based and facility-based clinical and public
health studies.

Study data and population

Five studies conducted in the Nouna research zone were
identified that fulfilled the following criteria: (1) children
less than five years included in study; (2) availability of
information about malaria morbidity and cause-specific
mortality; (3) no overlap in study periods and study
location to ensure that children only belonged to one
study; and (4) studies conducted during the period 1999—
2004. The complete details of the protocol of each study
have been described elsewhere (17, 18, 26-28) and shorter
summaries are presented here. Briefly, the ITN study was



a randomized controlled trial to assess the long-term
effects of ITN protection during early infancy among
3,387 children from 41 villages in CRSN (27). The Zinc
study assessed the effects of zinc supplementation on
malaria and other causes of morbidity and mortality
among 712 children from 18 villages in CRSN (17). The
Malaria Mothers Providers (MAMOP) study was a
cluster-randomized controlled effectiveness trial to eval-
uate the feasibility and effectiveness of an intervention
designed to improve case management of malaria in 1,081
pre-school children through mothers supported by
mother-groups and peripheral health workers (26). The
Environment and Weather Malaria (EWM) study was an
observational study among 867 children to determine the
prevalence of malaria among the cohort children, the
incidence of malaria, and the effect of temperature,
rainfall, and relative humidity on Plasmodium falciparum
infection risk (18). The Bourasso study was a cross-
sectional study to evaluate the prevalence of malaria
infections, chloroquine related resistance, and proportion
of moderate to severe anemia in all residents of Bourasso
village (including 355 children) near Nouna, Burkina
Faso (28).

Child records in each of the studies described above
were matched with the child identification numbers used
in the Nouna DSS database. Each child was then
followed beyond the end of the individual study by
utilizing the routine monitoring system of the DSS.
Additionally, it was possible to establish the causes of
death using the VA information available in the DSS
database for children who died.

Statistical methods

Death was considered as the final outcome if it occurred
before the child reached the fifth birthday. For person-
year (PY) calculations, records for children who had out-
migrated were censored at the date of out-migration. In
addition, children were censored at their fifth birthday or
on the last date of the extended follow-up period depend-
ing on whichever came first. Demographic information
such as sex, date of birth, ethnicity, vital status indicator,
and morbidity information parameters were included in
the final database. Age-standardized rates were calculated
using the population distribution for under five-year-old
children from the nationally representative Burkina Faso
2003 Demographic and Health Survey using the following
proportions: 22.4% (0-11 months); 19.5% (12-23 months);
18.6% (24-35 months); 20.9% (3647 months); and
18.6% (48-59 months). This was done in order to have
nationally representative rates since many DSS sites are
located in remote locations that tend to be less nationally
representative.

Decreasing childhood mortality in Burkina Faso

All-cause mortality rate (MR) was calculated by
dividing the number of deaths by the observed PYs at
risk in each age group, and expressed as deaths per 1,000
PYs at risk.

The malaria MRs were adjusted for missing causes of
death according to the following formula (29):

MR = Do 5 (1)
PY x {1 — J}

tot

where D, is malaria deaths, PY is person-years, D, is
deaths with unknown causes and D, is total deaths. This
method assumes that the proportion of deaths attribu-
table to malaria for deaths with unknown causes equals
the proportion of deaths attributable to malaria for
deaths with known causes.

The following variables were used for calculating MRs
for all-causes, malaria, and the corresponding rate ratios:
child ages (0 =[0-1), 1=[1-2), 2=[2-3), 3=[34), 4=
[4-5)), year as 1999/2000 through 2004; season (1 =rainy,
0 =dry), gender (1 =female, 0 =male); and ethnicities
(0 =Dafing, 1 =Bwaba 2=Mossi 3 =Peulh 4 =Samo
5 =O0thers). Controlling for rural vs. urban effects
was done by grouping the 42 villages of the CRSN
research zone into four clusters, namely north-eastern
(village =0), Nouna town (1), south-eastern (2), and
south-western (3) (Fig. 1).

Rate ratios to investigate variations over several years
on mortality among children were calculated with a
multivariate Poisson regression analysis using observed
PYs as an offset and adjusted for child age, seasonal
effects, gender, ethnicity, and village clusters. The model
was fitted as follows:

In(D,,,) — In(PY)
=a+ f,(age) + B,(year) + B;(gender)
+p,(season) + f5(village) + f,(ethnicity)

where the total PYs were adjusted for missing causes of
death.

