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        FORMCHECKBOX 
  Check here if appendix is included

	Project Summary
Describe in concise terms, the hypothesis, objectives, and the relevant background of the project. Also describe concisely the experimental design and research methods for achieving the objectives. This description will serve as a succinct and precise and accurate description of the proposed research is required. This summary must be understandable and interpretable when removed from the main application. (Please keep as brief as possible).


	Principal Investigator(s):      


	Research Protocol Title:      

	Total Budget US$:                          Beginning Date :                           Ending Date:      

	     


	KEY PERSONNEL (List names of all investigators including PI and their respective specialties)
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Role in the Project

1.      
     
     
2.      
     
     
3.      
     
     
4.      
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6.      
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Description of the Research Project
Hypothesis to be Tested:
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Concisely list in order, the hypothesis to be tested and the Specific Aims of the proposed study. Provide the scientific basis of the hypothesis, critically examining the observations leading to the formulation of the hypothesis.

[image: image7.png]



     
Specific Aims:
Describe the specific aims of the proposed study. State the specific parameters, biological functions/ rates/ processes that will be assessed by specific methods.


     
Background of the Project including Preliminary Observations 



Describe the relevant background of the proposed study. Discuss the previous related works on the subject by citing specific references. Describe logically how the present hypothesis is supported by the relevant background observations including any preliminary results that may be available. Critically analyze available knowledge in the field of the proposed study and discuss the questions and gaps in the knowledge that need to be fulfilled to achieve the proposed goals. Provide scientific validity of the hypothesis on the basis of background information. If there is no sufficient information on the subject, indicate the need to develop new knowledge. Also include the significance and rationale of the proposed work by specifically discussing how these accomplishments will bring benefit to human health in relation to biomedical, social, and environmental perspectives.


     
Research Design and Methods


Describe in detail the methods and procedures that will be used to accomplish the objectives and specific aims of the project. Discuss the alternative methods that are available and justify the use of the method proposed in the study. Justify the scientific validity of the methodological approach (biomedical, social, or environmental) as an investigation tool to achieve the specific aims. Discuss the limitations and difficulties of the proposed procedures and sufficiently justify the use of them. Discuss the ethical issues related to biomedical and social research for employing special procedures, such as invasive procedures in sick children, use of isotopes or any other hazardous materials, or social questionnaires relating to individual privacy. Point out safety procedures to be observed for protection of individuals during any situations or materials that may be injurious to human health. The methodology section should be sufficiently descriptive to allow the reviewers to make valid and unambiguous assessment of the project.  

     
Sample Size Calculation and Outcome Variable(s)


     
Facilities Available

Describe the availability of physical facilities at the place where the study will be carried out. For clinical and laboratory-based studies, indicate the provision of hospital and other types of patient’s care facilities and adequate laboratory support. Point out the laboratory facilities and major equipment that will be required for the study. For field studies, describe the field area including its size, population, and means of communications.  


     
Data Safety Monitoring Plan (DSMP)


All clinical investigations (biomedical and behavioural intervention research protocols) should include the Data and Safety Monitoring Plan (DSMP) to provide the overall framework for the research protocol’s data and safety monitoring. It is not necessary that the DSMP covers all possible aspects of each elements. When designing an appropriate DSMP, the following should be kept in mind.

a) All investigations require monitoring;

b) The benefits of the investigation should outweigh the risks;

c) The monitoring plan should commensurate with risk; and

d) Monitoring should be with the size and complexity of the investigation.

Safety monitoring is defined as any process during clinical trails that involves the review of accumulated outcome data for groups of patients to determine if any treatment procedure practised should be altered or not.


     
Data Analysis


Describe plans for data analysis. Indicate whether data will be analyzed by the investigators themselves or by other professionals. Specify what statistical software packages will be used and if the study is blinded, when the code will be opened. For clinical trials, indicate if interim data analysis will be required to monitor further progress of the study. 

     
Ethical Assurance for Protection of Human Rights


Describe in the space provided the justifications for conducting this research in human subjects. If the study needs observations on sick individuals, provide sufficient reasons for using them. Indicate how subject’s rights are protected and if there is any benefit or risk to each subject of the study.


     
Use of Animals


Describe in the space provided the type and species of animals that will be used in the study. Justify with reasons the use of particular animal species in the experiment and the compliance of the animal ethical guidelines for conducting the proposed procedures.


     
Literature Cited

Identify all cited references to published literature in the text by number in parentheses. List all cited references sequentially as they appear in the text. For unpublished references, provide complete information in the text and do not include them in the list of Literature Cited. There is no page limit for this section, however exercise judgment in assessing the “standard” length.                                                                       

     
Dissemination and Use of Findings


Describe explicitly the plans for disseminating the accomplished results. Describe what type of publication is anticipated: working papers, internal (institutional) publication, international publications, international conferences and agencies, workshops etc. Mention if the project is linked to the Government of the People’s Republic of Bangladesh through a training programme.



Collaborative Arrangements

Describe briefly if this study involves any scientific, administrative, fiscal, or programmatic arrangements with other national or international organizations or individuals. Indicate the nature and extent of collaboration and include a letter of agreement between the applicant or his/her organization and the collaborating organization. 

     
Biography of the Investigators 

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)

1    Name:      
2    Present Position:      
     
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

4.0 List of ongoing research protocols  

       (start and end dates; and percentage of time)

4.1. As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.2. As Co-Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.3.   As Co-Investigator  


	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


5   Publications 
	Types of publications
	Numbers

	a. Original scientific papers in peer-review journals                               
	     

	b.   Peer reviewed articles and book chapters                                                               
	     

	c. Papers in conference proceedings
	     

	d. Letters, editorials, annotations, and abstracts in peer-reviewed journals  
	     

	e. Working papers
	     

	f. Monographs
	     


6    Five recent publications including publications relevant to the present research protocol

        1)
     
        2)
     
        3)
     
        4)
     
       5)            

Biography of the Investigators

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)

1    Name:      
2    Present Position:      
     
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

4.0 List of ongoing research protocols  

       (start and end dates; and percentage of time)

4.4. As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.5. As Co-Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.6.   As Co-Investigator  


	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


5   Publications 
	Types of publications
	Numbers

	g. Original scientific papers in peer-review journals 
	     

	h.   Peer reviewed articles and book chapters 
	     

	i. Papers in conference proceedings
	     

	j. Letters, editorials, annotations, and abstracts in peer-reviewed journals 
	     

	k. Working papers
	     

	l. Monographs
	     


6    Five recent publications including publications relevant to the present research protocol

        1)
     
        2)
     
        3)
     
        4)
     
       5)            

Biography of the Investigators

Give biographical data in the following table for key personnel including the Principal Investigator. Use a photocopy of this page for each investigator.

(Note: Biography of the external Investigators may, however, be submitted in the format as convenient to them)

1    Name:      
2    Present Position:      
     
3    Educational background:
 

       (last degree and diploma & training

        relevant to the present research proposal)

4.0 List of ongoing research protocols  

       (start and end dates; and percentage of time)

4.7. As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.8. As Co-Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


4.9.   As Co-Investigator  


	Protocol Number
	Starting date
	End date
	Percentage of time

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     

	     
	     
	     
	     


5   Publications 
	Types of publications
	Numbers

	m. Original scientific papers in peer-review journals
	     

	n.   Peer reviewed articles and book chapters 
	     

	o. Papers in conference proceedings
	     

	p. Letters, editorials, annotations, and abstracts in peer-reviewed journals
	     

	q. Working papers
	     

	r. Monographs
	     


6    Five recent publications including publications relevant to the present research protocol

        1)
     
        2)
     
        3)
     
        4)
     
       5)            

Budget Justifications

​​
Please provide one page statement justifying the budgeted amount for each major item.  Justify use of human resources, major equipment, and laboratory services.

     
Other Support

Describe sources, amount, duration, and grant number of all other research funding currently granted to PI or under consideration. 
     
Appendices

Appendix 1: Voluntary Consent Form

International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary Consent Form

Title of the Research Protocol:      
Principal Investigator:      
Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children, consents must be obtained from their parents or legal guardians. The subject must indicate his/ her acceptance of participation by signing or thumb printing on this form.

        

_____________________________                                                      _________________________

   Signature of Investigator/ or Agents                                                       Signature of Subject/ Guardian 

Date:                                                                                                  Date:     
Appendix 2: Comments of External Reviewers

     
Appendix 3: Response to External Reviewer’s Comments

     
Appendix 4: Abstract Summary covering eight points specified by the ERC

     
Check-List

CHECK-LIST FOR SUBMISSION OF RESEARCH PROTOCOL

FOR CONSIDERATION OF RESEARCH REVIEW COMMITTEE (RRC)

[Please check (X) appropriate box]

	1. Has the proposal been reviewed, discussed and cleared at the Division level?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If No, please clarify the reasons:      


	2. Has the proposal been peer-reviewed externally? 

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, please explain the reasons:      


	If yes, have the external reviews’ comments and their responses been attached

	                                     Yes
	 FORMCHECKBOX 


	No
	 FORMCHECKBOX 


	3. Has the budget been cleared by Finance Department?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If the answer is ‘No’, reasons thereof be indicated:      


	4. Does the study involve any procedure employing hazardous materials, or equipments?

	Yes
	 FORMCHECKBOX 

	No
	 FORMCHECKBOX 



	If  ‘Yes’, fill the necessary form.



	    ______________                                                                                                                _________                                                                                                                         Signature of the Principal Investigator
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Protocol Summary

Title:
Azithromycin Combination Therapy for the Treatment of Uncomplicated Falciparum Malaria in Bangladesh: an Open Label Randomized Controlled Trial

Protocol Identifier:
ICDDR,B: #2006-024    MUW #218/2006

Rationale:
In view of spreading antimalarial drug resistance there is an urgent need for new combination treatments for a disease that kills more than one million people every year. Azithromycin is a macrolide antibiotic that is particularly attractive due to its safety in children and experience with use in pregnancy. Recent trials suggest that azithromycin has a strong potential as an antimalarial. We therefore aim to investigate the efficacy of azithromycin combination therapy for the treatment of uncomplicated falciparum malaria in Bangladesh.

Objectives:       
PRIMARY:

· To determine the efficacy of azithromycin in combination with artesunate for the treatment of uncomplicated falciparum malaria in Bangladesh.

SECONDARY:

· To compare the tolerability, safety, and efficacy of the combination of azithromycin and artesunate with that of the current first line therapy in Bangladesh (artemether – lumefantrine).
· To assess the antimalarial drug resistance situation in this region 


Study Design:
Controlled, randomized, open label study

Population:
210 evaluable subjects randomized in 2 groups (artesunate / azithromycin vs. artemether / lumefantrine; ratio 2:1). Otherwise healthy P. falciparum infected malaria patients aged 8-65 years

Study Location:
Bandarban, Bangladesh

Study Drugs:
Cohort 1: 140 Subjects - Azithromycin 1500 mg once daily plus artesunate 200 mg (or the equivalent for children 35 kg and below) once daily for three days.


Cohort 2 (control): 70 Subjects - Artemether 80 mg plus lumefantrine 960 mg (4 tablets Coartem® or the equivalent for children 35 kg and below) twice daily for three days.

Adults and children 35 kg and above:

	Treatment Group
	
	Artesunate
	Azithromycin
	Artemether /

Lumefantrine

	
	
	Dosing

mg/day
	Total Dose
	Dosing mg/day
	Total Dose
	Dosing

mg/day
	Total Dose

	1 (Artesunate - Azithromycin)
	
	200
	600
	1500
	4500
	N/A
	N/A

	2 (Artemether - Lumefantrine)
	
	N/A
	N/A
	N/A
	N/A
	160 / 

960 
	480 / 2880


Children below 35 kg:

	Treatment Group
	
	Artesunate
	Azithromycin
	Artemether /

Lumefantrine

	
	
	Dosing

mg/kg/day
	Total Dose/kg
	Dosing mg/kg/day
	Total Dose/kg
	Dosing

mg/kg/day
	Total Dose/kg

	1 (Artesunate - Azithromycin)
	
	4
	12
	30
	90
	N/A
	N/A

	2 (Artemether - Lumefantrine)
	
	N/A
	N/A
	N/A
	N/A
	4 / 24 
	12 / 72


Study Duration:
Approximately 12 months from enrollment of the first subject. Projected start is in 2006. The study may be repeated the following year after amendment of the protocol.

Subject Duration:
Duration per subject is 42 days

Endpoints:
Primary clinical outcome is cure (Adequate Clinical and Parasitological Response – ACPR as defined by WHO criteria) on Day 42. Secondary outcome measures are time until parasite, fever, and gametocyte clearance (PCT, FCT, and GCT). 
Abstract:       

A total number of up to 260 subjects will be randomly assigned to be treated with either the combination of artesunate and azithromycin for 3 days or the combination of artemether and lumefantrine (Coartem®) over 3 days (following the 1st line national treatment guideline of the national malaria control program) at a ratio of 2:1 to achieve 210 evaluable subjects. Study participants will be otherwise healthy malaria patients aged 8 – 65 years with uncomplicated falciparum malaria recruited in Bandarban Province in the Chittagong Hill Tracts, Bangladesh. The artesunate / azithromycin will be administered orally (200 mg artesunate plus 1500 mg azithromycin once a day for adults or 4/12 mg/kg for children 35 kg or less) over a total duration of 3 days. Artemether / lumefantrine will be given as 4 tablets twice daily for 3 days. Patients will be admitted to the hospital for the duration of study drug administration or until parasites have been cleared and patients are afebrile, whichever comes later. Thereafter they will be followed as outpatients until Day 42 with scheduled follow-up visits on Days 7, 14, 21, 28, 35, and 42. Blood counts and chemistry will be perfomed on Days 0 and 3 or whenever clinically warranted. In vitro assays and PCR for recrudescence / reinfection will be performed from samples on inclusion and in case of recrudescence.



Primary clinical outcome is cure (Adequate Clinical and Parasitological Response - ACPR) on Day 42. Secondary outcome measures are time until parasite, fever, and gametocyte clearance (PCT, FCT, and GCT). Parasite genotyping will be used to distinguish recrudescences from reinfections by PCR. Subjects will be monitored for clinical adverse events throughout the study duration. Study participation for each individual will be 42 days. 

Institutions:
Medical University of Vienna (MUW), Vienna, Austria; International Centre for Diarrhoeal Disease Research, Dhaka, Bangladesh (ICDDR,B); Sadar Hospital, Bandarban, Bangladesh.  

Key Roles

Individuals:
Principal Investigators:  
Rashidul Haque, M.B.B.S., Ph.D.

