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ANNEX 8

TREATMENT OF SEVERE PLASMODIUM FALCIPARUM 
MALARIA   

The GRADE tables in this section are based on the Cochrane review titled “Artesunate 
versus quinine for treating severe malaria” published in 2007 (1). A brief outline of the 
methodology of this review is given below.

Objective
The goal is to compare artesunate with quinine for treating severe malaria.

Inclusion criteria
Randomized controlled trials comparing artesunate with quinine in adults and children 
with severe malaria who are unable to take medication by mouth.

Search methods
A search was conducted in December 2008 of The Cochrane Infectious Disease Group 
Specialized Register, Cochrane Central Register of Controlled Trials (CENTRAL), 
MEDLINE, EMBASE, LILACS, ISI Web of Science and the metaRegister of Controlled 
Trials (mRCT) using “artesunate” and “quinine” as search terms. Conference proceedings 
were hand searched.

Data collection and analysis
Two authors independently assessed trials for eligibility, risk of bias and extracted data. 
Outcomes included death, neurological sequelae, coma recovery time, time to hospital 
discharge, fever clearance time and parasite clearance time, serious adverse effects, 
hypoglycaemia and other adverse effects. Drugs were compared using risk ratios for 
dichotomous data, weighted mean difference for continuous data and 95% confidence 
intervals.

Results
Six trials enrolling 1938 participants met the inclusion criteria. The results are presented 
below.
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A8.1 QUESTION: 

  Is artesunate superior to quinine in treating severe malaria?

Background
Artesunate was recommended as an alternative to quinine for treating severe malaria in 
the first edition of the WHO guidelines for the treatment of malaria. 

GRADE approach
Artesunate was compared to quinine using meta-analyses of head-to-head RCTs (search 
date: January 2007).
1. Is artesunate superior to quinine in treating severe malaria? (See GRADE Table 

A8.1.)

When assessing this evidence the WHO GRADE panel considered the following factors 
to be important:

outcomes were not reported separately for children;
severe malaria occur in African children;

severe malaria compared to adults;
intravenous artesunate and one trial used intramuscular artesunate.

Other considerations
In contrast to quinine, administration of artesunate does not require cardiac monitoring 
and, therefore, may be a more practical option in resource-poor settings.

Decision
On the basis of these tables, the WHO GRADE panel made a strong recommendation 
that artesunate should be used in preference to quinine for the treatment of severe 
malaria in Asia. 

A8
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A8.2  QUESTION: 

 Is a loading dose of quinine (20 mg/kg) superior to no loading dose?

Summary
One systematic review, and one subsequent randomized controlled trial in children, 
found no significant difference in mortality between quinine regimens with a high initial 
quinine dose and those with no loading dose. However, parasite and fever clearance times 
were reduced in the former.

Benefits 
One systematic review (search date: 2002, three RCTs, 92 people) (2). One subsequent 
RCT (3).

The systematic review found no significant difference in mortality between a group 
receiving a high initial dose of quinine (20 mg salt/kg or 16 mg base/kg given by the 
intramuscular route or by intravenous infusion) followed by a standard dose of quinine, 
and one receiving the standard dose but no loading dose (two RCTs, 2/35 (5.7%) died in 
the group receiving a high initial dose, 5/37 (13.5%) with no loading dose; relative risk: 
0.43, 95% CI 0.09–2.15) (2). One of the RCTs (39 children) found no significant difference 
between the two groups in mean time to recover consciousness (14 h with a high initial 
dose, 13 h with no loading dose, weighted mean difference (WMD) 1.0 h, 95% CI −8.8 h 
to +10.8 h) (4). Parasite clearance and fever clearance times were shorter for the high 
initial dose group than for the group with no loading dose (parasite clearance time: two 
RCTs, 67 people, WMD 7.4 h, 95% CI −13.2 h to −1.6 h; fever clearance time, two RCTs, 68 
people, WMD −11.1 h, 95% CI −20.0 h to −2.2 h). The subsequent RCT (72 children aged 8 
months–15 years in Togo, 1999–2000) found no significant difference between the group 
receiving a high initial dose of IV quinine (20 mg salt/kg over 4 h, then 10 mg salt/kg every 
12 h) and that receiving no loading dose (15 mg salt/kg every 12 h) in mortality (2/35 (6%) 
with a high initial dose, 2/37 (5%) with no loading dose, RR 1.06, 95% CI 0.16–7.1) (3). It 
also found no significant difference between the two groups for recovery of consciousness 
(35.5 h with a high initial dose, 28.6 h with no loading dose, WMD +6.9 h, 95% CI −0.6 h 
to +14.4 h) or time to 100% parasite clearance (48 h compared with 60 h).

