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Driving down malaria – a journey of gene drive from lab to (semi-) field

Andrew Hammond1,2,, Paola Pollegioni3,4, Tania Persampieri3, Ace North5, Roxana Minuz3,
Alessandro Trusso3, Alessandro Bucci3, Kyros Kyrou2, Ioanna Morianou2, Alekos Simoni2,3,
Ruth Müller3,6 , Tony Nolan2,7, Andrea Crisanti2,3,8
1

Johns Hopkins Bloomberg School of Public Health, USA. 2 Imperial College London, UK.
3
Polo d Inno a ione di Genomica, Gene ica e Biologia, Italy. 4 National Research Council,
Research Institute on Terrestrial Ecosystems, Italy. 5 University of Oxford, UK. 6 Goethe
University, Germany. 7 Liverpool School of Tropical Medicine, UK. 8 University of Padua,
Italy

Gene drives are synthetic selfish genetic elements with the incredible ability to spread
throughout entire populations of insect pest and vector species for sustainable control. In
recent years the strategy has been dramatically expanded as a direct outcome of the CRISPR
revolution, with impressive demonstrations in highly contained small-cage experiments. We
have focussed on an entirely self-sustaining approach that aims to suppress the populations of
the African malaria mosquito, Anopheles gambiae. In 2015 we demonstrated the first proofof-principle gene drive in the mosquito, however early efforts to build effective gene drives
were thwarted by the generation and selection of resistance mutations. Several years later we
were able to completely mitigate this resistance in small-caged release experiments by
controlling nuclease expression and targeting the ultra-conserved gene, doublesex, leading to
the first and only reported successful population elimination using gene drive. This strain,
Ag(QFS)1, fulfils the minimum requirements for malaria control in Africa. Here, we present
the first semi-field test of gene drive technology following the release of Ag(QFS)1 into
large, contained cages that provide near-natural conditions designed to stimulate complex
mating, feeding and resting behaviour. We follow the successful spread of Ag(QFS)1 over a
one year period in four cages seeded with low or intermediate initial frequency of drive
carrying insects, tracking the frequency of putative resistant alleles and population
reproductive output over time. We observed complete population elimination in all four
releases and find no evidence for resistance. These results are the first successful
demonstration of gene drive beyond proof-of-principle laboratory testing and represent a
crucial stepping-stone towards genetic control of the malaria mosquito in Africa.
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Following a dramatic decline of malaria cases in Aceh province, geographically-based reactive
case detection (RACD) was recently evaluated as a tool to improve surveillance with the goal of
malaria elimination. While RACD detected few cases in households surrounding index cases,
engaging in forest work was identified as a risk factor for malaria and infections from
Pla
di k
le i a non-human primate (NHP) malaria parasite were more common than
expected. This qualitative formative assessment was conducted to improve understanding of
malaria risk and identify strategies for targeted surveillance among forest workers, including
adapting reactive case detection. Between June and August, 2016, five focus groups and 18 indepth interviews with key informants were conducted in each of four subdistricts in Aceh Besar
and Aceh Jaya districts. Themes included: types of forest activities, mobility of workers,
interactions with NHP, prevention and treatment-seeking behaviors, and willingness to
participate in malaria surveys at forest work sites and using peer-referral. Reported forest
activities included mining, logging, and agriculture in the deep and forest fringe. Forest workers,
particularly miners and loggers, described often spending weeks to months at work sites in
makeshift housing, rarely utilizing mosquito prevention and, upon fever, self-medicating and
seeking care from traditional healers or pharmacies rather than health facilities. NHPs are
frequently observed near work sites, and most forest work locations are within a day s journey of
health clinics. Employers and workers expressed interest in participating in malaria testing and
malaria survey by peer-referral and at work sites. Diverse groups of forest workers in Aceh are
potentially exposed to malaria through forest work. Passive surveillance and household-based
screening may under-estimate malaria burden due to extended stays in the forest and healthseeking behaviors. Adapting active surveillance to specifically target forest workers through
work-site screening and/or peer-referral appears promising for addressing currently undetected
infections.
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Baseline s r e on malaria distrib tion at the initial phase of elimination is cr cial to meas re the
achie ements in program inter entions. As mptomatic and lo -densit resid al malaria cases are the
major bottlenecks to the program beca se the are potential silent reser oirs end ring transmission
especiall in lo transmission settings. Hence, this comm nit s r e
as cond cted to establish
baseline data at the preliminar phase of malaria elimination. Comm nit based cross-sectional s r e
as cond cted at t ent malaria elimination targeted districts selected from 5 regional states and one
cit administration in Ethiopia. GPS enabled Smart Phones programmed ith Open Data Kit ere sed
to en merate 9326 st d ho seholds and collect the data from 29,993 residents. Care Start Malaria
HRP-2/PLDH Rapid Diagnostic Tests (RDTs) ere sed for blood e amination at field le el.
Armpit/tong e thermometers ere sed to meas re fe er cases. O erall malaria pre alence b RDTs
as 1.17% (339/28973). The pre alence at district le els ranged from 0.0% to 4.7%. The total
as 9.2% (2760/29993). Among the
pre alence of fe er (a illar temperat re >37.5oc) in the s r e
O
2,510 febrile (a illar temperat re >37.5 c) indi id als tested ith RDTs, onl 3.35% (84) ere malaria
positi e. As mptomatic malaria as 0.88% (255/28973) among the total RDT e amined st d
participants and 75.2% (255/339) among the total malaria positi es. S mptomatic malaria as 0.29%
(84/28973) among all st d participants and 24.8% (84/339) among malaria positi es. Of the total
as mptomatic cases, the pre alence as 10.2% (26/255) in nder-fi e children and 89.8% (229/255) in
those abo e 5 ears of age. The presence of this considerable s b-patent malaria in the eliminationtargeted settings indicates the presence of s staining malaria transmission in the areas targeted for
malaria elimination. Therefore, acti e case detection ith more sensiti e diagnostic techniq es than
con entional methods is needed to kno more real magnit de of resid al malaria in the elimination
targeted areas and to break the transmission chain.
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Bac g
d: P a
di fa ci a
can cause severe malaria and subsequent systemic
inflammation as well as pronounced endothelial activation. The endothelium forms an
interface between blood and tissue, and vasculopathy has previously been linked with malaria
severity.
Me h d : Using incident dark field imaging we studied whether the glycocalyx, a
glycoprotein-rich layer on the inside of the vascular lining is involved in pediatric P.
fa ci a
malaria pathogenesis. By non-invasive imaging of the erythrocyte movements in
the buccal mucosa we calculated the perfused boundary region; indicating to what extent
erythrocytes can permeate the endothelial glycocalyx. Perivascular hemorrhages were also
quantified using non-invasive imaging. Plasma levels of endothelial function, inflammatory
response and markers associated with glycocalyx shedding were also measured.
Re
a dD c
: The perfused boundary region was significantly increased in severe
malaria patients and suggesting loss of glycocalyx. This result was substantiated by an
increase of soluble glycocalyx components in plasma. Patients with severe malaria had
significantly higher plasma levels of sulfated glycosaminoglycans than patients with
uncomplicated malaria, whereas other measured glycocalyx markers were raised to a
comparable extent in both groups. In severe malaria, the plasma level of the
glycosaminoglycan hyaluronic acid was positively correlated with the perfused boundary
region in the buccal cavity. Also, plasma hyaluronic acid and heparan sulfate were
particularly high in severe malaria patients with a low Blantyre coma score, suggesting
involvement in its pathogenesis. In vivo imaging also detected perivascular hemorrhages and
in vivo sequestering of late-stage parasites. In line with endothelial instability, plasma
angiopoietin-1 was significantly decreased while angiopoietin-2 was increased. The density
of hemorrhages correlated negatively with plasma levels of angiopoietin-1.
C c
: Both imaging the buccal mucosa and plasma analyses show loss of the
protective endothelial glycocalyx and associates this loss with vascular dysfunction in human
malaria.
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Diversity and core composition of midgut and salivary gland microbiota of
Nyssorhynchus darlingi colonized in laboratory
Najara A.C. dos Santos¹,³, Vanessa R. de Carvalho², Jayme Souza-Neto², Jansen F.
Medeiros¹, Maisa S. Araujo¹
¹ Laboratório de Entomologia – Plataforma de Produção e Infecção de Vetores da
Malária (PIVEM) - Fundação Oswaldo Cruz Rondônia, Brasil; ² Laboratório Central Universidade Estadual Paulista "Júlio de Mesquita Filho", Brasil; ³ Programa de Pósgraduação em Biologia Experimental - Fundação Universidade Federal de Rondônia,
Brasil
Currently bacterial communities have important roles in malaria vector and its
immune functions against Plasmodium development. The recent establishment of a
Nyssorhynchus darlingi colony, the major malaria vector in Brazilian Amazon, and
the importance of elucidating the microbiota participation in model Ny. darlingiPlasmodium vivax, instigated us to study the microbiota of the midgut and salivary
gland of Ny. darlingi colony. Midgut and salivary gland microbiota of non-engorged
female mosquitoes were verified by high throughput 16S rRNA amplicon sequencing.
Midgut microbiota had a lower richness than microbiota of salivary gland, however,
both organs showed low uniformity and low equitability in their communities. In βdiversity analyses salivary gland and midgut had statistically difference in their
microbiota composition. Core microbiota was formed by 11 OTUs in each organ,
when >1% abundance and >50% prevalence was considered, and 90.9% of them
belonged to Proteobacteria phylum. The core microbiota corresponded to 71% of
bacteria community of the salivary gland and 59% for midgut. At core microbiota of
salivary gland and midgut, Pseudomonas, Acinetobacter and Enterobacter appeared
in more than 90% of the samples, and Pseudomonas was the most abundant. An
endosymbiont Wolbachia was also registered in both organs, but in low abundance.
Asaia sequences appeared only in midguts. Some of these bacteria were found in
anopheline mosquitoes midgut, including wild-caught Ny. darlingi. But in salivary
gland, this is the first register to Ny. darlingi. Although the differences in microbiota
composition by β-diversity analysis, the core microbiota was very similar between
samples and organs. It’s important to remark that microbiota composition is dynamic
and could change along mosquito history. In this way, our study could help us to
understand the changes in microbiota composition after artificial infections, and the
role of microbiota of Ny. darlingi colony on the resistance or susceptibility to P. vivax.
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A role for cytolytic memory CD4+ T cells in the immune response against
Plasmodium Falciparum malaria
Raquel Furtado1, Fabien Delahaye2, Joowhan Sung1, Paul Karell1, Andy Bauleni4, Syze
Gama4, Karl Seydel6, Terrie Taylor6, Miriam Laufer5, Ryung Kim3, Johanna Daily1 and
Gregoire Lauvau1
1

