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Can malaria parasites be
spontaneously cleared?

Merryn S. Roe ®, 2@ Katherine O’Flaherty ®," and Freya J.I. Fowkes

A large body of evidence demonstrates that Plasmodium falciparum infections are
chronic in malaria endemic areas; however, the notion of spontaneous clearance in
the absence of antimalarial drug treatment is rarely discussed. In this opinion
article, we review and reinterpret data to postulate that spontaneous clearance
of P. falciparum infections occurs frequently, has been demonstrated in a range
of transmission settings, and confirmed by the most sensitive malaria diagnostic
techniques. We also discuss factors which may influence the likelihood, measure-
ment, and conclusions of spontaneous clearance. A greater understanding of the
phenomenon of spontaneous clearance will advance our knowledge of malaria
epidemiology, transmission potential of malaria parasites, as well as inform inter-
ventions for malaria control and elimination.

Are Plasmodium spp. infections chronic?

Explorations of spontaneous clearance (see Glossary) of Plasmodium spp. parasites, the causa-
tive agent of malaria, in the absence of antimalarial drug treatment are not widely discussed in the
literature. To date, the literature has focused on exploring chronic infections in a range of popula-
tions, including immigrants and donor recipients, as well as longitudinal studies in malaria-endemic
areas, predominantly in Africa (e.g., [1-7]). These investigations have all demonstrated
sustained asymptomatic Plasmodium spp. infections, also known as subclinical infections, over
time in the absence of treatment. While there is a large body of evidence demonstrating prolonged
infections, clearance of Plasmodium spp. infection in the absence of treatment has also been
frequently reported, yet rarely deliberated.

Here we discuss the evidence for and against the occurrence of spontaneous clearance of
malaria parasites in the absence of antimalaria drug treatment. We focus on untreated
P. falciparum infections for which evaluations of clearance are not confounded by relapses from
dormant hypnozoites, as is the case for Plasmodium vivax and Plasmodium ovale infections. Our
opinion piece presents evidence of spontaneous clearance as well as re-evaluating the evidence
supporting long-lasting P. falciparum infections from clinical reports and cohorts of nontreated
clinical and subclinical infections. The mechanism(s) behind observations of spontaneous
clearance are yet to be elucidated but may involve naturally acquired immunity or immune-
independent mechanisms involving the spleen. Finally, we highlight that measurement of sponta-
neous clearance relies on counting circulating parasites and that insensitive diagnosis methods
and sequestered parasites may confound our interpretation of spontaneous clearance events.

The aim of this article is to highlight that spontaneous clearance of parasites from the circulation
can occur. We hope to encourage further investigation into the phenomenon of spontaneous
clearance of P. falciparum in order to gain a deeper understanding of how the duration of infec-
tions (and therefore infectiousness) underpins malaria epidemiology across a range of malaria
transmission settings.

356  Trends in Parasitology, May 2022, Vol. 38, No. 5 https://doi.org/10.1016/).pt.2022.02.005

© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Trends in

Parasitology

1,2,3,4,x,@

Highlights
Spontaneous clearance of P. falciparum
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infections will inform interventions to
eliminate malaria.
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Reports of spontaneous clearance in untreated malaria cohorts

Some of the first evidence supporting the notion of spontaneous clearance came from a hand-
ful of historical longitudinal studies examining the course of untreated clinical malaria, which are
considered unethical by contemporary standards (mainly because they withheld treatment
and/or involved unconsenting vulnerable populations). Two studies published in the 1950s
and 1960s focused on P. falciparum, providing some of the first observations of spontaneous
clearance of P. falciparum infections [8,9]. The first study involved the artificial malaria infection
of 38 African American men to ‘treat’ neurosyphilis [8]. In these artificial infections, microscopy-
detectable P. falciparum infections were reported to last 121 days on average, with the maxi-
mum infection duration recorded at 480 days. Spontaneous clearance events were reported
through a number of patient examples, but the number of spontaneous clearance events
was not quantified and there is no stratification between ‘untreated’ and ‘inadequately treated’
individuals [8]. The second study involved 74 Nigerian psychiatric inmates with ‘'induced’
P. falciparum infections. In this cohort 80% of (microscopy-detectable) infections were found
to be spontaneously cleared within 56 days, with an average duration of 21 days (range 11
to 256) [9]. The shorter duration of detectable parasitaemia observed in this study may be
due to some level of naturally acquired immunity as Nigerian individuals may have had a prior
history of malaria infection unlike the American neurosyphilis subjects who were presumably
nonimmune.