Harms 

The systematic review found no significant difference between the groups receiving a 
high initial dose of quinine and no loading dose in rate of hypoglycaemia (two RCTs, 
4/35 (11%) hypoglycaemia with a high initial dose, 3/37 (8%) with no loading dose, RR 
1.39, 95% CI 0.32–6.00) (2). In one RCT (33 people) included in the review, transient 
partial hearing loss was significantly increased in the group receiving a high initial dose 
(10/17 (59%) compared with 3/16 (19%), RR 3.14, 95% CI 1.05–9.38) (5). In another RCT 
(39 children), there was no significant difference between the two groups in neurological 
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sequelae (1/18 (6%) with a high initial dose, 2/21 (10%) with no loading dose, RR 0.58, 
95% CI 0.06–5.91) (4).

A8.3  QUESTION: 

 Is intramuscular quinine as effective as intravenous quinine?

Summary 

One RCT in children found no significant difference between IM and IV quinine in 
recovery times or death. However, the study may have lacked the power to detect clinically 
important differences between treatments.

Benefits
No systematic review. One RCT (59 children aged < 12 years, Kenya, 1989–1990), which 
compared IM quinine (20 mg salt/kg loading immediately followed by 10 mg salt/kg every 
12 h) and with standard-dose quinine given by IV infusion (10 mg salt/kg every 12 h) 
in severe falciparum malaria (4). The trial found no significant difference in mortality, 
mean parasite clearance time or recovery time to drinking or walking, but may have 
lacked the power to detect a clinically important difference (mortality: 3/20 (15%) deaths 
with IM quinine, 1/18 (5.6%), with IV quinine, RR 2.7, 95% CI 0.3–23.7; mean parasite 
clearance time: 57 h compared with 58 h, WMD −1.0 h, 95% CI −12.2 h to +10.2 h; mean 
recovery times to drinking 47 h compared with 32 h, WMD +15 h, 95% CI −5.6 h to 
+35.6 h; mean recovery times to walking 98 h compared with 96 h, WMD +2.0 h, 95% 
CI −24.5 h to +28.5 h).

Harms
Neurological sequelae were reported in two children in the IM group, and one child 
in the IV group had transient neurological sequelae that were not specified 2/20 (10%) 
compared with 1/18 (5.6%), RR 1.8, 95% CI 0.2–18.2 (4). 

A8.4  QUESTION: 

 Is intramuscular artemether as effective as intravenous quinine?

Summary
Two systematic reviews and three subsequent RCTs found no significant difference in 
death rates between the groups receiving artemether and quinine for severe malaria.

A8
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Benefits
Two systematic reviews (6,7) and three subsequent RCTs (8–10). The first review (search 
date not reported, seven RCTs, 1919 adults and children) analysed individual participant 
data (6). It found no significant difference in mortality between IM artemether and 
quinine given by IV infusion or IM injection (the latter in one RCT only) in severe 
falciparum malaria (mortality 136/961 (14%) with artemether, 164/958 (17%) with quinine; 
odds ratio 0.80, 95% CI 0.62–1.02). Parasite clearance was faster with artemether than 
with quinine (OR 0.62, 95% CI 0.56–0.69). The review found no significant difference 
in the speed of coma recovery, fever clearance time or neurological sequelae between 
artemether and quinine (coma recovery time OR 1.09, 95% CI 0.97–1.22; fever clearance 
time OR 1.01, 95% CI 0.90–1.15; neurological sequelae, OR 0.82, 95% CI 0.59–1.15).

The second review (search date: 1999, 11 RCTs, 2142 people) found a small significant 
reduction in mortality for IM artemether compared with IV quinine (OR 0.72, 95% CI 
0.57–0.91) (7). However, more rigorous analysis excluding three poorer quality trials found 
no significant difference in mortality (OR 0.79, 95% CI 0.59–1.05). The review found no 
significant difference in neurological sequelae at recovery between the artemether and 
quinine groups (OR 0.8, 95% CI 0.52–1.25). 

The first subsequent RCT (105 people aged 15–40 years with cerebral malaria in 
Bangladesh) compared IM artemether (160 mg initially, then 80 mg/kg once daily) 
with IV quinine (loading dose 20 mg/kg, then 10 mg/kg every 8 h) (8). It found no 
significant difference in death rates between the artemether and quinine groups (9/51 
(18%) compared with 10/54 (19%), OR 0.94, 95% CI 0.35–2.55). Mean fever clearance 
time and coma recovery time were significantly longer for artemether than for quinine 
(fever clearance time 58 h compared with 47 h, WMD 11.0 h, 95% CI 1.6–20.4 h; coma 
recovery time 74 h compared with 53 h, WMD 20.8 h, 95% CI 3.6–38.0 h). There was no 
significant difference in mean parasite clearance time between artemether and quinine 
(52 h compared with 61 h, WMD −8.6 h, 95% CI −22.5 h to +5.3 h).

