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Principal Investigator:  Dr. Rashidul Haque

Project Name:    Antimalarial Drug Resistance in Bangladesh

 Beginning Date   1. July 2003            Ending Date  30. June 2008



Drug resistant malaria is becoming a major public health threat in many countries of Southern and Southeast Asia. Its potential spread is imminent, however, drug sensitivity reports from countries like Bangladesh are sparse. Active malaria control efforts in other countries like Thailand have prevented, to some extent, this problem from escalating in recent years. In Bangladesh, however, drug resistance has increased the existing burden of the country's malaria control program. Up to 70,000 laboratory-confirmed and 900,000 clinical cases of malaria with more than 500 deaths per year were accounted for in Bangladesh in the late 1990s (WHO, 1999), but these numbers may only represent a gross underestimate of the disease burden because of shortcomings in surveillance and information systems (Bangali et al., 2000; Faiz et al., 2002). Recent reports of high levels of resistance particularly to chloroquine, the first line treatment for uncomplicated falciparum malaria in Bangladesh, necessitate more comprehensive research into the current situation of antimalarial drug resistance in Bangladesh.


Plasmodium falciparum resistant to chloroquine is now found worldwide. In Africa, sulfadoxine-pyrimethamine (S/P) resistance is an increasing problem. S/P resistance has also become increasingly common in South America. In Southeast Asia, mefloquine resistance, which evolved on the Thai-Cambodian border, progressed rapidly in the late 1980s and probably spread to Myanmar from the early 1990s. Its spread to the eastern border regions of Bangladesh is likely. However, currently there is very little data on antimalarial drug-resistance in Bangladesh. Recent preliminary reports suggest a high level of drug resistance, particularly to chloroquine and S/P, but possibly also to mefloquine, which has not been used in the Bangladeshi health care system up to now (Noedl et al., 2003).


Since 1984, the Dept. of Immunology and Medicine, AFRIMS, has accumulated in vitro and in vivo anti-malarial drug susceptibility data of P. falciparum isolates from different endemic areas in Thailand. This type of data helps to explain the epidemiology of drug resistant malaria in the country, provides supportive evidence for clinical responses to antimalarials, improves our understanding of drug resistance development and serves as guidance in the formulation of anti-malarial drug policy by the Thai Ministry of Public Health. It will be a major objective of this study to establish a similar level of expertise for ICDDR’B in Bangladesh.



The combination of in vitro and in vivo drug susceptibility tests, as proposed in this study, has several advantages as it provides both intrinsic drug sensitivity data (in vitro tests) as well as clinical treatment response parameters (in vivo tests). In vitro tests are ideal for demonstrating biological resistance to antimalarials. They are independent of host immune response and cannot be confused with treatment failure, which may be due to reasons other than drug resistance, e.g. poor compliance, poor absorption, etc. As a quantitative public health tool, in vitro assay can be used for monitoring anti-malarial drug resistance and comparing drug susceptibility status at different periods of time or of different endemic areas. By following up patients treated with standard doses of antimalarial drugs, in vivo tests, on the other hand, provide parameters of drug response in specific populations, including drug sensitivity as well as levels of immunity in the patients. In vitro tests therefore measure the intrinsic drug sensitivity of malaria parasites in a highly controlled laboratory environment, while in vivo tests measure the treatment response in an individual patient, including variable influences due to its immune system and drug absorption.  Their results therefore often do not correlate.  To obtain a comprehensive picture of drug resistance these tests should therefore be performed in parallel if possible.   


This composite study, unlike a regular antimalarial field efficacy study, is designed for double purposes. Besides firstly estimating the antimalarial cure rates in the field, assessment of the level of resistance by in vitro assays will simultaneously be performed using a new, ELISA-based technique developed at the AFRIMS laboratory (Noedl et al. 2002) and by an established isotopic technique. We propose to collect 5 mL blood from patients aged 18 to 65 years who are attending health care facilities and whose blood smear is positive for malaria. This will be a one-time-only blood draw (except for patients who develop recrudescence). Active case detection and cross sectional surveys may be used to identify additional patients. All volunteers will be treated for malaria according to standard regimens routinely used in the respective region. No therapeutic trials will be introduced as a part of this project. The blood specimens will be used mainly for in vitro anti-malarial drug susceptibility assays, molecular typing of drug resistance genes, and diagnostic purposes. Patients who volunteer to also take part in the in vivo part of the study will be treated with standard regimens of antimalarial drugs and will be followed up for 42 days to uncover any cases of recrudescence (reappearance of parasites in the blood stream).  
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DESCRIPTION OF THE RESEARCH PROJECT

Hypothesis to be tested:


Recent preliminary reports, particularly from southeastern Bangladesh, suggest that high levels of antimalarial drug resistance are common in Bangladesh. Especially resistance of malaria parasites to standard regimens of antimalarial drugs as proposed by the national treatment guidelines is of major concern. Drug resistant falciparum malaria is likely to be a major cause for mortality and morbidity in malaria endemic regions of Bangladesh. 


The hypothesis is that there is high levels of resistance to chloroquine, the first line drug for the treatment of uncomplicated falciparum malaria in Bangladesh, that render this drug almost useless for the treatment of falciparum malaria. In addition it is likely that malaria parasites in Bangladesh are considerably less sensitive to other antimalarial drugs. To reduce mortality and morbidity due to malaria as well as to adjust future treatment guidelines it will therefore be essential to assess current levels of in vitro and in vivo drug resistance in malaria endemic regions of Bangladesh.  

Specific Aims:


1. To determine in vitro as well as in vivo drug susceptibility of P. falciparum parasites from different malaria endemic areas in Bangladesh and to establish a drug-resistance map for the country, which may serve as the basis for the adjustment of future treatment guidelines.

2. To establish the field efficacy of currently used standard regimens for the treatment of uncomplicated malaria in Bangladesh. 

3. To compare the in vitro susceptibility patterns of these isolates with in vivo treatment response.

4. To establish a malaria drug-sensitivity reference laboratory for Bangladesh at ICDDR,B.

Background of the Project including Preliminary Observations 


With 300 to 500 million clinical cases and 1.1 to 2.7 million deaths per year malaria remains one of the most deadly tropical diseases (WHO, 2000). Despite considerable efforts to eradicate or control malaria in the past centuries, it continues to be one of the most prevalent and most devastating diseases in the tropics (WHO, 1993). In spite of the promising early results of malaria control in many countries affected, using chloroquine and insecticides, the incidence of malaria increased in many countries primarily due to the development and spread of drug-resistant strains of Plasmodium falciparum to chloroquine and subsequently to other antimalarials (Wernsdorfer, 1994). Malaria was nearly eradicated from Bangladesh from most of the country by the 1970's, but never disappeared in the eastern regions associated with tea gardens and forests where Anopheles dirus-transmitted falciparum malaria is common. Malaria has re-emerged as one of the major public health problems in this decade (M&PDC, 1997; Sharma, 1996). In the 1990s the upsurge of the disease has created an alarming situation with reports of focal P. falciparum outbreaks in northeastern border areas and an increase of P. falciparum and P. vivax cases in the endemic areas. The total number of reported cases in the country as reflected through the regular surveillance mechanism has increased from 53,875 in 1990 to 165,102 and 152,729 confirmed cases in 1994 and 1995 respectively. A total of 100,864 confirmed cases were reported in 1996. Subsequently cases decline during 1997, 1998 and 1999 (68,541 in 1997, 60,023 in 1998 and 63,738 in 1999) (M&PDC, 2000).

