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This report concerns a meeting of partners and not a conventional World Health Organization 
(WHO) meeting of experts. In the preparation of the report, all efforts have been taken to 
ensure a balanced presentation of the discussions that took place during the meeting. 
However, the views and conclusions quoted may not reflect the policies and strategies of 
WHO. 

The designations employed and the presentation of the material in this document do not im-
ply the expression of any opinion whatsoever on the part of WHO concerning the legal status 
of any country, territory, city or area or of its authorities, or concerning the delimitation of its 
frontiers or boundaries. The mention of specific companies or of certain manufacturers’ 
products does not imply that they are endorsed or recommended by WHO in preference to 
others of a similar nature that are not mentioned. Errors and omissions excepted, the names of 
proprietary products are distinguished by initial capital letters. 

The material is being distributed without warranty of any kind, either express or implied. The 
responsibility for the interpretation and use of the material lies with the reader. In no event 
shall WHO be liable for damages arising from its use.  
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Summary 
 
Background 
Hundreds of millions of people at risk of drug-resistant falciparum malaria are in urgent need 
of access to quality artemisinin-based combination therapies (ACTs) at affordable prices. 
WHO forecasted in 2004 that the global need estimate in 2005 would be over 130 million 
treatment courses; it is expected that only about half of that total will be available, and most 
of it only towards the end of the year. The Institute of Medicine of the National Institutes of 
Health, United States of America, has proposed a global subsidy to ensure that ACTs are 
available and affordable everywhere; however, a number of issues must be clarified before 
such a subsidy could be implemented. At present, the acute problem is the insufficient pro-
duction of ACTs, which stems from a surge in demand for a class of drugs that heavily relies 
on a natural plant ingredient.1 The entire supply chain – from raw materials, to active ingredi-
ents, to finished product – is being scaled up significantly in the context of a yet unstable and 
rapidly expanding market. Temporarily inadequate supply, along with other procurement 
challenges not related to drug availability, may delay implementation, and creates problems 
for policy decisions; these delays in turn have a negative effect on the confidence of 
producers, so that a vicious circle is created.  

International cooperation is needed to align demand and supply until a stable market is estab-
lished. This will require a comprehensive strategy including financial inputs, strengthened 
forecasting, pre-qualification process, scientific and technical inputs and collaboration 
between producers, consumers and partners. 

One way of improving availability is to scale up cultivation of Artemisia annua and extrac-
tion. The plant has so far been grown mainly in China and Viet Nam. It is now cultivated in 
some parts of Africa, where, in some areas, the yields of artemisinin have been high. Thus, 
African farmers in some areas could contribute significantly to supplying the world market. 
WHO is currently working with partners to stimulate local production and extraction of 
artemisinin from Artemisia annua in Kenya and the United Republic of Tanzania. One risk in 
relation to large-scale cultivation is inadequate development of matching extraction capacity, 
leading to wastage or use of the plant leaves for teas etc., which are not very effective for 
treating malaria. Even with adequate extraction, there is also a risk of production temporarily 
exceeding demand, which could lead to wide fluctuations of prices and output volumes. 
Generally, there is a dearth of research on the cultivation of Artemisia annua (seed varieties, 
soil types, water requirements, etc.) and little evidence of what constitutes best practices for 
handling of plant material and extraction. 

 
Meeting 
The meeting was held at the Ngurdoto Mountain Lodge, Arusha, United Republic of 
Tanzania, from 6 to 7 June 2005. It was sponsored by WHO and cosponsored by the 
Tanzanian Ministry of Health. A total of 85 participants were present, including representa-
tives of producers of Artemisia annua and their partners, producers of finished products, non-
governmental organizations (NGOs), scientific organizations, ministries of health and agri-

                                                 
1 This was the situation at the time of the meeting, but was no longer the case at the time of publication of the 
present report (early 2006), 
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culture, the Food and Agriculture Organization of the United Nations (FAO), the United 
Nations Children’s Fund (UNICEF), donors and the WHO Secretariat. 

The meeting was structured in two parts: the plenary sessions that took place on 6 June, and 
division of the participants into three groups for two sets of in-depth discussions of specific 
topics. Findings from the three groups were presented in the plenary sessions. On the 
morning of 8 June a visit took place to the Artemisia annua fields in the Arusha region. 

The plenary sessions focused on: 

• the role of artemisinin-based products in current treatment of malaria and national 
policies; 

• national regulation and artemisinin-based products; 
• current situation of ACT forecasting, financing and procurement; 
• potential impact of new developments, including alternatives to ACTs, vaccines and 

increased vector control coverage; 
• global situation of Artemisia annua and artemisinin production; 
• global situation of finished products, including patents (ACTs and other artemisinin-

based medicines); 
• experiences with cultivation of Artemisia annua in Africa. 

The three groups focused on: 

• Artemisia annua cultivation and intersectoral collaboration; 
• artemisinin extraction, storage and quality assurance; 
• ACT finished products: developments in quality assurance, pre-qualification, financing 

and procurement. 

A second set of discussions took place as follows: 

• Part of group B (extraction) transferred to group A (agriculture) to impart information on 
location of existing and planned extraction facilities (especially in Africa) and the 
capacity of those facilities. 

• Part of group A and those interested from group C joined group B for discussion on 
alternative uses of Artemisia annua. 

• Group C focused on global financial and procurement mechanisms to improve ACT 
supplies. 

 
Conclusions and follow-up 
General  
The meeting was a success in terms of:  

• the mix of the private and public sectors. The private sector was better represented than 
the public sector; 

• explaining and sharing experiences among all participants; 
• finding common needs and outcomes; 
• agreeing that Artemisia annua cultivation remains a niche market, and that production 

should remain under control (as close as possible to forecast, if reliable), in order to sta-
bilize prices for farmers who have shifted to Artemisia annua production.  



   

   9

Artemisia annua cultivation 
The following recommendations were made regarding Artemisia annua cultivation: 

• There is a need for more information sharing among producers, encompassing (a) agro-
nomic aspects; (b) strategies for Artemisia production in Africa; (c) a monitoring system 
to screen and forecast production; and (d) education by capacity building and technology 
transfer. 

• Improvements in plant breeding should focus on (a) increasing the varietal choice; and (b) 
increasing seed production. 

• A task force should be set up to deal with specific issues and come up with detailed strat-
egy and implementation plans that examine the pending issues found in group discussion 
A (see section 2.10). 

The next steps: WHO and FAO will decide how tasks are to be allocated between the two 
organizations to meet the above goal. WHO and FAO will coordinate the process, which will 
also involve the Consultative Group for International Agricultural Research (CGIAR), the 
United States Agency for International Development (USAID), the British Government’s 
Department for International Development (DFID), the German Agency for Technical Coop-
eration (GTZ) and others. This agreement between WHO and FAO should be put in place 
before the end of the third quarter of 2005. 

Artemisinin extraction, storage and quality assurance 
The group discussion on extraction, storage and quality assurance relied mainly on the 
experiences of private companies involved in crop production and extraction, who were 
somewhat constrained in providing information on production and yield, making it difficult 
to estimate accurately the global area under cultivation. It was agreed that the independent 
scientists at the meeting would continue work on these issues after the meeting, and that fur-
ther information would be available on the WHO web site. 

Developments in quality assurance and pre-qualification, and financing and 
procurement 
As regards quality assurance and pre-qualification, the following suggestions emerged from 
the meeting: 

• pre-qualification team requested to provide road map to manufacturers for malaria project 
protocol, including bioequivalence guidelines/requirements; 

• applicants encouraged to foster personal dialogue with WHO pre-qualification Geneva 
team; 

• administrative improvements required with WHO pre-qualification team at UNICEF, e.g. 
traceability of files, notification of changes in personnel and key contacts; 

• request to allow interchangeability of country dossier and pre-qualification dossier from 
manufacturer; 

• counterfeiting strategies (need for simple testing method for national health authorities to 
define and quantify drug content). 

