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Abstract

Background The final challenge for malaria elimination in many countries is to interrupt the circulation of Plasmo-
dium vivax. Given the unique biology of this parasite, innovative approaches are imperative, with a focus on identify-
ing asymptomatic carriers of dormant parasite forms. This article delineates the recent epidemiological patterns of P
vivax malaria within a highly mobile and hard-to-reach population in the Guiana Shield. It further proposes an assess-
ment of the potential reservoir of asymptomatic carriers.

Methods This analysis was based on data from: (i) two cross-sectional surveys carried out at the French-Surinamese
border in 2015 and 2019, including adults returning from gold mining sites located in French Guiana (FG), [ques-
tionnaires and blood samples, tested for polymerase chain reaction (PCR) and P vivax serological exposure markers
(SEM) of recent infection]; (ii) epidemiological malaria surveillance system in Suriname, including cases imported
from gold mining sites located in western FG between 2014 and 2020. Factors associated with P, vivax seropositivity
were analysed by multiple logistic regression. The probability of carrying P vivax parasites (blood-stage or hypnozoite)
was estimated by a classification drawn from PCR results, SEM and reported recent history of illness.

Results Surveillance data showed a decrease in malaria imported cases from French Guiana between beginning and end
of the analysed period (236 in 2014 to 74 in 2020) and an increase in the proportion of cases associated with P vivax (52.4%
in 2014 to 100% in 2020). The PCR-prevalence of P vivax in survey samples decreased from 11.4% in 2015 to 4.0% in 2019;
P vivax seropositivity decreased from 44.7% to 28.4%. P vivax seropositivity was positively associated with male sex, age
and number of years spent in gold mining, type of activity, and reported malaria history (episode within less than nine
months OR=10.73, 95% CI. 5.87-19.6, or history of repeated older episodes OR=5.31,95% Cl: 3.13-9.01).

Conclusions Our analysis shows an epidemiological evolution typical of a scenario of decreasing malaria circula-
tion. Nevertheless, in 2020, gold miners in western FG still showed a moderate level of P vivax circulation. Biological
methods and epidemiological criteria can help to select potential parasite carriers, who could benefit from targeted
drug administration.
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Background

Malaria elimination is a major public health goal that
is becoming an achievable reality in several countries
around the world [1, 2]. In many of these countries, resid-
ual malaria transmission in hard-to-reach populations is
a major challenge, that is further complicated by the cir-
culation of Plasmodium vivax [3-5].

P vivax has several biological characteristics that facili-
tate its persistence and resilience to conventional case
management strategies, including the hepatic persistence
of hypnozoites, that trigger periodically recurrent malaria
attacks or asymptomatic parasitaemia. To date, there is
no diagnostic method to identify hypnozoite carriage.
Recurrences associated with hypnozoite reactivation can
be prevented by treating patients with 8-aminoquinolines
in addition to acute treatment with drugs targeting circu-
lating forms [6-8].

Malaria serology is an old and multi-faceted method,
whose role in supporting elimination has recently been
revisited, particularly in light of the challenges posed
by P. vivax [9]. Serology can be used to study the expo-
sure of a population to parasites, and thus provide use-
ful epidemiological indicators for risk stratification and
to determine the current state of transmission [10]. In
the case of P vivax, it is also currently proposed as a
tool to detect the likelihood of recent infections using a
panel of selected antibodies [serological exposure mark-
ers (SEMs)], and can therefore represent a proxy for
assessing the risk of hypnozoites carriage [11]. The per-
formance of this method in identifying recently exposed
individuals varies according to the level of endemicity of
the target population, with its best performance in low
transmission settings: in medium and high transmis-
sion contexts, the SEM is less accurate in distinguishing
between individuals with a recent infection (< 9 months)
and those with an immunological memory associated
with a long-term exposure [12].

