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Protocol Summary

	Title:
	A longitudinal study of chloroquine as monotherapy or in combination with artesunate, azithromycin or atovaquone-proguanil to treat malaria in children in Blantyre Malawi

	Population:
	640 children aged 6 months to 5 years who are found to have uncomplicated symptomatic malaria in Blantyre, Malawi.

	Number of Sites:
	1, Blantyre Malaria Project Research Clinic at the Ndirande Health Centre

	Study Duration:
	2.5 years

	Subject Participation Duration:
	1 year

	Description of Agent or Intervention:
	Participants will be assigned to one of four treatment arms. They will receive the same treatment at the time of enrollment and for every new episode of uncomplicated malaria for a year. All study medications will be administered orally:

· Chloroquine: 10 mg/kg on days 0 and 1, 5 mg/kg/day on day 2

Participants will be randomized to receive chloroquine alone or in combination with one of the following medications.

· Artesunate: 4 mg/kg once a day for 3 days

· Atovaquone-proguanil (Malarone® or AP) once a day for 3 days as described in package insert and in section 5

· Azithromycin 30 mg/kg once a day for 3 days

	Objectives:


	Primary:

· Compare annual incidence of malaria clinical episodes

Secondary:

· Assess antimalarial drug efficacy at first administration, by treatment arm.

· Assess antimalarial drug efficacy during subsequent episodes of malaria, by treatment arm.

· Measure prevalence of chloroquine resistant parasites during the trial, by treatment arm.

· Assess effect of each treatment arm on anemia at the end of study participation.

· Assess safety of these drugs with repeated use

· Determine the chloroquine blood levels at which chloroquine sensitive and resistant parasites are able to cause infection.

· Assess  the effect of population movements on the risk of malaria infection .

·  Assess the spatial patterns and the environmental determinants of malaria infection



	Description of Study Design:
	This study is a randomized, open label, longitudinal clinical trial. Participants will be identified at the time of an episode of uncomplicated malaria. After enrollment, they will be randomized to one of the four treatment arms. The treatment outcome will be assessed through a standard 28-day efficacy study. Participants will subsequently be evaluated every four weeks and encouraged to return to the study clinic any time they are ill during the course of one year. If a new episode of uncomplicated malaria is diagnosed, the participant will receive the same therapy as assigned on enrollment. PCR-corrected 28 day efficacy will be evaluated for each treatment episode.

	Estimated Time to Complete Enrollment:
	1.5 years


Schematic of Study Design:
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2 Background Information and Scientific Rationale

2.1 Background Information

In 1993, Malawi was the first sub-Saharan African country to discontinue the routine use of chloroquine and to elevate the antifolate combination sulfadoxine-pyrimethamine (SP) to the antimalarial of first choice nationwide. The decision was based on chloroquine's increasing failure to produce adequate clinical and hematological recovery (1). Since 1993 SP has been the only available treatment for uncomplicated malaria in all government health facilities, and is dispensed without prescription. Although chloroquine has remained available by prescription and through unauthorized private sources, a national information campaign was largely successful in convincing health practitioners and the public to accept SP as the treatment of choice for children with malaria. 

It has been speculated that years of reliance on antimalarials other than chloroquine might lead to the reemergence of chloroquine-sensitive P. falciparum and permit the reintroduction of this safe and affordable drug. We retrospectively measured the prevalence of the pfcrt 76T molecular marker for chloroquine-resistant P. falciparum malaria in Blantyre, Malawi. From 1992 to 2000, we documented a gradual decrease in prevalence of the mutation associated with chloroquine resistance (2) and neither we nor other investigators have found any parasites with the mutation since 2001 (S. Nkhoma, personal communication and D. Bell, personal communication). 
We have demonstrated the clinical efficacy of chloroquine, as well. In preparation for the present study, we conducted a trial to assess the efficacy of chloroquine in treating children with uncomplicated malaria at the Blantyre Malaria Project Research Clinic at the Ndirande Health Centre from May through December, 2005. Two hundred ten children with uncomplicated malaria were randomly assigned to receive either SP, the standard therapy in Malawi, or chloroquine. Among 105 children randomized to receive chloroquine monotherapy, only one experienced treatment failure. The results are shown in Table 1. Based on these results, we have determined that chloroquine is safe to use to treat malaria in this population. 

	
	Chloroquine
	SP

	Adequate clinical and parasitologic response (% per-protocol)
	79 (99)
	16 (18)

	Early treatment failure (% per-protocol)
	1 (1)
	21 (24)

	Late clinical or parasitologic failure (% per-protocol)
	0 (0)
	50 (57)

	Outcomes unknown
	25
	18

	Total
	105
	105


Table 1: Outcomes of 28-day efficacy study of chloroquine vs. SP for the treatment of uncomplicated malaria among children in Blantyre, Malawi.

2.1.1 Longitudinal clinical trial of anti-malaria drug efficacy

Current in vivo methods for measuring antimalarial drug efficacy in high-transmission areas use a 14 or 28-day follow-up period, but a single-episode study misses several critical factors in assessing the efficacy and impact of antimalarial treatment. When follow-up is extended beyond 28 days, more cases of apparent resistance or treatment failure are found (3). Single episode studies cannot assess the impact of therapy on the incidence of malaria over time.

These limitations of standard in vivo studies have led us to advocate longitudinal studies of drug efficacy (4). In addition to measuring efficacy of individual treatments, longitudinal studies measure sustained efficacy with repeated use of the same regimen over time, a scenario that more accurately reflects the real-life use of antimalarial medication. The primary outcome of interest, the incidence of malaria episodes, as well as the secondary outcomes of anemia and severe malaria, are all highly relevant to public health policy-makers, as they reflect not only the burden of disease, but also the utilization of health resources. 

 Longitudinal studies also permit assessment of how pharmacokinetic properties of drugs affect the incidence of treatment episodes. We collaborated on the first such longitudinal trial of antimalarial drug efficacy, a double-blinded, placebo controlled trial of SP and chlorproguanil-dapsone in Kenya and Malawi. These otherwise similar antifolate combinations are distinguished by the much shorter half-life of chlorproguanil-dapsone and its higher efficacy in Africa, where it has been shown to be highly efficacious even against infections resistant to SP (5). This study randomized children to receive one drug or the other for all uncomplicated falciparum malaria episodes over the course of a year, and compared the cumulative number of treatment episodes and rates of treatment failure and anemia (6). In Malawi, chlorproguanil-dapsone had an efficacy of 95% compared to only 80% for SP. Yet there were no differences between the treatment groups in the incidence of uncomplicated malaria episodes, anemia or severe malaria, indicating that the potential disadvantage of lacking a long prophylactic effect due to chlorproguanil-dapsone’s short half-life was offset by its better efficacy and possibly by less selection for antifolate resistant parasites. Researchers in Uganda have also used this method to demonstrate the superiority of SP plus amodiaquine over SP plus artesunate by comparing incidence density of malaria treatment episodes (7).
2.2 Rationale

Combination therapy is becoming the mainstay of malaria treatment (8). In general, the goal of combination therapy is to treat resistant infections successfully and to prevent the emergence and spread of resistance. To date, countries have adopted combination drugs based on short term efficacy studies and availability. Optimal strategies for formulating combinations have not been established. One proposed goal of combination therapy is to combine a short-acting, highly effective medication (such as artesunate) with a longer-acting drug to offer prophylactic benefit and protect against late recrudescence. Alternatively, some have proposed matching of half-lives in the selection of drugs. The antimalarial combination therapies currently in use were not designed based on optimal pairing of drugs to deter the development and spread of parasite resistance to the individual partner drugs in settings of high malaria transmission. Careful studies are needed to identify the pharmacokinetic and pharmacodynamic properties of drug combinations that will deter resistance and prolong the useful therapeutic life of the next generation of antimalarial drug combinations. The reemergence of chloroquine-sensitive malaria in Malawi and the ability to detect chloroquine resistance at the molecular level offer a unique opportunity: we will be able to measure the emergence of chloroquine resistant parasites with repeated treatment with different combination therapies even if clinical treatment failure does not occur. 

We have selected three partner drugs to use in combination with chloroquine in order to determine the pharmacokinetic and pharmacodynamic properties that most optimally protect against the emergence or re-emergence of chloroquine resistance. Artesunate is a highly effective, but very short acting, medication that will decrease parasite biomass rapidly but will no longer have any activity in the blood one day after therapy. Azithromycin is slow acting in its antimalarial activity, but remains at a high level in the blood for approximately 5-10 days after therapy, based on data from bacterial infection. It is a moderately effective antimalarial. Finally, atovaquone, in the AP coformulated Malarone, has a very prolonged terminal elimination phase and likely approximates the terminal half-life of chloroquine. Although its pharmacokinetic properties are similar to azithromycin, its pharmacodynamic properties are different, i.e., it is a more effective drug, so we expect that antimalarial activity will be maintained as the drug level gradually decreases.  The specific combinations being tested may not be optimal for eventual deployment, but all combinations are likely to be safe and highly efficacious. Rather, we hope to answer the question: for how long does a partner drug need to be active to protect against resistance? The results of this study will thus inform the rational design of the next generation of combination therapies.

2.3 Experience with study drugs

2.3.1 Mechanisms of action and resistance

Chloroquine is the most widely used antimalarial drug in the world. It concentrates in the digestive vacuole of the malaria parasite where it acts by inhibiting the breakdown of heme, leading to the buildup of toxic metabolites. Chloroquine resistance occurs when a decreased level of chloroquine is able to accumulate in the parasite’s digestive vacuole. This decreased accumulation is modulated by the Plasmodium falciparum resistance transporter (PfCRT) , located on the membrane of the digestive vacuole (9).

Artemisinin acts through a two step process. Activation involves the iron-mediated cleavage of the endoperoxidase bridge to produce an unstable free radical, followed by alkylation, which leads to the formation of a covalent bond between the medication and the malaria protein (10). With increased oxidative stress, cytotoxicity, phagocytosis and parasite clearance are enhanced. Cytoadherence and rosetting are also inhibited, preventing the pathologic changes associated with disease (11). Clinical resistance to artemesinin derivatives has not been observed. A recent report has found an inconsistent association between PfATPase6 and an increased IC50 for artemether among field parasite isolates subjected to rapid in vitro susceptibility testing (12). The mechanism of this decrease in susceptibility is unknown.

The antimalarial activity of azithromycin has not been described fully. It is thought to target the ribosome of the malaria parasite, analogous to the established targeting of the bacterial ribosome. 

Atovaquone inhibits parasite mitochondrial electron transport and proguanil inhibits parasite dihydrofolate reductase (DHFR) through its active metabolite, cycloguanil, and also through a direct mechanism outside the folate pathway that has not been well characterized (13). Both interfere with two separate pathways involved in the biosynthesis of pyrimidines which are essential for nucleic acid replication. Resistance to atovaquone can develop quickly when it is administered alone, through a point mutation in the cytochrome b gene. By changing the DHFR binding site, parasites can develop resistance to cycloguanil, but the direct anti-parasitic effect of proguanil is maintained in the presence of DHFR mutations. Proguanil was chosen to coformulate with atovaquone in the commercial product, Malarone, because proguanil has synergistic activity with atovaquone and it also decreases the parasite burden rapidly, decreasing the chance of emergence of a resistant parasite (14). Despite the ability of parasites to develop resistance to each of these drugs independently, resistance to the synergistic combination has been slow to emerge.

2.3.2 Efficacy 

Chloroquine was the first drug deployed in an attempt to rid the world of malaria after World War Two. It was highly effective initially, but chloroquine resistance emerged in Asia and South America and reached the African continent in the 1970s (15). As we described above, we have documented in Malawi the replacement of predominantly chloroquine resistant parasites in the 1990s by exclusively chloroquine susceptible parasites since 2000, presumed to be a result of the cessation of chloroquine use. The clinical study conducted in 2005 confirmed chloroquine efficacy in the study population.

Because chloroquine currently has a 99% cure rate in Malawi, all study treatments administered in this trial are expected to have very high initial clinical efficacy. Differences between treatment outcomes may be detectable in late recrudescence rates and/or the incidence of malaria episodes over time and other longitudinal measures of efficacy.

Artesunate is the most widely studied antimalarial compound in the literature (16). In a review of 27 randomized controlled studies of artemisinin-based combination therapy (ACT) in comparison with standard therapy, the ACT decreased treatment failure, recrudescence rate and gametocyte carriage (17). The World Health Organization recommends that all countries with endemic malaria adopt ACTs as first line antimalarial therapy (18).

Azithromycin has been used successfully as chemoprophylaxis among semi-immune adults (19;20), but has not displayed adequate efficacy when used as monotherapy. In a small, multicenter trial in India, the combination of chloroquine and azithromycin led to a 28 day parasitologic cure rate of 97%, while the rate for chloroquine alone was only 27% (21). It has also been administered successfully as a malaria prophylactic agent with efficacy of 72% in Indonesia and 83% (when administered daily) in Kenya (19;20).

