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Congrès

Malaria has plagued military campaigns since recorded
history. Resistance to current antimalarial drugs is

increasing at an alarming rate and is now present in many
areas where military personnel may be deployed.

M i l i t a ry pers o n n e l , as well as tourists and consultants
a re curre n t ly at increased risk of malaria re l ated disease and
d e ath. The Walter Reed A rmy Institute of Research
(WRAIR) through the Military Infectious Disease Research
Program (MIDRP) at the United States Army Medical
Research and Materiel Command (USAMRMC) currently
serves as a lead agency for the development of new antima-
l a rial drugs. Since there is no pro fit motive and ve ry little pri-

vate sector interest, the scientific and financial burdens of
drug discovery have fallen almost entirely on the WRAIR
program. While this program has been touted as one of the
most successful in the wo rl d, the current products are a div i-
dend from re s e a rch that occurred over ten ye a rs ago. At that
time, more resources were available and the program eva-
l u ated thousands of compounds per ye a r. The drug discove ry
process design is long and complex, and our immediate
concern is for the next generation of antimalarial drugs for
our future deployments. If we expect to continue to protect
d ep l oyed soldiers from this serious and fatal disease, we mu s t
maintain the required critical mass of multi-disciplinary
investigators and resources focused on the objective of dis-
covering and developing new antimalarial drugs.

When U.S. troops first encountered drug resistant
m a l a ria during the Vietnam confl i c t , the United States A rmy
responded by establishing a malaria drug re s e a rch , p rogra m
to address this new military threat. The mission of this pro-
gram would be to develop new prophylactic and therapeu-
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tic drugs for military use. Using a mu l t i - d i s c i p l i n a ry
ap p ro a ch with combined in-house and contract re s e a rch this
p rogram was coord i n ated through the Division of
E x p e rimental Th e rapeutics at the Walter Reed A rmy
Institute of Research in Wa s h i n g t o n , DC. Beginning in 1985,
the advanced development was to be managed by the US
A rmy Medical Mat e rial Development A c t iv i t y
(USAMMDA) at Fort Detrick, Maryland. The Army reco-
gnized that there was little economic incentive for private
pharmaceutical firms to undertake antimalarial drug disco-
very activities. This program assumed responsibility as the
lead federal agency for antimalarial drug development and
was fully expected to maintain the expertise and laboratory
capability to manage an experimental compound from the
chemist’s bench through clinical trails and on to Food and
Drug Administration registration.

In response to the emergence of chloroquine resis-
tance, the US Department of Defense (DOD) invented and
d eveloped mefloquine (WR149240) with Hoffman LaRoch e
as the co-development part n e r. Licensed in the USA in 1988,
mefloquine (Lariam®) remains the malaria prophylaxis of
choice for US soldiers and trave l e rs. Resistance to mefl o q u i n e
has been documented in Indochina, East Africa and spora-
dic cases are occurring in West Africa. In combination with
a rt e s u n at e, it is the only effe c t ive tre atment ava i l able for mu l-
tidrug-resistant malaria in Southeast Asia. Growing contro-
ve rsies over neuro l ogical side effe c t s , t h o u g h , a re ap p e a ri n g
in the literat u re from journal art i cles to trave l e r ’s maga z i n e s
and resulting legal ra m i fi c ations thre aten global ava i l ab i l i t y.
As the «h e rd mentality» of mefloquine associated psych o s e s
continues to gain momentum, it will certainly affect opera-
tional compliance and readiness. As these and other reports
of drug resistance continue to evolve, the need for a repla-
cement drug for weekly prophylaxis will continue to esca-
late

H a l o fa n t rine (WR171669) was developed as a back -
up drug for mefloquine in a collab o rat ive effo rt between the
US A rmy and SmithKline Beecham. Halfan® is US Food and
D rug A d m i n i s t ration (FDA) ap p roved and marketed in many
a reas of the wo rl d. Howeve r, its usefulness is limited by pos-
s i ble cro s s - resistance with mefl o q u i n e, c a rdiac tox i c i t y, a n d
poor ab s o rption. In simian models, t h e re is ap p a re n t
synergy with halofantrine and WRAIR’s new 8-aminoqui-
noline drug (tafenoquine) for radical cure of v iva x- l i ke re l ap-
sing malarias. The main metabolite of halofantrine appears
to be less toxic and equally efficacious against for mu l t i d ru g
fa l c i p a rum malaria strains. While halofa n t rine will continu e
to be a clinical effe c t ive in tre at m e n t , the likelihood of it use
in pro p hylaxis will be limited to the development of the meta-
bolite.

