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	Full Title
	Survey of Plasmodium falciparum Sulfadoxine/pyrimethamine (SP) resistance markers in MSF projects in North and South Kivu, DRC. 

	Short Title
	SP Resistance Molecular Marker Prevalence Survey DRC. 

	Rationale
	Sulfadoxine/pyrimethamine (SP) forms the backbone of most malaria chemoprevention programmes in high endemicity settings, including intermittent preventative therapy in pregnancy and infants (IPTp and IPTi respectively) as well as seasonal malaria chemoprevention (SMC).  P. falciparum parasite resistance to SP threatens recent triumphs preventing malaria infection in the most vulnerable risk groups. WHO guidance is that chemoprevention using SP may not be implemented when prevalence of the dhps K540E gene denoting SP resistance are greater than 50%. Simple, robust polymerase chain reaction (PCR) - based methods for molecular surveillance of resistance to SP have the potential to indicate whether SP-based chemoprevention programmes would be effective in areas where surveillance was conducted, but also to identify early stages of emerging resistance in order to advocate for alternative chemoprevention strategies.


	Sample Size
	A minimum of 750 samples will be collected per province. Three sites per province will provide 250 samples assuming an estimated prevalence of 50% prevalence of dhps K540E gene with 95% confidence and 5% precision. This is also sufficient for robust estimation of the prevalence of dhps 581, an alternative critical marker.  This sample size is calculated to estimate regional prevalence, i.e. for both South Kivu and North Kivu, and hence this study requires samples from multiple MSF sites (including from different MSF Operating Centre missions) e.g. Baraka, Kimbi and Lulingu amongst others in South Kivu and Mweso, Rutsuru and Walikale in North Kivu with a minimum total of 750 per province. If estimating specific prevalence in only one limited site, a large sample size would be required.

	Study Population
	Pregnant women attending ANC who are screened as routine at MSF sites and all children and adults, six months of age or older (no upper age limit) attending for febrile illness, presenting at study sites with confirmed P. falciparum infection.

	Study Design
	Study is cross-sectional and observational with one-time dried-blood spot sample collection from persons with malaria rapid diagnostic test (mRDT)-confirmed uncomplicated Plasmodium falciparum malaria (mixed or mono-infection). Samples will be analysed for the presence of molecular markers of resistance to SP after determining key mutations by simple genotyping in the dhfr gene and sequencing the dhps gene. This will provide information on the known markers of SP resistance (including dhps A581G, dhps K540E, dhps A437G, dhps 431, dhfr N51I, dhfr 164, C59R and S108N) and less prevalent mutations that predict deteriorating SP efficacy. Prevalence of mutations will be summarised and mapped to provide intelligence on SP resistance in the region of interest to inform programme implementation.

	Study Duration
	Study duration will be 6 months in total: 1-2 months (depending on the inclusion flow) for sample collection all sites in 2017 and 4 months for analysis and report writing.

	Study Site (s)
	MSF project sites in DRC South Kivu and DRC North Kivu The study may be repeated to other high prevalence sites including CAR and South Sudan where chemoprevention is planned or implemented.

	Primary Objective
	To measure the prevalence of molecular markers of SP resistant malaria in North and South Kivu, DRC. 

	Secondary Objective
	To map the geographical prevalence of molecular markers of SP drug resistance in order to optimise malaria chemoprevention programmes and to see whether the established dhps K540E mutation is a useful marker for the presence of other mutations in DRC. If needed the study may be repeated to map temporal changes in SP resistance markers in this region.

	Study Procedure
	Dried-blood spots (DBS) onto filter paper.

	Primary outcome
	Estimation of the prevalence of established molecular markers of SP resistance in North and South Kivu, DRC in order to inform chemoprevention programme implementation.

	Secondary Outcome
	A map of the geographical changes in prevalence of molecular markers of SP resistance in North and South Kivu province. An informed opinion whether or not the established dhps K540E mutation is a useful marker for the presence of other mutations in DRC and other high burden countries.
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Informed consent
Assign study/specimen ID once consented
Subject eligibility using inclusion/exclusion criteria
Blood for malaria diagnostic testing (mRDT)
Dried blood spot on filter paper
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Record age, sex of subject and date and location of collection and home village where possible on data collection form (labeled with study/specimen ID)