The combination of atovaquone with proguanil leads to synergistic activity against even multidrug resistant parasites(22). Previous studies have administered AP, without any additional drug, for the treatment of uncomplicated malaria. The efficacy of AP among children was 100% in Thailand for children 5-12 years of age (23) and 94% in Kenya for children 3-12 years of age after 28 days of follow-up(24). In a study in Gabon, among children weighing 5-10 kg, AP had 95% efficacy at 28 days(25). 

2.3.3 Pharmacokinetics

	
	Chloroquine (26)
	Artesunate (27;28)
	Azithromycin (29;30)
	Atovaquone-Proguanil (31)

	Metabolite
	Desethylchloroquine (partial)
	Dihydroartemesinin
	None
	A: None identified

P: Cycloguanil



	Clearance
	Hepatic and renal
	Unknown
	Biliary
	A; Biliary

P: Renal



	Half-life
	7-10 days 
	≤ 1 hour
	68 hours  
	A: 2-3 days

P: 12-21 hours

	Maximum time point when drug level sufficient for antimalarial activity has been detected
	Up to 70 days


	Median 8 hours but >24 has been reported
	Unknown, 14 days for bacterial infection
	Up to six weeks (atovaquone)


2.3.4 Safety

Chloroquine has been the most widely used antimalarial drug in the world. It is considered extremely safe. Commonly reported symptoms include headache, malaise, dizziness, blurred vision, difficulty focusing and mild gastrointestinal upset. Non-urticarial pruritis, without rash, is a problem that is more common among dark skinned patients. The symptom usually begins within the first day after the initial dose and may last up to seven days. In our study reported above, the mean duration of pruritis was1.5 days and did not prevent completion of the full course of treatment. Severe adverse reactions are extremely rare. Some are only associated with prolonged use, such as neuromyopathy with long term prophylaxis and retinopathy with high dose administration for treatment of rheumatologic diseases (total doses of 1 g/kg or prophylaxis for greater than one year). Rare cases of idiosyncratic reactions, such as erythema multiforme and bone marrow toxicity, have been reported (32).

The artemisinin derivatives, including artesunate, are the most widely studied antimalarial drugs and have been shown consistently to lead to improved efficacy when combined with a partner drug than the partner drug alone (17). A syndrome of neurotoxicity has been observed in animal models in association with intramuscular administration of artemether and arteether, both oil-soluble artemisinin derivatives. The abnormalities were found in the vestibular reflexes and auditory system at high doses with intramuscular administration of the medications only. Neuropathologic changes were found specifically in the areas of brain stem nuclei (33-42). Administration of doses of oral artesunate greater than 200 mg/kg/day have been shown to induce neurologic changes in rodents (40;41). This dose, however, is more than 50 times the usual dose administered to patients. Oral artesunate has not been linked to neuropathologic changes in experimental animals (39;41).

The extent of neurologic damage has been linked to level of dihydroartemisinin (DHA), the active metabolite of all artemisinin derivatives. Administration of artesunate, a water-soluble compound, leads to a very short-lived presence of DHA in the blood stream. In contrast, prolonged administration of the oil-based compounds, such as arteether and artemether, lead to sustained high levels of DHA that is thought to be associated with the observed neurotoxicity (32;41). 

Over 175 clinical trials including artemisinin based therapy have been conducted, and none has demonstrated a concerning level of toxicity (16). Most of these studies included children. In 1999, a review of over 3,000 individuals who had received therapy in northwestern Thailand revealed mild neurologic abnormalities after therapy with mefloquine or mefloquine plus artesunate, but not artesunate alone, and no subjects with any treatment regimen were found to have permanent neurological disability (43;44). The Thai study included 813 children and the mean age of the participants was under five years in 10 out of 12 African studies reviewed in the meta-analysis. Another meta-analysis of 1,869 individuals (including 424 children under five years of age) treated with the combination lumefantrine-artemether from Africa, Asia and Europe revealed no persistent neurologic abnormalities in any of the study participants (45). Two case control studies form southeast Asia, comparing brainstem evoked response, audiometry and neurologic exams of individuals who had received multiple doses of artemisinin-based therapy with controls from the same region who had never received those medications, found no detectable neurologic difference between the two groups (46;47). These studies included a total of 100 children under the age of five years and showed no evidence of neurotoxicity in the pediatric population.  In addition, autopsies from humans treated with artemether who died during the course of the malaria episode did not show the characteristic changes associated with artemisinin neurotoxicity observed in animal models (48).

Artesunate has proven to be remarkably safe, with extensive use initially in Southeast Asia and now with increasing experience in Africa. In a meta-analysis of 16 randomized trials of 5,848 subjects comparing monotherapy with a commonly used agent with artesunate combination, the occurrence of serious adverse events (SAE) did not differ between artesunate combination and non-artemisinin single drug therapy (44). SAEs that have been observed during treatment with artemisinins therapy have been associated with the underlying malaria disease. Some very unusual complications have occurred with the administration of artemisinin combination therapy that were not seen in the group receiving artemisinin therapy alone: urticaria (2), seizures (5), hemoglobinuria (3) and neuropsychiatric reactions (5) (43). There have been six reported cases of allergic reaction to artemisinin therapy, with two that have required emergent therapy. The estimated risk of anaphylactic reaction is 1 in 2,833, based on the populations studied in published reports (49). Because this drug has not been approved by the U.S. Food and Drug Administration, this study will be conducted under an FDA Investigational New Drug Application (IND).

Azithromycin has been widely used in the pediatric population to treat respiratory tract infections. The suspension has been prescribed to over 80 million children. The most common side effects are: diarrhea (1.5%), abdominal pain (<5%), vomiting (2-4%), nausea (<1%) and rash (1%). The adverse event distribution associated with high dose azithromycin (20 mg/kg/day for three days) are the same as with the lower dose (10 mg/kg/day) (50). Laboratory data were similar to comparator drugs. A slight decrease in neutrophil count (500-1500/mm3) was noted in approximately 15% of children who received 30 mg/kg. None reached a level below 500/mm3. In post-marketing experience, no pediatric patients have required discontinuation of therapy due to treatment-related laboratory abnormalities (Zithromax, package insert).

The adverse effects associated with AP use were consistent with pre-treatment symptoms likely due to underlying disease, such as cough, abdominal pain and anorexia. When compared with amodiaquine, the incidence of adverse events was the same (25). The attributable adverse effects were vomiting (10%) and pruritis (6%). Among Thai adults, mild increases in transaminases occurred with initial therapy, but by day 14, the levels had equilibrated with the other arms of the study. None caused clinical illness (Malarone package insert and (51)). 

2.3.5 Prior experience with proposed combinations
The combination of chloroquine plus azithromycin is being studied in multiple settings under an active IND held by Pfizer Inc.  Clinical trials of this combination have been performed in India vs P.falciparum (21) and other such trials are currently in progress (Dunne, MW, personal communication).  No safety concerns have been identified to date when these drugs are used in combination, and there does not appear to be any adverse pharmacokinetic interactions (52).

The combination of chloroquine and atovaquone/proguanil has not been previously studied in vivo (Glaxo Smith Kline, personal communication).

The combination of chloroquine and artesunate was studied in a double-blind, randomized, placebo-controlled trial in Sao Tome and Principe by Gill et al  in 400 children with acute uncomplicated P.falciparum (53). The combined treatment was well tolerated, no serious drug-related adverse events were observed, and the addition of AS to CQ considerably improved treatment efficacy.  Multiple clinical trials using the combination of artesunate plus a related 4-aminoquinoline, amodiaquine, have not demonstrated any adverse pharmacokinetic or pharmacodynamic interactions.  The safety profile of this combination appears to be no different than the safety of the two individual components in this regimen. 

2.4 Potential Risks and Benefits

2.4.1 Known potential risks

A complete listing of all adverse drug reactions associated with the study drugs is attached in Appendix II. Finger pricks and venipuncture are associated with small risks of bleeding, hematoma and infection. To minimize this risk, the skin is cleaned with alcohol prior to puncture, sterile, unused needles and lancets will always be used and pressure will be held at the puncture site after removal of the needle or lancet. Although the quantity of blood drawn would not lead to any ill effects on the participants’ health, some adults and rarely children feel faint with phlebotomy. The risks will be minimized by having trained technicians perform the procedure. Clinicians will be available for evaluation if there is any untoward effect.

2.4.2 Known Potential Benefits

The participants in this study will have access to expeditious and high quality medical care for diagnosis and treatment of malaria, as well as other illnesses. They will also be treated with an effective antimalarial therapy. The anti-malaria treatment policy in Malawi is currently undergoing revision due to the poor efficacy of SP. As of the time of the writing of this protocol, a new treatment regimen has not been announced so the earliest implementation of a new policy is unlikely to occur until late 2007. All participants in this study will receive chloroquine, which we have shown to be safe and highly efficacious in this population, either alone or in combination with another active antimalarial medication.

3 Objectives

3.1 Study Objectives

The primary objective of this study is to compare the annual incidence of malaria. 

Secondary objectives are:

a. Assess the antimalarial drug efficacy at first administration, by treatment arm.

b. Assess the antimalarial drug efficacy during subsequent episodes of malaria, by treatment arm.

c. Measure the prevalence of chloroquine resistant parasites during the trial, by treatment arm.

d. Assess the effect of each treatment arm on anemia at the end of study participation.

e. Assess the safety of repeated use of the drugs in each of the study arms.

f. Determine the chloroquine blood levels at which chloroquine sensitive and resistant parasites are able to cause infection.

g. Assess the effect of population movements on the risk of malaria infection 

h. Assess the spatial patterns and the environmental determinants of malaria infection

3.2 Study Outcome Measures

3.2.1 Primary Outcome Measures

· The number of clinical malaria episodes per year of follow-up.

3.2.2 Secondary Outcome Measures

a. To assess the antimalarial drug efficacy at first administration, by treatment arm.

· Rate of adequate clinical and parasitologic response 28 days after initial malaria

The 28 day outcomes represent the standard assessment of antimalarial efficacy and provide important information about the short term benefits of the drug. Since we will assess the ability of combination therapy to protect against the emergence of resistance, we are most interested in clinically apparent, in vivo drug efficacy.

· The incidence of new infections and recrudescent infections after initial treatment in each treatment arm

Parasites that emerge after treatment may be classified as new infections (arising from a new exposure) or recrudescent infections (arising from the original infection). Drugs that have poor efficacy but long half-lives may protect against new infections, but fail to cure the original infection completely. In contrast, shorter acting but highly effective medications may treat the initial infection successfully, but leave the individual susceptible to new infections in areas of high transmission. Distinguishing these two mechanisms will help to elucidate the complex interaction between the drugs and the parasite population.

b. To assess the antimalarial drug efficacy during subsequent episodes of malaria, by treatment arm.

· Rate of adequate clinical and parasitologic response 28 days after subsequent new episodes of malaria

· The incidence of new infections and recrudescent infections after subsequent new episodes of malaria

The same outcomes measured after the first administration will be monitored for subsequent administrations. This ability to detect efficacy after repeated use is a strength of the longitudinal study design. 

· Incidence of severe malaria

Although children who present with severe malaria will be excluded from enrollment in the study, subsequent episodes of severe disease in study participants will be assessed as study endpoints. We would expect severe malaria to be rare in this population when children are treated promptly and effectively. A significant difference in the rate of severe disease, if detected, would be an important finding.

c. To measure the prevalence of chloroquine resistant parasites during the trial, by treatment arm.

· The prevalence of parasites with the mutation pfcrt 76T on Day 0 of each episode of malaria

· The prevalence of parasites with the mutation pfcrt 76T in cases of recurrent parasitemia after therapy

Because the genetic marker for CQ resistance is well-defined, we have the unique opportunity to assess not just resistance that is manifest on the clinical level, which may be confounded by acquired immunity, but also on the molecular level.

d. To assess the effect of each treatment arm on anemia at the end of study participation.

· Hemoglobin level without parasitemia at the close of the study

Childhood anemia is multifactorial in impoverished regions in sub-Saharan Africa and leads directly and indirectly to increased morbidity and mortality. Malaria is an important contributor to this pervasive problem (54). In our effort to simulate the public health implications of various antimalarial drug policies, we will attempt to assess the effect of each treatment arm on the general well-being of the children by measuring rates of anemia at the close of the study. We will not use the hemoglobin level at the start of the study as a point of comparison because all children will be enrolled with an episode of malaria, which will often be an acute cause of anemia. We will compare the prevalence of anemia, defined as hemoglobin <8 g/dL, at the end of one year of follow-up among all four arms.

e. To assess the safety of repeated use of the drugs in each of the study arms.

· Renal and hepatic function

· Neurological examination

Some of these medications have been associated with mild, transient abnormalities in hepatic and renal laboratory tests. We will assess these side effects in the context of repeated dosing over the course of the year. In addition, we will monitor the neurologic function of the participants due to the unique concerns associated with artemisinin derivatives.

f. To determine the chloroquine blood levels at which chloroquine sensitive and resistant parasites are able to cause infection.