Early diagnosis and treatment, integrated vector con-
trol, surveillance and case management must be the core
strategy for malaria elimination everywhere, according
to the World Health Organization (WHO). In areas of
low or moderate incidence, it is also recommended to
implement population-based interventions that target
the human reservoir of parasites and that have the poten-
tial to interrupt transmission [13]. Among these inter-
ventions, mass drug administration (MDA) may have a
questionable risk—benefit ratio, especially in cases of low
transmission and/or when targeting P. vivax. In this case,
8-aminoquinolines in addition to schizonticidal treat-
ment should be used (conditional favourable recommen-
dation by WHO) [14, 15]. In these contexts, SEMs could
be used to better target the members of a community
who should be offered treatment [P. vivax serological test
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and treatment (SeroTaT)] [11, 16]. Alternatively, selection
can be based on epidemiological criteria of belonging to
a high risk group for targeted drug administration (TDA)
[13, 17].

French Guiana (France) and Suriname are two contigu-
ous territories, located in South America and largely cov-
ered by the Amazon rainforest. Malaria (P falciparum, P
vivax and P. malariae) has been endemic in the region for
several centuries, but thanks to local and joint efforts, the
incidence of new cases has decreased significantly over
the last decade: from 569 indigenous cases reported in
2012 to zero in 2022 in Suriname, and from 900 to 21 in
French Guiana [1]. They are among the areas selected by
the WHO as candidates for malaria elimination by 2025
(E-2025 initiative) [1]. Residual transmission of malaria
occurs mainly among people involved in artisanal and
small-scale gold mining (ASGM) in the heart of the trop-
ical forest, particularly those working in French Guiana.
This is because their activity is very often clandestine and
is repressed by the French authorities, which creates sev-
eral obstacles (operational, regulatory and political) to
the provision of care and prevention on the mining sites
[18-20]. Most of these people are of Brazilian origin,
and the French-Surinamese border is often their gate-
way to the sites located in French Guiana. This commu-
nity also commutes regularly between the sites in French
Guiana and the supply centres are located along the bor-
der or in the Surinamese capital of Paramaribo [21-23].
When they leave the forest, gold miners tend to seek
malaria care at Surinamese facilities rather than French
health centres located on the border. Despite improve-
ments in regional epidemiology during the last decade,
this specific population has shown a high to moderate
level of malaria transmission [20, 24]. Several initiatives
are attempting to provide solutions to malaria circula-
tion in this challenging cross-border context, including
two intervention research projects: the Malakit project
(2018-2020) and the CUREMA project [Radical CURE
for MAlaria among highly mobile and hard-to-reach pop-
ulations in the Guiana Shield], 2022—ongoing, described
in detail elsewhere [24—26]. The CUREMA project aims
to evaluate a complex intervention that includes offering
a TDA to gold miners considered to be at risk of asymp-
tomatic P, vivax carriage, to reduce the risk of relapse and
transmission of the parasite. In the absence of a serologi-
cal test accessible in the remote regions where the project
is implemented, the selection of individuals to be treated
is based on a combination of epidemiological criteria
[26].

The aim of this article is to describe recent trends in
P, vivax malaria transmission in the ASGM community
of western French Guiana. It also aims to estimate the
risk of asymptomatic carriage of P. vivax using different
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approaches such as molecular biology, serology and epi-
demiological criteria. This will provide an insight into the
relevance of TDA approaches, such as those used in the
case of the CUREMA project.

Methods

Data sources

The data presented in this analysis is derived from
two sources: epidemiological surveys and surveillance
systems.

Two cross-sectional surveys, ORPAL 1 ([ORpaillage
et PALudisme] Prevalence survey of malaria parasites in
people working in illegal gold mining in French Guiana)
and ORPAL 2] were conducted from January to May
2015 and from September to December 2019, respec-
tively. These surveys were conducted on the French-Suri-
namese border, in settlements that housed supply centers
of the ASGM community. Individuals 18 years of age and
over who had returned from a gold mining site located in
French Guiana within the last seven days were included
in the surveys. The inclusion process was performed by a
doctor, a registered nurse and a facilitator (a Portuguese-
speaking person belonging or closely associated with the
community). A questionnaire was used to collect socio-
demographic and mobility information, knowledge and
behaviours regarding malaria, recent malaria history and
comorbidities. Venous blood sampling and a medical
examination were systematically conducted. More infor-
mation on these surveys has been previously published
[20, 24, 25].

