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Few data exist on the incidence or duration of natural Plasmodium falciparum infections in high-transmission set-
tings. School-aged children (SAC) carry a disproportionate burden of infections, suggesting either increased inci-
dence or increased duration. We estimated the incidence and duration of unique infections according to age groups.
The Mfera Cohort Study (2014–2017) in Malawi had 2 years of follow-up, with 120 participants tested monthly and
during sick visits. Blood samples were collected to detect P. falciparum by microscopy and polymerase chain reac-
tion. Positive samples underwent genotyping. Simulation was used to account for high rates of nondetection of infec-
tion among low-parasitemia infections, which increase in frequency with age. Adults had significantly fewer unique
infections per person per year (median, 2.5) compared with SAC and children younger than 5 years of age (6.3 and
6.6, respectively). Over half of all genotypes were persistent. Infections lasted significantly longer in adults (median,
180 days) and SAC (median, 163 days) compared with children younger than 5 years of age (median, 97 days), after
accounting for age-dependent nondetection of infection. SAC acquired new infections at the same rate as children
younger than 5 years, but theymaintained these infections for longer periods of time, similar to adults. This study pro-
vides new insights into P. falciparum infection dynamics that should be considered when designing malaria control
strategies.

asymptomaticPlasmodium falciparum infection; Malawi; molecular force of infection; molFOI; persistent infection;
Plasmodium incidence

Abbreviations: molFOI, molecular force of infection; PCR, polymerase chain reaction; qPCR, quantitative polymerase chain reaction;
SAC, school-aged children.

Malaria caused approximately 445,000 deaths in 2016, princi-
pally among children younger than 5 years of age in sub-Saharan
Africa (1). Despite the high mortality associated with malaria,
about 90% of Plasmodium falciparum infections in Malawi are
asymptomatic, with the highest infection prevalence occurring in
school-aged children (SAC, aged 5–15 years) (2). Despite high
uptake of interventions, overall prevalence ofP. falciparum infec-
tionwas 33% in southernMalawi in 2014 (3, 4).

Age is commonly used as a proxy for acquired antimalarial
immunity, but cross-sectional surveys in sub-SaharanAfrica have
demonstrated a disproportionately greater infection burden
among SAC (2, 5–7), adding to data suggesting complexity in
the association between age andmeasures ofP. falciparum trans-
mission intensity (2, 5–12). Despite evidence that clinical disease
and peripheral parasite density are inversely associated with age

in areas of high transmission (13), the associations of othermea-
sures, including infection incidence and duration, with age
are less consistent.

Data on the duration ofP. falciparum infection come primarily
from studies using intentional infection-induced fever as treat-
ment for neurosyphilis (14, 15). Estimates from controlled ex-
periments, which used high infectious doses administered to
previously unexposed individuals, using low-virulence laboratory
strains, are unlikely to resemble natural infections in nonnaive in-
dividuals (16). The few cohort studies that have examined dura-
tion of infection were undertaken in regions with seasonal
transmission (16–19). However, infection persistence likely var-
ies with geographic location and transmission pattern (8, 20).

The high burden of malaria in southern Malawi indicates
a need for urgent attention. We conducted a longitudinal study
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in southernMalawi designed to characterize the age-specific pat-
terns of P. falciparum infection in a high-transmission setting.
We hypothesized that specific measurements would differ ac-
cording to age, including duration of time spent with asymptom-
atic infections, the molecular force of infection (molFOI, defined
as the number of new infections per person per year (21)), and
the duration of infection with unique infecting genotypes. We
hypothesized that SAC would have increased duration of
infection overall and with each unique genotype.

METHODS

A longitudinal study with 2 years of follow-up was conducted
at the Mfera Health Center in Chikwawa District of rural south-
ern Malawi under the auspices of the Malawi International
Center of Excellence for Malaria Research. Human subjects
research approvalswere granted by the institutional review boards
of the University of Maryland School of Medicine, Michigan
State University, and the National Health Sciences Research
Committee of Malawi. Informed consent was obtained from
all participants, or their guardian if under 18 years of age, and
assent was obtained from all participants aged 13–17 years.
P. falciparum is the dominant Plasmodium species in Malawi,
comprising approximately 95% of all infections (22). Symptom-
atic episodes from this cohort have previously been described (23).

