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Abstract. Timely identification and treatment of malaria transmission “hot spots” is essential to achieve malaria
elimination. Here we investigate the relevance of using an Anopheles salivary biomarker to estimate Plasmodium falci-
parum malaria exposure risk along the Thailand—-Myanmar border to guide malaria control. Between May 2013 and
December 2014, > 9,000 blood samples collected in a cluster randomized control trial were screened with serological
assays to measure the antibody responses to Anopheles salivary antigen (gSG6-P1) and P. falciparum malaria antigens
(circumsporozoite protein, merozoite surface protein 119 [MSP-14]). Plasmodium falciparum infections were monitored
through passive and active case detection. Seroprevalence to gSG6-P1, MSP-14, and CSP were 71.8% (95% Confi-
denceinterval [Cl]: 70.9, 72.7),68.6% (95% CI: 67.7,69.5), and 8.6% (95% ClI: 8.0, 9.2), respectively. Multivariate analysis
showed that individuals with the highest Ab response to gSG6-P1 had six times the odds of being positive to CSP
antigens (P <0.001) and two times the odds of P. falciparum infection compared with low gSG6-P1 responders (P =0.004).
Spatial scan statistics revealed the presence of clusters of gSG6-P1 that partially overlapped P. falciparum infections. The
gSG6-P1 salivary biomarker represents a good proxy for estimating P. falciparum malaria risk and could serve to im-

plement hot spot-targeted vector control interventions to achieve malaria elimination.

INTRODUCTION

Malaria along the Thailand-Myanmar border (TMB) is
characterized by foci of high prevalences of asymptomatic
and submicroscopic Plasmodium spp. carriage.! Over the
past several decades malaria caused by Plasmodium falci-
parum infection has continuously declined in populations liv-
ing along the TMB that has mainly been attributed to the use of
rapid diagnostic tests (RDTs) for early malaria detection and
treatment of malaria with highly effective artemisinin-based
combination antimalarial therapies and, to a lesser extend to
prevention of mosquito bites.>® The recent emergence of
P. falciparum parasites that are resistant to artemisinin and
artemisinin partner drugs along the TMB raised concern about
the potential spread of artemisinin resistance to India and
Africa and threatens recent gains in the reduction in the
burden of malaria in the region and globally.*® To contain
P. falciparum artemisinin resistance, the Shoklo Malaria
Research Unit and partners conducted a mass drug ad-
ministration (MDA) pilot trial with the aim to eliminate sub-
microscopic reservoirs of Plasmodium spp. parasites and
interrupting malaria transmission.®” Along the TMB, local
malaria transmission is heterogeneously distributed and the
risk of malaria may be confined to geographically small high-
risk areas and subsets of the population.® Identifying and
targeting these malaria transmission “hot spots” and
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“hot-pops” is therefore essential to remove the remaining
sources of transmission and to achieve malaria elimination.®

Measuring local malaria transmission poses considerable
challenges because of the lack of sensitivity of commonly
used entomology methods.®'° Assessing malaria trans-
mission intensity by determining the entomological in-
oculation rate (EIR) is challenging considering the low
frequency of mosquitoes positive for infection and spatial and
temporal variations in mosquito densities and composition
necessitate long-term intensive sampling.'" Serological bio-
markers using antibodies specific for Plasmodium spp. are
increasingly used to estimate changes in malaria transmission
in areas of low endemicity.'>”'® Measuring antimalarial anti-
bodies to detect malaria transmission offer several advan-
tages (compared with entomological and parasite outcomes)
because of the longer duration of specific antibody re-
sponses, they are indicative of recent malaria exposure rather
than point prevalence.''” Recently, new serological bio-
markers that measure the intensity of human exposure to
mosquito salivary antigens have been identified (reviewed in
Doucoure and Drame'®). Compared with other serological
tools, salivary markers offer great potential for measuring
small-scale variations in the exposure to malaria vectors as
they provide shorter lived antibody responses.'® In a previous
study, we demonstrated that antibodies specific for the sali-
vary biomarker gSG6-P1 are relevant to quantify human-
vector contact and estimate the malaria transmission risk at
the TMB."® We showed that the risk of malaria transmission
strongly varied in space and time and was influenced by the
environment and human behavior. Nevertheless, the re-
lationship between human exposure to Anopheles bites and
the risk of being infected by P. falciparum malaria was not
elucidated.
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The aim of the present study was to address whether
Anopheles salivary biomarker can detect small-scale varia-
tions in human exposure to P. falciparum malaria in a context
of malaria elimination. This information is pivotal in public
health programs to improve malaria surveillance and guide
vector control programs.

