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Summary

Background Despite significant progress in malaria control over the past twenty years, malaria remains a leading
cause of child morbidity and mortality in Tropical Africa. As most patients do not consult any health facility much
uncertainty persists about the true burden of the disease and the range of individual differences in susceptibility to
malaria.

Methods Over a 25-years period, from 1990 to 2015, the inhabitants of Dielmo village, Senegal, an area of intense
malaria transmission, have been monitored daily for their presence in the village and the occurrence of diseases.
In case of fever thick blood films were systematically examined through microscopy for malaria parasites and
patients received prompt diagnosis and treatment.

Findings We analysed data collected in 111 children and young adults monitored for at least 10 years (mean 17.3 years,
maximum 25 years) enrolled either at birth (95 persons) or during the two first years of life. A total of 11,599 episodes
of fever were documented, including 5268 malaria attacks. The maximum number of malaria attacks in a single
person was 112. Three other persons suffered one hundred or more malaria attacks during follow-up. The minimum
number of malaria attacks in a single person was 11. The mean numbers of malaria attacks in children reaching their
4th, 7th, and 10th birthdays were 23.0, 37.7, and 43.6 attacks since birth, respectively. Sixteen children (14.4%)
suffered ten or more malaria attacks each year at ages 1-3 years, and six children (5.4%) each year at age 4-6 years.

Interpretation Long-term close monitoring shows that in highly endemic areas the malaria burden is higher than
expected. Susceptibility to the disease may vary up to 10-fold, and for most children childhood is an endless history of
malaria fever episodes. No other parasitic, bacterial or viral infection in human populations has such an impact on
health.

Funding The Pasteur Institutes of Dakar and Paris, the Institut de Recherche pour le Développement, and the French
Ministry of Cooperation provided funding.
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Research in context

Evidence before this study

The prevalence of clinical malaria in tropical Africa has been
well documented in many dispensaries and other health
structures. However, few of the patients come to the
attention of any formal health system. This prevent to have a
clear idea of what is the real burden of malaria.

Added value of this study

A cohort of 111 African villagers living in an area of intense
and perennial malaria transmission was enrolled at birth and
monitored daily at home for an average period of 17.3 year
for malaria and other causes of fever. We documented 11,599
episodes of fever, including 5268 malaria attacks. The mean
number of malaria attacks per person was 47.5 + 22.1
(median: 46 attacks). Four children (3.6%) suffered one

Introduction
Funding for malaria control and elimination in the
world increased dramatically during the period
2000-2009, allowing a significant reduction of the ma-
laria burden in the WHO African Region during the
period 2010-2015 compared to the previous decade.'”
However, no further progress was observed in most
African countries after 2015 and malaria morbidity and
mortality remain very high, with an estimated 247
million cases and 619,000 deaths in 2021." In rural areas
of sub-Saharan Africa, most villagers receive each year
dozens or hundreds of bites of malaria infected
mosquitoes and first malaria infections are contracted
during infancy.”” After three to five months of age,
when maternally-transmitted antibodies decrease, ma-
laria infections give high fever and may cause death by
cerebral or multi-systems malaria.** A high risk of death
during malaria attacks is observed until age 4 years
when malaria transmission is intense and perennial,
and until age 5-9 years when malaria transmission is
low to moderate and seasonal.*'° The prevalence of
clinical malaria in sub-Saharan Africa has been well
documented in many dispensaries and other health
structures. However, few of the patients come to the
attention of any formal health system and little longi-
tudinal data is available at the community level. This
prevent accurate estimates of the real burden of malaria.
In 1990, we implemented a longitudinal study of
malaria and the determinants of the disease in a rural
African community, Dielmo village, Senegal."" Until
2008, when long-lasting insecticidal nets (LLINs) were
deployed, our only intervention was to provide prompt
and effective diagnostic and treatment for clinical ma-
laria attacks and other causes of fever.""'> Here we
describe and analyse the longitudinal data collected in
persons enrolled in the project at birth or during their
first months of life who were actively monitored from 10
to 25 years after enrolment. Our objective was to

hundred malaria attacks or more, with a maximum of 112
attacks, and 44 children (40%) from 50 to 91 malaria attacks.
During the first years of life, for many children malaria was an
endless history of fever episodes, with 10 attacks or more
each year. Most of them would have been undiagnosed in
absence of our surveillance system.