 

Next step: WHO and UNICEF should tackle the above not only through their web sites but 
also through direct contact at country level, to ensure better understanding and implementa-
tion of the different road maps and procedures.  
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As regards financing and procurement, the following observations were made: 

• The artemether–lumefantrine market is in a transition phase. There is expected to be an 
introduction of artemether–lumefantrine generics in the next 12 months.  

• In view of the anticipated demand for artemether–lumefantrine of 80–120 million treat-
ments for 2006, availability can be facilitated by (a) sharing detailed monthly product 
plans until the end of 2006 with relevant stakeholders to ensure transparency; (b) plan-
ning multiple deliveries for several countries, starting first deployment at the same time; 
(c) advising countries to start ordering now to ensure timely delivery, and to plan for 
monthly rather than big quarterly instalments. 

• As regards procurement processes, the roles and responsibilities of all stakeholders were 
not clear from the countries’ perspective, for example: (a) procedure of Global Fund to 
Fight AIDS, Tuberculosis and Malaria (GFATM) for country disbursement; and (b) crite-
ria for prioritization of supply should there be a shortage of artemether–lumefantrine. 

• The issue was raised of intellectual property rights and the current availability of the 
generic form of artemether–lumefantrine. The status of patents and registrations for ACTs 
is not always clear for each country. Delays in drug procurement can occur if ACT drugs 
are not registered at the country level. 

 

Next step: Three meetings should take place in the third quarter of 2005, one in Africa, one in 
Asia and one in America, to tackle the issues raised by group C regarding (a) quality assur-
ance and pre-qualification; and (b) financing and procurement of ACTs. These meetings 
should bring together stakeholders from the private and the public sectors. 
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1.  Introduction 

A meeting on the production of artemisinin and artemisinin-based combination therapies 
(ACTs) took place in Arusha, United Republic of Tanzania, 6–7 June 2005. The meeting was 
convened by the Roll Back Malaria Department of the World Health Organization. 

 
1.1  Objectives 
The objectives of the meeting were as follows: 

• to review the situation of the production and supply chain for quality ACTs in the light of 
the experiences of the last two years; 

• to review and update the technical processes related to Artemisia annua cultivation and 
artemisinin production and identify research needs; 

• to identify sources and mechanisms of financial, marketing and technical support for the 
production of Artemisia annua and artemisinin. 

 
1.2 Expected outcomes 
The expected outcomes of the meeting were: 

• documentation of the technical processes of the supply chain for artemisinin; 
• list of studies needed for addressing outstanding problems in relation to these processes 

and identification of scientific, technical and financial resources for these; 
• recommendations from the meeting and public statements from Roll Back Malaria part-

ners in relation to the following areas: (a) Artemisia and artemisinin production in Africa; 
(b) collaboration among Artemisia growers; (c) research and development related to 
Artemisia cultivation and artemisinin production; (d) financial and other mechanisms to 
improve the ACT supply chain; and (e) technical support for the production of ACTs that 
can be pre-qualified by United Nations organizations. 

 
1.3 Organization 
The meeting was held in the Ngurdoto Mountain Lodge, Arusha, United Republic of 
Tanzania, on 6 and 7 June 2005. It was sponsored by WHO and cosponsored by the 
Tanzanian Ministry of Health. The detailed timetable is provided in Annex 1. The chair of the 
meeting was Dr Gabriel Upunda, Chief Medical Officer, Ministry of Health, United Republic 
of Tanzania, and the rapporteur was Dr M. Grupper. The list of participants is provided in 
Annex 2. 
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2.  Proceedings 

The meeting was officially opened by Dr Upunda. Opening speeches were also given by Dr 
Edward Maganu, WHO Representative in the United Republic of Tanzania; Dr Jack C. 
Chow, Assistant Director-General, HIV/AIDS, Tuberculosis and Malaria Cluster, WHO 
Headquarters; and Dr Alex Mwita, Programme Manager, National Malaria Control 
Programme. The closing speech was made by Dr Upunda. A summary of opening and closing 
speeches is provided in Annex 3. Presentations were made on a number of themes, as 
summarized in the following subsections. 

 
2.1 The role of artemisinin-based products in current treatment of 

malaria and national policies 
Dr Andrew Kitua, National Institute for Medical Research, United Republic of 
Tanzania  

Annual deaths from malaria have increased since the 1980s, particularly in Africa, and now 
total over one million per year. Effective treatment of malaria could reduce mortalityshould 
early correct (highly effective and safe) and complete; and it should be affordable and easily 
available. 

Artemisinin and its derivatives have, in recent years, gained widespread recognition as  
effective antimalarial treatment. They originated from Chinese herbal medicine, and well-
characterized pharmaceuticals are now available. They bring: rapid resolution of fever and 
parasitaemia, and are excellent for severe malaria. They have low toxicity and are well toler-
ated, and Plasmodium falciparum is not yet resistant. 

Artemisinin is extracted from Artemisia annua and has four derivatives: dihydroartemisinin, 
artesunate, artemether and arteether. These four derivatives have approximately five times 
higher potency than artemisinin, but a shorter shelf-life. Artemisinin and its derivatives work 
against malaria parasites by being schizontocidal and gametocidal, with rapid action on all 
blood stages. 

The combination therapies recommended by WHO (WHO, 2001) are as follows: 

• artemether–lumefantrine 
• artesunate + amodiaquine 
• artesunate + sulfadoxine–pyrimethamine 
• artesunate + mefloquine. 
Figure 1 shows the threshold levels, according to WHO criteria, for changing malaria treat-
ment policy. The categories of response (grace, alert, action and change) were first developed 
in 1996; the “parasitological failure” outcome was added to accommodate instances where, 
with a failing drug, parasitaemia is initially cleared but returns later. 
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Figure 1. WHO criteria for changing malaria treatment policy 

 
a d f/up = days follow-up. 

 

As a consequence of failing to change drug policy, the number of deaths due to malaria has 
increased in several countries (e.g. Zambia). ACTs have now been adopted by 51 countries as 
first-line treatment in their national drug policies, and 24 are actually using ACTs. 

Figure 2 shows the estimated forecasts (December 2004) for the number of cumulative ACT 
orders (millions of treatments) for countries that have changed, are varying, or that are 
expected to vary, and will be deploying ACTs in 2004, 2005 and 2006, by quarter.  

 

Figure 2. Estimated forecasts (December 2004) for number of cumulative ACT orders 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The production of sufficient quantities of ACTs to meet increased demand is a matter of 
urgency, particularly in view of the increasing number of deaths due to malaria in Africa. 
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2.2 National regulation and artemisinin-based products 
Dr Clive Ondari, WHO 

The quality and effectiveness of antimalarial medicines has been declining, and the supply of 
medicines is often inefficient and unreliable. Over 50% of the at-risk population does not 
have regular access to the most vital essential medicines; 60–90% of this population seeks 
initial treatment in shops and through street vendors. The use of ineffective medicines from 
unreliable sources leads to deficient or absent treatment results. 

ACTs are not typical generic products. Most generic drugs are well established, but ACTs are 
relatively or very new drugs, and limited information is available in the public domain. Only 
those ACTs that have pharmacopoeial monographs have quality and reference standards, and 
there are difficulties in proving interchangeability. Regulators have limited experience with 
this group of drugs. 

There are four phases to WHO pre-qualification of manufacturers of artemisinin-based com-
bination antimalarial drug products: 

• preparatory phase, including drafting of specifications and guidelines (products and prod-
uct files), and publication of expression of interest; 

• documentation review phase, including receipt of expression of interest (letters and files); 
screening, assessing and reviewing dossiers; and report; 

• plant inspection phase, for Good Manufacturing Practice (GMP) compliance, with team 
of inspectors appointed by Quality Assurance and Safety of Medicines/Essential Drugs 
and Medicines; inspections carried out jointly with respective drug regulatory authority; 

• reporting phase, resulting in a “white” list of products and manufacturers. 
A key question is what standards to apply. A small group of regulators was asked this ques-
tion, answers were collected and summarized, and outcomes were discussed and agreed with 
partners. Expression of interest covers both originator or innovator and generic products. It 
was concluded that for originator products an abridged procedure, relying on the scientific 
expertise of well-established regulatory authorities, was appropriate; for generic drugs WHO 
standards should be used for multisource (generic) drugs, both for dossier assessment and 
GMP inspections. As pharmacopoeial standards are not available, a full assessment is 
necessary. 