Department of Microbiology & Immunology, 2Department of Genetics, 3Department of
Epidemiology and Population Health, Albert Einstein College of Medicine, 4Malaria
Alert Centre, University of Malawi College of Medicine, 5Institute for Global Health,
University of Maryland School of Medicine, 6Department of Osteopathic Medical
Specialties, Michigan State University
Plasmodium falciparum (Pf) malaria is a global burden with a need for an efficacious
vaccine, yet an understanding of a protective malaria immune response remains unclear.
Lack of CD4+ T or B cells in mice results in malaria susceptibility, whereas in humans
serum IgG transfer from clinically immune to non-immune patients results in reduced
disease severity indicating the importance of antibody responses. Individuals in malaria
endemic areas develop naturally acquired Pf immunity owing to repeated exposures,
however it is unknown which memory cell populations account for lasting malaria
immunity. In an 18-month longitudinal study in a Malawian hyperendemic area, we
identified non-immune (susceptible) and immune individuals (protected) that respectively
had a high and low number of malaria episodes. We profiled circulating immune cells
among patient peripheral blood mononuclear cells (PBMCs) during Pf infection by timeof-flight cytometry (CyTOF) to assess the status of immune cell subsets. With high
dimensional clustering analyses we found memory CD4+ T (CD4+ TM) cells expanded in
protected versus susceptible individuals suggesting an association with clinical immunity.
Further we detected enhanced Pf specific IgG responses in protected individuals
by Pf antigen arrays and antibody-dependent Pf opsonization assays. We conducted
single-cell RNA-seq on patient CD4+ TM and transcriptionally identified effector and
regulatory subsets. Importantly our analyses revealed expanded TCR clonotypes only
within the effector CD4+ TM subset that express the transcription factor Zeb2. By flow
cytometry on patient PBMCs we confirmed the presence of circulating cytolytic
CD4+ TM cells expressing Zeb2, granzyme B and sets of chemokine receptors, suggesting
cytolytic and migratory capacities. These cells also express CD39, a surrogate marker of
antigen-experienced cells, suggesting that they may be Pf specific. We propose that
clonally expanded cytolytic CD4+ TM cells may be important in malaria protection and
their characterization may inform the development of an efficacious malaria vaccine.
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Population genomics reveals the expansion of highly inbred Plasmodium vivax lineages in the
main malaria hotspot of Brazil
Thaís Crippa de Oliveira,1 Rodrigo M. Corder,1 Angela Early,2,3 Priscila T. Rodrigues,1 Simone
Ladeia-Andrade,4 João Marcelo P. Alves,1 Daniel E. Neafsey,2,3 Marcelo U. Ferreira1
1

Department of Parasitology, Institute of Biomedical Sciences, University of São Paulo, 05508900 São Paulo, Brazil. 2Infectious Disease and Microbiome Program, Broad Institute of MIT and
Harvard, 02142 Cambridge, MA, United States of America. 3Departament of Immunology and
Infectious Diseases, Harvard T. H. Chan School of Public Health, 02115 Boston, MA, United
States of America. 4Laboratory of Parasitic Diseases, Oswaldo Cruz Institute, Fiocruz, 21045-900
Rio de Janeiro, Brazil