· Chloroquine pharmacokinetic curve for the population

· Drug concentration at the time of parasitemia

Ideally, we would like to know the drug level just prior to a detectable parasitemia in the participant since at that level, parasites were able to begin to replicate. Since it is impossible to anticipate when a new patent parasitemia will occur, we will attempt to predict the level retrospectively by obtaining the pharmacokinetic curve in the population. We will also measure the level at the time of recurrent parasitemia in case the participant was found to vary significantly from the mean. 

g. Assess the effect of population movements on the risk of malaria infection.

· Risk of malaria in children who traveled outside the city compared to those who did not.

Our interest is the first incident of malaria. Malaria illness will be defined as any level of microscopy-confirmed Plasmodium falciparum parasitemia accompanied by signs or symptoms consistent with malaria either leading to treatment-seeking behavior or reported during follow-up visits. This definition is more inclusive since practicing physicians in a malaria endemic area would treat a person who presents complaining of illness and who had documented parasitemia. This definition will enable the longitudinal study to capture all first episodes of malaria illness that would be treated under standard medical practice. Time to malaria illness after baseline is defined as number of days without malaria illness after baseline up to the date of the first illness. Dates will be recorded for all the events occurring prior to or during follow-up.

h. Assess the spatial patterns and the environmental determinants of malaria infection

· Distribution of malaria cases in relation to environmental factors in Ndirande.

In order to evaluate whether there is clustering of cases and/or spatial correlation with environmental variables, we will carefully analyze the spatio-temporal pattern of all cases.  All new malaria illnesses after the initial treatment will be escorted home and their location geo-referenced using GPS. Information will be entered into ArcGIS (ESRI, Redland, CA)  to create a spatial point pattern. This will be linked to the database with information on health, demographic, economic, social, ecological and agricultural characteristics.  

4 Study Design

4.1 Study site

Ndirande is a peri-urban hillside township adjacent to Blantyre, the largest city in Malawi. Accurate census data are not available for Ndirande, but the population is approximately 200,000. Malaria transmission is year-round, with a seasonal peak from December to March corresponding to the rainy season. The Ndirande Health Centre is the sole government health facility serving the entire township, and consists of a complex of buildings with outpatient clinics and a maternity center. Our field team of clinicians, nurses and technicians has been conducting malaria drug efficacy studies at the Health Centre continuously since 1997 and has an excellent relationship with the community. During this time more than 3,000 participants have been enrolled in five studies, including clinical trials and longitudinal studies. After operating in dedicated space within the Centre facility for several years, in 2002 we established a new research facility on the Centre grounds. The Blantyre Malaria Project Research Clinic contains rooms for clinicians and nurses, laboratory space for the microscopists, a dispensary, an administrative office, a conference room and a computer room for real time data entry. We maintain a close relationship with the Ndirande Health Centre government workers. When we provide diagnosis and treatment in the context of our clinical studies, we offer relief from overcrowded conditions in the Centre. Back-up clinical and laboratory support is available a 10 minutes drive  from the Centre at the pediatric research ward in Queen Elizabeth Central Hospital.

4.2 Description

This study is a randomized longitudinal open-label drug efficacy trial among children who present to a government health clinic with uncomplicated falciparum malaria. Otherwise healthy children who are found to have malaria and whose parents/guardians consent to participate in the study will be enrolled in this study for one year. The participants will be randomized to one of the four drug treatment arms: CQ monotherapy, CQ plus artesunate, CQ plus azithromycin, and CQ plus AP. They will continue to receive the same treatment for each new episode of malaria for the next year. If the treatment fails, participants will receive rescue therapy, but will continue in the trial. At the first diagnosis and all subsequent new episodes of malaria, a 28 day drug efficacy study will be completed. Participants will also be asked to return for routine follow-up visit every four weeks.

Follow-up. With enrollment and the first dose of therapy occurring on day 0, participants will be followed actively on days 1, 2, 3, 7, 14, 21 and 28 at the study clinic, and by daily availability of a study clinician to evaluate and treat as needed even if follow-up is not scheduled. At all active and passive follow-up times, malaria smears, hemoglobin and filter paper strips will be obtained and brief history taken and physical examinations made to seek signs or symptoms of persistent or recrudescent malaria and use of any medications outside the protocol. 

In addition, participants will attend four-weekly follow-up visits at the study clinic. Weight, height, hemoglobin, temperature and malaria smears and filter papers for later evaluation of asymptomatic disease will be recorded and the participant examined and questioned for signs or symptoms of malaria or other illnesses. Further evaluation, including immediate reading of the malaria smear, will take place if the parent/guardian reports symptoms, if the participant appears ill to the clinic staff or there is a documented fever. All non-malaria illnesses will be treated according to the national guidelines.

Management of early or delayed attendance of these follow up visits is detailed in the Standard Operating Procedure.

4.3 
 Definition of treatment outcomes

The 2004 WHO definitions of treatment outcomes will be used as follows: 

Therapeutic efficacy will be defined as: 

· Early treatment failure (any one of the following)

· danger signs or severe malaria on days 1, 2 or 3, with parasitemia. Hemoglobin less than 5 without any other signs of severe disease when a participant is receiving therapy will not be a criteria for Early Treatment Failure as hemoglobin levels frequently decrease even with  effective therapy.
· parasitemia on Day 2>Day 0 level

· axillary temperature > 37.5oC on day 3 in the presence of parasitemia

· parasitemia on day 3 > 25% of day 0 level

· Late clinical failure

· development of danger signs, severe malaria or axillary temperature > 37.5oC or a history of fever within the past 24 hours in the presence of parasitemia during days 4-28

· and no criteria for early treatment failure

· Late parasitologic failure

· Presence of parasitemia on day 28 without fever 

· and without previously meeting any of the criteria for early treatment or late clinic failure

· Adequate clinical and parasitologic response 

· absence of parasitemia on day 28

· and without previously meeting any of the criteria of early treatment or late clinical  failure
A new episode of malaria will refer to any episode of clinical malaria (symptoms and a positive malaria smear) that occurs more than 14 days after therapy.

If a seizure meets the following criteria of a febrile seizure, the episode will not be considered a danger sign. The following criteria must be met:

1. Occurring in the presence of a reported or documented fever or with a rise in temperature.

2. Generalized seizure witnessed by reliable family member or study staff

3. Duration ≤30 minutes

4. Absence of mental status impairment two hours after the event..

5. Normal neurological examination by a study clinician or investigator within 24 hours of seizure.

4.4 Substudies

4.4.1 Caretaker surveillance study.

This has been submitted as a separate protocol to DMID, COMREC and the University of Maryland IRB.

4.4.2 Pharmacokinetics substudy

Participants who develop malaria again after enrollment in the study will be eligible to participate in a pharmacokinetics substudy. In this study, we will collect two additional blood specimens to describe the pharmacokinetics profiles of the partner drugs. This understanding of the pharmacokinetic profile is an important key to understanding observed efficacy, or lack of efficacy, in each treatment arm. Participants will be randomly assigned to have blood drawn at for drug levels two time points after drug administration to capture the time to the maximum concentration (Tmax) and the maximum concentration (Cmax) and to characterize the elimination phase. In addition, we will use a portion of the serum collected during the routine venipuncture on day 0, for the collection of parasites, to measure baseline drug levels in the blood.Serum from these time points will also be used to conduct bioassays to determine the relationship between pharmacokinetics and pharmacodynamics of the drugs. At this time, we have funding to begin preliminary analysis of these specimens, through a University of Maryland Intramural New Investigator Award to Dr. Laufer. Dr. Dzinjalamala has submitted a grant to NIAID to support the full analysis of these samples. It is necessary to begin collection of these samples during the study, even if there is a delay in obtaining the funding to conduct the analysis.

Participants will be randomly assigned to two time points for additional 3 cc venous sampling based on their partner drug assignment. In the artesunate arm, levels will be measured from 30 minutes to four hours after a dose. In the azithromycin arm, levels will be measured three hours after the dose, before the second or third dose or on follow up days 3, 7, 14, 21, 28. In the atovaquone-proguanil arm, participants will be assigned to levels at one to three hours after a dose, before the second or third dose or follow up days 3, 7, 14, 21, 28. The sampling scheme for atovaquone proguanil reflects the need to capture the pharmacokinetic characteristics of both drugs.

Participation in this study will be optional for individuals who enroll in the longitudinal trial. They will be offered participation only during an episode of malaria after the first and it will be clearly explained that their decision does not affect their participation in the longitudinal trial. Although this substudy will be mentioned in the initial informed consent process, a separate informed consent process will occur when the participant is eligible for this substudy. Because the children who are enrolling in the study are acutely ill with malaria, we do not want to prolong the informed consent process to describe this portion of the study.  In addition, those participants randomly assigned to chloroquine alone will not be eligible. The informed consent process will be conducted in the manner described in Section 14.

4.4.3 Endothelial adhesion and malaria pathology substudy

This study is funded through a grant to Dr. Happy Phiri of the Malawi-Liverpool-Wellcome Trust Clinical Research Programme (MLW)  from the Gates Malaria Partnership. This is being included as a substudy for this protocol because the specimens already being collected from this study can be used for this study and we can avoid multiple blood draws from small children.  Dr. Phiri is a talented, enthusiastic post-doctoral fellow who would otherwise not have access to specimens from cases of uncomplicated malaria that he requires for his study. The University of Maryland, Blantyre Malaria Project and MLW have had a long-standing collaboration and we see our participation in this project as part of the research cooperation that we have enjoyed for many years. 

 The study requires parasites from well-characterized malaria episodes. The parasites collected from episodes of malaria during the longitudinal trial will serve as uncomplicated malaria parasites to compare with parasites collected from patients with severe disease. No extra specimens will be collected for this substudy and there will be no additional cost to the study. We have added a sentence to the informed consent document to reflect the use of the parasites to understand more about the pathology of malaria. This study has already been approved by the College of Medicine Research and Ethics Committee of the University of Malawi.

Background

Previous studies have demonstrated that nearly all patient isolates of Plasmodium falciparum are able to bind CD36 and that ability to bind ICAM-1 is also common. Newbold and colleagues found that approximately 80% of patient isolates were able to bind ICAM-1 (55). Other studies have shown that patient isolates may bind to multiple host receptors (56;57). Recently, we have shown that competition does occur on endothelium between different P. falciparum parasite lines, and that laboratory isolates could be ranked for their efficiency of binding to epithelial cells (Phiri et al., unpublished data). The key question is whether the efficiency of binding by patient isolates is related to their ability to cause disease or the efficiency at which they do so. The present study will address this key question by modelling sequestration in vitro using human organ-derived endothelia, and clinical P. falciparum isolates from children with cerebral and uncomplicated malaria, and characterised laboratory isolates. We hypothesise that P. falciparum isolates from patients with cerebral malaria will bind endothelia more efficiently than those from patients with uncomplicated disease. 

Methods

(a) Modelling sequestration using human organ-derived endothelia and clinical P. falciparum isolates

A panel of 30 fresh venous blood samples (15 from cerebral and 15 from uncomplicated malaria patients), with parasitemias of 1% or more on thin blood film examination, will be collected from paediatric patients on presentation or at admission. All blood samples will be stored as multiple stabilates in liquid nitrogen and the experiments will not be performed until all the 30 samples have been collected so that the samples can be matched in our experiments for comparison. Each of the 15 patient isolates from cerebral malaria cases will be tested against all the patient isolates from uncomplicated cases in a 15 x 15 matrix in terms of their efficiency of binding to human microvascular endothelial cells (HDMEC) and human umbilical vein endothelial cells (HUVEC). 

(b) Modelling sequestration using human organ-derived endothelia and clinical and laboratory P. falciparum isolates

A total of 200 P. falciparum patient isolates will be collected over a period of 3 years, 100 from patients with uncomplicated malaria and 100 from cerebral malaria patients. Each patient isolate will be matched with four characterised laboratory-adapted isolates. Adhesion to HUVEC and HDMEC will be investigated using in vitro static assays using fresh isolates only.

 Statistical analysis

Absolute numbers of adherent parasitised red blood cells (pRBCs) from the two patient isolates being compared will be counted in 5 fields of the microslide in part (a) and in 3 fields of the coverslip in part (b). To compare the level of adhesion between paired isolates, the number of adherent pRBCs will be expressed per mm2. To compare the level of adhesion between experiments using different pairs of patient isolates, the number of adherent pRBCs/mm2 will be further expressed as the mean number of adherent pRBC/mm2. Statistical differences in adhesion between isolates from uncomplicated and cerebral malaria patients, in part (a), will be tested using a Student’s paired t-test. Dr. Phiri’s PhD project looked at competition between the four laboratory isolates that will be used in the current project such that their efficiency to bind endothelia was ranked. Adhesion between uncomplicated and severe patient isolates, in part (b) of this study will therefore be compared based on this information.

5 Study Enrollment and Withdrawal

The study population will be drawn from children who are brought to the Ndirande Health Centre and are found to have uncomplicated malaria. Six hundred forty children will be enrolled. We expect enrollment to occur over an 18-month period so the entire study duration will be two to two and a half years, but the duration for each participant will be one year.

