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Abstract. Information on cause-specific mortality is sparse in sub-Saharan Africa. We present seasonal patterns of
malaria and all-cause mortality from a longitudinal study with 60,000 individuals in rural northwestern Burkina Faso.
The study is based on a demographic surveillance system and covers the period 1999–2003. Overall, 3,492 deaths were
observed. Cause of death was ascertained by verbal autopsy. Age-specific death rates by cause and month of death were
calculated. Seasonal and temporal trends were modeled with parametric Poisson regression. Infant and children less than
5 years of age mortality was 60.6 (95% CI, 56.2–65.3) and 31.9 (95% CI, 30.4–33.5) per 1,000 for all causes and 23.4 (95%
CI, 20.7–26.4) and 13.3 (95% CI, 12.3–14.3) for malaria, respectively. Mortality was significantly higher in the rainy
season. It is well described parametrically with a sinusoidal function. In adults, the highest all-cause mortality rates were
observed in the dry season. Here, HIV/AIDS has become a leading cause of mortality.

INTRODUCTION

Mortality in developing countries. There are continuing
high rates of infant and childhood mortality in the poor popu-
lations of the developing world.1,2 Worldwide, 10.8 million
children under the age of 5 years die each year. Although
childhood mortality rates have been slightly decreasing in
many developing countries over the last decades,3 they are
still in the order of 50–100 per 1,000 person-years in a number
of countries, thus being up to 50 times higher than in the
industrialized parts of the world.4 Well-known main causes of
childhood death include pneumonia, diarrhea, malaria, HIV/
AIDS, undernutrition, a combination of these, and others,
with large local and regional variations.5,6

Unlike childhood mortality, adult and old-age mortality in
developing countries has not been a major research focus.
Available data have shown, however, that the mortality rate
ratios are not as extreme as for infants and children but that
there are higher mortality rates in all age groups in develop-
ing countries compared with developed countries.7 In adults,
HIV/AIDS is the most frequent cause of death in many parts
of sub-Saharan Africa (SSA), but also non-communicable dis-
eases and non-natural causes of death are already playing a
major role.4

Demographic surveillance systems and verbal autopsy
method. In most countries of SSA, no vital registration sys-
tems are available, and most deaths occur at home.1,8–11 The
ascertainment of cause of death is largely based on verbal
autopsy (VA), in which the most likely cause of death is
determined based on postmortem interviews with family
members about the circumstances leading to death and the
symptoms and signs seen before death. This information is
independently evaluated by experienced physicians.12 De-
spite obvious limitations, verbal autopsies are at present the
best possible method to obtain reasonably precise informa-
tion on cause-specific deaths in poor countries.13–16 Among
the limitations of the method are an often large percentage of
deaths with unknown cause, resulting either from completely

missing information from the relatives or from insufficient
information that led to conflicting evaluations from the phy-
sicians. Moreover, because of overlapping signs and symp-
toms among prevalent diseases (e.g., malaria and pneumonia
in childhood), the VA method often lacks specificity.16,17

In addition to these obstacles, the field procedures of the
VA are far from uniform. To improve this, an increasing num-
ber of demographic surveillance systems (DSSs) are being
established under the auspices of the International Network
of field sites with continuous Demographic Evaluation of
Populations and Their Health in developing countries
(INDEPTH) Network.18 In these systems, a population is un-
der constant demographic surveillance, which allows estimat-
ing mortality rates and other health-related parameters more
precisely.

Cause-specific mortality in SSA. Cause-specific mortality
rates in SSA have been presented only in a few studies. Most
of these are based on VA methodology within DSS popula-
tions and most are in populations of children. Among these
are studies from The Gambia,19 South Africa and Sene-
gal,13,20 Tanzania,7 Ghana,21 Nigeria,22 and Burkina Faso.23

Recently, a summary analysis of 12 DSS sites has been pub-
lished.24 In this publication, large differences in causes of
death not only between the southern, eastern, and western
parts of SSA, but also within countries (Burkina Faso, Ghana,
and Senegal), have been reported. Such differences were ob-
served both in children and in adults. In these three West
African DSS sites, however, malaria was the most frequent
reported cause of death in children.24

Seasonal patterns of mortality. There are few studies from
SSA in which seasonal patterns of mortality are reported.
Among the few are studies from Senegal,13,25 The Gam-
bia,19,26 and Nigeria,27 which are mainly on childhood mor-
tality. The shortage of publications on the seasonal pattern in
mortality is most notable for adults.28 Slightly higher mortal-
ity rates in adults were observed during the rainy season com-
pared with the dry season in a study from rural SSA.29