Plasmodium vivax is a neglected human malaria parasite that causes significant morbidity in the
Americas, the Middle East, Asia, and the Western Pacific. Population genomic approaches remain
little explored to map local and regional transmission pathways of P. vivax across the main
endemic sites in the Americas, where great progress has been made towards malaria elimination
over the past decades. We analyze 38 patient-derived P. vivax genome sequences from Mâncio
Lima (ML) – the major Amazonian malaria hotspot next to the Brazil-Peru border – and 24
sequences from two other sites in Acre State, Brazil, a country that contributes 23% of malaria
cases in the Americas. We show that P. vivax population of ML is genetically diverse (π = 4.7 ´
10−4), with high polymorphism particularly in genes encoding proteins putatively involved in red
blood cell invasion. Paradoxically, however, parasites display strong genome-wide linkage
disequilibrium, being fragmented into discrete lineages that are remarkably stable across time and
space, with only occasional recombination between them. Using identity-by-descent approaches,
we identified a large cluster of closely related sequences that comprises 16 of 38 genomes sampled
in ML over 26 months. Importantly, we found significant ancestry sharing between parasites at a
large geographic distance, consistent with significant gene flow between regional P. vivax
populations. We have characterized the sustained expansion of highly inbred P. vivax lineages in
a malaria hotspot that can seed regional transmission. Potential source populations in such hotspots
represent a priority target for malaria elimination in the Amazon.
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Genomic analyses of Plasmodium falciparum infections reveal patterns of parasite
population connectivity and antimalaria drug resistance across Zambia
Abebe A. Fola1, Daniel J. Bridges2, Jack Dorman1, Ilinca Ciubotariu1, Mulenga C. Mwenda2,
Brenda Mambwe2, Conceptor Mulube2, Moonga Hawela3, Douglas E. Norris4, William J.
Moss4,5, Giovanna Carpi 1,4,6
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Department of Biological Sciences, Purdue University, West Lafayette, IN, USA
PATH Malaria Control and Elimination Partnership in Africa (MACEPA), Lusaka, Zambia
3
National Malaria Elimination Centre, Zambia Ministry of Health, Chainama Hospital Grounds, Lusaka,
Zambia
4
The Johns Hopkins Malaria Research Institute, W. Harry Feinstone Department of Molecular
Microbiology and Immunology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
5
Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
6
Purdue Institute for Inflammation, Immunology, & Infectious Disease, Purdue University, West
Lafayette, IN, USA
2

Understanding the genetic structure of malaria parasite populations and spatial patterns of
genetic relatedness and drug resistance mutations is critical to inform effective malaria
interventions and elimination strategies. Genomic surveillance of spatially and temporally
representative malaria parasite populations is a powerful tool to address these questions. In
Zambia, despite intensified control interventions, Plasmodium falciparum malaria remains
endemic but with heterogeneity in transmission levels and infection prevalence that pose
challenges to achieving and sustaining malaria elimination. To investigate the spatial patterns
of parasite genetic relatedness and drug resistance mutations across Zambia, we conducted
whole genome sequencing of 250 P. falciparum samples from seven provinces using dried
blood spots collected from children under five years as part of the 2018 Zambia National
Malaria Indicator Survey. Using 22,689 genome-wide biallelic SNPs with MAF>0.05, we
found moderate to low degrees of genetic differentiation between parasite populations. 22.9%
of haplotypes with high Identity-by-descent (IBD)(sharing 90% of their genomes) were found
across four provinces with no apparent haplotype clustering at the provincial level, suggesting
long-distance parasite movements meditated by humans or vectors. High IBD (>70%
haplotypes sharing >90% of their genome) was identified across the major drug resistance loci
with signals of positive selection on Pfdhps on chromosome 4 and Pfap2mu (gene associated
with artemisinin tolerance in Africa) on chromosome 12, indicating that these parasite
populations were under drug pressure including artemisinin combination therapy (ACT). A
high prevalence of sulfadoxine/pyrimethamine resistance was seen across provinces, with more
than 90% of isolates carrying Pfdhfr triple mutant (N51I, C59R, and S108N) and 24% Pfdhps
double mutant (G437A and K540E). These findings suggest that intensified and sustained
control efforts are required to interrupt parasite connectivity and highlight the importance of
genomic surveillance in supporting malaria elimination efforts, including monitoring the
emergence and spread of drug resistance mutations.
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Development & pre-clinical evaluation of a whole asexual blood-stage parasite malaria
vaccine containing cationic liposomes
Winter A. Okoth1, Danielle I. Stanisic1, and Michael F. Good1
1
Institute for Glycomics, Griffith University, Queensland, Australia.
Malaria is a devastating disease of great public health concern, especially in Sub-Saharan
Africa where it is the cause of high morbidity and mortality in children under 5 years. The
limited protective efficacy of the pre-erythrocytic sub-unit vaccine, RTS,S/AS01
(M
i i ), a d bl d-stage sub-unit vaccine candidates that have been evaluated in field
studies has intensified interest in pursuing alternative vaccine development strategies, such as
the whole parasite vaccine approach. This enables inclusion of a broader parasite antigen range
than that used in sub-unit vaccines and may overcome antigenic polymorphism, one of the
major issues that has impacted on the efficacy of sub-unit vaccines. The Plasmodium bloodstage of the life-cycle is the cause of symptomatic and clinical manifestations of malaria
infection, hence developing an effective malaria vaccine against this stage is important.
Liposomes have been used as delivery systems for drugs and vaccines. Liposomes enable
effective delivery to antigen presenting cells. Furthermore, liposomes are amenable to freezedrying, making them suitable for a field deployable vaccine. Therefore, one of the strategies
explored by our group for the development of a malaria vaccine is the use of liposomes for the
delivery of a whole parasite material. To further develop a whole parasite blood-stage malaria
vaccine, the key objectives are: production and characterization of a cationic liposomal whole
asexual blood-stage a a i e mala ia acci e, e al a i
f he acci e imm
ge ici a d
protective efficacy, and examination of immune mechanisms of vaccine-mediated protection
in rodent malaria models. Our data demonstrate that a cationic liposomal vaccine formulated
with P. yoelii 17XL pRBCs results in the induction of a parasite-specific antibody and cellular
immune response and protects mice against homologous challenge. CD4+ T cells and B cells
play a role in the vaccine-mediated protection. Future work aims to further interrogate the
immune mechanisms of vaccine-mediated protection in rodent models of malaria.
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Andrea L. Conro 1, Ruth Nama i2, Anthon Batte3, Dib ad uti Datta1, John Ssenkusu4, Robert O.
Opoka2, Chand C. John1
R an White Center for Pediatric Infectious Disease and Global Health, Indiana Universit School of
Medicine
2
Department of Paediatrics and Child Health, Makerere Universit College of Health Sciences, Kampala,
Uganda
3
Child Health and Development Centre, Makerere Universit College of Health Sciences, Kampala,
Uganda
4
Makerere Universit School of Public Health, Department of Biostatistics, Kampala, Uganda.
1