5.1 Subject Inclusion Criteria

Participants must meet all of the following inclusion criteria to be eligible to participate in this study.

· Subjects aged >6 months to 5 years presenting to Ndirande Health Centre with signs or symptoms consistent with malaria including, but not limited to, one or more of the following:

· fever at the time of evaluation (axillary temperature > 37.5oC by digital thermometer)

· report of fever within the last two days

· clinically profound anemia (conjunctival or palmar pallor)

· headache

· body aches

· abdominal pain

· decreased intake of food or fluids

· weakness

· Weight≥ 5kg

· Positive malaria smear for P. falciparum mono-infection with parasite density 2,000-200,000/mm3.

· Planning to remain in the study area for 1 year

· Willingness to return for four-weekly routine visits, as well as unscheduled sick visits

· Parental/guardian consent for each participant

5.1.1 Rationale for Inclusion Criteria

Subjects aged >6 months to 5 years presenting to Ndirande Health Centre with signs or symptoms consistent with malaria. This group is the target population recommended by the WHO protocol and this age group carries the highest burden of symptomatic disease. We will enroll children who exhibit any symptoms of malaria that have prompted seeking medical attention as this circumstance is the most representative of real life conditions for malaria therapy.

Weight≥5kg. AP is approved for children weighing greater than or equal to 5 kg.

Positive malaria smear for P. falciparum mono-infection with parasite density 2,000-200,000/mm3. Non-falciparum plasmodium species are generally susceptible to chloroquine and are not the focus of this study. Very low level parasitemia is more likely to be an asymptomatic infection with a different etiology of the presenting symptoms. It may be misleading to assess efficacy when the parasites are unlikely to be causing the illness. More than 200,000 parasites/mm3 may meet the criteria for severe disease and the participant should be reviewed and treated emergently and potentially referred to the hospital, rather than going through the enrollment procedures.
Planning to remain in the study area for 1 year and willingness to return for four-weekly routine visits, as well as unscheduled sick visits. This study requires frequent follow-up and easy access to the clinic for evaluations of every illness. Parents/guardians and children who choose to participate in the study must understand and commit to these requirements.

5.2 Subject Exclusion Criteria

Potential participants who meet any of the following exclusion criteria at the time of evaluation for enrollment will not be eligible for enrollment in this study.

· Signs of severe malaria: One or more of the following: 

· hemoglobin ≤5 g/dL

· prostration

· respiratory distress

· bleeding

· recent seizures, coma or obtundation (Blantyre coma score < 5)

· inability to drink

· persistent vomiting

· Known allergy or history of adverse reaction to CQ, artesunate, azithromycin, erythromycin or AP

· Chronic medication with any antibiotic or anti malarial medication

· Previous enrollment in this study

· Alanine aminotransferase (ALT) more than 5x the upper limit of normal or creatinine greater than 3x the upper limit of normal 

· Evidence of chronic disease or physical stigmata of severe malnutrition (i.e., loss of muscle mass or subcutaneous tissue, edema, or skin or hair findings consistent with severe malnutrition)

5.2.1 Rationale for Exclusion Criteria

Signs of severe malaria. Children who are too ill to be managed at the outpatient research clinic will be referred to the hospital for management of their severe disease. Once enrolled in the study, children who develop severe malaria will be managed at the pediatric research ward at the referral hospital, but will remain in the study.

Chronic medication with any antibiotic or antimalarial medication. Participants who are chronically medicated with a drug that has antimalarial activity (defined as administration of a drug for more than 14 days) will have a decreased risk of acquiring malaria. This medication will interfere with our primary measure of annual incidence of malaria. 

Previous enrollment in this study. Children who have been enrolled in the study may be infected with parasites that do not reflect the general circulating parasite genetics. Children who have completed the study or have been terminated from the study are not eligible to enroll again.

Laboratory values more than 3-5x the upper limit of normal. Abnormal liver and kidney function will interfere with our ability to assess the safety of the study drugs. Because the children will be acutely ill upon recruitment, moderate laboratory abnormalities may be due to acute illness, especially mildly elevated liver enzymes. Overt signs of hepatic or renal failure will be exclusion criteria (described below). Normal values for children based on studies in southern Mozambique will be used (Quinto, et al. Tropical Medicine and International Health submitted, 2006). The exact values to be used are listed in Appendix III.

Evidence of chronic disease or severe malnutrition. Children who have underlying illnesses may be difficult to assess for clinical cure from malaria. In addition, children with a chronic progressive disease may be mistakenly determined to have adverse effects of the drugs.

5.3 Recruitment 

Children who are brought to the Ndirande Health Centre with symptoms suggestive of malaria will be invited for evaluation at the BMP Research Clinic at the Ndirande Health Centre. There, a blood smear will be obtained and a hemoglobin level will be checked, according to standard management in Malawi. Children with uncomplicated malaria with a parasite density that may fall within the inclusion criteria and meet other eligibility criteria will be offered to participate in screening and potentially enroll in the study. Once the informed consent process has been completed and the subject’s parent/guardian has given consent, further screening and evaluation will take place, as described in the study procedures above.

5.4 Treatment Assignment Procedures

5.4.1 Randomization Procedures

The randomization scheme will be generated by the EMMES Corporation. The study statistician has no contact with participants or the study staff that cares for the participants. Treatment assignments will be generated in randomized blocks. The randomization assignment will contain a schedule for one time point to obtain chloroquine levels from day 0 through day 28. The schedule will be the same for each treatment episode. PIDs will be retired as they are assigned to subjects and not re-assigned if a participant becomes ineligible or drops out between the time of enrollment and first drug administration.

The randomization code will be kept in a secure area by the data manager in Blantyre, as well as the EMMES Corporation. 

5.4.2 Masking Procedures

This study will be open label.

5.4.3 Reasons for Withdrawal

Participants will be removed from the study if:

· Any clinical adverse event (AE), laboratory abnormality, intercurrent illness or other medical condition occurs such that continued participation in the study would not be in the best interest of the subject

· If the participant requires chronic antimicrobial therapy. For example, children who are found to be infected with HIV will be referred for trimethoprim-sulfamethoxazole prophylaxis and anti-retroviral eligibility evaluation and removed from the study

· Participants who miss ≥ 2 consecutive routine visits will be removed from the study 

Participants may withdraw voluntarily from the study at any time. 

5.4.4 Handling of Withdrawals

Participants who withdraw from the study with on-going AEs will be asked to return for follow-up. Specialized tracers have been designated to help to locate participants who do not return for follow-up visits. They will go to the house of the participant (directions are given at enrollment) and try to find the participant or a family member. The staff members will return to try to find any participant who missed a scheduled visit. If the participant is not available, the staff member will ask about the child’s general health, if it is known.

We anticipate some children will not complete the full year of follow-up either due to migration or voluntary withdrawal, so we have chosen to enroll an excess of participants to allow for this loss. Participants who leave the study prematurely will not be replaced.

5.4.5 Termination of Study 

The study may be terminated at the discretion of DMID. As described below, the DSMB may chose to recommend closure of the study after the interim analysis or at another time if new concerns arise.

6 Study Intervention/Investigational Product

All medications will be shipped to Fisher BioServices and then distributed to Malawi.

	Medication (trade name)
	Manufacturer
	Source
	Formulation
	Dose
	Number to receive this medication

	Chloroquine

(Nivaquine)
	Sanofi-Aventis, France
	Shipped by manufacturer
	Tablet

100 mg
	Days 0,1:

10 mg/kg

Day 2: 

5 mg/kg

Medication will be administered to the nearest 1/4 tablet.
	640

(160 monotherapy 480 in combination)



	Artesunate


	Sanofi-Aventis

France or Guilin pharmaceuticals


	Shipped by manufacturer (Arsumax) or

Atlantic laboratories (Guilin product)
	Tablet

50 mg
	Days 0, 1, 2:

<10 kg ½ tablet

10-15 kg 1 tablet

16-20 kg 1-1/2 tablets

21-30 kg 2 tablets

31-40 kg 3 tablets

>40 kg 4 tablets


	160

	Azithromycin


	Pfizer, USA or Pliva, USA
	Donated by Pfizer or purchased through Premium Health Services


	Suspension

200 mg/5cc
	Days 0, 1, 2:

30 mg/kg for 3 days
	160

	Atovaquone-proguanil 

(Malarone)
	GSK, USA
	Purchased through Premium Health Services
	Pediatric tablet (PT): 62.5 mg/25 mg

Full strength tablet (FST):250 mg/100 mg


	Days 0, 1, 2:

5-8 kg: 2 PT

9-10 kg: 3 PT

11-20 kg: 1 FST

21-30 kg: 2 FST

>30 kg: 3 FST 
	160


6.1 Modification of Study Intervention/Investigational Product for a Participant

The doses will not be modified. 

6.2 Study product acquisition

Atovaquone-Proquanil (Malarone) and Azithromycin (Zithromax) are both U.S. approved drugs.  The azithromycin will either be donated by Pfizer or purchased from Premium Health Services and AP will be purchased from Premium Health Services. These study drugs will be sent to the DMID Clinical Agents Repository (Fisher Bioservices, Rockville, MD) for labeling, storage, and distribution to sites.   

Chloroquine sulfate (Nivaquine) and Artesunate  are not U.S. approved drugs.  Nivaquine will be acquired from the manufacturer, Sanofi-Aventis France. Artesunate will be purchased from Sanofi-Aventis , or, alternatively, artesunate manufactured by Guilin Pharmaceutical Company will be purchased through Atlantic Laboratories in Thailand.  Sanofi-Aventis and Atlantic laboratories will ship the investigational drugs to the DMID Clinical Agents Repository (Fisher Bioservices, Rockville, MD) for labeling, storage, and distribution to sites. 

All study drugs will be labeled for investigational use only. 

6.3 Product Storage and Stability

The chloroquine and AP tablets should be stored at 25°C, with excursions from 15-30°C permitted. The artesunate should be maintained below 25°C and should be protected from light and moisture. The azithromycin dry powder and constituted suspension should be kept at less than 30°C. The medications will be kept in an air conditioned, locked storage area that maintains a temperature at or below 25°C. A working supply of the drugs will be kept in the dispensary only during the time of the dispensing and will return to the temperature controlled storage room when dispensing is finished for the day. Reconstituted azithromycin will remain in the refrigerator in the dispensary The storage room and the refrigerator in the dispensary will have temperature monitoring with minimum/maximum thermometers read daily by a member of the staff.

All tablets will be crushed for participants who are unable to swallow pills. Tablets will be crushed according to the study standard operating procedure. We do not have specific data about the potency of crushed artesunate pills, but this method of administration is standard practice in pediatric clinical trials of malaria drug efficacy on which most published artesunate efficacy and safety data are based.

6.4 Accountability Procedures for the Study Intervention/Investigational Product(s)

The DMID Clinical Agents Repository (Fisher Bioservices) will ship study medications to the investigational site in Blantyre, Malawi.   

When it arrives at the clinic in Blantyre, the supply manager, or a trained designee, will be responsible for taking inventory of all study treatment. Each day, a nurse pharmacist will be responsible for documenting and dispensing all study medication. The study coordinator or another investigator will be responsible for reviewing inventory and dispensary medication records to be sure that all drugs are accounted for. This inventory reconciliation will take place every 4-6 weeks. Standard operating procedures will be developed to address acquisition, transportation, storage and accountability for study drugs.

6.5 Assessment of Subject Compliance with Study Intervention/Investigational Product 

All medication will be administered under direct observation on the day of enrollment and when the subject returns for follow-up on days 1 and 2. The tablets will be crushed and administered with water for participants who are unable to swallow pills. 

6.6 Concomitant Medications/Treatments

Children who are receiving chronic therapy with any antimicrobial agent will not be eligible for the study. Short term therapy with antimicrobial agents is permitted in order to treat acute infections that develop during the study period. If participants develop the need for chronic medication, they will be terminated from the study. 

6.7 Rescue therapy

Rescue therapy will be administered to children who develop clinical treatment failure within the first 14 days after a treatment episode or who are unable to complete an adequate treatment regimen due to AEs. Rescue therapy will be recorded on the CRF. Rescue therapy for uncomplicated malaria will be based on the national treatment guidelines in Malawi. For children who develop signs or symptoms of severe malaria, parenteral therapy will be administered at the Paediatric Research Ward at the hospital. Treatment that is administered by the study team or by the Paediatric Research Ward staff after complete evaluation will not lead to removal of the participant. 

7 Study Schedule

Refer to Appendix I for the complete study schedule.