Inclusion/Retain/prepare blood sample for molecular testing for SP resistance markers
Mark sample with study/specimen ID
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Background and Scientific Rationale
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Malaria. Despite being both treatable and preventable, malaria remains one of the most persistent and pressing public health problems of our time.  It is a parasitic infection, caused by one of the five species of the protozoan parasite Plasmodium known to infect humans: namely P. falciparum, P. vivax, P. malariae, P. ovale and the zoonotic species P. knowlesi, all transmitted by female Anopheles mosquitoes prevalent throughout Africa, Latin America, and Asia.  Plasmodium falciparum is the most deadly, causing the majority of the estimated 214 million cases and 438,000 malaria-related deaths between 2013-2014 [1], as well as the major morbidities of cerebral malaria and severe anaemia which may have long-term sequelae.  This burden falls most heavily on children and pregnant women in sub-Saharan Africa. When treated with effective antimalarial drugs, malaria can be cured completely.  Antimalarial drugs, such as SP may also be used to prevent malaria infections, especially in those groups at high risk of infection or vulnerable to morbidity, e.g. pregnant women and infants, as shown in Figure 1.  In addition, interest has grown in using drugs across entire populations to clear asymptomatic or sub-patent infections in order to reduce onward transmission or in emergency situations where health systems may be unable to withstand the potential burden of disease.  In the absence of any effective vaccine at present, it is critical to prolong the usable life of antimalarial drugs by judicious implementation of treatment and tailoring of chemoprevention strategies to the prevailing resistance context.  
[image: ]
Figure 1: Schematic depicting the use of antimalarial drugs as chemoprevention malaria control interventions (Source: Bhargavi Rao PhD thesis)
SP drug resistance. SP resistance has been identified to occur as a result of mutations in the genes coding for the enzymes dihydrofolate reducatase (dhfr) and dihydropteroate synthetase (dhps)[2-5].  The impact of each resistance mutation is though to be cumulative and the combination of multiple mutant dhfr and dhps alleles is associated with fully resistant SP infections [6-8]. Parasite sensitivity to SP can thus be accurately predicted based on molecular drug sensitivity markers. The presence of mutations at codons 437 and 540 of pfdhps together with the triple mutation of pfdhfr (quintuple mutation) is a significant predictor of SP treatment failure.  The pfdhps 540 mutation is therefore thought to be a useful epidemiological marker of the quintuple mutation in Africa[8, 9].
The emergence of resistance of P. falciparum against chloroquine and SP in Southeast Asia and the subsequent global spread of drug resistant malaria was a major factor contributing to the failure of the first global malaria eradication campaign in the mid-20th century [10] and later on to millions of deaths. SP is now no longer used in case management of malaria, and the subsequent widespread implementation of highly effective artemisinin-based combination therapy (ACT) for malaria has contributed to significant gains in global control and elimination efforts [1, 11].  
Despite the existence of resistance, SP is still used widely as chemoprevention as shown in Figure 1, as a single drug for intermittent preventative treatment (IPT) in pregnant women (IPTp) and infants (IPTi) in areas of high malaria burden, as well as in combination with Amodiaquine for seasonal malaria chemoprevention (SMC) in children aged 3-59 months in the Sahel region as per WHO guidelines[1].  IPTi is only recommended for implementation in areas where prevalence of SP resistance does not compromise the effectiveness of the intervention [9], namely that the prevalence of the dhps K540E mutation is less than 50%.  As chemoprevention programmes become more widespread, and often co-exist, there are concerns about the protective efficacy of SP, particularly as regards IPTi programmes. Guidelines on IPTp with SP suggest that the protective efficacy of may be partially retained despite SP resistance [12], although the mechanism behind this is unclear, perhaps due to synergy between partial immunity in adults and the drug.  However, in regions where both mutations in the dhps and dhfr genes are highly prevalent, malaria programmes are now considering alternatives to SP-IPTp [13].  It is now accepted that resistance surveillance and mapping should be an integral component of implementation to identify localised areas of SP resistance [9, 14, 15] and should underpin any changes in malaria control strategy.  
Context in Africa.  Naidoo and Roper have published two reviews of published data [14, 15] attempting to collate and map data on SP resistance in Africa to guide IPT programmes up to 2011.  Resistance mutations in the dhfr gene were widespread, exceeding 50% for dhfr N51I, dhfr C59R and dhfr S108N in all surveys conducted in 2004-2008 in East Africa, possibly reflecting selective pressure on parasite populations since SP had been first line treatment in this region until 2001. Fully resistant genotypes (multiple dhfr and dhps mutations) were reported at >50% prevalence in East Africa (Kenya, Tanzania, Uganda, Zambia, Malawi, Ethiopia, Rwanda and Mozambique). A follow up publication summarising data from 2011 onwards is planned for 2016.  Flegg et al [16] developed a mathematical model to map the spatiotemporal trends in the distribution of the K540E dhps mutation, which is a useful marker for the combination of dhfr and dhps alleles highly correlated with treatment failure of SP in clinical malaria trials. Figure 2 below shows the predicted prevalence for 2010, and a time series developed by the authors indicate a temporal trend of increasing resistance, especially in East Africa but spreading to parts of Central and West Africa where the transmission intensity is high and the vast majority of casualties occur.
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Figure 2: Flegg et al - The spatial distribution of median dhps 540E prevalence from the model output in 2010 [16]
MSF Context. MSF is mainly operating in humanitarian emergencies and limited resource settings such as the Democratic Republic of Congo (DRC), where malaria is the leading cause of morbidity and mortality. Routine diagnosis by RDT and/or blood smear and treatment of Pf malaria cases using an ACT are the mainstay of malaria case management in MSF settings.  IPTp programmes, alongside test-and-treat are implemented in antenatal care (ANC) facilities however no IPTi programmes have yet been started. Concerns about SP resistance and difficulties aligning the programme with the extended programme of immunisation (EPI) have delayed the rollout of such chemoprevention in infants, especially in DRC.  
Naidoo and Roper [14, 15] acknowledge that data on SP resistance mutations is extremely limited from countries such as DRC, South Sudan or Central African Republic, where MSF operates. For example, six (from a total of seven) surveys [17-19] in DRC suggested 540E mutation prevalence was less than 50%. However one survey in 2002 in Rutshuru (DRC), prevalence was found to exceed the 50% threshold for the 540E mutation [20], demonstrating the SP resistance patterns may be quite localised. This is important since Rutshuru is to the east of the country, close to the border with Uganda and Rwanda, and this eastern region of DRC is where several of MSF’s highest malaria burden missions also are located.  In a follow up review[21](to be published the limited studies published give an estimated prevalence of 20% dhps 540E and less than 9% dhps 581G in DRC overall but over 90% dhps 540E and over 50% dhps 581G prevalence in Rwanda, which is close to the eastern border of DRC.  Okell et al [21] also estimate that resistance measures within countries are similar within 300km (with increased difference with greater distance), suggesting an appropriate spatial scale for surveillance and that that regional estimates cannot be generalised nationally.  Figure 3 depicts the results of this analysis in spatial variation in 540E and 581G prevalence, though comparing studies performed within the same year and the distance apart of the study sites.  
The DRC NMCP has indicated that information regarding SP resistance mutations is a pre-requisite to the rollout of an IPTi programme.
[image: ]
Figure 3: Okell et al – in submission[21].  Spatial variation in 540E and 581G prevalence.  Okell et al compared prevalence of the same mutation in the same country between surveys done within 1 year of each other. They plot the pairwise distance between the surveys against the absolute difference in prevalence of the mutation. Blue squares indicate the proportion of survey pairs in which the difference in mutation prevalence was less than 10%.
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Resistance to antimalarial drugs threatens recent gains in malaria containment efforts and poses a significant public health problem. In order to ensure that treatments with the greatest likely therapeutic efficacy are used, periodic assessments of drug efficacy need to be performed in endemic regions. A large body of published work describes the advantages of molecular markers over standard in vivo and in vitro methods for monitoring resistance [22, 23], the validation of molecular markers as tools for surveillance [8, 24-33], and the usefulness as well as the limitations of these markers to guide treatment policies[34, 35]. 
Molecular resistance markers used to date have consisted of single nucleotide polymorphisms (SNPs) and gene copy number variations (CNVs) in the genomes of Plasmodium falciparum that are associated with reduced susceptibility to antimalarial drugs such as SP. These resistance markers can be detected using a variety of genotyping platforms. Simple, robust polymerase chain reaction (PCR)-based methods have been developed and used by local and regional laboratories throughout the malaria endemic world for molecular surveillance of drug resistance [35, 36], resulting in changed national policies[35, 37] and control of epidemics [33]. Targeted sequencing of the dhfr and dhps genes has become an attainable and cost-effective approach for surveillance of SP efficacy. For the dhps gene this is particularly relevant since mutations in this gene are currently used for inform malaria control policy using SP.