Participants

From June 2014 to March 2015, 120 participants aged 1 year
or older were enrolled in an age-stratifiedmanner after presenting
to the health center with an episode of uncomplicated malaria.
The study was powered to detect immunological outcomes. Par-
ticipants with symptoms including fever, chills, headaches,myal-
gia, nausea were screened with a malaria rapid diagnostic test to
detect histidine-rich protein-2, which, if positive, promptedmicro-
scopic examination of blood to confirm P. falciparum infection.
Potential participants were excluded if they tested positive for
human immunodeficiency virus, had acute illness requiring hospi-
talization, had signs or symptoms of severe malaria or severe ane-
mia (24), or were takingmedicationswith antimalarial activity.

Study procedures

Upon enrollment, participants were treated with 3 days of ar-
temether/lumefantrine, given insecticide-treated bed nets, and
followed for up to 2 years with passive and active malaria sur-
veillance. Participants were scheduled to attend routinemonthly
visits and were encouraged to return immediately when ill. At
each visit, a dried blood spot was preserved on filter paper, and
thick blood smears on slides were made. Rapid diagnostic test-
ing was performed only for participants who reported symp-
toms suggesting malaria illness. If the rapid diagnostic test was
positive for P. falciparum, regardless of microscopy results,
participants were diagnosed with malaria illness and treated
with 3 days of artemether/lumefantrine per Malawi national
protocol. Participants were considered lost to follow-up if they
could not be traced for 3 consecutive months. Participants
who had at least 1 follow-up visit at least 14-days after enroll-
ment were included in this analysis.

Laboratory procedures

DNA was extracted from dried blood spots and subjected to
quantitative polymerase chain reaction (qPCR) targeting the lac-
tate dehydrogenase gene to detect P. falciparum DNA (limit of
detection, 0.5–5 parasites/μL) (22) in duplicatewith any 1 positive
result classified as infection detected. Blood smears were stained
and examined for Plasmodium parasites. Each slide was read by
2 independentmicroscopists, andwhen discrepant, a third reading
was done. Samples with at least 2 positive readings were clas-
sified as positive.

Parasite genotyping was performed on all samples that were
positive for P. falciparum by qPCR or microscopy. Parasite
genotypeswere differentiated on the basis of polymorphic regions
of merozoite surface proteins 1 and 2 (MSP1 and MSP2) and
glutamate-rich protein (GLURP) detected through nested
PCR (limit of detection, 10 parasites/μL) (25). PCR products
were analyzed by polyacrylamide gel electrophoresis and as-
signed sizes in base pairs by 2 independent readers. When re-
sults were discrepant by >15 base pairs, a third reading was
done. Bands were included in analysis if at least 2 readers identi-
fied the bandwithin 15 base pairs; final band size was an average
of all readings. Genotyping was considered successful for sam-
ples with bands detected at 2 or more loci. For genotyping fail-
ures, the nested PCR reactions were repeated. Parasite density
decreases with age and is lower in asymptomatic infections;
infections with lower parasite densities are less likely to be suc-
cessfully genotyped (13).

Definitions

Asymptomatic malaria infection was defined as presence of
P. falciparum parasites according to qPCR or microscopy at a
time when no symptoms of malaria were reported and more than
2weeks before or after treatment for symptomatic malaria. Treat-
ment was assumed to prevent new Plasmodium infections for up
to 14 days (26).

Persistent genotypes were identified if any samples obtained
from a given subject during 2 different visits contained the same
alleles in at least 2 loci. Newly detected genotypeswere identified
if any sample contained alleles in at least 2 loci that had not been
detected in any previous infections for a given subject.

The initiation of a new infection was defined as beginning
halfway between the previous negative result and the first detec-
tion. The end of an infection was defined as halfway between the
last detection and next negative visit.

Season was either rainy (December through April) or dry
(May through November). The molFOI was the number of newly
detected parasite genotypes detected in an individual per year,
from all detected infections (21).

The predictor variable for all analyses was age; age was
initially explored as a continuous variable and then grouped cate-
gorically into young children (younger than 5 years), SAC (ages
5–15 years), or adults (>15 years of age), based on the data.
Age was updated after each treatment episode, allowing partici-
pants to move into older age categories. For comparability, addi-
tional groupings were explored (children aged 5–9 years, adults
older than 30 years). Sex and seasonwere identified a priori using
causal diagrams (Web Figure 1, available at https://academic.
oup.com/aje) as potential confounders or effect modifiers of
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the association between age and infection. Stratified analyses
were initially conducted. There was no evidence of effect modi-
fication; thus sex and season were explored as confounders for
further analyses. Reported bed-net use was high (>98%) in the
population and could not be included as a covariate.