Falciparum malaria is a focal problem of Bangladesh and about two-third of the total cases are reported from four out of the total 64 districts of the country (M&PDC, 1997). The forest and forest fringe areas particularly in the northeastern and southeastern border regions report 96% of total positive cases and 99% of total P. falciparum cases in the country (M&PDC, 2000). In 1999 in the Cox’s Bazaar district about 10,000 cases of malaria were reported out of which 70% were cases of P. falciparum malaria (MPDC 2000).

On the Indian sub-continent resistance to chloroquine in P. falciparum was first detected in 1973 from Anglong district of Assam, India, in close proximity to Bangladesh. (Shegal et al., 1975). The first cases of chloroquine resistance were reported as early as the late 1950s from Thailand (Harinasuta et al., 1965). By 1976 the first cases of chloroquine resistance were also reported from Bangladesh (Rosenberg et al., 1976). The eastern and western borders of Thailand, along the Cambodian and Myanmar borders have seen rapidly decreasing clinical efficacy of a number of drugs (Wongsrichanalai et al., 1992). Recent reports from Bangladesh and neighboring Myanmar suggest high levels of drug resistance to chloroquine and possibly also to other second and even third generation antimalarials (Wongsrichanalai et al., 2001; Noedl et al., 2003)  

Drug resistance to first and second line treatment is now an emerging problem in Bangladesh. Data on drug resistance is currently so limited that an extensive review of the anti-malarial treatment regimen should be conducted as early as possible. The first-line agent used in the current national guidelines (chloroquine) has crossed the critical upper limit of failures, and it should, thus be immediately changed to an alternative agent (possibly to the current second line regimen: 3 days of oral quinine plus a single dose of sulfadoxine/pyrimethamine) for confirmed falciparum cases at the primary health care (PHC) level (Rahman et al., 2000; Rahman et al., 2001).

In a relatively recent (1999) in vitro study high degrees of resistance (84%) were observed against chloroquine with geometric mean IC50s of 114 nM in southeastern Bangladesh near the border to Myanmar (Noedl et al. 2003). These values are directly comparable to the current state of resistance to chloroquine in the western border Regions of Thailand, an area where antimalarial drug resistance reaches exceptionally high levels and is particularly well documented. With IC50s of 292 and 1.93 nM most of the isolates were found to be sensitive to quinine (87%) and artesunate. However, many isolates (61%) were considered resistant to mefloquine (IC50:60 nM), an antimalarial drug that has never been used in the Bangladeshi health care system. This is an indication that mefloquine resistance is a cross-border problem in Bangladesh and may be closely linked to similar situations along other Myanmar borders. 

These data suggest that drug resistance in southeastern Bangladesh is currently in a state of transition that may ultimately develop to a level comparable to the one currently found in Thailand, one of the countries that is most affected by antimalarial drug resistance. The unexpectedly high prevalence of in vitro drug resistance not only to chloroquine but also mefloquine suggests that close surveillance of antimalarial drug sensitivity in Bangladesh will be essential to delay widespread multidrug resistance problems in the area.   

The "Revised National Malaria Control Strategy" aimed at a reduction of malaria specific mortality by at least 25% by the year 2000 compared to 1995, with early diagnosis and prompt treatment (EDPT) of uncomplicated cases as a main tool (M&PDC, 1995).  Effective antimalarials should, therefore, be given after confirmed diagnosis. Information on the status of drug-resistance from different endemic areas of Bangladesh is currently not available to the physicians and decision makers in Bangladesh. Development of strategies for rapid mapping of drug resistance in Bangladesh will be essential to control malaria in the future and to limit the impact of emerging drug resistance. At present there is no laboratory in Bangladesh where in vitro culture and sensitivity of malarial parasites can be performed. It will therefore be one of the aims of this study to establish a reference drug-sensitivity laboratory at ICDDR,B. Drug resistance in P. falciparum is an important consideration in the treatment and prevention of malaria. In vivo and in vitro assessment of antimalarial drug-resistance may provide fast, highly accurate evaluations of the efficacy of both standard and new anti-malarial regimens.

Research Design and Methods


1. Identification of subjects

1.1  Source of volunteers

Malaria positive patients will be identified by health care workers at village, Union, Thana health care facilities where they have self-referred for evaluation of febrile illness. In addition patients will also be enrolled at the Chakaria Thana Health Complex. An average of 120-130 cases of malaria are seen in Chakaria Thana Health Complex in a month with even higher numbers during the epidemic season. Around 75% of cases are P. falciparum. Diagnosis in the field will be done by rapid diagnostic devices and by microscopy of Giemsa stained blood smears.  Patients who are found to be malaria positive and who meet the eligibility criteria for this study, will be asked to participate. These patients’ dipstick results will be confirmed by microscopy.  In addition patients may be identified by active case detection through cross-sectional studies if enrolment at the main study site falls below the expected 60 cases within two months. In Chakaria this may be done in the framework of the ‘Chakaria Community Health Project’ (ICDDR,B Protocol No. #2002-010 ; PI: Dr. Yukiko Wagatsuma) which has been carried out in the area of Chakaria (Southeastern Bangladesh) by ICDDR,B since 2002 to assess the epidemiology of malaria in this region.  These data will be analyzed separately.  Volunteers will then be identified among those found to be malaria smear positive.   The potential subject is then checked against eligibility criteria, explained about the study, asked to sign the consent form, interviewed and asked to donate blood by venipuncture.  Potential subjects will have the study explained in detail by a member of the research staff or investigator working at the enrolment site (interviewer).  A written copy of the consent form will be handed to the subject. The original English consent will be translated into Bangla. After review, the subject will be asked to sign the consent form, prior to interview for medical history and phlebotomy.

1.2  Diagnosis
Initially diagnosis will be done using immunochromatographic (dipstick) tests. In Bangladesh dipsticks are currently the only reliable diagnostic option for malaria diagnosis in the field as electricity and microscopy are not widely available. No experimental products will be used. The most commonly used dipstick for the diagnosis of falciparum malaria in Bangladesh is Paracheck Pf. This dipstick is marketed in Bangladesh and is manufactured by Orchid Biomedical Systems, Verna, Goa, India. In a number of studies it was shown to have a sensitivity consistently above 90% (92 and 94%) and a specificity of 89 and 97% respectively (Singh et al. 2002; Proux et al. 2001). The assay is performed with 5 (L of blood obtained from finger prick or venipuncture and is interpreted after 15 minutes (Paracheck Pf, Orchid Biomedical, package insert). 