Implications of all the available evidence

It was unexpected that the burden of malaria could reach such
enormous levels in a human population. This suggest that
current WHO estimates of malaria morbidity in Africa could
be largely underestimated. Scaling up malaria control and
prevention interventions will require increased domestic and
international commitment and funding.

evaluate the natural history and distribution of malaria
attacks overall and at the individual level, as well as
explore the association of the attacks with some epide-
miological, genetical and immunological factors.

Methods

Study area and participants

Dielmo village (13°45'N, 16°25'W), Senegal, is located
on the marshy bank of a permanent stream (the Nema)
in an area of Sudan-type savanna, 280 km south-east of
Dakar and about 15 km north of the Gambian border,
an area where malaria was holoendemic with year-
round transmission. Most of the houses are built in
the traditional style with mud walls and thatched roofs.
The inhabitants of the village are settled agricultural
workers. A detail description of the study area and the
origin of the project was reported previously.'"'

The project was initially approved by the Ministry of
Health of Senegal and the assembled village population.
Approval was then renewed on a yearly basis with
written informed consent from individuals enrolled in
the project and parents or guardians of children. Na-
tional Ethics Committee of Senegal and ad-hoc com-
mittees of the Ministry of Health, the Pasteur Institutes
(Dakar and Paris), and the Institut de Recherche pour le
Développement (IRD, formerly ORSTOM) did audits
regularly.”?

Procedures

We visited all households daily, and recorded nomina-
tive information 6 days a week (i.e., excluding Sunday)
at home on the presence or absence in the village of
every individual we had enrolled, their location when
absent, and the presence of fever or other symptoms.
We systematically recorded body temperature at home
either daily (except Sunday) or three times a week (every
second day) in children younger than 5 years of age, and
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in older children and adults in cases of history of fever
or fever-related symptoms (hot body, asthenia, head-
ache, vomiting, diarrhoea, abdominal pain, cough). In
case of suspected or confirmed fever, we did blood
testing by finger prick at home or at the dispensary, we
systematically measured malaria parasite density
through blood slide microscopy (200 oil-immersion
fields on a thick smear, approximately 0.5 ul of blood
examined), and we provided detailed medical examina-
tion, prompt diagnosis and specific treatment for ma-
laria and other diseases. The dispensary created for our
project within the village was open 24 h a day, 7 days a
week, to allow both active and passive case detection.

We successively used four first-line drugs regimens for
treatment of malaria attacks: oral quinine (June 1990—
December 1994), chloroquine, with sulfadoxine-
pyrimethamine for second-line treatment in case of
clinical failure (January 1995-October 2003), sulfadoxine-
pyrimethamine plus amodiaquine (November 2003—May
2006), and artesunate plus amodiaquine (from June 2006
onwards)."” Antimalarial drugs were systematically given
to young children in case of fever associated with a para-
site: leukocyte ratio (PLR) equal or higher to 200%."
When parasitaemia was lower, the physician or nurse
resident in Dielmo decided the requirement for antima-
larial treatment, taking into account all the patient’s data.
For adults and older children permanently living in the
village, clinical malaria attacks often lasted only a few
hours,* and thus in most cases (apart from pregnant
women) only symptomatic treatment was given to reduce
selection for drug-resistance in malaria parasites. From
2011 onwards, treatment policy was modified to maximise
efforts to limit malaria transmission, and artesunate plus
amodiaquine was systematically given to all patients with
fever associated with malaria parasites independently of
age and parasite density.

At the beginning of the project, 49% of the villagers
used traditional mosquito nets, which were untreated,
and this proportion remained almost unchanged until
July, 2008, when we offered LLINs (PermaNet 2.0,
Lausanne, Switzerland) to all villagers. There were no
insecticide treated nets in Dielmo before July 2008, and
the LLINs of all villagers were renewed in July 2011,
then in August 2014, after we documented rebounds in
malaria morbidity. We measured malaria prevalence
and density for each Plasmodium species at least quar-
terly from 1990 onwards in all villagers enrolled in the
project, but monthly in children aged from six months
to 9 years, and twice a month in infants aged 1-5
months. Blood was taken using a finger prick and we
examined 200 oil-immersion fields. We applied similar
procedures when examining thick blood films from
patients.