Analysis

Time spent with any asymptomatic infections. Time spent
with asymptomatic infections in days (regardless of genotype)
per year of follow-up was calculated and compared between age
categories using a log-transformed, linear mixed-effect regres-
sion model accounting for the nonindependence of repeated
observations from each subject.

Themolecular force of infection. Mean molFOI was calcu-
lated within age category and compared between age groups
using a Kruskal-Wallis test. A linear multivariable mixed-effect
model for the association between age and log-transformed mol-

FOI was constructed, adjusting for sex. Season was not included
in the model as follow-up time included both seasons equally for
the majority of participants. To account for low genotyping suc-
cess, 2 additional estimates of molFOI were calculated: an age-
specific conservative estimate and a less-conservative upper
limit. The conservative estimate assumed that genotyping failures
had the same distribution as the observed asymptomatic infec-
tions for a given age group. In addition to this assumption, the
upper limit assumed that asymptomatic infections (including
those successfully genotyped) had additional genotypes that
were not detected, and that the probability of nondetection was
equal to the probability of genotyping failure for that age group.

Duration of individual infections. To calculate the duration
of infection, it was necessary to calculate the probability of non-
detection due to genotyping failure over time. The following
calculation was performed separately for each age group to
calculate age-specific probabilities of nondetection. Using all gen-
otypes that were detected at both day 0 and day 60, the probability
of nondetection at day 30was calculated as:

n

n

not detected at day 30

Total detected at both day 0 and day 60

This analysis assumed that a genotype detected at both day 0
and day 60 was present at all times between day 0 and day 60,
and thus genotype nondetection at day 30 was genotyping fail-
ure. This process was repeated for all time frames, generalizing
for genotypes detected at both time point t and a later time point
t + i. The probabilities of nondetection of the same genotype for
all time points between t and t + i (t + 1 through t + i − 1) were
calculated. These probabilities gave a probability distribution
dependent on the time since detection. Data sets were simulated
to impute positives for potential false negatives by randomly
sampling from this probability distribution after last detection
of a given genotype. Simulated data sets were then randomly
sampled to create the final imputed data set of genotype detec-
tion by time, accounting for nondetection (Web Figure 2).

Persistent infections were defined as infections detected at
least twice with at least 30 days between initial and last detec-
tion. The distributions of duration were examined to see if the
data fit gamma, Weibull, or lognormal distributions. Wilcoxon
rank-sum tests were used to compare the duration of infection ac-
cording to age and sex. For the final analysis, a mixed-effect lin-
ear regressionmodel, adjusting for season, was used to assess the
association between age and duration of infection accounting for
the nonindependence of repeated observations within indivi-
duals. Sex was not included in the final model because it was not
associated with duration of infection. All statistical analyses were
performed using SAS, version 9.4 (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

Of 120 participants enrolled into the study, 114 had at least 14
days of follow-up time and were included in the present analysis.
In total, participants accrued 73,514 days of follow-up time, with
a median of 720 days (interquartile range, 715–721, range;
24–728). SAC comprised 46% of the final study population,
and 25%were under 5 years of age (Table 1).

A total of 1,062 blood samples identified as infected by
microscopy (613 (58%)) and/or qPCR (1,022 (96%)) were gen-
otyped. Of these, 711 (67%) samples were successfully geno-
typed for at least 2 of the 3 loci (merozoite surface proteins 1

Table 1. Median Follow-up Time, the Number of Incident Infections Detected by Genotyping, and the Rate of
TreatmentWith Artemether/Lumefantrine According to Age and Sex, Mfera Cohort Study, Malawi, 2012–2017

Population Stratum No. of
Participants % Days of Follow-up

Time, median (IQR)
No. of Incident

Infections % No. of Treatments
per Year

Age category

<5 years 29 25 718 (420–721) 253 25 2.4

SAC (5–15 years) 53 46 720 (720–721) 629 62 2.1

Adults (>15 years) 32 28 718 (478–720) 136 13 0.9

Sex

Male 49 43 720 (715–721) 380 37 1.8

Female 65 57 720 (715–721) 638 63 1.9

Total 114 100 720 (715–721) 1,018 100 1.9

Abbreviations: IQR, interquartile range; SAC, school-aged children.
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and 2 and glutamate-rich protein), which were successfully
amplified from 66%, 63%, and 64% of the samples, respec-
tively. Genotyping success was lowest (56%) among adults,
compared with young children (69%) and SAC (70%). Samples
from symptomatic visits weremore often successfully genotyped
(90%) than those from asymptomatic visits (49%). Samples that
failed genotyping were frequently submicroscopic (97%). Geo-
metric mean parasite density was 14,001/μL (standard deviation,
1,437) at malaria illnesses visits and 1,522/μL (standard devia-
tion, 831) at microscopically detectable asymptomatic visits.