As regards pre-qualification of artemisinin-based products, WHO has published four calls for 
expression of interest since 2002. Current expressions of interest include:2 

• artesunate + amodiaquine, oral forms 
• artemether–lumefantrine, oral forms 
• artesunate + mefloquine, oral forms 
• artesunate + sulfadoxine–pyrimethamine 
• artemether injectable forms, rectal preparations 
• artemotil (arteether) injectable forms 
• artesunate injectable forms, rectal preparations. 
Regulation of medicines at national level should include the following areas: drug registra-
tion; manufacturing (enforcing GMP standards) drug distribution (prescription only medicine, 
pharmacy medicine, over-the-counter and general sales); and information and promotion 
control. Registration should consider such factors as safety, efficacy, quality and affordability 
                                                 
2 See http://mednet3.who.int/prequal/mal/EOI-Malv6.pdf. 
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(pricing). Those who may apply for registration include manufacturers and representatives or 
agents of manufacturers (power of attorney required in the country of origin). 

For approval of application, certain data are required, including: 
• chemical data (both active substance and formulating ingredients); 
• pharmaceutical data of the product: complete formula (including specifications), manu-

facturing processes (including validation data), analytical and quality specifications of the 
finished product, and method of analysis and assay of active ingredient in the finished 
product; 

• product stability profile; 
• clinical data (safety and efficacy); 
• innovator products: full documentation of preclinical and clinical safety and efficacy 

according to guidelines of International Conference on Harmonization of Technical 
Requirements for Registration of Pharmaceuticals for Human Use; all claims on the 
summary of product characteristics have to be substantiated; 

• multisource products: bioequivalence to be demonstrated; direct evidence in support of 
safety and efficacy. 

Several participants expressed the view that the procedure for pre-qualification was too long. 
ACTs were new drugs with no comparative data; it took a large amount of work to gather 
data through the European regulatory agency. The procedure is now better referenced and 
processes will be quicker. 

In conclusion, it was noted that in order to improve and sustain access to good quality, effec-
tive antimalarials in malaria-endemic countries, it will be necessary to intensify work to 
develop and expand capacity for effective pharmaceutical regulation and control; strengthen 
the capacity and efficiency of drug supply systems; develop more effective and efficient 
drug-financing arrangements; and ensure that antimalarial medicines are used in a rational 
manner. 

 
2.3 Current situation of ACT forecasting, financing and procurement 

Dr Maryse Dugué, Malaria Medicines and Supplies Service, Roll Back Malaria 
Partnership Secretariat 

 Forecasting for ACTs is based on several considerations, the first of which is epidemiology. 
A morbidity-based method using WHO’s most recent estimates of malaria incidence (all age 
groups), with no adjustment for percentage of treatments based on fever, gives a total of 350 
to 500 million malaria cases per year, with an increase in those caused by Plasmodium 
falciparum. Other considerations include country policies; available financing (GFATM: two 
years, phase 1); and consolidation of agencies’ estimates. 

Public sector coverage is assumed to be around 60%, but is traditionally lower in many 
countries, depending on private sector capacity to access ACTs (with price a factor), and on 
public sector capacity to respond to the demand. 

A number of factors influence the quantity of ACTs ordered. These include:  

• quantification capacity in the country: different packaging for children/adolescents/adults;  
• lack of experience, which may lead to overestimates or underestimates; 
• availability of drugs (shortage/competition): countries switching between first- or second-

line treatment; 
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• procurement capacity; 
• implementation: logistics, drug management capacity (reorders); health workers’ training;  
• pricing policy; 
• other actions on malaria (nets, indoor residual spraying, rapid diagnostic tests). 
As a result of such factors, three different sets of figures may emerge: estimated demand > 
financed demand > actual orders. 

A continuous sharp increase in demand for ACTs is expected in 2005–2006. More countries 
are changing their procurement policies towards ACTs (51 now, but only 24 are implement-
ing). Increased funding is expected from reprogramming rounds 2 and 3 and signing round 4 
grants from GFATM in 2005, with procurement late 2005/early 2006. A progressive exten-
sion of coverage is therefore probable (from district- or age-based policy to national imple-
mentation) in 2006–2007. 

A slower increase is forecast after 2007–2008 – by then most countries will have already 
changed policy, and more stability in financing is expected, with linkage to implementation 
capacity. 

The estimates in Table 1 will be refined and updated upon completion of the Malaria 
Medicines and Supplies Service database (end of June 2005).  

Table 1. Estimates for combination therapy treatments, 2005 and 2006 

Treatments 

Combination therapies 2005 2006 

artemether–lumefantrine 25–30 million 80–120 million 

artesunate + amodiaquine 20–25 million 25–30 million 

artesunate + sulfadoxine–pyrimethamine  3–5 million 3–5 million 

artesunate + mefloquine 0.5–1.5 million 0.5–1.5 million 

 
Financing for ACTs will come from a number of sources. There will be some procurement by 
countries on their own budget; other funds will come from bilateral funding, or from the 
World Bank Booster Program (expected late 2005–2006, but no reliable figures yet). 
However, the bulk (possibly 90%) will come from GFATM reprogramming in 2004 and the 
new round in 2005. 

The GFATM financing process is as follows: 

• proposal submission; 
• proposal reviewed, then grant approved or not; 
• grant signed (can take up to 18 months); 
• procurement and supply management (PSM) plan submitted, then approved; 
• country procures. 
Grants are approved for two phases: 

• Phase 1: two years, funds committed to countries; 
• Phase 2: three years, based on performance in Phase 1. Historically, over 95% of coun-

tries have qualified for Phase 2 disbursement. 
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GFATM procedures are often not well understood, especially following approval of the grant 
and PSM plan. It is not clear what the possibilities are as regards managing the grant dis-
bursement, e.g. whether it is possible to change the type of ACT procured during the process. 
This question is important, as short-term availability of artemether–lumefantrine might be 
limited, so countries want to know if they can order one ACT in the short run, then change to 
artemether–lumefantrine 

GFATM is to provide US$ 235 million to finance ACTs over the next two years (Phase 1, 
rounds 2 to 4), but mobilizing these resources is slow. rocurement decision and process rests 
with the countries. Money is transferred to countries after PSM plan approval; alternatively, 
money can be transferred directly to the manufacturer. This reduces the time for payment, but 
the passing of orders must still be carried out by countries. Various factors may slow this 
process, for example a lack of preparedness or bureaucracy. 

Once the PSM plan has been approved and the grant signed the country can choose to receive 
the grant in full or by instalments. Funds are released according to disbursement cycles 
agreed within the grant; these usually range between 6 to 15 months’ worth of funds, but 
flexible arrangements are possible to accommodate different needs. Most funds are already 
available, and should be utilized within two years. Table 2 shows the approval status of PSM 
plans at the time of writing. 

Table 2. Approval status of PSM plans for combination therapies (in US$) 

Combination therapies PSM plan approved PSM plan not approved 

Artemether–lumefantrine   177 million   26 million 

artemisinin + amodiaquine   21 million   1.7 million 

artemisinin + sulfadoxine–pyrimethamine   3.4 million   3.6 million 

Total (share of drugs may change)  201.4 million  31.3 million 

 
The procurement process may be exemplified as follows in the case of artemether– 
lumefantrine (Coartem®): 

• price agreement: access to Coartem® for public sector at preferential (not-for-profit) 
price; 

• a technical advisory group of experts (WHO coordination) reviews the orders; 
• Malaria Medicines and Supplies Service manages the orders and assists the countries; 
• WHO or UNICEF procure (coordinated procurement). 