Seasonal trends in adults and older people of all-cause mor-
tality in rural Burkina Faso were first discussed for 1993–
1998, based on data from the Nouna DSS.30 Seasonal patterns
of overall mortality in the same population were analyzed for
the period 1993–2001 for all age groups, observing an excess
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of mortality in young children at or around the end of the
rainy season in contrast to an excess mortality in older chil-
dren and adults during the early dry season.31 A first analysis
of Nouna DSS data regarding cause-specific mortality by sea-
son in young children ascertained higher rates in the rainy
than the dry season with malaria as the most frequent diag-
nosis,23 which is in line with the statement that almost a third
of the annual mortality in this age group is attributable to
malaria.32,33

In this paper, we present a detailed analysis of cause-
specific mortality in different age groups of the Nouna DSS
area in rural Burkina Faso. This includes a thorough analysis
of the seasonal patterns of malaria mortality.

MATERIALS AND METHODS

Study area. The database for this study is based on a DSS
run by the Center de Recherche en Santé de Nouna (CRSN)
in the Nouna Health District, which is described in detail
elsewhere.34 In brief, the Nouna DSS covers a large part of
Kossi province in northwestern Burkina Faso (a landlooked
country in the Sahel zone of SSA): 41 villages and—as of
2000—Nouna town, which is the capital city of the Nouna
Health District. The study area had ∼62,000 inhabitants in
2003. The first baseline census took place in 1992 and col-
lected demographic information on all individuals in the study
area. Two control censuses were held in 1994 and 1998 to
check and add information in comparison to previous cen-
suses. The data collection and vital event registration follows
a 3-month cycle. Subsistence farming is the main socioeco-
nomic activity of the multiethnic population. Health services
in the DSS area make up the District Hospital in Nouna town
and six local health centers in the surrounding villages.

The Nouna area is a dry orchard savannah. Malaria is ho-
loendemic in the Nouna study area.23 Malaria transmission
and disease peak during and shortly after the rainy season,
which usually lasts from June until October. The overall an-
nual entomologic inoculation rate (EIR) varies between 100
and 900 per year, with ∼95% occurring in the wet season.35

Study population and cause of death assessment. Data were
analyzed for the period January 1, 1999 to December 31, 2003.
Although the rural area encompasses the whole time period,
the Nouna town population could only be analyzed from
January 1, 2000.

The causes of death are determined by the VA method.
VA data are collected by trained field staff who systematically
visit the households of deceased persons in the CRSN study
area. The VA is conducted after the interviewer confirms a
death, but in most cases not sooner than 3 months after the
death has occurred to allow for the mourning period. The
form used includes individual identification information re-
trieved from the DSS. A standardized questionnaire, devel-
oped at CRSN in a collaborative process with other IN-
DEPTH sites,18 is applied after having obtained oral in-
formed consent.

The questionnaire covers demographic data and the clinical
history before the death occurred. Approximately 5–10% of
these questionnaires are systematically checked by the super-
visors of field staff through field visits and repeated inter-
views. These questionnaires are read by two experienced lo-
cal physicians out of a pool of locally available and specifically
trained physicians who assign a definite cause of death. Two

physicians code the completed questionnaires. After assessing
all the information collected onto the questionnaire by a field-
worker, the first physician, to the best of his knowledge on the
clinical field, provides the most likely cause of death. A sec-
ond physician completely blinded of the diagnosis of the first
one provides the cause of death through the same process.
Where the diagnoses are different, a third physician who is
not blinded of the diagnoses of the first two physicians gives
an independent assessment. A cause of death is determined if
at least two of the medical doctors agree; otherwise, the cause
is classified as unknown. As for the other causes of death,
malaria is attributed according to best clinical knowledge of
the physician based on the main malaria symptoms: acute
fever, vomiting, headaches, convulsion, and impair conscious-
ness in a febrile context.

Statistical methods. All individuals with a residence period
in the study area within the study period were included in the
analysis. A few individuals with a missing month of death
(N � 17) were excluded for all analyses concerning month of
death.