Of 711 samples successfully genotyped, 416 (59%) were from
symptomatic episodes, and 295 (41%) were from asymptomatic
visits; 482 (68%) had more than 1 genotype detected. The inci-
dence of new infections was 5.14 per person-year. Of 1,018
incident infections detected, 36%were asymptomatic. Among
adults, 62% (95% confidence interval: 54, 70) of all incident
infections were at asymptomatic (as opposed to symptomatic)
visits compared with 33% (95% confidence interval: 27, 39)
in young children (P < 0.001) and 32% (95% confidence
interval: 28, 36) in SAC (P < 0.001).

Median time spent with any asymptomatic infections

Participants spent a median of 73 days per year with detectable
asymptomatic infections (Table 2). The median time spent with
asymptomatic infections did not differ significantly according to
age or sex. Infinalmodels, agewas not associatedwith significant
differences in time spent with asymptomatic infections (Table 3).

Themolecular force of infection

The median number of infections per person per year was 5.3
(interquartile range, 2.5–7.7). Adults had a lower molFOI than
both SAC and young children (Table 4). In the final model,
age group was significantly associated with molFOI (P = 0.006).
Adults had 83% fewer infections detected per person per year
compared with young children. On average, SAC had 5% fewer
infections, but this was not significantly different from among
young children (Table 3).

Results did not change after accounting for age-dependent non-
detection of genotypes using the conservative and upper-limit esti-
mates (Table 4).

Duration of persistence of individual genotypes

Of 1,220 unique infections (including both incident infec-
tions and infections detected at enrollment) successfully ge-
notyped, 693 (57%) were persistent, lasting longer than 1
month. From observed data, median infection duration of a
single genotype was 40 days (interquartile range, 36–56). After
imputation,median durationof infectionswas 150days (Table 5),
and distribution of duration was not a good fit to any of the
2-parameter distributions tested (Figure 1). After imputa-
tion, median duration of persistent infections was 230 days,
with 75% of persistent infections lasting at least 99 days. The
longest persistent infection lasted 721 days, the study
duration.

Older age was associated with increased proportion of persis-
tent infections (P < 0.001 for linear trend). Age was associated
with infection duration in the observed data, using the Wilcoxon
rank-sum test. Imputed durations, accounting for nondetection,
were significantly shorter among young children than among
adults and SAC (Table 5). The imputed results showed no differ-
ence in adults versus SAC. After imputation, infections first de-
tected in the rainy season lasted longer than those first detected in
the dry season. When we analyzed children aged 5–9 years as a
distinct group, we found that they were not different from chil-
dren aged 10–15 years (P = 0.43), so age categories were main-
tained. Likewise, adults over 30 years were not significantly
different from adults aged 15–30 years (P = 0.10).

In the final model, age was significantly associated with dura-
tion of persistent infections, with SAC having infections persist-
ing 38% longer than young children (Table 5). There was
no difference between adults and SAC (P = 0.87).

DISCUSSION

We have provided an estimate of natural P. falciparum infec-
tion duration using genotyping data collected over a longer
period than used in previously published studies. Additionally,
this is the first report of incidence and duration of P. falciparum
infection in a population with perennial transmission in the con-
text of high bed-net use.We have shown that children have high-
er infection incidence than adults but that the duration of
persistent infections increasedwith age. In this study, SAC repre-
sented an intermediate level of risk for blood-stage P. falciparum
infection: They had high incidence of infection, as did young
children, and increased duration of infection, similar to adults.

The conclusions from our investigation are limited by low
sensitivity of the genotyping methods used. Using whole blood
would have increased sensitivity but would have required collect-
ing blood via venipuncture, which was not feasible given the fre-
quency of sampling and age range of participants. Smaller blood
volumes and high numbers of submicroscopic infections contrib-
uted to low genotyping success, which was related to both para-
site density and age: A lower proportion of asymptomatic
infections were successfully genotyped comparedwith symptom-
atic infections. Decreasing parasitemia with age means qPCR-
positive samples from adults were less likely to be successfully

Table 2. Median Time in Days SpentWith Detectable
Asymptomatic Infections According to Population Characteristics,
Mfera Cohort Study, Malawi, 2012–2017