As a result of the intensive effo rt by the W R A I R ,
t a fenoquine (WR238605) is being developed with
SmithKline Beecham as a co-development part n e r.
Ta fenoquine is expected to be effe c t ive in both preve n t i n g
and tre ating malaria in dep l oyed military personnel. Fi n a l
p h a s e III studies leading to FDA ap p roval are planned fo r
2000. In phase II tri a l s , the drug was used in operat i o n a l
d ep l oyments in Thailand and found to last for we e k s , s u ch

t h at three pre - d ep l oyment doses could provide protection fo r
up to 30 days without the need for further doses with simi-
lar pro t e c t ive effi c a cy as a short-acting efficacious malari a
va c c i n e. For longer periods of malaria ex p o s u re during mili-
t a ry dep l oy m e n t s , the drug can be given in a conve n i e n t
we e k ly regimen. Animal and in vitro studies designed to eva-
l u ate ga m e t o cytocidal and sporontocidal activities sugge s t
a potential role in transmission bl o ck i n g. This opport u n i t y
has significant public health implications for endemic coun-
t ri e s , but also has operational utility for shutting down mala-
ria epidemics wh e re military dep l oyments might occur in
a reas in intense tra n s m i s s i o n .

Through cooperative agreements with the US DOD,
Glaxo Wellcome Pharmaceuticals has filed for a US New
Drug Application with the FDA for Malarone®. This drug
is a fixed dose combination of atovaquone and proguanil,
which acts as against blood stages of malaria. It has been
shown to be highly effective in the treatment of uncompli-
cated multi-drug resistant falciparum malaria and as a daily
ch e m o - s u p p re s s ive agent. Early malaria pre - clinical effi c a cy
testing of at ovaquone was conducted at the WRAIR and sub-
sequent dose ranging was conducted in clinical trials at the
AFRIMS, Bangkok, Thailand. In the treatment of acute
uncomplicated falciparum malaria, it proved to be consis-
t e n t ly effe c t ive in cl e a ring the initial parasitaemia. Howeve r,
unacceptable rates of recrudescence precluded its further
d evelopment as monotherapy. Concurrent administration with
proguanil, selected for its synergistic activity, solidified its
role as antimalarial drug in studies when evaluated at the
WRAIR laboratory in Thailand, the AFRIMS. Subsequent
studies were conducted world-wide including WRAIR labs
in Brazil and in Ke nya wh i ch demonstrated 99 % effi c a cy fo r
treatment of uncomplicated multidrug resistant malaria and
98 % efficacy for prophylaxis in placebo controlled trials.
Additional prophylaxis studies have been completed by the
NA M RU-2 in Ja k a rt a , Indonesia. Pro p hylactic regimens will
be one tablet daily (with prophylaxis starting 1-2 days prior
to ex p o s u re) and continued seven days after leaving the ende-
mic area.

Clinical trials in Kenya demonstrated that the ery-
thromycin analog, azithromycin, was effective in semi-
immunes for preventing falciparum malaria in an area of
intense malaria transmission. It was hoped that azithromy-
cin might serve as an alternative daily drug for doxycycline
which can not be used in pregnant women and children and
exhibits phototoxicity Subsequent trials in non-immune
volunteers were completed in Indochina and Indonesia
d e m o n s t rating marginal pro t e c t ive effi c a cy. A remaining hope
for azithromycin prophylaxis is in combination with other
drugs since recent in vitro studies suggest synergy between
azithromycin and other antimalarial drugs such primaquine
analogs or chloroquine.

A multidisciplinary working group from Army and
Navy has reviewed existing data on primaquine and formal
discussions have been held with the FDA regarding prima-
quine pro p hylaxis in short term dep l oyments. Th e re are suf-
ficient data ava i l able to justify submitting a supplement to the
NDA which would add the indication of causal prophylaxis
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to the current indication of primaquine as a radical curative
agent to the product label. This collab o rat ive effo rt betwe e n
two branches of the DOD should make this niche prophy-
lactic drug available to the military without a costly deve-
lopment effort. The Navy laboratory in Jakarta has comple-
ted a pivotal phase III study.

C o n c e rns over resistance and seve re allergic re a c t i o n s
c u rtailed the use of Fansidar® (py rimethamine plus the long
acting sulfo n a m i d e, s u l fa d oxine) for pro p hy l a x i s .
C o m b i n ations of other antifo l ate combinations (paludrine or
l ap u d rine plus dapsone) have been eva l u ated with some suc-
cess in African as Fansidar® replacements.  Parasites resis-
tant to pyrimethamine and cycloguanil have been found to
be marke d ly suscep t i ble to certain biguanides and tri a z i n e s .
The enhanced activity and synergy with PABA antagonists
and lack of cross resistance to other antifolate antimalarials
p rovides va l u able insight for selecting stru c t u ral analogs and
to begin lead directed synthesis of a second generation of
Fansidar-like drugs for prophylaxis. Other drug candidates
in va rious stages of pre - clinical development for pro p hy l a x i s
at the WRAIR include analogs of floxacrine (WR243251)
and a guanylhydrazone (WR182393), the only non 8-ami-
noquinoline drug observed to exhibit radical curative pro-
perties against vivax like relapsing malaria in in vitro and
simian models.