Suriname’s national malaria surveillance system col-
lected data about malaria cases confirmed by microscopy
or rapid diagnostic test (RDT), resulting from passive
surveillance and (re)active case detection, as well as epi-
demiological investigation regarding the place of infec-
tion of each case. For the purposes of this particular
analysis, cases that had been notified between 2014 and
2020 and had been classified as imported from French
Guiana were selected.

For both sources, a selection was made of cases linked
to the gold mining areas of western French Guiana
(Fig. 1). Cases from the epidemiological surveys were
people who had returned from these areas within the
previous seven days; cases notified in the Surinamese
surveillance system were linked to these sites following
an epidemiological investigation.

Laboratory analyses from cross-sectional surveys

Venous blood samples were collected from each partici-
pant in the cross-sectional surveys and stored at 28 °C
for a maximum of five days. Subsequently, these samples
were transferred to the parasitology laboratory of the
Institut Pasteur de la Guyane (IPG) for malaria diagnosis
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using a standard nested-PCR (polymerase chain reac-
tion) targeting the 18S ribosomal deoxyribonucleic acid
[rDNA] on DNA extracted with the QIAamp® DNA kit
(Qiagen) from 200 pl of blood [27].

Sera aliquots were then frozen at — 80 °C and subse-
quently transferred to the Institut Pasteur in Paris for
the serological analyses, which were realised using a
multiplex Luminex Magpix platform to measure anti-
bodies against P. vivax proteins. The panel contained
eight P vivax blood-stage antigens [PVX_094255B
(RBP2b), PVX_094255 A (RBP2b), PVX_087885B
(RAMA,  putative),  PVX_ 099980  (MSP1-19),
PVX_112670 (unspecified), PVX_096995 (Pv-fam-a),
KMZ83376.1 (PvEBPII), PVX_097625 (MSP8, puta-
tive), PVX_097720 (MSP3.10)], as identified by Longely
et al. [11], with the antigen most strongly associated
with recent blood-stage infection being P. vivax reticu-
locyte binding protein 2b (RBP2b). Measured IgG anti-
body levels were analysed using a previously described
algorithm [11] to provide a classification of sero-
negative or sero-positive. Firstly, seropositivity was
defined using the thresholds identified during model
calibration to obtain a sensitivity of 63% and a specific-
ity of 90% (SEM: 63-90) for the detection of recent (9
months or less) P. vivax exposure, which was deemed
suitable for describing the seroprevalence associated
with recent infection in a population characterised by
medium-intensity transmission and a history of sig-
nificant exposure to malaria [12]. Secondly, a seroposi-
tivity indicator was also produced using thresholds
identified to obtain a sensitivity and specificity of 79%
(SEM: 79-79). These parameters were considered more
performant for identifying people to be treated during
pharmacological interventions such as P vivax Sero-
TAT [11, 16]. The distribution of log-values for anti-
bodies directed against the P vivax RBP2b.F2 antigen
was also described.

The present study exclusively included subjects for
whom both PCR and serological test results were
available.

Statistical analyses

The data were analysed using R software (v 4.4.0, The
R Foundation for Statistical Computing, Vienna, Aus-
tria) with RStudio integrated development environment
(Posit Software, Boston, USA). Quantitative data were
described both in terms of mean, median, standard devi-
ation, and minimum and maximum values; categorical
variables were described in terms of numbers and pro-
portions. Univariable analyses were performed for these
two types of variables using the Wilcoxon and Fisher
tests respectively.
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Fig. 1 Map of French Guiana illustrating the main gold mining areas that have been selected for the present analysis (red shapes) and inclusion
sites for cross-sectional surveys (yellow stars) (modified from https://d-maps.com/)

Exploratory analysis of factors associated with sero-
positivity (SEM: 79-79) was performed using a multiple
logistic regression model. The initial model incorporated
a purposive selection of variables following a compre-
hensive evaluation of the univariable analysis outcomes,
potential confounding factors, and the linearity of the
relationship between the variable of interest and its
explanatory variables when pertinent. The final model
was constructed using a stepwise descent method.

