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Plasmodium vivax is a significant public health threat
throughout most of the tropics and to travelers to these
regions. The infection causes a debilitating febrile syn-
drome that often recurs and in rare cases ends in death.
The complex life cycle of the parasite compounds the
difficulty of prevention and treatment, principally due
to the phenomenon of relapse. Most commonly used
drugs for preventing malaria fail to prevent late relapses
by this parasite. Treatment requires dealing with both
blood and liver stages. Since 1950, primaquine has been
the only drug available for treatment of liver stages, and
important clinical questions surround its appropriate use
(ie, dosing, efficacy, safety, and tolerability). Likewise,
chloroquine has been first-line therapy for vivax malaria
since 1946, and the emergence of resistance to the drug
further complicates therapeutic management decisions.

Introduction
Infection by Plasmodium vivax causes an acute, debili-
tating, and occasionally life-threatening febrile disease
marked by cyclical spiking fevers with drenching sweats,
and chills with shaking rigors. Headache, nausea, vomit-
ing, myalgia, and profound malaise also routinely occur.
An estimated 80 million people each year are infected [1],
and many of these will experience two or more further
episodes of disease with relapses. The number of fatalities
caused by this parasite is unknown, but occasional well-
documented case reports confirm that death is a possible,
albeit uncommon, outcome. Recent studies bringing less
ambiguous diagnostic technologies to bear suggest severe
and fatal malaria with P. vivax may be more common
than is now appreciated [2e].

Prevention and treatment of vivax malaria pres-
ent challenges due to the unique biology of the parasite.

Unlike Plasmodium falciparum, P. vivax has eluded
determined attempts to maintain it in continuous culture
in vitro, largely because it primarily invades and develops
in reticulocytes, which make up only a small percentage
of red blood cells, severely limiting laboratory studies of
its biology, susceptibility to drugs, and mechanisms of
immune attack. This difficulty is further compounded by
the relatively greater complexity of its life cycle, princi-
pally the phenomenon of relapse (Fig. 1). Relapse, the key
biologic distinction of this parasite from P. falciparum,
impacts prevention and treatment. Relapse is a recur-
rent parasitemia originating from latent liver stages of
the parasite known as hypnozoites [3], and it confounds
the evaluation of the efficacy of drugs against the asexual
blood stage of P. vivax.

Relapse also compounds the difficulty of practical
prevention and treatment strategies. Most recommended
regimens of chemoprophylaxis and recommended treat-
ments for acute attacks of vivax malaria do not prevent
relapse. Instead, a separate treatment is required. The only
currently available drug for prevention of relapse is prima-
quine, an 8-aminoquinoline drug used for over 50 years
and still surrounded by key unknowns about its mecha-
nism of action, dosing and administration, efficacy, safety,
and tolerability. Much of this review focuses on these
issues, all of which engage the clinical problem of relapse.

Clinical Aspects

Incubation time

The life cycle of P. vivax explains its bimodal incu-
bation time: one period for primary attack following
exposure to infectious sporozoites and another for
relapse following activation and maturation of the
dormant liver stage hypnozoite (Fig. 1). The incubation
time for the primary attack has been reported to be
14 = 3 days after the mosquito bite [4]. The incubation
time for P. falciparum is about 12 days [5]. However,
delayed primary attacks for temperate strains have been
reported 9 or more months after last exposure [6]. The
risk and incubation time for relapse largely depends
upon geographic origin of the infection. Compared to
temperate strains, tropical P. vivax strains tend to have
a higher probability of relapse (> 30%), a shorter period
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Figure 1. Life cycle of Plasmodium vivax.

between primary attack and relapse (17-45 days), and
a higher incidence of multiple relapses (> 2). Clinicians
should be alert to the possibility of vivax malaria sev-
eral months or even a year or more following travel to
an endemic area [7], especially in strains acquired in
temperate zones such as Korea [6].