This study aims to collect appropriate samples of P. falciparum DNA to support evaluation of prevalence of molecular markers of SP resistance and the mapping of results to assist with identifying early stages of emerging drug resistance in MSF mission sites. We intend to sequence the dhps gene in all sites surveyed, thereby estimating the prevalence of: 
i. dhps A581G, 
ii. dhps K540E, 
iii. dhps S/A436F
iv. dhps A437G
In addition we will determine the prevalence of the following key mutations by simple genotyping in all sites surveyed:
v. dhfr N51I, 
vi. C59R 
vii. S108N 
Depending on the location and/or the most widely used treatments, prevalence of markers from the panel below will also be assessed including dhps 431, dhps 436, dhfr 164 and A613S/T. 

The prevalence data will be analysed in the context of validated models to define geospatial trends of drug resistance and to select sites for further specimen collection.
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Effects of finger stick blood collection: Patients will already be subjected to a fingerprick for their mRDT. Due to the need to sample an additional 250-375 µL of blood to make a DBS, there are small risks of discomfort, bruising, bleeding, infection and fainting linked to these procedures. 

DNA sequence information: Samples will be used only for genotyping malaria parasites. No human DNA genotyping is planned for these studies, so there is no risk of confidential human genetic information becoming known.

Potential risks to study personnel: The main risks to study personnel will be from accidental exposure to blood and body fluid borne infections. Standard Operating Procedures for staff safety will be used in clinical and laboratory areas, including sharps management and hazardous waste management. Universal precautions will be used for handling all body fluids.

Because the described analyses pose no appreciable additional risks to the trial participants but present potential benefits to their communities and others living in malaria endemic areas, the risk-to-benefit ratio is very low.
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Participants may not receive any direct benefit from their participation in the study. They will however be evaluated and receive appropriate care and treatment at the clinic irrespective of their decision to participate in the study. 

The benefits to the community could include introduction of IPTi programmes aimed at preventing malaria in young children as well as improved tools for surveillance and diagnosis of SP resistant malaria. Results from this study may help malaria control programs improve understanding of the locations and of the extent to which SP resistance has spread or emerged and adapt malaria prevention guidance.
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Outcome: Estimation of the prevalence of established molecular markers of SP resistance  in North and South Kivu, DRC in order to inform chemoprevention programme implementation.
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a) To map the geographical prevalence of molecular markers of SP drug resistance in order to optimise malaria chemoprevention programmes and to see whether the established dhps K540E mutation is a useful marker for the presence of other mutations in DRC If needed the study may be repeated to map temporal changes in SP resistance markers in this region.

[bookmark: _Toc297809562][bookmark: _Toc297813654][bookmark: _Toc297814253][bookmark: _Toc297814368][bookmark: _Toc297814598][bookmark: _Toc297809563][bookmark: _Toc297813655][bookmark: _Toc297814254][bookmark: _Toc297814369][bookmark: _Toc297814599][bookmark: _Toc42588965][bookmark: _Toc53202806][bookmark: _Toc106679468][bookmark: _Toc130809133][bookmark: _Toc198115960][bookmark: _Toc226766318][bookmark: _Toc210113317][bookmark: _Toc227116652]Outcome:  A map of the geographical prevalence of molecular markers of SP resistance in North and South Kivu province. An informed opinion regarding whether the established dhps K540E mutation is a useful marker for the presence of other mutations in DRC.
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· Cross-sectional, observational study in two regions of DRC (North Kivu and South Kivu with multiple study sites in each region)
· 250 samples with confirmed uncomplicated P. falciparum infection per study site from either pregnant women attending ANC (who are screened as routine at MSF sites) or adults and children aged 6 months or older (no upper age limit) attending for febrile illness, presenting at study sites 
· Three study sites per province
· A total of 750 with confirmed uncomplicated P. falciparum infection samples per province  
· Study participation will include one-time sample collection of blood spot on filter paper.
· Study duration for, including analysis of the molecular markers will be up to 6 months.
· Filter paper samples from study participants, marked with only their unique study numbers (i.e. coded and no names etc.)will be analysed for presence of antimalarial drug resistance molecular markers outside of DRC.
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This is a cross-sectional, observational study using dried blood samples collected from P. falciparum-infected individuals at the time of malaria diagnosis to measure the prevalence of known and candidate molecular markers of resistance to SP. A minimum of 250 P. falciparum-infected participants will be enrolled at each participating site, with a minimum total of 750 participants per region/province.
Inclusion of participants to this study involves a two-step approach.  Prospective study participants will be selected from the population of patients presenting at antenatal clinic for routine screening OR from outpatient clinics attending with a fever or a history of fever in the past 48 hours.  Any patients with signs or symptoms suggestive of severe malaria e.g. impaired consciousness, bleeding, severe anaemia or jaundice amongst others will be excluded.  Following obtaining consent from those selected, all prospective participants will their mRDT and a sample taken a for dried blood spot (DBS) study sample at the same time. Individuals with confirmed P. falciparum infection will have DBS samples included for the study.  The percentage of asymptomatic women who test positive for malaria and percentage of febrile illness that is due to malaria varies in between sites in North and South Kivu as well as seasonal variation.  For example in Baraka, South Kivu approximately 22% of asymptomatic women test mRDT positive at ANC annually (range: 17%-31%) whilst in those who seek treatment for febrile illness the proportion who test positive for malaria is 56% overall (range: 44%-73%) in both under-fives and over-fives.  Hence in Baraka we estimate that the required sample of 250 P. falciparum samples could be attained through testing approximately 1150 pregnant women or 500 febrile patients attending clinic.  These numbers would be achieved within 2-3 weeks at Baraka site.  
In contrast in Mweso North Kivu, approximately 7% of asymptomatic women test mRDT positive at ANC annually (range 5.5%-9.2%) whilst in those who seek treatment for febrile illness the proportion who test positive for malaria is 31% overall in under-fives (range: 24%-42%) and 57% overall in over-fives (range 47%-70%).  Hence in Mweso we estimate that the required sample of 250 P. falciparum samples could be attained through testing approximately 3600 pregnant women, or 800 febrile patients under-five or 450 febrile patients over five year attending clinic.  These numbers would be achieved within 3-5 weeks at Mweso site.  
In order to ensure a sub-set of pregnant women for our analysis, we intend to recruit at least 50-100 samples from ANC clinics where MSF provides reproductive health care.   Numbers of patients invited to participate will be determined on a site-by-site basis through project data on percentage of women who test positive on routine screening and proportion of care-seekers who test positive via mRDT.
[bookmark: _Toc100475617][bookmark: _Toc100553234][bookmark: _Toc105990644][bookmark: _Toc106083958][bookmark: _Toc106086485][bookmark: _Toc106090325][bookmark: _Toc105990645][bookmark: _Toc106083959][bookmark: _Toc106086486][bookmark: _Toc106090326][bookmark: _Toc105990646][bookmark: _Toc106083960][bookmark: _Toc106086487][bookmark: _Toc106090327][bookmark: _Toc105990647][bookmark: _Toc106083961][bookmark: _Toc106086488][bookmark: _Toc106090328]
In summary all prospective participants will be informed about the study and possible future malaria research, and persons consenting to participate will have a blood spot collected on filter paper at the time of blood collection for diagnostic testing (malaria rapid diagnostic test). 