 
2.4 Potential impact of new developments, including alternatives to 

ACTs, vaccines and increased vector control coverage 
Dr Ian Bathurst, Medicines for Malaria Venture 

Figures 3 and 4 show the Medicines for Malaria Venture portfolio, May 2005 and 2010 
(projected). 
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Figure 3. Medicines for Malaria Venture portfolio, May 2005 

 
 

 

Figure 4. Medicines for Malaria Venture portfolio development, 2010 
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Vaccine 
The development of an effective malaria vaccine could greatly contribute to disease control. 
RTS, S/AS02A is a pre-erythrocytic vaccine candidate based on Plasmodium falciparum 
circumsporozoite surface antigen. Vaccine efficacy, immunogenicity and safety have been 
assessed in young African children with a randomized controlled trial (Alonso et al., 2004). 

Recombinant artemisinin 
The California Institute for Quantitative Biomedical Research at the University of California, 
Berkeley, will perfect the process created by the laboratory of Jay Keasling, Professor of 
Chemical Engineering, inserting yeast and plant genes into Escherichia coli to produce a 
microbial factory for the compound artemisinin. This approach, one of the first triumphs of a 
field called synthetic biology, produces a reliably pure compound. Using this technology, the 
partnership expects to bring down the cost of artemisinin combination drugs to a fraction of 
the US$ 2.40 per adult course of treatment for patients in developing countries.  

Amyris Biotechnologies will develop processes to produce large quantities of microbial 
artemisinin acid and chemically convert it to artemisinin and other effective medicines. 
OneWorld Health will perform the regulatory work required by the United States and other 
global agencies that will allow the low-cost microbially based product to substitute for plant-
based products. OneWorld Health will conduct detailed preclinical studies to determine the 
safest artemisinin derivatives, adhering to the standards of the United States Food and Drug 
Administration. This biotechnology process will create a stable, synthetic source of artemi-
sinin to supplement existing natural sources, making it easier for drug manufacturers to 
address future supply shortfalls and helping to reduce the price of drugs, making them more 
accessible to people in the developing world. For the Escherichia coli recombinant version, it 
was emphasized that clinical trials have not yet begun, and filing for regulatory approval will 
probably not occur before 2009 to 2010.  

Synthetic artemisinin 
Another alternative, synthesizing artemisinin in a laboratory, is difficult and expensive, as the 
molecule is large with multiple carbon rings. Its major component is an endoperoxide bridge, 
a formation that chemists believe interacts with the iron in red blood cells to create toxic free 
radicals, atoms with extra electrons, that then destroy proteins crucial to the parasite’s life 
cycle. In the new OZ (synthetic peroxide) molecule created at the University of Nebraska, the 
bridge is protected by a stable adamantine ring rather than large fragile carbon rings. Diffi-
culties with making a water-soluble version that can be swallowed have been overcome, and 
the drug is being tested in Thailand. Regulatory submission is expected to be filed in late 
2007 or early 2008, with approval taking a further 12 months. The drug is expected to be on 
the market in 2010, if all clinical stages of the trials go as expected. Participants at the 
meeting were very interested in the possibilities for other sources of active pharmaceutical 
ingredients for ACTs.  

OZ RBx11160/OZ277 different clinical stages: 

• Phase I Super Protocol completed 2004: single rising doses from 25 mg to 600 mg; 
multiple rising doses once daily for seven days, 25 mg to 200 mg; food effect; 

• Phase I elderly and gender study planned; 
• Phase II pharmacodynamic study ongoing in Thailand: doses 25, 50, 75, 100 and 200 mg 

and placebo; 
• Phase II dose ranging starting June 2005: doses 50, 100 and 200 mg once daily for three 

days: sites in South-East Asia, India and Africa. 



   
 

 20 

2.5 How much will better prevention and diagnosis reduce ACT 
demand?  
Dr Allan Schapira, Roll Back Malaria Department, WHO 

Across 107 malaria-endemic countries and territories, estimated incidence in 2004 was 311 
million (range 270–400 million) cases of falciparum malaria, of which approximately 72% 
occurred in the WHO African Region and 19% in the WHO South-East Asia Region.3 Figure 
5 shows estimated annual malarial fever episodes in Africa south of the Sahara. 

 

Figure 5. Estimated fever episodes per year for Africa south of the Sahara 

 
Sources: Snow, Eckert & Teklehaimanot, 2003; Kiszewski et al., in preparation. 

 

It has been found that use of insecticide-treated nets with > 60% coverage in all communities 
reduces malaria-like episodes by 50% (Lengeler 2004). The World Health Assembly in 2005 
recommended at least 80% coverage by 2010. In addition, use of rapid diagnostic tests is 
likely to reduce overtreatment by about 50%. A vaccine is very unlikely to be available 
before 2010 and will probably be only 50–60% effective. In the meantime preventive inter-
ventions and diagnosis could reduce global ACT demand by about 50% by that date. In 
practice, the more important determinant of demand will be the rate of scale-up of 
deployment.  

 
2.6 Global situation of Artemisia annua and artemisinin production 

Dr Nelson Tan, Medical Director, Chongqing Holley, China 
Optimal conditions to grow Artemisia annua: 

• longitude: 105–115 °E 
• latitude: 25–35 °N 
• altitude: 1000–1500 m 
• average temperature: 15–17 °C 
                                                 
3 See www.who.int/malaria. 
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• average rainfall: 1000–1500 mm 
• earth: yellow soil, yellow sandy soil. 
Artemisia annua is an annual plant, with a crop cycle of six months. It is seeded in February 
(in the northern hemisphere) and grows in the nursery for 80 days before being transferred to 
the field, where it grows for a further 100 days. The plant is harvested just before it flowers, 
and the leaves are air-dried for storage and extraction. 

The production resource of Chongqing Holley is the first Good Agricultural Practice (GAP)-
certified and largest Artemisia cultivation site in the world. The 2005 projected planting area 
is 6,500 hectares, with a projected artemisinin yield of 45 tonnes. 

Figure 6 shows breeding and cultivation statistics for selected sites in China; Figure 7 shows 
derivatives obtained from artemisinin. 

 

Figure 6. Breeding and cultivation of artemisinin at Chongqing Holley sites, China 

 

 

Figure 7. Artemisinin derivatives 
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2.7 Experiences with cultivation of Artemisia annua in Africa 
Mr Patrick Henfrey, Chief Executive Officer, Advanced Bio Extracts, Kenya 

The Advanced Bio Extracts group produces purified artemisinin. Its main operating entities 
are African Artemisia, United Republic of Tanzania; East African Botanicals, Kenya; and 
East African Botanicals Uganda, Uganda. The group’s production targets are 1,000 hectares 
of Artemisia annua in 2005 and 2,000 hectares in 2006, with an annual production of 20 to 30 
tonnes of artemisinin by the end of 2006. 

 

Mr Anthony Ellman, Consultant Agronomist and Socioeconomist 
Artemisia annua originated in China and has a long history. Table 3 shows the global expan-
sion of cultivation of the plant; Table 4 summarizes the ideal local conditions for adoption of 
the plant for cultivation; Table 5 presents the main characteristics of Artemisia annua seed 
sources; Table 6 shows cultivation practices; and Table 7 looks at business aspects of 
production. 