We counted separately two episodes of fever
(including history of fever and allegation of hot body)
and malaria attacks if they occurred 14 days or more
apart. We attributed fever to malaria when parasite
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density was higher than an age-dependent threshold
calculated for each Plasmodium species during the cor-
responding period according to methods described
elsewhere.'>'° For infants aged less than six months we
attributed fever episodes to malaria when the onset of
fever corresponded to the onset of patent parasitaemia
and/or to peaks of high parasitaemia.'*

To investigate factors associated to the occurrence of
malaria attacks, we included in data analysis a series of
variables including age, sex, distance from the river, bed
net use, family ties, and genetic information (ethnic
group, Glucose-6-phosphate dehydrogenase (G6PD)
deficiency status, ABO blood type, hemoglobin type).”
For a subgroup of 31 children born during the first
years of the project we also studied immune responses
atages 3, 5, 7, and 10 years using a multiplex bead-based
serological assay for a panel of 11 antigens (DBL1-Pf13,
PfMSP1-19, PFAMA1, PfCSP, DBL3X, GLURP, SALSA,
LSA1-41, LSA1-]J, LSA3, gSG6)."®

Statistical analysis

In the present study we restricted data analysis to chil-
dren fitting the following criteria: (i) to be born between
December 1988 and July 2002, i.e., children enrolled in
the study either at birth or when aged less than 2 years,
and aged at least 6-year-old when LLINS were deployed
in Dielmo, (ii) to be monitored during at least 10 years
after enrollment, either continuously or with only short
absences from Dielmo (maximum 20% of days of
absence during the minimum 10 years period of follow-
up). Since malaria pre-elimination was achieved in
Dielmo in 2012," with a single limited rebound in 2014
and an almost total elimination of malaria from 2015
onwards,"” only data collected up to December 31st,
2015, are analyzed in this paper. A total of 111 children
fitted these criteria. The environmental, clinical and
biological parameters investigated and data analysis
methods were previously described.'"'>*"'* We used a
Stata 13 software. In brief the association between two
categorical variables was tested using Fisher’s exact test.
The means of two groups were compared using the
student’s t-test if the variable was normally distributed
and using Mann-Whitney U test otherwise. Three or
more groups were compared using analysis of variance
if the variable was normally distributed and using
Kruskal-Wallis analysis of variance on rank otherwise.
The strengths of association between two normal
continuous variables and two ordinal variables were
measured using the Spearman’s rank correlation coef-
ficient. A p-value of 5% or lower was considered statis-
tically significant and confidence intervals were
computed at 95% level.

Epidemiological background

Due to the Nema River, breeding sites for anopheline
mosquitoes were present year round and malaria
transmission was perennial.” The EIR fluctuated
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markedly according to years, but it always remained very
high from 1990 to 2007, where it averaged 267 infected
bites per person per year, with a maximum of 384 during
the period 1998-2002, then decreased to 155 in 2008
when LLINs were deployed at mid-year and reached low
levels during the most recent periods, averaging 71
infected bites per person per year during the period
2009-2011, then decreased from 7.6 infected bites per
person per year in 2012 to 2.8 in 2015.>"” For the whole
population of Dielmo village, the parasite rate in children
0-14 years, which was 87% the first year of the study,
decreased to 60-77% during the period 1991-2004, then
to 30-40% during the period 2005-2007 when the first
line treatment of malaria attacks switched from chloro-
quine to sulfadoxine-pyrimethamine plus amodiaquine
then to artesunate plus amodiaquine, and finally the
parasite rate decreased to 12% in 2008 and to less than
5% from 2009 onwards after the deployment of LLINs."
It was 0.3%, 0.2% and 0.5% in 2012, 2013 and 2014,
respectively, and nil in 2015. Malaria morbidity in chil-
dren 0-14 years also decreased markedly during follow-
up, from 3.8 attacks per child per year for the period
1990-2003, to 1.4 attacks per child per year for the period
2004-2008, and 0.15 attacks per child per year for the
period 2009-2014.'"

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the reports. The corresponding author had
full access to all the data in the study and final re-
sponsibility for the decision to submit for publication.

Results

Malaria attacks in the study cohort

We monitored a total of 111 children, 57 males and 54
females, enrolled either at birth (95 children), or during
the second trimester of life (one child), the second se-
mester of life (four children), or the second year of life
(11 children, including 9 children enrolled before 18
months). The mean duration of follow-up was 17.3
years, with a minimum of 10 years and a maximum of
25.6 years. Children enrolled more than three months
after birth were in 7 cases children born in the village
before the beginning of the study, and in 9 cases chil-
dren from mothers who migrated to the village during
the study. The total number of person-days of follow-up
was 699,045 (Supplementary Information 1).