Ab

ac

Acute kidne injur (AKI) is increasingl recogni ed as an important clinical complication in children
with severe malaria that is associated with increased mortalit , and is a risk factor for long-term
neurocognitive and behavioral problems in surviving children. The objective of this stud was to evaluate
renal recover in children admitted with severe malaria between 2014 and 2017 at Mulago National
Referral Hospital in Kampala in Central Uganda and Jinja Regional Referral Hospital in Eastern Uganda.
A total of 410 children with P. falci a
smear-positive severe malaria with an IDMS-traceable
creatinine measure were included in the stud . AKI on admission and acute kidne disease (AKD) at onemonth follow-up were assessed using the Kidne Disease: Improving Global Outcomes (KDIGO)
guidelines. Baseline creatinine was estimated using the Pottel height-independent equation assuming a
normal glomerular filtration rate (GFR) of 120mL/min per 1.73m2. This equation has been validated in
Uganda is the most accurate approach to estimate baseline creatinine in health children with known
creatinine. The prevalence of AKI in children with severe malaria on admission was 43.9% with 25.9%
stage 1, 12.5% stage 2, 6.1% stage 3. AKI on admission was associated with an increased mortalit with
an adjusted odds ratio (aOR) of 8.42 (95% CI, 2.26 to 31.45) adjusting for age, se , coma, acidotic
breathing, severe anemia and site. AKI was more common in Jinja (55.6%) compared to Kampala
(34.2%), p<0.0001. At one month follow-up, 38 children (11.9%) had evidence of persistent kidne
disease with 95% of AKD observed in children from Jinja (p<0.0001). The presence of AKD at onemonth follow-up was associated with 10.03-fold (95% CI, 1.00 to 100.91) increased odds of postdischarge mortalit adjusting for age, se in Jinja. Additional research is needed to understand how AKI
impacts long-term kidne function and post-discharge morbidit and mortalit in severe malaria
survivors.
Word count: 299
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In eg a i e gen mic anal i

e eal mechani m

f imm ne e a i n in P. falci a

mala ia

Mame Massar Dieng1, A ssatou Diawara1, Vinu Manikadan1, Hala Tamim El Jarkass1, Samuel
Sindie Serm 2, Salif Sombi 2, A ssata Barr 2, Sam Aboubacar Coulibal 2, Amidou Diarra2, Ni ar
Drou3, Marc Arnoux4, A man Yousif3, Alfred B. Tiono2, Sodiomon B. Sirima2,5, Issiaka Soulama2
and Youssef Idaghdour1
Program in Biolog , Division of Science and Mathematics, New York Universit Abu Dhabi, Abu
Dhabi, United Arab Emirates. 2Centre National de Recherche et de Formation sur le Paludisme,
Ouagadougou, Burkina Faso. 3Bioinformatics Core, New York Universit Abu Dhabi, Abu Dhabi,
United Arab Emirates. 4Core Technolog Platforms, New York Universit Abu Dhabi, Abu Dhabi,
United Arab Emirates. 5Groupe de Recherche Action en Sant , Ouagadougou, Burkina Faso.
1

The mechanisms behind the abilit of Plasmodi m falcipar m to evade host immune s stem are
poorl understood and are a major roadblock in achieving malaria elimination. Here, we use
integrative genomic profiling and a longitudinal pediatric cohort in Burkina Faso to demonstrate
the role of post-transcriptional regulation in host immune response in malaria. We report a strong
signature of miRNA expression differentiation associated with P. falcipar m infection (127 out of
320 miRNAs, B-H FDR 5%) and parasitemia (72 miRNAs, B-H FDR 5%). Integrative miRNAmRNA anal sis implicates several infection-responsive miRNAs (e.g. miR-16-5p, miR-15a-5p and
miR-181c-5p) promoting l mphoc te cell death. miRNA cis-eQTL anal sis using whole-genome
sequencing data identified 1,376 genetic variants associated with the expression of 34 miRNAs (BH FDR 5%). We report a protective effect of rs114136945 minor allele on parasitemia mediated
through miR-598-3p expression. These results highlight the impact of post-transcriptional
regulation, immune cell death processes and host genetic regulator control in malaria.
Published on October 9, 2020 in Nat re Comm nications
https://
.nat re.com/articles/s41467-020-18915-6
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Iden ifica ion of an ibod

igna re predic i e of indi id al pro ec ion o clinical malaria

Andr Fonseca1, Clara Cordeiro2,3, Nuno Sep lveda3,4,
Department of Biotechnolog

1

Mathematics of Universit

of Universit

of Algarve, Portugal

of Algarve, Portugal

2

Department of

Center of Statistics and its

3

Applications of the Universit of Lisbon, Portugal 4 Department of Infection Biolog ,
Facult of Tropical & Infectious Disease, London School of H giene and Tropical
Medicine, United Kingdom
The role of antibodies in naturall acquired immunit to malaria has been extensivel
investigated with the hope of a vaccine discover . In particular, studies have shown that
continuous exposure to the malaria parasites causes an accumulation of antibod responses
against different malaria antigens and that correlates with a decreased risk of clinical malaria
episodes. However, it is still unclear which set of antibodies confer individual-level protection
to clinical malaria.
In this scenario, Valletta and Recker 1 used a random forest approach to anal e data
from IgG antibodies against 36 Falciparum-specific antigens in 121 Ken an children below 10
ears old. This machine learning provided evidence of antibod

signatures for individual

protection against clinical malaria with an area under the receiver operating characteristic curve
(AUC) of 68%.
Notwithstanding their current popularit

among researchers, machine learning

approaches including random forests are totall agnostic about the stochastic nature of the data,
which might reduce the power of the respective statistical anal sis. In this talk, we anal ed the
same data b traditional statistical techniques for the normal distribution after appropriate data
transformation and flexible finite mixture models for determining antibod positivit . This
allowed us to perform a robust antibod selection and to construct different classifiers of
clinical malaria based on logistic and probit regression. The best classifier was based on data of
antibodies against msp2, ama1, msp7, and h103 antigens and it had a better predictive
performance (AUC=80%) when compared to the random forest approach. This result suggested
that traditional statistical techniques should not be neglected as solid research tools when
investigating immunit against malaria parasites.

1.