While these studies present early observations of spontaneous clearance of high-density
P. falciparum infections and resolution of clinical symptoms in the absence of treatment, they are
not representative of malaria-endemic populations in which, due to acquisition of naturally acquired
immunity, infections can be subclinical and therefore remain untreated. The consensus from obser-
vational studies following the natural course of individual-level subclinical P. falciparum infections
in the absence of treatment, across malaria transmission settings, is that P. falciparum infections
are chronic [1]. Often cited as compelling evidence for chronic infections comes from longitudinal
studies of untreated individuals living in high seasonal transmission settings in Africa where individ-
uals can harbour subclinical infections from the rainy season throughout the dry season (when
mosquito densities and transmission is greatly reduced) [7,10-13]. While it is common for these
studies to report that a proportion of participants harboured infections throughout the dry season
(20-47%), the inverse is not acknowledged — that the majority of participants ‘cleared’ their infec-
tions (63-80%) [7,10,14,15]. However, the relative contribution of spontaneous clearance to these
observations is unclear, particularly as clearance and reinfection events may be missed inthe 5to 6
months between seasonal surveys.

Cohort studies with more ‘intensive’ sampling (varying from multiple samples a day to one every
month) of the natural course of untreated subclinical infections can provide more accurate
assessments of spontaneous clearance. Studies which have used microscopy for the detection
of P. falciparum parasites during the natural course of untreated subclinical infections have all
found evidence of spontaneous clearance, defined here as a negative smear after a positive
smear [12,14,16-21]. Of those which quantified the proportions of infections spontaneously
cleared, two studies undertaken in high-transmission settings reported proportions cleared:
22% of infections in newborns within 15 months [18] and 96% of infections in young adults within
1 year [12]. There was only one study in a moderate—low transmission setting which reported
proportions of infections cleared; it found that 53% of subclinical infections were cleared within
a week [21]. However, the robustness of this evidence as ‘true’ spontaneous clearance is
debateable. In particular, the use of light microscopy for the detection of parasites, which may
not detect submicroscopic parasitaemia which occurs at densities below the limit of detection
of microscopy (50-100 parasites/ul [22]), and which can be detected only by molecular methods
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such as PCR (the limit of detection for standard PCRs is 0.5 parasites/ul [23]), means that assess-
ments of spontaneous clearance events are compromised.

Studies which have utilised more sensitive molecular diagnostics in following the natural course of
untreated submicroscopic P. falciparum infections can provide more robust evidence for spontane-
ous clearance events, as well as more accurate estimates of the duration of infections. All ‘intensive’
sampling studies (i.e., at least monthly sampling) utilising sensitive Plasmodium spp.-specific PCR
molecular methods observe events of spontaneous clearance regardless of transmission setting
(Table 1) [2,3,15,24-29]. The observed duration of submicroscopic infections ranged from days
[2,24] to several months [3,25,27-29] before spontaneous clearance was observed, with a large
proportion of individuals (17-87%) in most studies clearing infections within 1 month and the majority
of individuals (67-100%) spontaneously clearing P. falciparum parasitaemia with 12 months
(Table 1). Of studies with a follow-up of at least 1 year, 298% of submicroscopic infections were
spontaneously cleared within the year [25,28,29] (Table 1).

While diagnosis by Plasmodium spp.-specific PCR can determine the presence of
P. falciparum at a given time, additional molecular characterisation of the infecting parasite
strain(s) is required to capture the subtleties of multiclonal infection dynamics. Genetic charac-
terisation of parasites in high-transmission settings suggests that, while some individuals
appear to be chronically infected when simply reporting their binary infection status, genotyping
studies demonstrate that individuals are constantly clearing one infection then being infected
with new parasite strains [10,11,13,15,20,24,26,30]. This results in a cycle of concurrent submi-
croscopic infections that, without genetic characterisation, can appear as a single chronic infection
(as demonstrated in Figure 1) [10,11,13,15]. Itis therefore possible that longitudinal studies that rely
solely on PCR for detection of parasites may overestimate the duration of submicroscopic
P. falciparum infections and underestimate rates of spontaneous clearance. This overestimation
of infection duration may be further compounded by the fact that PCR diagnostics are able to
detect parasite debris well after clearance of viable parasites [31-34]. Alternatively, infections
may be at densities below the detection limit of PCR diagnostics and may be misclassified as
cleared only to subsequently reappear at densities above the detection limit.