Laboratory Research Department
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ICDDR,B - Centre for Health and Population Research 

Mohakhali, Dhaka-1212, Bangladesh

Tel.: +(880-2) 600171-78 – Ext.: 2411

Fax.: +(880-2) 883116

Email: rhaque@icddrb.org

Harald Noedl, M.D., M.C.T.M., Ph.D.

Department of Specific Prophylaxis 

and Tropical Medicine,

Center for Physiology and Pathophysiology

Medical University of Vienna

Kinderspitalgasse 15
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Tel.: +(43-1) 4277-64882
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Medical University of Vienna
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Background Information and Scientific Rationale

Background Information

In the absence of new antimalarial compounds and of spreading multidrug resistance, currently available agents, preferably with a novel mode of action, need to be explored for their potential to be used in combination regimens for the treatment of Plasmodium falciparum malaria. Azithromycin, a widely-prescribed advanced-generation macrolide antibiotic with favorable toxicological profile, has shown intrinsic activity against P. falciparum both in vitro (Noedl 2001, Ohrt 2002) as well as for treatment and prophylaxis (Andersen 1998, Taylor 1999, Dunne 2005). In combination studies with quinine, azithromycin has demonstrated high efficacy in curing uncomplicated falciparum malaria (Noedl in press, Miller 2006) and recent prophylaxis trials suggest that azithromycin also has a high efficacy for preventing P. vivax malaria (Heppner 2005, Taylor 1999). Malaria remains a major health problem throughout southern Asia with particular burden among the non-immunes including children and pregnant women.  

Little is known about the current status of antimalarial drug sensitivity in Bangladesh. In 1999 we undertook one of the first studies on antimalarial drug resistance in Bangladesh (Noedl et al. 2003). The aim of this study was to characterize the dimension of in vitro antimalarial drug resistance in Bangladesh and to define baseline data for future assessments of antimalarial drug susceptibility. The findings from this study suggested an intermediate level of drug resistance with chloroquine resistance being almost as high as in Thailand, a country known for its high prevalence of multidrug resistance. Our studies in Chakaria (southeastern Bangladesh) performed since 2003 suggest that sulfadoxine-pyrimethamine sensitivity is somewhat compromised but the combination with quinine still yields a cure rate of 87%. The drug sensitivity data collected over the past years suggest developing drug resistance to most traditional antimalarials and an urgent need for new therapies for uncomplicated falciparum malaria.  

 Malaria therapies that were previously effective in controlling and treating malaria are becoming ineffective due to drug-resistant parasites. Resistance to antimalarials is emerging and spreading faster than drugs are being developed and deployed (Olliaro 1996). Nowhere is the problem of drug resistance more severe than in Southeast Asia (Wongsrichanalai 1999). The development and spread of chloroquine resistance in the in the 1950s has shown that in Asia drug resistance tends to spread from Southeast Asia westwards and finally to Africa and the rest of the world. Today in large parts of the malaria endemic world chloroquine, pyrimethamine-sulfadoxine and proguanil are no longer effective. Resistance to mefloquine and quinine is rising in Thailand and is obviously spreading westwards. Today even mefloquine resistance is prevalent enough so as to limit its use to combination regimens with other antimalarials in most of Southeast Asia, and it is not recommended during the first trimester of pregnancy. In addition its use is limited by a high probability and severity of side effects (Rendi-Wagner 2002). Current regimens for uncomplicated falciparum malaria in use in these regions include artesunate/mefloquine, quinine/doxycycline, and artemether/lumefantrine combination regimens. The artesunate/mefloquine combination has become the gold standard therapy in countries like Thailand and Cambodia, but this combination is hampered by lingering concerns of accelerated drug resistance development due to the long half life of mefloquine and it has unproven safety in pregnancy. Quinine/doxycycline (or tetracycline) combination, each given for 7 days, is effective but hampered by poor compliance due to side effects and the length of therapy and the inability to use this regimen in pregnancy and young children. An artesunate/doxycycline regimen eliminates the problems associated with quinine, but this has poor compliance due to 7 days treatment with doxycycline and similar limitations in children and pregnancy.  New treatment regimens for MDR falciparum malaria, focused on combination regimens to limit the spread of drug resistance, are therefore urgently needed (White 1996).

Drug combinations are also a way to extend “life span” of failing antimalarials. Since the discovery, development and registration of new antimalarial drugs is a lengthy process, the rational short-term solution is to use new combinations of existing drugs (White 1996). Several successful examples of this approach are available. Tetracycline in combination with quinine has greatly extended the life span of quinine in Southeast Asia (Watt 1992). The use of artesunate in combination with mefloquine increased cure rates from less than 50% of either agent alone to > 95% when used in combination (Nosten 1994).

In the absence of new antimalarial compounds, current agents need to be explored in combination regimens, particularly for populations where certain antimalarials cannot be used.  Azithromycin has intrinsic activity against Plasmodium falciparum for both treatment and prophylaxis. However, because of the slow onset of action and for the reasons mentioned above, azithromycin should not be used as a single agent for treatment of falciparum malaria. Compared with other antibiotics used for malaria (e.g. tetracycline and doxycycline), azithromycin offers the unique advantage of being safe in children and of experience with use in pregnancy, the populations most affected by severe malaria. Azithromycin is marketed as a liquid for pediatric dosing. The drug also has favorable pharmacokinetic properties resulting in practical dosing regimens as short as 3 days that are critical for compliance. We propose a randomized study of the combination of artesunate with azithromycin to determine the efficacy of this combination for the treatment of uncomplicated falciparum in southern Asia.   

Artesunate for the treatment of malaria 

Artesunate has the chemical name (3R,5aS,6R,8aS,9R,10S,12R,12aR)-Decahydro-3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4,3-j]1,2-benzodioxepin-10-ol,hydrogen succinate. Artesunate is a semisynthetic, water soluble, derivative of artemisinin, an antimalarial compound isolated from the Chinese herb Qinghao (Artemisia annua). Artemisinin is a sesquiterpene lactone that bears a peroxide grouping and, unlike most other antimalarials, lacks a nitrogen-containing heterocyclic ring system. Artesunate is the hemisuccinate ester, synthesized by reacting dihydroartemisinin (DHA) and succinic acid anhydride in alkaline medium. This type of reaction invariably yields an ester linkage in alpha configuration. Artesunate is rapidly metabolized to DHA, which is also an active antimalarial, in the body.

As early as 1979, there were several reports on the efficacy of artemisinin against P. falciparum and P. vivax in over 2000 Chinese patients. It was shown to produce more rapid parasite clearance as compared to other antimalarials and to be highly effective also in chloroquine resistant strains of P. falciparum. However, the rate of early recrudescence was high, which was claimed to be due partly to its poor solubility in water and oils and finally led to the development of better soluble derivatives such as the methyl ether derivative (artemether) and the hemisuccinate ester (artesunate) (Karbwang & Na-Bangchang 1993). Chinese physicians tested artemisinin in 6000 patients in the course of the 1970s and the summaries of these studies were finally published in 1982 by the China Cooperative Research Group. At the same time they also reported the first studies with the most important artemisinin derivatives artemether and artesunate in an animal model (Li et al., 1994). It is licensed for use in oral or intravenous preparations throughout Southeast Asia and many African and South American countries, and is first-line therapy for treatment of multi-drug resistant falciparum malaria. The oral drug formulation is on the WHO Essential Drug list. Artesunate is produced by two manufacturers: Guilin Pharmaceutical Factory, Guangxi, China and Mepha Ltd., Basel, Switzerland. The latter is produced under GMP standards. Many million doses of artesunate have been administered to humans worldwide.

Artesunate: Animal Studies

Artesunate was shown to be highly active against a number of malaria species in animal models. The activity of artesunate and DHA was measured against the erythrocytic forms of P. falciparum, P. berghei, P. knowlesi, and P. coatneyi in mice or monkeys. In a preliminary study conducted in immunocompromised mice infected with the T24 strain (chloroquine and quinine resistant) of P. falciparum, a complete clearance of parasites from the blood was observed on Day 2 of treatment with DHA (50 mg/kg for 2 days) by the oral route (Moreno et al. 2001). Microscopic observations at 24 hours showed predominantly pycnotic forms (76%), some altered trophozoites (10%), few trophozoites (1%), and schizonts (3%). At 48 hours, only pycnotic forms were observed. Chloroquine and quinine were not effective in clearing the parasitemia in mice infected with the T24 strain. Treatment with chloroquine induced minimal alterations in morphology (11 - 16% pycnotic forms). However, against a chloroquine sensitive strain (NF54) morphological changes after treatment with chloroquine were similar to that of DHA against the chloroquine-resistant strain. The activity of artesunate was not measured.

In mice infected with P. berghei (173N strain) and treated with intravenous artesunate or chloroquine, a 50% and 90% reduction in parasitemia was observed by 18 to 24 hours, and 24 to 30 hours, respectively. Recrudescence was observed on Day 28 in mice treated with artesunate (110 mg/kg) for 5 days by the intravenous route. However, chloroquine (14.9 mg/kg for 5 days) completely cured the mice on Day 28. In another study, mice infected with another strain of P. berghei (ANKA strain) showed complete cure on Day 60 after intramuscular treatment with ≥56 mg/kg artesunate. Complete clearance of the parasitemia was observed within 2 days of treatment. Similar observations were made with DHA. The variation in the activity of artesunate in the different studies may be due to the different strains of P. berghei used for infection, the route of drug administration or severity of infection.

In monkeys infected with P. knowlesi, the intravenous administration of artesunate (10 mg/kg for 7 days) reduced the parasitemia by 90% at 13 hours. The parasite clearance time (PCT) was 42 hours and all 3 monkeys remained negative for 28 days of observation. However, at the lower dose (3.16 mg/kg), although the PCT was 40 hours, 1/3 monkeys showed recrudescence on Day 15. At a higher dose (31.6 mg/kg), the mean parasite clearance time was 56 hours and no recrudescence was observed. Quinine at 10 mg/kg dose was effective in reducing the parasitemia by 50% in 3.3 hours, however, a 90% reduction of parasitemia was not attained. At a higher dose (31.6 mg/kg), the mean time to parasite clearance was 104 hours and recrudescence was observed 2 to 10 days after parasite clearance.

In another study, normal and splenectomized monkeys infected with P. coatneyi were treated with artesunate (Maeno et al. 1993). The clearance of parasitemia was slower in splenectomized animals compared to normal controls. The reduction in parasitemia at 24 hours in the splenectomized and non-splenectomized animals was 86% and 99%, respectively. Infected erythrocytes showed ultrastructural changes such as enlargement of food vacuoles and ribosomal clumping 4 hours after administration of artesunate. Recently, splenectomized rhesus macaques were tested in a severe malaria model of P. coatneyi infection with intravenous artesunate (RS Miller, unpublished data).  Rapid parasite clearance was achieved with optimal dosing noted at 8mg/kg (equivalent to 2.4 mg/kg IV in humans), but recrudescence occurred after many days.

In animal tests, artemisinin compounds are less toxic than quinoline antimalarials. In an oral artesunate study in rats submitted to the FDA for review of rectal artesunate, 3- and 7-day regimens (with a total human equivalent doses of 36 mg/kg) produced no deaths or neurohistologic lesions (M. Gomez, personal communication). Lethal doses of these compounds in rodents cause multiple system toxicity with bone marrow depression, diarrhea and hemoglobinuria. Sublethal doses produce transient depression of reticulocyte count.  7-day toxicity studies in rhesus macaques found a no effect dose of 8 mg/kg when artesunate was administered for 7 days intravenously. Diarrhea occurred in a dose-dependent fashion at higher doses, usually started after 4-5 days of drug administration. Hemoglobinuria was occasionally seen at 32 mg/kg/day. In lab tests, transient reversible reticulocytopenia was noted at all doses, and elevated alkaline phosphatase was noted at higher doses.   Segment 1 reprotoxicity studies in mice reveal no effects on fertility.  Segment II studies reveal fetal loss and resorption, particularly during organogenesis in the first trimester. 

Animal studies have revealed neurotoxicity in some members of the artemisinin class (Nontprasert et al. 2000).  Administration of high doses (20 mg/kg/d) of artemether and arteether produces neurotoxicity in rats, dogs and rhesus (gait disturbances, loss of spinal pain responses, restlessness, tremor and incoordination, followed by respiratory depression, convulsions and cardiac arrest) with characteristics brainstem lesions seen on neurohistopathology (Brewer 1994). Results from recent studies demonstrate distinct differences in the ability of artemisinin derivatives to produce neurotoxicity, with fat-soluble derivatives (arteether and artemether) showing much greater propensity to cause these effects. Whereas arteether (25 mg/kg) treated mice showed distinct behavioral changes due to neurotoxicity, behavioral performance was not significantly affected in any rats treated with artesunate (31 mg/kg) (Genovese 2000). The significantly different safety profiles of these drugs may also have to do with the route of administration. Recent studies show that there was no pathologic evidence of neuronal death in mice receiving either oral artemether, or oral or intramuscular artesunate, in doses up to 300 mg/kg/day (Nontprasert et al. 2002). The WHO GLP rat study, IV doses as high as 20 times human equivalent doses, did not produce any clinical neurotoxicity or histologic neuropathology.  Likewise, the rhesus study of IV artesunate in Thailand did not reveal any neuropathologic lesions at doses up to 128 mg/kg IV for 7 days (up to 18 times usual human doses). In conclusion, the favorable chemical and pharmacokinetic properties of artesunate suggest that neurotoxicity is not a major concern with this compound.

Artesunate: In Vitro

A number of studies conducted in Southeast Asia show that P. falciparum parasites remain highly susceptible to artesunate and DHA in vitro in most areas, resulting in mean 50% inhibitory concentrations (IC50) for artesunate of 1.24 ng/ml in Vietnam (Wongsrichanalai et al. 1997), 0.35 ng/ml in the Philippines (Bustos et al. 1994), and 0.98 ng/ml in Thailand respectively (Noedl et al. 2004). Although the IC50s found in different regions of the world showed considerable variations in their levels of sensitivity, until very recently there was little evidence towards a developing artemisinin-resistance (Wongsrichanalai et al., 1999; Ringwald et al., 1999). Recent in vitro as well as in vivo data from Thailand and other Southeast Asian countries however suggest increasing numbers of failures and higher IC50s. 