A similar model for all-causes of death which included
the same covariates was used to estimate the rate ratios
with the offset as log of total PYs.

In addition, the relative effect of malaria on all-cause
mortality over years of the study and child ages was
investigated, adjusted for the co-variables mentioned
above. This was possible by modeling the observed
malaria deaths in a Poisson regression using the log of
all known observed deaths as an offset. The test for linear
trend in the relative effect of malaria on all-cause
mortality was carried out by including years of study as
a continuous variable while adjusting for child ages and
seasonal effects. All analyses were performed using SAS
9.1 statistical software.
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Fig 1. Village clusters in CRSN, Nouna, Burkina Faso. The four clusters namely; Nouna town, north-eastern, south-eastern,
and south-western village clusters are marked using circular boundaries.

Results

Description of the cohort

A total of 6,387 under five-year-old children (50.5%
males and 49.5% females) were included in the pooled
cohort covering the period 1999-2004. After a mean
follow-up period of 2.8 years, 443 child deaths were
registered with 16,098.6 accumulated PYs. About 49% of
all deaths were attributed to malaria as compared to
other causes that accounted for about 39% (Table 1).
Causes of death were unknown for about 12% of all
registered deaths. This included deaths where the avail-
able VA information could not determine the cause of
death and deaths whose information for the underlying
cause was still missing at the time of analysis. Ultimately,
most recent deaths accounted for the largest percentage
of deaths due to unknown causes.

An age-standardized all-cause MR of 26.7 (95% CI:
24.2-29.2) per 1,000 PY and a malaria-specific MR of
15.8 (95% CI: 14.2-17.7) per 1,000 PY were estimated for
the period of the pooled analysis after weighting by the
PYs of each study. Variations in all-cause and malaria-
specific MRs by study types and year of study were
observed.

Analysis of mortality rates (MRs)
Table 2 shows the results for the analysis of mortality
by age, sex, year of death, season of death, season of
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birth, and village clusters. While there was no association
of mortality with sex, age was strongly associated both
with all-cause and malaria mortality. All-cause MRs
were highest for infants (0-1 years) and steadily decrea-
sed thereafter. A strong decreasing trend for all-cause
mortality was observed over the years 2000-2004, how-
ever, malaria MRs remained rather stable after the year
2000 (Fig. 2). Observed percentages of malaria deaths
from all deaths varied between 54% in 1999/2000 and
34% in 2004. However, majority of the unknown causes
of death were observed in 2004 (25.3%). Malaria MRs
were nearly twice as high in the rainy, than in the dry
season (19.8 vs. 13.4 per 1000 PY), whereas the seasonal
differences in overall MRs were less strong. Significant
differences in mortality between village clusters (Fig. 1)
were also observed. In contrast to Nouna town, higher
all-cause and malaria MRs were found in the rural village
clusters (Table 2). No major differences in all-cause or
malaria MRs were observed by season of birth.

Adjusted rate ratios

The results of the multivariate Poisson regression (Table 3)
underline the findings presented above. Decreasing rate
ratios were observed for increasing child age after adjust-
ing for season, year, gender, ethnicity, and geographical
effects. To calculate yearly rate ratios, the years 1999/2000
was selected as the reference year, because Nouna town
was included into the DSS region during this year. The



Table 1. Characteristics of the studies included in the pooled analysis of child mortality in Burkina Faso

Age-standardized mortality

rate (per 1,000 PY)

Number of deaths®

Age groups® (months)

All-cause

Malaria Other® All Malaria

24-35 36-47 48-60 Total PY

0-11 12-23

Number of children

Study?

23.0 423

43
340

22
182

21

58

155 33 19 2,205.9
10,287.4

349

143
3,387

699
3,387

Zinc (17)

251

14.8

1

0
37

ITN (22)

14.7

6.0
7.2

9.1

779.2
2,062.8

49
54

211

59
69
202
485

123

87

355
1,081

Bourasso (28)
MAMOP (26)
EWM (18)
Total

11.6

36
18

443

21

15

33
174
263

79
200
751

29
80

3,726

19.9

12
242

754.3
16,098.6

865
6,387

26.7

16.0

201

347

8Zinc, Zinc intervention study (1999-2003); ITN, insecticide-treated bed net intervention study (2000-2003); Bourasso, cross-sectional study on malaria burden (2001-2003); MAMOP, home-

based malaria treatment intervention study (2002-2004); EWM, observational study on environment, climate and malaria (2003-2004).