The second subsequent RCT (41 children with severe malaria in Sudan, 40 analysed) 
compared IM artemether (3.2 mg/kg loading dose, then 1.6 mg/kg once a day) with IV 
quinine (loading dose 20 mg/kg, then 10 mg/kg every 8 h) (11). It found that artemether 
significantly increased fever clearance time but found no significant difference between 
artemether and quinine in time to parasite clearance (mean fever clearance time 30.5 h 
with artemether, 18 h with quinine, P = 0.02; mean parasite clearance time 16 h compared 
with 22.4 h, P > 0.05). There were no deaths in the artemether group, one child died with 
quinine (0/20 (0%) compared with 1/21 (5%), P value not reported). 

The third subsequent RCT (77 comatose children aged 3 months–15 years with cerebral 
malaria) compared IM artemether (1.6 mg/kg every 12 h) with IV quinine (10 mg/kg 
every 8 h) (10). It found no significant difference in death rates between the artemether 
and quinine groups (3/38 (8%) compared with 2/39 (5%), P value not reported). There 
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was no significant difference between the two groups in mean fever clearance time, coma 
recovery time and parasite clearance time (fever clearance time 31 h compared with 36 h; 
coma recovery time 21 h compared with 26 h; parasite clearance time 36 h compared 
with 41 h; P values not reported for any comparison). 

Harms
The two systematic reviews (6, 7) and one of the subsequent RCTs (4) found no significant 
difference in neurological sequelae between the artemether and quinine groups (systematic 
reviews, see the Benefits section; subsequent trial 3/51 (6%) with artemether, 1/54 (2%) 
with quinine, RR 3.18, 95% CI 0.34–29.56). However, in the first review, rates for the 
combined outcome of death or neurological sequelae were lower for artemether than for 
quinine (OR 0.77, 95% CI 0.62–0.96, P = 0.02) (6). 

The second subsequent RCT found that one child treated with quinine developed 
hypoglycaemia (0/20 (0%) with artemether, 1/21 (5%) with quinine (9). It reported no 
neurological problems in either treatment group after 28 days of follow-up. 

The third subsequent RCT found no significant difference in transient neurological 
sequelae between the artemether and quinine groups (2/38 (5%) compared with 1/39 
(3%) (10). 

Comment
The third subsequent randomized controlled trial did not use loading doses of either 
artemether or quinine at the beginning of treatment (10). There was a fourth subsequent 
RCT (52 people); however, it was not clear whether the participants had severe malaria 
and the outcomes were poorly reported. 

A8.5  QUESTION: 

 Pre-referral treatment with rectal artesunate: should rectal artesunate be used 

in preference to quinine?

Summary
There are no data from trials with sufficient statistical power to assess differences in 
mortality following treatment with rectal artesunate and quinine in people with moderate 
or severe malaria. The objective of the trials that have been conducted was to establish the 
safety and efficacy of rectal artesunate as pre-referral treatment where there is no access 
to parenteral treatment. Comparisons between rectal artesunate and IV artesunate or 
IV and IM quinine have been carried out to assess parasitological and clinical response 
in the 12 or 24 h immediately after treatment (11, 12).
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Benefits
Two randomized, open-label Phase II and three randomized open label Phase III studies 
have been conducted in people with moderately severe malaria, i.e. patients who could 
not take drugs by mouth but did not have features of severe malaria and its complications 
(11,12). Patients in the artesunate group in the Phase III studies were rescued if their 
parasitaemia did not decline to below 60% of baseline parasitaemia or if they deteriorated 
clinically and developed features of severe malaria, convulsions or coma within 24 h of 
treatment.  

Artesunate had a superior effect in all efficacy measures immediately after treatment. 
In children treated with artesunate, 80/87 (92%) had a parasite density lower than 60% 
of baseline, compared with 3/22 (14%) of those who received quinine (RR 0.09, 95% CI 
0.04–0.19, P <0.0001). In adults, parasitaemia at 12 h was lower than 60% of baseline 
in 26/27 (96%) in the artesunate group, compared with 3/8 (38%) in the quinine group 
(RR 0.06, 95% CI 0.01–0.44, P <0.001). The differences were more significant at 24 h. 
Artesunate and/or dihydroartemisinin were detected in plasma within 12 h in all adults 
and in 84/87 of the children. 