MATERIAL AND METHODS

Study site and survey procedure. Four villages, Htoo Pyin
Nyar (TPN, 17°14’N, 98°29'E), Tar Au Ta (TOT, 16°36'N,
98°57'E), Ka Nu Hta (KNH, 17°18’N, 98°24'E), and Htee Kaw
Taw (HKT, 16°85’N, 98°47'E), with > 10% P. falciparum
prevalence by high-volume ultrasensitive quantitative poly-
merase chain reaction (UPCR) were selected after the en-
gagement of the community.” A community-based malaria
clinic (“malaria post” or MP) was set up in each village to
monitor malaria infections with SD Bioline Pf/Pv RDT.2° A
census was performed before the surveys and demographic
information was collected.'® Two villages (TOT and KNH) were
randomly assigned to MDA intervention immediately and two
(HKT, TPN) were followed for 9 months (control period) before
receiving MDA as described in Landier et al.2° Briefly a 3-day
treatment course of dihydroartemisinin—piperaquine and a sin-
gle 0.25-mg base/kg dose of primaquine was administered
orally under supervision every month for 3 months to all par-
ticipants. Long-lasting impregnated nets (LLIN) were distributed
to all households at the start of the study (M0). Seven household
surveys were carried in each village every 3 months (month 0, 3,
6,9, 12,15, and 18) from May 2013 to December 2014. At each
survey, dried blood spots on Whatman filter papers (3MM,
0.34 mm thickness) were collected during surveys of the entire
village population for enzyme-linked immunosorbent assay
(ELISA). Plasmodium spp. infections were also recorded by
uPCR according to methods described previously. '

Antigen selection. The gambiae salivary peptide gSG6-P1
was selected because it is highly antigenic and highly specific
to the Anopheles genus, with no relevant cross-reactivity with
epitopes from other proteins or vectors of parasites.?>23 The
synthetic nature largely ensures high reproducibility of the
assay and it induces short-term (up to 2 months) and host-
specific humoral response.'® The P. falciparum antigens
merozoite surface protein 119 (MSP-1,9) and CSP were se-
lected for their capacity to detect different life cycle stages of
the Plasmodium (sporozoite versus merozoite) and for their
difference in immunogenicity and persistence. %2

Enzyme-linked immunosorbent assay: Human antibody
response to P. falciparum antigens. Serologic testing of
human exposure to MSP-149 and CSP antigens was carried
out by using ELISA as described in the study by Drakeley
et al.,"® but with some modifications (Supplemental Text 1).
Individual responses were expressed as the AOD value: AOD =
ODx — ODn. ODx and ODn represent the mean of individual
optical density (OD) in two antigen wells and one blank well
containing no Pf MSP1-19/CSP peptide, respectively. Spe-
cific anti-MSP-1,¢/CSP immunoglobulin G responses were
also determined by ELISA in nonmalaria-exposed individuals
(negative samples from France: N = 18) to quantify the non-
specific background Ab level and to calculate the cut-off value
for seropositivity (mean [ADOneg] + 3 SD). Procedures for
testing human exposure to gSG6-P1 salivary biomarker have
previously been described.®

Statistical analysis. To investigate the association be-
tween the intensity of Ab response to Anopheles salivary an-
tigen (gSG6-P1; categorical variable: low, medium, high, very
high; based on quartiles) and Ab responses specific for
P. falciparum CSP and MSP-149 (binary variable: positive,
negative), we used a multivariate multilevel logistic mixed re-
gression model with adjustment for relevant covariates, which
represented proxies for social, demographic, or environmen-
tal status. At the individual level, covariates included Ab re-
sponse to gSG6-P1, age group, gender, and MDA treatment (a
time-dependent individual binary variable, O as long as the
individual has not taken any drugs, 1 when individuals have
received 1, 2, or 3 doses). Household-level covariates in-
cluded LLIN use (never, sometimes, and every night). At the
village level, the population size at each survey, the temper-
ature, and relative humidity were taken into account in the
model (i.e., second order polynomial) and season was defined
according to the Thai Meteorological Department. In a second
analysis, we investigated the relationship between the in-
tensity of Ab response to Anopheles salivary antigens (four
categories) and P. falciparum malaria infections (binary vari-
able: positive and negative) using a multivariate mixed logistic
regression adjusted for covariates described previously.
Statistical analyses were carried out with Stata version 13.0
(StataCorp LP, College Station, TX). Graphs were constructed
using GraphPad Prism 5 software (GraphPad Software, San
Diego, CA).