Dried blood spot samples from persons with confirmed P. falciparum infection by mRDT will be stored for molecular analyses for known and candidate molecular markers of antimalarial drug resistance. 

[bookmark: _Toc455666708][bookmark: _Toc339263107][bookmark: _Toc343759631][bookmark: _Toc80523774][bookmark: _Toc135446623][bookmark: _Toc137635695][bookmark: _Toc158445893][bookmark: _Toc198115965][bookmark: _Toc226766322][bookmark: _Toc210113321][bookmark: _Toc227116656]The dried blood spot samples from persons without confirmed P. falciparum infection, i.e. who test mRDT negative, will be stored for possible future malaria research. This future use is restricted to molecular assessments on malaria parasite genetic material that is relevant for malaria treatment policy (e.g. malaria diagnosis and malaria treatment).
[bookmark: _Toc339263108][bookmark: _Toc343759632][bookmark: _Toc358467835]Site description

The study sites will be MSF projects in North and South Kivu, DRC, with the capacity to diagnose and treat patients presenting with P. falciparum infection. DRC will be the initial site for the study, but CAR, South Sudan and other countries may also be considered for a similar study in the future. Participating MSF staff will receive training on obtaining informed consent from prospective study participants and collecting dried blood spot samples onto filter papers.
[bookmark: _Toc198115966][bookmark: _Toc226766323][bookmark: _Toc210113322][bookmark: _Toc227116657][bookmark: _Toc339263109][bookmark: _Toc343759633][bookmark: _Toc358467836]Description of the Study Population

[bookmark: _Toc226766324][bookmark: _Toc210113323][bookmark: _Toc227116658][bookmark: _Toc339263110][bookmark: _Toc343759634][bookmark: _Toc358467837][bookmark: _Toc42588967][bookmark: _Toc53202808][bookmark: _Toc106679476][bookmark: _Toc130809141][bookmark: _Toc198115967]Selection of the Study Population
People living in North and South Kivu, DRC, more precise in the catchment area of Mweso, Rutsuru, Walikale in North Kivu and in Baraka, Kimbi and Lulingu in South Kivu.
[bookmark: _Toc226766325][bookmark: _Toc210113324][bookmark: _Toc227116659][bookmark: _Toc339263111][bookmark: _Toc343759635][bookmark: _Toc358467838]Participant Inclusion Criteria
Participants must meet all of the inclusion criteria to participate in the study.
· Pregnant women, adults and children of six months of age or older with confirmed uncomplicated P. falciparum infection (whether symptomatic or not e.g. routine screening in ANC)
· Written informed consent obtained 
All participants meeting inclusion criteria will have their dried blood spots retained for parasite molecular analyses.
Exclusion criteria: signs or symptoms of severe malaria
[bookmark: _Toc198115969][bookmark: _Toc226766327][bookmark: _Toc210113326][bookmark: _Toc227116661][bookmark: _Toc339263112][bookmark: _Toc343759636][bookmark: _Toc358467839]Strategies for Recruitment

Study participants will be passively recruited from pregnant women presenting for routine screening at antenatal clinic and patients presenting with signs/symptoms of malaria (axillary temperature of 37.5oC or greater/history of fever) during the course of visits to MSF clinics.
[bookmark: _Toc339263113][bookmark: _Toc343759637][bookmark: _Toc358467840]Human Resources

MSF OCA will fund the surveillance study. The human resources will be secured through MSF field teams. A paramedical staff per site (research assistant or nurse or lab technician) will be in charge of carrying-out the informed consent process and the malaria RDT. The medical staff of the project will ensure the case management of malaria RDT positive patients. Dedicated study personnel will ensure the external assurance quality for the correct and adequate desiccation of the filter paper and dry storage of the blood spots. 

[bookmark: _Toc358467841]Safety Considerations 

Any patients with signs or symptoms of severe malaria are excluded from the study.

All patients that test positive for malaria on the mRDT will be treated as per protocol for malaria using oral antimalarial treatment.  Any patient with a febrile illness who tests negative for malaria will be managed according to the site of testing. Patients seen in health facilities or hospital outpatient departments will be reviewed by clinical staff for other causes of their febrile illness and managed accordingly.