Artesunate: Efficacy and Safety Profile

Artesunate (AS) has been licensed for the treatment of malaria in many Southeast Asian countries since the 1990s. The drug is well absorbed, and rapidly hydrolyzed in the liver to the more active metabolite, dihydroartemisinin.  Its half-life is less than 1 hour, so that all biological activity is gone after an oral dose within 12 hours (Teja-Isavadharm et al., 2001).  While this drug is currently still considered to be the most potent blood schizonticide available, this rapid clearance requires repeated dosing of artesunate in order to clear all metabolically susceptible parasites. Generally artemisinin derivatives (artesunate and artemether) are extremely well tolerated when used at therapeutic dosage (Price et al. 1999). 

Data from 23 trials with 1891 patients (Hien and White 1993) comparing artemisinin derivatives with other antimalarials showed shortening of fever clearance time compared to intravenous quinine and parasite clearance time by 17 and 32% respectively. Artesunate appeared to have more rapid action than the other derivatives. No serious toxicity was observed in these trials. 600 mg at 0 h and 4 h followed by 400 mg at 24, 32, 48 and 56 h was compared with oral quinine 1500 mg daily in 3 divided doses over 14 consecutive days, in patients with acute malaria. Shorter parasite and fever clearance times occurred in the artemisinin group but 50% of patients recrudesced compared with 23% in the quinine group. Monotherapy with artesunate is ineffective when given for 3 days or less. Li (1994) summarized the early Chinese data, reporting a recrudescence rate of 51% when artesunate monotherapy was administered for 3 days (total dose 280 mg-400mg) to 65 adults with uncomplicated falciparum malaria. Shorter regimens (total dose AS 600mg) given over 1-2 days did not cure any volunteers in Thailand (Bunnag et al. 1991). A subsequent randomized controlled trial by Li (1997) showed 39% recrudescence rate at day 28 with 400mg given over 3 days.

Extending the duration of treatment with artesunate has significantly improved the efficacy. Li (1994) reported a recrudescence rate at day 28 of 5 % when artesunate (Guilin) was given for 5 days (total dose of 440mg-600mg) to 144 patients with uncomplicated falciparum malaria in China, and 7% recrudescence in his subsequent study (600 mg over 5 days).  Studies in Thailand using 600mg over 5 days confirmed these findings with 84% cure rates at day 28 in 167 volunteers (Looareesuwan et al. 1994). A study conducted by the same group suggests cure rates of 98 to 100% for 7 and 5 days respectively of artesunate treatment when using overall doses of 1200 to 1600 mg of artesunate (Looareesuwan et al. 1997). The treatment was well tolerated and found to be safe.  These studies led to more extensive combination testing with other antimalarials, which now have become standard practice. 

Artesunate Safety Data

Price and colleagues (1999) reviewed the cumulative experience of the Shoklo Malaria Research Unit, Thailand, with over 3500 cases of artemisinin derivatives, mostly oral artesunate.  Vomiting occurred in 2.2% of those receiving artemisinins alone the first day, with a significant risk associated with prior vomiting or nausea before enrollment (OR=2.8 and 2.1, respectively). The incidence of vomiting fell with subsequent days. 

No seizures were reported in artesunate monotherapy groups, but 15 seizures following treatment with mefloquine and artesunate/artemether (incidence 177/100,000). No urticaria, hemoglobinuria, or neuropsychiatric reactions occurred in AS monotherapy treated persons (n=836). Lab tests showed no significant changes in WBC or neutrophil counts, although platelets did drop in 2 of 154 volunteers (AS + MEF) during treatment, with resolution by day 14.  No renal dysfunction occurred in any patient, but 4.5% experienced some increase in liver transaminases with no clinical hepatic dysfunction (all co-treated with mefloquine). No significant changes were seen on EKG during therapy, including tests 1 hour after artesunate administration. Case reports with artesunate in persons with malaria have rarely recorded bradycardia, 1o AV block or QT prolongation, but all are flawed by concurrent malaria which can cause these findings due to hypocalcemia.

A neurologic exam (consisting of fine-finger dexterity, heel-toe walk, hearing assessed by tuning fork, eye exam for nystagmus and Rombergs test) was performed on admission, day 2, day 7 and day 28 in 1,664 volunteers receiving artesunate (Price et al. 1999).  Dizziness was the most common complaint, with exam evidence of disturbed balance in 5 of 690 treated with artemisinins alone.  All signs and symptoms resolved by day 7.  No one developed deafness or permanent neurologic injury. A multicentre trial conducted in Africa in 941 children (age 10 years or older) with randomly assigned amodiaquine plus artesunate or amodiaquine and placebo suggests that artesunate combination therapy is also safe in children (Adjuik et al. 2002). A combination of artesunate with sulfadoxine-pyrimethamine was found to be safe, well tolerated, and efficacious in children with uncomplicated falciparum malaria in The Gambia (Doherty et al. 1999; von Seidlein et al.2000).   A case-control study from Thailand failed to detect any evidence of significant neurotoxicity in 79 patients treated previously with oral artemether or artesunate for acute malaria (Van Vugt 2000), and Phase IV monitoring by the WHO has failed to reveal neurotoxicity in any humans treated with artesunate (M Gomes, personal communication).  

In 2004 Toovey and Jamieson suggested that treatment of uncomplicated malaria in 150 construction workers in Mozambique with the combination of artemether and lumefantrine may be associated with hearing loss, possibly from synergy between potentially ototoxic agents in combination. However, a very recent study from Thailand suggests that  in 68 subjects who had been treated with artemether-lumefantrine within the previous five years and 68 age- and sex-matched controls living in the malarious region along the Thailand-Myanmar border there were no differences in the test results between cases and controls and that there was no neurophysiologic evidence of auditory brainstem toxicity that could be attributed to artemether-lumefantrine in this study population (Hutagalung et al. 2006). 

A prospective trial conducted in Thailand in 461 pregnant women suggested that artesunate was well tolerated and that birth outcomes did not differ significantly to community rates for abortion, stillbirth, congenital abnormality, and mean gestation at delivery (McGready et al. 2001). An earlier study conducted by the same group found no congenital abnormality in any of the newborn children whose mothers were treated with artesunate for falciparum malaria during pregnancy, and that all children followed for more than one year developed normally (McGready et al.1998). Nonetheless, based on the animal data, the drug is contraindicated for general use in pregnancy. 

Azithromycin as an Anti-Malarial: Efficacy and Safety Profiles

Azithromycin has the chemical name (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-dideoxy-3-C-methyl-3-O-methyl-a-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-b-D-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. Azithromycin is derived from erythromycin; however, it differs chemically from erythromycin in that a methyl-substituted nitrogen atom is incorporated into the lactone ring. Its molecular formula is C38H72N2O12, plus its molecular weight is 749.00. Azithromycin is an azalide derivative of the macrolide antibiotic, erythromycin, and exerts a similar mechanism of action (Retsema 1987).  Azithromycin inhibits messenger RNA directed polypeptide and protein synthesis. It exerts this activity by binding at the 50 S ribosomal subunit.  The other class of antibiotics used for malaria, tetracyclines, bind to the 30S subunit on the ribosome and inhibits binding of the aminoacyl-t-RNA molecules.  These drugs are believed to inhibit mitochondrial protein synthesis in plasmodia (Geary 1983).  Azithromycin demonstrates cross-resistance with erythromycin-resistant gram-positive bacteria, and mechanisms of macrolide resistance in bacteria are becoming better understood (Roberts 1999).  Azithromycin resistance may be slow to develop in malaria, as doxycycline resistance has not yet been reported despite widespread use. Unlike other antibiotics with malarial activity, azithromycin has a terminal elimination half-life of 68 hours (Prod Info Zithromax®, 1999).  The relatively long half-life makes azithromycin an ideal partner for fast acting antimalarials such as artesunate or quinine. 

In Vitro and Animal Studies

In vitro studies suggest that azithromycin is a highly active antimalarial compound that is slow acting and should therefore be combined with fast acting drugs, such as artemisinin derivatives (Noedl 2001, Ohrt 2002). Compared to erythromycin, azithromycin shows substantially more anti-malarial in vitro activity [ED50 = 3-6 mM] than the former (Gingras 1992).  Azithromycin showed more activity than all of the other macrolides or doxycycline in P. berghei- (Gingras 1993) and P. yoelii nigeriensis-infected mice (Puri 2000).  Additionally, Andersen and colleagues (1995) studied drug combinations in a Plasmodium berghei-infected mouse model.  The efficacy of fast-acting blood schizonticides (quinine, halofantrine, artemisinin) against Plasmodium berghei was augmented by azithromycin.  In P. falciparum-infected Aotus, when compared to doxycycline at the clinically tolerated ratio (3:1), it also showed more activity. In the relapsing P. cynomolgi B –rhesus model, azithromycin 25 mg/kg/d for 7 days cured all monkeys, but only after an initial rise in parasitemia for 72-96 hours (Puri 2000).

Prophylaxis Studies

Based on initial studies in vitro and in animal models, an azithromycin program was established to develop and gain approval for the prophylaxis indication. Kuschner (1994) showed azithromycin had causal prophylactic activity, protecting 3 of 4 persons in a human challenge with chloroquine-resistant malaria (4 volunteers received oral azithromycin 500 mg followed by 250 mg daily for 7 further days).  Using similar design, Andersen (1995) showed partial efficacy against liver parasites, and 100% protection against liver and blood parasites if taken for 28 days after mosquito challenge.  Based on the encouraging human challenge data, an initial field trial was conducted in semi-immune Kenyan adults.  Prophylactic efficacy of azithromycin (250 mg daily); azithromycin (1,000 mg weekly), and doxycycline (100 mg daily) was compared to placebo. The prophylactic efficacies were as follows: daily azithromycin, 83% (95% confidence interval [CI], 69%-91%); weekly azithromycin, 64% (95% CI, 47%-77%); and daily doxycycline, 93% (95% CI, 80%-98%).  Taylor (1999) showed 72% efficacy (95% CI, 50%-84%) for 250 mg daily of azithromycin compared to placebo (compared to 94% for doxycycline) in semi-immune soldiers and farmers in Irian Jaya.  Heppner (1999) showed a similar protective efficacy for azithromycin (250 mg) of 71% against Pf in largely non-immune adults in Sangkhlaburi District, Thailand.  In Indonesia and Thailand, protective efficacy against P. vivax was 99% (95% CI, 93%-100%)  and 98%, respectively. Additionally as supportive evidence, weekly azithromycin 20 mg/kg used for trachoma mass treatment reduced the proportion of the population with Pf parasitemia by 56%, spleen rate 50% and febrile parasitemia by 45% (Sadiq 1995). In 2005 Heppner et al. (2005) concluded that daily azithromycin was safe, well-tolerated, and had a high efficacy for the prevention of P. vivax malaria. In this study conducted in western Thailand the protective efficacy was 98% for P. vivax malaria.

Treatment Studies

Concurrent with the US Army’s malaria prophylaxis trials, Pfizer investigators were conducting an azithromycin monotherapy treatment study in India (Dunne 2005). The first trial compared the use of azithromycin, one gram daily for three days, to three days of chloroquine, for the treatment of either falciparum or vivax malaria. In the P. falciparum (Pf) arm, there was a 50% cure rate (8 of 16) compared to a 38% (6 of 16) cure rate for subjects given chloroquine.  One-half of the azithromycin treatment failures were high grade (RII/RIII).  While this information demonstrated that azithromycin has activity similar to doxycycline for treatment of this disease, the results were not sufficiently robust to justify continuing these monotherapy regimens for Pf. The authors concluded that resolution of parasitemia was inadequate with monotherapy with either azithromycin or chloroquine, but combination therapy provided substantially improved clinical and parasitologic outcomes. The combination of azithromycin and chloroquine may be an effective alternative treatment for falciparum malaria. For those patients treated for their P. vivax malaria with either azithromycin or chloroquine (Dunne 2006) 85 of 97 (88%) of those on azithromycin and 101 of 102 (99%) of those on chloroquine [difference 11%; 95% CI: -18, -4] were clinically cured at Day 7. The Day 28 results were similar [89% versus 99%, azithromycin versus chloroquine, respectively]. Parasitologic success was seen in 81 of 97 (84%) on azithromycin and 100 of 102 (98%) on chloroquine [difference 14%; 95% CI: -22, -6]. The median parasite clearance time was 55 hours on azithromycin and 20 hours on chloroquine (P < 0.001). Drug-related adverse events were seen in 13 of 98 (13%) on azithromycin and 24 of 102 (24%) on chloroquine (P = 0.062). Resolution of parasitemia was significantly faster with chloroquine compared with azithromycin, but azithromycin was better tolerated.

Azithromycin as a drug combination for malaria

Based on the atovaquone-proguanil paradigm, in vitro azithromycin drug-drug combination studies were conducted at WRAIR (Ohrt 1999; Ohrt 2001). The objective of the in vitro azithromycin studies was to determine the best drug combination(s) to evaluate for further malaria prophylaxis and treatment studies (synergistic and additive interactions).  Following the identification of a mildly synergistic interaction between chloroquine and azithromycin in two chloroquine-resistant isolates, this combination was tested in combination in duplicate against 10 representative strains of Plasmodium falciparum.  An additive to moderately synergistic interaction was identified in the 8 chloroquine-resistant isolates tested, while an additive to mildly antagonistic response was seen in the 2 chloroquine-sensitive isolates.  Azithromycin was also tested in combination with 7 other standard antimalarials against two multidrug-resistant P. falciparum clones.  Quinine and 8-aminoquinolines were synergistic with azithromycin, while dihydroartemisinin was additive to mildly antagonistic. These results suggest that azithromycin combinations should be evaluated for malaria treatment and prophylaxis. 

In SE Asia, azithromycin has been tested in combination with the rapid-acting artemisinin derivatives against multi-drug resistant malaria in three studies. Artesunate 200 mg daily plus low dosage of azithromycin (500mg daily) given for 3 days resulted in cure rates of 56% in a study performed at the Hospital for Tropical Diseases, Bangkok (Krudsood 2002). Artemether plus 1 gram of azithromycin (500mg followed by 250 mg for 2 days) yielded a low cure rate (15%) of 30 cases uncomplicated Pf malaria while artemether-doxycycline cured 53% (Na-Bangchang 1996).  In Vietnam, in a pilot study of 10 persons, artesunate (Guilin) plus 3 daily doses of 500 mg azithromycin yielded an encouraging cure rate at 28 days of 70%, compared with an expected 20-30% efficacy of 3 days of artesunate alone from historical data (deVries 1999). The daily dose of artesunate is about ½ that routinely used in Thailand and the azithromycin dose is ½ that used in India. 