Spatial analysis. Geographic references (latitude and lon-
gitude) were recorded for all households in the study villages.
Each house was given an identification code and all study
participants could be linked back to their respective houses
using the identification code. Scan statistics were used to test
for statistically significant clusters of salivary biomarker (gSG6-
P1) and P. falciparum malaria infections as measured by uPCR
(surveys) and RDT (MP). A discrete space-time Poisson model
was used to test for statistically significant clusters for each of
these outcomes and for each study village across all screenings
(M0-M18).2526 The scan statistic uses a moving window (a
spherical kernel) that centers on each point (house) in the village
and calculates the number of cases (P. falciparum infections or
biomarker positives) within the window and the number of
expected cases within the window, given the population within
the window and the distribution of cases and population across
the entire village. The window increases in size until half of the
village population is contained and then moves to the next
point. Likelihood ratios are calculated for each window location,
size, and time point and P values are calculated using Monte
Carlo simulations for the largest ranking clusters. Scan statis-
tics were calculated using SaTScan software (https:/www.
satscan.org/). A sensitivity analysis was conducted using el-
lipsoid rather than spherical windows.

Ethical approval. This study was part of a multicenter
cluster randomized control trial conducted in several sites
in the Greater Mekong subregion and registered on Clin-
icalTrials.gov: NCT01872702. Study protocol was reviewed
and approved by OxTREC (reference no. 1017-13 and
1015-13).

RESULTS

Study populations and outcomes. Participants consisted
of 2,602 people followed up every 3 months over 18 months
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and are described in Table 1. The compositions of the four
study villages were comparable in age and gender. The overall
prevalence of P. falciparum infections over the surveys ranged
from 0.88% (17/1,934)in TPN to0 3.14% (64/2,036) in KNH. The
incidence of P. falciparum recorded at MP ranged from 1 per
1,000 people per year at HKT to 45.5 at TOT. A total of 9,373
and 9,401 dried spots were analyzed for CSP and MSP-1+g,
respectively. Overall, Ab seroprevalence was higher for MSP-114
(range: 23.9-100%) than for CSP (range: 0.4-42%) and in-
creased with age in each village, with the exception of TPN
where CSP seroprevalence was lower in subjects > 60 years
than in other age groups (Table 1). The seroprevalence to gSG6-
P1 ranged from 59% at TPN to 86% at HKT.

Seroprevalence in antibody response to Anopheles spp.
and P. falciparum antigens. The Ab response to the MSP-144
and CSP antigens varied according to the village and survey
(Figure 1). For MSP-149, seroprevalence greatly increased
from M3 to M9 in all sites, except at HKT where it remained
constant all along the study (=60%) (Supplemental Table 1).
By contrast, seroprevalence to CSP increased by =2-fold
from MO to M3 in all sites and then continuously declined until
M18 (Supplemental Table 2). The seroprevalence to gSG6-P1
was high (71.8%, 95% Confidenceinterval [Cl]: 70.9, 72.7) and
strongly varied across villages and surveys (Supplemental
Table 3).

Relationship between P. falciparum malaria and
vector exposure. The mean number of measurements per
individual was 3.4 (range, 1-6). Multivariate logistic mixed
analyses showed a highly significant and positive dose-
response relationship between Ab response to gSG6-P1 and
the odds of a positive Ab response against P. falciparum CSP
and MSP-1,4 (Table 2). Individuals with the 25% highest Ab
response to gSG6-P1 (i.e., “very high” responders) had 6
times the odds of being positive to CSP antigens (odds ratio
[OR]: 5.94, 95% CI: 3.72-9.48, P < 0.001) compared with low
gSG6-P1 responders. Increased odds of positive MSP-149
responses were also demonstrated but the magnitude of ef-
fect was smaller (OR: 2.91, 95% ClI: 1.86-3.67, P < 0.005). Ad
hoc multivariate analysis showed that the very high re-
sponders to gSG6-P1 were also associated with increased
odds of P. falciparum infection after adjustment for other
covariates (OR: 2.27, 95% CI: 1.35-3.80, P = 0.002, Table 3).