Clinical presentation

Headache, nausea, and vomiting accompanied by a
low-grade fever mark onset of vivax malaria. Within
a few hours of onset of symptoms, a high fever and
profuse sweating often occur and resolve within
a few more hours, but are followed by severe shak-
ing chills. The cycles of drenching sweats, fever, and
“bed-shaking” chills called paroxysms tend to be more
severe with vivax compared to falciparum malaria.
Relatively higher levels of inflammatory cytokines may
account for this difference [8]. When all parasites are
at the same stage of development, they are called syn-
chronous. In a synchronous infection, both P. vivax and
P. falciparum have an approximately 48-hour life cycle
in the erythrocyte, and the paroxysms occur every
48 hours or every third day. Thus, they were formerly
referred to as “tertian” malarias.

Because synchronous infections are especially uncom-
mon in falciparum malaria, one rarely sees these regular
paroxysms clinically, but rather sees patients with con-
tinuous or almost continuous fevers. Vivax malaria was
referred to as benign tertian malaria and falciparum
malaria as malignant tertian, because falciparum malaria
was associated with significant risk of more severe disease
and death. Laboratory findings may reveal low to normal
white blood cell counts and low platelet counts. Anemia
is rarely seen among travelers. A mild elevation of liver
enzymes may be seen [9].

Complicated vivax malaria

Severe and complicated vivax malaria without coinfection
with P. falciparum has been documented. Its presentation
may be remarkably similar to severe and complicated falci-
parum malaria and can include hyperparasitemia (density
of infection can reach 10%-20%), severe anemia, throm-
bocytopenia, cerebral malaria, acute respiratory distress
syndrome, and renal failure [2¢,10-14]. Vivax malaria causes
splenic rupture, hematoma, and torsion more commonly
than does falciparum malaria. In the few studies evaluating
severe and complicated vivax malaria, the falciparum-like
complications appeared more commonly than injury to
the spleen [2¢,15,16]. The risk of death with complicated
vivax malaria was 18% in one study of 11 patients in India
proven to have P. vivax as a single infection [2¢]. In another
study in Indonesia, risk of death with severe malaria was
similar (25% vs 24%) among 36 severely ill patients with
P. vivax and 277 patients with falciparum malaria (Baird,
unpublished data). The pathogenesis of severe vivax malaria
is presumably due to host inflammatory response, as micro-
circulatory obstruction due to cytoadherence of infected
erythrocytes to endothelium of post-capillary venules (as
seen in P. falciparum), has not been described in P. vivax.

Prevention

Control

A thorough discussion of control strategies is beyond the
scope of this paper, but effective control of vivax malaria
involves measures directed against mosquitoes. Unfortu-
nately, the last few decades have seen the broad collapse
of vector control programs throughout the tropics [17].

Personal protection

Even in areas highly endemic for vivax malaria such as
the island of New Guinea, the risk of infection is much
lower than for falciparum malaria in the heavily endemic
zones of sub-Saharan Africa (~1 infection/person-year
vs 5-8 infections/person-year, respectively). Where risk
is relatively low (eg, << 1 infection/person-year), travel-
ers may opt for measures of personal protection instead
of chemoprophylaxis. These measures include avoiding
peak malaria seasons, remaining out of the countryside
at night, sleeping in an air-conditioned room, and using
insecticide-impregnated clothing and mosquito nets.
Wearing clothing that covers as much bare skin as pos-
sible after nightfall and mosquito repellents on exposed
skin (ie, 35% DEET formulations) provide good protec-
tion. Strict adherence to these measures significantly
reduces the chances of acquiring malaria but cannot be
relied upon to prevent malaria where anopheline mosqui-
toes and infected people both occur in abundance.

Chemoprophylaxis
Primary attacks of vivax malaria may be effectively pre-
vented using one or two types of drugs distinguished by
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Table 1. Chemoprophylaxis against Plasmodium vivax

Suppressive
Synonyms
Drug options
Use

Pre-exposure dosing required?