7.1 Screening

Prior to any study-related screening procedure, study nurses will approach potentially eligible subjects waiting to be seen by the government clinical officer at the Ndirande Health Centre. The parents/guardians of potential participants will be invited to have the child assessed by a study clinician for possible participation in the study. All of these children will undergo a finger prick for a malaria smear and hemoglobin measurement, as part of the routine care of ill children in this region and at the Ndirande Health Centre. Those who may be eligible will be offered the choice of undergoing screening to potentially enroll in the study or receiving free treatment for their current illness without participating in the study. Subjects who do not meet inclusion criteria or who are for any other reason determined to be too ill for inclusion in the study, or who decline to participate in the study, will receive standard and appropriate treatment, including transport to the Paediatric Research Ward at the Queen Elizabeth Central Hospital for parenteral therapy when indicated for severe malaria. 

During the informed consent process, a study clinician will explain the study and review the informed consent form with the participant’s parent/guardian. The family will then have the opportunity to read the form and ask questions. The parent/guardian will be asked to sign the form. If the individual is unable to sign his or her name, a thumbprint will be placed on the form and another individual will be asked to sign the form as a witness. The document also allows the parents/guardians to indicate how to handle the remaining specimens after the study procedures have been completed. Any use of study samples that is outside the scope of the objectives of this protocol will be submitted for prior review and approval by the appropriate IRBs. A single informed consent document will be signed and dated for screening and enrollment. The parent/guardian will be given a copy of the consent form at the time of enrollment. The informed consent process is described in more detail in section 14.

7.2 Enrollment/Baseline

After informed consent is obtained, a case record form including demographic information, previous medication exposure, allergy history and physical examination will be completed. The clinician will ask the parents/guardians about their plans to remain in the area and their willingness to bring the child for all scheduled and unscheduled follow-up. If the participant remains eligible, a study number will be assigned. The participant will be sent to the laboratory for venipuncture to obtain a complete blood count, ALT, creatinine, chloroquine level CBC and parasites for cryopreservation. Two attempts will be made to obtain these specimens. If the technicians are unable to obtain a sufficient specimen, the finger will be pricked to obtain 0.5 mL for a complete blood count, ALT and creatinine. All enrolled children will be escorted home where the location of the household will be recorded using GPS. At home, a questionnaire on socioeconomic status based on household assets will be administered and detailed directions of their home recorded to facilitate active follow-up.

7.3 Drug administration

After laboratory tests have been completed and all the eligibility criteria are met, the participant can be enrolled. After enrollment and assignment of as participant ID number, the participant will be escorted to the study pharmacy. Drug assignment will be made as described in the randomization section.  The drug doses are as follows:

Chloroquine 10 mg/kg on days 0 and 1; 5 mg/kg on day 2 (to the nearest ¼ tablet)

Artesunate  approximately 4 mg/kg on days 0, 1 and 2

Azithromycin 30 mg/kg on days 0, 1 and 2

Atovaquone-proguanil approximately 15-20 mg/kg on days 0, 1 and 2 (as described in the study intervention section and directed in the package insert)

Participants will be observed for at least 30 minutes to monitor for adverse reactions and to make sure the medicine is not vomited. All drug administration attempts and episodes of vomiting will be recorded on the CRF. The procedure for drug administration will be as follows:

1. Administer dose of chloroquine and observe for 30 minutes.

a. If vomiting does not occur, go to step 2

b. If vomiting occurs after first dose, repeat dose

c. If vomiting occurs after second dose, consult a clinician or investigator

d. If the clinician determines that the child appears well enough to continue with oral therapy, repeat dose

e. If third dose is vomited within 30 minutes, transport to hospital for evaluation and parenteral therapy.

i. If this sequence of events occurs on day 0 of the enrollment illness, the participant will be removed from the study

ii. If this sequence of events occurs on day 1 or 2 of the enrollment illness or during subsequent treatment episodes, the participant will continue in the study

2. If the participant has tolerated the chloroquine and is assigned to receive combination therapy, administer the partner drug next.

a. If vomiting does not occur, administration complete

b. If vomiting occurs after first dose, repeat dose

c. If vomiting occurs after second dose, consult a clinician or investigator

d. If the clinician determines that the child appears well enough to continue with oral therapy, repeat dose

e. If third dose is vomited within 30 minutes, do not administer drug again and note on CRF

i. If this sequence of events occurs on day 0 of the enrollment illness, the participant will be removed from the study

ii. If this sequence of events occurs on day 1 or 2 of the enrollment illness or during subsequent treatment episodes, the participant will continue in the study. A clinician will assess if the child requires transportation to the hospital for further evaluation and therapy.

7.4 Follow-up 

Follow-up visits may be one of four types: day of new malaria episode diagnosis, drug efficacy follow-up, routine visit, unscheduled visit.

On the initial day of a new diagnosis, a venipuncture will be performed to obtain the following studies: filter paper sample for molecular analysis, CBC, ALT, creatinine, chloroquine level and specimen for cryopreservation of parasites. The total volume will be approximately 3.5-5 mL.

Drug efficacy follow-up occurs after the initial and all subsequent administrations of the study drug to treat symptomatic malaria. Visits will occur on days 1, 2, 3, 7, 14, 21, 28. Hemoglobin, malaria smears and filter papers will be obtained on each of those days and a physical examination will be completed. Specimens from a finger prick will be obtained on two occasions after day 0: on day 14 and an additional day assigned randomly at enrollment. Chloroquine level, CBC, ALT and creatinine will be measured routinely on day 14, after acute changes associated with malaria should have resolved If the participant misses the visit corresponding to the day a chloroquine level and/or CBC, ALT and creatinine arescheduled to be collected, the study team will endeavor to collect this specimen as the next visit. Drug administration will occur on days 1 (2nd dose) and 2 (3rd dose).If treatment failure occurs after day 3 and the parasite density is >10,000/mm3, blood will be collected to measure the chloroquine level and for cryopreservation of malaria parasites for further in vitro susceptibility testing.  A neurologic exam will occur on day 28.

Routine visits occur every four weeks. Malaria smear and filter paper will be obtained. The malaria smear will be read at that time only if there are complaints of an illness or the clinician suspects malaria. The encounter will include an interval history, questions about off-study drug use, recent travel, bed net use and a physical examination. At routine visits 4, 8 and 13, CBC, ALT and creatinine will be obtained for safety monitoring surveillance. All blood specimens will be collected from a finger prick except for the specimens for cryopreservation which require 3-5 ml. On all other days, the amount of blood drawn from the finger prick will range from 0.05 ml (malaria smear, hemoglobin, filter paper) to approximately 0.5 ml (malaria smear, hemoglobin, filter paper, CBC, ALT, creatinine and chloroquine level).

Unscheduled visits are expected to occur numerous times during the one year of follow-up since children in this region suffer from many acute illnesses including malaria, respiratory disease and diarrhea. During unscheduled visits, the participant will be evaluated according to standardized procedures. Any signs or symptoms of malaria will prompt the collection of a malaria smear and hemoglobin measurement. If the participant is diagnosed with malaria, he or she will receive the treatment assigned on enrollment. Further evaluation and management will be undertaken by the study team according to national guidelines.

7.4.1 Cases of malaria during follow-up period

If symptomatic malaria recurs within 14 days of the initiation of study treatment, rescue therapy will be given and the episode will be coded as an early treatment failure or late clinical failure. If an illness episode occurs more than 14 days after the initiation of the last treatment, it will be considered to be a new clinical episode and treated with the study drug. The case definition of uncomplicated malaria for new clinical episodes is a positive malaria smear and any of the following signs or symptoms:

· Fever measured at the clinic

· History of fever in the past 24 hours

· Vomiting

· Abdominal pain

· Poor oral intake

· Headache

· Irritability for at least 12 hours

Any participant who has danger signs or signs of severe disease (as described above) including a parasite density greater than 10% or greater than 500,000/mm3 will not be treated with the study drug and will be transported to Queen Elizabeth Central Hospital for further management.

7.4.2  Rescue therapy

 Rescue therapy refers to medication to treat malaria when it is not appropriate to give the study drug. This includes episodes of treatment failure within 14 days of the first administration of the study drug or any case of severe malaria. Rescue therapy will be administered according to the national treatment policy of Malawi for uncomplicated or severe malaria as appropriate. At this time, Malawi is in the process of selecting which artemisinin-based combination therapy will be its first line therapy. Once the decision has been made, we will follow that policy.

7.5 Final Study Visit

The final study visit will occur on the 13th routine visit unless the participant is actively enrolled in drug efficacy follow-up or an unresolved AE remains. If the participant has not yet completed the drug efficacy follow-up, the final study visit will occur on day 28 of the drug efficacy trial or when the endpoint is reached. For participants who have unresolved AEs, follow-up will continue until the AE is resolved or stabilized.

7.6 Early Termination Visit

If early termination occurs, and the participant is willing, the procedures associated with a routine visit will be performed. In addition, CBC, ALT and creatinine will be obtained and a neurological examination will be performed if they were not done in the past four weeks. If the participant has not completed the scheduled chloroquine level ascertainment, the chloroquine level will be measured at that time, as well.

8 Study Procedures/Evaluations

Refer to Appendix I for the Schedule of Events

8.1 Clinical Evaluations

History-comprehensive

· The medications administered to the child in the past week

· Any underlying medical conditions

· Allergies

· Recent travel history and bed net use

History-possible adverse drug reactions and interval

A standardized checklist in the case report form includes symptoms of malaria, as well as most common adverse effects of the drugs being administered.

Questioning about antimalarial use

The parent/guardian will be asked if any drugs have been administered to the child in the interval since the last visit. The clinician will then specifically ask about the commonly administered antimalarial drugs.

Physical examination

The physical examination includes vital signs (temperature, heart rate, respiratory rate), weight, height and a complete physical examination that focuses on: signs of malaria, signs of non-malaria sources of fever and adverse reactions to the medications.

Neurological examination

A basic age-appropriate neurological examination will be conducted at the end of every episode of malaria treatment if the participant is not ill (day 28) and also at visit number 4, 8 and 13. See appendix IV.

8.2 Rescue therapy

Rescue therapy will be administered if the participant develops early treatment failure or late clinical failure within the first 14 days after the initiation of therapy. Rescue therapy will be administered according to the national treatment guidelines in Malawi. Participants who develop signs or symptoms of severe malaria, or are deemed too ill to receive oral therapy, will be transferred to the Queen Elizabeth Central Hospital research ward for parenteral therapy.

8.3 Laboratory Evaluations

8.3.1 Clinical Laboratory Evaluations

Malaria smears

Both thick and thin smears will be obtained during the study. Parasite density will be quantified each time malaria smears are obtained, either at the time of the visit if the participant is ill or at a later time. Standard operating procedures are followed to assure uniform and high quality malaria smears. Thick smears are read by counting the number of parasites seen per 200 white blood cells. Parasite density for days 0 through three will be calculated based on the exact white blood cell count obtained on day 0. Otherwise, quantification will be based on an expected 8,000 white blood cells/mm3.Thin smears are read by counting the number of parasites seen per 500 red blood cells. Exact parasite density is calculated based on the red blood cell count. Thin smears will be used to identify the malaria species each time the diagnosis of malaria is made.

Accurate speciation and quantification will be assured based on Standard Operating Procedures. Slides will be read by at least two readers with a tie-breaker in the case of significant discrepancies. All readers have been trained in malaria diagnostic microscopy using the Malaria Research Reference and Reagent Resource (MR4) standardized slide set designed for this purpose, and, subject to continued availability of the slide set, will be evaluated annually using the slide set to assess their competency.

Hemoglobin

Hemoglobin measurement is obtained from the same finger stick as the malaria smear and conducted as a point-of-care test by the nurses. 

Complete blood count 

Complete blood counts will be performed in a Coulter counter.  This examination required 20 microliters of blood.

ALT and Creatinine

These laboratory results will be obtained from a biochemistry analyzer. This examination requires 30 microliters of whole blood.

Chloroquine level

0.5mL specimen will be collected from a finger stick into an EDTA microtainer. The specimen will be transported to the Wellcome Trust laboratory for chloroquine level measurement by high pressure liquid chromatography. . This analysis requires 100 microliters of blood. Two hundred microliters will be taken if possible in case of mechanical malfunction or to preserve for future validation. Some specimens may also be tested in a reference laboratory at the Liverpool School of Tropical Medicine, UKSpecial Assays or Procedures

Cryopreservation of parasites. Parasites from the first day of a new malaria episode and any case of late parasitologic failure will be collected from participants via venipuncture. The sample will be transported to the Wellcome Trust Clinical Research Laboratory adjacent to the BMP office on the grounds of Queen Elizabeth Central Hospital in Blantyre for separation of red blood cells for cryopreservation, and storage of serum. The purpose of cryopreservation of parasites is to allow future characterization of the parasites and confirm reduced susceptibility in vitro, in the event that clinical chloroquine resistance emerges. Serum will be used to assess the parasiticidal capacity from participants who have treatment failure.

8.4 Molecular analysis

Molecular analysis of parasite DNA will be performed in batches and results will not be available for clinical application. Wild-type chloroquine susceptible parasites are distinguished from mutant chloroquine resistant parasites by nested-PCR followed by allele specific restriction digest, following standard procedures available on our Website: http://www.medschool.umaryland.edu/cvd/plowe.asp.

