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Introduction  
The paper that is presented here deals with the issue of cost effectiveness in the production and 
distribution of ACTs right from the growing of the plant to the distribution of the medicines. 
Tanzania is taken as an example because it is a very poor country with a high malaria incidence 
and because the author is more familiar with circumstances in that country, but similar 
observations could certainly be made elsewhere as well.  

The problem  
In Tanzania with 35 million inhabitants and an estimated 14 – 19 million cases of malaria, less 
than 6 million people had access to ACTs in 2006, most of it in the shape of Coartem.. 2006 was 
the first time that Coartem reached Tanzania in large quantities, namely 4.7 million treatments. 
When the drug became available in the public sector, attendance of public health facilities 
suddenly increased by 20% and the ACT was soon out of stock. A smaller amount of other ACTs 
, either imported from other companies or locally produced , were additionally supplied by the 
private and the NGO sector. Since CQ has become ineffective and has been withdrawn from the 
market, the remaining two thirds of malaria patients, who had no access to ACTs, mostly used SP 
or Amodiaquin as monotherapies or waited and drank tea. SP is rapidly reaching the threshold of 
resistance where it can no longer be used and amodiaquin has begun to do so. In the meanwhile 
there was, what looked like an overproduction of artemisinins, on the market. Tanzania has to be 
assisted by donors in order to supply ACTs to its people, but apparently even for the international 
community the burden of satisfying in a sustainable manner all the existing need is too heavy. In 
the coming years an annual shortfall of around 50 million USD for the purchase of antimalarials 
is expected. It is clear that the process of production and the system of distribution of ACTs will 



have to be changed so that producers of ACTs can generate a reasonable and sustainable return to 
their labour and investment while they are producing more ACTs at much lower costs than now.  
 
The following issues need to be addressed:  
 

1 Agriculture:  

Seeds  
The Gates Foundation and MMV are supporting efforts to develop plants with a higher 
artemisinin content. It would also be important that in East Africa, for instance, high quality 
seeds are available at a lower price and that they can be delivered to farmers at a time when they 
actually have to start planting. (The seeds from Switzerland, the main source, are often harvested 
too late).  
• Open question: Will it be possible to develop a composite (rather than a hybrid), from which the 
seeds could be produced locally?  

Extension and related overheads  
Some research has been going on supported by WHO and other donors to improve agricultural 
practices and a lot of recommendations have been issued. Especially in the case of new 
producers, where examples of established practices, as well as new recommendations, often do 
not really reach the farmers: loss of seeds in the nursery is high, yields per hectare and 
artemisinin content of plants low. The burden of running an extension system for a newly 
evolving crop is mainly left to the agricultural entrepreneurs or the extraction companies. So 
private companies have to carry all the development costs in this field. This makes for high 
overheads on the cost of leaves without necessarily leading to optimum results. Donor financed 
"projects" which set up an extension system for a couple of years and then have to close down 
due to lack of financial support are not an answer to this problem.  
• Open question: Is it possible to revive the government agricultural extension system or set up 
another specialized extension agency independent of individual companies that could provide 
agricultural advice on artemisia to all those who need it? Ideally, there might be some cost 
sharing with some of the funding provided by donors and some by the users – the latter based on 
results in increased productivity achieved.  

Loans and Crop Finance  
Loans for setting up the necessary infrastructure such as irrigation equipment, nursery equipment 
etc. are hard to find and expensive in East Africa. Likewise short term credits for seeds and 
fertilizers and finance for the purchase of crops are difficult to get and expensive.  
• Open question: Is it possible to set up a special banking facility for medium and short term 
credit for artemisia growers?  

2 Extraction  
MMV has looked into ways of optimising extraction technologies so that they become more cost 
efficient and less harmful to the environment. The three technologies regarding extraction which 
were or are being examined are Ionic Liquids – where still a lot of work needs to be done, HFC 
R134 a which might become a viable option in the near future and ethanol where our research 
shows that very cost effective extraction producing very high yields is possible. Whether this 



really is an option will however depend on the outcome of the purification trials which are only 
just starting. MMV is currently looking into new purification techniques for various types of 
extracts, hopefully with some productive results. As these developments  
become available maybe some of the existing producers will adopt them, but presumably many 
will prefer to continue working with what they already have. As for new producers, some may 
have difficulties to achieve economies of scale: It does not appear technically feasible to build up 
extraction units little by little. Before large extraction units, which would be most economical, 
can be built, they need an agricultural base. On the other hand, agricultural producers want a 
secure outlet before they start producing leaves in large quantities. There is obviously a small 
chicken-and-egg problem which needs to be solved.  
• Open question: Would it be possible to establish an open and transparent market (some kind of 
a commodity exchange) for artemisia leaves to solve this problem?  