In a study conducted with the combination of azithromycin with quinine for the treatment of uncomplicated falciparum malaria in the western border regions of Thailand (Sangkhlaburi) four regimens were assessed in a dose ranging format (n=10), and efficacious doses confirmed in an additional 10 volunteers. The doses consisted of oral quinine (30mg/kg/d divided q8h) with oral azithromycin (500mg BID for 3 days; 500 mg BID for 5 days; and 500 mg TID for 3 days). Quinine and doxycycline (100 mg BID) served as controls. With the higher dosage of azithromycin (4.5 grams of azithromycin) in combination with quinine (90 mg/kg over 3 days) the cure rate was 100% as compared to 90% for the combination of 3 grams plus 90 mg/kg (Miller 2002).  We therefore believe that the lack of higher efficacy may relate to the relatively low doses of azithromycin and artesunate used in earlier trials, warranting the higher dose ranging proposed herein. 

In a recent 28-day inpatient clinical trial in Thailand the combination of azithromycin with artesunate proved to be a highly efficacious treatment for uncomplicated falciparum malaria (Noedl, personal communications). Azithromycin and artesunate were administered at the same total dose as proposed for this study (total doses of 4500 mg of azithromycin and 600 mg artesunate for adults) but in split dose (BID). The 1500 mg/day of azithromycin in split dose as well as the 1000 mg/day azithromycin as single daily dose in combination with artesunate were particularly well tolerated. This led us to propose to use a single dose of 1500 mg of azithromycin combined with 200 mg of artesunate over 3 days. For the proposed study we therefore chose a Phase II design and patients will be closely monitored for adverse events throughout the study. The QD dosing schedule could significantly enhance the compliance in a field setting, such as the one in Bangladesh. With total doses of 4500 mg of azithromycin and 600 mg artesunate for adults the 28-day cure rate was >90% and the drug combination was considered safe and well tolerated. These data suggest that azithromycin-artesunate, even when given only once daily for 3 days, as well as azithromycin-quinine TID are safe and efficacious combination treatments for uncomplicated falciparum malaria.

Azithromycin safety data at the proposed dose and as a drug combination  

Azithromycin is generally a very well tolerated antibiotic. Hopkins (1991) reported on the toleration and safety profile of azithromycin in 3995 patients. Overall, 12% of persons reported any symptoms, less than all other comparative antibiotics.  Most common were diarrhea (3.6%), nausea (2.6%) and abdominal pain (2.5%). Transient elevations of liver enzymes occasionally occur, and cholestatic jaundice is very rare. Drug-drug interactions are very rare, as azithromycin has little to no effect on hepatic cytochromes unlike other macrolides (Rapp 1998).

The usual adult dose is 500 mg on the first day as a single dose followed by 250 mg once daily.  A single 1-gram oral dose has been effective in the treatment of uncomplicated genital infection with Neisseria gonorrhoeae and Chlamydia trachomatis.  For the prevention of disseminated Mycobacterium avium complex (MAC) infection in persons with advanced HIV infection, the approved azithromycin dosage is 1200 milligrams once weekly taken indefinitely or until immune re-constitution (Prod Info Zithromax, 1999).  The proposed dose of azithromycin in this study is 1.5 gram daily for 3 days in combination with 200 mg/day artesunate for adults. This is the same daily and total dose used in an open label Phase II clinical trial for the treatment of uncomplicated falciparum malaria in Thailand in 2005/2006. In this study the drug combination was very well tolerated and considered safe. A 1-gram daily dose for 3 days for malaria treatment in India was also well tolerated. Likewise, 1 gram daily of azithromycin for 3 to 5 days with quinine (90mg over 3 days) was very well tolerated in 50 Thai volunteers for the treatment of falciparum malaria in Thailand (Miller RS, 2006). Azithromycin, 1200 mg daily for 14 days, was taken by 6 volunteers with HIV on antiretroviral therapy without significant toxicity (Prod Info Zithromax, 1999). As part of a MAC treatment trial, azithromycin 1200mg daily was taken for up to 6 weeks in 47 persons (Koletar 1999). GI complaints were common on lengthy high-dose therapy (64%), but only two persons discontinued treatment for these reasons.  Reversible hearing impairment was occasionally seen as well, with a median cumulative dose of 40 grams. Recent studies suggest that even high doses of azithromycin when given over a long period of time for the treatment of cryptosporidiosis and toxoplasmosis in AIDS are well tolerated and safe (Dionisio 1998; Jacobson 2001) .The total dose used in this study will be far below that used in the cited studies.   

The limited data presented suggests no significant interactions between azithromycin and artesunate (DeVries 1999).  Based on the pharmacology of the two drugs, as is the case with doxycycline, one would not predict any significant drug-drug interaction. Artesunate and azithromycin have been used in combination in a numbers of studies, without obvious untoward effects. Efficacy was high, although not optimal, supposedly due to underdosage of azithromycin. We intend to use the same dose of artesunate but higher doses of azithromycin in order to determine if we can achieve higher efficacy. Azithromycin does not alter the serum levels of the antifolate combination trimethoprim-sulfamethoxzazole, but it is possible that azithromycin might alter the levels of artesunate or vice versa.

Previous clinical trials with lower dose azithromycin for the treatment of falciparum malaria have shown promising results and a very good safety profile (Krudsood et al 2002) but relatively low efficacy. The dose for the proposed study was chosen based on the results from two recent clinical trials (Miller et al. Am J Trop Med Hyg. 2006 Mar;74(3):401-6., Noedl et al. CID submitted) in Thailand. In both studies 1500 mg daily doses of azithromycin in combination with quinine or artesunate were well tolerated, safe and highly efficacious. The azithromycin combinations were generally very well tolerated. Even with high doses of azithromycin (1000 – 1500 mg per day) and acutely ill patients only 3 doses were vomited throughout the entire study and no patient discontinued therapy due to treatment-related adverse events. In malaria patients it is generally difficult to distinguish drug-related AEs from the signs and symptoms of malaria. All cohorts were seriously ill with falciparum malaria and could be expected to have varying degrees of laboratory abnormalities and other adverse events. The rate of all cause adverse events was comparable among cohorts except for dizziness (which was more than twice as common in the quinine cohorts as compared to the artesunate cohorts), and hearing impairment, which was not reported in the artesunate combination but in up to 70% of subjects on the standard dose quinine regimen. These symptoms are consistent with cinchonism, a symptom complex typically associated with the use of therapeutic doses of quinine for more than one or two days. Quinine also prolonged the QT interval in a dose-related fashion as previously described.

Study area

With an area of 501.99 sq km Bandarban Sadar Upazila (Bandarban district) is bounded by Rajasthali upazila to the north, Lama upazila to the south, Rowangchhari and Ruma upazilas to the east, Rangunia, Chandanaish, Satkania and Lohagara upazilas to the west. Bandarban has a humid tropical climate and is mostly made up of hill ranges that provide an excellent breeding ground for malaria vectors.

The area of Bandarban municipality is 51.80 sq km. It has a population of 31806; male 60.22%, female 39.78%. It has 10 wards and 62 mahallas. There are 2 dakbungalows. Literacy rate among town people is 56.8%. Bandarban thana was established in 1923 and was turned into an upazila in 1983. It consists of 8 union parishads, 63 mouzas and 199 villages.
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Malaria is a major health burden in this remote, mountainous southeastern region of Bangladesh. The official number of laboratory confirmed malaria cases reported from Bangladesh is only 56,879 with more than 500 laboratory confirmed deaths occuring due to malaria annually. However, the number of unreported and clinically diagnosed malaria cases is estimated to range somewhere between 400,000 and 1 million with Plasmodium falciparum as the dominant species (70% of all cases) (WHO, World Malaria Report 2005). 

WHO concludes that the malaria situation in Bangladesh is worsening, particularly in the hilly and forested areas in the Hill Tract Districts of the Southeast, where this study will be conducted, and also along the border areas in 13 high endemic districts with reported chloroquine and sulfadoxine/pyrimethamine resistance. Recently the Ministry of Public Health has revised the malaria treatment regimen with the introduction of Artemisinin-based combination therapy in the reported drug resistant areas. However, surveillance is weak in these areas as a result of difficult terrain and inaccessibility. There is a shortage of staff and doctors in health facilities as well as significant lack of research data about malaria. Increasing drug resistance is significantly aggravating the malaria situation and treatment alternatives to currently used antimalarials are urgently needed.

Preliminary data during the period Sept 2002 to Dec 2005 from BRAC's malaria pilot program in this region shows:

Uncomplicated malaria treated:            136,926

Treatment failure malaria treated:            6,319

Blood tested:                                          21,768

Malaria positive:                                    9,678 (44%)  

Rationale

Azithromycin is a macrolide antibiotic that is particularly attractive as an antimalarial due to its safety in children and experience with use in pregnancy. Recent data from our Phase II studies in Thailand suggest that azithromycin in combination with artesunate, even when given only once daily for 3 days, as well as azithromycin-quinine are safe and efficacious combination treatments for uncomplicated falciparum malaria in adults, even in areas with a high prevalence of multidrug-resistant malaria parasites. 

As a single agent, azithromycin is approximately as effective as doxycycline pre-clinically in vitro and in vivo, and the clinical response to azithromycin in India (50% cures, ½ of failures were RII-RIII) is comparable to the clinical response to doxycycline in Indonesia (63% cures, all failures were RII-RIII). Our recent data suggest that the treatment failures with azithromycin in previous studies were primarily due to inadequate dosage as increasing the dosage of azithromycin in combination with quinine or artesunate leads to a 90-100% cure rates. The fact that azithromycin generally shows a slow clinical and parasitological response in the treatment of falciparum malaria suggests it should be combined with fast acting substances to quickly reduce the parasitemia.  Since doxycycline and clindamycin significantly increase the efficacy of fast-acting agents, it is reasonable to hypothesize that azithromycin combinations will also produce highly effective combinations. As artesunate is currently considered to be the fastest acting antimalarial, has shown synergistic activity in vitro (Noedl, unpublished data) and has proven to be safe and well tolerated in many years of regular use in many countries of Southeast Asia, it is probably the best combination partner for azithromycin.  

The aim of this study is to test the efficacy of azithromycin-artesunate as an alternative to currently used regimens for the treatment of uncomplicated falciparum malaria in adults and children.    

Potential Risks and Benefits

Potential Risks

The subject may experience a brief moment of physical discomfort or pain during the fingerprick procedure and the venipuncture and there is a possibility of bruising and/or infection at the site of the finger-prick or venipuncture. 

Subjects may experience side effects from the study drugs. Azithromycin may cause abdominal symptoms such as nausea, vomiting, diarrhea, or abdominal pain. Transient elevations of liver enzymes occasionally occur and very rarely cholestatic jaundice. Artesunate is also generally very well tolerated but may occasionally cause mild abdominal symptoms and dizziness and changes in the laboratory and EKG parameters.  

There is a risk that malaria may recur. All subjects will therefore be closely monitored and quickly treated should any signs or symptoms of malaria be detected.

Potential Benefits

Subjects will be hospitalized until clearance of malaria parasites and then closely monitored for any signs and symptoms of malaria. They will have the benefit of close medical supervision. All doses of the study drugs will be administered under direct supervision by medical/nursing staff trained in drug administration, and any change in the course of their infection or any adverse experiences will be recognized and treated more rapidly than would normally occur if they were treated as outpatients in a government facility. 

Subjects will be immediately treated for any reappearance of parasitemia that occurs. Subjects who fail initial therapy, based on parasitological parameters, will be treated with a standard regimen following the national treatment guideline that is known to be effective. In addition, while admitted to the hospital the subjects may be examined and treated for other concurrent illnesses. Subjects will also receive medical attention and appropriate standard medical care or referral should they become ill during the study. Patient will also be provided with food, accommodation, and transport during the study.

The national malaria program of Bangladesh will benefit from human resource capacity building, access to modern laboratory methodology and GCP training for study staff.

Objectives

3.1 PRIMARY OBJECTIVE:

· To determine the efficacy of azithromycin in combination with artesunate for the treatment of uncomplicated falciparum malaria in Bangladesh.
3.2 SECONDARY OBJECTIVES:

· To compare the tolerability, safety, and efficacy of the combination of azithromycin and artesunate with that of the current first line therapy in Bangladesh (artemether – lumefantrine).
· To assess the antimalarial drug resistance situation in this region 


Study Design

This is an open label, randomized study. The study design is largely based on the WHO recommendations for the ‘Assessment and Monitoring of Antimalarial Drug Efficacy for the Treatment of Uncomplicated Falciparum Malaria’ (WHO, 2003). ICH (GCP) guidelines will be followed throughout the study. Patients with acute uncomplicated falciparum malaria will be randomly enrolled in two arms: Patients in arm 1 will receive artesunate-azithromycin for 3 days and patients in the control group will receive artemether-lumefantrine following the national treatment guidelines of Bangladesh. The ratio of enrollment into the 2 groups will be 2:1.

Adults and children 35 kg and above:

	Treatment Group
	
	Artesunate
	Azithromycin
	Artemether /

Lumefantrine

	
	
	Dosing

mg/day
	Total Dose
	Dosing mg/day
	Total Dose
	Dosing

mg/day
	Total Dose

	1 (Artesunate - Azithromycin)
	
	200
	600
	1500
	4500
	N/A
	N/A

	2 (Artemether - Lumefantrine)
	
	N/A
	N/A
	N/A
	N/A
	160 / 

960 
	480 / 2880


Children below 35 kg:

	Treatment Group
	
	Artesunate
	Azithromycin
	Artemether /

Lumefantrine

	
	
	Dosing

mg/kg/day
	Total Dose/kg
	Dosing mg/kg/day
	Total Dose/kg
	Dosing

mg/kg/day
	Total Dose/kg

	1 (Artesunate - Azithromycin)
	
	4
	12
	30
	90
	N/A
	N/A

	2 (Artemether - Lumefantrine)
	
	N/A
	N/A
	N/A
	N/A
	4 / 24 
	12 / 72


Patients will be admitted to the hospital for the duration of study drug administration or until all signs and symptoms of malaria have disappeared (parasite and fever clearance), whichever is longer. Patients will be asked to return for follow-up visits on days 7, 14, 21, 28, 35, and 42. Blood will be drawn on the day of admission (before initiating therapy) for in vitro drug sensitivity testing and for PCR (markers of drug resistance and to distinguish recrudescence from reinfection by genotyping). The same a mount of blood will be drawn in case of recrudescence. Malaria smears will be prepared at least twice daily until parasite clearance and on Days 7, 14, 21, 28, 35, and 42 or whenever symptoms consistent with malaria appear. The study duration for each individual patient will be 42 days. 