A total of 11,599 episodes of illness were docu-
mented between June 1990 and December 2015,
including 4954 Plasmodium falciparum, 211 Plasmodium
malariae, and 103 Plasmodium ovale clinical attacks. The
mean number of malaria attacks per person was
47.5 + 22.1 (median: 46 attacks). Most malaria attacks
occurred during infancy and early childhood, with a
maximum during the third year of life (Fig. 1). Severe

hyper parasitaemia (PLR > 5000%) was observed during
8 P. falciparum attacks among 7 children, all aged be-
tween 6 months and 2.8 years. Four children (3.6%),
three males and one female, suffered at least one hun-
dred malaria attacks during follow-up, 112, 111, 105 and
100 malaria attacks, respectively (Fig. 2). Supplementary
Information 1 shows, for each child, the number of days
of effective follow-up each year, and Supplementary
Information 2 the age distribution of P. falciparum,
P. malarige, and P. ovale malaria attacks.

The boy who suffered the maximum number of
malaria attacks during follow-up was enrolled at birth in
July 1991 and was monitored during 24.6 years, with
8883 days of effective monitoring. He suffered a total of
110 P. falciparum, one P. malariae and one P. ovale at-
tacks. Six P. falciparum attacks occurred during infancy,
the first one at 86 days of age, the other attacks during
infancy at ages 3, 6, 7, 10, and 11 months. The following
years, he suffered 36, 29, 22, 15, and 2 attacks at ages
1-3, 4-6, 7-9, 10-14, and 15-19 years, respectively. A
single P. ovale attack occurred at 7 months, and a single
P. malariae attack at 8 years. He also suffered 77 non-
malaria episodes of illness during follow-up.

The minimum number of malaria attacks was
observed in a boy born in November 1990 and moni-
tored during 25 years, with 8525 days of effective
monitoring. He suffered 10 P. falciparum and one
P. ovale clinical attacks, that occurred for P. falciparum at
ages 3, 4,7,8,9, 11, 12, and 14 months, and 2 and 5
years, and for P. ovale at 15 months. He also suffered
116 non-malaria episodes of illness.

Among the 95 children enrolled at birth, 55 (58%)
presented their first malaria infection before the age of 3
months (including one P. malariae infection), 79 (83%)
before the age of 6 months, 85 (90%) before their first
birthday (including one P. ovale infection), and all before
22 months. The mean numbers of P. falciparum clinical
attacks per infants were 1.5 attacks before 6 months (1.6
for all malaria species) and 2.2 attacks between 6 and 11
months (2.4 for all malaria species). There was one case
of congenital malaria and the minimum age for a
P. falciparum infection and attack was 15 days. Up to 9
malaria attacks during infancy were documented in two
children, all with P. falciparum.

The mean numbers of P. falciparum clinical attacks
per person per age period were 18.8 between age 1 and
3 years (19.5 for all Plasmodium species), 13.7 attacks
between age 4 and 6 years (14.7 for all species), 5.5
attacks between age 7 and 9 years (6.0 for all species),
2.9 attacks between age 10 and 14 years (3.2 for all
species), and 0.5 attacks between age 15 and 19 years
(Supplementary Information 2). Sixteen children
(14.4%) suffered 30 malaria attacks or more between
age 1 and 3 years, i.e., a mean of 10 or more malaria
attacks per year, 6 children (5.4%) between age 4 and 6
years, and one child between age 7 and 9 years. At least
one P. malariae attack was observed in 80 children
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Fig. 2: Distribution of 111 children monitored during at least 10 years after birth, maximum 25 years, according to the number of P. falciparum,
P. malariae and P. ovale malaria attacks they experienced during the study. Red circles show children with less than 5500 days (15 years) of

effective monitoring. Dielmo, June 1990-December 2015.

(72%), with a maximum of 11 attacks in two children,
and at least one P. ovale attack was observed in 61
children (55%), with a maximum of 4 attacks in four
children. It is at age 4-6 years that the incidence of
P. malariae and P. ovale attacks were highest
(Supplementary Information 2).