3 Derivatisation  
Between the producers who have extracted artemisinin and pharmaceutical companies who do 
not have their own derivatisation unit there is a gap.. Facilities for toll derivatisation are few and 
the charges are usually high. Under optimal conditions derivatisation should be done at a cost 
where the price margin between artemisinin and dihydroartemsinin is not more than 80- 100 USD 
and where the price margin between artemisinin and artesunate is not more than 200 – 220 USD.  
MMV has sponsored some research into optimal derivatisation protocols. The criteria were: 
Chemicals to be used were to be as cheap as possible and less toxic chemicals were to be given 
preference over more toxic ones, solvent use was to be as low as possible and the yield as high as 
possible. A protocol for the derivatisation to Dihydroartemisinin was developed with a 95% yield 
using methanol, NaBH4, acetic acid, and ethyl acetate. The quantity of methanol required for the 
reaction was only about 6 litres. (An additional 1.8 litres were needed for neutralisation, but some 
of these could be reduced under industrial conditions). The protocol will soon be published and 
similar work on Artesunate will be undertaken shortly.  
Working out suitable protocols is, of course, only the first step. The next step would be the design 
of a model facility for derivatisation.  
• Open question: There is the question of who should build such derivatisation units. Should each 
extraction company have such a unit or each pharmaceutical company producing ACTs or would 
it not be best to have units independent of extraction or pharmaceutical companies which can 
offer cheap toll derivatisation to those companies in the region who need them?  
What will really add to the costs of such a unit is the whole issue of certification: producing the 
drug master file, meeting GMP standards by having more expensive buildings and equipment and 
paying fees for getting them acknowledged.  
• Open question: Is there any simplification of the certification procedure possible? While it is 
obvious that there is a need for making sure that the production process does not harm workers or 
the environment and that the product has the required quality, one wonders whether it would not 
be possible to limit regulation to an ecological inspection of the facility and regular tests of the 
quality of the end product – at the expense of the inspecting agency – and leave it to the 
producers - and their learning processes - how they meet the required standards.  
 



4 Producing ACTs  

4.1 Source of ACTs – The issue of local production  
Countries whose malaria programs are mainly donor financed do not have much choice regarding 
the source of their antimalarials. The bigger donors, particularly the Global Fund, apparently only 
pay for drugs which are internationally pre-qualified and since it is apparently almost impossible 
for African pharmaceutical companies to get such certification, antimalarials have to be imported 
even if cheaper supplies are sometimes available locally. This barrier to local pharmaceutical 
production also hinders the establishment of closed circuits between local producers of 
artemisinin and local pharmaceutical manufacturers which would go a long way to establish price 
stability for both and allow for significant savings in downstream logistical costs for the ACTs.  
In the meanwhile one can find in many African countries on the private market imported low 
quality products or products whose shelf life has expired without any adequate inspection system 
at all.  
• Open question: Would it not be possible to set up laboratories where both locally produced and 
imported ACTs can be and are regularly tested and then lift restrictions on all local producers 
who meet the required tests?  