 

Table 3. Chronology of global expansion of Artemisia annua cultivation 

Cultivation location Date 

Origin in China 168 BC 

Moved to Viet Nam 1970s 

Moved to Europe, Americas, Australasia 1980s 

Moved to East Africa 1994 

 

Table 4. Ideal conditions for cultivation of Artemisia annua 

Cultivation characteristic Parameters 

Altitude 1000–1500 metres above sea level 

Climate Temperate, subtropical 

Rainfall Reliable for planting/transplanting; 700–1000 mm per annum 

Soil Good drainage, moderate fertility, pH over 5.5 

Day length Short day length triggers flowering 

Land availability Intensive cultivation; land for food and other crops 

Labour availability High demand for transplanting, weeding, harvesting 

Profitability Competitive with returns from other cash crops 

Processing facility Easy access, sufficient capacity 
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Table 5. Characteristics of Artemisia annua seed sources 

Type of source Location Characteristics 

Wild stands China 0.01–0.3% artemisinin 

Seed selection China, Viet Nam 0.4% artemisinin 

Hybridization Mediplant, Switzerland F1: 2.0–2.5 tonnes/ha; 1.0–1.5% artemisinin 
F2: 1.6–2.0 tonnes/ha; 0.8–1.2% artemisinin 

Vegetative propagation, 
micropropagation 

India, Brazil, Tasmania, 
United States 

Small-scale experimental, not commercial 

Risks in current seed 
supply 

Few sources Problems of seed shortage, dependency, price 

 

Table 6. Cultivation practices for Artemisia annua 

Cultivation component Observations 

Germination method F1: pelleted; plugs/trays; transplant 
F2: broadcast; raised beds; transplant 

Land preparation Weed-free field, friable seedbed 

Planting date Start of rains; dry period for harvesting 

Planting density 10 000–30 000 plants per ha 

Nutritional needs Nitrogen and phosphate required 

Water requirements Young plants very susceptible to water stress 

Weed control Young plants susceptible to weed competition 

Pest and disease control Few pests 

Harvesting  Just before flowering 

Drying Air dry in field 

Threshing  Stick or tractor 

Storage Below 13% moisture content 

 

Table 7. Business aspects of production of Artemisia annua 

Business component Matters for consideration 

Input supply Seedlings – Production inputs 

Extension and training Grower’s manual – GAP guidelines – Producer groups 

Research and monitoring Agronomic trials – Monitoring and evaluation 

Credit provision Company or bank – Individual or group lending 

Leaf collection Collection centre management – Payment procedure 

Price formula 1st payment on delivery – 2nd payment on checking 
3rd payment after testing 

Grower’s contract Rights and obligations of grower – Rights and obligations of buyer 
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As regards future needs, meeting participants felt that Artemisia annua cultivation was likely 
to remain a niche market, and production should remain under control (as close as possible to 
forecast, if reliable), in order to stabilize prices for farmers who have shifted to Artemisia 
annua production.  

In many respects East Africa has a comparative advantage over other regions for growing 
Artemisia annua: 

• A high-yield variety is very suitable for local conditions. 
• There are minimal pest and disease problems. 
• Labour costs are low, especially where family labour is used.  
• Transport costs are reduced when production, processing and ultimately drug manu-

facture take place in the country or region where the ACTs are to be used. 
• Many farmers are keen to grow the crop. 
• There is political advantage in local production of remedies for local diseases. 
 

Table 8 shows points to be considered as regards extension of production of Artemisia annua 
in East Africa.  

Table 8. Considerations for production of Artemisia annua in East Africa 

Production component Matters for consideration 

Seed supply High-yielding varieties – Location specific – Competing producers 

Agronomic trials Research station trials, on-farm trials 

GAP guidelines Completion of guidelines 

Extension and training Farmer training – Grower manuals 

Finance Credit sources for growers – Finance for buyers 

Market access Competing buyers Balanced supply and demand – Market guarantees 

Controlled use ACTs – Other formulations 

Planned growth Coordination between producers, processors and drug providers 
 

 
2.8 Global situation of finished products  

Dr Maryse Dugué, Malaria Medicines and Supplies Service, Roll Back Malaria 
Partnership Secretariat  

Few products are as yet pre-qualified: 

• The fixed-dose combination artemether–lumefantrine, sold commercially by Novartis as 
Coartem®: Intellectual property rights have been transferred to the Institute of Micro-
biology of the Academy of Military Medical Science in China for least developed 
countries; for other countries patent rights are co-owned by the Academy of Military 
Medical Science and Novartis until 2011. In most countries no patent protection exists. In 
principle, the lead time for delivery is 16 weeks upon receipt of order. 

• artesunate from Sanofi-Guilin: Oral monotherapies are not recommended by WHO, and 
the product is to be utilized in conjunction with other antimalarials.  
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More products are being reviewed for WHO/UNICEF procurement: 

• artesunate + amodiaquine (co-blister): has been reviewed for GMP and pharmaco-
chemical data (particularly stability). Producers: Sanofi, Cipla, Ipca and Dafra Pharma; 

• artesunate + sulfadoxine–pyrimethamine (co-blister). Producer: Dafra Pharma; 
• artesunate + mefloquine (co-blister): formulation not yet approved; has been reviewed for 

GMP. Producer: Mepha Ltd. 
As regards other products, a new invitation for expressions of interest has been launched by 
WHO/UNICEF. No injection formulations, e.g. for artemether and artesunate, have yet been 
pre-qualified. 

 
2.9 The Artepal project to improve the availability of ACTs 

Mr Jacques Pilloy, Office Technique d’Études et de Coopération Internationales 
(OTECI) 

The Artepal project is under the Aedes Foundation, based in Paris, France, and is supported 
financially by the European Union. OTECI provides senior experts to administer its 
technology transfer section, under a technical and scientific committee. The objective is to 
improve the availability of ACTs by analysing countries’ needs and helping them during the 
transition phase to first-line ACT production. The project encompasses all aspects of the 
supply chain of ACTs, from cultivation to end-users: 

• plantations: seeds, nurseries, plantation management, crop production, drying; 
• extraction, purification of artemisinin: engineering, processing, quality control, analytical 

methods; 
• hemisynthesis: reduction, esterification, etherification; 
• pharmaceutical presentation: forms, registration files, data management facility, pre-

qualification; 
• distribution to patients. 
More specifically, the project can assist in the following areas: 

• plantations: find seeds with high artemisinin content; offer advice on cultivation and 
drying; 

• extraction and purification: engineering, analytical methods, assistance with data 
management; 

• chemical phase: set up GMP, technical assistance for data management facility; 
• galenic form: assistance with GMP implementation, preparation for pre-qualification, 

methods of extending stability. 
The project found that plantations and artemisinin projects must be integrated into global 
pharmaceutical projects. Care must be taken to ensure that plantations have extraction facili-
ties; that projects have identified customers; that risks for farmers are identified; and that 
artemisinin of desired quality is produced. It is also necessary to have good forecasts by 
country, by type of ACT, and by year. Finally, the project found that it is advantageous to 
store excess production as artemisinin, which appears to have a longer shelf-life than dried 
leaves and the derivatives. 

The project made two main proposals: first, there is a need for coordination and centralization 
of procurement for all public sectors; and second, financing of excess inventories of 
artemisinin should be supported by donors and pharmaceutical companies. 
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2.10 Summary of working group A: Artemisia cultivation and 
intersectoral collaboration 

There is information on Artemisia but it is not widely available. There is a need for a web site 
to gather worldwide information (through the Roll Back Malaria Department linking with 
FAO and other organizations) on technical aspects of growing the crop, including demand 
forecasting, production, extraction capacity and identification of stakeholders and their 
activities. Dissemination of information would also benefit from publication of training mate-
rials for different actors, including farmers, and from technology transfer from international 
experiences (for example from China). WHO and FAO would coordinate the process, 
involving CGIAR, USAID, DFID, GTZ and others. 

As regards agronomic aspects, there are experiences in the East African region but there is a 
need for coordinated research in the different countries on: 

• identification of ideal planting dates, 
• studies related to seed density and row spacing, and to inputs (fertilizers and others), 
• geographical suitability of the region for growing the crop, 
• harvesting system and postharvesting, 
• investigation of nonmalarial uses for Artemisia, 
• coordination with other actors who are already working in the area, including government 

organizations, 
• identification of partners and a leading organization to coordinate the research process. 
 
Design strategies for Artemisia production in Africa would consider: 

• overall demand for ACTs, 
• available and foreseen extraction capacity, 
• experience of other countries, e.g. China, Viet Nam, Brazil and India, 
• extraction capacity and potential marketing opportunities, 
• technical information available and research needs, 
• niche investment and windows of opportunity: demands, 
• role of governments, NGOs, international organizations, private sector and others, 
• minimizing gluts and deficits in production, 
• extraction facilities. 
 
A mechanism should be set up to monitor and forecast production at global level, considering 
country and regional production and average yields. The Global Malaria Programme of WHO 
would coordinate the monitoring system through an international consultancy company. 