Valletta JJ, Recker M. Identification of immune signatures predictive of clinical
protection from malaria. PL S C

Bi l. 2017;13(10):e1005812.

doi:10.1371/journal.pcbi.1005812
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Pre alence and Management Practices of Malaria-T phoid Co-infection in
Un ana South East Nigeria
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De ec i g Pla modi m i fec i
i a cl e -a ig ed a i-e e ime al
e al a i g he effec i e e
f mala ia cam i Odi ha, I dia

d

Anne Kessler1, Swagatika Dash2, Sat a R. Chhatria2, Stuti Mohant 2, Danielle C. Ompad3,
Timir K. Padhan2, Sanjib Mohant 2, Jane M. Carlton1, 3, Praveen K. Sahu2
Center for Genomics & S stems Biolog , Department of Biolog , New York Universit ,
New York, USA
2
Department of Molecular Biolog and Infectious Diseases, Communit Welfare Societ
Hospital, Rourkela, Odisha, India
3
Department of Epidemiolog , School of Global Public Health, New York Universit ,
New York, USA
1

Durgama Anchalare Malaria Nirakaran DAMaN is a government-sponsored multicomponent malaria intervention program in the Indian state of Odisha administered in
hard to reach villages with high malaria burden, predominantl Plasmodi m falcipar m
but also some P. i a . The intervention Malaria Camps (MCs) consists of c cles of
screening (mass test or fever screen) and treatment, education and training for local
health workers, and intensified vector control measures such as LLIN distribution and
IRS administration. We are evaluating the effectiveness of the MCs as part of an NIHfunded International Center of Excellence for Malaria Research in India using a clusterassigned quasi-experimental stepped-wedge stud of 12 villages (six intervention, six
dela ed crossover) with a primar outcome of Plasmodi m infection as detected b PCR
at the species level. Stud participants were enrolled at baseline before the initial
administration of the intervention and subsequentl surve ed prior to each round of
screen and treat. All subjects completed a health questionnaire and provided a fingerprick sample of blood for Plasmodi m parasite detection b (1) microscop , (2) bivalent
RDT that detects P. falcipar m PfHRP2 and P. i a pLDH, and (3) PCR using novel
multi-cop targets in the P. falcipar m and P. i a genomes. Using PCR as the gold
standard of infection detection from 4,229 samples across all surve rounds, we identified
84 RDT+ and 478 PCR+, and calculated the sensitivit of the RDT to be 19.2%. P.
falcipar m parasites with pfhrp2 gene deletions have been documented in Odisha, and we
present the results of deletion assa s completed for n = 110 RDT-/PCR+ participants in
our stud villages. Molecular methods of parasite detection such as PCR are not available
to the DAMaN teams who emplo RDTs for the mass test component of the intervention,
but more sensitive diagnostic tests will increasingl be required as as mptomatic and low
parasitemia infections emerge.
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PRE- AND POST- CONSULTATION TESTING AND CLINICIANS ADHERENCE
TO MALARIA TEST RESULTS AMONG CHILDREN UNDER FIVE YEARS IN
THE NORTHERN ZONE OF VOLTA REGION, GHANA.

Jonathan Ma utor Gman ami1, Asi ome Ameko1, Saviour Selase Ahiafe1, Samuel Adolf
Bosoka1, Margaret K eku1, Ansah Korkor Ansah2
*Corresponding Author s contact information: 2017jgman ami@uhas.edu.gh, 0245397037
Department of Epidemiolog and Biostatistics, School of Public Health, Universit of Health and
Allied Sciences, Hohoe, Ghana
2
Centre for Malaria Research, Institute for Health Research, Universit of Health and Allied Sciences,
Ghana
1

ABSTRACT
Bac g

d

In Ghana, the Ministr of Health has recommended that ever one must be tested prior to
malaria treatment. Ho ever, not all clinicians base their treatments on test results.
Additionall , patients are dela ed at health facilities. The stud
testing children aged 6 to 59 months
(OPD)

as conducted to determine if

ith fever reporting at the Out-Patient Department

ith Rapid Diagnostic Test (RDT) before consultation

consultation testing)

ith the clinician (pre-

ill influence clinicians to adhere to test results and reduce the time

spent at the health facilit .
Me h d
A quasi-e perimental stud design

as used involving t o government-o ned hospitals that

ere randoml selected in the Northern Zone of Volta region. In each hospital, 439 eligible
children

ere recruited into the stud bet een November 2018 and Januar 2019. Case

record forms

ere used to e tract data from the children. EpiData version 3.1 soft are

24

as

used for data entr and STATA version 14.2 for anal sis. A p-value less than 0.05 at a
confidence interval of 95% as considered statisticall significant.
Re
Out of 878 children screened, the overall prevalence of malaria

as 31.9% b RDT and

26.7% b microscop . Clinicians in the intervention arm adhered more to the test results than
those in the comparative arm (93.2% vs. 84.3%; p<0.001). The proportion of children

ho

tested negative but ere diagnosed ith malaria as significantl lo in the intervention arm
compared to the comparative arm (8.4% vs. 21.2%: p<0.001). On the average, a patient s
aiting time

as significantl

lo er in the intervention arm (2.61 hours) than in the

comparative arm (3.42 hours).
C

c

a d ec

e da

Pre-consultation testing significantl improves clinicians adherence to malaria test results
and shortens patient

aiting time at the OPD. The National Malaria Control Program should

consider establishing RDT corners at the OPD of health facilities to implement preconsultation testing.
Ke

d

Adherence, Clinician, Malaria, Ghana, Pre-consultation testing, Post-consultation testing
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Hanna Y. Ehrlich1, Amy K. Bei1, Daniel M. Weinberger1, Joshua L. Warren2 and Sunil Parikh1
1
Department of Epidemiology of Microbial Diseases, Yale School of Public Health
2
Department of Biostatistics, Yale School of Public Health
The treatment of Pla modi m falcipar m in sub-Saharan Africa relies on artemisinin-based
combination therapies (ACTs). Molecular markers provide rapid information on landscapes of
resistance to ACTs and can protect the efficacy of artemisinin by informing regional selections of
longer-acting partner drugs. We hypothesized that molecular markers demonstrate spatial patterns
that, together with predicted areas of uncertainty, could be leveraged to locate high-priority sites
for resistance surveillance. Through a systematic search, we identified 501 geo-located surveys
assessing well-known molecular markers associated with partner drug susceptibility– pfmdr1
N86Y, Y184F, D1246Y and/or pfcr K76T– in sub-Saharan Africa from 2004-2018, the largest
database to date. We found evidence of spatial autocorrelation in survey data for all alleles
(Moran I= 0.30–0.55, p<0.0001). Using hierarchical Bayesian spatial modeling with
environmental and epidemiological covariates, we predicted the prevalence of markers in 608
first-level administrative divisions (ADs) in sub-Saharan Africa from 2004-2009 and 2010-2018,
corresponding to the respective uptake and widespread use of ACTs. The maps showed continentwide selections of pfmdr1 N86 and D1246, which were significantly associated with changes in
ACT coverage and drug policy. The maps also support prior localized reports of re-expansion of
pfcr wild-type alleles, with posterior prevalence of mutations decreasing in 96% of ADs from an
overall prevalence of 0.76 to 0.43 over the two time periods. Finally, we identified ADs with
strong selection pressures over time for prioritized surveillance. Our work will assist in efforts to
sustain the use of ACTs as first-line therapies and improve disease surveillance strategies more
broadly.
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Antibody combinations targeting the essential antigens CyRPA, RH5 and MSP-119
potently neutralize Plasmodium falciparum clinical isolates from India and Africa
Hina Singh1,2¶, Syed Yusuf Mian1¶, Alok K. Pandey2,¶, Sri Krishna3, Gaurav Anand1,2, K. Sony
Reddy2,4, Neha Chaturvedi3, Vanndita Bahl1, Nidhi Hans2, Man Mohan Shukla3, Quique
Bassat5,6,7, Alfredo Mayor5,6,, Kazutoyo Miura8, Praveen K. Bharti3, Carole Long8, Neeru
Singh3, Virander Singh Chauhan2, Deepak Gaur1,2*
1