Harms
A single administration of artesunate suppositories at a dose of 10 mg/kg was well 
tolerated in both children and adults. There was no significant difference in frequency of 
adverse events (defined as any new symptom, worsening of any existing symptom, sign 
or abnormal laboratory value) between treatment groups. Other than local reactions at 
the site of the IM quinine injection in three adult patients, the few adverse events that 
occurred could have been attributable to falciparum malaria or to pre-existing disease.

A8.6  QUESTION: 

 Should dexamethasone be given routinely?

Summary
One systematic review found no significant difference in mortality between dexamethasone 
and placebo, but gastrointestinal bleeding and seizures were more common with 
dexamethasone.

Benefits
One systematic review (search date: 1999, two RCTs, 143 people with severe/cerebral 
malaria treated with quinine) compared dexamethasone with placebo over 48 h (13). One 
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RCT was conducted in Indonesia, the other in Thailand. The review found no significant 
difference in mortality (14/71 (20%) with dexamethasone, 16/72 (25%) with placebo, RR 
0.89, 95% CI 0.47–1.68). One RCT found a longer mean time between start of treatment 
and coma resolution with dexamethasone (76.0 h compared with 57.0 h, P < 0.02) (14), 
but the other found no significant difference (83.4 h compared with 80.0 h, WMD +3.4 h, 
95% CI −31.3 h to +38.1 h) (15).

Harms
The review found that dexamethasone significantly increased gastrointestinal bleeding 
and seizures compared with placebo (gastrointestinal bleeding 7/71 (10%) with 
dexamethasone, 0/72 (0%) with placebo, RR 8.17, 95% CI 1.05–63.6; seizures 1/71 (15.5%) 
compared with 3/72 (4%), RR 3.32, 95% CI 1.05–10.47) (13).

Comment
No effect of the steroid on mortality was shown, but the trials were small. Its effect on 
disability was not reported.

A8.7  QUESTION:  

 Should phenobarbital be given to patients?

Cochrane Review, search date: 2004 (16). Three RCTs with a total of 573 participants met 
the inclusion criteria. All three compared phenobarbital with placebo or no treatment. 
In the two trials with adequate allocation concealment, death was more common in the 
anticonvulsant group (RR 2.0, 95% CI 1.20–3.33, fixed effect model). In all three trials, 
phenobarbital was associated with fewer convulsions than placebo or no treatment (RR 
0.30, 95% CI 0.19–0.45, fixed effect model).
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ANNEX 9

TREATMENT OF PLASMODIUM VIVAX, P. OVALE  
AND P. MALARIAE INFECTIONS   

A9.1 Introduction

Plasmodium vivax is the second major human malaria species; estimates of its contribution 
to the malaria cases worldwide range from 8–41% (1,2,3), and it is the dominant species of 
malaria in many areas outside Africa. It is prevalent in the Middle East, Asia, the Western 
Pacific and Central and South America. It is rarer in Africa and almost absent from West 
Africa due to the high prevalence of the Duffy negative phenotype (3). In most areas 
where P. vivax is prevalent, malaria transmission rates are low and, therefore, the affected 
populations achieve only a partial immunity to this parasite. Consequently, people of all 
ages, adults and children alike, are at risk of acquiring P. vivax infections (3). Where both 
P. falciparum and P. vivax prevail, the incidence rates of P. vivax tend to peak in people of a 
younger age than those of P. falciparum (4). The other two human malaria parasite species, 
P. malariae, which is prevalent at low levels in nearly all malaria endemic areas of the world, 
and P. ovale, which has the most limited distribution of all the species and is prevalent in 
Africa, New Guinea and the Philippines (5).

Among the four species of Plasmodium that affect humans, only P. vivax and P. ovale 
have the ability to form hypnozoites (dormant parasite stages in the liver that can result 
in relapse infections weeks to months after the primary infection). P. vivax preferentially 
invades reticulocytes, and this may lead to anaemia. Repeated infections lead to a chronic 
anaemia that can be debilitating, thereby impairing human and economic development 
in affected populations. In areas where both P. falciparum and P. vivax co-exist, intensive 
malaria control efforts often result in having a rapid and major impact on P. falciparum 
(leaving P. vivax as the residual malaria burden, as it is more resilient to interventions). As a 
result P. vivax is increasing in some regions of the world (3). Appropriate case management 
of P. vivax malaria will help to minimize the global malaria burden.