Given the potential limitations of SEM methods in
the endemicity level of the study population, a compos-
ite score was created to explore the likelihood of recent
P vivax infection using the data available from the two
cross-sectional surveys. The score takes into account
biological and epidemiological criteria, and individu-
als are classified according to a criterion of decreasing

probability of carrying P vivax (in blood-stage or hyp-
nozoite form). The values of this score are defined as
follows:

+ Confirmed: PCR positive individuals (either sympto-
matic or asymptomatic)
+ Probable: PCR negative individuals

« Either reporting a malaria episode with positive
testing in the last 9 months;

« Or reporting a malaria-like symptomatic episode
without a biological diagnosis in the last 9 months
but with positive SEM (79-79).

« Possible: PCR negative individuals
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« Either not reporting any malaria symptoms epi-
sode in the last 9 months but SEM (79-79) posi-
tive;

« Or reporting a malaria symptoms episode in the
last 9 months but SEM (79-79) negative.

+ Unlikely: Individuals who are PCR negative, SEM
(79-79) negative and have not reported any history
of malaria symptoms in the last 9 months.

The composite score thus constructed enabled the
establishment of three categories indicating whether indi-
viduals who should be offered treatment in the event of a
pharmaceutical population-scale intervention targeting
the human reservoir of P vivax: those with a confirmed
or probable recent infection should be treated; those with
an unlikely recent infection should not be treated; and
those with doubt about the relevance of offering treat-
ment to people with a possible recent infection.

These categories were then compared with approaches
potentially used to select individuals for treatment: PCR,
serology (SEM: 79-79), TDA treating all the persons
declaring a recent (< 9 months) malaria episode, TDA
with the risk assessment criterion used in the CUREMA
intervention, TDA treating the overall high-risk popula-
tion (individuals involved in ASGM in French Guiana).
The objective of this comparison is to estimate the propor-
tion of carriers missed and the risk of overtreatment for
each approach, in our study sample. The CUREMA inter-
vention criterium was defined as follows: report at least
one malaria symptoms episode in the previous 12 months
or have a lifelong malaria history and have been in a high-
endemicity area in the previous 12 months (in this case,
any mining area in the region except for Suriname mines).

Results

Population characteristics

Among the 801 participants in the cross-sectional sur-
veys, 755 (94.3%) were included in this analysis (403 for
ORPAL 1 and 352 for ORPAL 2), according to the selec-
tion criteria detailed in Fig. 2.

The median age of the participants was 38 years (min
18, max 70), and the sex ratio was 2.5 men per woman.
The majority (94.8%) of the participants were born in
Brazil, primarily from the Maranhdo State (52.7%) or
Pard and Tocantins states (23.6%).

About a half of the participants (54.3%) self-identified
as gold miners strictly speaking, while the remainder
were engaged in support activities, including individu-
als responsible for transporting personnel or shipping
goods, mobile vendors, owners of small shops and res-
taurants located within the mining areas, and cooks. The
median duration of involvement in gold mining was 10
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years, and the median duration of activity at the most
recent gold mining site was six months.
Further characteristics are delineated in Table 1.

Malaria transmission

The importation of malaria cases from French Gui-
ana gold mining areas to Suriname decreased between
the beginning and the end of the analysed period. The
number of malaria cases imported from French Guiana
gold mining areas, as described by Suriname surveil-
lance data, increased from 236 in 2014 to a peak of 487
in 2017 (related to an outbreak primarily concentrated in
the Sophie mining region, see Fig. 3), before decreasing
to 74 in 2020. The proportion of P vivax among imported
cases increased from 52.4% in 2014 to 100% in 2020.
The annual figures are presented in the Supplementary
Materials.

The proportion of survey participants testing positive
for malaria by PCR decreased from 23.1% to 5.4% for all
species combined (Table 2). With regard to P. vivax posi-
tive samples (alone or mixed infection), this value fell
from 11.4% to 4.0%. Concurrently, the seroprevalence of
P. vivax (SEM: 63-90) decreased from 44.7% to 28.4%.
Amongst individuals who were positive by PCR, the pro-
portion of P. vivax infections rose from 49.5% to 73.6%
during the study period.

As demonstrated by the epidemic curves in Fig. 3 and
the proportions of positive samples in Table 3, the num-
ber of sites with evidence of transmission decreased over
the study period. The cross-sectional survey data revealed
an increase in P, vivax positivity exclusively in the Abou-
nami and Sophie mining regions. However, none of these
changes were found to be statistically significant.