Laboratory of Malaria & Vaccine Research, School of Biotechnology, Jawaharlal Nehru
University, New Delhi, India; 2Malaria Group, International Centre for Genetic Engineering
and Biotechnology (ICGEB), New Delhi, India; 3National Institute for Research in Tribal
Health (NIRTH), Jabalpur, Madhya Pradesh, India; 4School of Biotechnology, Kalinga
Institute of Industrial Technology (KIIT), Bhubaneswar, Odisha, India 5ISGlobal, Hospital
Clínic - Universitat de Barcelona, Barcelona, Spain; 6Centro de Investigação em Saúde de
Manhiça (CISM), Maputo, Mozambique; 7 ICREA, Pg. Lluís Companys 23, 08010 Barcelona,
Spain. 8Laboratory of Malaria and Vector Research, National Institute of Allergy & Infectious
Diseases (NIAID), National Institutes of Health (NIH), Rockville Maryland, USA
¶

These authors contributed equally
*Corresponding author

Targeting multiple key antigens that mediate distinct P. falciparum erythrocyte invasion
pathways is an attractive approach for the development of blood-stage malaria vaccines.
However, the challenge is to identify antigen cocktails that elicit potent strain-transcending
parasite-neutralizing antibodies efficacious at low IgG concentrations feasible to achieve
through vaccination. Previous reports have screened inhibitory antibodies primarily against
well-adapted laboratory parasite clones. However, validation of the parasite-neutralizing
efficacy against clinical isolates with minimal in vitro cultivation is equally significant to better
ascertain their prospective in vivo potency. We evaluated the parasite-neutralizing activity of
different antibodies individually and in combinations against laboratory adapted clones and
clinical isolates. Clinical isolates were collected from central India and Mozambique (Africa),
characterized for their invasion properties and genetic diversity of invasion ligands. In our
portfolio, we evaluated 25 triple antibody combinations and identified the MSPFu+CyRPA+RH5 antibody combination to elicit maximal parasite neutralization against P.
falciparum clinical isolates with variable properties that underwent minimal in vitro
cultivation. The MSP-Fu+CyRPA+RH5 combination exhibited highly robust parasiteneutralization against P. falciparum clones and clinical-isolates, thus substantiating them as
promising candidate antigens and establishing a proof of principle for the development of a
combinatorial P. falciparum blood-stage malaria vaccine.
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Ab ac
South Africa is targeting malaria elimination; ho e er, Vhembe district in Limpopo pro ince
remains a stable hotspot for malaria transmission, despite sustained ector control efforts and
effecti e case management inter entions. To better understand Pla m di m falci a m
transmission d namics in Vhembe district, parasite genetic di ersit
as characterised using
molecular genot ping strategies. This stud follo ed molecular genot ping strategies
recentl reported to anal se parasite heterogeneit from Namibia and Es atini, ith the aim
to use such genot ping data to infer parasite di ersit and associate this ith temporal and
geospatial ariances. Positi e malaria rapid diagnostic tests ere collected from se en clinics
ithin the district, spanning three transmission seasons (2015/16, 2016/17 and 2017/18). The
multiplicit of infection (MOI), mean number of unique alleles (Na), e pected hetero gosit
(He), linkage disequilibrium (LD) and genetic differentiation (GST) ere determined. We
found high le els of multiple infections (66%) in the sample set, ith MOI ranging from 1 to
6, indicating highl comple infections ithin indi idual patients, due to outbreeding in the
parasite population. This as confirmed b the presence of a significantl lo LD (ISA =
0.139, P<0.001). The latter again underscores frequent and random mi ing of the different
clones ithin the parasite populations. The high le els of genetic di ersit ere subsequentl
ascribed to high allelic richness, detected ith a high Na = 12.2 and He = 0.74, hich, is an
indication of the fitness of the parasite population. There as no temporal ariation
influencing the genetic di ersit of the parasite population o er the three transmission
seasons, suggesting that the parasite contribution of the sampled clinics to the outbreak in the
2017/18 season as negligible. Additionall , no differences in population structure bet een
parasites from the different clinics ere detected (GST = -0.14), impl ing no differentiation in
geospatial origin of the parasites. Taken together, the high le el of genetic di ersit
ithin
the parasite population confirms local high transmission intensit in a spatiall constrained
region ithin the Vhembe district. This data should be informati e to inter ention strategies
required to reach elimination in Limpopo pro ince, South Africa.
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Investigating the role of the doublesex gene in tissue dimorphisms in Anopheles gambiae
mosquitoes
Nicole Page, Maria Giorgalli, Barbara Fasulo, Andrea Crisanti, Imperial College London
Doublesex (dsx) is a crucial gene for regulating sex determination in the African malaria vector
Anopheles gambiae. Knockout out of dsx in females results in an intersex phenotype causing
sterility and male-like morphology. Consequently, dsx has become a major focus of research
to design novel interventions for vector control. As Plasmodium parasites are exclusively
transmitted through the bites of infected female mosquitoes, we aimed to investigate the effect
of the intersex phenotype on parasite development and transmission, focusing on the tissues
involved in vector-parasite interaction. Although intersex individuals display external malelike morphologies, we found their midguts and salivary glands resemble those of wild-type
females. The intersex mosquitoes are unable to bite, and consequently unable to blood-feed.
Artificial infection following ookinetes microinjections showed that Plasmodium parasites are
able to form sporozoites that later manage to invade the salivary glands in the male and intersex
mosquitoes. Although male Anopheles mosquitoes lack a shared co-evolutionary pathway with
the malaria parasites, they appear to be capable hosts. The barrier of transmission in intersex
mosquitoes seems to lie in their inability to bite and sterility rather than any inhibition of the
parasite lifecycle. To give a more representative view of a typical infection route, we created
transgenic mosquitoes using CRISPR/Cas9 to induce targeted disruption of dsxF in the midgut.
Restricting the knockout to the midgut allowed these mosquitoes to be infected via direct
blood-feeding as their mouthparts remained unaffected. Infection of these transgenic females
showed that ookinetes were still able to traverse the mutated midgut wall to form oocysts,
although preliminary results show a potential reduction in infection intensity when dsxF is
interrupted.
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Comparison of the impact of allelic polymorphisms in PfAMA 1 on the induction of T-Cell
responses in high and low malaria endemic communities in Ghana
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The eradication of malaria requires a combined effort involving all available control tools, and
these efforts would be complemented by an effective vaccine. An effective malaria vaccine should
be capable of inducing protective immune responses against variant forms of the parasite and in a
genetically diverse population. This study compared the influence of allelic polymorphisms in
Plasmodium falciparum apical membrane antigen 1 (PfAMA1) peptide sequences from three
strains of P. falciparum (3D7, 7G8 and FVO) on their function as immunodominant targets of T
cell responses in high and low malaria transmission communities. Sixty millilitres of PBMCs were
obtained from subjects and tested against 15 chemically synthesized allelic PfAMA1 peptides
using IFN-γ ELISpot assay. The peptides were also tested in similar assays against CD4-enriched
and CD8-enriched PBMC fractions from the same subjects for induction of specific T cell IFN-γ
responses. Data was expressed as the spot forming cells (sfc) per million PBMCs and positivity
for immunodominance based on a set of criteria. In assays using unfractionated PBMCs, two
subjects from Obom (high transmission area) responded positively to four (26.7%) peptides by the
set criteria. Two of the 4 peptides were alleles while the remaining two peptides belong to different
allelic sets. However, there were no response from any subject from Legon (low transmission area)
to any peptide. More so, in assays with CD8+ enriched PBMCs, a single subject from Legon made
a positive response to a single peptide while three subjects from Obom responded positively to six
(40%) peptides. In similar assays with CD4+ enriched PBMCs, one subject from Obom responded
positively to two (13.3%) peptides. Overall, 83.3% of the subjects with the specific IFN-γ response
were from Obom. Unlike Legon, subjects from Obom responded to multiple alleles of the peptides.
On the basis of this data, polymorphisms in PfAMA1 affected the induction of T- cell responses
in malaria exposed subjects, and this effect is more pronounced in communities with high parasite
exposure.
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Fluorescent indicators for reporting P. falciparum blood-stage developmental progression
Holly Barkwill1, Andrew J Stasic1, and Heather J Painter1 (1U.S. Food and Drug Administration,
Center for Biologics & Evaluation Research, Division of Bacterial, Parasitic & Allergenic
Products, Office of Vaccines Research & Review, Laboratory of Mucosal Pathogens and
Cellular Immunology)