For each month within the study period, the monthly popu-
lation Nijkl by sex (i � 0,1), age group (j � 1, . . . , 5), year
(k � 1999, . . . , 2003), and month (l � 1, . . . , 12) was calcu-
lated as the arithmetic mean of the population at the begin-
ning and the end of a given month. We considered age groups
as follows: infants (< 1 year, j � 1), children (1 to < 5 years;
j � 2), youth (5 to < 14 years; j � 3), adults (15 to < 60; j �
4), and old people (60+ years; j � 5). Likewise, the total
number of deaths in these categories were calculated and
denoted by Dijkl. For a cause-specific analysis, we considered
malaria (m � 1), other causes (m � 2), and ill-defined and
missing causes (m � 3); thus, Dijkl = Dijkl1 + Dijkl2 + Dijkl3.
For some analyses, infants and children and/or both sexes
were combined. Mortality rates and cause-specific mortality
rates were calculated as µijkl = Dijkl /Nijkl and µijklm = Dijklm/
Nijkl, respectively. Rates were expressed per 1,000 and mul-
tiplied by 12 to allow comparison to yearly rates. To show the
relevance of diseases by month, the proportion of cause-
specific deaths relative to all deaths in that month was calcu-
lated.

For graphical assessment of time trends and seasonal pat-
terns, we used a simple 5-month simple moving average (MA)
with weights according to

MAmonth = 0.4 × �month + 0.2 × ��month+1 + �month−1�
+ 0.1 × ��month+2 + �month−2�.

For assessing the relative effect of each month on overall or
cause-specific mortality, we fitted Poisson regression models
separately by age group. For the former, we fitted the models

ln���x1, x2, x3�� = ��1x1 + �2x2 + �3x3 (Model I)

and

ln���x2, x3�� = �0 + �2x2 + �3x3. (Model II)
In Model I, x1 is a vector with binary dummy variables for
each month, x2 is a binary variable for sex, and x3 represents
calendar year; Model I has no intercept and provides an es-
timate for each month, i.e., ��1 � (�1 Jan , �1Feb , . . . , �1Dec). In
Model II, an intercept �0 instead of a monthly effect is esti-
mated. The relative effect of each Month l on mortality is
expressed by the difference �1l − �0 of the monthly effect of
Model I and the overall effect of Model II.36

For continuous modeling of the seasonal trend, we used a
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sine function of the form g(x1) � sin[(month + k) × �/6],
assuming a period of 12 months, where k can take a real value
between 1 and 6 and. This results in the model

ln���x1, x2, x3�� = �0 + �1g�x1� + �2x2 + �3x3. (Model III)

The value k that gives the best fit is obtained numerically. The
difference of deviances between Models II and III is asymp-
totically �2 distributed with two degrees of freedom, because
two parameters (k, �1) are estimated. Effects are given as
logarithmic rate ratios (RRs).

All analyses were carried out with SAS (SAS, Cary, NC)37;
the Poisson regression used the SAS-procedure PROC
GENMOD.

RESULTS

During the observation period of January 1, 1999 to De-
cember 31, 2003, a total number of 3,492 deaths were re-
corded. A VA questionnaire was completed for 75.5% of all
deceased persons. Few VAs (< 5%) were done within 0–3
months after death, because the mourning period after death
does not allow this. Because the vital event registration fol-
lows a 3-month cycle, ∼50% of VAs were performed within
2–4 months after death and ∼50% within 4–6 months after
death. Although the numbers of missing cause of death are
very similar for all five age groups, the numbers of ill-defined

causes of death resulting from insufficient or unclear infor-
mation are relatively small (∼7.5%) but increase with age.

Table 1 gives an overview of the most frequent causes of
death in the different age groups. Malaria was the main cause
of death in all age groups except adults. Here, HIV/AIDS was
the most frequent cause of death. Other main causes of death
were acute respiratory infections (ARIs) and acute gastroin-
testinal infections in all age groups, neonatal causes in infants,
accidents in older children, and cardiovascular and maternal
causes in adults.

The population size (as of December 31 of each year) in-
creased steadily from 60,936 in 2000 to 62,686 in 2003, which
was an average yearly increase of 0.95%. In 1999, the popu-
lation was 34,326, because the town of Nouna was not yet
included. The crude mortality rate for the overall population
was 12.6 per 1,000 person-years (95% CI, 12.2–13.0).

