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BACKGROUND
PROPHYLAXIS IN THE AUSTRALIAN DEFENCE FORCE

Over the past two decades the Australian Defence
Fo rce (ADF) has dep l oyed personnel on peace-enfo rc e m e n t
and - monitoring duties in areas where malaria is endemic
such as Cambodia, Somalia, and more recently East Timor.
The ADF uses chemoprophylaxis and personal protection
m e a s u res to protect its personnel from malaria infections. Th e
increasing spread of multidrug-resistant Plasmodium falci -
p a rum m a l a ria has led to an urgent need for new pro p hy l a c t i c

drugs and, as part of this effort, the ADF is highly suppor-
t ive of eva l u ating pro p hylactic age n t s , p a rt i c u l a rly those with
n ovel modes of action. Curre n t ly, for malaria pro p hy l a x i s , t h e
ADF uses dox y cy cline as its fi rst line pro p hylactic drug and
for those who cannot tolerate the antibiotic, mefloquine is
recommended. 

Both drugs are considered the most effe c t ive malari a
chemoprophylactic agents available today. Mefloquine has
a long half-life suitable for we e k ly pro p hy l a x i s , wh i ch make s
the drug ve ry at t ra c t ive for military personnel. Although the
s i d e - e ffects of mefl o q u i n e,s u ch as nausea and headach e s , a re
u s u a l ly mild and do not affect the activities of subjects, m o re
worrying is mefloquine’s association with serious neuro-
psychiatric symptoms in about 1 of 10,000-20,000 subjects
taking the drug. The occurrence of neurologic side-effects,
p a rt i c u l a rly dizziness, has led to the concern that mefl o q u i n e
m ay impair perfo rmance and precision while using military
equipment and weapons. It is the concern of neurological
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reactions associated with mefloquine that dox y cy cline is the
first drug of choice for the ADF.

D ox y cy cline is stro n g ly recommended in areas of
m e fl o q u i n e - resistant fa l c i p a ru m m a l a ri a , s u ch as the Th a i -
Cambodian bord e r, and resistance to the antibiotic has not ye t
been documented. Other benefits of dox y cy cline is that it is
a lowe r-cost altern at ive to mefloquine and it might possess
causal pro p hylactic activity in eliminating pre - e ry t h ro cy t i c
l iver fo rms of malaria and thus allowing subjects to stop pro-
p hylaxis 14 days after leaving a malarious area. A l t h o u g h
d ox y cy cline is highly effe c t ive if taken as re c o m m e n d e d, d a i ly
dosing may decrease compliance. Gastrointestinal distur-
bances and photosensitivity reactions are the main side-effe c t s
of dox y cy cl i n e, and these are usually mild and self-limiting.

Evaluation of tafenoquine for prophylaxis.
Although the ADF has found doxycycline to be an

effective prophylactic drug, it is well accepted that no pro-
p hylactic agent is 100 % effe c t ive. Since the effe c t iveness and
t o l e rability of ch e m o p ro p hylactic drugs are of concern to the
A D F, and realizing that resistance will eve n t u a l ly develop to
all commonly used drugs, the ADF is keen to evaluate new
drugs in some of the worst malarious areas in the world.
Recently, in support of this effort, the ADF has participated
in the evaluation of the new antimalarial drug, tafenoquine,
for prophylaxis against both falciparum and vivax malaria.

Ta fenoquine is a primaquine analog u e, is active aga i n s t
all stages of the malaria para s i t e, and is jointly being deve l o p e d
by the US A rmy and SmithKline Pharmaceuticals. Animal and
in vitro studies have demonstrated tafenoquine to be more active
than pri m a q u i n e. Compared with pri m a q u i n e, t a fenoquine has
a longer half-life (14 days ve rsus 6 hours) wh i ch makes it a highly
s u i t able drug for either pro p hylaxis or short - t e rm tre atment fo r
radical cure of v ivax m a l a ria. 

In 1998, the A D F ’s A rmy Malaria Institute (AMI) col-
laborated with the US and Thai Components of the Armed
Forces Research Institute of Medical Sciences (AFRIMS),
B a n g ko k , in the eva l u ation of the effe c t iveness of tafe n o q u i n e
in Thai soldiers located in area wh e re both Plasmodium fa l -
c i p a rum and Plasmodium vivax m a l a ria is prevalent. The pri-
m a ry aim of the tafenoquine study was to compare the ex t e n t
of protection against malaria infections of a three day loading
dose regimen of tafenoquine (400mg base x 3 days) fo l l owe d
by monthly tafenoquine (400mg) ve rsus placebo in Thai sol-
diers deployed on duty along the Thai-Cambodian border.
The rationale behind the monthly regime was based on the
l e n g t hy half-life of tafenoquine and the observation from an
earlier study in Kenya (G.D. Shanks, personal communica-
t i o n , 1997) that showed vo l u n t e e rs who only re c e ived the loa-
ding dose of tafenoquine (400mg x 3 days) were protected
from falciparum malaria for up to 80 days post-dose.