Farmers do not currently have many varietal choices, and there is genetic variability in 
artemisinin content. However, although crop improvement is needed to provide alternatives 
to farmers, it may not be an agenda priority at the moment. A centre of excellence responsible 
for breeding and collaboration on crop improvement is desirable. Those that might participate 
in the process include institutions such as Mediplant, Universidade Católica de Pernambuco 
and York University, and countries such as China and Viet Nam. There is also a need to 
develop breeding centres in Africa with the capacity to test and adapt materials from else-
where; possibilities include CGIAR’s Systemwide Initiative on Malaria in Agriculture, 
national agricultural research systems and the private sector. 
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A number of actions could be taken to build capacity, for example through technology 
transfer. Medium- and long-term strategies are needed to provide technical information to 
farmers on growing methodologies. Building managerial capacity could be achieved through 
linking with processors and other organizations (e.g. NGOs, farmers’ organizations); and 
extension services could be improved by linking with governments and the private sector (for 
example buyers). Countries such as Uganda could benefit from development of partnerships, 
for example with CGIAR Centres, to assist with technology transfer. 

 

Seed production and availability recommendations include: 

• encourage current seed companies, such as Mediplant, to extend to other regions and 
countries in Africa; 

• encourage African seed companies to produce Artemisia; 
• stimulate farmers’ organizations to become involved in seed production; 
• ensure multiplicity of seed sources; 
• provide options such as clones, F1 and F2 seeds; 
• develop mechanisms, such as government subsidies, to ensure access to high-quality 

seeds at affordable prices; 
• OBS: Mediplant sells F1 seeds at around 75 euros per gram. 
 

Several issues related to Artemisia cultivation merit future consideration. The environmental 
impact of switching to Artemisia cultivation has been little studied. With production of a new 
crop, issues such as collaboration, partnership and networking need to be considered, as do 
agribusiness linkages between producers, including smallholders and processing plants. 
Finally, growers will have concerns regarding the relationships between production, demand 
and price guarantees. 

In addition, there are a number of cross-cutting issues to be taken into account, generally 
related to policy on production, processing and marketing. Global extraction capacity cur-
rently available or under construction is about 250 tonnes of artemisinin, equal to around 500 
million doses of ACTs, grown on about 25,000 hectares. A task force is needed to deal with 
specific issues and to come up with detailed strategy and implementation plans. 

 
2.11 Summary of working group B: Artemisinin extraction, storage and 

quality assurance 
Extraction processes (compared in Table 9) include use of organic solvent; HFC134a; hyper-
critical CO2; and others under development by companies such as Bio Exx. 
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Table 9. Comparison of extraction processes 
 

 
Representatives of the major pharmaceutical companies stated that for the immediate future 
they would continue to use hexane and petroleum ether-based processing, as it was a known 
technology and it was important that all risks were minimized in the next few years to ensure 
the continuity of supply of ACTs as required. However, it was stressed that this should not 
prevent research into and development of new, more efficient, safer and environmentally 
friendly processing technologies. 

As regards quality assurance, buyers of artemisinin have their own specifications and ask 
suppliers to attain an “appropriate level of GMP”. To assist with this, buyers require data 
management facilities. 

Planned worldwide extraction capacity is as follows: 

ASIA 
• Australia: GCT has one unit in Victoria, capacity 5 tonnes per year. 
• China: Kunming Pharmaceutical Company (KPC), Guilin and Holley have three plants. 

There are more than 10 producers with capacities between 1 and 25 tonnes. Total capacity 
is approximately 100 tonnes of artemisinin per year. 

• India: Ipca has 200 hectares for a pilot in Madya Pradesh, capacity 2 tonnes. Two more 
plants serving Gujarat and the Himalaya area have plantations with a capacity of 10 
tonnes. 

• South Korea: GCT has one plant in Jinju, capacity 5 tonnes per year. 
• Viet Nam: Saokim has two plants, including Mediplantex, with a capacity of 75 tonnes 

per year. Two small plants are indicated. 

AFRICA 
• Gabon: Propharex, a Belgian company. 
• Ghana: Phyto-Riker in Accra extracts natural products (but not sure of artemisinin). 
• Kenya: Advanced Bio Extracts (EABL) has a capacity of 20–30 tonnes. 
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• Madagascar: Indena in Fianarantsoa has spare capacity in existing plant; Biolandes has 
spare capacity in existing plant; OFAFA has a capacity of 2 tonnes per year but is not 
operational. 

• South Africa: There is extraction capability, e.g. CSIR. 
• Uganda: Advanced Bio Extracts (EABUL) has a capacity of 5 tonnes, crude extracts. 

SOUTH AMERICA 
• Brazil: Suitable solvent extraction plants are available, small modifications are needed. 
In summary, the current known potential and captive capacity is around 250 tonnes per year, 
but this greatly exceeds actual production.  

Artemisia has a number of potential alternative uses, including:  
• stems: scopoletine by extraction; 
• from by-product: insect repellents, biomass from stem by burning or gasification, 

compost fertilizer; 
• other medical uses: schistosomiasis treatment is the one use (apart from malaria treat-

ment) that is recognized and based on solid evidence. Other suggested uses include 
gastrointestinal tract infections, immune boosting, deworming in animals, joint problems 
in the elderly, cancer treatment; 

• other uses include perfume from essential oils of Artemisia, flavouring for alcoholic 
beverages. 

The group raised the need to look at alternative ways of using Artemisia for malaria treat-
ment, other than through artemisinin extraction. Studies were required on use of the leaf in 
comparison to ACTs, with testing for efficacy, recrudescence and treatment compliance.  
Some studies are available, and do not suggest that use of Artemisia leaves or teas or decoc-
tions from them provide effective treatment.  However, there is room for more research. 

It has been suggested that other components of the Artemisia leaf, in addition to its 
artemisinin content, may mean that the plant by itself is a combination therapy. An elimina-
tion of the extraction step could make the use of Artemisia for malaria treatment more 
affordable and accessible to the poor, particularly in Africa. More studies are needed to test 
this theory. 

Table 10 indicates potential output scenarios for 1 hectare of Artemisia, as a basis for 
calculating the area of cultivation required to meet ACT needs. 

Table 10. Potential output scenarios for 1 hectare of Artemisia 

Output per hectare 
Output component Lower estimate Upper estimate Average 

Dry leaf 1000 kg 1500 kg 1250 kg 

Artemisinin content 0.5% 1% 0.8% 

Artemisinin recovery (yield) 
after processing 40–70% 2 kg (40%) 10.5 kg (70%) 4.8 kg (60%) 

Artesunate recovery (yield) 70%a 1.4 kg 7.35 kg 3.36 kg 

Artemether recovery (yield) 60% 1.2 kg 6.3 kg 2.88 kg 
a Initially percentages of 110–120% were quoted, but manufacturers later suggested that 60–80% was 
a more realistic figure. 
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One ACT adult treatment course contains 0.6 g artesunate or, for the combination 
artemether– lumefantrine, 0.48 g artemether. 

Therefore the number of treatments that can be obtained from 1 ha of Artemisia, based on the 
above variations of yield, artemisinin content and recovery, are: 

• 2333–12 250, using artesunate (average 5600) 
• 2500–13 125, using artemether (average 6000) 
To produce 100 million adult ACT treatments, the area of land required would therefore be: 

• 8160–42 860 ha for artesunate (average 17 860 ha) 
• 7620–40 000 ha for artemether (average 16 670 ha) 
Using a 50/50 artesunate/artemether allocation, an average of 17 279 hectares would there-
fore be required per 100 million ACTs. 