Studies which evaluated clonal dynamics of the natural course of submicroscopic infections
by genotyping or sequencing various P. falciparum genes such as AMA1, MSP1, MSP2,
GLURP, and var genes demonstrate that spontaneous clearance of clones can occur
[2,3,10,15,20,24-30,35-37]. Furthermore, spontaneous clearance of clones occurs more
frequently, and faster (days to weeks) than when simply evaluating binary infection status by
PCR (months) (Tables 1 and 2) [2,3,10,15,20,24-30,36,37]. Differences in clearance rates have
only been quantified in one study which genotyped all microscopy-positive infections and quanti-
fied the clearance rate of both microscopy-detectable infections and single clones, demonstrating
that clonal clearance is almost three times greater than when evaluating microscopy infection
status alone [30].

Generally, the definition of ‘clearance’ for most studies was the absence of an infection for one
timepoint after a positive result; this absence could be a 'negative’ result or the absence of a
particular clone which was detected earlier. While this single timepoint absence could be a
fluctuation of an infection below the limit of detection rather than clearance per se, there is
evidence of extended periods of clearance. For example, in two studies undertaken in low-
transmission settings, where reinfection rates would be low, participants with a spontaneously
cleared infection were negative for 8—-11 [29] and 13-23 [28] consecutive monthly samples
using the most sensitive PCR diagnostic (high-volume gPCR, known as ultrasensitive ‘UPCR’)
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Glossary

Chronic infection: an untreated
infection which persists.

Endogeneity selection bias: a form of
selection bias which occurs when one
makes assumptions of the risk of a
variable from data that were selected
based on a particular outcome, in this
case, assumptions on the duration of
P. falciparum infections based on a
selection of case studies selected due to
long-lasting P. falciparum infections.
Naturally acquired immunity:
immunity which develops with repeated
exposure and generally prevents clinical
disease, but not infection.
Sequestration: adherence of

P. falciparum-infected erythrocytes to
microvasculature in tissues and organs,
removing themselves from circulation in
peripheral blood.

Splenic clearance: where
Plasmodium spp.-infected
erythrocytes, and noninfected
erythrocytes which form rosettes around
infected erythrocytes, are filtered out of
circulation by the spleen. These infected
erythrocytes and rosettes are too large
to pass through the interendothelial
gaps in the splenic structure and are
consequently filtered out of circulation.
Spontaneous clearance: the
resolution of an infection without
antimalarial drug treatment which can
occur over varying infection lengths and
may be influenced by a combination of
parasite factors, splenic clearance,
innate and adaptive immunity.
Subclinical infection: an
asymptomatic Plasmodium spp.
infection, often low density and
undetectable by conventional
diagnostics (rapid diagnostic test and
microscopy).

Submicroscopic infection: a
low-density Plasmodium spp. infection
not microscopically detectable and
therefore only detectable by molecular
methods (such as PCR).
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Table 1. Spontaneous clearance events of circulating submicroscopic P. falciparum infection*
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Country Transmission  Study Sampling Detection Spontaneous clearance events
population
Tanzania [24] High 20 children Dalily for 14 days PCRT 15%° of infections cleared* <2 weeks
Burkina Faso [2] High 45 children Daily/weekly for 35 days nPCRT 17%° of infections cleared® <1 month
(of these, infection duration median 3.5 [1-35] days)
Ghana [25] High 143 newborns Monthly for 24 months PCR 55%° of infections cleared® <1 month; 98%7 <12 months
Uganda [3] High 149, all ages Monthly for 18 months ~ gPCR Spontaneous clearance*** observed
(infection duration range 87-536 days”)
Uganda [26] High 531, all ages Monthly for 24 months gPCRT Spontaneous clearance*™** observed
Mozambique [52] High 32 adult men Daily/weekly for 28 days gPCR 19%" cleared® 28 days
Kenya [27] Moderate 246 children Monthly for 12 months nPCR 15%" cleared® <2 months; 53% <6 months; 67%" <12 months
Gambia [15] Dry season 37, all ages Monthly for 6 months gPCRT 41%" of infections cleared™ <1 month; 60%" < 6 months
Vietnam [28] Low 325 adults Monthly for 24 months uPCR 30%" cleared <1 month*; 100%" <11 months
Cambodia [29] Low 19 adults Monthly for 12 months uPCR 87%" cleared <1 month*; 100%" <5 months