All patients in group one will receive azithromycin-artesunate as a single dose per day for 3 days for the treatment of their P. falciparum infection. The patients in the control group will receive 3 days of artemether-lumefantrine, a regimen that is known for its high efficacy in treating even multidrug resistant malaria. The control group was also chosen as a comparator to get an estimate of the numbers of reinfections (in addition to the PCR results) as well as for the comparison of tolerability and safety. Patients who fail to clear parasites or who develop a reappearance of Pf parasitemia until Day 42 will be treated with oral quinine three times a day for 7 days following the national treatment guidelines of Bangladesh (2nd line therapy).

Study Population

Selection of the Study Population

Subjects will be children, adult men and non-pregnant women (age 8 - 65 years), recruited by passive or routine active case detection who present with acute uncomplicated falciparum malaria. Due to constrains in the number of available beds for inpatient care patient recruitment is expected to continue for at least 3 to 6 months. Subjects diagnosed with uncomplicated falciparum malaria upon evaluation or their legal representatives will be verbally notified about the ongoing trial, and asked to participate if interested. Study personnel will screen all persons reporting that they want to take part in the study, give study information and informed consent to the subject and screen for inclusion/exclusion criteria. If potential volunteers cannot read the consent form, study personnel will verbally review the study information/consent form with them and answer all questions. 

Study Site

The study will be performed in Bandarban District, Bangladesh. Bandarban is highly endemic for falciparum malaria. Inpatient care will be provided at Bandarban Sadar Hospital. Bandarban Sadar hospital is a district hospital with outpatient facilities and 100 beds in inpatient departments. Currently more than 10 physicians are working in the hospital. About 4000 falciparum malaria cases are being treated annually as inpatients or outpatients at Bandarban Sadar hospital. 

Inclusion Criteria

Male and female subjects with a diagnosis of acute falciparum malaria meeting all criteria listed below may be included in the study:

1. Acute symptomatic falciparum malaria infection with a parasite density of 100 to 100,000 asexual parasites/(L as determined on the screening smear with fever (defined as ≥37.5ºC), or reported history of fever within the last 48 hours. 
2. Age: 8-65 years old

3. Males or females.  All females over the age of 12 are required to have a negative human chorionic gonadotropin (hCG) pregnancy test (urine). All females of childbearing potential (not surgically sterile, or less than two years menopausal) are required to use an acceptable method of contraception, such as implant, injectable, oral contraceptive(s) with additional barrier contraception, intrauterine device, sexual abstinence, or vasectomized partner, throughout the study

4. Written informed consent obtained

5. Willing to stay under close medical supervision for the study duration 

6. Otherwise healthy outpatients

Exclusion Criteria

Subjects presenting with any of the following will not be included in the study:

1. Pregnant women, nursing mothers, or women of childbearing potential who do not use an acceptable method of contraception (as described in Inclusion Criteria, #3)

2. Mixed malaria infection on admission by malaria smear

3. A previous history of intolerance or hypersensitivity to the study drugs artesunate, azithromycin, or lumefantrine or to drugs with similar chemical structures

4. Malaria drug therapy administered in the past 30 days by history

5. Previous participation in this trial, or participation in any other studies involving investigational or marketed products, concomitantly or within 30 days prior to entry in the study

6. History of significant cardiovascular, liver or renal functional abnormality or any other clinically significant illness, which in the opinion of the investigator would place them at increased risk. 

7. Symptoms of severe vomiting (no food or inability to take food during the previous 8 hours).

8. Signs or symptoms of severe malaria (as defined by WHO 2003)

9. Unable and/or unlikely to comprehend and/or follow the protocol

Randomization Procedures

Subjects will be assigned unique identification codes in order of inclusion and randomly assigned to either the artesunate group or to the artemether/lumefantrine control group.  The ratio of enrollment into the two groups is 2:1 for treatment groups 1 (azithromycin-artesunate) and group 2 (artemether-lumefantrine). Randomization will not be stratified. Permuted block randomization will be done using random number tables in blocks of 6. The randomization process will continue until the minimum sample size has been reached in both arms. A randomization list will be created prior to beginning the trial. Sealed individual envelopes that will be opened only on enrollment of each subject will be used. The study personnel enrolling the subject will therefore not know which group the patient will be assigned to until opening the envelope.

Study Procedures/Evaluations

Study Procedures

The detailed design is outlined below and in the Appendices. Patients will be admitted to the hospital for the duration of study drug administration or until all signs and symptoms of malaria have disappeared, whichever comes later. Thereafter patients will be asked to return for follow-up visits on days 7, 14, 21, 28, 35, and 42. Patients will be provided with a free mosquito net to reduce the chances of reinfections. 

At the screening/baseline visit, the study will be fully explained to the subjects and written informed consent obtained. Subjects will be assessed as to whether they meet the inclusion/exclusion criteria. Demographic details (age, sex, weight, height) and medical history and concomitant medication details will be recorded. Vital signs (pulse, blood pressure, respiratory rate, and temperature) will be taken. A physical exam will be performed and clinical signs and symptoms will be evaluated. Except for the HCG test the screening process consists of tests routinely performed on patients with symptoms consistent with malaria and is expected to take approximately 1-2 hours. The screening procedure is therefore not expected to significantly delay further diagnostic or therapeutic procedures. Patients will be provided with symptomatic treatment. Blood smears to confirm P. falciparum malaria will be performed. A blood sample will be taken for hematology and blood chemistry. All female subjects will undergo a urine pregnancy test at baseline. Pregnant women will not be eligible for entry into the study. Blood samples will be drawn for parasite DNA fingerprinting and in-vitro drug sensitivity analysis.
Patient response to therapy will be monitored by assessing clinical parameters at baseline (Day 0) and daily at least until peripheral blood smears are negative for parasites and patients are afebrile. During hospitalization patients will have smears performed twice daily until the smears are negative on 2 successive blood smears. Thereafter blood smears will be performed on Days 7, 14, 21, 28, 35, and 42.   Patients who develop P.  vivax infections during follow-up will be censored.

Initially all patients attending the outpatient department (OPD) who are suspected to have malaria will be screened by microscopy for malaria parasites by the hospital staff (routine practice at the hospital). Once microscopy confirms that the patient is infected with falciparum malaria he will be forwarded to the study staff to be screened whether the patient is eligible to be enrolled into the study or not. However, on average not more than 2-3 patients per day are expected to be enrolled into the study.
Laboratory Evaluations

Laboratory Evaluations/Assays

· Hematology  (RBCs, WBCs, platelets, hemoglobin) on days 0 and 3 (or whenever clinically warranted). 

· Blood chemistry on days 0 and 3 (or whenever clinically warranted): blood glucose, creatinine, total bilirubin. Hematology and blood chemistry will be performed at the laboratory of the Bandarban Sadar Hospital.

· Urine pregnancy test: Urine beta HCG test. All female subjects will undergo a pregnancy test at baseline. Pregnant women will not be eligible for entry into the study.

· Peripheral blood smears on day 0 and then twice daily until PCT:

· To determine species of parasite;

· To quantify parasitemia. 

Special Assays or Procedures

· Blood sample (approximately 4 ml each) for parasite DNA fingerprinting and in vitro drug sensitivity analysis on Day 0 and in case of recrudescence.

· HRP2 in vitro drug sensitivity assays will follow the routine established in previous studies (Noedl 2004, 2005). The in vitro drug sensitivity testing will be performed on fresh patient samples at the Bandarban Sadar Hospital. The required infrastructure will be set up at the respective lab. Additional in vitro testing may be performed at the ICDDR,B or the Medical university of Vienna.

· Genotyping by PCR (MSP and GLURP) on inclusion and recrudescent samples will be used to distinguish recrudescences from reinfections. Genotyping and markers of drug resistance will mostly be performed at the parasitology laboratory of the ICDDR,B.   

Specimen Collection, Preparation, Handling and Shipping

 Instructions for Specimen Preparation, Handling, and Storage

Stained thick and thin blood smears will be examined by a microscopist who is blinded to the treatment status of the study subject. Microscopists will be blinded to the clinical picture of the subject and to each others results. All slides that are positive for recrudescence will be reexamined by an expert microscopist. In case of a difference in results (positive/negative; species diagnosis) between the two microscopists, the blood smear will be re-examined by a third microscopist and the third reading will be accepted as the final result.

Parasite densities will be calculated based on a count of parasites per 200 WBCs (thick film) or per 1000 RBCs (thin film).  A total of 200 oil immersion fields will be examined before a blood smear is considered negative. 

Blood samples (approximately 4 ml) for DNA fingerprinting will be collected in EDTA tubes and stored at or below -20°C. 

Blood samples (approximately 4 ml) for in vitro drug sensitivity testing will be collected in sterile heparinized tubes and stored refrigerated at 4°C until use. The HRP2 drug sensitivity assays will be performed directly at the study site. The remaining parasites will be stored in liquid nitrogen for future analysis.

Specimen Shipment

The tests will be performed on site (HRP2 drug sensitivity assay, microscopy, blood chemistry, and hematology), at ICDDR,B in Dhaka (PCR), at Medical University of Vienna, or at laboratories to be named (in this case the samples will be anonymized). Specimens will regularly be shipped to the laboratories for analysis.     
Study Schedule

Appendix Study Flow Chart, contains the detailed schedule of observations and assessments to take place during the study. 
Screening

At the screening/baseline visit, the study will be fully explained to the subjects and written informed consent obtained. 

Subjects will be assessed as to whether they meet the inclusion/exclusion criteria. Demographic details (age, sex, weight, height) and medical history and concomitant medication details will be recorded. Vital signs (pulse, blood pressure, respiratory rate, and temperature) will be taken. A physical exam will be performed and clinical signs and symptoms will be evaluated. Blood smears to confirm P. falciparum malaria will be performed. A blood sample will be taken for hematology and blood chemistry analysis. 

All female subjects will undergo a urine pregnancy test at baseline. Pregnant women will not be eligible for entry into the study. Blood samples will be drawn for parasite DNA fingerprinting and in vitro drug sensitivity analysis. Patient response to therapy will be monitored by assessing clinical parameters at baseline (Day 0) and daily at least until peripheral blood smears are negative for parasites and patients are afebrile. 

Follow-up and Final Visits

Patients will be admitted to the hospital for the duration of study drug administration or until all signs and symptoms of malaria have disappeared (PCT and FCT), whichever is longer. Thereafter patients will be asked to return for follow-up visits on days 7, 14, 21, 28, 35, and 42.   

During hospitalization patients will have malaria smears performed twice daily until the smears are negative on 2 successive blood smears.  Thereafter blood smears will be performed on Days 7, 14, 21, 28, 35, and 42 or whenever signs and symptoms consistent with malaria reappear.

During the first days of their illness patients will be directly monitored for any AEs. After release from hospital care patients will be advised to return to the study site should any AEs occur. Should patients not be able to return to the hospital study personnel will visit the patients at their homes.

On Day 3 hematology and blood chemistry will be repeated (or whenever clinically warranted).

The time windows for the follow-up visits on Days 7, 14, 21, 28, 35, and 42 are -2 to +6 days.

Criteria for Discontinuation or Withdrawal of a Subject

Any subject may be discontinued from the study at any time at the discretion of the investigator if he/she feels it is in the best interest of the subject. 

A study subject will be discontinued from further study drug administration if:

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

· Development of any exclusion criteria may be cause for discontinuation.

The subject may continue to be followed with subject’s permission even if study drug is discontinued.

Assessment of Outcome Measures 

Specification of the Appropriate Outcome Measures

Outcome measures for the clinical study are based on the criteria set forth by WHO in the “Assessment and Monitoring of Antimalarial Drug Efficacy for the Treatment of Uncomplicated Falciparum Malaria” for low to moderate transmission areas (WHO, 2003). Alternatively the classical WHO classification may be employed (WHO, 1973). Patients who fail to clear parasites (i.e. in case of ETF) or who develop a reappearance of Pf parasitemia until Day 42 (i.e. in case of LTF) will be treated with oral quinine three times a day for 7 days following the national treatment guidelines of Bangladesh (2nd line therapy).

Primary Outcome Measures (Clinical Outcomes)

Classification of clinical outcomes:

· Adequate Clinical and Parasitological Response (ACPR)

•  Absence of parasitemia on Day 42 irrespective of axillary temperature without previously meeting any of the criteria of Early Treatment Failure or Late Clinical Failure or Late Parasitological Failure.

· Early Treatment Failure (ETF)

•  Development of danger signs or severe malaria on Day 1, Day 2 or Day 3, in the presence of parasitemia

•  Parasitemia on Day 2 higher than Day 0 count irrespective of axillary temperature;

•  Parasitemia on Day 3 with axillary temperature ≥ 37.5 °C;

•  Parasitemia on Day 3 ≥ 25 % of count on Day 0.

· Late Treatment Failure (LTF)

· Late Clinical Failure (LCF)

•  Development of danger signs or severe malaria after Day 3 in the presence of parasitemia, without previously meeting any of the criteria of Early Treatment Failure

•  Presence of parasitemia and axillary temperature ≥ 37.5 °C (or history of fever) on any day from Day 4 to Day 42, without previously meeting any of the criteria of Early Treatment Failure

· Late Parasitological Failure (LPF)

•  Presence of parasitemia on any day from Day 7 to Day 42 and axillary temperature < 37.5 °C, without previously meeting any of the criteria of Early Treatment Failure or Late Clinical Failure

Primary Outcome Measures (Laboratory Outcomes)

Classification of laboratory outcomes. 

· Inhibitory Concentrations (ICs)

•  Inhibitory concentrations will be calculated by nonlinear regression analysis. The outcome is a continuous variable. 

Secondary Outcome Measures

The secondary clinical endpoints are time until full clearance of parasites (parasite clearance time, PCT), gametocytes (gametocyte clearance time, GCT), and to disappearance of fever (fever clearance time, FCT: the time from start of treatment until the axillary temperature drops to below 37.5 °C and remains below this temperature during the next 48 hours). The event time for clearance times is defined as the time until the first in a series of negative tests occurs. PCT, GCT, and FCT are continuous variables.

Safety assessment and reporting

Adverse event assessment will be done throughout the study duration of 42 days.

Definition of Adverse Event (AE)

An AE is defined as any untoward medical occurrence in a subject undergoing a study related procedure and believed reasonably to be caused by that study related procedure. 

Definition of Serious Adverse Event (SAE)

An SAE is any untoward medical occurrence that:

· Results in death.

· Is life-threatening.  Any adverse experience that places the subject, in the view of the investigator, at immediate risk of death from the reaction as it occurred (i.e., it does not include a reaction that, had it occurred in a more serious form, might have caused death).