All patients included in the study will have their diagnosis confirmed by microscopy, which will be performed at the research facility by a different technician than the dipstick.  Microscopy will be used to confirm and quantify the diagnosis obtained from the rapid diagnostic device as well as to determine mixed infections, which are generally difficult to diagnose by dipsticks (Moody, 2002).  The microscopist will be blinded to the results of the dipstick.  In case of disagreement (positive/negative) between the results of the dipstick and the microscopy, an expert microscopist from AFRIMS will reevaluate the slide. His result will be considered as final.  Malaria microscopy will follow WHO guidelines (WHO, 1991): Two thick and thin blood films will be prepared from every patient at every visit. The slides will be stained with Giemsa stain and microscopically examined using a x100 oil immersion objective (x1000 magnification). Diagnosis is based on the examination of 100 fields in the thick film. A slide can be pronounced negative after no parasites have been found in 100 fields. If parasites are found, an additional 100 fields will be examined to ensure the detection of mixed infections. Parasite counts will be established in thick films if the parasite density is below 10.000 parasites/(L, if higher in thin films. In thick films the parasite density will be assessed by counting the number of parasites per 200 white blood cells (WBC). If after 200 WBC 10 or more parasites have been identified the results are recorded and the parasite density is calculated based on a standard number of WBC (8000) per (L. If less than 10 parasites have been found, 500 WBC will be counted. If the parasitemia is higher than 10.000 parasites per (L the percentage of infected red blood cells is calculated by counting the number of parasites relative to 5.000 red blood cells.      

ICDDR,B microscopists will be trained at AFRIMS following WHO guidelines (WHO, 1991). The training program will include preparation of blood films (thick/thin films), staining of malaria slides, malaria microscopy (diagnosis/differential diagnosis), and basic training in malaria culture. Microscopists will be reevaluated on a yearly basis (WHO, 1991). Quality assurance will be done by the department of Immunology and Medicine, AFRIMS.   

1.3  Study sites

In the first year of the project the main field site will be situated in Chakaria Thana, Cox’s Bazar District, southeastern Bangladesh, where ICDDR,B is operating a well-established field site.  Additional field sites in other malaria endemic parts of the country will be identified according to the epidemiological situation of malaria and in accordance with the Ministry of Health.  In the second year (after establishing the technology) the study will be expanded to cover other field sites in the southeastern, northern and northeastern malaria endemic districts of Bangladesh along the borders to India. The aim is to obtain drug-resistance data from 2 sites per year (years 2 to 5).  We anticipate enrolling 60 malaria cases per collection site and year. Principal study sites will be malaria endemic regions in Bangladesh such as Chakaria, Bandarban, Khagraschari, Netrokona and Shunamgonj.  

In Chakaria Thana ICDDR,B has been conducting the “Chakaria Community Health Project’ (Protocol No. #2002-010; PI: Dr. Yukiko Wagatsuma). This study will provide epidemiological background information on the current malaria situation in Chakaria and provide the basis for cross sectional studies. Chakaria is the largest Thana in Cox’s Bazar District, with a population of 550,000.  The work will be concentrated in the Kakara union of Chakaria Thana as this region showed the highest incidence of falciparum malaria according to the Thana Health Complex Report. Kakara union has a population about 30,000. Active case detection may be used in the course of cross-sectional screenings performed in the framework of the community health project if enrolment falls below the expected 60 cases within two months. 

1.4  Eligibility criteria

· Age: Study volunteers must be 18 to 65 years old.

· Uncomplicated malaria infection: 

· Patients with P. falciparum mono-infection are the primary target of the study, whose parasitemia (asexual forms) must be >= 0.05%. 

· Patients infected with other malaria species, at any levels of parasite density, may also be eligible at a later stage of the study.

· Patients must not have taken any anti-malarial drugs (quinoline-containing drugs, artemisinin derivatives, folate antagonists and other nucleic acid inhibitors such as atovaquone) for the past 4 weeks

· For those who agree to participate in the 42 day follow-up (in vivo study): 

· Agree not to take any other self-prescribed antimalarial drugs during the following six weeks.

· Agree to return for scheduled follow-up visits or if symptoms recur.

1.5  Exclusion criteria

· Anti-malarial drug use within the past 4 weeks.

· Bleeding tendency (based on medical records or by history: ask patient about excessive bleeding during previous tooth extraction or easy bruising).

· Severe/complicated malaria according to WHO criteria requiring prompt medical management for life support.

· Known pregnancy

2. Subject information

A short subject information form which captures demographic data, past malaria experience, malaria treatment and past illnesses will be completed by an interviewer for each eligible subject who agrees to participate before doing venipuncture.
Specimen identification:
Each volunteer will be assigned a code number, which will be included in enrollment logs data forms and blood specimens. The identification of individual subjects will remain confidential and will not appear in any reports or publication. 

Sample size

Sample size is calculated based on the following assumptions: accepted limit 30%, worst acceptable limit 12%, confidence interval 99%. The calculated sample size with these assumptions is 43. Taking into consideration the dropout of patients (~ 20%) and/or any technical failure (~10%) enrolment of 60 patients/site/year for evaluation of in vitro drug sensitivity will be required.  Based on the fact that the study will be performed at one study site in the first year and 2 study sites in the following years of the project, the overall sample size for the total duration of the study (5 years) will be 540.  The number of patients enrolled into the in vivo arm of the study may be smaller as not all volunteers may be willing to participate in the 42 day follow-up.

3.  Specimen collection 

Venipuncture of an ante-cubital vein will be performed under sterile technique by an experienced ICDDR,B technician or local health care worker using a disposable phlebotomy tool e.g. Vacutainer( (Becton Dickinson, USA) blood collection system. Blood will be collected into a heparinized tube (4 mL; for in vitro culture and drug sensitivity assays) as well as an EDTA tube (1 mL). After diagnosis and phlebotomy the patient will be released for immediate treatment according to national treatment guidelines. 

4. Drug sensitivity testing in the field

A non-isotopic ELISA-based malaria in vitro drug sensitivity assay will be used to measure the intrinsic drug-sensitivity of P. falciparum parasites (Noedl et al., 2002). The assay is based on the assessment of parasite growth in malaria cultures exposed to ascending drug concentrations by measuring the levels of histidine-rich protein II (HRP2).

4.1  Blood specimens

Two thick-and-thin blood smears from whole blood will be prepared for Giemsa staining. The EDTA blood will be frozen and stored at or below –20(C for molecular typing of drug resistance genes in the future. This blood will be transported to Dhaka in styrofoam boxes or on dry ice. During transport the cold chain will be maintained. After transport the blood will be stored at the ICDDR.B laboratory at –700C for molecular typing. 


Under sterile technique the heparinized blood will be split into two aliquots of two mL each. Two mL will be transferred into a centrifuge tube (15 mL volume) containing 10 mL of RPMI 1640 medium with NaHCO3. The blood medium mixture will then be centrifuged at 1,500 rpm for 5 minutes (320 x g, RCF). The supernatant will be removed and the washing process will be repeated. After the second wash, the liquid layer will be removed and the packed cell layer will then be re-suspended in equal volume of freezing glycerol solution. One mL each will be transferred to two biofreeze vials and stored in a liquid nitrogen container until they are transported to AFRIMS. 