*Inclusion criteria. Studies evaluating individual-level longitudinal untreated subclinical P. falciparum infections using molecular diagnostics and intensive sampling (at least
monthly). The sensitivity of PCR is as follows: conventional PCR < nested PCR (nPCR) < quantitative real time PCR (qPCR) < ultrasensitive high-volume gPCR (uPCR).
Spontaneous clearance is defined as converting from positive to negative for a minimum of ¥1 sample, ¥2 samples, ¥*3 samples, ¥#>4 samples. "Parasites were

genotyped (e.g., MSP1/MSP2/GLURP) in the study to describe infection complexity but not to estimate clonal clearance.
@Denotes calculations performed from data available.
®Denotes estimates reported in original manuscript.

until completion of follow-up. Furthermore, another study demonstrated very little difference in
conclusions of spontaneous clearance using more conservative definitions of spontaneous
clearance (four consecutive monthly negative results) compared to ‘single timepoint’ clearance
definitions, suggesting that single negative timepoint definitions may be sufficient to support
conclusions of spontaneous clearance in some settings [3].

Accurate estimations of the probability of spontaneous clearance across populations are
challenging given issues with unstandardised data reporting and heterogeneity in study popula-
tions (malaria transmission, participants), study design (sampling frequency, and follow-up times,
particularly postspontaneous clearance event) as well as P. falciparum diagnosis (microscopy,
PCR, genotyping). Additional, long-term, longitudinal studies, with intensive sampling and highly
sensitive molecular diagnosis, including genetic characterisation of parasites, are warranted.
These need to be undertaken in a range of transmission settings in order to provide the most
detailed and robust generalisable evidence of infection duration and spontaneous clearance of
P. falciparum parasites.

What impacts the likelihood of spontaneous clearance?

While the mechanisms behind spontaneous clearance events are yet to be elucidated, both
immune-mediated and immune-independent factors may play an important role. Naturally
acquired immunity, which is acquired after repeated exposure and can reduce parasite densi-
ties, may play an important role. The age-dependent acquisition of immunity may explain obser-
vations of faster spontaneous clearance of submicroscopic infections in older, compared to
younger, children [20,27,38]. Furthermore, the observation that monoclonal infections clear faster
than polyclonal infections [3] may also support some role of naturally acquired immunity in spon-
taneous clearance of parasites. However, direct evidence of the relationship between immunity
and parasite clearance in the absence of antimalarial drug treatment has been examined in only
two studies. In a historical study in The Gambia, sera from highly immune adults was transferred
to children with clinical malaria [39], reducing parasite densities by 99% within 4 days, and
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Figure 1. Detection of infections over time in high- and low-transmission settings.
For a Figure360 author presentation of Figure 1, see the figure legend at https://doi.org/10.1016/.pt.2022.02.005.
Each coloured line represents a single parasite strain introduced by a mosquito bite, which can be detected by PCR,
microscopy, or symptoms depending on circulating parasite density. When using Plasmodium spp.-specific PCR
diagnostics individuals can appear to be chronically infected (thick black line); however, genotyping studies demonstrate
that individuals are constantly clearing one infection then being infected with new parasite strains. This is more likely to
happen in areas of high transmission and high genetic diversity compared to low-transmission areas. Some infections may
be recrudescent, that is, low-density or sequestered infections below the lowest detection limits which subsequently
reappear at detectable levels. Figure created with BioRender.com.

resulting in 67% of these (microscopically-detected) infections being cleared within 9 days in the
absence of antimalarial drug treatment [39]. More recently, in a study in Benin, newborns who
were able to spontaneously clear their subclinical microscopically detected infections were
found to have higher levels of (likely maternal) cytophilic classes of blood-stage (merozoite) anti-
bodies [18]. Conversely, a recent study of Gambian children and adults found that individuals
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Table 2. Spontaneous clearance events of circulating clonal P. falciparum infections*
Country Transmission Study Sampling Genotyping
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Spontaneous clearance events of individual
population genotypes