· Requires in-patient hospitalization or prolongation of existing hospitalization.

· Results in persistent or significant disability or incapacity.

· Is a congenital anomaly/birth defect.

· An event that required intervention to prevent permanent impairment or damage. 

· Important medical events that do not result in death, are not life-threatening, or do not require hospitalization may be considered serious adverse events when, based upon appropriate medical judgment, they might jeopardize the subject and might require medical or surgical intervention to prevent one of the outcomes listed above.

Safety Reporting Procedures

All observed or volunteered adverse events regardless of treatment group or suspected causal relationship to study drug will be recorded on the adverse event pages of the case report form.  Events involving adverse drug reactions, illnesses with onset during the study, or exacerbations of pre-existing illnesses other than malaria should be recorded. Exacerbation of pre-existing illness, including the disease under study, is defined as a manifestation (sign or symptom) of the illness that indicates a significant increase in the severity of the illness as compared to the severity noted at the start of the trial. It may include worsening or increase in severity of signs or symptoms of the illness, increase in frequency of signs and symptoms of an intermittent illness, or the appearance of a new manifestation/complication. Exacerbation of a pre-existing illness should be considered when a patient/subject requires new or additional concomitant drug or non-drug therapy for the treatment of that illness during the trial. Lack of or insufficient clinical response, benefit, efficacy, therapeutic effect, or pharmacologic action should not be recorded as an adverse event. The investigator must make the distinction between exacerbation of pre-existing illness and lack of therapeutic efficacy. In addition, clinically significant changes in physical examination findings and abnormal objective test findings (e.g., laboratory) should also be recorded as adverse events. The criteria for determining whether an abnormal objective test finding should be reported as an adverse event are as follows:

· test result is associated with accompanying symptoms, and/or

· test result requires additional diagnostic testing or medical/surgical intervention, and/or

· test result leads to a change in study dosing or discontinuation from the study, significant additional concomitant drug treatment or other therapy, and/or

· test result leads to any of the outcomes included in the definition of a serious adverse event, and/or

· test result is considered to be an adverse event by the investigator

Merely repeating an abnormal test, in the absence of any of the above conditions, does not meet conditions for reporting as an adverse event.

Any abnormal test result that is determined to be an error does not require reporting as an adverse event, even if it did meet one of the above conditions except for condition #4.  

Following guidelines will be used to quantify the intensity of AEs. 

· Mild: events require minimal or no treatment and do not interfere with the patient’s daily activities.

· Moderate: events result in a low level of inconvenience or concern with the therapeutic measures.  Moderate events may cause some interference with functioning.

· Severe: events interrupt a patient’s usual daily activity and may require systemic drug therapy or other treatment.  Severe events are usually incapacitating.

· Life threatening:  Any adverse drug experience that places the patient or subject, in the view of the investigator, at immediate risk of death from the reaction as it occurred, i.e., it does not include a reaction that had it occurred in a more severe form, might have caused death.

Changes in the severity of an AE should be documented to allow an assessment of the duration of the event at each level of intensity to be performed.  Adverse events characterized as intermittent require documentation of onset and duration of each episode.

Serious Adverse Event Detection and Reporting
All serious adverse events will be 

· recorded on the appropriate serious adverse event case report form

· followed through resolution by a study physician

· and reviewed by a study physician.

Unanticipated problems involving risk to subjects or others, serious adverse events related to participation in the study and all subject deaths should be promptly reported to the IRB of record: 

Ethical Review Committee 

International Centre for Diarrhoeal Disease Research, Bangladesh 



Mohakhali, Dhaka-1212, Bangladesh



Tel.: +(880-2) 8811751



Fax: +(880-2) 882 3116
The study clinician will complete a Serious Adverse Event Form within the following timelines:  

· All deaths, whether associated or not associated, will be recorded on the Serious Event Form and sent by fax within 24 hours of site awareness of the death. 

· Serious adverse events other than death, regardless of relationship, will be reported via fax or email by the site within 72 hours of becoming aware of the event.  

Other supporting documentation of the event may be requested by the monitors and should be provided as soon as possible. All SAEs will be followed until satisfactory resolution or until the Principal Investigator or Subinvestigator deems the event to be chronic or the patient to be stable. 

ICH GCP 6, Section 4.11 require that an investigator notifies the sponsor, regulatory authority(ies) and the local IRB immediately of any serious adverse event, deaths, or life-threatening problems that occur in the study. 

Type and Duration of the Follow-up of Subjects After Adverse Events

Adverse events will be followed by the study team until resolved or considered stable. If by Day 42 the AE has not resolved the patient will be followed after the normal observation period. 

Halting Rules

The study will be at least temporarily halted, pending a review by the IRB of record, if there are more than 5 serious adverse events classified as related to the study medication in the study.  

This study or part of this study may be terminated or suspended at any time. If a study or part of a study is terminated or suspended, the investigators will promptly inform the institutions and the regulatory authorities. The IRBs should be promptly informed and provided the reason(s) for the termination or suspension by the investigator/institution, as specified by the applicable regulatory requirement(s).

Clinical Monitoring Structure

The Armed Forces Research Institute of Medical Sciences (USAMC-AFRIMS), Bangkok, Thailand will monitor this study. Training in protocol and procedures will be provided prior to study initiation. AFRIMS will provide regular monitoring visits. Reports will be generated after each visit and sent to the principal investigators. Training in study-specific procedures, CRFs, and laboratory testing will be provided to the hospital personnel involved in the study.

Site Monitoring Plan

The site will be monitored regularly to ensure the human subject protection, study procedures, laboratory, and data collection processes are of high quality and meets GCP/ICH and regulatory guidelines. Monitoring will consist of regular monitoring visits.

Protocol Deviations

Protocol deviations will be reported to the IRBs with the annual report. Any deviations that fit the category of “unanticipated problems involving risks to volunteers or others” should be promptly reported.  

Statistical Considerations

Study Outcome Measures and Analysis

The primary outcome of the study will be cure rates. The sample size is calculated to allow for an estimation of the prevalence of treatment failure (based on an expected failure rate of 10%) within 5 percentage points with 95% confidence.  

The primary outcome of this study is a nominal variable: the treatment will be characterized as successful or unsuccessful/resistant. Cure rates will be summarized along with 95% confidence intervals (exact based on binomial distribution). The resulting categorical frequency data will be compared in Chi2-tests or ANOVA.  

The secondary endpoints of this study are continuous variables. Overall group differences between secondary endpoints of parasite clearance time (PCT), gametocyte clearance time (GCT), and fever clearance time (FCT) will be compared using the Mann-Whitney U test. In vitro data will be analyzed by nonlinear regression models. The alpha level for tests used to compare differences between treatment groups will be 5%. 

Sample Size Considerations

Enrollment target for the azithromycin-artesunate group will be 140 evaluable subjects (those completing study endpoints). Subjects will be enrolled in a control group at a ratio of  2:1 (i.e. 70 evaluable subjects). The dropout rate is expected to be less than 25%. Any dropouts (e.g. withdrawals, lost-to-follow-ups etc.) will be replaced in the same arm. Therefore a maximum of 260 persons may be enrolled to achieve 210 evaluable subjects in both arms (140 in arm 1 and 70 in arm 2).  

The sample size is calculated based on an expected failure rate (i.e. early and late treatment failures) of 10%. This sample size will allow for an estimation of the prevalence of failures in the azithromycin arm within 5 percentage points with 95% confidence (WHO 2003, Assessment and monitoring of antimalarial drug efficacy for the treatment of uncomplicated falciparum malaria. Geneva World Health Organization. Document WHO/HTM/RBM/2003.50).  

Anticipated population proportion of clinical failures:


10%

Confidence level:






95%

Precision:







5%

Calculated sample size for the azithromycin arm:


140 evaluable subjects

Participant Enrollment and Follow-Up

260 persons may be enrolled to achieve 210 evaluable subjects. Study participants will be randomly assigned to one of two treatment groups at a ratio of 2:1 and followed for 42 days. 

Historically lost to follow-up in 42 day studies of uncomplicated falciparum malaria has always been below 10% in this area (Noedl, unpublished data). Patients will be asked to return to the study center for follow-ups. In case patients cannot return for follow-up they will be visited at their homes by study personnel.     

Access to Source Data/Documents

The study site will maintain appropriate medical and research records for this trial, in compliance with Section 4.9 of ICH E6 GCP, and regulatory and institutional requirements for the protection of confidentiality of subjects. The database will be kept at Medical University of Vienna. Data will be shared with the investigators. The site will permit authorized representatives and regulatory agencies 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. 

Source data are all information, original records of clinical findings, observations, or other activities in a study necessary for the reconstruction and evaluation of the trial. Examples of these original documents and data records include, but are not limited to, hospital records, clinical and office charts, laboratory notes, memoranda, subjects’ diaries or evaluation checklists, pharmacy dispensing records, recorded data from automated instruments, copies or transcriptions certified after verification as being accurate and complete, microfiches, photographic negatives, microfilm or magnetic media, x-rays, and subject files and records kept at the pharmacy, at the laboratories, and medico-technical departments involved in the clinical study.

Ethics/Protection of Human Subjects

Declaration of Helsinki

The investigator will ensure that this study is conducted in full conformity with the current revision of the Declaration of Helsinki, or with the International Conference for Harmonisation Good Clinical Practice (ICH-GCP) regulations and guidelines, whichever affords the greater protection to the subject.

Institutional Review Board

The protocol and informed consent documents will be provided for the review and approval. 

The protocol will require scientific review and approval by the committee at ICDDR,B.  The protocol will undergo ethical review and require approval by the Ethical Review Committee (ERC) of the International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh (FWA #1468) and the Ethical Review Board of the Medical University of Vienna (FWA #3129). 

If modifications are required, they will be submitted in writing to the Ethical Review Committee (ERC) of the International Centre for Diarrhoeal Disease Research, Bangladesh, Dhaka, Bangladesh (FWA #1468) and the Ethical Review Board of the Medical University of Vienna (FWA #3129). A revised consent form will accompany any request for modification that changes any issue addressed in the currently approved consent form.

All amendments to the protocol and informed consent form, which require regulatory and/or IRB/IEC approval/favorable opinion, must be reviewed and approved by IRB/IEC and/or local authorities before being implemented. Amendments should not be implemented until all necessary approvals have been obtained, except where necessary to eliminate an immediate hazard(s) to study subjects.

Informed Consent

Freely given informed consent will be obtained from every subject prior to study participation. Informed consent must take place before any study specific procedure, prior to the initiation of non-routine study-related tests, and prior to administration of study drug (either investigational product or comparative product). Signed and dated, informed consent will be obtained from each subject (or his/her legally acceptable representative) in accordance with GCPs and with local regulatory and legal requirements. The completed informed consent form must be retained by the investigator as part of the study records and a copy will be provided to study subjects. The investigators, or a person designated by the investigators, will fully inform the subject or, if the subject is unable to provide informed consent, the subject's legally acceptable representative, of all pertinent aspects of the trial including the written information given approval/favorable opinion by the IRB/IEC. Neither the investigator, nor the trial staff, will coerce or unduly influence a subject to participate or to continue to participate in the study.

In obtaining and documenting informed consent, the investigators will comply with the applicable regulatory requirement(s), and will adhere to GCP and to the ethical principles that have their origin in the Declaration of Helsinki. Prior to the beginning of the trial, the investigators will have the IRB/IEC's written approval/favorable opinion of the written informed consent form and any other written information to be provided to subjects.

The written informed consent form and any other written information to be provided to subjects will be revised whenever important new information becomes available that may be relevant to the subject’s consent. Any revised written informed consent form, and written information will receive the IRB/IEC's approval/favorable opinion in advance of use. The subject or the subject’s legally acceptable representative will be informed in a timely manner if new information becomes available that may be relevant to the subject’s willingness to continue participation in the trial. The communication of this information will be documented.

Informed Consent Process

Informed consent is a process that is initiated prior to the individual’s agreeing to participate in the study and continuing throughout the individual’s study participation.  Extensive discussion of risks and possible benefits of participation in this study will be provided to the subjects and their families. Consent forms describing in detail the study procedures and risks are given to the subject and written documentation of informed consent is required prior to enrolling in the study. Consent forms will be IRB approved and the subject will be asked to read and review the document. If the patient cannot read the content of the consent form will be read and explained to him by study personnel. Upon reviewing the document, the study personnel will explain the research study to the subject and answer any questions that may arise. The subjects will sign the informed consent document prior to being enrolled in the study. The subjects should have the opportunity to discuss the study with their surrogates or think about it prior to agreeing to participate. The subjects may withdraw consent at any time throughout the course of the study. A copy of the informed consent document will be given to the subjects for their records. The rights and welfare of the subjects will be protected by emphasizing to them that the quality of their medical care will not be adversely affected if they decline to participate in this study.

Subject Confidentiality

All personal study subject data collected and processed for the purposes of this study should be managed by the investigators and his/her staff with adequate precautions to ensure the confidentiality of those data, and in accordance with applicable national and/or local laws and regulations on personal data protection.

Monitors, auditors and other authorized agents, the ethics committees approving this research will be granted direct access to the study subjects’ original medical records for verification of clinical trial procedures and/or data, without violating the confidentiality of the subjects, to the extent permitted by the law and regulations. In any presentations of the results of this study at meetings or in publications, the subjects’ identity will remain confidential.

Future Use of Stored Specimens

After the study is complete residual specimens will be stored and only used for purposes mentioned in the explicitly stated in the consent form. Samples may only be used for research purposes other than those mentioned in the protocol after notification and approval by the IRB of record.
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Appendix A: Schedule of Procedures/Evaluations 
	Study Assessments Table

	
	Baseline
(Day 0)
	Day 1
	Day 2
	Day 3


	Day 7


	Day 14


	Day 21


	Day 28


	Day 35
	End of Study       Day 42

	Informed Consent
	X
	
	
	
	
	
	
	
	
	

	Eligibility Criteria
	X
	
	
	
	
	
	
	
	
	

	Demographics
	X
	
	
	
	
	
	
	
	
	

	Medical History
	X
	
	
	
	
	
	
	
	
	

	Physical Examination*
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Prior/Concomitant Medication *
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Vital Signs*
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Adverse Events*
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Clinical Signs & Symptoms*
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Microbiology:

Thick and Thin Blood Smear**
	X


	X
	X
	X
	X
	X
	X
	X
	X
	X

	Clinical Laboratory:

Urine Pregnancy 

 
	X


	
	
	
	
	
	
	
	
	

	Clinical Laboratory:

Hematology, Chemistry
	X
	
	
	X
	
	
	
	
	
	

	PCR #
	X
	
	
	
	
	
	
	
	
	

	In Vitro Culture #
	X
	
	
	
	
	
	
	
	
	

	Subject Summary
	
	
	
	
	
	
	
	
	
	X

	Study Treatment
	X
	X
	X
	
	
	
	
	
	
	


* Daily for until Day 3 or until parasite clearance, whichever is longer; and on Days 7, 14, 21, 28, 35, and 42 

** Daily until aparasitemic on at least 2 successive smears 

 #  To be repeated on day of recrudescence

Appendix B: Definitions 
· Cure is defined as the disappearance of asexual parasites of P. falciparum from the peripheral blood stream in the first week and the absence of recrudescence until Day 42.