Population Stratum DaysWith Asymptomatic
Infection per Year, median (IQR) P Valuea

Age category 0.84

<5 years 88 (31–131)

SAC (5–15 years) 62 (35–140)

Adults (>15 years) 71 (29–121)

Sex 0.09

Male 63 (15–121)

Female 85 (41–138)

Overall 73 (31–131)

Abbreviations: IQR, interquartile range; SAC, school-aged children.
a P values from Kruskal-Wallis test.
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genotyped than those from children, and decreased detectability
of infection in adults might have biased our estimates of molFOI
and duration of infection. Additionally, the use of gel rather than
capillary electrophoresis might have reduced our sensitivity for
the detection all genotypes present in a sample (27).

To address this, the probability of nondetection was calcu-
lated in an age-dependent manner. Our upper limit estimates
of molFOI suggests that, even after accounting for the high
probability of nondetection among adults, molFOI is signifi-
cantly lower in adults than in children. In estimating infection
duration, the observed data suggested an increased frequency
of longer-duration infections among SAC; however, after
accounting for nondetection, SAC and adults were similar in

this respect. After accounting for nondetection, rainy season
infections were significantly longer than those first detected in
the dry season. It is likely that some infections first detected in
the dry season were previously present but undetected due to
low parasitemia. We did not take into account nondetection
before first detection in simulations, and thus this difference
might be a result of methods used.

Most data on the age dependence of P. falciparum infection
have come from cross-sectional analyses, with few studies
having prospectively examined the association between age
and molecularly-detected incidence of infection (10, 21).
We found that molFOI remained stable with increasing age
in children but declined significantly after age 15 years. In

Table 4. MedianMolecular Force of Infection According to Population Characteristics, Detected by Genotyping and Conservative and Upper-
Limit Estimates, Mfera Cohort Study, Malawi, 2012–2017

Population Stratum Detected molFOI,
median (IQR) P Valuea Conservative molFOI,

median (IQR) P Valuea Upper-Limit molFOI,
median (IQR) P Valuea

Age category 0.004 0.009 0.01

<5 years 6.6 (4.6–10.9) 9.2 (6.4–15.4) 12.2 (8.4–20.2)

SAC (5–15 years) 6.3 (3.2–10.1) 8.8 (4.5–14.2) 12.0 (6.1–19.2)

Adults (>15 years) 2.5 (1.0–5.1) 5.3 (2.2–10.7) 7.6 (3.1–15.2)

Sex 0.71 0.73 0.79

Male 5.4 (1.9–7.7) 8.6 (3.7–13.5) 11.4 (5.4–18.2)

Female 5.3 (2.6–8.9) 5.5 (4.2–15.0) 11.3 (6.0–20.3)

Overall 5.3 (2.5–7.7) 8.5 (4.2–13.4) 11.4 (6.0–18.1)

Abbreviations: IQR, interquartile range; molFOI, molecular force of infection; SAC, school-aged children.
a P values from Kruskal-Wallis test compared molFOI by age and by sex for each estimate.

Table 3. Age-Specific Means FromModels for Time SpentWith Asymptomatic Infection, Molecular Force of
Infection, and Duration of Infection, Mfera Cohort Study, Malawi, 2012–2017

Predictor and AgeGroup Mean (SE)a P Value Model Used Covariates
Included

Time spent with asymptomatic
infection, days

Linear mixed-effect
regression

None

<5 years 67.5 (12.5) Referent

SAC (5–15 years) 81.7 (14.6) 0.35

Adults (>15 years) 71.8 (17.8) 0.81

Molecular force of infection Linear multivariable
regression

Sex

<5 years 4.1 (1.5) Referent

SAC (5–15 years) 4.3 (1.6) 0.91

Adults (>15 years) 0.9 (1.7) 0.006

Duration of infection, days Linear mixed-effect
regression

Season of first
detection

<5 years 85.2 (1.1) Referent

SAC (5–15 years) 124.6 (1.2) 0.001

Adults (>15 years) 126.8 (1.2) 0.001

Abbreviations: SAC, school-aged children; SE, standard error.
a Outcome variable log-transformed for all models and back transformed to give group-specific mean.
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contrast, a study in Mali among individuals aged 4–25 years
found no age differences in infection incidence based on PCR
positivity, but this group did not distinguish between parasite
genotypes (10).