Although P. vivax has been traditionally known to be benign malaria, it causes a severe 
and debilitating febrile illness. Vivax malaria can also result in severe disease with life-
threatening end-organ involvement similar to severe and complicated P. falciparum 
malaria illness. Recent studies in Papua province, Indonesia (6), and Papua New Guinea 
(7) highlight P. vivax as a major cause of malaria morbidity and mortality, particularly in 
young infants and children, accounting for nearly as high a proportion of severe malaria 
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episodes in this age group as P. falciparum.  Severe vivax malaria presents as wide a range 
of pathologies as is seen in severe P. falciparum malaria ranging from toxic shock and 
cerebral malaria to multiple organ failure (8, 9). During pregnancy, infection with P. vivax, 
as with P. falciparum, reduces birth weight due to chronic anaemia, sequestration and 
pro-inflammatory cytokines in the placenta (10–12), and increases the risk of neonatal 
death. In primegravidae, the reduction is approximately two thirds that associated with  
P. falciparum, but the effect does not appear to decline with successive pregnancies; indeed, 
in the one large series in which this was studied, it increased (12). 

A9.2 Diagnosis

Diagnosis of vivax malaria is based on microscopy. Rapid diagnostic tests based on 
immunochromatographic methods are available for the detection of non-falciparum 
malaria. However, their sensitivities for detecting parasitaemias of ≤ 500/μl are low (13–20). 
The relatively higher cost of P. vivax tests compared to those for P. falciparum is a further 
impediment to their large-scale use in endemic areas. Molecular markers for genotyping 
P. vivax parasites are available for the dihydrofolate reductase (dhfr) gene, and those for 
chloroquine resistance are under development.

A9.3 Treatment

The objectives of treatment of vivax malaria are twofold: to terminate the acute blood 
infection, to cure the clinical symptoms, and to clear hypnozoites from the liver to prevent 
future relapses. This is known as a radical cure. 

Before 2004, there were relatively few studies on the treatment of P. vivax. Only 11% of the 
435 published antimalarial drug trials have been on P. vivax malaria (21). Thereafter, there 
have been several trials on the efficacy of artemisinin-based combination therapies for the 
treatment of vivax malaria (22–24).

A9.3.1 Standard oral regimen

Chloroquine monotherapy (25 mg base/kg body weight over 3 days) is recommended as the 
standard treatment for vivax malaria, because the parasite remains sensitive to chloroquine 
in much of the world. Primaquine (0.25 or 0.5 mg base/kg body weight in a single daily 
dose for 14 days) is used as a supplement to the standard treatment for the purpose of 
eradicating dormant parasites in the liver and preventing relapses. Although shorter 5-day 
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courses of primaquine have been deployed in the past, evidence indicates that a 14-day 
regimen is superior in preventing relapses (25, 26). The optimal dose of primaquine differs 
in geographical areas, depending on the relapsing nature of the infecting strain, and it 
remains unclear in patients of heavy body weight (27). This combination of chloroquine 
and primaquine constitutes treatment to achieve radical cure of vivax malaria. 

Primaquine also has weak activity against blood stage parasites. The radical cure regimen 
of vivax malaria with chloroquine and primaquine, therefore, conforms to the definition 
of a combination therapy. The combination of any antimalarial against P. vivax infections 
with primaquine has improved cure rates (22–24, 28, 29), and it is, therefore, useful in the 
treatment of chloroquine-resistant P. vivax infections.

A9.3.2 Treatment of chloroquine-resistant P. vivax

Therapeutic efficacy data available to date indicate that P. vivax remains sensitive to 
chloroquine throughout most of the world (22,30–44) with the exception of Indonesia 
where high therapeutic failure rates ranging from 5–84% have been reported on day 28 
of follow-up (22,29,45–50). There are reports of chloroquine failure as both treatment 
and prophylaxis against P. vivax malaria from several other countries and regions where 
the species is endemic (51–54). Some of these studies did not measure chloroquine drug 
concentrations, so that it is questionable whether these findings represented strictly defined 
chloroquine resistance (35,39,40,42,44,55–58).

Antimalarials that are effective against P. falciparum are generally effective against the 
other human malarias. The exception to this is sulfadoxine-pyrimethamine to which  
P. vivax is commonly resistant. Owing to the high prevalence of dhfr mutations in P. vivax 
(Pvdhfr), resistance to sulfadoxine-pyrimethamine develops faster in this parasite than in 
P. falciparum, and resistant P. vivax become prevalent in areas where this drug is used for 
the treatment of falciparum malaria (38,59–67). 

Artemisinins, when combined with an effective partner medicine, have provided excellent 
cure rates in both chloroquine sensitive and chloroquine resistant strains of P. vivax, as 
recent following evidence indicates: AL produces comparable cure rates to CQ in the 
treatment of P. vivax which is sensitive to CQ (68,69). In areas of CQ resistance, two ACTs, 
DHA+PPQ (70, 71) and AS+AQ (70), in combination with primaquine, have provided high 
cure rates. ACTs with partner medicines that have longer half-lives, such as DHA+PPQ, are 
more effective in reducing relapses than those with shorter half-lives (70, 71).