PAge at the start of observation.

°Cause of death is based on verbal autopsy analysis.

d0ther causes of death include 111 unknown causes of death at the time of analysis.

Decreasing childhood mortality in Burkina Faso

findings show that after adjusting for differences in child
ages, sex, season of death, village clusters, and ethni-
city, all-cause mortality declined strongly over years
(p-value =0.015 for linear trend), while malaria MRs
varied without a clear declining trend (p-value =0.079).
Clear higher rates for malaria mortality were observed
during the rainy season than in the dry season (RR =1.7,
95% CI: 1.3-2.3), however, not for all-causes of death
(RR =0.99, 95% CI: 0.82-1.2).

A steady increase across years in the relative effect of
malaria MRs among all known causes of death was
observed (Table 3) (Test for linear trend: p-value =0.091).
No trend was observed over age classes. However, as
expected, the relative effect of malaria MRs among all
known causes of death was greatest during the rainy
season in contrast to the dry season (p =0.0025).

Discussion

This analysis was based on a large, multi-study cohort of
under five-year-old children followed over a five-year
period using a DSS to examine all-cause mortality, cause-
specific mortality, and the relative effect of malaria on all-
cause mortality over time in Nouna, rural Burkina Faso.

One of the main results from this study is a clear
declining trend of all-cause mortality, while there was no
evidence for a decrease in malaria mortality. Our findings
support the ongoing trends of decreasing childhood
mortality in most parts of SSA (30, 31). However, the
finding that overall most deaths in this population of
young children are due to malaria with an even increasing
proportion of deaths being attributed to malaria over the
study period are disturbing (32, 33), especially since two
of the five studies were malaria intervention studies. The
most likely explanation for this is the observed sharp
increase in chloroquine resistance during the years of the
study (16) which is likely to have a major impact on
childhood mortality as observed elsewhere in SSA (12,
34). Chloroquine was the official first-line treatment for
uncomplicated malaria in Burkina Faso until 2005 and is
still the most frequently used drug to treat fever episodes
in children of the Nouna area (16). A second likely cause
for the high proportion of malaria deaths might be the
tendency of physicians to diagnose fever episodes as
malaria together with the known low specificity of the VA
method (11, 12, 35). The expected opposite effects of ITN
distribution for protection of newborns and pre-school
children in the CRSN study area since the year 2000 in
the frame of two large ITN trials may not have been
strong enough to reverse the likely dramatic effect of the
rapidly increasing chloroquine resistance on childhood
mortality (22, 23).

Another major finding from this study is the much
lower all-cause as well as malaria-specific mortality
observed in the Nouna town cluster as compared to the
surrounding village clusters. These findings support
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Table 2. Analysis of mortality by age, sex, year of observation, season of birth and death, and village clusters
Malaria Unknown Other causes 95% Cl for 95% CiI for
Variable Label causes N (%) causes N (%) N (%) MMR? MMR AMRP AMR
Age class (months) [0-<12) 6 (52.4) 21 (14.5) 8 (33.1) 27.1 (24.0,30.2)  49.6 (45.8, 53.5)
[12-<24) 7 (58.8) 10 (7.6) 4 (33.6) 21.4 (18.9,23.8)  35.1 (32.1, 38.1)
[24-<36) 7 (52.8) 8 (9.0) 4 (38.2) 13.5 (11.5,15.4)  20.8 (18.5, 23.1)
[36-<48) 2 (56.4) 5 (12.8) 2 (30.8) 8.40 6.60, 10.2)  11.7 (9.70, 13.6)
[48-<60) 0 (37.0) 8 (29.6) 9 (33.3) 9.10 6.50, 11.7)  12.7 (10.1, 15.3)
Sex Male 124 (52.5) 29 (12.3) 3 (35.2) 17.3 (15.7,18.8) 283 (26.5, 30.2)
Female 110 (53.9) 24 (11.8) 0 (34.3) 16.2 (14.7,17.8)  25.0 (23.3, 26.7)
Year of death 1999/2000° 5 (50.0) 2 (4.0) 3 (46.0) 15.8 (12.6,18.9)  31.2 (26.8, 35.6)
2001 9 (55.7) 14 (15.9) 5 (28.4) 16.8 (14.4,19.2) 283 (25.4, 31.2)
2002 1 (45.1) 11 (9.7) 1 (45.1) 11.8 (102, 13.4)  22.1 (20.0, 24.2)
2003 3 (64.3) 3 (3.1) 2 (32.7) 14.4 (12.6,16.3)  21.7 (19.6, 23.9)
2004 6 (50.5) 23 (25.3) 2 (24.2) 12.1 (10.3,13.9)  16.3 (14.5,18.1)
Season of death  Dry 5 (50.6) 19 (11.3) 4 (38.1) 13.4 (12.1,14.8)  24.9 (23.3, 26.5)
Rainy 149 (54.8) 34 (12.5) 9 (32.7) 19.8 (18.1,21.6)  29.2 (7.1, 31.3)
Season of birth Dry 4 (59.6) 14 (9.9) 3 (30.5) 14.7 (12.6,16.7)  25.6 (23.6, 27.5)
Rainy 150 (50.2) 39 (13.0) 110 (36.8) 17.8 (16.4,19.3)  27.3 (25.7, 29.0)
Village clusters Northeast 5 (57.5) 15 (13.3) 3 (29.2) 23.3 (20.1,26.5)  34.6 (31.3, 38.0)
Nouna 1 (33.3) 0 (0.0) 2 (66.7) 2.40 (0.00, 4.80) 8.00  (3.40,12.7)
Southeast 89 (47.6) 25 (13.4) 73 (39.0) 12.4 (11.0,13.8) 222 (20.6, 23.8)
Southwest 79 (57.7) 13 (9.5) 45 (32.8) 19.6 (17.2,22.0) 317 (29.1, 34.4)