Multivariate logistic analysis also showed that the odds of
P. falciparum Ab prevalence strongly increased with age and
was lower in females compared with males (Table 2). The
seroprevalence of P. falciparum Ab varied according to village
(P < 0.001) and season (P < 0.001) but the strength and di-
rection of the association differed according to antigen. The
highest seroprevalence to CSP was in HKT whereas KNH
showed the highest seroprevalence to MSP-1,4 (Table 2). The
rainy and cool seasons were associated with higher odds of
positive CSP responses compared with the hot season (OR:
9.47, 95% CI: 2.69, 33.35, P < 0.001 and OR 8.34, 95% ClI:
2.47,28.11, P = 0.001). Mass drug administration was asso-
ciated with decreased odds of CSP seroprevalence (OR: 0.49,
95% CI: 0.33, 0.74, P =0.001) but increased odds of MSP-149
Ab seroprevalence (OR: 4.18, 95% Cl: 3.15, 5.54, P < 0.001).
Finally, there was no strong evidence of an association be-
tween bednet use and the seroprevalence of P. falciparum Ab
(Table 2).

Spatial patterns in P. falciparum malaria infections. We
mapped together the very high responders to Anopheles
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Seroprevalence data with 95% confidence interval for antibodies against Plasmodium falciparum merozoite surface protein 119

(MSP-149), and P. falciparum sporozoite (CSP), according to villages Ka Nu Hta, Tar Au Ta, Htee Kaw Taw, and Htoo Pyin Nyar (KNH, TOT, HKT, and
TPN) and surveys (seven surveys over 18 months). Seropositivity for MSP-149 and CSP was calculated based on cut-off values (AOD) > 0.162 and > 0.115,
respectively. OD = optical density.
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Ficure 2. Micogeographical clusters of Pf malaria infections and vector exposure in the study villages at baseline (M0) and then after the
implementation of the mass drug adminsitration (MDA) pilot trial (M15). The large red (Plasmodium falciparum infections as measured by either
ultrasensitive gPCR or rapid diagnostic test) and green (very high responder to gSG6-P1) circles are the statistically significant hotspots detected
by spatial scan statistics (P < 0.001). Pf infections are shown in red diamonds. Before MDA (MO0), three villages Tar Au Ta, Ka Nu Hta, and Htee
Kaw Taw (TOT, KNH, and HKT) had multiple clusters of gSG6-P1 responders (Relative Risk [RR] = 16.15, 9.29, 8.83, and, P < 0.0001, respectively)
that partially overlapped with clusters of P. falciparum infections at KNH (RR = 30.20, P < 0.0001) and HKT (RR = 19.46, P < 0.0001). After MDA (M15
conducted at the end of the rainy season), P. falciparum infections almost disappeared in all villages except at TOT where a cluster of P. falciparum infections
was detected in the westemn part of the village (RR = 77.23, P < 0.0001) that mostly overlapped with the cluster of gSG6-P1 (RR = 5.86, P < 0.0001).
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the intensity of antibody responses to gSG6-P1 salivary antigen and other covariates
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TABLE 2
Multivariate logistic regression mixed model showing the relationship between Plasmodium falciparum antibody responders (CSP, MSP-1,o) and

Ab response to CSP Ab response to MSP-14¢
Characteristics OR 95% ClI P value OR 95% ClI P value