Pregnant women who test negative for malaria in ANC will be offered a dose of SP as part of intermittent preventative treatment in pregnancy (IPTp).
[bookmark: _Toc339263114][bookmark: _Toc343759638][bookmark: _Toc358467842]Study Procedures
Unique study/specimen Identification numbers will be assigned in the order in which participants are screened following consent. Because this survey is cross-sectional, participants are not required to return to the clinic for study follow-up. 
[bookmark: _Toc339263116][bookmark: _Toc343759639][bookmark: _Toc358467843]Participant Screening and Sample Collection
Prospective participants who have provided consent will be screened for malaria infection using standard diagnostic tools (mRDT) available at the study site. A blood sample for study analyses will be collected at the time of blood collection for malaria diagnostic testing. Blood spot will be collected using standard methods.  
Each prospective patient will sign a unique numbered consent form, thereby assigning them a study identification number.  This number is used on the data collection form which indicates the site of collection, the setting (ANC or clinic), age of patient, sex and where possible home village as well as the mRDT result.  The same number is written on the DBS sample. No other personal identifiers such as name or address will be recorded. Dried blood spot samples will be labelled with a unique specimen/study Identification number, malaria RDT result and an indication of whether the sample was taken in ANC or not.
A study database will be constructed at Radboud university medical centre collating the basic information collected at time of screening.  The database will include all items from the data collection forms i.e. age and sex of the participant along with the date and geographic location of collection as well patient home village location, where possible. Names, addresses and other personal identifiers will not be recorded on the data collection form and hence will not be included in the study database.  
[bookmark: _Toc339263117][bookmark: _Toc343759640][bookmark: _Toc358467844]Study Sample Storage and Transportation
2-3 drops of capillary blood will be collected on Munktell TFN Specimen Collection card, air dried completely, stored individually in zip-lock bags with desiccant, and kept away from humidity, excessive heat and light.  All DBS samples whether mRDT positive or negative will be batched and shipped to:
· Radboud university medical centre; Department of Medical Microbiology, Nijmegen, the Netherlands.

[bookmark: _Toc78275168][bookmark: _Toc78275222][bookmark: _Toc78275688][bookmark: _Toc53202816][bookmark: _Toc226766334][bookmark: _Toc210113333][bookmark: _Toc227116668][bookmark: _Toc339263118][bookmark: _Toc343759641][bookmark: _Toc358467845]Laboratory Evaluations
[bookmark: _Toc135446665][bookmark: _Toc137635737][bookmark: _Toc162417184][bookmark: _Toc226766335][bookmark: _Toc210113334][bookmark: _Toc227116669][bookmark: _Toc339263119][bookmark: _Toc343759642][bookmark: _Toc358467846][bookmark: _Toc53202817]P. falciparum Diagnosis
P. falciparum infection will be diagnosed at study clinic using standard local methodology (i.e., P. falciparum RDT using SD Bioline HRP2 05FK50.
[bookmark: _Toc297809581][bookmark: _Toc297813673][bookmark: _Toc297814272][bookmark: _Toc297814387][bookmark: _Toc297814617][bookmark: _Toc339263120][bookmark: _Toc343759643][bookmark: _Toc358467847][bookmark: _Toc226766337][bookmark: _Toc210113336][bookmark: _Toc227116671]Specimen Collection, Preparation, Handling and Shipping 

Detailed SOPs will be available for these activities. Briefly, finger-prick blood is obtained at the study clinic and applied to filter paper (see Appendix B: Methods for Testing Malaria Standard Operating Procedures DBS Sample Collection and Transportation). Dried filter paper blood samples will be air dried completely, stored individually in zip-lock bags with desiccant, and kept away from humidity, excessive heat and light. Samples will be batched and shipped to UMCN Radboud by DHL. They will be stored at the UMCN during the time of analysis and for ten years in after the end of the study. 
[bookmark: _Toc339263121][bookmark: _Toc343759644][bookmark: _Toc358467848][bookmark: _Toc226766338][bookmark: _Toc210113337][bookmark: _Toc227116672]Molecular Assays 
[bookmark: _Toc78275172][bookmark: _Toc78275226][bookmark: _Toc78275692][bookmark: _Toc78275173][bookmark: _Toc78275227][bookmark: _Toc78275693][bookmark: _Toc78275174][bookmark: _Toc78275228][bookmark: _Toc78275694][bookmark: _Toc78275175][bookmark: _Toc78275229][bookmark: _Toc78275695][bookmark: _Toc78275176][bookmark: _Toc78275230][bookmark: _Toc78275696][bookmark: _Toc78275177][bookmark: _Toc78275231][bookmark: _Toc78275697][bookmark: _Toc78275183][bookmark: _Toc78275237][bookmark: _Toc78275703][bookmark: _Toc78275184][bookmark: _Toc78275238][bookmark: _Toc78275704][bookmark: _Toc78266694][bookmark: _Toc78266749][bookmark: _Toc78266846][bookmark: _Toc78275189][bookmark: _Toc78275243][bookmark: _Toc78275709][bookmark: _Toc78266695][bookmark: _Toc78266750][bookmark: _Toc78266847][bookmark: _Toc78275190][bookmark: _Toc78275244][bookmark: _Toc78275710][bookmark: QuickMark][bookmark: _Toc42589000][bookmark: _Toc53202857][bookmark: _Toc62541188][bookmark: _Toc62541189][bookmark: _Toc62541193]DNA will be extracted in the laboratory of microbiology at the UMC Nijmegen (Dr. Bousema) using commercial kits (Qiagen). The DNA will be send to the LSHTM (Dr. Roper) for further analysis. The dhfr and dhps genes will be amplified using established protocols (Table 1)[38]. As QA-QC DNA quantity will be assessed and the amplified product will be visualised on gel prior genotyping for dhfr using established protocols and sequencing and sequence analysis for dhps in London. Dhfr genotyping will focus at 3-5 loci where single nucleotide polymorphisms (SNPs) are known using established protocols [39]. Dhps sequencing will be performed by using the ABI-3730 automatic sequencer (Applied Biosystems, Foster City, CA, USA), and samples will be analysed with Applied Biosystems BigDye V. 3.1 (Applied Biosystems).