Ghana [25] High 143 newborns Monthly for 24 months Microsatellites 50%° cleared* <2 months
Mali [30] High 50 children Monthly for 12 months MSP1 0.38% infections cleared® per person per month
Sudan [10] High 74, all ages Every 14-28 days for MSP182, GLURP Spontaneous clearance ¥+ observed in 3/3 of
15 months patient examples presented
Senegal [36]  High 3, allages Every 2-4 days for MSP182 61%" cleared™ in <27 days
2 months
High 5, all ages Every 1-2 weeks for 78%" cleared® in <81 days
4 months
Uganda [3] High 149, all ages Monthly for 18 months AMAT Spontaneous clearance™** observed
(Duration of clonal infections 103-447 days®)
Uganda [26] High 531, all ages Monthly for 24 months Amplicon deep Spontaneous clearance™ observed
sequencing AMA1
PNG [37] Medium 11 children Every 2 weeks for var genes, MSP2** 100%" var transcripts cleared® <10 weeks
4 months 90%" cleared* >1 MSP2 genotype <14 weeks
PNG [20] Medium 28 children Every 3rd day for 61 days ~ MSP2 90%" cleared** <1 month (5-14 years); 33%"

(4 years)

*Inclusion criteria. Studies evaluating individual-level longitudinal untreated subclinical P. falciparum infections using genotyping and intensive sampling (at least monthly).
**Of microscopy-positive samples only. Spontaneous clearance is defined as converting from positive to negative for a minimum of 1 sample, 2 samples, ¥*3 samples,

HH>4 samples.
2Denotes estimates reported in original manuscript.
®Denotes calculations performed from data available.

with longer infections (=23 months) tended to have antibody responses to more antigens
than those with shorter infections, although this association was not statistically significant and
did not take into account clearance of clonal infections reported in the study [15]. As it is well
established that antibodies and other adaptive immune responses are crucial in protection
against clinical malaria, it seems likely that similar mechanisms are involved in the regulation of
subclinical infections and spontaneous clearance events. These may involve both the innate
and adaptive immune response, including antibody-mediated functional responses such as
complement deposition and opsonic phagocytosis [40]. Needless to say, further research to
elucidate the role of immunity in spontaneous clearance of submicroscopic P. falciparum para-
sites is warranted.

There are a number of parasite factors which have been explored in the context of virulence and
severity of disease; these factors are also likely to influence the duration of infection and sponta-
neous clearance. Many of these mechanisms are part of an intricate relationship between parasite
and host innate and acquired immunity. Plasmodium spp. parasites produce an array of immu-
nomodulatory factors such as heme, hemozoin, nucleic acids, and other microparticles, which
interfere with a variety of host immune responses from inflammation to immune-cell recruitment,
likely contributing to duration of infections, and may vary in potency between infecting strains [41].
Antigenic variation by the parasite (both of antigens on the invading merozoite and variant surface
antigens expressed on the surface of infected erythrocytes) is an immune evasion strategy by
parasites to avoid naturally acquired antibody-mediated immunity. Strain-specific acquired
immunity can provide protection against clinical malaria upon re-exposure to genetically and
antigenically similar parasites [42] and may also play a role in the chronicity of infection. One
may speculate that, in areas of low transmission and low genetic diversity, naturally acquired
immunity would develop quicker to circulating parasite strains compared to high-transmission
areas, resulting in faster clearance of parasites from the circulation. Alternatively, there may be
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other parasite virulence factors which confer a fitness advantage by promoting longer-lasting
infections to aid onward transmission. It has recently been hypothesised that, in low-transmission
areas where there is low competition with more monoclonal infections, less-virulent parasites
have less competition from more-virulent strains (which can cause high-density clinical infections
which are subsequently eliminated earlier with effective diagnosis and treatment) and therefore
persist for longer at low parasite densities compared to highly virulent strains [43,44]. The
complex interplay between host immunity and parasite virulence, competition, and diversity,
and the impact on the probability and speed of spontaneous clearance in both high- and low-
transmission settings, remains to be elucidated.