· Recrudescence is defined as the reappearance of asexual parasites of P. falciparum in the peripheral blood stream after clearance in the first week. 

· Relapse is defined as the appearance of asexual parasites of P. vivax in the peripheral blood stream from dormant liver forms (hypnozoites).  

· Parasite clearance time is the time from the start of treatment until the first time blood films are negative for asexual parasites of P. falciparum and remain negative for the next 48 hours. The event time for clearance times is defined as the time until the first in a series of negative tests occurs.

· Fever clearance time is the time from start of treatment until the oral temperature drops to below 37.5 °C and remains below this temperature for the next 48 hours.

· Uncomplicated malaria is falciparum malaria in the absence of any signs of severe malaria.
· Severe malaria is defined as falciparum malaria in the presence of any of the following malaria-associated criteria (Defining Criteria): cerebral malaria (unrousable coma), severe normocytic anemia, renal failure, pulmonary edema, ARDS, hypoglycemia, circulatory collapse, shock, spontaneous bleeding, DIC, repeated generalized seizures, acidemia or acidosis, malarial hemoglobinuria; (Additional Criteria): impaired consciousness but rousable, prostration and extreme weakness, hyperparasitemia, jaundice, prolonged hyperpyrexia.
ABSTRACT SUMMARY FOR the ICDDR,B ERC:

The work will be carried out in an endemic area for malaria.  Early diagnosis and proper treatment are vital for malaria endemic communities.  Drug resistance to commonly used anti-malarials has become an increasing problem in the endemic areas. This study will undertake a clinical trial with the combination of azithromycin and artesunate for the treatment of uncomplicated falciparum malaria in Bandarban Sadar Hospital. Successful completion of this study might give us a new combination therapy for falciparum malaria, which will be helpful to control malaria in Bangladesh and elsewhere. 

Doctors/Nurses will explain the aim of the study to all study participants. Results of this study will be helpful to have a new treatment regimen for malaria. No invasive procedure will be carried out on the patients in this study except drawing of blood.

    1.   All subjects in the endemic areas are at the greatest risk for malaria.

2. There are no major potential risks - finger prick and venous blood will be collected from the subjects having clinical diagnosis of malaria. Severe cases of malaria will not be enrolled in this study. From patients enrolled in the study 16 ml of blood will be taken on the first day of the study.

3. Disposable needles and syringes will be used for collecting blood for protecting or minimizing any potential risk.

4. Confidentiality will be strictly maintained by coding each subject.

5.  a) Signed informed consents will be obtained from the adult subjects and for children from the parents /legal guardian of the children.

     b) No information will be withheld from the subjects.

       c) There is no potential risk to the subjects regarding privacy of individuals.

           Recruited subjects will be followed for malaria case management as per study  

           design.

6. Each subject enrolled in this study will have a CRF in which his clinical symptoms, diagnosis and treatment related to malaria will be recorded by the project staff.

7. Subjects who will participate will benefit from the study as they will receive free dipstick diagnosis and treatment for malaria from the study.

    8.  We shall obtain finger prick blood for diagnosis of malaria and venous blood for  

          in vitro drug resistance studies from patients with confirmed diagnosis of  

          falciparum malaria.
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International Centre for Diarrhoeal Disease Research, Bangladesh

Voluntary  Consent Form (>17 years of age)

Title of the Research Project: Azithromycin combination therapy for the treatment of   uncomplicated falciparum malaria in Bangladesh: An open label randomized controlled trial


Principal Investigators: Dr. Rashidul Haque and Dr. Harald Noedl


Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children, consents must be obtained from their parents or legal guardians. The subject must indicate his/ her acceptance of participation by signing or thumb printing on this form.

IMPORTANT INFORMATION FOR WOMEN OF CHILDBEARING POTENTIAL

You must not participate if you are a female who is pregnant, nursing a child, or if you are of childbearing potential and not practicing effective methods of contraception. This is important because some of these drugs have not been tested in pregnant or nursing women and your child may therefore be exposed to risks, which are currently unknown. If you feel or suspect that you may be pregnant you have to inform the doctor. During the study period if you become pregnant we have to drop you from the study however, you will receive the standard treatment provided to other patients.
If you do not understand any part of this informed consent please ask one of the investigators of the study regarding it. For children 8-17 years of age assent should be obtained from participants and consent must be obtained from parent  / legal guardian of the child. If you agree to participate in this proposed study, a copy of this form will be provided to you.

Introduction

Malaria is a major cause of death worldwide. Most of the deaths occur in the poorest regions of the world. Malaria is caused by a parasite name “Plasmodium” that enters into the human body following the bite of female mosquitoes. Among the four Plasmodium species that infects human “Plasmodium falciparum” causes the most severe form of illness and is also associated with most of the deaths due to malaria. Malaria is a major health problem in the mountainous Bandarban region of Bangladesh, where P. falciparum is the predominant species.

Children and adults are both at risk of malaria in Bandarban district. Malaria is treated with antimalarial drugs. Patients suffering from malaria may progress from minor symptoms, like high temperature, headache, tiredness to very severe disease with loss of consciousness, drop of blood sugar level, acute kidney failure within a few hours. Thus early diagnosis for malaria with effective administration of antimalarial drug is very important. There are reports from this region and also from other places of the world that many antimalarial drugs that were previously working are no longer working against falciparum malaria. Thus to improve treatment outcome the World Health Organization (WHO) has now recommended to use combinations of antimalarial drugs for the treatment of falciparum malaria.

Different combination therapies of antimalarials have been tried against falciparum malaria. In Bangladesh the current first line therapy against falciparum malaria is Coartem (artemether and lumefantrine) given two times daily for 3 days. In a recent study done in Thailand with artesunate and azithromycin given as one single or two doses daily for 3 days in uncomplicated falciparum malaria has shown high cure rates and that it is safe and well tolerated. It is therefore, important to find out if this regimen will also show similar response in our population.     

Purpose of the Research Study

At this Sadar hospital in Bandarban we are conducting a research study to compare the cure rate, tolerability and safety of azithromycin and artesunate with Coartem the present first line of therapy in Bangladesh for the treatment of uncomplicated falciparum malaria. This way we hope to find a good alternative for treating malaria in Bangladesh. For our research, we need to recruit 260 patients. 

Why are we asking you/your child to participate in the study?

You/your child is having fever and we suspect that this is because of malaria. By testing a few drops of your/your child’s finger blood we can confirm whether you/your child is infected with falciparum malaria or not. If infected we are asking to help us through your/your child’s participation in the study where we are evaluating this new combination drug for the treatment of your malaria.

If this alternative combination therapy for uncomplicated falciparum malaria is found to be effective, safe and tolerable then there will have an additional choice of drug for the treatment of multi drug resistant malaria, which may be very helpful for the people suffering of malaria in Bangladesh.

What are the procedures?

If you agree to enroll you/your child in our study:

1. We will ask you few questions related to your/your child’s illness, perform a physical examination and record the findings, and perform laboratory tests (from a blood sample) to see if you/your child can safely participate in the study. After these initial tests we will decide whether you can participate in the study. You will have to take the final decision whether to participate in the study or not. Even if you decide not to participate in the study will receive the standard malarial treatment from us.  If you are a woman your urine will also be screened for pregnancy by a pregnancy test. You cannot participate if you are a woman who is pregnant or nursing a child. 
2. If you/your child are eligible:

a) You/your child will then be hospitalised for malaria treatment and observation for 3 days or until your malaria is gone. You/your child will be observed closely for response to the treatment and for tolerance of the medicines. Response to malaria treatment will be checked by finger prick blood smears twice a day until the malaria is gone. On the third day we will also draw some blood for blood tests similar to those on the first day. 

b) Treatment group: You/your child will receive either azithromycin with artesunate once daily for 3 days or artemether with lumefantine two times daily for 3 days.  
3. You/your child will be asked to return to the hospital for follow-up visit on day 7, 14, 21, 28, 35, and 42 from the first day of enrolment into the study. A free mosquito net will be provided at the time of discharge from the hospital under which you/your child should sleep for the whole duration of the study to make sure that you/your child is not infected with malaria again. Throughout the study you will be monitored for side effects, other illnesses in addition to malaria, medicines taken at the same time as the study treatment, and to ensure that you follow the study requirements. If at any time during the study you develop another form of malaria, which is called vivax malaria, your participation in the study will have to be terminated. The total duration of your participation in this study will be 42 days.

Blood draws

Blood will be drawn from you/your child to check for malaria and other changes that may be due to the malaria or the treatment that you will receive. Over the entire study, up to approximately 28 ml (around 2 tablespoons) of blood will be drawn by venipuncture. 

∙ We will draw blood on the first day of the study for laboratory tests to check your/your child’s blood parameters (8 ml), to test for malaria and to measure how sensitive the parasites are to the medicines you will receive (4 ml), and to genetically characterize the parasites (4 ml) in total 16 ml (approximately 1 tablespoon). 

∙ After treatment is started, a few drops of blood will be drawn twice daily by finger prick to check for malaria until the malaria is gone, then once every week. 

∙ Additionally, 4 ml (1 teaspoon) of blood will be drawn from the vein on the third day to check your/your child’s blood parameters. 
If your/your child’s malaria should reappear we will draw another 8 ml (2 teaspoons) of blood to check for malaria and measure once more how sensitive the parasites are to antimalarial drugs (4 ml) and to see if the parasites are the same as at the beginning (4 ml).

What are the risks?

As with all research studies, the drug treatment and other therapies may involve risks that are already known, as well as risks that are currently unknown. There is a risk that your/your child’s malaria may come back during the 42 day observation period. If your/your child’s malaria comes back, you/your child may experience a return of fevers, headache, muscle aches and weakness. If confirmed as recrudescent malaria, you/your child will be treated with standard medications for malaria.  

All malaria medications, including the standard medications, have side effects or may cause an allergic reaction. Azithromycin is generally well tolerated but may cause abdominal symptoms such as nausea, vomiting, diarrhea, or abdominal pain. Artesunate is generally also very well tolerated, but may cause mild symptoms or mild changes in laboratory parameters related to the blood or liver. The combination of lumefantrine and artemether may rarely cause symptoms like dizziness, vomiting, nausea or diarrhea. All these symptoms usually go away when the medicine is stopped.

Blood drawing is also associated with the discomfort of having a needle stick, includes minor pain and bruising at the site, which usually disappears within 7 days.  We shall be careful to minimize the risk of infection or other adverse events as much as possible by carefully monitoring every procedure as well as your health, and if anything unforeseen happens we will take appropriate measures.   

What is the benefit?

You will receive full assessment of your case of malaria with complete treatment and follow-up. You will also receive attentive inpatient care until the malaria is gone to monitor for complications from the malaria or side effects of the therapy. 

In the following weeks we will also check your/your child’s blood regularly to identify and rapidly treat any reappearance of infection. Symptomatic medications (paracetamol, anti-emetics, etc.) will also be provided. You will also receive a mosquito net to prevent any new malaria infections. Other benefits may exist for others who will be treated for their malaria in the future but not necessarily for yourself/your child.

Compensation

You will not be required to pay any money for participating in the study. Your travel expenses will be borne by the study, including the time of discharge and all visits during the follow-up period. 

Participation is voluntary

Your/your child’s participation in this study is voluntary, and you are the one to decide for or against participation. You will also be able to withdraw your consent at any time after enrollment into the study without penalty.  You are not waiving any legal claims, rights or remedies because of your participation in this study. If you/your child do not participate in this study, and also if you withdraw your consent after enrolment in the study, you/your child and your family will continue to get the same good treatment at this hospital for this illness and in future.

Confidentiality

We will keep all of your/your child’s medical and laboratory information confidential, locked in a secure cabinet, and none other than the study staff, the ethical review committees, whose responsibility is to ensure that this research is conducted in safe, legal and approved manner and to protect your rights while participating in this research study will have access to the record. These records will be made available, as described above, even if you/your child withdraws. 

We would like to inform you that we cannot provide you with an absolute guarantee for maintaining confidentiality since disclosure of such information is also subjected to law of this country. 

Storage of blood samples:  If you agree, we will store the remaining sample after the study is over. We may use the sample to work with other tests for malaria. We may also look in your/your child’s blood sample for other infections, or for blood factors that make people more likely to get sick from malaria. We will not use this sample for HIV or human genetic testing. After our study ends, we will take your/your child’s name off the sample when we store it so we will not be able to report the results of future tests to you. We will store the samples for about 20 years. If you are willing to have us test your/your child’s samples now, but you do not want us to store the samples, you can still take part in the study.  

 FORMCHECKBOX 
   I give permission to store my blood samples for future tests.

 FORMCHECKBOX 
   I do not give permission to store my blood samples.
For further information

If you have any question regarding your/your child illness and/or its treatment, and about the study and its procedures, you may ask those to study staff now or in future. You will also be able to contact the principal investigator or other investigators of this study at the address given below for asking questions. If you want to know more about your rights as a participant in a research study, you may contact Mr. B. R. Saha, personally at the Training and Education Department of ICDDR,B, Mohakhali, Dhaka 1212, or over telephone at PABX: 8860523 through 8860532, Extension No. 2115. 

If you/your child agree to participate in the study, please indicate that by putting your signature or left thumb impression at the specified space below.

Thank you for your cooperation.

Declaration by the participant

I have read the consent form/the study staff has read out and explained to me the aims of the study, it’s procedures, risks and benefit, confidential handling of my/my child’s personal and illness information as well as results of the laboratory tests, voluntary nature of my/my child’s participation and my/my child’s rights as a participant in a research study to my complete understanding. I do understand that during hospitalization my blood will be drawn at different time periods for investigations, then once in every follow-up (7, 14, 21, 28, 35 and 42 day after discharge) to check if I am/my child is infected with malarial or not. My participation in this study may continue for up to 6 weeks and that I will have to come for all scheduled blood collection and follow-up visits. 