Two hundred and five Thai soldiers were invited to
participate in the trial and informed consent was obtained
f rom each vo l u n t e e r. The study was ethically ap p roved by the
S c i e n t i fic and Ethical Rev i ew Committees of the Royal Th a i
A rmy and the US A rmy, and the Au s t ralian Defence Medical
Ethics Committee. The Thai soldiers were randomized to
re c e ive either tafenoquine or placebo cap s u l e s .

R a n d o m i z ation resulted in 104 soldiers re c e iving tafe n o q u i n e
and 101 soldiers re c e iving placebo. The trial commenced in
late March 1998 with initial blood screening of the soldiers
to determine their suitability to part i c i p ate in the study. Th o s e
soldiers who passed the selection criteria were given pre-
sumptive treatment of artesunate plus doxycycline in April
1998 to remove any pre-existing malaria infections prior to
re c e iving the loading dose of tafenoquine or placebo. Blood
s m e a rs for monitoring the development of malaria infe c t i o n s
in the soldiers we re collected we e k ly from each volunteer and
safety profiles of blood chemistries were done monthly.
Blood collections for drug analysis we re collected ra n d o m ly
from each volunteer throughout the trial period. The last
monthly dose of either tafenoquine or placebo was admi-
n i s t e red in late August 1998 and fo l l ow-up of the soldiers in
a non-malarious area continued for a further month (until lat e
October 1998).

At the completion of the study, 29 soldiers had come
d own with malaria infections. Of these, eight had fa l c i p a ru m
malaria, 20 had vivax malaria and one soldier had a mixed
i n fection. In the placebo gro u p , 28 soldiers we re infected with
m a l a ria over the six months of the study period and only one
soldier with v iva x m a l a ria was on tafe n o q u i n e. The latter sol-
dier had a plasma tafenoquine concentration of about 2-fo l d
less than those soldiers treated with tafenoquine who were
not infected with malaria. Thus, in this study 99 % (103 of
104) of the Thai soldiers on tafenoquine we re protected fro m
m a l a ria infections. The drug was well tolerated with only self-
limiting side effects such as nausea and mild diarrhoea being
reported in both the tafenoquine and placebo groups. A few
cases of vomiting were also noted. 

One of the objectives of the Royal Thai Army study
was to determine the population kinetics of tafenoquine in
Thai soldiers after re c e iving the monthly regimen. The mean
age and weight of the 104 volunteers on tafenoquine were
28.9 ye a rs (ra n ge 21-46 ye a rs) and 60.3 kg (ra n ge 45-90 kg).
During the study period, blood samples were collected ran-
d o m ly in the field from the vo l u n t e e rs , t wo to three times each
month. Plasma tafenoquine concentrations we re measured by
reversed-phase high-performance liquid chromatography,
with fl u o rescence detection. The population pharm a c o k i n e-
tics of tafenoquine was estimated using a nonlinear mixed
e ffects modelling program (NONMEM). A one-compart m e n t
model with fi rs t - o rder ab s o rption and elimination was fo u n d
to best characterize the plasma tafenoquine concentration
data. The population estimates of clearance was 3.20 L/hr,
while the typical apparent volume of distribution for tafe-
noquine was 1820 L for subjects having the population ave-
rage age and weight. These kinetic estimates indicate that
tafenoquine is slowly cleared from the body and it accumu-
l ates in tissue compartments. The elimination half-life of tafe-
noquine in the Thai subjects was 16.0 days.

Evaluation of tafenoquine for radical cure.
Vivax malaria continues to be a major problem for

ADF personnel after returning to Australia. This is because
hypnozoites can remain dormant in the liver for weeks,
months or even ye a rs after acquiring the ori ginal infection and
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because prophylactic drugs such as doxycycline and meflo-
quine are cap able of only eliminating parasites after they are
released from the liver into the blood stream. Since the 14-
day primaquine eradication course is the only way of elimi-
nating residual liver parasites and in certain areas it is beco-
ming less and less effective, the ADF was rather anxious to
assess the potential value of a 3-day course of tafenoquine
in preventing vivax malaria. Because of tafenoquine’s grea-
ter antimalarial activity and longer half-life, it was ge n e ra l ly
anticipated that it would be superior to primaquine in eli-
minating the liver parasites. 