Prevent primary attack
Yes

Terminal prophylaxis required? Yes

Blood-stage prophylaxis

Mefloquine, doxycycline, Malarone® *

Causal

Liver-stage prophylaxis
Primaquine

Prevent primary attack and relapse
No

No

*Causal agent against falciparum malaria (GlaxoSmithKline, London, UK).

the stage of the life cycle at which they act—liver-stage
(causal) or blood-stage (suppressive) prophylactics. Liver-
stage drugs (tissue schizonticides) prevent infection by
their activity against parasite liver stages. Blood-stage
drugs (blood schizonticides) attack erythrocytic-stage
parasites. The distinction carries important clinical impli-
cations, primarily regarding relapse risk (Table 1) (Fig. 1).

Blood-stage (suppressive) prophylaxis

Blood-stage prophylaxis is the most common type of pro-
phylaxis in use. Chloroquine, the first drug in this group
to be used extensively, was introduced in 1946 for the
prevention of both falciparum and vivax malaria. Chlo-
roquine-resistant P. falciparum appeared in Thailand and
Colombia in the late 1950s and spread across Africa by
the late 1980s. In contrast, chloroquine-resistant P. vivax
was first identified 30 years later in the late 1980s on the
island of New Guinea. It is a major problem on that island
and in eastern Indonesia, where more than half of infec-
tions with P. vivax appear resistant. Though resistance
has been reported elsewhere in Southeast Asia, South
Asia, and in South America, its prevalence remains quite
low in these areas [18].

Mefloquine, doxycycline, and atovaquone/proguanil
are highly effective against P. falciparum. Mefloquine is
also highly effective against P. vivax (> 90% efficacy),
but atovaquone/proguanil has had lower efficacy against
it (84%) [19]. However, a recent study from Colombia
reported 100% efficacy for atovaquone/proguanil against
blood-stage vivax malaria [20e¢]. During the 1990s,
well-controlled trials of all these drugs were conducted
in northeastern Indonesian New Guinea, where vivax
malaria is heavily endemic and highly resistant to chloro-
quine. Mefloquine and doxycycline each had greater than
95% protective efficacy [21,22]. These studies evaluated
efficacy against primary attacks. Efficacy against relapse
was anticipated to be null.

One disadvantage of the suppressive prophylactics
is that they must be present in the bloodstream at effec-
tive concentrations when the parasites emerge from the
liver. This requires dosing before travel, either by at least
2 weeks of standard dosing or a single loading regimen
[23]. This also requires that they be continued for 4 weeks
following travel to eliminate primary infections emerg-
ing from the liver. Another disadvantage of these drugs is

that they do not prevent development of hypnozoites, and
therefore do not prevent relapses. In fact in recent years,
with increased travel to the tropics, it has become quite
clear that using recommended blood-stage prophylaxis
just postpones the first clinical attack to several months
after return from the tropics. In a recent study, 80% of
Israeli travelers diagnosed with vivax malaria had taken
suppressive prophylaxis [7]. Thus, chloroquine and other
drugs used for blood-stage prophylaxis given alone are
inadequate for prevention of P. vivax malaria in travelers
at significant risk of infection. There are two approaches
to improving prevention.

One approach involves treating all individuals with
14 days of primaquine when they leave an endemic
area. This approach is called terminal prophylaxis. It is
intended to kill latent liver stages of P. vivax and thus
prevent relapse. The term presumptive antirelapse therapy
(PART) has been proposed to better describe this treat-
ment strategy [24e]. The dose of primaquine for this
purpose is under evaluation. Since the 1950s, 15 mg of
primaquine base daily for 14 days has been used. How-
ever, most experts believe that this dose is inadequate and
that the same dosage of primaquine used for radical cure
of patients with P. vivax malaria, 30 mg of primaquine
base daily for 14 days, should be used [24e,25e].