Ab response to gSG6-P1

Low 1 - - 1 - -

Medium 2.08 1.31-3.32 0.002 1.81 1.35-2.44 < 0.001

High 3.74 2.35-5.95 < 0.001 1.71 1.25-2.34 0.001

Very high 5.94 3.72-9.48 < 0.001 2.61 1.86-3.67 < 0.001
Age, years

<5 1 - - 1 - -

5-15 5.05 1.89-13.47 0.001 28.83 15.67-52.97 < 0.001

16-59 32.90 12.57-86.12 < 0.001 285.60 147.36-553.51 < 0.001

> 59 96.89 26.15-359.03 < 0.001 1,629.94 345.53-7,688.80 < 0.001
Gender

Male 1 - - 1 - -

Female 0.70 0.46-1.05 0.082 0.46 0.31-0.68 < 0.001
Village

Htee Kaw Taw 1 - - 1 - -

Htoo Pyin Nyar 0.03 0.01-0.10 < 0.001 10.16 3.96-26.11 < 0.001

Ka Nu Hta 0.05 0.02-0.17 < 0.001 22.60 8.21-62.15 < 0.001

Tar AuTa 0.78 0.34-1.81 0.561 3.21 1.46-7.02 0.004
Season

Hot 1 - - 1 - -

Cool 9.48 2.69-33.35 < 0.001 0.59 0.23-1.48 0.268

Rainy 8.34 2.47-28.1 0.001 0.45 0.18-1.09 0.079
MDA

No MDA 1 - - 1 - -

MDA 0.49 0.33-0.74 0.001 418 3.15-5.54 < 0.001
Sleep under bednet

Never 1 - - 1 - -

Some night 0.72 0.16-3.27 0.675 2.01 0.45-9.02 0.364

Every night 0.97 0.55-1.72 0.912 1.80 1.02-3.17 0.043

Cl = confidence interval; MDA = mass drug administration; MSP-1, = merozoite surface protein 119. The multilevel model included Ab response to gSG6-P1, age group, gender, and MDA at the
individual level, long-lasting impregnated nets use at the household level and season, the population size at each survey, the temperature, and relative humidity at the village level.

salivary bites with P. falciparum infections monitored at either
surveys or MPs during the rainy season, at baseline (MO, no
MDA) and then 15 months after implementation of MDA
(M15). At baseline, three villages (KNH, TOT, and HKT) had
statistically significant clusters of P. falciparum malaria that
partially overlapped with clusters of gSG6-P1 at KNH and
HKT (Figure 2). In KNH, there were 34 houses in the salivary
response cluster and 65 houses in the two Pf clusters and
28 of these houses overlapped. In HKT, there were 78 houses
in the salivary response cluster and also 78 houses in the
Pf cluster and 75 of these houses overlapped (96%). Htoo
Pyin Nyar showed a detectable hotspot of P. falciparum
infections in the middle of the village, with no apparent
hotspot of vector exposure (the number of P. falciparum
infections were however low). At TOT, P. falciparum

TABLE 3

Multivariate logistic regression mixed model showing the relationship
between the Plasmodium falciparum infections and the intensity of
antibody responses to gSG6-P1 salivary antigen

P. falciparum infections

Characteristics OR 95% Confidence interval P value
Ab response to gSG6-P1*
Low 1 - -
Medium 0.88 0.49-1.55 0.664
High 1.45 0.84-2.52 0.178
Very high 2.27 1.35-3.82 0.002

*gSG6-P1 classes were optical density < 0.4125 for low responders, 0.4125 < x < 0.6345 for
medium responders, 0.6345 < x < 0.9045 for high responders, and > 0.9045 for very high
responders. Analyses were adjusted for temperature, humidity, age, season, and village.

infections were dispersed within the village (no clustering)
and a wide cluster of vector exposure was seen (P < 0.0001;
relative risk = 16.15). P. falciparum infections were drasti-
cally reduced by M15 in all villages receiving MDA
(Figure 2), except at TOT were remaining pockets of
P. falciparum malaria infections and vector exposure per-
sisted in the western part of the village. In this site, there
were 64 houses in the salivary response cluster in and 92 in
the Pf cluster and 64 of these overlapped. All of the salivary
response cluster houses were contained within the Pf
cluster (70% of the Pf cluster overlapping with the salivary
response cluster).

All hotspot houses detected with spherical windows were
also detected using ellipsoid windows, with slight variations in
hotspot window shape. We then retained the spherical win-
dows for final visualization.

DISCUSSION

In the present study, we used antibody responses to
demonstrate a strong and significant relationship between
Anopheles exposure and P. falciparum malaria in areas of low
endemicity along the TMB. This association was shown for
antibody responses to two different P. falciparum antigens
(MSP-1,9 and CSP) and confirmed by the observation that
very high responders to gSG6-P1 were also at higher risk of
P. falciparum infections. This was further supported by spatial
statistics showing that P. falciparum clusters partially overlap
the gSG6-P1 clusters before and after the use of MDA for
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malaria elimination. This confirms previous results in the same
villages showing a significant correlation between EIR and Ab
responses to gSG6-P1 salivary antigen.'® Altogether, these
findings suggest that anti-gSG6-P1 could be used to estimate
population vulnerability to malaria vector bites and hence
be used as a proxy to estimate malaria transmission risk as
part of malaria surveillance and elimination.