For all causes, the mortality rate for infants was 60.5/1,000
(95% CI, 56.2–65.3), for children 1–4 years of age, it was
23.6/1,000 (95% CI, 22.2–25.2), for children 5–14 years of age,
it was 2.8/1,000 (95% CI, 2.4–3.2), for adults 15–59 years of
age, it was 5.9/1,000 (95% CI, 5.5–6.3), and for people � 60
years of age, it was 54.7/1,000 (95% CI, 51.0–58.3; Table 2).
The mortality rate in children younger than 5 years of age was
31.9 (95% CI, 30.4–33.5). For malaria, the mortality rate was
23.4/1,000 (95% CI, 20.7–26.4) for infants, 10.4/1,000 (95%
CI, 9.4–11.4) for children 1–4 years of age, 0.7/1,000 (95% CI,

TABLE 1
Most frequent causes of death by age groups, Nouna DSS, 1999–2003

Rank

Infants (< 1 year) Children (1–4 years) Young age (5–14 years) Adults (15–59 years) Old age (� 60 years)

N Percent N Percent N Percent N Percent N Percent

1 Malaria 265 38.6 Malaria 408 43.8 Malaria 59 26.1 HIV/AIDS 132 17.2 Malaria 164 18.6
2 Neonatal 80 11.7 AGI 124 13.3 Accident 20 8.9 ARI 53 6.9 ARI 122 13.9
3 ARI 50 7.3 ARI 52 5.6 AGI 14 6.2 Malaria 49 6.4 AGI 86 9.8
4 AGI 42 6.1 Malnutr 24 2.6 ARI 8 3.5 Cardio 41 5.3 Cardio 68 7.7
5 Men 19 2.8 HIV/AIDS 19 2.0 HIV/AIDS 8 3.5 AGI 31 4.0 Tub 15 1.7
6 Pert 5 0.7 Accident 18 1.9 Men 5 2.2 Maternal 31 4.0 Accident 14 1.6

Others 28 4.1 Others 60 6.5 Others 34 15.0 Others 149 19.4 Others 83 9.4
Ill-def. 31 4.5 Ill-def. 31 3.3 Ill-def. 18 8.0 Ill-def. 75 9.8 Ill-def. 107 12.2
Missing 166 24.2 Missing 195 21.0 Missing 60 26.6 Missing 208 27.0 Missing 221 25.1

Total 686 100.0 Total 931 100.0 Total 226 100.0 Total 769 100.0 Total 880 100.0
ARI, acute respiratory infections; AGI, acute gastrointestinal infections; Cardio, cardiovascular disease; Men, meningitis; Tub, tuberculosis; Malnutr, malnutrition; pert, pertussis.

TABLE 2
Deaths, percentage malaria of all deaths, and death rates per 1,000 by age groups for all causes by month, Nouna DSS, 1999–2003

Month

Infants (< 1 year) Children (1–4 years) Young (5–14 years) Adults (15–59 years) Old age (� 60 years)

N %mal Rate N %mal Rate N %mal Rate N %mal Rate N %mal Rate

Jan 46 34.4 51.5 77 42.6 24.4 12 50.0 1.9 47 14.8 4.6 93 40.0 73.3
Feb 32 54.2 34.7 62 30.4 18.9 22 29.4 3.3 73 5.8 6.7 74 26.5 55.4
Mrc 50 48.5 53.9 44 64.7 13.4 20 0.0 3.0 77 4.5 7.1 84 26.0 62.9
Apr 44 50.0 47.5 62 45.5 18.9 24 35.3 3.6 71 11.4 6.5 116 31.4 86.9
May 44 44.4 47.4 54 73.2 16.4 13 28.6 2.0 57 14.7 5.2 76 27.3 56.9
Jun 33 50.0 35.3 49 50.0 14.9 10 16.7 1.5 63 5.0 5.8 60 36.1 44.9
Jul 48 52.6 51.0 57 55.3 17.3 13 75.0 2.0 44 10.3 4.0 53 22.9 39.5
Aug 99 75.0 104.0 88 73.7 26.7 23 37.5 3.5 72 17.3 6.6 50 39.4 37.2
Sep 74 70.2 77.8 97 72.0 29.4 14 30.0 2.1 54 8.3 4.9 59 16.7 43.8
Oct 74 56.1 77.4 123 67.3 37.1 23 40.0 3.4 74 8.2 6.7 61 26.2 45.2
Nov 84 46.3 87.8 117 50.6 35.3 25 62.5 3.7 56 12.5 5.1 66 33.3 48.7
Dec 52 41.0 54.6 102 53.3 30.7 23 56.3 3.4 79 12.5 7.2 82 28.0 60.4

Total 680 38.8 60.5 932 44.0 23.6 222 25.7 2.8 767 65.2 5.9 874 18.6 54.5
N, all deaths; %mal, percent malaria of all known deaths.
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0.5–0.9) for children 5–14 years of age, 0.4/1,000 (95% CI,
0.3–0.5) for adults 15–59 years of age, and 10.2/1,000 (95% CI,
8.6–11.7) for people � 60 years of age. The mortality rate in
children younger than 5 years of age was 13.3/1,000 (95% CI,
12.3–14.3).