The distribution of malaria attacks in children when
reaching their 4th, 7th, and 10th birthday is shown in
Fig. 3. The mean number of malaria attacks per child
since birth was 23.0 (£9.5) at the 4th birthday (median:
23), 37.7 (£15.1) at the 7th birthday (median: 37), and

www.thelancet.com Vol 67 January, 2024

43.6 (£19.2) attacks at the 10th birthday (median: 41).
The maximum numbers of malaria attacks since birth
when reaching the 4th, 7th and 10th birthdays were 43,
72 and 95 attacks, respectively, and were observed in
the child that suffered 112 attacks during the study.
Minimum numbers of attacks when reaching the 4th,
7th, and 10th birthdays were 6, 7 and 11 attacks since
birth, respectively, all in children closely monitored
and aged at least 10 years when combination therapy
and LLINS were introduced in Dielmo. As shown in
Fig. 3, the distributions of the numbers of malaria
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Fig. 3: Distribution of 111 children according to the number of P. falciparum, P. malariae and P. ovale malaria attacks they cumulated when

reaching their 4th birthday (a), 7th birthday (b), and 10th birthday (c).

attacks in children at the 4th, 7th and 10th birthdays
decreased almost linearly between the maximum and
minimum values.

Although most children that totalized a high num-
ber of attacks when aged 10 years had already suffered
a high number of attacks when reaching 4 and 7 years,
exceptions were not rare and in particular the number

of attacks occurring during the first year of life was
poorly predictive of the future number of attacks dur-
ing childhood: among the 25 children who suffered 6
or more malaria attacks during infancy, only 6 (24%)
were in the group of 25 children totalizing 60 or more
malaria attacks at 10 years (Supplementary
Information 2). The age of first infection had no
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impact on the number of malaria attacks during
childhood: children infected before 3 months of age
totalized 46.6 (+18.2) attacks at 10 years compared to
41.7 (£20.3) for those infected between 4 and 21
months (Supplementary Information 4, n.s. by Spear-
man’s rank correlation test).

Relationships between the number of malaria
attacks and some variables
The age distribution and incidence density of malaria
attacks according to the year of birth is shown in Fig. 4.
For the youngest age groups the incidence density of
malaria attacks remained very high during the whole
study. Maximum incidence in children aged 1-3 years
was observed for those born in 1997-1998, i.e., those
exposed to the very high levels of malaria transmission
of the period 1998-2002. For older children a progres-
sive decline in the incidence of malaria attacks occurred
during the study. Attacks became rare after the 7th
birthday for children born from 1999 onwards
(Supplementary Information 3). Among the 28 children
born from 1999 to 2002, i.e., the youngest children
when the first line treatment of malaria attacks was
switched from chloroquine to combination therapy then
when LLINs were deployed, none was among the 30
children of the cohort of 111 children that totalized the
highest number of malaria attacks when reaching 10
years of age, and 12 (43%) were among the 30 children
that totalized the lowest number of malaria attacks. The
distribution of cumulated malaria attacks experienced
by children born in the same year when reaching their
4th, 7th and 10th birthday are shown in Fig. 5. Ac-
cording to the year of birth, ratios of minimum and
maximum numbers of malaria attacks in individual
children ranged from 3.3 to 7.2 fold at 4 years (mean
4.8), from 2.8 t0 9.9 fold at 7 years (mean: 4.9), and from
3.0 to 7.2 fold at 10 years (mean: 5.0).

High numbers of malaria attacks were observed both
in males and in females. There were 8 boys and 8 girls

HO0-11lm m1-3y

No of malaria attacks per
person per year

| |

O Rr N W b U1 OV N 0 VO

1991-1992
(n=15)

1989-1990
(n=15)

1993-1994
(n=18)

m46y

1995-1996
(n=18)

among the 16 children that had the highest numbers of
attacks during the whole follow-up, and also 8 boys and
8 girls among the 16 children that had the lowest
numbers of attacks. The mean number of attacks was
44.8 (+20.4) in boys and 41.9 (x17.0) in girls at age 10
years, and 48.9 (+23.3) in boys and 45.9 (+20.8) in girls
during the whole follow-up (n.s. by Mann—Whitney U
test). The age and parity of the mother had no effect on
the number of malaria attacks during infancy and
childhood. In particular, the mean number of malaria
attacks during infancy was similar in infants born from
primiparous (3.8) and multiparous women (3.8).