Other monotherapies that have been tested for the treatment of P. vivax malaria with 
varying degrees of efficacy including amodiaquine (25–30 mg base/kg body weight given 
over 3 days), which has been used effectively for the treatment of chloroquine-resistant 
vivax malaria (72) and has been well tolerated (73–75). The risk of relapse of P. vivax malaria 
without primaquine therapy ranged from 5–80% or more, depending largely upon the 
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geographic location and, therefore, primaquine must be added for radical cure. Mild nausea, 
vomiting and abdominal pain are the commonly reported adverse reactions (75).

(15 mg base/kg body weight as a single dose) has been found to be highly 
effective with a treatment success of 100% (38).

alone (100 mg twice a day for 7 days) provides poor cure rates in P. vivax 
(47).

derivatives, such as monotherapy for 3–7 days, have shown poor efficacy in 
vivax malaria with day 28 cure rates of 47–77% (23,38,56). The addition of primaquine 
to these regimes improved the day 28 cure rates to 100% (23,76).

(10 mg salt/kg body weight three times a day for 7 days) (72) is also effective 
against CQ resistant P. vivax, but it is not an ideal treatment because of its toxicity 
and consequent poor adherence to this regimen. A study in Thailand has found that 
treatment of vivax malaria with quinine leads to early relapses. This may be because 
quinine has a short half-life, and no antihypnozoite activity (38).

The best combinations for the treatment of P. vivax are those containing primaquine when 
given in antihypnozoite doses (28,30,38,40,57,75,77,78).

The recommended treatments for CQ resistant P. vivax are, therefore, ACTs (with the 
exception of AS+SP) combined with primaquine at antihypnozoite doses (see below). 

Unlike P. falciparum, P. vivax cannot be cultured continuously in vitro: so it is more difficult 
to determine the in vitro sensitivity of P. vivax to antimalarials. In vivo assessment of the 
therapeutic efficacy of drugs against P. vivax malaria is also compounded by difficulties in 
distinguishing recrudescences due to drug-resistant infections from relapses. The interval 
between the primary and repeat infection can serve as a general guide. If the recurrence 
appears within 16 days of starting treatment of the primary infection, it is almost certainly 
a recrudescence due to therapeutic failure. A recurrence between days 17 and 28 may be 
either a recrudescence by chloroquine-resistant parasites or a relapse. Beyond day 28, any 
recurrence probably represents a relapse in an infection of chloroquine-sensitive P. vivax 
(79). A recurrent vivax parasitaemia in the presence of chloroquine blood levels exceeding 
100 ng/ml, and a parasite genotype identical with the primary infection as detected by 
polymerase chain reaction, are more suggestive of chloroquine resistance to the primary 
infection than a relapse infection.

A9.3.3 Preventive therapy for relapses

Primaquine is the only available and marketed drug that can eliminate the latent hypnozoite 
reservoirs of P. vivax and P. ovale that cause relapses. P. vivax populations emerging from 
hypnozoites commonly differ from the populations that caused the acute episode (69). 
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There is no evidence that treatment courses shorter than 14 days are effective in preventing 
relapses (40,57,80,81). Although 5-day courses of primaquine have been deployed as anti-
relapse therapy in some countries in the past, evidence shows that the 14-day course is 
superior in efficacy (25,26). Relapse rates and primaquine sensitivity vary geographically. 
The reported incidences of relapses range from 11–26; 7% in India (57,82) to 49–51% in 
Afghanistan (80). Relapses may occur one to four times after initiation of radical treatment 
(81,83). In patients treated with chloroquine, the first relapse is often suppressed by 
pharmacologically active concentrations of chloroquine and, therefore, does not manifest 
clinically or parasitologically. The first clinically manifested relapse has been reported 
any time after day 16 and up to four years following the primary infection (84–86). Host 
immunity is also considered to be a major contributor to the therapeutic response against 
relapses (87). Risk factors associated with relapses are female sex, higher parasitaemia at 
baseline, shorter number of days with symptoms prior to baseline, and a lower dose of 
primaquine (84). Other factors should be considered including body weight, natural relapse 
rates and local response to primaquine (88).

Hypnozoites of many strains of P. vivax are susceptible to a total dose of 210 mg of 
primaquine (28,38,55,78,80,84,89). Infections with the Chesson strain or primaquine-
resistant strains prevalent in southern regions of Oceania and South-East Asia require 
a higher dosage of primaquine (22.5 mg or 30 mg per day for 14 days for a total dose of 
315 mg or 420 mg) to prevent relapses (57,77,90). Primaquine is contraindicated in patients 
with the inherited enzyme deficiency, glucose-6-phosphate dehydrogenase (91,92) (see 
Section A9.3.6 on adverse effects and attachment of use of primaquine based on G6PD 
deficiency screening). 