Table 1. PCR primer sequences and reaction conditions for the nested amplification of dhfr and dhps
	Gene and primer
	Primer sequence
	PCR conditions

	Dhfr
	
	

	Outer, M1
	5’ TTTATGATGGAACAAGTCTGC 3’
	94°C x 3 min

	650 bp, M7
	5’ CTAGTATATACATCGCTAACA 3
	94°C x 1 min, 52°C x 2 min, 72°C x 1 min, 40x; 72°C x 10 min

	Inner, M3b
	5’ TGATGGAACAAGTCTGCGACGTT 3’
	94°C x 3 min

	594 bp, M9
	5’ CTGGAAAAAATACATCACATTCATATG 3’
	94°C x 1 min, 44°C x 2 min, 72°C x 1 min, 4 x; 94°C x 1 min, 44°C x 1 min, 72°C x 1 min, 34 x; 72°C x 10 min

	dhps
	
	

	Outer, N1
	5_ GATTCTTTTTCAGATGGAGG 3_
	94°C x3 min

	770 bp, N2
	5_ TTCCTCATGTAATTCATCTGA 3_
	94°C x 1 min, 51°C x 2 min, 72°C x 1 min, 40x; 72°C x 10 min

	Inner, R2
	5_ AACCTAAACGTGCTGTTCAA 3_
	94°C x 3 min

	711 bp, R
	5_ AATTGTGTGATTTGTCCACAA 3_
	94°C x 1 min, 52°C x 2 min, 72°C x 1 min, 40x; 72°C x 10 min



[bookmark: _Toc339263122][bookmark: _Toc343759645][bookmark: _Toc358467849]Data collection and management
Only information on the age and sex of the participant along with data on location and date of sample collection on standard forms will be collected.  Where possible home village will also be recorded to enable more precise mapping.  This data will be linked to samples via a unique study/specimen identification number, also written on their consent form. Submitted data will be cleaned and checked for inconsistencies by the field study coordinator with written queries to data submitter in case any are detected. The field coordinator will enter the data into the database but this will be checked once more by the Principal investigators in Nijmegen alongside the shipped forms (as below).  Following this second check - data will be formatted and uploaded onto maps depicting prevalence of resistance markers. 
Signed consent forms (labelled with the unique study/specimen identification number) are the only study related materials with patient identifiable information i.e. patient name.  The data collection forms will link the study/specimen number with information on age, sex, location and home village where possible to the samples taken.  These consent forms will be collected with the DBS samples and data collection forms by the study coordinator but stored separately from the data collection forms and samples in a locked cupboard or file cabinet at the study site, and will be unavailable to anyone except those individuals outlined in the study. All the forms will be shipped to Radboud university medical centre; Department of Medical Microbiology, Nijmegen, the Netherlands, alongside the DBS samples. 
They will be stored as per routine procedure for at least 3 years (upto 10 years with the DBS sample) and will be discarded according to standard procedure i.e. shredding or burning after this period at the decision of the principal investigators.

[bookmark: _Toc339263123][bookmark: _Toc343759646][bookmark: _Toc358467850]Data analysis plan
The prevalence of dhps K540E, dhps 581G and other molecular markers of SP resistance will be determined for each of the study sites and presented with 95% confidence intervals.  The site- and provide-specific prevalence estimates of dhps K540E form the key outcome measure that also forms the basis of recommendations on chemoprevention using SP. The prevalence estimates will be compared between sites using Chi-square test. If site comparisons require adjustment for potential confounders (e.g. age or symptomatic/asymptomatic status of the sampled population), logistic regression models will be used. These analyses will be performed in Stata version 13. Linkage disequilibrium analysis of known markers of SP resistance and novel SNPs that may be detected during dhps sequencing will be performed using Arlequin software.
The collected data will also be fed into previously developed and validated models on SP resistance. Briefly, the prevalence of mutations alongside discrete study locations and times will be incorporated in a model that includes all publicly available data from the African continent since 1990. The model further includes estimates of P. falciparum transmission intensity as estimated by the Malaria Atlas Project. Depending on the number of regional estimates of dhfr/dhps mutation prevalences, the model allows prediction on a 25 × 25 km grid with accompanying uncertainties in prevalence estimates. 
The outputs of these models will thus provide geospatial trends in prevalence of SP resistance markers and provide probability distributions of resistance prevalence in places where no data are available. This includes places where there is no current or historic information on SP use. Because of the predictable nature of the sequential acquisition of mutations in the dhfr and dhps genes, the model allows prediction of space-time trends in the parasite resistance to SP.
In summary, whilst the prevalence estimates will primarily be provided at the level of individual study sites (and provinces), the integration into the model will allow us to incorporate findings from other surveys as they become available and project resistance patterns beyond the immediate catchment populations and study period. This provides insights in the spread of resistance in a way that the data alone would not and provide guidance on optimal locations for further sampling, and to formulate recommendations for policy that can be updated when more data becomes available from MSF-initiated and external surveys.


[bookmark: _Toc226766339][bookmark: _Toc210113338][bookmark: _Toc227116673][bookmark: _Toc339263124][bookmark: _Toc343759647][bookmark: _Toc358467851]Statistical Considerations
[bookmark: _Toc297813677][bookmark: _Toc297814276][bookmark: _Toc297814391][bookmark: _Toc297814621][bookmark: _Toc297813678][bookmark: _Toc297814277][bookmark: _Toc297814392][bookmark: _Toc297814622][bookmark: _Toc297813679][bookmark: _Toc297814278][bookmark: _Toc297814393][bookmark: _Toc297814623][bookmark: _Toc297814279][bookmark: _Toc297814394][bookmark: _Toc297814624][bookmark: _Toc297814280][bookmark: _Toc297814395][bookmark: _Toc297814625][bookmark: _Toc297813680][bookmark: _Toc297814281][bookmark: _Toc297814396][bookmark: _Toc297814626][bookmark: _Toc7290008][bookmark: _Toc7802241][bookmark: _Toc7840033][bookmark: _Toc7846251][bookmark: _Toc9600288][bookmark: _Toc9692404][bookmark: _Toc9692588][bookmark: _Toc80523831][bookmark: _Toc135446694][bookmark: _Toc137635765][bookmark: _Toc162417210][bookmark: _Toc226766342][bookmark: _Toc210113341][bookmark: _Toc227116676][bookmark: _Toc339263125][bookmark: _Toc343759648][bookmark: _Toc358467852]Primary outcome 
An estimation of the prevalence of established molecular markers of SP resistance in North and South Kivu, DRC in order to inform chemoprevention programme implementation.  This information will be used to generate maps of the prevalence of established and newly identified/candidate SP resistance markers as well as to identify locations where further more studies are needed. 
[bookmark: _Toc7290009][bookmark: _Toc7802242][bookmark: _Toc7840034][bookmark: _Toc7846252][bookmark: _Toc9600289][bookmark: _Toc9692405][bookmark: _Toc9692589][bookmark: _Toc80523832][bookmark: _Toc135446695][bookmark: _Toc137635766][bookmark: _Toc162417211][bookmark: _Toc226766343][bookmark: _Toc210113342][bookmark: _Toc227116677][bookmark: _Toc339263126][bookmark: _Toc343759649][bookmark: _Toc358467853]Secondary outcomes