None of the genetic traits examined (ethnic group,
family ties, haemoglobin type, ABO group, rhesus type,
G6PD deficiency status) explained the differences
observed between children in the numbers of malaria
attacks (Supplementary Information 2, n.s. by Mann—
Whitney U test or Kruskal-Wallis test). The sickle cell
trait was present in 7 of the 111 children of the study
(6%), including 4 and 1 of the 30 children with the lowest
and highest numbers of malaria attacks, respectively.

The use of non-impregnated mosquito nets during
infancy and childhood had no impact on the number of
malaria attacks (Supplementary Information 4, n.s. by
Mann-Whitney U test). When reaching 4 years, children
never using nets during infancy and early childhood
(n = 37) experienced on average 23.9 + 10.3 malaria at-
tacks since birth, compared to 21.5 + 8.8 malaria attacks
for those using nets at least intermittently (n = 56), and
21.6 + 9.6 for those always using good quality nets
(n = 10). When reaching 7 years, children never using
nets during infancy and childhood (n = 22) experienced
on average 39.5 + 17.8 attacks since birth, compared to
34.8 + 14.5 attacks since birth for children always using
nets at least intermittently (n = 42). The type of housing
of children, with (n = 61) or without open space between
walls and roof (n = 50), had no impact on the mean
number of malaria attacks, either when reaching 4 years
of age (23.9 + 10.6 attacks vs 21.8 + 8.9 attacks) or when

79y mW10-14y m>15y

M

1999-2000 2001-2002
(n=18) (n=10)

1997-1998
(n=17)

Year of birth

Fig. 4: Distribution of the incidence density of malaria attacks by age-group according to the year of birth. Dielmo, 111 children, June 1990-

December 2015.
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reaching 10 years (43.5 = 19.2 attacks vs 43.3 + 18.5 at-
tacks) (Supplementary Information 4, n.s. by Mann-
Whitney U test). The distance from the river to the
houses ranged from 50 m to 480 m and had no impact on
the number of malaria attacks (n.s. by Spearman’s rank
correlation test).

Supplementary Information 5 shows levels of anti-
bodies at ages 3, 5, 7 and 10 years for P. falciparum DBL1-
Pf13, PfIMSP1-19, PfAMA1, PfCSP, DBL3X, GLURP,
SALSA, LSA1-41, LSA1-], and LSA3 antigens, and gSG6
A. gambiae saliva antigen, in a subgroup of 31 children
born between 1990 and 1995, i.e., the first years of the
project, and the numbers of malaria attacks in these
children at ages 1-3, 4-6, 7-9, and 10-14 years. A strong
negative association was observed in children aged 4-6
years between high antibodies levels to LSA1-41 and
GLURP and low numbers of P. falciparum attacks
(r = —0.54 and r = —0.49, respectively, p = 0.002 and
p = 0.005, respectively, by Spearman rank test)
(Supplementary Information 6). At age 7-9 years, LSA1-
41 and GLURP antigens remained strongly associated
with a low number of P. falciparum attacks (r = —0.47 and
r = —0.58, respectively, p = 0.007 and p = 0.001, respec-
tively, by Spearman rank test).

Discussion
Based on the close monitoring of a village population
during 25 years, this study provides unique data on in-
dividual medical histories from birth to adulthood
among persons living in an area of rural Africa where
malaria is highly endemic. The idea that malaria was a
huge burden for African populations emerged in the
1950’s, and only a limited number of studies were
available in 1974 when WHO provided a first estimate of
malaria mortality in tropical Africa, indicating that ma-
laria was probably directly responsible for about one
million deaths annually in infants and children.”>** The
knowledge that African children exposed to high levels
of transmission can suffer several malaria attacks each
year associated to peaks of high parasitaemia was first
documented in 1958 in Liberia,”* but it is only in the
1980’s and 1990’s that parasite density measurement
was adopted as standard method for evaluating malaria
morbidity in highly endemic areas, allowing precise
assessments of the incidence of malaria attacks among
populations where malaria parasites are also present in
asymptomatic persons and fortuitously associated to
other causes of fever.'**>** Because of the rarity of lon-
gitudinal epidemiological studies, the dramatic clinical
impact of the emergence of high levels of chloroquine
resistance in Africa in the 1980’s and 1990’s has long
been underestimated, and changes in drug treatment
policies in most countries of tropical Africa were initi-
ated only after 2004.'*