The standard primaquine era d i c ation course for v iva x
malaria is a daily dose of 15 mg base for 14 days. Because
m o re than 30 % of v ivax i n fections acquired in the Southwe s t
Pa c i fic area are not cured by this regi m e n , the daily adult dose
of primaquine used by ADF personnel was increased to
22.5 mg base daily (7.5 mg three times a day) for 14 days
about 30 ye a rs ago. The ADF has maintained this dose regi m e
re s e rving the higher 30 mg primaquine daily tre atment cours e
for established treatment failures.

The higher dose of primaquine has been incre a s i n g ly
less effe c t ive in preventing or curing v iva x m a l a ria in the
S o u t h west Pa c i fic area. As far back as 1989, 2 0 - 2 5 % of
Au s t ralian soldiers developed malaria after re t u rning to
Au s t ralia fo l l owing 3-4 week training exe rcises in Papua New
Guinea (PNG). Some of these bre a k t h roughs are due to pri-
m a q u i n e - re f ra c t o ry parasites (Chesson strain) and others are due
to inadequate compliance with the cumbersome 14-day era d i-
c ation regimen. Recent ex p e rience on the island of Bouga i nv i l l e
and other areas of PNG suggests that the ineffe c t iveness of the
p rimaquine course remains a major health pro blem after the
re t u rn of ADF personnel from malarious areas of the
S o u t h west Pa c i fic region. Chemopro p hylaxis with dox y cy cl i n e
is able to suppress and prevent both fa l c i p a rum and v ivax m a l a-
ria during their stay in PNG. But the hy p n o zoites (liver stage s
of Plasmodium viva x) are not being eliminated by the curre n t
p rimaquine era d i c ation course pro b ably because of either dru g
compliance pro blems after soldiers re t u rn to Au s t ra l i a , or the
p resence of primaquine tolerant para s i t e s .

In Ja nu a ry 1999, AMI initiated a trial to compare the
e ffe c t iveness and tolerability of tafenoquine and pri m a q u i n e
in preventing vivax malaria in Australian soldiers returning
back to Australia after serving 2-4 months on the island of
B o u ga i nv i l l e. Malaria is one of the most serious diseases on
Bougainville and is responsible for high mortality and mor-
bidity in the local population. Of those Bouga i nvilleans rep o r-
ting to the va rious health clinics on the island, with fever type
s y m p t o m s , about half are carrying malaria para s i t e s .

Falciparum malaria is the predominant species, accounting
for 70 %-80 % of the infections, followed by vivax malaria.
As ADF personnel are located in close proximity to the local
populations, particularly the field teams, they are conti-
nuously being exposed to malaria during their deployment.

The trial is still ongoing but so far, 411 soldiers have
completed the tafenoquine ve rsus primaquine study, with 201
on tafenoquine and 210 on pri m a q u i n e. Of these vo l u n t e e rs ,
seven in the tafenoquine group and seven in the primaquine
group have subsequently developed v ivax m a l a ria after re t u r-
ning to Australia. Vivax malaria was diagnosed in the tafe-
noquine failures at weeks 13-20, and in the primaquine fai-
lures at weeks 8-21. 

The results so far indicate that tafenoquine is no more
superior to primaquine in preventing vivax attacks in ADF
p e rsonnel re t u rning from Bouga i nv i l l e. Although this fi n d i n g
is disappointing, the participants in the study preferred the
s h o rt course of tafenoquine over the lengthy and cumbers o m e
primaquine regime. Furthermore, because tafenoquine is
e ffe c t ive against fa l c i p a ru m m a l a ri a , the soldiers on tafe n o-
quine did not have to take dox y cy cline for 14 days after re t u r-
ning home to Australia. 

After reviewing the results from Bougainville and
e l s ewh e re, t h e re is a need for further studies to be carried out
to determine whether tafenoquine can be used more effecti-
vely if it is given before malaria exposure, thereby preven-
ting liver cells from becoming infe c t e d. Based on clinical pro-
phylactic trials with daily primaquine by the US Navy
(NAMRU-2) in Irian Jaya and tafenoquine in Thailand, it is
quite like ly that we e k ly pro p hylaxis with tafenoquine could
prevent malaria infections and obviate the need for a termi-
nal era d i c ation course after leaving a malarious area such as
B o u ga i nville or East Ti m o r. This would obv i o u s ly have signi-
ficant operational adva n t ages. AMI is planning to part i c i p at e
in a mu l t i - c e n t re Phase III trial of tafenoquine for we e k ly pro-
phylaxis in ADF personnel deployed to East Timor.

CONCLUSIONS

The A D F ’s invo l vement in the two tafenoquine tri a l s
re i n fo rces the importance and value of collab o ration betwe e n
a rmies that share the common desire to provide its military
p e rsonnel with the best protection measures against mala-
ria infections. A concerted effo rt needs to be made to pro-
tect soldiers from malaria as this disease has and continu e s
to pose the gre atest health thre at to military fo rces into the
n ew millennium.
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