Dr_________________________________ has provided satisfactory answers to my questions. I also understand that I may ask further questions regarding this study anytime and if any new information is available during my/my child’s participation in the study that this information will be communicated to me. I understand that I may withdraw my consent at any time, without giving any cause thereof, and that such withdrawal will not affect my or any of my relatives further treatment at this hospital now, and in future. I also understand that I will receive a copy of this form. Based on the information provided to me, I am voluntarily giving my consent for my/my child’s participation in this study.

My signature/thumb print below implies that, I have been informed about the purpose, procedure, risk and benefit, alternatives and my responsibilities in this study and that I have understood it clearly and also I have known about my rights in participating in the study.

Contact address of the Investigators:

Dr. Rashidul Haque; Principal Investigator, Laboratory Sciences Division

ICDDR,B: Centre for Health and Population Research, Mohakhali, Dhaka 1212

Telephone: PABX: 8860523 through 8860532, Extension 2411. :

Dr. Wasif Ali Khan: Co-Investigator, Clinical Sciences Division

ICDDR,B: Centre for Health and Population Research, Mohakhali, Dhaka 1212

Telephone: PABX: 8860523 through 8860532, Extension 2314. 

Dr. Aung Swi Prue Marma: Co-Investigator, Resident Medical Officer (RMO)

Sadar Hospital, Bandarban

Telephone: 880-361-62-544 (O), 405 (R), 921 (C) Mobile: 011-270-402

______________________




___/___/___      

Signature / Left thumbprint




     Date

Patient/ guardian








_____________________

Name of the Investigator

_____________________




___/___/___
Signature of Investigator




     Date

______________________

Name of the witness

_____________





___/___/___
Witness’s signature 





     Date

You will be provided with a copy of this consent form.
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Voluntary Assent Form (8-17 years of age)

Title of the Research Project: Azithromycin combination therapy for the treatment of   uncomplicated falciparum malaria in Bangladesh: An open label randomized controlled trial


Principal Investigators: Dr. Rashidul Haque and Dr. Harald Noedl


Before recruiting into the study, the study subject must be informed about the objectives, procedures, and potential benefits and risks involved in the study. Details of all procedures must be provided including their risks, utility, duration, frequencies, and severity. All questions of the subject must be answered to his/ her satisfaction, indicating that the participation is purely voluntary. For children, consents must be obtained from their parents or legal guardians. The subject must indicate his/ her acceptance of participation by signing or thumb printing on this form.

IMPORTANT INFORMATION FOR WOMEN OF CHILDBEARING POTENTIAL

You must not participate if you are a female who is pregnant, nursing a child, or if you are of childbearing potential and not practicing effective methods of contraception. This is important because some of these drugs have not been tested in pregnant or nursing women and your child may therefore be exposed to risks, which are currently unknown. If you feel or suspect that you may be pregnant you have to inform the doctor. During the study period if you become pregnant we have to drop you from the study however, you will receive the standard treatment provided to other patients.
If you do not understand any part of this informed consent please ask one of the investigators of the study regarding it. For children 8-17 years of age assent should be obtained from participants and consent must be obtained from parent  / legal guardian of the child. If you agree to participate in this proposed study, a copy of this form will be provided to you.

Introduction

Malaria is a major cause of death worldwide. Most of the deaths occur in the poorest regions of the world. Malaria is caused by a parasite name “Plasmodium” that enters into the human body following the bite of female mosquitoes. Among the four Plasmodium species that infects human “Plasmodium falciparum” causes the most severe form of illness and is also associated with most of the deaths due to malaria. Malaria is a major health problem in the mountainous Bandarban region of Bangladesh, where P. falciparum is the predominant species.

Children and adults are both at risk of malaria in Bandarban district. Malaria is treated with antimalarial drugs. Patients suffering from malaria may progress from minor symptoms, like high temperature, headache, tiredness to very severe disease with loss of consciousness, drop of blood sugar level, acute kidney failure within a few hours. Thus early diagnosis for malaria with effective administration of antimalarial drug is very important. There are reports from this region and also from other places of the world that many antimalarial drugs that were previously working are no longer working against falciparum malaria. Thus to improve treatment outcome the World Health Organization (WHO) has now recommended to use combinations of antimalarial drugs for the treatment of falciparum malaria.

Different combination therapies of antimalarials have been tried against falciparum malaria. In Bangladesh the current first line therapy against falciparum malaria is Coartem (artemether and lumefantrine) given two times daily for 3 days. In a recent study done in Thailand with artesunate and azithromycin given as one single or two doses daily for 3 days in uncomplicated falciparum malaria has shown high cure rates and that it is safe and well tolerated. It is therefore, important to find out if this regimen will also show similar response in our population.     

Purpose of the Research Study

At this Sadar hospital in Bandarban we are conducting a research study to compare the cure rate, tolerability and safety of azithromycin and artesunate with Coartem the present first line of therapy in Bangladesh for the treatment of uncomplicated falciparum malaria. This way we hope to find a good alternative for treating malaria in Bangladesh. For our research, we need to recruit 260 patients. 

Why are we asking you/your child to participate in the study?

You/your child is having fever and we suspect that this is because of malaria. By testing a few drops of your/your child’s finger blood we can confirm whether you/your child is infected with falciparum malaria or not. If infected we are asking to help us through your/your child’s participation in the study where we are evaluating this new combination drug for the treatment of your malaria.

If this alternative combination therapy for uncomplicated falciparum malaria is found to be effective, safe and tolerable then there will have an additional choice of drug for the treatment of multi drug resistant malaria, which may be very helpful for the people suffering of malaria in Bangladesh.

What are the procedures?

If you agree to enroll you/your child in our study:

1. We will ask you few questions related to your/your child’s illness, perform a physical examination and record the findings, and perform laboratory tests (from a blood sample) to see if you/your child can safely participate in the study. After these initial tests we will decide whether you can participate in the study. You will have to take the final decision whether to participate in the study or not. Even if you decide not to participate in the study will receive the standard malarial treatment from us.  If you are a woman your urine will also be screened for pregnancy by a pregnancy test. You cannot participate if you are a woman who is pregnant or nursing a child. 
2. If you/your child are eligible:

a) You/your child will then be hospitalised for malaria treatment and observation for 3 days or until your malaria is gone. You/your child will be observed closely for response to the treatment and for tolerance of the medicines. Response to malaria treatment will be checked by finger prick blood smears twice a day until the malaria is gone. On the third day we will also draw some blood for blood tests similar to those on the first day. 

b) Treatment group: You/your child will receive either azithromycin with artesunate once daily for 3 days or artemether with lumefantine two times daily for 3 days.  
3. You/your child will be asked to return to the hospital for follow-up visit on day 7, 14, 21, 28, 35, and 42 from the first day of enrolment into the study. A free mosquito net will be provided at the time of discharge from the hospital under which you/your child should sleep for the whole duration of the study to make sure that you/your child is not infected with malaria again. Throughout the study you will be monitored for side effects, other illnesses in addition to malaria, medicines taken at the same time as the study treatment, and to ensure that you follow the study requirements. If at any time during the study you develop another form of malaria, which is called vivax malaria, your participation in the study will have to be terminated. The total duration of your participation in this study will be 42 days.

Blood draws

Blood will be drawn from you/your child to check for malaria and other changes that may be due to the malaria or the treatment that you will receive. Over the entire study, up to approximately 28 ml (around 2 tablespoons) of blood will be drawn by venipuncture. 

∙ We will draw blood on the first day of the study for laboratory tests to check your/your child’s blood parameters (8 ml), to test for malaria and to measure how sensitive the parasites are to the medicines you will receive (4 ml), and to genetically characterize the parasites (4 ml) in total 16 ml (approximately 1 tablespoon). 

∙ After treatment is started, a few drops of blood will be drawn twice daily by finger prick to check for malaria until the malaria is gone, then once every week. 

∙ Additionally, 4 ml (1 teaspoon) of blood will be drawn from the vein on the third day to check your/your child’s blood parameters. 
If your/your child’s malaria should reappear we will draw another 8 ml (2 teaspoons) of blood to check for malaria and measure once more how sensitive the parasites are to antimalarial drugs (4 ml) and to see if the parasites are the same as at the beginning (4 ml).

What are the risks?

As with all research studies, the drug treatment and other therapies may involve risks that are already known, as well as risks that are currently unknown. There is a risk that your/your child’s malaria may come back during the 42 day observation period. If your/your child’s malaria comes back, you/your child may experience a return of fevers, headache, muscle aches and weakness. If confirmed as recrudescent malaria, you/your child will be treated with standard medications for malaria.  

All malaria medications, including the standard medications, have side effects or may cause an allergic reaction. Azithromycin is generally well tolerated but may cause abdominal symptoms such as nausea, vomiting, diarrhea, or abdominal pain. Artesunate is generally also very well tolerated, but may cause mild symptoms or mild changes in laboratory parameters related to the blood or liver. The combination of lumefantrine and artemether may rarely cause symptoms like dizziness, vomiting, nausea or diarrhea. All these symptoms usually go away when the medicine is stopped.

Blood drawing is also associated with the discomfort of having a needle stick, includes minor pain and bruising at the site, which usually disappears within 7 days.  We shall be careful to minimize the risk of infection or other adverse events as much as possible by carefully monitoring every procedure as well as your health, and if anything unforeseen happens we will take appropriate measures.   

What is the benefit?

You will receive full assessment of your case of malaria with complete treatment and follow-up. You will also receive attentive inpatient care until the malaria is gone to monitor for complications from the malaria or side effects of the therapy. 

In the following weeks we will also check your/your child’s blood regularly to identify and rapidly treat any reappearance of infection. Symptomatic medications (paracetamol, anti-emetics, etc.) will also be provided. You will also receive a mosquito net to prevent any new malaria infections. Other benefits may exist for others who will be treated for their malaria in the future but not necessarily for yourself/your child.

Compensation

You will not be required to pay any money for participating in the study. Your travel expenses will be borne by the study, including the time of discharge and all visits during the follow-up period. 

Participation is voluntary

Your/your child’s participation in this study is voluntary, and you are the one to decide for or against participation. You will also be able to withdraw your consent at any time after enrollment into the study without penalty.  You are not waiving any legal claims, rights or remedies because of your participation in this study. If you/your child do not participate in this study, and also if you withdraw your consent after enrolment in the study, you/your child and your family will continue to get the same good treatment at this hospital for this illness and in future.

Confidentiality

We will keep all of your/your child’s medical and laboratory information confidential, locked in a secure cabinet, and none other than the study staff, the ethical review committees, whose responsibility is to ensure that this research is conducted in safe, legal and approved manner and to protect your rights while participating in this research study will have access to the record. These records will be made available, as described above, even if you/your child withdraws. 

We would like to inform you that we cannot provide you with an absolute guarantee for maintaining confidentiality since disclosure of such information is also subjected to law of this country. 

Storage of blood samples:  If you agree, we will store the remaining sample after the study is over. We may use the sample to work with other tests for malaria. We may also look in your/your child’s blood sample for other infections, or for blood factors that make people more likely to get sick from malaria. We will not use this sample for HIV or human genetic testing. After our study ends, we will take your/your child’s name off the sample when we store it so we will not be able to report the results of future tests to you. We will store the samples for about 20 years. If you are willing to have us test your/your child’s samples now, but you do not want us to store the samples, you can still take part in the study.  

 FORMCHECKBOX 
   I give permission to store my blood samples for future tests.

 FORMCHECKBOX 
   I do not give permission to store my blood samples.
For further information

If you have any question regarding your/your child illness and/or its treatment, and about the study and its procedures, you may ask those to study staff now or in future. You will also be able to contact the principal investigator or other investigators of this study at the address given below for asking questions. If you want to know more about your rights as a participant in a research study, you may contact Mr. B. R. Saha, personally at the Training and Education Department of ICDDR,B, Mohakhali, Dhaka 1212, or over telephone at PABX: 8860523 through 8860532, Extension No. 2115. 

If you/your child agree to participate in the study, please indicate that by putting your signature or left thumb impression at the specified space below.

Thank you for your cooperation.

Declaration by the participant

I have read the consent form/the study staff has read out and explained to me the aims of the study, it’s procedures, risks and benefit, confidential handling of my/my child’s personal and illness information as well as results of the laboratory tests, voluntary nature of my/my child’s participation and my/my child’s rights as a participant in a research study to my complete understanding. I do understand that during hospitalization my blood will be drawn at different time periods for investigations, then once in every follow-up (7, 14, 21, 28, 35 and 42 day after discharge) to check if I am/my child is infected with malarial or not. My participation in this study may continue for up to 6 weeks and that I will have to come for all scheduled blood collection and follow-up visits. 

Dr_________________________________ has provided satisfactory answers to my questions. I also understand that I may ask further questions regarding this study anytime and if any new information is available during my/my child’s participation in the study that this information will be communicated to me. I understand that I may withdraw my consent at any time, without giving any cause thereof, and that such withdrawal will not affect my or any of my relatives further treatment at this hospital now, and in future. I also understand that I will receive a copy of this form. Based on the information provided to me, I am voluntarily giving my consent for my/my child’s participation in this study.

My signature/thumb print below implies that, I have been informed about the purpose, procedure, risk and benefit, alternatives and my responsibilities in this study and that I have understood it clearly and also I have known about my rights in participating in the study.

Contact address of the Investigators:

Dr. Rashidul Haque; Principal Investigator, Laboratory Sciences Division

ICDDR,B: Centre for Health and Population Research, Mohakhali, Dhaka 1212

Telephone: PABX: 8860523 through 8860532, Extension 2411. :

Dr. Wasif Ali Khan: Co-Investigator, Clinical Sciences Division

ICDDR,B: Centre for Health and Population Research, Mohakhali, Dhaka 1212

Telephone: PABX: 8860523 through 8860532, Extension 2314. 

Dr. Aung Swi Prue Marma: Co-Investigator, Resident Medical Officer (RMO)

Sadar Hospital, Bandarban

Telephone: 880-361-62-544 (O), 405 (R), 921 (C) Mobile: 011-270-402

Verbal consent for children 8-17 years obtained                  Yes                  No

Name of the participant: ________________________________________________________

Name of the parent/legal guardian of the child: ______________________________________

______________________




___/___/___      

Signature / Left thumbprint




     Date

Patient/ guardian








_____________________

Name of the Investigator

_____________________




___/___/___
Signature of Investigator




     Date

______________________

Name of the witness

_____________





___/___/___
Witness’s signature 





     Date

You will be provided with a copy of this consent form
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