Immune-independent host and parasite factors such as splenic clearance, splenic accumula-
tion, and undetected tissue reservoirs of infection through sequestration may also play a role.
Sequestration is the process whereby P. falciparum-infected erythrocytes adhere to endothelial
receptors, via parasite-expressed erythrocyte membrane protein 1 (PfEMP1, the most abundant
variant surface antigen), in the microvasculature and organs. This process is a normal part of the
final maturation stage of the 48 h P. falciparum asexual life cycle. Sequestration enables the
parasite to avoid the spleen which removes infected erythrocytes from circulation through splenic
clearance, a process in which infected erythrocytes are unable to pass through interendothelial
gaps and are filtered out of circulation [45]. Sequestration may play a role in maintaining low
circulating parasite densities, below the diagnostic detection limit, which can later re-emerge
causing a recrudescent blood-stage infection. This is supported by several case studies of recru-
descent infections post-splenectomy in individuals testing negative for P. falciparum, by either
microscopy or PCR, prior to surgery [46-48]. Furthermore, the ability of parasites to sequester,
and be cleared by the spleen, may also help to maintain parasites at low, undetectable levels
through the dry season. A recent study demonstrated that parasites maintained in circulation
throughout the dry season are transcriptionally distinct, are maintained in circulation for
longer within each replicative cycle, have decreased cytoadhering capacity and increased rates
of splenic clearance [6]. The authors hypothesised that these traits kept parasitaemia below the
‘immunological radar’ [6].

The spleen may also be a reservoir for infections in its own right. Recently, case studies of asymp-
tomatic and untreated splenectomised individuals from Papua, Indonesia, demonstrated signifi-
cant viable blood-stage parasite densities in the spleens of infected individuals [4,5]. In three of
the nine patients with splenic P. falciparum infections there were no PCR-detectable infections
in peripheral blood, indicating that a self-replicating and viable splenic parasite reservoir may
give the appearance of clearance from circulation when parasites are, in fact, persisting in the
spleen [4,5]. Furthermore, splenic infection, together with sequestered parasites, may cause
recrudescence of circulating parasitaemia. This may explain what is often stated as strong evi-
dence for long-lasting subclinical P. falciparum infections in the absence of treatment — numerous
clinical case studies of infections acquired from transfusions or transplants, demonstrating that
donor products can be infectious for as long as 13 years (median 1.9 years) [47,49] after the
donor had last been in a malaria-endemic area as well as clinical case studies in immigrants
from malaria-endemic areas being diagnosed with clinical P. falciparum malaria up to 15 years
(median 3 years) after leaving malaria-endemic regions [47,50,51].

These case studies of splenic infection and long-lasting P. falciparum infections demonstrate
that circulating parasites can be maintained subclinically for extended periods of time and below
the limit of detection of conventional diagnostics. However, these studies are not designed to inves-
tigate the natural course of Plasmodium spp. infection. Importantly, case studies are also inherently
subject to endogeneity selection bias, whereby all cases were selected based on their outcome
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—arecrudescent or splenic P. falciparum infection. Therefore, a collection of case studies is not
evidence that all infections are chronic and/or persist in the spleen and may instead represent
outliers. The contribution of the spleen, or other sites of P. falciparum sequestration, in the
evaluation of spontaneous parasite clearance is important to elucidate and quantify, especially
when measures of parasite clearance rely solely on measures of circulating parasites.

Concluding remarks

In this opinion article we reorientated the narrative on infection chronicity and demonstrated that,
while some P. falciparum infections do persist for extended periods, there is evidence that
P. falciparum parasites can spontaneously clear in the absence of antimalarial drug treatment
in different malaria-endemic settings. However, further intensive longitudinal studies, with highly
sensitive molecular diagnosis, including genetic characterisation of parasites across a range of
transmission settings, are warranted. The epidemiological data infer a role for both host and
parasite factors in spontaneous clearance of P. falciparum; however, there is a paucity of studies
that have directly investigated either factor in conjunction with the natural course of infection. It is
most likely that immune-mediated and immune-independent mechanisms form part of a complex
interaction between parasite virulence, competition, and diversity with host factors such as
immunity and splenic clearance. Further investigation is particularly warranted in areas of varying
transmission intensity where the epidemiology of malaria, genetic diversity of parasites, and
acquisition of naturally acquired immunity will vary. Consequently, there are several outstanding
questions that need to be addressed to advance our understanding of spontaneous clearance
of P. falciparum infections as well as those caused by other Plasmodium spp. (see Outstanding
questions).

Understanding spontaneous clearance of Plasmodium spp. infections will advance our knowledge
of malaria epidemiology and transmission potential of malaria parasites in populations. This is
particularly pertinent for subclinical transmission reservoirs, which are likely to go undetected and
untreated by conventional test-and-treat approaches. Therefore, quantifying the duration of sub-
clinical infections, and underlying risk factors, is paramount to advance our knowledge of malaria
epidemiology and the transmission potential of malaria parasites, as well as inform interventions
for malaria control and elimination.
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