Liver-stage (causal) prophylaxis

A more elegant approach is by using liver-stage (causal)
prophylaxis. This approach has the advantage of eliminat-
ing both primary attacks and relapses, and can be effective
for both vivax and falciparum malaria [26-31]. Prima-
quine is the only commercially available drug known to
have causal prophylactic activity against P. vivax malaria.
Atovaquone/proguanil has causal protective activity
against P. falciparum [32], but its activity against vivax
malaria is unknown. In fact, recently acquired data from
travelers to Papua New Guinea and Ethiopia indicate
that atovaquone/proguanil prophylaxis does not prevent
relapse (Schwartz, unpublished data).

Early clinical trials of primaquine demonstrated
causal activity against P. vivax [33-35] and falciparum
malaria [36]. Studies during the last 15 years have dem-
onstrated protection against primary attacks of P. vivax
and P. falciparum in children, nonimmune soldiers, and
migrants [26—31]. In travelers, long-term follow-up shows
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its efficacy also in preventing relapse [31]. Thus, a single
30-mg dose of primaquine base taken daily beginning
on the day of exposure and continued for 5 days follow-
ing exposure to infection prevents primary attacks and
relapses [24¢,37,38].

The recommended dose of primaquine for prophylaxis
is well tolerated in people who take the dose with a snack
or meal (to prevent gastrointestinal upset). Primaquine is
contraindicated in pregnant women and people having an
inborn deficiency of glucose-6-phosphate dehydrogenase
(G6PD) or methemoglobin reductase. It causes a mild to
moderate methemoglobinemia (typically < 6g%) in most
people, which persists for as long as the drug is taken daily.
Methemoglobinemia resolves within 2 weeks of ceasing
the medication [29]. Use of daily primaquine in well-
controlled trials ranged from 11 to 52 weeks in people of
both sexes ranging from 7 to 60 years of age [24¢].

Treatment

Acute attack

Chloroquine

Chloroquine has been first-line therapy for acute attacks
of vivax malaria since 1946 [39]. Early clinical investi-
gators developed the recommended adult dose of 1.5 g
base delivered over 48 hours for effective cure of fal-
ciparum malaria, which was five times the dose needed
to cure infections by P. vivax (ie, 0.3 g) [18]. This may
in part explain the apparently long lag between finding
chloroquine-resistant P. falciparum in the late 1950s, and
finding chloroquine-resistant P. vivax in the late 1980s
[18]. Another explanation may be the exquisite sensitiv-
ity of gametocytes (the only stage capable of infecting
mosquitoes) of P. vivax to chloroquine, whereas the
gametocytes of P. falciparum seem unaffected.

For chloroquine-sensitive P. vivax, standard chloro-
quine therapy clears the blood of asexual parasites within
72 hours. However, primaquine is required to prevent late
relapses, which is termed “radical-cure” or antirelapse
therapy, described later.

The emergence of chloroquine-resistant P. wvivax
threatens the sustained utility of this drug against vivax
malaria. In eastern Indonesia, more than half of infec-
tions with P. vivax appear resistant, and the prevalence
of resistance in western Indonesia is about 20%. Resis-
tance has been reported from elsewhere in Southeast Asia,
South Asia, and in South America, but it is of much lower
prevalence (< 5%) [18].

Chloroquine plus primaquine

When primaquine is combined with chloroquine against
chloroquine-resistant P. vivax, efficacy against blood
stages dramatically improves [40]. In fact, primaquine
alone clears blood-stage infections by chloroquine-sensi-
tive P. vivax [41]. The efficacy of chloroquine combined
with primaquine against chloroquine-resistant strains is

important, because this combination is the recommended
first-line therapy against chloroquine-sensitive P. vivax,
offering clinical and radical cure. Thus, it may continue
to serve as the first-line therapy against chloroquine-resis-
tant vivax malaria. Although laboratory studies suggest a
similar synergy between these drugs against chloroquine-
resistant P. falciparum [42], clinical studies showed only
the most modest effect [40]. Chloroquine with or without
primaquine should never be used as the primary blood
schizonticide against chloroquine-resistant P. falciparum.