4.2 Presentation of ACTs  
- Bulk packages :The cheapest way to combine an artemisinin derivate with a partner drug is for 
health organizations to buy the two types of pills in moisture proof bulk packages and then hand 
out the pills to patients in appropriate quantities with instructions how to use them. (There is no 
evidence that compliance of patients who received their antimalarials in this way was any worse 
than those who had to take several pills per day from a blister pack.).  
- Pre-packaged co-blisters are more expensive.  
- Fixed dose combinations are the most expensive.  
Particularly some charities used to provide patients with a combination of loose tablets. Cheap 
artesunate tablets of good quality were locally produced from imported artesunate powder. These 
were then combined with amodiaquin tablets. Apparently at the request of WHO, artesunate can 
now no longer be sold in loose packets. As a result, cost conscious NGOs are shifting to 
amodiaquin monotherapy, despite the fact that it is much more likely that the parasite will soon 
be resistant to amodiaquin rather than to artesunate.  
While a combination of loose tablets was available at a cost price of about 1 USD, the only 
locally produced alternative now is a co-blister which has a factory gate price of about 2.88 USD 
per adult treatment.  
Co-blisters can, however, be less expensive than that. CIPLA in India used to sell one for about 
1.32. But even pre-qualification of co-blisters is being stopped and fixed dose combinations are 
supposed to become the main form of presentation in the near future.  
• Open question: Is it not possible to allow the use of loose pills given out by health personnel 
(not pharmacies!) until equally cheap co-blisters or fixed dose combinations are available? It may 
be necessary to prohibit the sale of stand-alone artemisinin derivatives over the counter, but why 
is it not possible to hand out the cheapest possible form of presentation wherever there is enough 
communication with patients to assure that they understand how they have to use the medicines? 
(There is no evidence of widespread abuse of such practice in Tanzania)  



4.3 Choice of combination  
Of the three most common combinations, artemether-lumefantrine is by far the most expensive, 
while artesunate-amodiaquin and dihydrorartemsinine- piperaquine are equally effective and 
significantly less expensive. Yet, poor countries with large malaria burdens were actively 
encouraged to opt for Coartem, which is a fixed dose combining the most expensive derivative 
with a fairly expensive companion drug of instead of cheaper, but equally effective alternatives.  
There may even be additional possibilities for reducing the costs of the combinations which have 
not been sufficiently explored: The are some clinical studies which suggest that the amount of 
artesunate in the artesunate-amodiaquin combination might be lowered somewhat without any 
negative effect. As for artemether-lumefantrine, it is not quite clear whether a two day course 
might not suffice, particularly in the treatment of semi-immune adults.  
Although Coartem does combine the most expensive derivate and the most expensive companion 
drug it is apparently possible to lower the price of Coartem. Novartis has recently first lowered 
the price per adult treatment to 1.57 USD and then offered to reduce it to only 1 USD, whether on 
a temporary or permanent basis, is not know. CIPLA and IPCA are also expected to produce 
Coartem at this price. If this is possible, maybe there is the possibility to produce other fixed dose 
combinations which have an even lower price.  
• Open question: Is it possible to offer fixed dose combinations for all those who need them at 1 
USD or less and how long will it take until the required quantities will be available at an 
affordable price?  
• Open question: Does it make sense to support cheaper forms of presentation and combinations 
until fixed dose combinations are actually available at a low price?  
• Open question: What are the obstacles to making the issue of cost effectiveness the decisive 
criterion in the choice of ACTs , once effectiveness and safety of the available combinations are 
established?  

5 Access  

5.1 Public health care system  
Following the advice of its main donors, Tanzania has introduced user fees in all public health 
facilities except for children under five. These fees have not added much to the funding of these 
facilities but have had an exclusionary effect on the poorest section of the population. Those 
unable to pay were supposed to have received waivers, but the exemption system does not work. 
Patients with HIV and TB are exempted. Malaria is not. Since the highest frequency of malaria 
occurs at the end of the rainy season when farmers are particularly short of cash, even small fees 
can present an obstacle. Since more than half the population lives more than 4 km away from the 
next health center, transport costs also have to be borne. If they are unlucky and come at a time 
when there is one of the frequent stock-outs they may not even receive the medicines but just a 
diagnosis and have to purchase the drug privately afterwards. If people delay their visit to the 
dispensary or health center, their uncomplicated malaria may deteriorate and they may eventually 
require hospital care , which is, of course, much more expensive. About 1/3 to 2/5 of all hospital 
admissions are cases of severe malaria. Since a certain proportion of these patients would never 
have needed a hospital if they had not been deterred from using a health center early enough, one 
wonders whether money could not be  
 
saved by making access to antimalarials at the lower levels as easy as possible. That the members 
of the poorest section of the population often do not treat their malaria episodes adequately can 