Our drug development mission is to stay one step ahead,
to learn more about our common malaria parasite enemy and
then develop the means to combat it. Our ex p e rience with pre-
vious dep l oyments such as Somalia has also taught us that post-
d ep l oyment compliance with the pre s c ribed drug regimens can
be a ch ronic pro blem and the documentation of antimalari a l
d rug resistance re q u i res ri go rous para s i t o l ogic and therap e u-
tic cri t e ria. As a result there are also wh i ch support an intensi-
fied surveillance program. With a surveillance netwo rk in place,
re s e a rch e rs will better be able to understand the clinical re l e-
vance of antimalarial drug re s i s t a n c e. These surveillance dat a
will also allow pri m a ry health care prov i d e rs to more effe c t i-
ve ly manage patients and medical planners can effe c t ive ly select
the best possible drug regimens for diffe rent ge ographic are a s .
C ritical to patient management and tri age, is prompt and accu-
rate diagnosis. A tech n o l ogy similar in concept to other home
test kits has been identified and DOD is curre n t ly deve l o p i n g
a «m a l a ria test stri p» that will be able to diagnose malaria fro m
a drop of bl o o d. The ability to rap i d ly diagnose malaria in fa r-
fo r wa rd military health care echelons will help healthcare pro-
fessionals tre at malaria patients sooner and avoid unnecessary
eva c u at i o n .

The emergence of mu l t i d ru g - resistant malaria will
c o n t i nue to confound our drug development process and we
must have a better understanding of the mechanisms of dru g
re s i s t a n c e. With the fo rm ation of the Multilat e ral Initiat ive fo r
M a l a ria (MIM), n ew global strat egies are evolving for inte-
grated ap p ro a ches for studying drug re s i s t a n c e. Both the
Fre n ch and US A rmies are playing pivotal roles to elucidat e
the clinical re l evance of drug resistance and examine the poten-
tial for spread of resistance in the fi e l d. Curre n t ly, an impro-
ved ve rsion of the pLDH micro-test developed at the Pa s t e u r
Institute is being va l i d ated for pre d i c t ive value of in vitro p a ra-
site re s i s t a n c e. Th e re is mutual agreement that the cri t i c a l
m e t h o d o l ogy and ap p ro a ch needed to describe antimalari a l
d rug resistance re q u i red a well-documented clinical studies
with adequate fo l l ow - u p , c o n fi rm ation that adequate dru g
l evels we re re a ched at the target (pharm a c o k i n e t i c s ) , a n d
d e m o n s t ration of antiparasitic drug resistance in vitro and by
using molecular marke rs (if ava i l able). Results of these studies
h ave fa c i l i t ated documentation of cl i n i c a l ly re l evant re s i s t a n c e
to mefl o q u i n e,h a l o fa n t ri n e, ch l o ro q u i n e,p roguanil plus dap-
s o n e, and at ova q u o n e. These and other data will help guide the
d rug discove ry process for the next ge n e ration of candidat e
p ro p hylactic drugs through a systematic ex a m i n ation of the
molecular and cellular basis of drug re s i s t a n c e. 

Our future scientific directions must focus on basic and
applied re s e a rch for a better understanding of the modes of
action and mechanisms of resistance to standard and deve-
lopmental drugs. Using stru c t u re based drug discove ry, m o l e-
cular modeling and lead directed synthesis, the design and syn-
thesis of new drugs would hopefully result in the deve l o p m e n t
of safe and effe c t ive drugs that circ u m vent the malaria para-
sites elusive mechanisms of drug re s i s t a n c e. Multiple dru g
resistance in fa l c i p a rum m a l a ria will continue to pose special
p ro blems for targeting the blood stages of malaria. Th e re mu s t
also be increased emphasis towa rd developing drugs with tru e
causal pro p hylactic or radical curat ive pro p e rties befo re bl o o d
s t ages emerge and cause clinical disease. The solution for the
c u rrent malaria pro blem is to rebuild a necessary critical mass
of inve s t i gat o rs , c o l l ab o rat o rs and clinical centers that are fo c u-
sed and committed to discove ring and developing new dru g s .
P roposed collab o rations between the US and Fre n ch A rm i e s
for clinical trials and drug resistance surveillance are pivo t a l
to this process. No other private or gove rnment age n cy will
adopt this as their mission. If we are not successful in this
e n d e avo r, we can not expect to protect dep l oyed soldiers wh o
will be scat t e red on missions in dive rse ge ographic locat i o n s
responding to the whims of a new wo rld ord e r.
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