Other treatments

Other drugs commonly used to treat falciparum malaria
are uniformly effective against acute attacks of P. vivax,
with the exception of sulfadoxine-pyrimethamine [43]. In
northeastern Indonesian New Guinea, where chloroquine-
resistant P. vivax dominates, standard mefloquine therapy
proved more than 95% efficacious [44]. Atovaquone-pro-
guanil proved similarly effective in this region [45].

Antirelapse therapy (radical cure)

At the outbreak of the Second World War, no licensed tis-
sue schizonticide (anti-liver-stage drug) existed. American
scientists in the 1940s found primaquine to have the best
therapeutic index against liver stages, and it was avail-
able during the Korean War, where it saw use in many
thousands of soldiers. After more than 50 years, prima-
quine remains the only licensed drug for the prevention
of relapse in vivax malaria. Remarkably, our knowledge
regarding mechanism of action is minimal, and our
knowledge regarding its efficacy is limited.

Mechanism of action of antirelapse therapy
Ultrastructural studies suggest primaquine may act
against mitochondrial membranes and disrupt respiration.
Other than the fact that that it has 10 putative metabo-
lites, we know little more about the activity of primaquine
or its metabolites. A key attribute of primaquine activity
is the total dose concept. Although primaquine is rap-
idly eliminated (plasma half-life of 4 hours), its efficacy
appears to depend almost entirely on total dose with little
or no impact from the schedule of its delivery. Whether
administered daily over 7, 14, or 21 days, or weekly over
8 weeks, similar total doses exert similar efficacy.

Dosing of antirelapse therapy

Since the 1950s, the standard recommended dose of pri-
magquine for prevention of relapse by P. vivax has been
15 mg daily for 14 days (2.8 mg/kg for a 75-kg individual
total dosage). This schedule was extensively studied in
American soldiers during the Korean War and found to
be efficacious for P. vivax in Korea [46-48]. However, in
the early 1950s, it became obvious that this dosage regi-
men was not adequate for eliminating Chesson strain P.
vivax from New Guinea, with an efficacy of typically
80% or less. Chesson strain required a total dosage of
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6 mg/kg of primaquine (30 mg per day for 14 days). Since
then, there have been increasing reports of failure of the
15 mg/day for 14 days regimen in hospitalized patients in
Thailand [49] and travelers all over the world [50]. Thus,
the recommendation for the 15 mg/day regimen has been
re-evaluated and altered [24¢,37]. Most experts would
now recommend 0.5 mg/kg/day for 14 days with a maxi-
mum dose of 30 mg/day for Oceania and Southeast Asia,
and lower doses in parts of the world such as Ethiopia
[51]. For heavy patients (> 80 kg) in Oceania and South-
east Asia, we recommend administering 30 mg daily to
achieve a total dose of 6 mg/kg over as many days as is
required [24e]. For an 85-kg individual, this would mean
17 days of treatment instead of 14.

Glucose-6-phosphate dehydrogenase—deficient patients
During the 1950s, investigators identified “primaquine
sensitivity” to be caused by an inborn deficiency of G6PD.
In studies on G6PD-deficient African Americans, they
determined the primaquine-induced hemolysis to be mild
and self-limited, even with continued dosing. Primaquine
destroyed only senescent red blood cells in the African
A-negative variant of G6PD (typically having > 15%
residual activity). These investigators found 45 mg prima-
quine given once a week for 8 weeks was better tolerated
among A-negative G6PD-deficient subjects and had good
efficacy [52]. Primaquine is contraindicated in individu-
als with variants (eg, Mediterranean and Asian) of G6PD
deficiency associated with less than 5% of residual G6PD
activity because of the danger of life-threatening hemoly-
sis. Thus, if the G6PD status cannot be determined, we do
not recommend radical cure, but rather continued follow-
up and re-treatment upon relapse.