 
2.12 Summary of working group C: Developments in quality assurance 

and pre-qualification, and in financing and procurement 
Quality assurance and pre-qualification 
Pre-qualification inspections are carried out by a WHO team leader, an international inspec-
tion authority representative, and a local health authority inspector. To assist the process, the 
pre-qualification team was asked to provide a road map to manufacturers for malaria project 
protocols, and a request was made to allow interchangeability of country dossiers and pre-
qualification dossiers from manufacturers. Applicants were encouraged to engage in personal 
dialogue with the WHO pre-qualification Geneva team. WHO, in turn, was asked to provide 
a list of names, contact persons and their responsibilities to the pharmaceutical industries. 
Each pharmaceutical company (including generics) can be GMP-certified by any country and 
then market their product to this country. GMP is a national certification. 

pre-qualificationSome quality assurance issues were raised. Bioequivalence guidelines and 
requirements were not felt to be fully clear. There was a need for a simple testing method for 
national health authorities to define and quantify drug content to help combat counterfeiting. 
Other concerns included the need for administrative improvements; human resources 
constraints; and technical constraints related to product stability in climate zone 4. 

pre-qualificationpre-qualificationIt was stressed that monotherapies should be reserved for 
severe cases (rectal and intravenous use). Health authorities should refrain from renewing 
marketing authorizations for oral formulations if they are not co-blistered with another long-
acting antimalarial companion drug. The determination of the first and second drug of choice 
policy was discussed in relation to the availability of these drugs and their management. 

Financing and procurement 
GFATM funding policy for procurement contains three options: (a) pre-qualification by 
stringent health authority; (b) pre-qualification from WHO Geneva team; and (c) drugs that 
have GMP clearance at national level. Options (a) and (b) are equally preferred policies; if 
they are not applicable option (c) applies. 
An estimated 90% of malaria funds come from GFATM. Fund availability for the period 
mid-2005 to mid 2007 is as follows: Artemether–lumefantrine, US$ 241 million (US$ 158 
million in approved PSM plans); artesunate + amodiaquine, US$ 27 million (US$ 17 million 
in approved PSM plans); and artesunate + sulfadoxine–pyrimethamine, US$ 3.6 million. 
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As regards other sources, US$ 500 million is available over five years from the World Bank 
Booster Program, and the International Finance Corporation will provide funding to local 
manufacturers (mixture of equity and loans) in the manner of a venture capital firm. 
The artemether–lumefantrine market will probably move from a single source situation with 
the introduction of artemether–lumefantrine generics in the next 12 months. As regards the 
issue of intellectual property rights for Coartem®, the representative of Novartis explained 
that the situation differed from country to country, and it was not possible to reach any clear 
conclusion about the implications of existing intellectual property rights for potential generic 
producers. 
Coartem® availability was discussed, in view of anticipated demand for 80–120 million 
treatments in 2006. Transparency could be ensured by sharing detailed monthly production 
plans until the end of 2006 with relevant stakeholders. The challenge is to plan multiple 
deliveries for several countries, starting first deployment at the same time. Countries need to 
start ordering now to ensure timely delivery, and to plan for monthly rather than large 
quarterly or biannual instalments. 
Demand for artesunate + amodiaquine was anticipated to be 25–30 million treatments in 
2006. The product is available from designated manufacturers. Anticipated demand might 
increase if West African countries choose to adopt artesunate + amodiaquine as first-line 
treatment if their preferred first-line therapy is unavailable. 
The recipient country drives the decision on the procurement process. Funds are usually sent 
to the procurement agent or to the country. For Coartem® and artesunate + amodiaquine 
(acceptable on the basis of GMP and stability data, but not yet fully pre-qualified) from three 
designated suppliers, funds are typically sent to WHO acting as the procurement agent; WHO 
subsequently places the order with the manufacturer. Given the present short supply of 
artemether–lumefantrine, concern was expressed concern regarding the exercise of 
prioritization of supplies.  
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Annex 1. Timetable  

Monday, 6 June 

08:00–09:00 Registration 

09:00–09:10 Remarks by the WHO Representative in the United Republic of Tanzania 
Dr Edward Maganu 

09:10–09:20 Remarks by WHO/HQ 
Dr Jack C. Chow, Assistant Director-General, HIV/AIDS, Tuberculosis and Malaria 

09:20–09:30 Official opening 
Dr Gabriel Upunda, Chief Medical Officer, Ministry of Health, United Republic of 
Tanzania 

09:30–09:35 Objectives and expected results 
Dr Allan Schapira, Coordinator, Strategy and Policy Team, Roll Back Malaria 
Department, WHO 

09:35–09:50 Election of chair and rapporteurs, self presentations 
Dr Alex Mwita, Programme Manager, National Malaria Control Programme 

09:50–10:00 Group photograph 

10:00–10:20 Tea/coffee break 

10:20–10:35 The role of artemisinin-based products in current treatment of malaria and national 
policies 
Dr Andrew Kitua, National Institute for Medical Research, Dar es Salaam 

10:35–10:50 National regulation and artemisinin-based products 
Dr Clive Ondari, WHO 

10:50–11:20 Current situation of ACT forecasting, financing and procurement 
Dr Maryse Dugué, Roll Back Malaria Partnership Secretariat, NN, GFATM 

11:20–11:40 Potential impact of new developments, including alternatives to ACTs, vaccines and 
increased vector control coverage 
Ian Bathurst, Medicines for Malaria Venture; Dr Allan Schapira, WHO 

11:40–12:10 Global situation of Artemisia annua and artemisinin production 
UNICEF, Holley, EABL, Ipca, Novartis, others 

12:10–12:45 Global situation of finished products, including patents (ACTs and other artemisinin-
based medicines)  
Dr Maryse Dugué, manufacturers 

12:45–13:45 Lunch 

13:45–14:30 Experiences with cultivation of Artemisia annua in Africa 
Mr Anthony Ellman 

14:30–15:45 Group discussions:  
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A. Artemisia annua cultivation and intersectoral collaboration 
Facilitator: FAO  
B. Artemisinin extraction, storage and quality assurance 
Facilitator: Jacques Pilloy 
C. ACT finished product: developments in quality assurance, pre-qualification, 
financing and procurement 
Facilitators: Pradeep Nambiar, Ipca; Nelson Tan, Holley 

15:45–16:00 Tea/coffee break 
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on alternative uses of Artemisia annua. 
Group C will focus on global financial and procurement mechanisms to improve 
ACT supplies. 

12:30–13:30 Lunch and press briefing 

13:30–15:20 Plenary session: group presentations A and B 
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Annex 3. Opening and closing speeches 

Opening speeches 
Dr Edward Maganu, WHO Representative, United Republic of Tanzania 
Malaria contributes very significantly to the disease burden in Tanzania, as in many African 
countries, and officially it is regarded as the single largest cause of morbidity and mortality. 
This meeting is being held at an opportune time when a number of malaria-endemic countries 
have planned to change their malaria treatment policies from monotherapy to ACTs, hence 
increasing the demand for ACTs globally. 

The major problem, however, remains cost, which is related to availability. If countries in 
Africa like Tanzania were to produce Artemisia annua, and if extraction and manufacturing 
were to take place in our continent, availability and cost control could become favourable to 
our countries. It is therefore comforting to see so many stakeholders, from agronomists 
through manufacturers to users of the drugs, meeting to reflect on strategies that could 
increase access to ACTs in our countries and hence make an impact on malaria morbidity and 
mortality. 

Let me take this opportunity to reiterate the related Abuja targets, which Member States will 
be reporting on this year: 

“At least 60% of those suffering from malaria have prompt access to and are able to use 
correct, affordable and appropriate treatment within 24 hours of the onset of symptoms.” 
Secondly, “At least 60% of pregnant women who are at risk of malaria, especially those in 
their first pregnancies, have access to chemoprophylaxis or presumptive treatment.” 

A complementary milestone, which the Member States of the United Nations pledged to 
achieve by 2015, is the Millennium Development Goals. Those that relate directly or 
indirectly to malaria are; “To halt and begin to reverse the incidence and spread of malaria 
and other major diseases”; “To reduce the under-five mortality rate by two thirds”; and “To 
eradicate extreme poverty and hunger”. 

The reason I am belabouring these milestones is because in order to achieve the Millennium 
Development Goals and the Abuja targets, the international community and countries need to 
pay more attention to provision and financing of health and health-related services. We could 
all contribute to these healthy aspirations though this meeting. 