The spatial mapping data showed that P. falciparum infec-
tions clustered in specific parts of the study villages, which
were partially geographically correlated to vector mosquito
exposure. Although it is likely that some P. falciparum malaria
are imported in the study villages by migration and population
movement,?” our findings indicate that heterogeneity in
P. falciparum malaria is positively associated with heteroge-
neous mosquito-biting behavior, hence reflecting “focal”
transmission risk. Spatial autocorrelation was less obvious
over time probably because of the successive introduction of
MDA that eliminated > 95% P. falciparum reservoir.2° Despite
that, the salivary biomarker was successful to identify remaining
sources of P. falciparum transmission at TOT, where low
coverage (75%) of MDA was reported.?® Absence of spatial
autocorrelation between vector exposure and P. falciparum
exposure in some surveys suggest also that a nonnegligible
part of malaria transmission probably occurred outside the
villages.

Our study showed that the risk of exposure to malaria and
the vector vary in space (village) and time (season). The rea-
sons for higher malaria risk in particular locations within vil-
lages are presently unknown but we assume that this may
reflect different human behavior and socioeconomic condi-
tions, environment (presence of mosquito breeding habitats),
vector control practices, etc as demonstrated by others.® As
expected, a clear age-dependent response in malaria-specific
immune responses was seen, which confirms exposure-driven
acquisition of antibody responses.’®282° This trend was
more pronounced with MSP-1,9 than CSP, probably due to
the stronger immunogenic property of this antigen. In-
terestingly, the higher odds of P. falciparum seropositivity to
CSP and MSP in older age group correlates well with the
age-dependent response to Anopheles exposure observed
previously in the area.’® We showed that females were also at
a lower risk of P. falciparum malaria exposure than males
confirming the predominance of P. falciparum infections in
adult males along the TMB due to different behavior, move-
ment, and occupation.?

Other risk factors associated with sero-reactivity to
P. falciparum infections was MDA, but the strength and di-
rection of the association differed according to antigen (CSP
or MSP-14¢). The observed differences between antigens may
be because of differences in immunogenic properties (e.g.,
longevity of antibody responses) or differences in exposure of
life cycle—specific antigens to the immune system (immuno-
genicity of antigens); sporozoite antigens, such as CSP, are
exposed to the immune system for a shorter duration than
blood-stage merozoite antigens, such as MSP-114.2%3" Fi-
nally, potential cross-reactivity between P. falciparum and
Plasmodium vivax antigens cannot be ruled out. In areas co-
endemic for P. falciparum and P. vivax, homologous antigens
may elicit cross-reactive antibodies®® and MSP-1,4 shares
~50% amino acid identity between the two species. Cross-
reactivity may also have contributed to the maintenance of

specific Ab responses to MSP in areas where P. vivax persists
after MDA.%°

Finally, our study revealed that frequent bednet use (“self-
reporting”) was not associated with a reduction of P. falciparum
malaria exposure, which is consistent with previous findings,
showing an absence of correlation between net use and the
Ab response to Anopheles bites.'® Along the TMB, malaria
vectors bite preferentially outdoors and in the early evening
when people are not protected by insecticide treated
nets.3334 This finding suggests that more appropriate per-
sonal protection tools (e.g., repellents, treated clothes)
should be delivered to people at risk of malaria to strengthen
malaria control and elimination efforts. Our results also
confirm the great potential of using salivary markers to
evaluate the efficacy of vector control interventions, where
malaria prevalence and intensity of transmission become
low.®® The development of factory-made rapid diagnostic
device for detection of human exposure to Anopheles bites
would be useful to replace labor-intensive ELISA and be
routinely incorporated into elimination programs.

CONCLUSION

In communities living in areas of low seasonal malaria
transmission, where reservoirs of submicroscopic infections
have been identified, the biomarker of exposure to vector
correlates well with the risk of P. falciparum infections. In
this study, the relationship between the vector exposure
(biomarker) and risk of malaria carriage (Ab) is complex,
partly because of MDA and because of the complexities
of malaria ecology in the region. Biomarker could be a
useful tool to measure the impact of targeted vector control
measures deployed as part of an elimination effort that
addresses the parasite reservoirs in the “hot spots” villages.
These vector control measures are important because LLIN
may provide little protective efficacy against Anopheles
vectors in this region.
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