Table 2 shows the number of deaths and respective mor-
tality rates by months and age groups. Seventeen of the 3,492
deceased persons with a missing month of death were omitted
here. For infants, August, being in the middle of the rainy
season, was the month with the highest rate of mortality
(104.0/1,000), whereas for children, it was October (37.1/
1,000), which is at the end of the rainy season. The percentage
of malaria in infants and children among all deaths was high-
est during the rainy season, whereas this is less clear for the
other age groups.

Figure 1 shows the relative effect of month of death as
obtained from the Poisson regression model for three of the
defined age groups: infants (< 1 year), children (1–4 years),
and people � 60 years old. The age groups 5–14 and 15–59
years were not further considered because, in the former age

group, too few deaths for a particular cause occurred for fur-
ther modeling. In the top part of Figure 1, all-cause mortality
is presented. Here, children and infants showed higher rela-
tive rates in the months of the rainy season, whereas people
� 60 years of age had a trend in the opposite direction. In the
bottom part of Figure 1, we present malaria mortality as the
main cause of death for these age groups. The patterns are
similar, but the relative effect is stronger, showing that ma-
laria is the underlying cause for the pattern: again, infants and
children showed higher mortality rates from August until No-
vember (i.e., during and shortly after the rainy season),
whereas the people � 60 years of age had the highest rates
from January to April in the dry season.

To further assess the effect of season on mortality, rates
were modeled as a continuous function of month using the
Poisson regression. Figure 2 shows the RRs for each month
and the sine function describing the RRs depending on month
for the same three age groups and for malaria and all other
causes of death. Both infants and children 1–4 years of age
had highly significant seasonal trends, with higher rates from

FIGURE 1. Relative effect of month of death by age group, Nouna DSS, 1999–2003.
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August until November for malaria (P < 0.0001). For other
diseases, higher rates occurred in the dry season from
October until February (P � 0.005 in infants and P < 0.0001
in children). Because in our analysis, several causes of death
were combined, because of limited numbers, an inter-
pretation with regard to climatic conditions does not seem
appropriate. The highest rates (model based) for people � 60
years of age for malaria were in March (P � 0.03). The same
seasonal pattern was observed for all other diseases (P �
0.006).

In Figure 3, the monthly mortality rates, the result from
modeling a sine function, and the moving average of the mor-
tality rates are graphical shown over the whole observation
period. In this analysis, all children younger than 5 years of

age are combined to increase sample size. It is presented for
malaria and other diseases. For malaria, we observe a very
similar pattern over the observation period. Highest malaria
rates were observed in the rainy season of the last year of
observation (2003), but there was no clear trend over the
observation period. The corresponding parameter �3 was not
significant in any of the models. There was no effect of sex,
indicated by a parameter �2 close to zero, for malaria, but we
observed a significant low risk for other diseases in women
(RR � 0.8, P � 0.01). The model-based malaria mortality
estimate and the moving average visually showed a very simi-
lar result, further supporting the modeling approach. There
was also a clear mortality pattern for other disease mortality,
with a peak in December and the lowest rate in June. Again,

FIGURE 2. Rate ratios by month of death, Nouna DSS, 1999–2003. Continuous (solid line) and discrete (×) rate ratios, Poisson regression,
adjusted for sex, area, and calendar year.
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the model-based estimate and the moving average showed a
very similar result.

DISCUSSION

Seasonal pattern of mortality. We showed in this paper that
the previously reported seasonal pattern in all-cause mortality
in children younger than 5 years of age in Burkina Faso is to
a large extent attributable to malaria. There was a consistent
pattern of mortality over the 5-year observation period, with
the peak of malaria mortality always toward the end of the
rainy season (the period of maximum malaria transmission
intensity), which can be modeled by a sinusoidal curve. Al-
though not significant, the same pattern is seen in older chil-
dren (data not shown). The pattern of mortality in adults and
old-aged people show the opposite direction, with highest
mortality rates in the dry season. To our knowledge, the mod-
eling of seasonal patterns of malaria and other disease mor-
tality with a parametric sinusoidal function has not been done
previously. We checked the validity of this approach graphi-
cally by comparing a moving average of the rates. We think
this is a useful procedure to describe patterns of mortality.