Cases of parasitemia from day 14 through day 28 will undergo MSP-2 genotyping following the protocol published by Cattamanchi , et al (58) or an updated method if available at the time of analysis. Recrudescent infection will be defined as a PCR product from the failure day that is within 10 base pairs (bp) of a PCR product present on the initial day of infection. A new infection will be defined as a PCR product that is more than 10 bp different in size from the strain(s) present during the initial infection. Others will be labeled as indeterminate and may be investigated further.

8.5 Specimen Shipment

Specimens will be shipped to the University of Maryland for confirmatory tests of data generated in Malawi and for other analysis requiring equipment that is not available in Malawi. Dried filter paper specimens that are not known to carry infectious agents can be transported without any special precautions. If cryopreserved parasites and sera need to be shipped to collaborating laboratories, they will be transported in liquid nitrogen dry shippers that meet all the relevant requirements and specifications. 

9 Assessment of Safety

9.1 Specification of Safety Parameters

Complete blood count, ALT and creatinine will be measured every time an episode of clinical malaria occurs, at day 14 after the treatment and at approximately 3-month intervals (see study schedule). An age-appropriate neurological examination will be conducted after resolution of the initial illness, at two regular intervals, and at the last visit of the study.

9.2 Methods and Timing for Assessing, Recording, and Analyzing Safety Parameters

9.2.1 Adverse Events definition

ICH E6 Good Clinical Practice Guidelines defines an Adverse Event (AE) as any untoward medical occurrence in a patient or clinical investigation subject administered a pharmaceutical product regardless of its causal relationship to the study treatment. An AE can therefore be any unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally associated with the use of medicinal (investigational) product. The occurrence of an AE may come to the attention of study personnel during study visits and interviews or by a study recipient presenting for medical care. Any medical condition that is present at the time of the participant is enrolled will be considered a baseline condition, and not reported as an AE. However, if the severity increases, it will be recorded as an AE.

Severity All adverse events will be assessed by the investigator using a protocol defined grading system in Appendix III and the DMID Pediatric Toxicity Tables. For events not included in the protocol defined grading system, the following guidelines will be used to quantify severity. 

· Mild - causes minimal discomfort and does not interfere with normal activities.

· Moderate - sufficiently discomforting to interfere with normal activities.

· Severe - incapacitating, prevents normal activities.

· Life-Threatening – immediately life threatening however death did not occur.

Changes in the severity of an AE should be documented with the maximum severity. Adverse events characterized as intermittent require documentation of onset and duration of each episode.

Relationship to study products: The investigator’s assessment of an AE's relationship to study drug is part of the documentation process, but it is not a factor in determining what is or is not reported in the study. If there is any doubt as to whether a clinical observation is an AE, the event should be reported. All AEs must have the relationship to study product assessed using the following terms: associated or not associated. In a clinical trial, the study product must always be suspect. To help assess relationship, the following guidelines are used.

· Associated – There is a known temporal relationship and/or, if re-challenge is done, the event abates with de-challenge and reappears with re-challenge and/or the event is known to occur in association study product or with a product in a similar class of study products

· Not Associated - The AE is completely independent of study product administration; and/or evidence exists that the event is definitely related to another etiology.

9.2.2 Serious Adverse Events

Serious Adverse Event (SAE): An SAE is defined as an AE meeting one of the following conditions:

· Death during the period of protocol defined surveillance

· Life Threatening Event (defined as a subject at immediate risk of death at the time of the event)

· An event requiring inpatient hospitalization or prolongation of existing hospitalization during the period of protocol defined surveillance 

· Results in a persistent or significant disability/incapacity.

· Any other important medical event that may not result in death, be life threatening, or require hospitalization, may be considered a serious adverse experience when, based upon appropriate medical judgment, the event may jeopardize the subject and may require medical or surgical intervention to prevent one of the outcomes listed above. Examples of such medical events include allergic bronchospasm requiring intensive treatment in an emergency room or at home, blood dyscrasias or convulsions that do not result in inpatient hospitalization, or the development of drug dependency or drug abuse.

All SAEs will be:

· recorded on the AE/SAE CRF

· followed by a study clinician until either resolution or stabilization

· reviewed and evaluated by the study coordinator or investigator.

9.2.3 Procedures to be Followed in the Event of Abnormal Laboratory Test Values or Abnormal Clinical Findings

Described above

9.3 Reporting Procedures

The Investigator is responsible for reporting all AEs that are observed or reported during the study, regardless of their relationship to study product.

9.3.1 Reporting AEs

AEs including local and systemic reactions not meeting the criteria for “serious adverse events” should be captured on the appropriate case report form. Information to be collected includes event description, time of onset, investigator assessment of severity, relationship to study product, time of resolution of the event, seriousness, and outcome. All adverse events occurring while on study must be documented appropriately regardless of relationship. All AEs will be followed to adequate resolution or stabilization. 

Any medical condition that is present at the time that the subject is screened and found eligible should be recorded and be considered as baseline and not reported as an AE. The child should receive appropriate treatment and follow-up for these events. Non-eligible children will be referred for treatment at the Ndirande District Health Centre or transport to the hospital will be arranged. If a baseline condition deteriorates at any time during the study, it should be recorded as an AE.

9.3.2 Regulatory Reporting for Studies Conducted Under DMID‑Sponsored IND for SAEs

SAEs will be reported as described in the table below

	
	DMID via PPD

(sponsor)
	FDA
	COMREC
	University of Maryland
	Pfizer

For participants who received azithromycin in the past 28 days

	Contact information
	Medical Affairs/Pharmacovigilance

PPD Inc.

SAE Fax line 001 910 772 7069 or via the internet

dmidpvg@wilm.ppdi.com


	DMID to contact
	Hand delivery or email (comrec@medcol.mw)
	Via BRAAN system
	Kodjo Soroh, PCO Safety Head, Africa
kodjo.soroh@pfizer.com
or

Fax 234 1 270 3924-5

	Death or a life threatening event
	24 hours
	7 days
	Within 24 hours 
	Within 48 hours
	Immediately

	SAE (not included above)  that is related and unexpected


	Within 72 hours 
	Within 15 days
	Within 24 hours 
	Within 48 hours
	Within 24 hours

	Study drug (not included above) related SAEs
	Within 72hours 
	Reported annually


	Within 72 hours
	Annual summary
	Within 24 hours

	Other SAEs
	Within 72hours
	Annual summary
	Within 72 hours
	Annual summary
	Within 24 hours

	AEs (not SAEs)
	Annual summary*
	Annual summary*
	Annual summary*
	Annual summary*
	End of study report


.* Unless otherwise requested by the ISM, the sponsor, the FDA or the investigators.

Other supporting documentation of the event may be requested by the pharmacovigilance contractor and should be provided as soon as possible.

All SAEs will be followed until satisfactory resolution or until the Principal Investigator or co-investigator deems the event to be chronic or the subject to be stable. 

9.4 Type and Duration of Follow-up of Subjects after Adverse Events

Participants will be followed for a total of one year, so many AEs will resolve during active enrollment in the study. AEs that remain unresolved at the end of the participants enrollment in the study will be followed until their resolution or until they have stabilized.

9.5 Halting Rules

The data safety monitoring board (DSMB, described below) will meet after the initial follow up period for the first 150 participants and then at least every year thereafter. The data to be reviewed at the interim analysis meeting will include safety and efficacy results. Safety data will be presented as line lists of SAEs with descriptions and relatedness to study drug, as well as tallies of grade 3 and 4 AEs by treatment arm. An excess of SAEs in one arm may lead the DSMB to recommend suspending one or more arms of the study, to request further data or to require another safety analysis at a specified interval. Efficacy data will be presented including results through day 28 for all subjects in the review group.  Less than or equal to 75% adequate clinical response at day 28 will lead to a discussion in the DSMB about suspension of that arm of the trial. This number alone, however, will not require stopping the study. The efficacy of all study arms is likely to be very high. This plan is subject to review by the malaria DSMB and the schedule may be changed according to their recommendation.

All SAEs will be reviewed by the independent safety monitor (ISM). The ISM may request an ad hoc meeting of the DSMB after the occurrence of any SAE that is associated with the study drug. Reviews by the IRB, the sponsor or the FDA may also result in suspension of further enrollment or participation.

9.6 Safety Oversight (ISM plus DSMB)

Safety oversight will be under the direction of the Malaria DSMB established by DMID. The ISM, a local pediatrician who is not associated with the study, will review all SAEs and make periodic checks of grade 3 and 4 AEs. The ISM may request an ad hoc DSMB meeting at any time, and is encouraged to do so if an SAE occurs that the ISM deems associated with the study drug. The DSMB will operate under the rules of a DMID-approved charter that will be written and approved at the organizational meeting of the DSMB. The DSMB will meet after the first 150 participants reach the 28th day after the first episode of malaria. They will then meet at least annually. At this time, each element that the DSBM needs to assess will be clearly defined. The DSMB will advise DMID of its findings.

10 Clinical Monitoring

10.1 Site Monitoring Plan

Site Monitoring will be conducted to ensure that human subject protection, study procedures, laboratory procedures, study intervention administration, and data collection processes are of high quality and meet sponsor, GCP/ICH, and regulatory guidelines, and that the study is conducted in accordance with the protocol and sponsor SOPs. DMID, the sponsoring agency, or its designee will conduct site monitoring visits as detailed in the monitoring plan or in the Manual of Procedures. 

Site visits will be made at standard intervals as defined by DMID and may be made more frequently, as directed by DMID. Monitoring visits will include, but are not limited to, review of regulatory files, accountability records, case report forms, informed consent forms, medical and laboratory reports, and protocol compliance. Study monitors will meet with the study coordinator and/or investigators to discuss any problems and actions to be taken and document visit findings and discussions.

11 Statistical Considerations

11.1 Study Hypotheses

The study is powered to compare each combination individually with chloroquine monotherapy. The power is restricted to pairwise comparisons. The goal is to identify superiority of the combination arm in comparison with the monotherapy arm.

Primary objective:

Null hypothesis: Chloroquine monotherapy for treatment of malaria leads to the same annual incidence of malaria episodes as treatment with chloroquine combined with one of the partner study drugs.

Alternative hypothesis: The annual incidence rates of malaria episodes will differ between the group treated with chloroquine monotherapy and the group treated with chloroquine combined with a partner study drug.

11.2 Sample Size Considerations

In a previous longitudinal study of malaria in this population, we found that the mean annual incidence of malaria was approximately 2.5 episodes per year (59) with a standard deviation of approximately 2. Chloroquine is presently highly effective in treating malaria and has a prolonged prophylactic effect, so we have estimated a mean rate of 1.5 malaria episodes per year with chloroquine alone. We derived the sample size required to detect a decrease in the mean to 1.0 episodes per year assuming a Poisson distribution and using a 2 sided test with alpha= .05/3=.0166. The test size was adjusted to accommodate the 3 treatment versus control comparisons. With the above requirements and for a 2 treatment contrast, 120 subjects with complete observation are required per treatment arm to have 90% power (PASS 2005). To account for migration and other causes of attrition, we will enroll an additional 33% (40 subjects) in each regimen. We will accrue 160 per arm for a total of 640 subjects. 

Because of the currently estimated efficacy of chloroquine alone in Malawi (in excess of 95%), we are unlikely to determine differences in initial administration (day 28) efficacy between the treatment arms. Power is limited as all arms should have very few early failures. Rates of anemia (<8 mg/dl) at the end of one year should be available in ~120 subjects per arm. The 95% CI half-width for the difference in anemia rates, calculating the variance with a rate of .2, is approximately .10.  Thus, the selected sample size should be informative about larger treatment arm differences in anemia rates.

To determine the population pharmacokinetic curve for chloroquine, we have designed a randomized unbalanced study. All participants will have chloroquine levels determined prior to drug administration, at day 14 and at one additional randomly assigned time point. The assignment will be weighted to increase measurement on day two. Planned Interim Analyses 

The DSMB will decide when it would like to conduct the interim analysis. The data to be reviewed at this meeting will include safety and efficacy data.

11.2.1 Safety Review 

Safety data will be presented as line lists of SAEs with descriptions and relatedness to study drug as well as tallies of grade 3 and 4 AEs by treatment arm. An excess of SAEs in one arm may lead the DSMB to recommend suspending the study, to request additional data or to request another safety analysis at a specified interval. 

11.2.2 Efficacy Review

 The study examines treatment efficacy over the course of a year. As longer term data will not be available at the interim review, the interim review will focus on initial treatment administration and 28-day clinical treatment outcomes. Less than or equal to 75% adequate clinical response at day 28 will lead to a discussion in the DSMB about suspension of that arm of the trial, although this circumstance will not constitute a formal halting rule. The efficacy of all study arms is likely to be very high as all treatment arms contain full dose chloroquine whose short-term efficacy alone is expected to exceed 95%.