Seropositivity and associated factors
P vivax SEM 79-79 positivity was observed in 60.3% of
survey participants (67.5% in 2015 and 53.7% in 2019).

In the multivariable regression analysis, the follow-
ing characteristics were positively associated with sero-
positivity: increasing age, more than 5 years worked
in gold mining, male gender, reporting an episode of
malaria symptoms in the last nine months [odds ratio
(OR) =10.73, 95% confidence interval (CI): 5.87-19.6]
or reporting older episodes of malaria symptoms [(OR=
2.22,95% CI: 1.27-3.89) for one to three episodes, (OR=
5.31, 95% CI: 3.13-9.01) for more than three episodes].
The various occupational categories exhibited a signifi-
cantly heterogeneous risk of seropositivity (see Table 4).

The distributions of anti-RBP2b.F2 antibody levels (log
value) in the study population, according to the reported
history of malaria symptoms and according to the
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Fig. 2 Participants selection in the cross-sectional surveys:

among the participants included in the surveys, those who had
results for polymerase chain reaction and serology, as well as those
who came from a gold mining area in western French Guiana, were
selected for the current analysis

proposed estimated likelihood of recent P vivax infec-
tion, are illustrated in Fig. 4.

Assessment of likelihood of P. vivax recent infection
According to the composite indicator developed to esti-
mate the probability of recent exposure to P. vivax, 8.0%
of the surveys participants were classified as having a
confirmed exposure because they were carriers of blood-
stage forms (symptomatic or asymptomatic) (11.4% in
2015 and 4% in 2019); 13.9% had a probable recent expo-
sure (19.9% in 2015 and 7.1% in 2019); 43.6% had a pos-
sible exposure (42.5% in 2015 and 44.9% in 2019); finally,
34.6% had an unlikely exposure (26.3% in 2015 and 44.0%
in 2019).

Table 5 provides a more detailed description of this
indicator and compares it with the biological or epide-
miological tools that may be used to select individu-
als to be treated in interventions aimed at reducing the
human reservoir of P. vivax malaria. While PCR is capa-
ble of detecting a significant number of blood-stage
parasite carriers (81.6% of whom are asymptomatic), it
is unable to detect individuals with (probable or possi-
ble) recent exposure, and potential hypnozoite carriers.
For comparison, 57/60 (95.0%) of survey participants
with confirmed exposure, 92/105 (87.6%) with probable
exposure and 312/329 (94.8%) with possible exposure
were positive by serology (79% Se —79% Sp). According
to the epidemiological criteria currently employed for
TDA against P vivax in the CUREMA project, 57/60
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(95%) of participants with confirmed exposure, 105/105
(100%) with probable exposure and 303/329 (92.1%) with
possible exposure, but also 159/261 (60.9%) with unlikely
exposure, would be eligible for such a treatment.

The Supplementary Materials present a graphical rep-
resentation of the proportions that each of these tools
allows to be obtained among the individuals consid-
ered to be treated (confirmed and probable exposure),
those considered not to be treated (unlikely exposure)
and those for whom there is still some doubt (possible
exposure).

Discussion

This article examines trends in malaria circulation in recent
years in a hard-to-reach population, one of the last relevant
pockets of transmission in a region approaching elimination.

A reduction of malaria transmission over the study period

The data analysed describe a significant reduction in
malaria transmission, visible in both cross-sectional stud-
ies (PCR and serology results, number of recent malaria
episodes reported by participants) and surveillance data.
This reduction is linked to the considerable efforts made
to strengthen malaria control in the study areas. Spe-
cific interventions targeting the population involved in
AGSM took place during the period analysed, such as the
activity in Suriname of a network of community health
workers (malaria service deliverers [MSDs]) created in
the mining sector in 2006 as part of the project “Looking
for gold, finding malaria” [28, 29], and the international
Malakit research project between 2018 and March 2020
[25]. The latter provided self-testing and self-treatment
kits, together with health education activities, to gold
miners working in mining sites located in French Guiana.
This intervention had a significant impact on the man-
agement of malaria symptoms in the study population,
and on malaria transmission more generally. The content
of the kit in terms of treatment (artemether-lumefantrine
and single low-dose primaquine) makes it particularly
suitable for controlling the cycle of P. falciparum [24, 30].