Note: Cl, Confidence interval; N, total number of deaths.

®MMR, age-standardized malaria-specific mortality rates. Malaria figures are verbal autopsy diagnosed deaths adjusted for missing

causes of death.
PAMR, age-standardized all-cause mortality rates.
°Results presented for the period June 1999-December 2000.

similar findings on urban-rural comparisons in other
areas of SSA (36, 37). Likely explanations for these large
differences include better access to quality health care in
the urban study area as well as lower malaria transmis-
sion intensity in the urban as compared to the rural study.

—=— Malaria —— All-cause
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Fig. 2. Trends for all-cause and malaria-specific childhood
mortality rates for the years 2000-2004.
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Both, all-cause and malaria mortality were clearly
associated with age which is well known from most of
SSA and reflects the vulnerability of very young children
to mostly infectious diseases including malaria, often
aggravated by the poor nutritional status of pre-school
children in such communities (38, 39). Moreover, the data
from this paper confirm the strong effect of the rainy
season on mortality in this part of SSA, which is mostly
but not exclusively attributed to malaria (40-42).

In addition, the results show that the CRSN study
region, which is a largely rural and highly malaria end-
emic area, has very high malaria MR when compared to
the recent estimate by Rowe and others of 11.4 (95%
CI: 9.8-12.9) per 1,000 PY for high transmission areas in
rural Africa for the year 2000 (8). All the studies used in
our analysis were not included in the review by Rowe and
others simply because one or two of their inclusion
criteria were not fulfilled. Using the possibility of linking
study data to DSS follow-up, the studies were able to
meet all the required criteria and provide a direct com-
parison to estimates provided by Rowe and colleagues.
Although, the CRSN estimate is higher than the overall
estimate derived by Rowe and others, it fits well in the



Table 3. Rate ratios (RR) for malaria, malaria relative to all-known cause, and all-cause mortality for under five-year-old