Our results are similar to those in publications from a 1-year
cohort study in Ghana (8, 16). After accounting for imperfect
detection of infection, investigators estimated a mean infection
duration of 124 days for young children, 179 days for children
5–9 years, and <90 days for individuals aged 10 years or older
(8, 16). Although our estimates are in a similar range, we did
not detect a significantly longer duration of infection among SAC
(nor among children aged 5–9 years), compared with adults. The
availability of study clinicians to attend to all illnesses among our
study participants might have led to more frequent treatment
of malaria infections compared with the study conducted in
Ghana, in which clinical care was not provided to participants.
Frequency of treatment likely affects duration of infection.
If access to care were lowest among SAC in Ghana, as we
have found in cross-sectional studies in Malawi (2), SAC would
have been less likely than adults to receive treatment for

persistent nfections, perhaps contributing to the observed
difference in duration.

Other published results on the duration of natural infection
come from 2 cohort studies (18, 19) and differ from our findings
on the duration of follow-up and management of all detected in-
fections, even in the absence of symptoms. Both studies were
shorter and might have been unable to identify long-lasting persis-
tent infections due to insufficient follow-up and informing partici-
pants of asymptomatic infections, potentially prompting treatment
(19). We did not report to participants or treat asymptomatic in-
fections because theywere not detected in real-time, allowing ob-
servations of natural infections for longer periods than would
have been possible otherwise.

Our findings suggest that high prevalence of P. falciparum
infection among SAC detected in cross-sectional studies is driven
by increased rates of new infections and a long duration of persis-
tent infections. We found that the incidence of infection among
SAC was equivalent to that among younger children, while the
duration of persistence among SAC was equivalent to that in
adults. New blood-stage infections are as likely to be detected
in SAC as in children younger than 5 years, but can they per-
sist without causing symptoms for a long period of time, in a
pattern similar to that of adults. Young children were more
likely to be treated for malaria over the course of the study,
potentially decreasing the duration of otherwise persistent in-
fections. The combination of long duration of infection and
apparent high incidence of new blood-stage infections might
contribute to increased infection prevalence among SAC. This
combination could be related to decreased access to care,
decreased access to interventions, or incomplete immunity
that limits symptoms but does not clear infections. In our prospec-
tive cohort, all participants were provided with bed nets and had
access to prompt treatment with effective antimalarial medication.
This contrasts with community-based studies, where SAC are
significantly less likely to access care or use bed nets (28–32),
suggesting that our findings might underestimate typical prev-
alence and persistence among SAC.

Table 5. Observed and ImputedMedian Duration (Days) of Individual Genotypes According to Population
Characteristics (n = 1,220), Mfera Cohort Study, Malawi, 2012–2017

Population Stratum
Duration in Days (Observed Data) Duration in Days (Imputed Data)

Median (IQR) P Valuea Median (IQR) P Valuea

Age category 0.05 <0.001

<5 years 39 (35–49) 97 (31–254)

SAC (5–15 years) 41 (37–62) 163 (48–331)

Adults (>15 years) 41 (38–43) 180 (51–339)

Sex 0.12 0.71

Male 39 (34–45) 156 (34–310)

Female 41 (37–57) 149 (43–327)

Season 0.24 <0.001

Rainy season 42 (37–56) 210 (65–340)

Dry season 39 (35–55) 128 (34–304)

Overall 40 (36–56) 150 (38–321)

Abbreviations: IQR, interquartile range; SAC, school-aged children.
a P values fromWilcoxon rank-sum test.
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Figure 1. Distribution of the duration of Plasmodium falciparum infec-
tion persistence in days among 114 adults and children in Mfera Cohort
Study,Malawi, 2012–2017, after accounting for age-specific nondetection,
with fit lines for lognormal (θ = 0, σ = 1.08, ζ = 4.82), Weibull (θ = 0, C =
1.13, σ= 208), andGamma (θ= 0, α= 1.2, σ= 166) distributions.
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Characterizing the incidence and duration of P. falciparum
infection is essential to understanding the drivers of transmis-
sion and is necessary to design informed public health policy.
This study provides detailed understanding of P. falciparum
infection dynamics in a region with perennially high rates of
transmission. While many infections in this setting were tran-
sient, 57% of all infections lasted longer than 1 month, with a
maximum duration of 2 years. Incidence of new infections re-
mained high among teenagers, and effects of acquired immu-
nity on developing new infections were not apparent until
after 15 years of age. Our results could inform strategies for
malaria control and elimination in Africa. These results also
expand on growing evidence that SAC are substantial con-
tributors to the P. falciparum infection burden and should
be a focus of future malaria control measures.
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