The other two mL will be transferred into a centrifuge tube (15 mL volume) containing 10 mL of RPMI 1640 medium (Gibco BRL, Paisley, UK) with NaHCO3 (pH 7.3). The blood medium mixture will then be centrifuged at 1,500 rpm for 5 minutes (320 x g, RCF). The supernatant will be removed and the washing process will be repeated. After the second wash, the liquid layer will be removed until about 50% hematocrit are obtained. The sample will then be diluted according to its parasite density (which is determined by counting a Giemsa stained blood smear) with uninfected red blood cells of the blood group O (50% hematocrit) to obtain a standardized parasite density of 0.05%. Alternatively the washing steps may be omitted and the parasites may be cultured at the original parasite density and diluted before starting the ELISA. The resulting blood medium mixture will then be resuspended in RPMI 1640 medium with 25mg/L of gentamycin and with either 10% heat-inactivated serum of the same blood group as the sample or with 0.5% w/v Albumax to obtain 1.5% hematocrit. 

4.2  Culture procedure in the field

Two hundred (L of the resulting cell medium mixture (CMM) will be added to each well of drug-dosed 96-well microculture plates. The plates will then be incubated for 72 hours at 37ºC in a candle jar or in a CO2 enriched gas mixture consisting of 5% CO2, 5% O2, and 90% N2. After the first 24 hours of incubation, the contents of 4 drug-free control wells will be transferred into a microcentrifuge tube and frozen (this sample will be used to subtract the background). Thick/thin films will be prepared from one additional well to check for parasite growth. After the end of the 72 hour incubation time the plates will be further processed in the field, or stored at or below –20(C and transported to ICDDR,B to perform the ELISA. As the temperature during transport is not critical the frozen culture plates may easily be transported to Dhaka in styrofoam boxes or on dry ice.

4.3  Freeze-thawing

The plates will be removed from the incubator and transferred into a freezer (-20(C or below), where they remain until all wells are completely frozen. The plates are then thawed in an incubator. The procedure will be repeated at least once until complete hemolysis is achieved (i.e. the fluid in the wells looks completely clear).

4.4  ELISA

The ELISA will initially be performed at the ICDDR,B laboratory after transporting the frozen culture plates to Dhaka.  At a later stage the ELISA may also be performed at the field site.  Commercial ELISA test kits from Cellabs Pty Ltd, Australia will be used to measure histidine-rich protein II (HRP2) in the culture samples. One hundred (L of the hemolyzed culture samples will be transferred from each well of the culture plates to the ELISA strips. One hundred (L each of the sample frozen after 24 hours will be added to 2 wells to determine background HRP2 concentrations (these will then be subtracted from all results). The ELISA plates are then covered and incubated in a humid chamber at room temperature for one hour. The conjugate solution will be prepared by diluting 5 (L of conjugate concentrate in 1 mL (sufficient for one test strip) of conjugate diluent. Washing solution will be prepared by adding 50 mL of PBS-Tween concentrate to 950 mL of distilled water. The plates will be washed five times with 200 (L/well of washing solution. One hundred (L of the diluted conjugate will be added to each well. The ELISA plates are then covered and incubated in a humid chamber at room temperature for one hour. Substrate solution will be prepared directly before the end of the incubation time by mixing 50 (L of TMB chromogen to 1mL of substrate buffer. The solution remains stable for 30 minutes. The plates will be washed five times with 200 (L/well of washing solution. One hundred (L of substrate solution will be to each well and the plates will be incubated at room temperature for 15 minutes. Fifty (L of undiluted stopping solution will be added to each well and the plates are tapped to mix. Photometric readings will be made in an ELISA plate reader (microplate absorbance reader) at an absorbance maximum of 450 nm. 

5. Blood specimens processing, continuous culture and isotopic drug assay at AFRIMS

A conventional isotopic malaria drug sensitivity assay will be used to assess drug-sensitivity levels in malaria parasites adapted to continuous culture (Desjardins et al., 1979; Webster et al., 1985). This assay requires high parasite densities and therefore continuous culture to be performed to achieve adequate parasite biomass. 

5.1 Thawing of cryopreserved specimens

Aliquots of infected blood samples will be removed from storage and thawed for P. falciparum in vitro drug testing in a 40(C water bath as quickly as possible. The erythrocyte suspension will then be gently added to pre-warmed 5 mL filtered hypertonic 3.5% NaCl solution in a centrifuge tube (15 mL) and mixed. The tube will be centrifuged at 1,500 rpm (320 x g, RT) for 5 minutes. The supernatant will be decanted and the red cells washed twice with culture medium (RPMI 1640 buffered with 25 mM HEPES and 25 mM NaHCO3, pH 7.3; Gibco BRL, Paisley, UK).

5.2  Adaptation of parasites to culture

The washed erythrocytes will be re-suspended in complete medium (RPMI 1640 buffered with 25 mM HEPES, 25 mM NaHCO3 and supplemented with 10% Group AB human serum).  The final cell suspension of 5% hematocrit will then be ready for culture in a tissue culture flask (25 cm3), gassed with 5% CO2, 5% O2 and 90% N2 and incubated at 37(C (Trager and Jensen, 1976). The supernatant in the flask will be renewed daily and the culture mixed by rotating the flask on a level surface before re-gassing and returning to the incubator. Parasitemia will be assessed every 2-3 days on Giemsa-stained thin smears.  Following schizont disruption of the second cycle and when ring-stage accounts for at least 80% of the parasite population, the cultured parasites will be ready for drug testing. For each isolate, the culture-adapted parasite specimens will also be kept in duplicate biofreeze vials in liquid nitrogen storage at AFRIMS by taking an aliquot of culture, wash and add freezing glycerol as described above. One set of stabilates will remain at AFRIMS for future reference and the other will be available for further studies.

5.3  In vitro drug testing for P. falciparum by radioisotope microdilution technique

The suspension of culture malaria parasites will be diluted with Group O red blood cells and complete medium (RPMI 1640 buffered with 25 mM HEPES, 25 mM NaHCO3 and supplemented with 10% Group AB human serum) to obtain 0.5% parasitemia and a hematocrit of 1.5%. Two hundred (L will be dispensed into the wells of a standard microtiter plate (96 flat-bottom wells, 8x12 matrix) pre-dosed with duplicate serial dilutions of the anti-malarial drugs. The volume of drug added to each well is 25 (l. Two-fold serial dilutions of the anti-malarial drugs can be achieved by using 25 (l dilutors. In the last row, which serves as a control for the plate, 25 (l of RPMI-1640 will be added instead. Each isolate will be tested one time in duplicate for all of the drugs listed. Microtiter plates will be placed in a gas-tight box to maintain an atmosphere of 5% CO2, 5% O2 and 90% N2  and in an incubator (37(C). Following 24 hours incubation, the microtiter plates will be removed and pulsed with 3H-hypoxanthine (specificity activity 1Ci/mmol, Amersham, Buckinghamshire, England) by addition of 25 (l (1.0 (Ci/mL) of the isotope solution to each well. Microtiter plates will then be returned to the gas-tight box, re-gassed and re-incubated for 18-20 hours. Each plate will be harvested at the end of 42-44 hours onto a filtermat using a cell harvester. The filtermat disks will be air-dried. Radioactivity incorporated by the parasites will then be determined by liquid scintillation spectrometer (Betaplate(). Accessory program will be used to compute quench corrected absolute disintegrations per minute (DPM) of the tritium-labelled samples.