The emergence of antimalarial resistance in Plasmodium falciparum is a major global health
concern that threatens the progress of ongoing efforts to control and reduce the burden of malaria.
Elimination and eradication will require the discovery and characterization of new intervention
strategies. Assays that produce simple, accurate readouts for quantitative and qualitative analyses
of drug efficacy would be a useful tool for high-throughput screening of antimalarials. Here, we
aim to create a robust method for simultaneous visualization of four developmental phases during
P. falciparum intraerythrocytic growth based upon stage-specific, promotor-driven fluorescence.
We have constructed plasmids containing promoters that have been demonstrated to be active
within four distinct intraerythrocytic stages- ring, trophozoite, schizont, and “sexually committed”
ring- fused to a diverse set of fluorescent tags and selected for via unique drug selectable markers.
Each fluorescent construct is then expressed within individual parasite lines, and together within
a single line. Stage-specific expression of each fluorescent marker will be confirmed by
immunoblotting and live-cell fluorescent microscopy. The expression of each fluorescent marker
will provide a high-throughput, simple readout of developmental progression, and stage
classification. Future work will involve the continued fluorescent labeling of promoters
representative of all asexual and sexual stages and integration of all fluorescently labeled
promoters into the parasite genome. Adaptation of this parasite line to include all stage-specific
fluorescently tagged reporters will enable researchers to gain better resolve of developmental
progression as well as determine anti-malarial, stage-specific activity inclusive of all stages of the
parasite life cycle. In addition, integration of these promoters into the genome of our transfectants
will enhance this tool by eliminating the use of multiple drug selectable markers. This new human
malaria parasite line will aid in refined, high-throughput study of malaria cell cycle progression,
checkpoints, and transitions to identify points of vulnerability to antimalarial intervention.
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Shelf-life study of Human Erythrocytes Cryopreserved for Laboratory Culture of
Plasmodium falciparum
Abhai Tripathi1, Matthew O’Neil2, Mina Diep2, Michael Bellerose2, Annalise Armstrong2,
Madison Scialanca2, Edras Mendez-Hernandez2, Samuel Stambaugh2, Nicole Clemente2 and
Lawrence Mylin 2
1

Johns Hopkins Malaria Research Institute, Department of Molecular Microbiology and
Immunology, Bloomberg School of Public Health, Baltimore, MD 21205
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Department of Biological Sciences, Messiah University, Mechanicsburg PA 17055

Malaria is caused by multiple species of the parasite Plasmodium and disproportionately affects
people living in the developing world where effective control of or protection from the parasite is
lacking. This study seeks to support ongoing research at the Macha Research Trust (MRT) [also
known as the Malaria Institute at Macha (MIAM)], which is located in Macha, a rural area in the
Southern Province of Zambia where the virulent species, Plasmodia falciparum is prevalent. Our
goal is to support the capacity of the laboratory at MRT to culture (propagate and preserve) locallyisolated or laboratory strains of Plasmodium. Laboratory cultivation of P. falciparum requires
fresh human blood. However, it is difficult to assure the steady supply of fresh, uninfected human
blood needed to sustain culture experiments at MRT because blood from local residents cannot be
used, and because many visiting scientists and physicians routinely take prophylactic anti-malarial
drugs which can make their erythrocytes unable to support asexual propagation of, or gametocyte
generation by P. falciparum in culture. We are investigating methods that should allow for the
cryopreservation of erythrocytes obtained in the US from uninfected individuals, with subsequent
shipment to Zambia. We have cryopreserved preparations of fresh, leukocyte-depleted erythrocyte
suspensions using minimal aqueous volumes of solutions containing the macromolecular starchbased cyro-protectant hydroxyethyl starch (HES) with or without polyvinyl alcohol (PVA), or with
glycerol-based solutions. Ice recrystallization inhibitors (IRIs) prevent formation of ice crystals
during the thawing process. This presentation will describe ongoing efforts to determine if
cryopreserved RBCs can effectively support asexual propagation or gametocyte formation for the
P. falciparum laboratory strain NF54, and how well this capacity is maintained following longterm storage at -80°C. The effect of a single short-term transfer to liquid nitrogen during the
storage period was also tested to simulate transport.
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LARVICIDAL ACTIVITY OF PEGANUM HARMALA EXTRACTS AGAINST
LARVAE OF ANOPHELES STEPHENSI
Sana Rahim*, Shehzad Zareen*, Shahid Niaz Khan*
* Department of Zoology, Kohat University of Science and Technology, Kohat
Abstract
Anopheles stephensi is a major malarial vector throughout the world. Malaria is a parasitic
disease from which more than 300 million people suffer yearly throughout the world. In spite
of the so many advances in medical sciences, approximately one million per annual deaths
are caused by malaria. Pakistan is one of the countries where malaria is one of the big
problems for public health. In Pakistan, Malaria is second most reportedly disease with 4.5
million cases reported each year. This study design aimed to evaluate the toxicological effect
of aqueous methanol leaves extracts of Peganum harmala on the malarial vector Anopheles
stephensi. The plant leaves were effective against An. stephensi. Different concentrations
(0.1mg, 0.2mg, 0.3mg and 0.4mg) prepared from the leaves extracts of selected medicinal
plant which caused the mortality of the larvae of An. stephensi. At the concentration of 0.1mg
minimum mortality is recorded while at 0.4mg maximum mortality is observed. The activity
of each concentration was checked after each hour. P. harmala showed high toxicity against
An. stephensi on 4th hour with the concentration of 0.4mg.