Although the long 14-day course of primaquine is a clear disadvantage, it has been 
shown that poor adherence to unsupervised 14-day primaquine therapy can be overcome 
effectively through patient education (93). The lengthy treatment courses and follow-up 
periods make the assessment of primaquine efficacy difficult. Thus, the identification 
of P. vivax strains that are resistant to chloroquine and/or to primaquine presents major 
challenges.  

Alternative drugs are much needed for the radical treatment of P. vivax malaria resistant 
to chloroquine and/or primaquine. New drugs, tafenoquine and bulaquine, are currently 
being evaluated as an alternative to primaquine in the prevention of relapses (94). However, 
this too has haemolytic potential in G6PD-deficient individuals. 

A9.3.4 Treatment of severe and complicated vivax malaria

Prompt and effective management should be the same as for severe and complicated 
falciparum malaria (set out in Section 8 of the main document). 
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A9.3.5 Treatment of malaria caused by P. ovale and P. malariae 

Resistance of P. ovale and P. malariae to antimalarials is not well characterized, and these 
infections are considered to be generally sensitive to chloroquine. Only a single study in 
Indonesia has reported P. malariae resistance to chloroquine (64). The recommended 
treatment for radical cure of P. ovale, relapsing malaria, is the same as that for P. vivax, 
i.e. with chloroquine and primaquine. The high prevalence of G6PD deficiency status in 
areas endemic for P. ovale calls for the same caution in the use of primaquine as stated in 
Section A9.3.6, P. malariae forms no hypnozoites, and so it does not require radical cure 
with primaquine.

A9.3.6 Adverse effects and contraindications

Chloroquine is generally well tolerated. Common side effects include mild dizziness, 
nausea, vomiting, abdominal pain and itching (4,72,87).

Primaquine can induce a life-threatening haemolysis in those who are deficient in the 
enzyme G6PD (see Section A9.3.3). The severity of hemolytic anaemia seems to be related 
to primaquine dosing and the variant of the G6PD enzyme (108).  Methemoglobinemia 
is associated with G6PD deficiency in malaria patients treated with primaquine (109). 
A full course of primaquine, given as a daily dose of 0.25 mg base/kg body weight for 
14 days, is reported to be safe in populations where G6PD deficiency is either absent or 
readily diagnosable, but could induce a self-limiting haemolysis in those with mild G6PD 
deficiency (35,55,57). To reduce the risk of haemolysis in such individuals, an intermittent 
primaquine regimen of 0.75 mg base/kg weekly for 8 weeks can be given under medical 
supervision. This regimen is safe and effective (92). In non-G6PD deficient individuals, a 
high dose of primaquine (30 mg/day) has been shown to be safe and effective for Chesson 
strain P. vivax malaria in South-East Asia during a 28-day follow-up (23,77,90). In 
regions where prevalence of G6PD deficiency is relatively high, G6PD testing is required 
before administration of primaquine (see Fig. A9.1). Primaquine is not recommended 
during pregnancy and in infancy, since limited safety data are available in these groups 
(79). Abdominal pain and/or cramps are commonly reported when primaquine is taken 
on an empty stomach. Gastrointestinal toxicity is dose-related, and it is improved by 
taking primaquine with food. Primaquine may cause weakness, uneasiness in the chest, 
haemolytic anaemia, methaemoglobinaemia (which occurs in non-haemolysed red cells), 
leukopenia, and suppression of myeloid series. Therefore, primaquine should not be given 
in conditions predisposing to granulocytopenia, which includes rheumatoid arthritis and 
lupus erythematosus. 
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A9.4 Monitoring therapeutic efficacy

There is a need to monitor the antimalarial sensitivity of P. vivax in order to improve the 
treatment of vivax malaria, in particular in view of its emerging resistance to chloroquine. 
An in vitro test system has been developed for assessing the parasite’s sensitivity to 
antimalarials (95,96). A modified version of the standard WHO in vitro micro-test for 
determination of the antimalarial sensitivity of P. falciparum has been used successfully for 
assessing the antimalarial sensitivity of P. vivax populations and for screening the efficacy 
of new antimalarials by measuring minimal inhibitory concentration (MIC), and the 
concentrations providing 50% and 90% inhibition (IC50), and (IC90) (89, 97). WHO has 
also recently introduced a revised protocol for in vivo monitoring of the therapeutic efficacy 
of chloroquine in P. vivax malaria (98). The revised protocol includes measurement of blood 
chloroquine levels, PCR genotyping and the use of molecular markers (only available for 
the dhfr gene) to help clarify and complete the overall picture of drug resistance. A better 
understanding of the molecular mechanisms underlying drug resistance in P. vivax is 
needed to improve the monitoring of chloroquine resistance.