6. Anti-malarial drugs for in vitro assays of P. falciparum
Anti-malarial drugs to be used in the in vitro assays will be obtained mostly from the Division of Experimental Therapeutics, WRAIR. Stock solutions of the drugs in 70% v/v ethanol will be serially diluted in duplicate with sterile distilled water and dispensed into standard microtiter plates (96 wells, flat bottom), using 25 (l per well, by semiautomated microdilution technique (7 drug solutions and 1 control well per column).    Chloroquine, quinine, mefloquine, artemesinin (DHA or artesunate) will be used as the standard in vitro test panel. Sulphadoxine/pyrimethamine as well as other drugs relevant for malaria therapy in Bangladesh may be added for in vitro testing.

7. Follow-up Procedures (42 day in vivo tests) 

Volunteers who agree to participate in the in vivo study will be asked to return for scheduled visits on days 3, 7, 14, 21, 28, 35 and 42 (given day 0 = day of enrolment), or when symptoms recur. The primary endpoint is cure (defined as the disappearance of parasites from the peripheral blood stream in the first week and the absence of recrudescence until Day 42 or day 28 for short acting drugs such as chloroquine, quinine, or sulfadoxine/pyrimethamine).  The primary outcome of this study (28/42 day cure) is a nominal variable: the treatment will be characterized as successful or unsuccessful/failure.  Resistance will be further divided into RI (parasite clearance within 5 days, no parasites at days 6 and 7, recrudescence before day 28), RII (parasite count drops to <25% within 48 hours but fails to clear by day 7), or RIII (Parasite count fails to drop <25% within 48 hours) according to WHO criteria. Stained thick and thin Blood Smears will be used to measure the presence of parasitemia at any follow up visit. Patients will be provided with a detailed form to record antimalarial as well as concomitant drug intake. A history of ongoing or recurrent symptoms and compliance with the prescribed drug regimen will be obtained, and malaria thick/thin blood smear or rapid diagnostic tests will be performed from a finger prick. If the subject is found positive for P. falciparum again within 42 days 5 mL blood will be drawn and processed as for the initial visit. Volunteers will then be released for treatment with standard first or second line anti-malarial regimens following national treatment guidelines. 

8. Medications  

This study is not a therapeutic trial and no new drugs or non-standard regimens will be introduced. Treatment will be routinely provided by local health care staff, attending physicians, or study personnel using standard regimens (first or second line drugs) as per national guideline for the treatment of uncomplicated malaria.

9. Disposition of Data

Subject information forms and results of in vitro susceptibility assays will be kept at ICDDR,B and copies will be kept at AFRIMS. All data will be compiled, carefully reviewed and edited by the study investigators and computerized by data entry. The original records will be stored at ICDDR,B for 10 years after completion of the study.

10. Time frame of the project

The project is scheduled to last five years (2003 – 2008). During the first year of the project work will be carried out only in the southeastern part of the country, primarily in Chakaria Thana of the Cox’s Bazar District.  From the second year on work will also be carried out at other field sites in the southeastern, northern and northeastern malaria endemic regions of Bangladesh.  The aim is to obtain drug-resistance data from 2 sites per year.  The study is meant to cover the most important malaria endemic areas along the borders with Myanmar and India with the aim to provide a comprehensive picture of antimalarial drug resistance in Bangladesh.  Prospective study sites for the following years include Bandarban, Khagrachari, Netrokona and Sunamgonj of southeastern, northern and northeastern Bangladesh.  

	Years
	Planned activity

	2003-2004
	Training of ICDDR,B technicians and quality assurance at AFRIMS

Establishing of malaria microscopy, field laboratory, malaria culture, and HRP2 malaria drug sensitivity assay in Chakaria Thana of the Cox’s Bazar District
Establishing HRP2 ELISA at ICDDR,B in Dhaka 

Enrolment of 60 patients at one field site

	2004-2005
	Extension of the project to a second field site (Northern Bangladesh)

Establishing ELISA at field sites

Enrolment of 60 patients per site

	2005-2008
	Extension of the project to additional field sites (the aim is to obtain drug-resistance data from 2 sites per year)

Enrolment of 60 patients per site


Facilities Available


The International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) has a long tradition in doing tropical medicine related research in Bangladesh. ICDDR,B has parasitology laboratories staffed with research technicians experienced in laboratory based and field research. In recent years ICDDR,B has executed malaria related and other studies in the respective regions of Bangladesh. ICDDR,B has been operating a field research facility for a number of years in Chakaria Thana, Cox’s Bazaar District, southeastern Bangladesh, that will function as a basis for the field research in this area. The parasite isolates will be collected by ICDDR,B staff and processed in the field and at the central lab in Dhaka. In addition samples will be cryopreserved in liquid nitrogen and transported to the reference lab at AFRIMS.     
 

The Department of Immunology and Medicine, AFRIMS has established a malaria culture reference laboratory staffed with experienced research technicians, with many years of experience in in vitro culture of P. falciparum and drug susceptibility assays. This laboratory, equipped with all culture facilities is designated solely for malaria parasite culture, it has a liquid scintillation counter and large-capacity liquid nitrogen storage, and will serve as the reference facility processing malaria isolates collected and cryopreserved from the field sites. The AFRIMS molecular lab is equipped for routine DNA extraction and malaria PCR.

Data Analysis


Inhibitory concentrations at 50% (IC50), 90% (IC90) as the principle measure of intrinsic drug sensitivity will be estimated by nonlinear regression (NLR) analysis of the raw data obtained from the ELISA plate reader or the liquid scintillation counter (Noedl et al., 2002). Alternatively log-probit regression analysis may be used (Litchfield and Wilcoxon, 1948). Comparison of activity will be done by comparing individual ICs by t-test. In vitro susceptibility patterns among groups of isolates will be compared using nonlinear or log-probit analysis. Comparison of results obtained using different methods will be done by correlation analysis and Bland-Altman plots (Bland and Altman, 1995). 

The results of the in vivo study will be evaluated individually for every visit and the outcome will be characterized as successful or unsuccessful/failure.  Resistance will be further divided into RI (parasite clearance within 5 days, no parasites at days 6 and 7, recrudescence before day 28), RII (parasite count drops to <25% within 48 hours but fails to clear by day 7), or RIII (parasite count fails to drop <25% within 48 hours) according to WHO criteria.  

Proportions in several groups will be compared using Chi2 or Fisher Exact test. Non-parametric tests or data transformation will be used for results that are not normally distributed.
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.
This surveillance study constitutes a minimal risk to volunteers.  It will be reviewed at the Ethical Review Committee (ERC) of ICDDR,B (FWA #1468) and the Human Use Review Committee of the Walter Reed Army Institute of Research (WRAIR HURC, FWA #0015). 

Risk and benefits to subjects:

As routine malaria diagnosis only requires a finger prick to obtain adequate blood sample, the intervention of this study is phlebotomy. Phlebotomy is associated with minimal risk, primarily mild discomfort and pain. Bruising at the venipuncture site may occur, but this usually disappears within 7 days. Rarely, local infection can occur. Volunteers will be counseled to return to the enrollment site if infection is suspected.

Benefits to the patients include the knowledge of whether they are infected with malaria and prompt treatment after identification of malaria infected patients.

Patients and communities will also benefit from the knowledge of the current situation of antimalarial drug resistance, which allows for regional treatment adjustment.