Tolerance and resistance

The term tolerance to primaquine emerged from the early
experience with the Chesson strain of P. vivax. The stan-
dard regimen of 15 mg daily for 14 days showed only
80% efficacy against this strain. It proved fully suscep-
tible to the doubled dose of 30 mg daily. In the absence of
selection pressure with a drug that did not yet exist, scien-
tists considered the strain inherently tolerant rather than
having an acquired resistance to primaquine. Whether
tolerant or resistant to primaquine, P. vivax from New
Guinea and Southeast Asia typically exhibit poor
responses to the 15 mg per day regimen. A study of travel-
ers documented travel to New Guinea as a significant risk
factor for relapse following therapy with 15 mg per day of
primaquine [50], causing most experienced clinicians to
recommend 30 mg per day.

The burden of proof for resistance to primaquine is
heavy. Many potential confounders must be addressed.
First, reinfection must be ruled out as the source of
parasitemia after primaquine treatment. Unlike with
P. falciparum, genetic markers of strain identity are not
helpful in P. vivax.

Second, proof of compliance with prescribed therapy
must support a claim of resistance. Blood levels of pri-
maquine at time of recurrent parasitemia are not helpful
because it has been fully eliminated by the time relapse
occurs. A documented record of witnessed compliance
represents an essential element of evidence for resistance
to primaquine.

The third confounding factor to be considered is
recrudescence. If a patient was given chloroquine for the
acute attack, a subsequent parasitemia within a month
of treatment may represent failure of the blood schizon-
ticide rather than the tissue schizonticide. Chloroquine
resistance may create a false conclusion of primaquine
resistance. Conversely, lingering blood levels of chloro-
quine may kill off parasites that relapse within 35 days
of treatment. In other words, primaquine may appear
effective when it is not.

Companion blood schizonticide

In a series of experimental challenges during the 1950s,
Alving et al. [53] demonstrated very poor efficacy when
low-dose primaquine was not given with either quinine
or chloroquine, and much better efficacy (75%-95%)
when the same doses were given concurrently (with either
chloroquine or quinine). Chloroquine or quinine alone
has no known activity against hypnozoites. These studies
suggested that the activity of primaquine against hypno-
zoites is enhanced when given with either chloroquine or
quinine. Unfortunately there have been no studies in over
50 years of this phenomenon and no studies in the field to
assess these findings. Thus, these observations have had
little impact on clinical practice.

Nonetheless, the practical lesson from from the study
mentioned earlier about the synergistic effect of prima-
quine and chloroquine is that concurrent administration
of both drugs may enhance the activity of chloroquine
against the blood-stage parasites and enhance the prima-
quine effect against the liver stage of the parasite. Thus,
starting primaquine early during the treatment course
(immediately after having G6PD results) for vivax malaria
may be beneficial for both clearing the parasitemia and
killing the hypnozoites.

Vaccine

There are three distinct approaches to vaccine develop-
ment for P. falciparum [54,55]. The first is to immunize
to prevent asexual erythrocytic-stage infection in entirety,
thereby preventing all clinical manifestations of the dis-
ease. This requires protective immune responses against
the sporozoite and/or liver stages of the life cycle. The
second is to immunize to reduce the incidence of severe
disease and mortality without preventing infection.
This approach could involve immune responses against
the sporozoite, liver, and/or asexual erythrocytic stages
of the life cycle. The third approach is to immunize to
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Table 2. Results of experimental challenge in a single research subject immunized with irradiated sporozoites
from the El Salvador and Chesson strains of Plasmodium vivax

Immunization

Challenge

El Salvador strain
Week 1
Week 2
Week 5
Week 6
Week 29
Week 33
Week 46

728 infectious mosquito bites

Chesson strain

B Plasmodium falciparum
I Plasmodium vivax

Parasitemic, %

1-9 10-14
Age, y

> 14

Figure 2. Rates of parasitemia found in cross-sectional surveys on

the island of Flores in eastern Indonesia showing an age-dependent
distribution of risk of parasitemia likely reflecting onset of naturally
acquired immunity to Plasmodium vivax (Hoffman, unpublished data).

reduce transmission of the infection by inducing immune
responses against the stages of the parasite life cycle that
develop in the mosquito. This approach would not protect
an individual, but would protect an entire community.