During the period analyzed an increase in the pro-
portion of cases due to P vivax and a decrease in the
number of areas with active transmission (higher spa-
tial heterogeneity) were observed. This trend, as well as
the appearance of epidemiological instability associated
with outbreaks, is expected when malaria transmission
decreases [31-33].

A comparison of survey data with surveillance data
reveals some discrepancies in sectors with active trans-
mission. There are several possible explanations for
these differences. First, the cross-sectional surveys were
not designed to describe a geographical stratification of
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Malaria cases notified in Suriname as imported from French-Guiana gold-mining areas
from 2014 to 2020
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Fig. 3 Epidemiological curves representing malaria cases notified in Suriname as imported from western French Guiana gold mining areas
from 2014 to 2020, according to identified Plasmodium species (P, vivax infection mixed or alone in green, versus other species in blue).
Case-per-month curves are represented for each gold mining area, and the periods during which the cross-sectional surveys were performed are

presented within the red strokes lines

transmission, so the numbers are insufficient to obtain
accurate estimates. In addition, the cross-sectional sur-
vey data are based on the systematic analysis of a large
number of asymptomatic participants using molecular
biology methods, much more sensitive than those (RDTs
and microscopy) used to confirm cases reported by the
Surinamese surveillance system. It is also possible that
some of the cases were captured by the French surveil-
lance system; the lack of information in the French sur-
veillance system on gold mining activities and on the
geographical details of the gold mining sector meant that
we were unable to use these data in this analysis. Over-
all, these results demonstrate the complementary nature
of these two approaches to describing transmission, and
the value of systematic surveys and molecular biology in
regions of low to moderate transmission.

Value of P. vivax serology
The use of serology complements the data derived from
the detection of blood-stage parasites (RDT, microscopy

and PCR). In our study, SEM 63-90 data provide a gen-
eral description of the intensity of the recent exposure of
the population to P, vivax: it has decreased but the preva-
lence of exposed gold-miners was still considerable.
However, in the perspective of using the SEM to select
individuals for treatment in the context of malaria elimi-
nation interventions, questions may arise in this epidemi-
ological context. In our study population, the circulation
of P, vivax is still significant, and has been very high until
recently. For some of the gold miners, exposure to malaria
may have occurred in their previous places of residence
in Brazil, even before joining the gold mining business.
For older participants, and for those with a longer his-
tory of gold mining in the Guiana Shield and the Amazon
region, the history of exposure to malaria may therefore
be intense. This is reflected in the study data: age, time
spent in gold mining and past history of malaria have a
significant influence on the SEM 79-79 results. This
can also be illustrated by the distribution of anti-RBP2b.
F2 antibodies in our study population according to the
reported recent and longstanding history of malaria.
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Table 2 PCR (polymerase chain reaction) and serology results for ORPAL 1 and ORPAL 2 blood samples
2015 2019

PCR positivity Plasmodium falciparum 10.9% (44) 0.9% (3)

P vivax 8.7% (35) 4.0% (14)

P.malariae 0.7% (3) 0.6% (2)

P, falciparum + P, vivax 2.5% (10) 0.0% (0)

P vivax+ P. malariae 0.2% (1) 0.0% (0)
P vivax seropositivity (SEM: 63-90) 44.7% (180) 28.4% (100)
P vivax seropositivity (SEM: 79-79) 67.5% (272) 53.7% (189)

Data are presented in proportion (frequency)

Table 3 Proportion of participants with Plasmodium vivax
positive PCR (polymerase chain reaction) per gold mining region
and per survey. Data are presented in proportion and frequency
(numerator/denominator)

Gold mining region Positive PCR for P. vivax

2015 2019

Abounami 3.8% (1/26) 6.7% (4/60)
Beiman 0.0% (0/33) 0.0% (0/4)
Dorlin 9.5% (4/42) 0.0% (0/22)
Eau Claire, Tadeu 10.5% (13/124) 2.7% (2/74)
Goyanol, Paul Isnard 14.3% (2/14) 0.0% (0/17)
Mana, Kokioko 1.5% (6/52) 5.6% (1/18)
Maripa Soula, Papachton 20.0% (4/20) 3.6% (1/28)
Ouaqui, Tampok 1.1% (2/18) 1.3% (1/79)
Pe de liméo, Sapucaia 6.7%( /15) 0.09% (0/1)
Sophie 22.8% (13/57) 31.2% (5/16)
Sparouine 0.0% (0/2) 0.0% (0/33)

The analysis of seropositivity was not explored in
geographical detail because the mobility data available
referred only to the last gold mining area frequented: in
a context of high mobility (median duration of presence
6 months) these spatial data therefore did not have suf-
ficient chronological depth.