Informed Consent Process

Potential subjects will have the study explained in detail by a member of the research staff or investigator working at the enrollment site (interviewer). A written copy of the consent form will be given to the subject. Translations of the original English consent form will be made. After review, the subject will be asked to sign the consent form, prior to interview for medical history and phlebotomy.

Use of Animals

No animals will be used in this study
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Dissemination and Use of Findings


The results of this study are expected to be published in international tropical medicine journals. Preliminary regional drug-sensitivity data obtained in the course of this study will be made available to the Bangladeshi Ministry of Public Health for the adjustment of treatment guidelines and presented at international conferences. The data will be used for the mapping of drug-resistance in Bangladesh and the resulting maps will be made available to health care personnel in Bangladesh.  

Collaborative Arrangements


This study will be performed in collaboration with the Department of Immunology and Medicine of the Armed Forces Research Institute of Medical Sciences (USAMC-AFRIMS) in Bangkok. The Department of Immunology and Medicine, AFRIMS has established a malaria culture reference laboratory staffed with experienced research technicians, with many years of experience in in vitro culture of P. falciparum and drug susceptibility assays. This laboratory, equipped with all culture facilities is designated solely for malaria parasite culture, it has a liquid scintillation counter and large-capacity liquid nitrogen storage, and will serve as the reference facility processing malaria isolates collected and cryopreserved from the field sites. AFRIMS has played a leading role in the mapping of antimalarial drug-resistance throughout Thailand and Southeast Asia. AFRIMS will provide technology transfer and technical support under the direction of Dr. Noedl and Dr. Miller and will function as a reference laboratory for in vitro drug sensitivity tests.
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List of ongoing research protocols (start and end dates; and percentage of time):

# 2000-023: Emergency research programme to enhance dengue prevention and control programs in Bangladesh; vector surveillance and control component.

#2000-025: Combined interventions to promote maternal and infant health.
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#2001-021: Community-based epidemiologic study of visceral leishmaniasis in Bangladesh. 

#2002-006: Community-based study of bronchial asthma among children in an urban slum in Dhaka, Bangladesh.

#2002-010: Pilot study on epidemiological and socioeconomic factors related to malaria in endemic communities of Bangladesh

4.1   As Principal Investigator

	Protocol Number
	Starting date
	End date
	Percentage of time

	#2000-023
	16/08/2000
	31/12/2003
	20%

	#2001-021
	01/12/01
	30/09/04
	3%

	#2002-006
	14/03/02
	31/03/03
	5%

	#2002-010
	15/05/02
	28/02/03
	10%


4.2  As Co-Investigator  


	Protocol Number
	Starting date
	Ending date
	Percentage of time

	#2000-025
	01/11/2000
	30/10/2005
	30%

	#2000-028
	01/07/2001
	30/06/2003
	5%
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	01/01/2001
	31/12/2005
	5%
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	e) Working papers
	6

	f)    Monographs
	1
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2) Wagatsuma Y, Aryeetey ME, Sack DA, Morrow RH, Hatz C, Kojima S. Resolution and resurgence of S. haematobium-induced pathology following community-based chemotherapy in Ghana as detected by ultrasound. J Inf Dis 1999;179(6):1515-1522.

3) Aryeetey ME, Aholu C, Wagatsuma Y, Bentil G, Nkrumah FK. Health education and community participation in the control of urinary schistosomiasis in Ghana. East African Medical J 1999; 76(6): 324-329.

4) Nsowah-Nuamah NNN, Mensah G, Asryeetey ME, Wagatsuma Y, Bentil G. Urinary schistosomiasis in southern Ghana: a logistic regression approach to data from a community-based integrated control program. Am J Trop Med Hyg 2001; 65(5):484-490. 

5) Tsuyuoka R, Wagatsuma Y, Makunike B. The knowledge and practice on malaria among community members in Zimbabwe. Cent Afr J Med 2001 Jan;47(1):14-7.
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5   Publications 
	Types of publications
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	c)  Monographs
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Ethical Assurance for Protection of Human Rights


The work will be carried out in malaria endemic regions of Bangladesh.  Early diagnosis and proper treatment based on the knowledge of drug sensitivity of the treatment employed are essential for malaria endemic communities.  Drug resistance to commonly used antimalarials is an emerging problem in many malaria endemic regions, particularly in South and Southeast Asia.  The primary aim of this study is to assess drug resistance patterns in malaria endemic districts of Bangladesh.  These data will be essential for the control of malaria in Bangladesh. 

The study personnel will explain the aim of the study to all study participants. Results of the antimalarial resistance patterns will help to adjust national as well as regional guidelines for malaria treatment. This is a minimal risk protocol. Except for the blood draw no invasive procedure will be carried out on the patients. 

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

2. As routine malaria diagnosis only requires a finger prick to obtain adequate blood sample, the intervention of this study is phlebotomy. Phlebotomy is associated with minimal risk, primarily mild discomfort and pain. Bruising at the venipuncture site may occur, but this usually disappears within 7 days. Rarely, local infection can occur. Volunteers will be counseled to return to the enrollment site if infection is suspected. Only disposable needles and syringes will be used for collecting blood to minimize any potential risks.

3. Benefits to the patients include the knowledge of whether they are infected with malaria and prompt treatment after identification of malaria infected patients.

4. Patients and communities will also benefit from the knowledge of the current situation of antimalarial drug resistance, which allows for regional treatment adjustment.  

5. Each volunteer will be assigned a code number, which will be included in enrollment logs, data forms, and blood specimens. The identification of individual subjects will remain confidential and will not appear in any reports or publication. All personal data will be kept in a confidential database.

6. Signed informed consents will be obtained from all subjects and no information will be withheld from the subjects.

7. Each subject in the community will be issued a card in which his clinical symptoms, diagnosis and treatment related to malaria is recorded by the Community Health Workers (CHWs).

International Centre for Diarrhoeal Disease Research, Bangladesh

                                   Voluntary Consent Form


Title of the Research Project: Antimalarial Drug Resistance in Bangladesh     


Principal Investigator: Dr. Rashidul Haque, International Centre for Diarrheal Disease Research, Mohakhali, Dhaka-1212, Bangladesh, Phone: 8811751 


Information for the Study Participants

[If you do not understand the meaning of any word or information please ask our study staff. A copy of this consent form will be provided to you if you agree to be in the study]

Introduction

We are from the International Centre for Diarrhoeal Disease Research, Bangladesh in Dhaka. We are conducting a research study on malaria in your community. We are asking you to take part in this study because there are people with malaria in your village. 

Purpose of the Study

This study aims at improving malaria patient care by finding out, which commonly used malaria drugs are effective for treatment. Approximately 540 malaria patients are taking part in this study. The results of this study will help us to improve the quality of malaria control in your community. You may help us in our efforts through your participation in this study. If you agree to participate the following procedures would be followed. 

Drug Sensitivity Test (in-vitro test)

1. We will ask you about your fever episodes. When you have fever that is suspected to be malaria, a trained health worker will collect few drops of blood from your finger using a disposable lancet (a special type of needle). If you have taken malaria drugs during the last two months, then we will not ask you to be in the study. 