A map of the geographical changes in prevalence of molecular markers of SP resistance in North and South Kivu province. An informed opinion whether or not the established dhps K540E mutation is a useful marker for the presence of other mutations in DRC and other high burden countries.
This information will be modelled and depicted on maps before dissemination to provide information on geographical trends in the emergence and spread of resistance markers to National Malaria Control Program and to inform MSF field operations in DRC, and medical department, as well as policymakers and key stakeholders.

[bookmark: _Toc62541190][bookmark: _Toc226766344][bookmark: _Toc210113343][bookmark: _Toc227116678][bookmark: _Toc339263127][bookmark: _Toc343759650][bookmark: _Toc358467854]Sample Size Considerations
The sample size at each participating site is determined to provide meaningful estimates of marker prevalence.  This is complicated by the paucity of information regarding prevailing levels of resistance, e.g. approximately estimated prevalence of 20% dhps 540E and less than 9% dhps 581G in DRC overall but over 90% dhps 540E and over 50% dhps 581G prevalence in Rwanda, which is close to the eastern border of DRC (Okell et al to be published).  The sample size has been calculated assuming 50% prevalence of a dhps 540E allele to obtain an estimate at 95% confidence at each participating site at 5% precision. The required sample size is 750 per province. This will mean 250 per study site (three sites per province), using multiple sites to estimate regional prevalence (not specific site prevalence) even if assuming a maximum of 10% DNA extractions fail and that some mRDT positive individuals may be parasite negative due to the persistence of Histidine-Rich Protein II (HRP2) after treatment [40].  This sample size is also sufficient for robust estimation of dhps 581 prevalence.
[bookmark: _Toc297813684][bookmark: _Toc297814285][bookmark: _Toc297814400][bookmark: _Toc297814630][bookmark: _Toc297813685][bookmark: _Toc297814286][bookmark: _Toc297814401][bookmark: _Toc297814631][bookmark: _Toc297813686][bookmark: _Toc297814287][bookmark: _Toc297814402][bookmark: _Toc297814632][bookmark: _Toc297813708][bookmark: _Toc297814309][bookmark: _Toc297814424][bookmark: _Toc297814654][bookmark: _Toc297813709][bookmark: _Toc297814310][bookmark: _Toc297814425][bookmark: _Toc297814655][bookmark: _Toc297813710][bookmark: _Toc297814311][bookmark: _Toc297814426][bookmark: _Toc297814656][bookmark: _Toc62541191][bookmark: _Toc226766345][bookmark: _Toc210113344][bookmark: _Toc227116679][bookmark: _Toc339263128][bookmark: _Toc343759651][bookmark: _Toc358467855]Participant Enrolment and Follow-Up
A minimum of 250 P.falciparum positive pregnant women, adults and children, aged 6 months or older will be enrolled at each study site. A minimum of 750 samples will be collected per province.
[bookmark: _Toc297809590][bookmark: _Toc297813712][bookmark: _Toc297814313][bookmark: _Toc297814428][bookmark: _Toc297814658][bookmark: _Toc297809591][bookmark: _Toc297813713][bookmark: _Toc297814314][bookmark: _Toc297814429][bookmark: _Toc297814659][bookmark: _Toc297809592][bookmark: _Toc297813714][bookmark: _Toc297814315][bookmark: _Toc297814430][bookmark: _Toc297814660][bookmark: _Toc297809593][bookmark: _Toc297813715][bookmark: _Toc297814316][bookmark: _Toc297814431][bookmark: _Toc297814661][bookmark: _Toc297809594][bookmark: _Toc297813716][bookmark: _Toc297814317][bookmark: _Toc297814432][bookmark: _Toc297814662][bookmark: _Toc297809595][bookmark: _Toc297813717][bookmark: _Toc297814318][bookmark: _Toc297814433][bookmark: _Toc297814663][bookmark: _Toc297809596][bookmark: _Toc297813718][bookmark: _Toc297814319][bookmark: _Toc297814434][bookmark: _Toc297814664][bookmark: _Toc297809597][bookmark: _Toc297813719][bookmark: _Toc297814320][bookmark: _Toc297814435][bookmark: _Toc297814665][bookmark: _Toc297809598][bookmark: _Toc297813720][bookmark: _Toc297814321][bookmark: _Toc297814436][bookmark: _Toc297814666][bookmark: _Toc297809599][bookmark: _Toc297813721][bookmark: _Toc297814322][bookmark: _Toc297814437][bookmark: _Toc297814667][bookmark: _Toc297809600][bookmark: _Toc297813722][bookmark: _Toc297814323][bookmark: _Toc297814438][bookmark: _Toc297814668][bookmark: _Toc297809601][bookmark: _Toc297813723][bookmark: _Toc297814324][bookmark: _Toc297814439][bookmark: _Toc297814669][bookmark: _Toc297814325][bookmark: _Toc297814440][bookmark: _Toc297814670][bookmark: _Toc297814326][bookmark: _Toc297814441][bookmark: _Toc297814671][bookmark: _Toc297814327][bookmark: _Toc297814442][bookmark: _Toc297814672][bookmark: _Toc297814328][bookmark: _Toc297814443][bookmark: _Toc297814673][bookmark: _Toc297814329][bookmark: _Toc297814444][bookmark: _Toc297814674][bookmark: _Toc297814330][bookmark: _Toc297814445][bookmark: _Toc297814675][bookmark: _Toc297814331][bookmark: _Toc297814446][bookmark: _Toc297814676][bookmark: _Toc297814332][bookmark: _Toc297814447][bookmark: _Toc297814677][bookmark: _Toc343759652][bookmark: _Toc358467856][bookmark: _Toc226766353][bookmark: _Toc210113351][bookmark: _Toc227116687]Ethical considerations 
[bookmark: _Toc226766354][bookmark: _Toc210113352][bookmark: _Toc227116688]
[bookmark: _Toc343759653][bookmark: _Toc358467857]Authorisation and collaboration
The study will conducted in accordance with the World Health Assembly of 1975 concerning ethical aspects in human tests, and with the Helsinki declaration (2013).
The study proposal will be submitted to the Ethics Review Board of MSF, of the Catholic University of Bukavu and of the LSHTM for approval. 