11.3 Final Analysis Plan

The final analysis of the primary objective will be a comparison of incidence rates of malaria treatment episodes per year of follow-up (not including the first infection occurring at enrollment) in each arm of the study. The rates and 95% confidence intervals will be calculated using Poisson distribution. Reported antimalarial drug use without documented positive malaria smear will not count as a malaria treatment episode. Malaria episodes treated with non-study medicines at Queen Elizabeth Central Hospital with verified positive malaria smears will be counted as malaria treatment episodes, and any such treatments will be compared among groups to rule out bias due to different rates of non-study treatment. Withdrawal of participation is described above and includes participants who miss ≥ 2 consecutive routine follow-up visits. For the primary study endpoint, follow-up time for participants while they are enrolled in the study will be included in the analysis. For participants who were withdrawn after missing > 2 consecutive follow-up visits, time after the last visit will be censored from incidence analysis. 

Drug efficacy for the first and subsequent episodes of malaria will be compared using Kaplan-Meier 28-day survival estimated and compared using Cox proportional hazards regression. Per-protocol analysis will be used to compare treatment efficacy, with data excluded from treatment episodes for which treatment outcome cannot be determined. Survival analysis will also be used to assess time to first resistant infection in each arm. Categorical data including episodes of liver, kidney or neurological toxicity and presence of anemia will be compared using 2 analysis. Logistic regression will be used to adjust for covariates. 

Survival analysis will be used to assess the role of travel outside of Blantyre and bed net use on the risk for malarial and time to first malaria episode. This analysis will be conducted both with and without the inclusion of treatment arm as a covariate in the analysis.

Data will be entered in to the database on the computers at the field site. On a daily basis, the data will be transferred via the internet to the EMMES corporation web-based system.

11.3.1 Spatial analysis 

Digital base maps (topographic and features) of Ndirande will be purchased from the National spatial data center of the Malawi Geographical Information Council (MAGIC). The base maps will provide main features of the study area such as road networks (type and pattern of roads) and waterways (community water sources, rivers and drainages) as well as administrative boundaries. They will also be linked to the database containing field data. We will also use the base maps to order the satellite imagery.
Highest resolution satellite imagery will be required to map surface features of the study area. This will allow capturing of all potential breeding spaces as well as land use and land cover within the study. This will not only complement the information provided on field surveys, but also facilitate the understanding of spatial distribution of malaria risk in Ndirande. It will also provide information on environmental disturbance in the area not captured by the field surveys and base maps. 
At the moment, the highest resolution available satellite imagery is the 1-metre panchromatic provided by IKONOS (Spacing Inc) satellite. This should provide means of extracting and distinguishing relevant geographic information covering the study areas such as road networks, houses and open grounds, waterways (rivers and streams), ponds and swamps. Ground truthing will be done to validate the satellite images. In addition, data on elevation, levels of drainage around Ndirande will be mapped and geo-referenced using GPS. 
The satellite images will be processed in ERDAS (ERDAS Imagine, Atlanta, USA). The information extracted will then be linked to the base maps and databases in ArcGIS. Proximity of the location of houses to a river or a stream and other putative sources of malaria transmission will be identified using buffer layers which will be created along, pools of water, rivers and streams. The percentage of buffer area to the total area in a village will be used as a covariate representing proximity to rivers/streams.
Spatial Cluster analysis will be used to identify an unusually high occurrence of morbidity that is clustered in space and time. In order to identify disease clusters in smaller areas located near a potential high risk factor (putative source: ponds, rivers, water pools, streams, swamps), focused spatial cluster analysis will be carried out to assess the presence of a statistically significant grouping of cases. A number of methods exist to reveal clusters of high and low malaria rates observed during the study period. Here we propose use of Kulldorff’s SaTScan statistic. SaTScan uses a replication method to create a spatial scan statistic by imposing a circular window, which is then centered around each of several possible centroids positioned throughout the study region. For each centroid, the radius of the window varies continuously in size from zero to an upper limit, thus creating an infinite number of distinct geographical circles, each being a possible candidate for a cluster. In addition, a recent local indicator of spatial autocorrelation (LISA), Getis G*i, statistic, will be used to detect hotspots of malaria illnesses and relate them to putative sources of malaria transmission . Gi* measures spatial association by using distance under the assumption that the variable has a natural origin, and would supplement the Kulldorff’s SaTScan. 

12 Source Documents and Access to Source Data/Documents

Appropriate medical and research records will be maintained for this trial, in compliance with ICH E6 GCP, Section 4.9 and regulatory and CVD requirements for the protection of confidentiality of subjects. Study investigators and the clinical coordinator will have access to all study records. Study nurses and clinicians will have access to laboratory source documents and CRFs of participants who are being actively enrolled and followed. Laboratory staff will have access to laboratory source documents. Data entry clerks and the Data Manager will have access to anonymized CRFs. Authorized representatives of DMID will be permitted to examine (and when required by applicable law, to copy) clinical records for the purposes of quality assurance reviews, audits and evaluation of the study safety and progress.

Standard case record forms (CRF) will be provided for each participant. Participants will be identified by the Participant Identification Number (PID). All data on the CRF will be recorded in black ink legibly. A correction will be made by striking through the incorrect entry with a single line and entering the correct information adjacent to it. The correction will be initialed and dated by the individual who makes the change. Any requested information that is not obtained as specified in the protocol should have an explanation noted on the CRF as to why the required information was not obtained.

The central source document will be the CRF, which includes history, physical examination, laboratory data, and diagnosis as determined by a study physician. This document will be completed for all participants. Termination forms will be recorded for all participants who leave the study, indicating the reason for exit. Laboratory tests will be labeled with PIDs. Results from the laboratory at the Health Centre and at Queen Elizabeth Hospital will be recorded in laboratory source books. The results will also be given to the clinicians for review and to record in the CRF. The original documentation of laboratory results will be kept in the participant’s file.

13 Quality Control and Quality Assurance

Standard operating procedures (SOPs) will be in place for quality management including how the data will be evaluated for compliance with protocol, which documents will be reviewed and methods of training staff. 

The study will be conducted at a single center, the Blantyre Malaria Project Research Clinic at Ndirande Health Centre in Blantyre, Malawi.

Site monitoring will be conducted by a DMID contractor to assure protocol compliance, ethical standards, regulatory compliance and data quality. 

Following written SOPs, the monitors will verify that the clinical trial is conducted and data are generated, documented (recorded), and reported in compliance with the protocol, GCP, and the applicable regulatory requirements. Reports will be submitted to DMID on monitoring activities.

We will provide direct access to source data/documents, and reports for the purpose of monitoring and auditing by the sponsor, and inspection by local and regulatory authorities.

The EMMES Corporation will implement quality control procedures beginning with the data entry system and generate data quality control checks that will be run on the database. Any missing data or data anomalies will be communicated to the site for clarification/resolution.

14 Ethics/Protection of Human Subjects

14.1 Ethical Standard

The investigator will ensure that this study is conducted in full conformity with the principles set forth in The Declaration of Helsinki and according to the US national requirements codified in 45 CFR 46, 21 CFR 50&56 and consistent with ICHE6(R1).

14.2 Institutional Review Board

This protocol, the informed consent document and any subsequent modifications will be reviewed and approved by the Institutional Review Board or Ethics Committee responsible for oversight of the study including the University of Malawi College of Medicine Research and Ethics Committee (COMREC), University of Maryland and Michigan State University. All of these IRBs hold valid US Federalwide Assurances from OHRP. COMREC will be the IRB of record for this study. Any amendments to the protocol or consent materials must be approved by all three IRBs before they are implemented.

14.3 Informed Consent Process

Informed consent is a process that is initiated prior to the parents/guardians agreeing to their children’s participation in the study and continuing throughout the individual’s study participation. Discussion of risks and possible benefits will be provided to the family of the participants. Consent forms describing in detail the study interventions, procedures and risks are given to the parents/guardians. Written informed consent will be obtained from the parent/guardian prior to screening and enrollment. A copy of the consent forms will be given to the parent/guardian. Consent forms will be available in both English and Chichewa, the local language. Consent forms will be IRB-approved and the parent/guardian will be asked to read and review the document. For participants who cannot read, the complete document will be read aloud to them. Upon reviewing the document, the investigator will explain the research study to the parent/guardian and answer any questions that may arise. The parent/guardian will be asked to sign and date the informed consent document after he/she has had sufficient time to make a decision. Those who cannot write their names will be asked to indicate their consent with a thumbprint. An impartial witness should observe this process, in the case of the use of a thumbprint in place of a signature, and sign and date the informed consent document.  If no impartial witness is available, a member of the study staff other than the person administering consent may serve as a witness and sign the document. The parent/guardian may withdraw consent at any time throughout the course of the trial. Any use of the study samples that is outside the scope of the objectives of this protocol will be submitted as a new protocol to all participating IRBs.

14.3.1 Informed Consent/Assent Process (in Case of a Minor)

Assent will not be obtained as the participants will all be under the age of 6 years.

14.4 Subject Confidentiality

Subject confidentiality is held in strict trust by the investigators, the staff and the study sponsor. This confidentiality is extended to cover testing of biological samples in addition to the clinical information relating to participants. The study protocol, documentation, data and all other information generated will be held in strict confidence. No information concerning the study or the data will be released to any unauthorized third party without prior approval of the sponsor.

The study monitor, regulatory authorities, IRBs or other authorized representatives of the sponsor may inspect all documents and records required to be maintained by the investigator, including but not limited to, medical records and pharmacy records. The clinical study staff will permit access to such records.

14.5 Study Discontinuation

If the study is discontinued, participants who have not completed the three days of therapy for an episode of malaria will be given the first line malaria treatment that complies with national guidelines in Malawi. Participants will be referred to the Ndirande Health Centre or Queen Elizabeth Central Hospital for any further medical concerns.

14.6 Future Use of Stored Specimens

Filter paper specimens, cryopreserved parasites and serum will be maintained after the study is complete if the parent/guardian has agreed to this storage during the informed consent process and indicated permission on the written document. Any analysis of these specimens that is outside the scope of the objectives of this protocol, including human genetic analysis, will be submitted for prior review and approval by the appropriate IRBs. Parasites and their genetic material may be delinked for further analysis, without any identifying clinical information.

15 Data Handling and Record Keeping

The principal investigator is responsible to ensure the accuracy, completeness, legibility and timeliness of the data reported. All source documents will be completed in a neat, legible manner to ensure accurate interpretation of data. Black ink is required to ensure clarity of reproduced copies. When making changes or correction, the original entry will be crossed out with a single line and the change will be dated and initialed. Records will be kept in locked files.

15.1 Data Management Responsibilities

All source documents and laboratory reports will be reviewed by the study team and data entry staff, to ensure that they are accurate and complete. Adverse events must be graded, assessed for severity and causality, and reviewed by the PI, an investigator, or the clinical coordinator. Data collection is the responsibility of the clinical trial staff at the BMP-Ndirande Research Clinic under the supervision of the clinical coordinator and the investigators. During the study, the investigator must maintain complete and accurate documentation for the study. The EMMES Corporation will serve as the Statistical and Data Coordinating Center for this study and will be responsible for the data management, quality review, analysis, and reporting of the study. 

15.2 Data Capture Methods

Clinical and laboratory data will be collected on case report forms and entered into a 21 CFR Part 11-compliant web-based database system designed by EMMES. The data system includes password protection and internal quality checks to identify data that appear inconsistent, incomplete or inaccurate. 

15.3 Types of Data

The types of data for this study include clinical outcomes, safety parameters and molecular analyses.

15.4 Timing/Reports

The DSMB will decide the appropriate time for the interim analysis. The report will be produced that will include safety and efficacy. Safety data will be presented as line lists of SAEs with descriptions and relatedness to study drug as well as tallies of grade 3 and 4 AEs by treatment arm. Efficacy data will be presented as 28-day clinical treatment outcomes.

15.5 Study Records Retention

Study documents will be retained for a minimum of 5 years after completion of the study. No formal marketing applications are expected to result from this study. No records will be destroyed without the written consent of the sponsor. 

15.6 Protocol Deviations

A protocol deviation (PD) is any noncompliance with the clinical trial protocol, Good Clinical Practice (GCP), or protocol-specific Manual of Procedures requirements. The noncompliance may be either on the part of the subject, the investigator, or the study site staff. As a result of deviations, corrective actions are to be developed by the site and implemented promptly. 

These practices are consistent with Good Clinical Practice:

4.5
Compliance with Protocol, sections 4.5.1, 4.5.2, and 4.5.3

5.1
Quality Assurance and Quality Control, section 5.1.1

5.20
Noncompliance, sections 5.20.1, and 5.20.2.

It is the responsibility of the site PI/study staff to use continuous vigilance to identify and report deviations within 5 working days of identification of the PD. All protocol deviations will be addressed in study subject source documents. Protocol deviations forms will be completed by the clinical coordinator or another investigator and inputted into the data entry system and reported on a weekly basis by EMMES. A completed copy of the Protocol Deviation Form must be maintained in the Regulatory File, as well as in the subject’s source document. Protocol deviations must be sent to the local IRB/IEC per their guidelines. The site PI/study staff is responsible for knowing and adhering to their IRB requirements. 