2. Collected blood by finger pricking will be used for two types of test. One of these is the microscopic test by making blood smears on a glass that is usually used for diagnosis of malaria, and the other is a rapid, “dipstick” test. This rapid test uses a special strip of paper and gives result within minutes of collection of blood. 

3. There are two types of parasites causing malaria in Bangladesh. Without appropriate test these two types of malaria cannot be distinguished. The treatment of one of these types (vivax) is possible using a drug called chloroquine. However, the other type (falciparum) may cause very severe disease the treatment of which requires special types of drugs. Thus it is very important to accurately diagnose these two types of malaria for appropriate treatment. If you are diagnosed to have the infection with a malaria parasite called P. falciparum then we will take one teaspoon (5 ml) of blood from your arm before giving you the treatment for malaria.

4. Once you are diagnosed to have falciparum malaria, you will be treated with appropriate drugs according to national treatment guidelines. For complete cure of malaria it is essential to complete the full course of treatment. We will provide you with a "malaria drug sheet" on which you will record about taken drugs. If you were not cured, we will refer you to our collaborating upazilla or district hospitals for further treatment.

5. If you have the other type of malaria (vivax malaria), you will be treated with a drug called chloroquine according to the national guideline. 

These procedures will take about 1 hour to complete. In addition to the above test, we are also interested to conduct another anti-malarial drug sensitivity test called in vivo test. So, if you give your consent we will also enroll you in this in vivo test.  But you may decline to take part in this in vivo test if you do not wish to come for the follow up visits.  We are doing this in vivo test to find out whether the drug that you will receive for the treatment of your malaria will actually cure you or not.  If the treatment does not work you may get ill again within the coming weeks.  If you want to participate in this test we will therefore ask you to return for scheduled visits in the coming 6 weeks or whenever your illness returns to check your blood for malaria.    

Drug Sensitivity Test (in vivo test)

1. We will ask you to avoid going to the jungle so you will not get reinfected with malaria, not to take self-prescribed malaria drugs, and to come back to Village Health Post/clinic/hospital for scheduled visits on days 3, 7, 14, 21, 28, 35 and 42 as well as anytime you have fever again within 42 days after treatment. We will ask questions about your malaria symptoms and treatment. You would therefore participate in the study for up to 42 days.

2. We will make a blood smear for microscopy from a finger prick. If you are found positive for P. falciparum again within 42 days, one teaspoon (5 mL) of blood will be drawn from the arm and processed as for the initial visit and you will be given appropriate treatment.
 FORMCHECKBOX 
   I agree to participate in the 42 day in vivo test
 FORMCHECKBOX 
   I do not agree to participate in the 42 day in vivo test

Benefits.

You will directly benefit from the participation in this study since we will quickly and accurately diagnose your malaria. The results of the study will also benefit the society since the study helps us to understand which drugs are most effective for malaria treatment in Bangladesh.

Risks and discomfort. 

You will feel a small sting like a pinprick when we take the blood sample.  You may get a small bruise where the needle goes in but this will go away soon. Rarely taking blood may cause infection, but we will try to prevent this by using sterile needles and cleaning the skin before taking the blood sample.

Alternatives. 

You may choose not to participate in the study and receive standard care from a clinic provider. Your doctor will decide the treatment if you have malaria. Bangladesh has national guidelines for treatment of malaria.  The study will not change your treatment. 

Being in the study is voluntary.  

Your participation in the study completely depends on your will. You may receive treatment at clinics and hospitals without participating in the study. You would also be able to withdraw your consent at anytime during the study without any financial penalty and also without affecting your further treatment at clinics and hospitals.

Compensation.  

You will receive appropriate treatment free of cost in study upazillas except Chakaria. If you are hurt as a result of being in this study, the study staff will help you to receive treatment at the closest Upazilla or District Hospital. ICDDR,B does not normally pay for harm done to you as a result of being in a research study.  However, by signing this consent form and agreeing to be in this study, you are not giving up any of your rights.  If you believe that you have been harmed, please contact Dr. Bejoy Saha, Ethical Review Committee Secretariat, ICDDR,B, Dhaka, (Phone 8811751) for information on your rights and advice on how to proceed.

Additional costs.
In Chakaria: although the Village Health Post, Chakaria Community Health Project will charge a minimum price for drugs, the cost will be lower than if your were treated elsewhere. 

Confidentiality.  

Your name will be kept secret as far as we can do so. We will record your name and address, so that we can tell you the test results. This information will be stored for 10 years after the end of the study at ICDDR,B and will not be given to anyone except the health workers doing our study.  

Questions.
If you have questions about the study, call Dr. Rashidul Haque at ICDDR,B (Phone 8811751). If you have questions about your rights as a research subject, please contact Mr. Bejoy Saha, Ethical Review Committee Secretariat, ICDDR,B, Dhaka (Phone 8811751).

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 sample for other infections, or for blood factors that make people more likely to get sick from malaria.  After our study ends, we will take your 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 not do human genetic testing or HIV testing on the sample.  We will store the sample about 20 years. If you are willing to have us test your sample now, but you do not want us to store the sample, you can still take part in the study.  We will record your wishes about whether we can store your sample on this form.  

 FORMCHECKBOX 
   I give permission to store my blood sample.
 FORMCHECKBOX 
   I do not give permission to store my blood sample.

I have read this consent form or someone explained it to me. I freely agree to be in the study. I indicate my agreement by putting my signature or left thumb impression below

Study code number 

affix ID code label here
________________________________
          
___/___/___        

________________________________


Signature or fingerprint of the subject

     Date


Print name of the subject

________________________________
Permanent address of the subject
________________________________
          
___/___/___        

________________________________


Signature of the interviewer


     Date


Print name of the interviewer

________________________________
          
___/___/___        

________________________________


Signature of the witness



     Date


Print name of the witness

Thank you very much for your cooperation                                                            ________________________________

                                                                                                                                Signature of the investigator

Appendix

CONSENT FORM VERIFICATION STATEMENT

(BANGLA)

Antimalarial Drug Resistance in Bangladesh
I certify that the Bangla translation of the English information sheet, consent form for the protocol “Antimalarial Drug Resistance in Bangladesh" is true and accurate. 

______________________________


______________

Translator’s Signature:




Date

Translator’s Name: __________________

Translator’s Address: 
_____________________________

_________________________________________________

_________________________________________________

Appendix


SUBJECT INFORMATION FORM

Antimalarial Drug Resistance in Bangladesh

Site:




 







         Date:




   

Baseline Demographic Data


Age (in years):




       Gender (circle one):


Address:

Road/Village/Town:____________________________________________________



    
Province:__________________________Tel. 