The interpretation that the frequent diagnosis of malaria in
old-aged people is most likely related to the limitations of the
VA instrument is further supported by the non-plausibility of
a peak in malaria deaths in the dry season (see below).

Causes of death. The results from this study also confirm
the major importance of malaria as cause of death in the rural

malaria endemic areas of SSA.1,8,14,23,24,38–40 The data fur-
thermore confirmed the high proportion of malaria deaths
among the still unacceptably high number of childhood
deaths in SSA.14,23,24,41 However, although it is rather plau-
sible that malaria is the major cause of mortality in young
children living in an area of high malaria transmission inten-
sity, the finding that it is also the major cause of death in older
children (5–14 years) and in older adults (> 60 years) is sur-
prising and is likely explained by the limitations of the VA
instrument (see below).

Besides malaria, ARI and gastrointestinal infections were
shown to be other important causes of deaths in all age
groups, which confirms global estimates and supports the
view of these diseases are neglected causes of mortality.1,42

Other important causes of death seen in this study were neo-
natal causes in infants and accidents in older children, sup-
porting the increasing importance of these causes in develop-
ing countries.1,4 Finally, HIV/AIDS has already become the
primarily diagnosed cause of death in adults in this rural SSA
area. Although HIV prevalence is still not very high in rural
Burkina Faso, the fact that many young men of the study area
have returned from urban centers of West Africa, where they
went for work, may partly explain these observations. This
supports the high impact of the HIV/AIDS epidemic in all
countries of SSA these days.4

Study limitations. Our study has some limitations. A draw-
back in our data is the high percentage of deaths with missing
information on cause or insufficient data to assign a likely

FIGURE 3. Mortality rates by cause of death for children less than 5 years of age by year, Nouna DSS, 1999–2003. Continuous modeling by
Poisson regression (dashed line), moving average (solid line), and empirical rates. Other diseases means deaths with known cause.
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cause of death in the VA procedure. This is, however, a prob-
lem of most similar studies from SSA. It is difficult to make
assumptions on the missing mechanism. If we assume missing
at random, this would imply an underestimation of the cause-
specific rates for all causes, and an adjustment would be
crudely possible by multiplying each rate by the factor 1/(1 −
pmiss), where pmiss is the proportion of missing values in the
respective age group. For example, this yields a factor of 1/(1
− 0.21) � 1.26 for the age group “children 1–4 years.” We did
not use this procedure because the missing at random as-
sumption cannot be verified and may be questionable. It is,
however, likely that the missing value cases include malaria
deaths and that the malaria rates are therefore underesti-
mated. This would also imply that the amplitude of the sinus
model fit would be higher.

A further limitation relates to the VA method itself. Ma-
laria diagnosis is one of the hardest diagnoses to get correct
because the symptoms are rather non-specific, which may also
explain why malaria-specific mortality rates from different
sites in Africa vary enormously.43 Misclassification might also
result from the tendency of physicians working in areas of
high malaria transmission intensity to attribute most fevers to
malaria. In Tanzania, for example, it has been shown in hos-
pital data that malaria is often overdiagnosed in people with
severe febrile illness.44 Because the symptoms of malaria and
ARI largely overlap, VA diagnoses may simply not be accu-
rate enough.16,17,45,46 Moreover, such inaccuracies may also
be caused by a higher proportion of deaths among young
children being attributable to malaria in areas of high trans-
mission intensity.13–15,17,33,41 The likelihood of such misclas-
sification is best shown by the fact that malaria was the main
cause of death in old-aged people in this study and that most
of these malaria deaths occurred in the dry season. Although,
in other study areas, the same observation was made,24 this is
neither plausible considering existing malaria immunity in
adults living in endemic areas nor plausible in view of the very
low malaria transmission intensity in the dry season.47,48

CONCLUSIONS

Reliable estimates of the burden of diseases are essential to
monitor progress or pitfalls in disease control. This study pro-
vides further evidence for the high impact of malaria on mor-
tality in the malaria endemic areas of SSA, highlights the
seasonality of the disease, and supports the call for much
intensified implementation of proven effective malaria con-
trol interventions.49
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