A9.5 Conclusions and recommendations

The standard oral regimen of chloroquine of 25 mg base/kg body weight given over 3 days 
plus primaquine at either a low (0.25 mg base/kg body weight per day for 14 days) or high 
(0.5–0.75 mg base/kg body weight per day for 14 days) dose is effective and safe for the radical 
cure of chloroquine-sensitive P. vivax malaria in patients with no G6PD deficiency. 

In areas where infections of drug-resistant P. falciparum and/or P. vivax are common, drug 
regimens to treat both species effectively must be used. An artemisinin-based combination 
treatment (particularly dihydroartemisinin plus piperaquine) that does not include 
sulfadoxine-pyrimethamine would be a good choice.

The use of high-dose primaquine (0.5–0.75 mg base/kg body weight per day for 14 days), 
with either chloroquine or another effective antimalarial, is essential for trying to prevent 
relapses of primaquine-resistant or primaquine-tolerant P. vivax.

A primaquine regimen of 0.75 mg base/kg body weight once per week for 8 weeks is 
recommended as anti-relapse therapy for P. vivax and P. ovale malaria in patients with 
mild G6PD deficiency. 

Increased efforts are needed to evaluate alternative treatments for P. vivax strains that 
are resistant to chloroquine. Urgent needs include establishing in vitro culture of P. vivax 
to permit the assessment of drug susceptibility, research to improve understanding of 
the molecular mechanisms of drug resistance, and the development of better tools for 
genotyping P. vivax. 
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 A9.6    QUESTION: 

 What is the best treatment for P. vivax malaria in areas of chloroquine resistant  

P. vivax?

Background
As ACTs become widely available and chloroquine resistance becomes more widespread, 
it is important to assess the effects of ACTs on P. vivax.

GRADE approach
The benefits and harms of ACTs versus the standard treatments for P. vivax were assessed 
(search date: January 2009).
1. Are ACTs more effective than CQ in areas of CQ resistant P. vivax? (No evidence 

available.)
2. Are ACTs with primaquine more effective at reducing relapses of P. vivax than CQ 

with primaquine in areas of CQ resistant P. vivax? (No evidence available.)
3. Is one ACT (plus primaquine) more effective than another for treatment of P. vivax 

in areas with CQ resistant P. vivax? (See GRADE tables 9.6.1 and 9.6.2.)

When assessing this evidence the WHO GRADE panel considered the following factors 
to be important:

ACTs do not have a substantial effect on the liver stage of P. vivax so radical cure 
requires primaquine.

chloroquine resistance the recommendation concerns ACTs as a 
replacement for CQ.

Other considerations
The ability of ACTs to delay or reduce relapses due to P. vivax is likely to reflect the 
pharmacokinetics of the drug. DHA+PPQ has a notably longer half-life than AL6 and 
AS+AQ and a similar half-life to AS+MQ.

Decision
On the basis of this evidence, the WHO GRADE panel made a weak recommendation 
that DHA+PPQ may be superior to AL6 and AS+AQ for the treatment of P. vivax. A9
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A9.7    QUESTION: 

 Is 14 days of primaquine superior to 5 days of primaquine for preventing relapses 

of P. vivax?

Background
Primaquine is the most widely used drug for the treatment of the liver stage of P. vivax. 
Treatment regimes vary between countries.

GRADE approach
The evidence included in this table is based on the Cochrane review titled “Primaquine 
for preventing relapses in people with Plasmodium vivax malaria” published in 2007 (99). 
For the purposes of these guidelines the outcome measure has been converted from odds 
ratio (used in the review) to risk ratio for consistency.
1. Is 14 days of primaquine superior to five days of primaquine in preventing relapses of 

P. vivax? (See GRADE Table A9.7.1)

When assessing this evidence the WHO GRADE panel considered the following factors 
to be important:

ACTs do not have a substantial effect on the liver stage of P. vivax so radical cure 
requires primaquine.

Other considerations
In addition to the presented direct comparison, the Cochrane review reports indirect 
evidence of the superiority of the 14-day regimen. No difference has been shown between 
the five-day regimen and chloroquine alone (3 trials, 2104 participants; OR 1.04, 95% CI 
0.64–1.69), while the 14-day regimen is significantly better at reducing relapses (6 trials, 
1072 participants; OR 0.24, 95% CI 0.12–0.45). 

Decision
The WHO GRADE panel makes a strong recommendation that for the radical treatment 
of P. vivax primaquine be given for 14 days. 
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Figure A9.1 Use of primaquine based on G6PD-deficiency screening
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