Key words: Malarial vector, Larvae, Mortality, Peganum harmala, Latex, Pharmacological
effects, Phytochemistry, Insecticidal activity.
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Use of biomarker of Human exposure to Anopheles bites: Evaluation of malaria control
effectiveness and malaria risk transmission monitoring in urban setting.
TRAORE D. François1,2,3, SAGNA B. André1,3, ADJA A. Maurice1,4, ZOH D. Dannielle1,4,
ASSI S. Brice1, ADOU K. Arsene1,4 TCHIEKOI N. Bertin1, POINSIGNON Anne1,3,
DAGNOGO Mamadou2, REMOUE Franck1.3.
Pierre Richet/Institut National de Santé Publique, Bouaké, Côte d Ivoire ; 2Université
Nangui Abrogoua, Abidjan, Côte d Ivoire ; 3Institut de Recherche pour le Développement,
MIVEGEC, Montpellier, France ; 4Université Félix Houphouët Boigny, Abidjan, Côte d Ivoire

1Institut

Exposure to malaria vectors bites in urban areas is often considered low compared to that in
rural areas, while urban malaria is now considered an "emerging" public health problem. Thus,
studying the risk of malaria transmission and the effectiveness of vector control in urban areas
would allow to identify new epidemiological indicators adapted for monitoring areas where the
parasite and / or vector are eliminated. Our studies aim to assess the exposure of human to
malaria vectors bites and the heterogeneity of the use and effectiveness of Insecticid Treated
Nets in African urban environments (Bouaké, Côte d'Ivoire). Three cross-sectional studies
were carried out (rainy season 2014 and 2016; dry season, 2015) in Bouaké city. The exposure
of populations was evaluated by the use of the immunoepidemiological biomarker based on
the quantitative measurement of the specific antibody (Ab) response to the salivary peptide
gSG6-P1 of Anopheles, ELISA (tests). In rainy season, no different of specific IgG response
level were observed between neighborhoods while this varied significantly in the dry season.
In addition, the study carried out in 2016 showed that the level of specific IgG response could
allow to measure the use of Insecticide Treated Nets as well as their effectiveness on humanvector contact. Their use and effectiveness also varied between neighborhoods, suggesting that
the impact / effectiveness of the distribution of mosquito nets in urban areas appears to be
heterogeneous depending on the environmental and sociological characteristics of the urban
areas. The use of the biomarker have revealed a high exposure to malaria vectors in Bouaké
urban and to evaluate the real effectiveness of ITN against vectors bites. This biomarker could
be used as an epidemiological indicator to monitoring more effective areas at high risk of
transmission (hot spots) and to evaluate the effectiveness of vector control campaigns against
malaria.
Key words : Malaria, urban, risk, Biomarker, exposure
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A diverse community of anophelines forage before 22:00 in a high-transmission setting in
Nchelenge District, Zambia
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Affiliation: 1Department of Molecular Microbiology and Immunology, Johns Hopkins Malaria
Research Institute, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland,
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Malaria is one of the leading causes of preventable death and is transmitted by Anopheles
mosquitoes commonly recognized to bite indoors and late at night. This behavior allows for tools
like insecticide-treated bed nets (ITNs) and indoor residual spraying (IRS) to effectively prevent
malaria transmission in many malaria-endemic settings. In Nchelenge District, Zambia, malaria
is transmitted year-round, with 50-80% of individuals parasitemic at any given time despite a
decade of intensive annual IRS and ITN distributions. The limited effectiveness of these
generally proficient interventions has cast doubt on our understanding of the canonical feeding
behaviors of the major vector, Anopheles funestus, and led to a concerning hypothesis that this
vector may be feeding outdoors and before people go indoors to sleep. We performed
entomological collections over eight weeks in Nchelenge District by setting CDC light traps
indoors, outdoors where people gather, and near animal pens from 16:00-22:00, before people go
under their bed nets to sleep. In addition, we assessed human risk by performing surveys to
collect information about evening behaviors, and collected environmental and household data to
identify other covariates associated with high proportions of early-biting mosquitoes. At least
nine species of Anopheles were identified that foraged outdoors and indoors before people go
under their bed nets in the evening, including a large proportion of An. gibbinsi – a species which
was not previously described in Zambia. We aim to use epidemiological and environmental data
to identify behavioral, ecological, and household-level risk factors associated with these earlybiting anophelines. These data will help inform recommendations to improve malaria control
strategies in this region of Zambia where malaria remains holoendemic and to provide a potential
explanation for the refractoriness to traditional vector control interventions.
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Study of the prevalence and density of anophelines in settlement in the state of Rondônia,
Brazil
Alice O. Andrade1; Dhélio B. Pereira2; Jansen F. Medeiros1; Maisa da S. Araújo1
1

Laboratório de Entomologia - Plataforma de Produção e Infecção de Vetores da Malária
(PIVEM)- Fundação Oswaldo Cruz Rondônia, Brazil. 2Centro de Pesquisas em Medicina
Tropical de Rondônia, Brazil.
The environmental changes resulting from the urbanization process represent a challenge for
malaria control. The majority of malaria cases in South America occur in the Amazon region
and areas endemics are commonly riverside or rural areas, such as recent occupation as
settlements, mining and indigenous areas. Although these areas have a significant impact on
malaria cases, few entomological studies have been carried out. Thus, the purpose of this study
was described the prevalence and density of anophelines, hematophagic behavior and natural
anopheline infection rate in two settlement of the municipality of Candeias do Jamari,
Rondônia, Brazil; an area of recent occupation, denominated Acampamento Fortaleza (AF) and
an old settlement, denominated Projeto de Assentamento Florestal Jequitibá (PAFJ).
Collections of anopheles in the peridomicile were carried out using the Human Attraction
Technique Protected (HATP). The risk and potential for malaria transmission were assessed
using the Human Biting Rate (HBR), Sporozoite Rate (SR) and the Entomological Inoculation
Rate (EIR). In total, 615 anophelines were collected. Nysssorhynchus darlingi was
predominating in both locations. The highest density of Ny. darlingi was observed in AF,
resulting 5.7 bites per man hour, which means that an individual in that location is five times
more exposed to bites than an individual in the PAFJ. However, SR and EIR were higher in the
PAFJ. It was possible to observe that both locations support the “Frontier Malaria” hypothesis,
which recent settlements are characterized by high vector density and cases of the disease
mainly due to environmental changes, and after this period, environmental risks are replaced
by behavioral risks of the human host. These results demonstrate the importance of
entomological studies in these special areas and may serve as a basis for the implementation of
malaria control strategies in these high transmission locations in the municipality of Candeias
do Jamari.
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