children in rural Burkina Faso from Multivariate Poisson regression model

Decreasing childhood mortality in Burkina Faso

Malaria mortality rates®°

All-cause mortality rates®

Malaria relative to known all cause®®

Variable Label RR 95% ClI RR 95% Cl RR 95% ClI
Age class (months) [0-<12) 1 - 1 - 1 -
[12—-<24) 0.98 (0.68, 1.41) 0.93 (0.71, 1.22) 1.06 (0.74, 1.52)
[24—<36) 0.59 (0.37, 0.93) 0.67 (0.48, 0.93) 0.90 (0.59, 1.38)
[36—-<48) 0.37 (0.21, 0.67) 0.41 (0.27, 0.64) 0.97 (0.51, 1.87)
[48-<60) 0.38 (0.18, 0.81) 0.76 (0.46, 1.24) 0.86 (0.40, 1.86)
Year of death 1999/2000 1 - 1 - 1 -
2001 0.86 (0.50, 1.48) 0.68 (0.46, 0.99) 1.13 (0.61, 2.07)
2002 0.56 (0.33, 0.96) 0.53 (0.37, 0.78) 0.94 (0.51, 1.75)
2003 0.71 (0.41, 1.21) 0.46 (0.31, 0.68) 1.29 (0.71, 2.36)
2004 0.68 (0.38, 1.23) 0.52 (0.34, 0.80) 1.47 (0.81, 2.65)
Season of death Dry 1 - 1 - 1 -
Rainy 1.74 (1.34, 2.25) 0.99 (0.82, 1.19) 1.62 (1.22, 2.15)

2Adjusted for gender, ethnicity and village clusters (see Fig. 1).
b og for all known causes of death used as offset.

°Person years adjusted for unknown causes of death used as offset.

range of estimates (1.9-24.0) from the studies used by
their team (8). Additionally, linking study data to DSS
follow-up not only gives the possibility to verify the
mortality diagnoses from the DSS database using VA, but
provides an opportunity to link morbidity information
and mortality outcomes.

Methodologically, the study design utilized here is
viable and provides a greater addition to the many other
approaches that provide estimates for mortality and
morbidity. This approach relies mostly on the existence
of a longitudinal study that spans longer periods from
which events such as migrations, deaths, etc. that are
likely to occur in the long term can be tracked. Earlier
results based on the complete DSS analysis for compar-
able time periods showed very similar results, thereby
giving assurance to the results from this study approach
and design (43).

This study has some limitations. First of all, compar-
ison of yearly estimates for the DSS area shows that rates
for the year 1999 were generally high. Excluding 1999, an
overall malaria-specific MR of 13.6 (95% CI: 12.4-14.8)
per 1,000 PY was estimated (see Fig. 2). On the other
hand, before 2000, the Nouna DSS area did not include
the residents of the semi-urban town Nouna, where the
district hospital is located. Thus, the observed high rates
of 1999 might possibly reflect the purely rural rates
arising from poor access to health services and other
urban-rural differences that affect health outcomes.
Additionally, in 1999 and 2000 only few malaria mortal-
ity cases have been observed. Thus, the years 1999 and
2000 were jointly analyzed although this does not
completely rule out this bias. Moreover, differences in

rainfall between years may also have played a role.
Additionally, the process of analyzing time series is
much more complicated than it might be done with the
existing data here. However, the authors do not have
more detailed data or data for longer time intervals.

Secondly, different malaria estimates might possibly
arise from the varying sensitivity and specificity of the VA
methods (44) as well as the effect of the adjustments for
the unknown causes of death (45-47).

Furthermore, data used in this analysis were partly
from studies on malaria interventions that were imple-
mented through the CRSN, therefore it is possible that
such interventions may potentially confound the mortal-
ity risk associations observed here. For instance, in the
first ITN study, children were randomized to receive bed
nets at either within two weeks after birth or six months
after birth (22). However, no significant differences
among the two arms were observed. In addition, the
number of observations in the various subgroups were
sometimes few, which needs to be taken into account
when interpreting and drawing conclusions on the overall
results.

Despite these methodological limitations, the results
provide a characteristic description of the epidemiology
of malaria in the area, making them particularly valuable
for contributing to the ongoing discussion concerning
trends in all-cause and malaria-specific mortality. The
Nouna DSS has collected data since 1992, with contin-
uous improvement of data quality over years, giving
much confidence on data quality for our study. The
possibility of being able to link records from completed
studies to child records in the on-going DSS data

(page number not for citation purpose)
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provides an opportunity not only to monitor future
mortality outcomes, but to also monitor linkages between
underlying morbidity history and future mortality.

In conclusion, this study provides a better under-
standing of the pattern of mortality in a malaria-endemic
area of SSA by using within-site studies rich in time series
for recent periods. The results show evidence of an overall
decline in all-cause childhood mortality alongside stag-
nant malaria-specific MRs, as well as a large urban—rural
difference in MRs. As all-cause MRs converge towards
the malaria-specific MRs, further declines in all-cause
MR might largely be achieved by expanding the efforts
towards reducing the malaria burden through programs
that have been tested to be effective such as the large-scale
use of ITNs and ACTs.
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