In order to ensure that ACTs are available to countries, WHO has worked with a variety of 
partners, including the pharmaceutical manufacturers, to reduce the price of ACTs for devel-
oping countries. It is expected that as more countries start deploying these new combination 
medicines their production will be scaled up and prices will drop. To cope with the rapidly 
increasing demand for artemisinin derivatives, I have been informed that this meeting will 
also explore the expansion and scaling-up of the cultivation of Artemisia annua and 
extraction. I am also aware that there is a great potential for it thriving in parts of Africa. A 
classic example is the Arusha region of northern Tanzania, where this meeting is being held, 
where efforts have already begun in scaling up its production. 

The environment surrounding change of treatment policies needs to be supported by the dif-
ferent actors. This includes political will, appropriate and timely advocacy to the 
communities and reorientation of health personnel at all levels, to mention but a few. I would 
like to congratulate the United Republic of Tanzania for taking a step in the right direction in 
its malaria control plans. In saying this I am very mindful of the fact that, as in many other 
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developing countries, the cost of ACTs makes the transition to combination therapy a 
difficult decision indeed. 

However, the prospects of sustainable production of Artemisia and its processing in our 
continent gives hope that combination therapy will become affordable and sustainable in 
Tanzania in the not-too-distant future. 

I am convinced that the wealth of experience available from the diverse sectors that are 
present at this conference will enable us to make quality intervention towards our goal. I wish 
to thank all those in WHO, in our office here in Tanzania and in HQ and in the Regional 
Office for Africa, who have worked so hard to make this meeting a success. I also thank all 
the others whose contribution may not be so obvious. Again, welcome, and I conclude by 
wishing you productive deliberation. 

 

Dr Jack C. Chow, Assistant Director-General, HIV/AIDS, Tuberculosis and Malaria 
Mission: The three diseases, AIDS, malaria and TB, have a compounding effect here in 
Africa. The introduction of ACTs is the most compelling advance in a generation to treat 
malaria, of which there are 300 to 500 millions cases per year. 

In 1972, Chinese scientists discovered that the active ingredient of Artemisia annua, 
artemisinin, kills malaria parasites. Since then, several chemical derivatives with slightly 
better properties have been developed. This has led to the development of Coartem, ART/AQ 
and other combinations. 

WHO articulated global demand and gave clarity to the need for ACTs. The price of 
Artemisia annua spiked last year. The goal now is to achieve sustainable diversified sourcing 
of the crop, and to produce sufficient quantity and quality of drugs to lower cost at the point 
of delivery. 

To engineer our response there are four cornerstones: 

• public health strategies with advanced prevention and care strategies; 
• extending the power of public health into partnership (coalition with Novartis, MMV 

etc.); 
• political will to transform the public health policy into reality; 
• financial resources needed: US$ 3.2 billion to fight malaria every year, US$ 2 billion 

needed for Africa for ACTs. 
A robust chain of three components should be put in place to fight malaria: resources and 
finance, expertise, and implementation at the country and community level. It must be 
ensured that committed financial and political capital is converted to clear results to reduce 
malaria mortality and morbidity. 

We should also pay attention to the threat of counterfeit drugs, ensuring that resistance is not 
developed and reducing the cost of the drugs. 

 

Dr Gabriel Upunda, Chief Medical Officer, Ministry of Health, United Republic of 
Tanzania 
It is indeed a great honour for Tanzania to be bestowed with the opportunity to host this 
meeting. I hope you will enjoy the hospitality of Tanzanians during your few days of stay 
here and you are welcome to delight yourselves in the many tourist attractions abounding in 
the vicinity of Arusha, the Geneva of Africa. 
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Controlling the enormous health impact associated with malaria has become a global priority, 
as evidenced by the commitment of African heads of state to the Declaration on Roll Back 
Malaria agreed to in Abuja in April 2000. In the declaration, case management was identified 
as one of the cornerstones of malaria control, and the importance of prompt and effective 
treatment cannot be overemphasized. Unfortunately, resistance to commonly used and 
affordable antimalarial drugs is a major impediment to case management of malaria today. 
The advice we countries get is to switch to more effective but scarce and more expensive 
options, which ACTs indeed are. I understand that this meeting will address itself to the 
challenges of trying to meet the rising demand for artemisinin and ACTs. I do hope too that 
the question of long-term financing and sustainability for ACT procurement will be 
discussed. The Global Fund to fight AIDS, Tuberculosis and Malaria has agreed to take us 
through the initiation phase of ACT introduction in our countries, but we need to look for and 
establish a viable solution over the long term. 

While it is important and urgent that we should consider the issue of scaling up Artemisia 
plant cultivation, we should also review the other scientific developments in this field, such 
as the development of the artemisinin synthetic molecule. We have to synchronize the two 
activities well. I am sounding a note of caution here as we should not be in a situation 
whereby our farmers have the leaves and there is no market, or the cultivation costs are too 
high for the prices offered by the buyers. We shall lose credibility before them. 

Let me commend the efforts and leadership WHO has taken in marshalling production of 
Artemisia in East Africa. In Tanzania, for instance, WHO has funded the NGO TechnoServe 
to the tune of US$ 1.1 million, which will be used for smallholder promotion and for exten-
sion services for Artemisia plant cultivation in Arusha, Manyara and Kilimanjaro regions. 

Another area where extension work can be done immediately is the south-western part of 
Tanzania. Small-scale farmers are already producing the Artemisia plant. It is just a matter of 
advocacy and we may get them moving. The local farmers will gain some income from sale 
of the crop and hopefully this will give them a break from dependency on the low coffee and 
other cash crops prices experienced for many years on end. The dividend of these efforts 
would be to contribute to the world supply of Artemisia, although this may not lead into 
lower ACT costs locally. 

Another area requiring critical consideration is the area of processing. Let us build the facto-
ries in the countries where the leaves are abundant. It does not make sense to transport them 
for long distances to be processed. 

Although the challenges of malaria control in this area seem to be quite formidable, there is 
definitely hope in Africa. Let us therefore continue to consolidate our efforts with the tools 
that we have to make a difference. If we do not produce enough leaves we are the ones to 
suffer most. 

I would like to end here by wishing you fruitful discussions. But it is my hope you will find 
time to see some of the wonders of the world that exist in this part of Tanzania. It is now my 
pleasure and my signal honour to declare this meeting on the production of artemisinin and 
ACTs open. 

 

Dr A. Mwita, Program Manager, National Malaria Control Programme, United 
Republic of Tanzania 
In his opening speech Dr Mwita reiterated the purpose of the meeting and the absolute need 
to have ACTs of high quality and at affordable prices. The United Republic of Tanzania has 
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engaged for a long time in its fight against malaria. ACTs bring a new opportunity to lower 
considerably the burden of malaria by reducing the mortality and morbidity of the disease. 
More work is still needed. At country level, ACTs should reach the people more in need. We 
should not forget also the financial weight of ACTs on our national drug budget. Sustainable 
financing and reliable supply of drugs are crucial for the countries, so that they will not face 
shortages of ACTs in the future. 

 
Closing speech 
Dr Gabriel Upunda, Chief Medical Officer, Ministry of Health, United Republic of 
Tanzania 
Dr Upunda thanked all participants for their active contribution. All the shared experiences 
during the meeting have contributed to the enhancement of Artemisia and artemisinin 
production knowledge, to the exchange of technical information among Artemisia growers, to 
securing financial information and to finding other mechanisms to improve the ACT supply 
chain. 

Dr Upunda emphasized the importance of the contribution of African farmers to securing the 
availability of effective treatment and the need for good articulation of demand to ensure that 
farmers do not risk exposure to market slumps. He noted the need for much more research on 
cultivation as well as extraction. He observed that despite interesting observations on the 
potential use of the whole plant instead of industrial extracts, derivatives and combinations 
only, there was so far not sufficient evidence to support such use. Finally he noted that the 
working groups had requested FAO and WHO to ensure that the follow-up steps are carried 
out, in particular that technical and supply information is shared regularly among 
stakeholders. 
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