[bookmark: _Toc80523845][bookmark: _Toc135446710][bookmark: _Toc137635781][bookmark: _Toc162417233][bookmark: _Toc226766356][bookmark: _Toc210113354][bookmark: _Toc227116690][bookmark: _Toc343759654][bookmark: _Toc358467858]Study Informed Consent and Assent
Prospective participants will receive information about this study in both oral and written forms, translated into the local language whenever possible. The written consent documents will embody the elements of informed consent as described in the current edition of the Declaration of Helsinki, will adhere to the ICH Harmonized Tripartite Guideline for Good Clinical Practice and will also comply with applicable national regulations. Independent witnesses, such as nurses not related to the study, will be used to attest that illiterate potential participants have understood the contents of the informed consent document. Given that written assent is not an absolute requirement in the MSF ERB ethical guidelines (communication from MSF ERB) in a low-risk study such as this,  children capable of understanding the study (approximately 7 years of age or above) will be asked to sign an assent form or document assent using a tick box . A copy of the signed/ticked informed consent and assent document(s) will be given to the participants.   
Although the patient’s participation is limited to one visit alone, we consider informed consent to be a dynamic, ongoing process.  Should need arise, investigators will be available to answer any questions in the course of the study and to ensure that participants’, parents/guardians understand study procedures.  
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No compensation will be provided for study participation.
[bookmark: _Toc339263129][bookmark: _Toc343759656][bookmark: _Toc358467860]Subject Confidentiality 
Subject confidentiality will be held strictly in trust by the participating investigators and their staff. This confidentiality will be extended to cover testing of biological samples. The study protocol, documentation, data and all other information generated will be held in strict confidentiality. 
The data generated from each study sample will not be linked to any patient identifiable information i.e. it will not be linked by name or address.  The only data that will be linked anonymously (via the study/specimen identification number) to each sample will be age, sex, mRDT result, the location of collection including ANC or clinic, and where possible home village name. Any Genetic/genomic data generated from malaria parasites isolated from study participants may be submitted to publicly available databases, but will not be linked to any identifying, coded, or clinical information from study participants. Participants will not be identified in any publications resulting from the study. 

[bookmark: _Toc339263130][bookmark: _Toc343759657][bookmark: _Toc358467861]Future Use of Stored Specimens
Studies on parasite DNA derived from samples may be done without restriction. No studies of human DNA will be performed. Studies on newly discovered parasite genetic markers of antimalarial resistance on DNA derived from samples may be done after all the IECs have been informed.  In case of future studies and/or evaluations not planned in this protocol, the necessary approvals will be secured from the relevant authorities, including ethics committees (MSF ERB, LSHTM IRB, concerned ethics committee in DRC).

After molecular studies are completed, the filter paper dried blood spots will be stored at the Radboud university medical centre; Department of Medical Microbiology, Nijmegen, the Netherlands, as a routine procedure for 10 years and will be discarded according to standard procedure after this period. 
The principles of informed consent in the current edition of the Declaration of Helsinki will be implemented before any protocol-specified procedures are carried out.

[bookmark: _Toc339263133][bookmark: _Toc343759658][bookmark: _Toc358467862]DISSEMINATION AND IMPLEMENTATION OF THE FINDINGS
Data will be shared according to MSF data sharing policy.  Results will be shared internally within various MSF platforms (Medical Department, Department of Operations, Malaria Working Group), and with the NMCP in each country. Scientific publications will be submitted to peer-reviewed journals and entered into the worldwide antimalarial resistance network (WWARN) database for mapping resistance prevalence.
After completion of the survey or if it is stopped for any scientific or operational reasons, the available information on prevalence of molecular markers will be used to generate maps of the prevalence of established and newly identified/candidate resistance markers as well as to identify locations where further more extensive clinical studies are needed. This information will be modelled and depicted on maps to provide information on geographical trends in the emergence and spread of resistance markers before dissemination to National Malaria Control Program and to inform MSF field operations, and medical department, as well as policymakers and key stakeholders.
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Pregnant women/infant: Intermittent preventative therapy in 

pregnant women (IPTp) - protects women from their second trimester 

onwards through the use of SP, to reduce neonatal and infant death

Infants: Intermittent preventative therapy in infants (IPTi) - protects 

infants in the vulnerable first months of life through doses administered 

alongside childhood vaccinations, ideally requires several doses of SP for 

maximal effectiveness

Young children: Seasonal malaria chemoprophylaxis (SMC) - up to 4 

monthly doses of SP+AS recommended for children (3m-5years) in 

regions with high seasonality of transmission by administering drugs 

throughout the transmission season (previously termed IPT in children)

Mass Drug Administration (MDA) - large-scale treatment of an entire 

population with antimalarials (ACT, primaquine or other drugs) to 

reduce parasite reservoirs (i.e. asymptomatic infections) and thus 

malaria transmission

Mass screen and treat (MSAT) - large scale screening of a population 

using diagnostic tools and only treating those who are parasite positive

HIGH RISK

POPULATION
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