Baseline Malaria Data

Number of illnesses believed due to malaria in past 12 months:

(Circle one)


Number episodes of smear positive malaria in past 12 months:  

(Circle one)


Total number of episodes of malaria (lifelong):  

(Circle one)


Date of last drug therapy for malaria: 


(Circle one)


Treatment received for 

the last malaria episode:

(circle all that apply)
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SUBJECT INFORMATION FORM (continued)

Antimalarial Drug Resistance in Bangladesh
Current Symptoms

Feeling ill for how many days: 

(Circle one)


Symptoms:

(Circle each reported)

Others

Axillary temperature :    ____   ____   .  ____oC 

Parasite species:
 FORMCHECKBOX 
 P. falciparum
 FORMCHECKBOX 
 P. vivax
 FORMCHECKBOX 
 P. ovale
 FORMCHECKBOX 
 P. malariae

Parasite count:

                                              OR, if >100/200 WBC*

* Calculate parasite density by assuming 8,000 WBC/(l or 5,000,000 RBC/(l

Interviewer's Signature _____________________________

(Name   _________________________________________)

On-site Investigator's Signature  ______________________________

(Name   _________________________________________________)
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SUBJECT INFORMATION FORM (FOR FOLLOW-UP VISITS)

Antimalarial Drug Resistance in Bangladesh

Compliance (If Day 3 or Day 7)

 FORMCHECKBOX 
 YES
    FORMCHECKBOX 
 NO
  If no, comment __________________

Current Symptoms

Feeling ill for how many days: 

(Circle one)


Symptoms:

(Circle each reported)

Axillary temperature :    ____   ____   .  ____oC 

Malaria smear:

 FORMCHECKBOX 
 Positive  

 FORMCHECKBOX 
 Negative

Parasite species:
 FORMCHECKBOX 
 P. falciparum
 FORMCHECKBOX 
 P. vivax
 FORMCHECKBOX 
 P. ovale
 FORMCHECKBOX 
 P. malariae

Parasite count:

                                               OR, if >100/200 WBC*

* Calculate parasite density by assuming 8,000 WBC/(l or 5,000,000 RBC/(l

Interviewer's Signature _____________________________

(Name   _________________________________________)

On-site Investigator's Signature  ______________________________

(Name   ________________________________________________)












            Initials of person 









              completing the form ________
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ELIGIBILITY FORM
Antimalarial Drug Resistance in Bangladesh
Inclusion/Exclusion Criteria

1. Age:
  18 to 65 years

 


 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
2. Uncomplicated malaria infection


    NO signs and symptoms of severe malaria


 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
3. Patient did NOT take any antimalarial drugs

    within the past 4 weeks




 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
4. NO known bleeding tendency

    (ask patient about excessive bleeding during previous 

    tooth extraction or easy bruising)



 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
5.  At present NO known pregnancy



 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
6. Willing to sign written informed consent


 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
For patients who agree to participate in the 42 day follow-up

7. Patient agrees NOT to take any self-prescribed 

    antimalarial drugs during the coming 6 weeks

 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO

8.  Patient agrees to return for scheduled follow-up

     visits or if symptoms recur




 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO
If YES to above questions, patient is eligible for study
 FORMCHECKBOX 
 YES

 FORMCHECKBOX 
 NO


Interviewer's Signature _____________________________

(Name   _________________________________________)

On-site Investigator's Signature  ______________________________

(Name   ________________________________________________)
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ANTIMALARIAL AND CONCOMITANT 

MEDICATION RECORD

Antimalarial Drug Resistance in Bangladesh
Treatment received*: _____________________________________________

	Date

(dd-mm-yy)
	Day
	Antimalarial Drugs

(Dosage/Time) **
	Concomitant Medication ***
	Interviewer Initials

	
	0 Enrolment
	
	
	

	
	1
	
	
	

	
	2
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	
	6
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



* 
give total dose: e.g. “Chloroquine 1500 mg over 3 days”


**   
give individual doses for that day: e.g. “Quinine 500 mg salt at 6.00, 500 mg at 14.00, 500 mg at 22.00”


***
give drug and total dose for that day: e.g. “Paracetamol 1500 mg”

Interviewer's Signature _____________________________

(Name   _________________________________________)

On-site Investigator's Signature  ______________________________

(Name   ________________________________________________)



BLOOD SPECIMEN COLLECTION SCHEDULE

Antimalarial Drug Resistance in Bangladesh
	Date

(dd-mm-yy)
	Day
	Finger-prick
	Veni-puncture
	Thick & Thin Smear
	Hepa-rinized Blood
	EDTA Blood



	
	0 (Screening)
	X
	
	X
	
	

	
	0 (Enrolment)
	
	X
	X
	X
	X

	
	3
	X
	
	X
	
	

	
	7
	X
	
	X
	
	

	
	14
	X
	
	X
	
	

	
	21
	X
	
	X
	
	

	
	28
	X
	
	X
	
	

	
	35
	X
	
	X
	
	

	
	42
	X
	
	X
	
	

	
	Recrudescence
	X
	X
	X
	X
	X

	
	
	
	
	
	
	










Initials of person 









completing the form ________
Appendix


EXPERT MICROSCOPY REPORTS

Antimalarial Drug Resistance in Bangladesh

Malaria smear:


Species: 


Parasite count:

                                    OR, if >100/200 WBC*,


Species: 

 

Parasite count:

                                   OR, if >100/200 WBC*,


Species: 


Parasite count:

                                   OR, if >100/200 WBC*,

* Calculate parasite density by assuming 8,000 WBC/(l or 5,000,000 RBC/(l









Initials of person 









completing the form ________
Investigators’, Nurses’ & Technologists’ Signatures & Initials List

	Name (print)
	Initials
	Signatures

	Dr. Rashidul Haque
	
	

	Dr. Harald Noedl
	
	

	Dr. Yukiko Wagatsuma
	
	

	Dr. Robert Scott Miller
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	





UIC _______











  ___________








     __  __ / __  __ / __  __


       D   D      M   M     Y   Y








    1. Male       2. Female








    ____  ____  








     0       1       2       3       >3         9. unknown








     0       1       2       3       >3        9. unknown








                < 1 month                1-3 month(s)               Never


              1 (ineligible)		     2 		           3





   


   1.chloroquine     2. SP (Fansidar)     3. quinine      4. mefloquine       5. primaquine





   6. doxycycline/         7. artesunate	      8. other________________   9. unknown


        tetracycline








Initials of person


completing the form: ___________








UIC _______








     1       2       3       4       5       >5       9.unknown








    0. None      1. Headache     2. Myalgias     3. Chills/Rigors      4. Malaise





   5. Vomiting     6. Diarrhea       7. Cough      8. Fever or History of fever





________ /5,000 RBC


      (on thin film)





__________  /200 WBC


      (on thick film)





Initials of person


completing the form: ______________








UIC _______








__ __/__ __/ __ __


dd       mm       yy





Day No.





______________








    0 (feeling OK)	 1       2       3       4       5       >5       9.unknown








   0. None      1. Headache     2. Myalgias     3. Chills/Rigors      4. Malaise





   5. Vomiting     6. Diarrhea       7. Cough      8. Fever or History of fever





________ /5,000 RBC


      (on thin film)





__________  /200 WBC


      (on thick film)








UIC _______








UIC _______








UIC _______








UIC _______





Day No.





______________








__ __/__ __ / __ __


dd       mm       yy





Positive





Negative





P. falciparum





________ /5,000 RBC


      (on thin film)





__________  /200 WBC


      (on thick film)





P. vivax





________ /5,000 RBC


      (on thin film)





__________  /200 WBC


      (on thick film)





Other, specify _______





________ /5,000 RBC


      (on thin film)





__________  /200 WBC


      (on thick film)








     0       1       2       3       >3        9. unknown
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