be concluded from studies which show that the majority of them have malaria parasites in their 
blood and malaria induced anemia. This situation is clearly in contradiction with the poverty 
orientation of the MDGs. Quite apart from the issue of social inequity it might be explained to the 
more privileged sections of the population, who may be less concerned about inequity, that their 
chances of catching malaria would be greatly reduced if the parasites carried by the poor become 
less.  
• Open question: Why is it not possible to abolish user fees for malaria patients at public health 
facilities?  
A fairly large part of malaria related deaths occurs among children under 1 year of age. MCH 
clinics in Tanzania are free of charge and most mothers attend them to get the necessary 
vaccinations for their children. Studies indicate that if at such vaccination times a dose of iron 
and a dose of antimalarials (usually SP, where it still works) is given, the mortality of these 
children can be halved and they develop physically and mentally much better since they are not 
burdened by anemia any more.  
• Open question: Can preventative treatment of children under one year be included in the MCH 
services instead of waiting until children actually develop recognizable symptoms of malaria?  

5.2 Outlets that support home based care  
Uncomplicated malaria is treated at home, while the patient stays in bed. Traveling for more than 
4 km to appear in person at a facility, where often several hours of waiting are necessary before 
the required medicines are issued, is an economic burden to some and an inconvenience to most. 
ACTs are treated as prescription medicines and are therefore issued only by specialized outlets. 
The question is how to get more of those and closer to the patients. Tanzania has recently started 
to experiment with so-called ADDOs, small private licensed drug outlets that might be able to 
sell ACTs. Many more of these might be needed. One also wonders what role village health posts 
could play. By far the cheapest and most effective way to get antimalarials to the patients would 
be to follow the example of Vietnam when they solved their malaria problem by having trained 
and regularly supplied and inspected village volunteers who can educate the village population on 
malaria and issue ACTs to the care givers. In Tanzania, self-help organization of villagers are 
mainly the preserve of NGOs, although an outreach system from public health facilities and even 
ADDOs might also be envisaged.  
• Open question: Which agencies are willing and capable of setting up a village based system of 
distribution of ACTs and what support would they need to do so?  

6. Guessing figures  
There is the old adage: “Give a man a fish; you have fed him for today. Teach a man to fish; and 
you have fed him for a lifetime”. In the field of malaria, most donors are handing out fishes, often 
too little and too late. If they could find ways of investing into solving the problems listed above, 
Tanzania could be in a much better position to take care of much of its malaria problem by itself, 
particularly after the wide distribution of ACTs will have reduced the general malaria burden.  
Some figures may be considered:  
• Open question: Is it possible for East Africa with more efficient production and by freeing 
producers from some of the overheads for extension and financial services to bring down the 
price for dried leaves of 1 % artemisinin content down to 500 – 600 USD?  
 
• Is it possible with efficient extraction methods to bring down the price for artemisinin down to 
250 – 350 USD?  



• Can derivatisation costs be reduced in such a manner that DHA will cost about 400 -420 USD 
and artesunate 500 – 520 USD ?  
• Is it possible to produce ACTs in loose presentation for the following prices:  

AS+AQ  USD/kg  
mg for 
adult  cost  

AS 520   600  0.31  
AQ  23  1836  0.04  
manu-
facturing 
costs    0.50  
total    0.85  

 
DHA+  
PQP  

USD/kg  

mg for 
adult 
60 kg 
bodywe
ight 
cost   

DHA  420  384  0.16  
PQP  90  3072  0.28  
Manu-
facturin
g costs    0.50  
total    0.94  

 
Where blisters are necessary, maybe another 20 cents would have to be added. For individuals 
who can afford to pay more, fixed dose combinations at about 1.50 might still be made available.  
Distribution costs are not included in the above estimates and much will depend on the possibility 
of minimizing these by using local manufacturers and already existing distribution channels 
which can be put to dual use as well as new ones which are enabled to operate as cost effective as 
possible. Maybe, in this manner, distribution costs could be limited to 20%  
Since about 30% of those who need treatment will be small children, 30% older children and only 
about 40% adults, only about 11 million adult treatment equivalents might be needed to treat 18 
million malaria cases. Assuming that 3 million of these would be treated by privately purchased 
medicines, the burden to the public and charitable sector might be around 8 million adult 
treatment equivalents, costing maybe around 12 million USD annually, including distribution 
costs. With some help from abroad this could be a burden that is manageable and not the 
catastrophe we have today.  
 
 