There are groups working on all three types of vac-
cines for P. vivax [56]. However, since P. vivax is rarely
associated with severe disease and death, it is unlikely
that there will be a large market for a vaccine to prevent
severe disease and death. Furthermore, with the exception
of epidemic control or use on small islands, it is difficult
to envision large-scale deployment of a transmission-
blocking vaccine. Thus, we think that primary efforts to
develop a P. vivax vaccine should be directed at the spo-
rozoite and liver (pre-erythrocytic) stages so as to entirely
prevent infection.

Unfortunately, there are few data demonstrating the fea-
sibility of protecting against P. vivax by immunization. One
individual was reported to have been protected by immuniza-
tion with radiation-attenuated P. vivax sporozoites delivered
by the bite of infected mosquitoes (Table 2) [57].

El Salvador strain Chesson strain

Not protected

1251 infectious mosquito bites

Protected
Not protected
Protected

Protected

No other human data indicate that protective immunity
against infection with P. vivax can be generated by vacci-
nation. However, it has been shown that passive transfer
of a monoclonal antibody against the P. vivax circumspo-
rozoite protein (PvCSP) can prevent sporozoite-induced
infection in Saimiri monkeys [58], and that pre-incuba-
tion of P. vivax sporozoites with anti-PvCSP monoclonal
antibody can prevent infection in chimpanzees [59]. Also,
several vaccine trials in Saimiri and Aotus monkeys sug-
gest low-level protection can be elicited [60,61].

Data from studies in the field and experimental and
therapeutic infection with P. vivax indicate that immunity
to the asexual erythrocytic stages develop after repeated
infections. In areas with significant transmission of
P. vivax, the prevalence and density of P. vivax infection
decrease with increasing age (Fig. 2).

It has also been shown that humans experimentally
infected with P. vivax rapidly develop acquired immunity
that limits the peak parasite density and the extent of
clinical symptoms after challenge with the same isolate of
P. vivax. However, this effect is reduced significantly with
challenge with a heterologous isolate of P. vivax [62].

In the past 2 to 3 years, interest has been renewed in
vaccines for P. vivax [56]. There is significant work on the
primary candidate antigens for pre-erythrocytic antigens
(PvCSP and Pv sporozoite surface protein/thrombospon-
din-related anonymous protein), asexual erythrocytic
stage antigens (Pv merozoite surface protein 1, Pv apical
membrane antigen 1, and Pv Duffy binding protein), and
sexual stage antigens (PvS25, PvS28, and PvS48. Only
PvCSP and PvS25 have entered phase 1 clinical trials.
There is also interest in developing a Pv radiation-attenu-
ated sporozoite vaccine.

Conclusions

Travelers using blood-stage prophylaxis alone often suffer
late relapse by P. vivax. Presumptive primaquine therapy
(30 mg/d for 14 days, or a total dose of 6 mg/kg given as
30 mg/day) must immediately follow exposure to infec-
tion. Alternatively, travelers may use 30 mg primaquine
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daily while exposed to risk of infection and for 5 days
following exposure to prevent both primary attacks and
relapses. Treatment of acute attacks with standard chlo-
roquine therapy remains the first-line treatment, except
in eastern Indonesia and Papua New Guinea, where
resistance predominates. Standard mefloquine therapy is
completely effective against chloroquine-resistant vivax
malaria. Simultaneous dosing of chloroquine therapy
with primaquine radical cure (30 mg/d for 14 days, or a
total dose of 6 mg/kg given 30 mg/day) improves efficacy
against chloroquine-resistant strains, and may improve the
efficacy of primaquine against hypnozoites. In the absence
of a vaccine in the foreseeable future, primaquine remains
a vital tool against vivax malaria, and reliable assessments
of its current therapeutic efficacy are sorely needed.
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