It was unexpected that the burden of malaria could
reach such enormous levels. Four children out of 111
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(3.6%) in our cohort suffered one hundred malaria at-
tacks or more, and 44 children (40%) from 50 to 91
malaria attacks. During the first years of life, for
many children malaria was an endless history of fever
episodes: for 15 children (13.5%) from 30 to
39 P. falciparum malaria attacks occurred within a 3-year
period when they were aged from 1 to 3 years, and for 6
children (5.4%) from 30 to 35 P. falciparum malaria at-
tacks also occurred within a 3-year period when they were
aged from 4 to 6 years. For these children with a very
high number of malaria attacks, their medical histories
from six months to three or six years of age were similar,
with almost always the same repeated sequences: high
fever with high P. falciparum parasitemia (PLR
200-2000% or more), malaria treatment given the same
day or the day after, total disappearance of fever and
malaria parasites (at microscopy) within a few days, new
episode of fever with again high P. falciparum parasitemia
occurring within 3-5 weeks after the previous one, im-
mediate treatment and rapid disappearance of fever and
malaria parasites, then new malaria attack within 3-5
weeks, and again treatment and cure of malaria parasites.
During their first years of age, asymptomatic malaria
infections were almost never documented in these chil-
dren, probably due to the immediate treatment of attacks
that prevented the development of partial antiparasite and
anti-disease immunities in a context of high exposure to
reinfections, even if part of the attacks that we recorded
could correspond to clinical recrudescences, at least
during the chloroquine treatment period where drug
resistance increased rapidly.

For a majority of children, malaria attacks become
rare after 6 years of age, suggesting that partial immu-
nity has been achieved,”* but for 20 children (18%)
from 10 to 30 P. falciparum attacks also occurred when
they were aged from 7 to 9 years. Due to their short
duration, even in absence of specific treatment,” most
attacks would have been undiagnosed in absence of our
surveillance system based on the daily monitoring of
children. This is reminiscent of what was observed in a
cohort of 55 Kenyan children under surveillance for
malaria from the age of 5-15 years, with one child
experiencing up to 32 episodes of clinical malaria.”” The
very high number of malaria attacks documented in
children in longitudinal studies based on a close
monitoring both in Senegal and Kenya suggest that
current WHO estimates of malaria morbidity in the
WHO African region—241 million cases in 2021'—
could be largely underestimated.

Although all children lived in the same small village
with very similar living conditions and exposition to
malaria vectors, there has been dramatic differences in
the number of malaria attacks they presented during the
study, with up to a 10-fold difference between the
number of attacks recorded in two boys born a few
months apart and closely monitored during two decades
and half until 2015. Interestingly, when looking at the
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distribution of the number of attacks in children when
reaching 4, 7 and 10 years in our study, the curve was
almost linear, preventing sub-groups of high-, low- and
medium-risk children from being defined in any other
way than arbitrarily. These differences between children
were not explained by any of the potential environ-
mental and genetic factors investigated. Regarding the
immune responses investigated, high antibodies levels
against LSA1-41 and GLURP were strongly associated
with low numbers of P. falciparum attacks after the age
of 3 years, suggesting a protective role of these anti-
bodies, either by blocking parasite development at the
liver stage, and/or by controlling parasite density. In a
10-year study in Kenya, children aged 5-15 years
reaching a plateau in the number of P. falciparum at-
tacks had better responses to PPAMA1 and MSP3 anti-
gens than children who continued to experience malaria
attacks.”” No association was found here for PfAMA1
antibodies. Responses to MSP3 antigens, that were not
studied here in our multiplex assay but were previously
investigated in Dielmo and other settings, were consis-
tently associated with partial clinical protection against
P. falciparum malaria in these studies.**'

No other parasitic, bacterial or viral disease in
humans is known to represent a burden similar to
malaria in African or other populations in the world.
Progress in malaria control in Senegal, and elsewhere in
Africa, which has been enabled by the use of more
effective antimalarial drugs, the widespread use of
insecticide-treated nets and the increasing use of rapid
diagnostic tests, show that this burden is not inevitable
even when populations of anopheles vectors remain
abundant." However, only limited progress in the fight
against malaria have been made so far in many rural
areas of tropical Africa, suggesting that for many chil-
dren, childhood continues to be an endless history of
malaria fever episodes. Scaling up malaria control and
prevention interventions will require increased domes-
tic and international commitment and funding.
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