Criteria for identifying asymptomatic P. vivax carriers

Our study suggests a classification of participants accord-
ing to the likelihood of recent P vivax infection. This is
seen as a proxy for the risk of being a carrier of the para-
site (either asymptomatic blood stage or hypnozoite car-
rier) in order to identify people who might benefit from
antimalarial drug administration in population-based
interventions. This classification is undoubtedly ques-
tionable, but it attempts to take into account of all the
data that may be available in cross-sectional surveys,
which by design suffer from a lack of biological and clini-
cal follow-up data. The proposed classification should
therefore be validated by longitudinal data from compa-
rable populations.

Nevertheless, there are a number of interesting points
to be made about this classification. First, it illustrates
how individuals identified through passive detection
(symptomatic individuals) represent a very small tip
of the iceberg of potential hypnozoite carriers. Even
an active case detection strategy based on systematic
screening using sophisticated molecular biology methods
(which are often not widely available in the field) would
only be able to capture a fraction of these cases. In this
context, the cost-effectiveness of using these strategies to
eliminate the human parasite reservoir is questionable.

In our sample, the use of SEM 79-79 would allow the
selection of almost all PCR-positive individuals, and
the majority of individuals reporting a recent history of
malaria. The choice of these thresholds therefore appears
to represent a significant gain in sensitivity when aiming
to eliminate malaria, but at the cost of a larger propor-
tion of people being wrongly treated compared with SEM
63-90.

Furthermore, in our sample it can be observed that
the introduction of a simple epidemiological criterion,
such as that used in the CUREMA project’s intervention
TDA (collection of information on the recent history of
malaria symptoms, associated with recent exposure to
active transmission areas), makes it possible to identify
almost all the participants with a positive PCR and a sig-
nificant proportion of those with a positive SEM 79-79.
On the other hand, this criterion is weighed down by a
relatively high proportion of individuals who may have
been wrongly treated. The TDA selection criterion cho-
sen for the CUREMA project attempts to combine sat-
isfactory sensitivity with ease of use in the field when
interviewing participants. In fact, it uses broad geo-
graphical definitions (linked to the difficulty in the field
of asking individuals about their complete itineraries in
contexts of toponymic ambiguity) and, for the sake of
simplicity, extends the search for exposure to places of
active transmission in the previous year. It will be further
evaluated in the cross-sectional post-intervention survey
of the study.
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Malaria history
Malaria symptoms in
the last 9 months
More than 3 old malaria
symptoms episodes
1-3 old malaria
symptoms episodes

. Never

Recent Pv exposure
classification

E Confirmed
E Probable
E Possible
- Unlikely

Fig. 4 Distribution of anti-RBP2b.F2 log-value among participants in cross-sectional surveys categorized according to the reported malaria history
(A) and according to the classification for estimating likelihood of recent Plasmodium vivax (Pv) infection (B)
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Table 5 Composite indicator for estimating the likelihood of recent Plasmodium vivax infection, and its comparison with biological
or epidemiological criteria that can be used to select people to be treated in interventions aimed at reducing the human reservoir of

malaria

Participants per catergory

Participants selected for treatment per category according to:

2015

2019

Overall

P.vivax PCR SEM 79-79

SEM 63-90 Reported

malaria
history in the
last 9 months

CUREMA TDA
eligibility
criteria

Confirmed  Symptomatic
and PCR posi-
tive
Asymptomatic
and PCR posi-
tive

Probable  PCR nega-
tive, reporting
malaria-like
symptoms
with posi-
tive testing
in the last
9 months

PCR nega-

tive, reporting
malaria-like
symptoms
without a bio-
logical diagnosis
in the last

9 months

but with posi-
tive SEM (79-79)