16 Publication Policy

Following completion of the study, the investigator may publish the results of this research in a scientific journal. The International Committee of Medical Journal Editors (ICMJE) member journals have adopted a trials-registration policy as a condition for publication. This policy requires that all clinical trials be registered in a public trials registry such as ClinicalTrials.gov, which is sponsored by the National Library of Medicine. Other biomedical journals are considering adopting similar policies. It is the responsibility of DMID to register this trial in an acceptable registry. Any clinical trial starting enrollment after 01 July 2005 must be registered either on or before the onset of subject enrollment. For trials that began enrollment prior to this date, the ICMJE member journals will require registration by 13 September 2005 before considering the results of the trial for publication.

The ICMJE defines a clinical trial as any research project that prospectively assigns human subjects to intervention or comparison groups to study the cause-and-effect relationship between a medical intervention and a health outcome. 
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Appendix 

Appendix I: Schedule of events

Schedule of events: Enrollment and each episode of malaria

S=Standard of care

R=Research activity

	Day of Study → 
	0
	1
	2
	3
	7
	14
	21
	28
	Unscheduled visit 

(before d28)

	Procedure ↓
	
	
	
	
	
	
	
	
	

	Informed consent (enrollment only)


	R
	
	
	
	
	
	
	
	

	History-comprehensive


	S
	Ra
	Ra
	Ra
	Ra
	Ra
	Ra
	Ra
	S

	History-possible adverse drug events and recent history


	
	R
	R
	R
	R
	R
	R
	R
	S

	Questioning about antimalarial drug use


	S
	R
	R
	R
	R
	S
	R
	R
	S

	Physical examination


	S
	R
	R
	R
	R
	R
	R
	R
	S

	Neurological examination


	
	
	
	
	
	
	
	R
	

	Finger stick blood sample for malaria smear and hemoglobin. 
	S
	Ra
	R
	R
	R
	R
	R
	R
	S

	Venous blood draw (parasite cryopreservation)
	R
	
	
	
	Rb
	R b
	Rb
	Rb
	Rb

	CBC, ALT, creatinine


	R
	
	
	
	
	R
	
	
	

	Finger stick blood sample for drug levels (r= at one of these  time points only, research activity)
	rc 
	
	rc
	r
	r
	r
	r
	r
	Rb

	Assignment of study treatment group
	R
	
	
	
	
	
	
	
	

	Administration of drug 


	S
	R
	R
	
	
	
	
	
	

	GPS mapping of house and household survey (enrollment only or if participant moves)
	R
	
	
	
	
	
	
	
	


a As clinically indicated. Visits are part of research protocol but investigations of complaints are standard clinical care.

b In cases of parasite density>10,000/mm3
rParticipants randomly assigned to have blood drawn on two of these days

cParticipants asked to return three hours after dose

Schedule of events: Routine visits and unscheduled visits (if malaria is diagnosed at any visit, follow schedule listed above)

	
	Routine visit 0-13b
	Unscheduled visitc

	History-comprehensive
	R
	S

	Questioning about medication use
	R
	S

	Questioning about recent travel and bednet use
	R
	

	Physical examination
	R
	S

	Malaria smear
	R
	S a

	CBC, ALT, Creatinine, Neurological examination
	Visits number 4, 8 and 13 
	

	Additional evaluations
	S a
	S a

	Counseling about next visit
	R
	R/S


a As clinically indicated

bSame procedure as premature termination visit

cIf malaria is diagnosed, see schedule for malaria episode

Appendix II: Expected adverse reactions to study drugs

	
	Common adverse effects
	Management of adverse effects
	Rare adverse effects

	CQ(32)
	Pruritis

Nausea

Diarrhea 

Dizziness
	Repeat dose if vomiting occurs (total of 3 attempts)
	None reported except for chronic administration (for weekly prophylaxis or treatment of rheumatoid disease)

	AS(43)
	Dizziness (15%)

Nausea  (16%)

Vomiting (11%)

Diarrhea (34%)

Anorexia (1%)

Cannot distinguish these effects from underlying malaria disease
	Repeat dose if vomiting occurs (total of 3 attempts)
	Decreased reticulocyte count

Slight elevation of transaminase

Anaphylaxis

	AP (Malarone package insert)
	Vomiting (10%)

Pruritis (6%)

Diarrhea (6%)

Elevated transaminases (noted in Thai adults)-resolved spontaneously
	Repeat dose if vomiting occurs (total of 3 attempts)

Follow transaminase level. Discontinue enrollment in study if abnormality does not resolve by next treatment episode.
	Cutaneous reaction

Seizure and psychotic events (causal relationship not established)

	AZ (Zithromax package insert)
	Diarrhea (2.6%)

Abdominal pain (1.7%)

Vomiting (2.3%)

Nausea (0.4%)

Rash (0.6%)
	Repeat dose if vomiting occurs.

Evaluate if rash occurs
	Anemia 

Leukopenia

Headache

Hyperkinesis

Dizziness 

Agitation

Nervousness

Edema

Fever

Fungal superinfection

Cough

Urticaria

conjuctivitis


Appendix III: Use of normal and abnormal values

Normal values for hematological and biochemical evaluations from healthy children in rural Mozambique (Quinto, et al. Tropical Medicine and International Health submitted, 2006) were used to define abnormalities in hemoglobin, ALT and creatinine. 

ALT> 300IU/L is greater than 5 times the upper limit of normal

Creatinine>140 mol/L is greater than 3 times the upper limit of normal.

	
	Grade 1
	Grade 2
	Grade 3
	Grade 4

	Hemoglobin for children less than or equal to 3 years of age 
	6.6-6.9 g/dL 
	6.0-6.5 g/dL 
	<6.0 g/dL 
	Cardiac Failure secondary to anemia or requiring a transfusion

	Hemoglobin for children greater than 3 years of age 
	7.6-7.9 g/dL
	7.0-7.5 g/dL 
	<7.0 g/dL 
	Cardiac Failure secondary to anemia or requiring a transfusion

	ALT (IU/L)
	75-150
	151-300
	301-600
	>600

	Creatinine  mol/L
	50-70
	70-140
	141-280
	>280


Other laboratory abnormalities will be graded according to the DMID Pediatric Toxicity Tables:

http://icssc.org/documents/AE%20Manual%202003%20Appendices%20February_06_2003%20final.pdf. Attached below

	
	Grade 1
	Grade 2
	Grade 3
	Grade 4

	Neutrophil count 
	750-1200/mm3 
	400-749/mm3 
	250-399/mm3 
	<250/mm3
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consistency and/or
frequency of stools

4x the amount or number
normal for this child

GASTROINTESTINAL
| || GRADE 1 || GRADE 2 || GRADE 3 || GRADE 4
Bilirubin 1.1-1.9x ULN 2.0-29x ULN 3.0-7.5 x ULN >7.5x ULN
| AST (SGOT) || 1.1-4.9 x ULN || 5.0-9.9 x ULN || 10.0-15.0 x ULN. || >15.0x ULN
| ALT (SGPT) || 1.1-4.9 x ULN || 5.0-9.9 x ULN || 10.0-15.0 x ULN. || >15.0x ULN

GGT 1.1-4.9 x ULN 5.0-9.9 x ULN 10.0-15.0 x ULN. >15.0x ULN
| Pancreatic Amylase || 1.1-14x ULN || 1.5-1.9x ULN || 2.0-3.0x ULN || >3.0x ULN
| Uric Acid || 7.5-9.9mg/dL || 10-12.4 mg/dL || 12.5-15.0 mg/dL || ~15.0 mg/dL

CPK See Neuromuscular Toxicity

Appetite Decreased appetite Appetite very decreased. || No solid or liquid taken

120 solid food taken
‘Abdominal Pain Mild Moderate- Moderate- Severe-
No Treatment Needed | Treatment Needed Hospitalized for treatment

Diarthea Slight change in Liquid stools Liquid stools ereater that || Liquid stools greater than
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GASTROINTESTINAL (continued)

GRADE 1 GRADE 2 GRADE 3 GRADE 4
Constipation Slight change in the Hard, dry stools witha || Abdominal pain Distention and Vomiting.
consistency/frequency || change in frequency
of stool
Nausea Mild Moderate- Severe-Little Unable to ingest food
Decreased oral intake oral intake or fluid for more than 24
hours
Vomiting 1 episode/day 2-3 episodes 4-G episodes perday || Greater than 6 episodes
per day per day or Intractable
Vomiting
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CCENTRAL NERVOUS SYSTEM (CNS)

GRADE 1 GRADE 2 GRADE 3 GRADE 4
Generalized CNS Dizziness Hypotonic,
Symptoms Iyporesponsive
episodes:
Seizures:
Apnea/Bradycardia:
Inconsolable erying > 3
s
Headache Mild Moderate, Responds | Moderate to Severe, || Intractable
to non-nacotic Responds to nareotic
analgesia analgesia
Level of Activity Slightly fritable OR | Very irritable OR || Inconsolable OR.
slightly subdued Lethargic Obtunded
Visual Blurriness, diplopia, | More than 1 episode | Decrease in visual
o horizontal of Grade 2 symptoms || acuity, visual field
aystagmus of < 1 hour | per week, or an deficit, or oculogyric
duration, with episode of Grade2 | crisis
spontaneous symptoms lasting
sesolution more than
1 hour with
spontaneous
sesolution by 4 hours.
or vertical nystagmus
Myelopathy None None Myelopathic/spinal

cord symptoms, such
as: pyramidal tract
weakness and
disinbibition, seasory
tevel, loss of
proprioception,
bladder/bowel
dysfuncion
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Lowwer Motor Newropsty Paresthesia oy | paiestiesias, orloss of DTRs,
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dysesthesinino | distribution,
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tendon reflex
changes: no seasory
loss

sadicutar sensory
foss, multiple cranial
nerve involvement:
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fasciculations,
respiratory
embarrassment from
chest wall weakness.

Myopathy or Neuromuscular
Junction Impaitment

Notmal or mild
(<2 ULN) CPK.
elevation

Mild prosimal
weakmess andior
atrophy aot
affecting gross
‘motor fnction.
Mild myalgias, </~
‘mild CPK elevation
(2xULN)

Proximal muscle
weakness and/or
atrophy affecting
motor function +-
CPK elevation: or
severe myalgias
with CPK >2 x
ULN:

Onset of myasthenia-
tike symptoms
(fatigable weakness
with external,
variable
ophttalmoplegia
andlor ptosis), or
‘neuromuseular
juaction blockade
(acute paralysis)
symptoms
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Appendix IV; Neurological Examination.

The following represents the minimum components of the scheduled neurological examination.

The neurological examination will include the following three parts:

I. Screening for neurological impairment. Adapted from the ten question survey that has been validated for children in developing countries (60).

1. Compared with other children, does the child have any serious delay in sitting, standing or

walking?

2. Does the child have difficulty seeing, either in the daytime or at night?

3. Does the child appear to have difficulty hearing?

4. When you tell the child to do something, does he/she seem to understand what you are

saying? (Age 3+)

5. Does the child have difficulty in walking or moving his/her arms or does he/she have

weakness and/or stiffness in the arms or legs?

6. Does the child sometimes have fits, become rigid, or lose consciousness?

7. Does the child learn to do things like other children his/her age?

8. Does the child speak at all (can he/she make himself/herself understood in words; can

he/she say any recognizable words)? (After age 14 months)

9. For 3- to 9-year-old children ask: Is the child's speech in any way different from normal

(not clear enough to be understood by people other than his/her immediate family)?

For 2-year-old children ask: Can he/she name at least one object (for example, an animal, a

toy, a cup, a spoon)?

10. Compared with other children his/her age, does the child appear in any way backward,

dull or slow?

II. Motor examination

From (61) with written instructions how to score these activities.
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III Physical examination (minimum elements listed below)

1. Symmetry of movement and strength.

2. Reflexes

3. Age appropriate language based on the Denver Developmental Examination (observed by the clinician):

· Has words 14-30 months

· Had at least 5 words 18-30 months

· Combines words OR names 2 objects/body parts 30-42 months

· Speaks in understandable sentences 43+months

If the answer to any of the screening questions is yes, the participant will be referred to a pediatrician for a complete evaluation. If the participant falls outside the standard error bar above or there is an abnormality in the physical examination, the evaluation will be repeated within 28 days. If the abnormality persists, the participant will be referred to a pediatrician for a complete evaluation.

640 children with uncomplicated malaria, informed consent obtained, screening completed and enrolled in the study





Study termination





Treat for any non-malaria illness


Completion of 12 months or decision to terminate from study?








N=160 


Treat with CQ plus atovaquone-proguanil





N=160


Treat with CQ plus azithromycin





Randomize





N=160


Treat with CQ plus artesunate





N=160


Treat with CQ alone





28 days follow-up for antimalarial drug efficacy: attend clinic on days 1, 2, 3, 7, 14, 21, 28





Monthly examination and evaluation for any illness episode.


Does the participant have clinical malaria?





NOS





YES





NOS





Administer medication assigned at enrollment





YES
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