Possible PCR negative,
not reporting
any malaria-
like symptoms
in the last
9 months
but SEM (79-79)
positive
PCR nega-
tive, reporting
malaria-like
symptoms
in the last
9 months
but SEM (79-79)
negative

Unlikely PCR negative,
SEM (79-79)
negative
and not report-
ing any history
of malaria
symptoms
in the last
9 months

8
(2.0%)

38
(9.4%)

27
(6.7%)

53
(13.2%)

155 (38.5%)

16
(4.0%)

106
(26.3%)

(0.9%)

1
(3.1%)

19
(54%)

(1.7%)

157 (44.6%)

(0.3%)

155
(449%)

1
(1.5%)

49
(6.5%)

46
(6.1%)

59
(7.8%)

312
(41.3%)

17
(2.3%)

261 (34.6%)

11/1
(100%)

49/49
(100%)

0746
(0.0%)

0/59
(0.0%)

0/312
(0.0%)

0/17
(0.0%)

0/261
(0.0%)

10/11 (90.9%)

47/49
(95.9%)

33/46
(71.7%)

59/59
(100%)

312/312
(100%)

0/17
(0.0%)

0/261
(0.0%)

6/11
(54.5%)

41/49
(83.7%)

21/46
(45.6%)

45/59
(76.3%)

167/312
(53.5%)

0/17
(0.0%)

0/261
(0.0%)

7711
(63.6%)

16/49
(32.6%)

46/46
(100%)

59/59
(100%)

0/312
(0.0%)

17/17
(100%)

0/261
(0.0%)

10/11
(90.9%)

47/49
(95.9%)

46/46
(100%)

59/59
(100%)

286/312
(91.7%)

17/17
(100%)

159/261
(60.9%)

Bold indicates make more visible the column with the frequencies for overall study population, which are the denominators for the proportions calculated in the

second part of the table
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The lack of longitudinal data means that the categories
constructed to estimate the probability of P vivax infec-
tion are compared with the criteria used to define them:
this approach therefore has limitations that must be
taken into account. Despite the limitations of this analy-
sis, it seems to indicate that the use of SEM results with
sufficient sensitivity would be an ideal compromise for
selecting patients for treatment in these settings. Nev-
ertheless, in field settings where it is not possible to use
laboratory results and while serological RDTs are not
available, taking into account clinical and epidemiologi-
cal history is a cheap and simple selection method that is
able to capture the majority of the highly probable carri-
ers. Even if this selection is associated with a significant
proportion of people still being treated unnecessarily,
the expected risk and cost—benefit would be better than
administering drugs to the whole high-risk population.

Furthermore, although modelling studies have been
carried out, it remains to be investigated in real life what
proportion of these asymptomatic carriers will go on to
contribute to disease transmission and what the real ben-
efit of systematic treatment would be [11, 16].

The significant association found in these data between
the reported history of malaria symptoms and its bio-
logical markers (PCR or serology) seems to support the
observation from qualitative studies that symptomatic
forms of malaria seem to be relatively well recognized
in the community studied, despite the many potential
differential diagnoses. This seems to be related to the
individual and collective experience of the disease and
to the cultural background of this Amazonian popula-
tion, which has historically been subject to the burden of
malaria [34].

Conclusions

As in many other contexts, the reduction in malaria
transmission in the gold mining sector in French Gui-
ana is accompanied by the difficulty of targeting the last
pockets of P. vivax transmission in an effective and bal-
anced way. Identifying and treating the silent human
reservoir of this parasite is a relevant way to achieve this
goal, and the lessons learned may be useful in many con-
texts facing similar challenges, in South America and
elsewhere in the world.

Abbreviations
ASGM Artisanal and small-scale gold mining
a Confidence interval

CUREMA  Radical CURE for MAlaria among highly mobile and hard-to-reach
populations in the Guiana Shield

FG French Guiana

IPG Institut Pasteur de la Guyane

MDA Mass drug administration

MSD Malaria service deliverer

OR Odds ratio
ORPAL Orpaillage et paludisme—gold mining and malaria
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RBP2b Reticulocyte binding protein 2b
RDT Rapid diagnostic test

SEM Serological exposure markers
SeroTaTl Serological test and treatment
TDA Targeted drug administration
WHO World Health Organization
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