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Abstract. Treatment againstPlasmodium falciparummalaria includes blood schizonticides to clear asexual parasites
responsible for disease. The addition of gametocytocidal drugs can eliminate infectious sexual stages with potential for
transmission and the World Health Organization recommends a single dose (SD) of primaquine (PQ) to this end. The
efficacy of PQ at 0.75 mg/kg to suppress gametocytemia when administered in single or fractionated doses was eval-
uated. A clinical controlled study with an open-label design was executed; three groups of 20 subjects were studied
sequentially. All subjects were treated with the standard dose of artemether–lumefantrine plus the total dose of
0.75mg/kg ofPQadministered (without previousG6PD testing) in threedifferentways:Group “0.75d-3” received 0.75mg/kg
on day 3; Group “0.50d-1 + 0.25d-3” received 0.50 mg/kg on day 1 and 0.25 mg/kg on day 3; Group “0.25d-1,2,3”
received 0.25 mg/kg on days 1, 2, and 3. Subjects were evaluated on days 1, 4, and 7 by thick smear microscopy and
quantitative polymerase chain reaction to determine the carriage of immature and mature gametocytes. There were no
adverse events. The three schemes caused a marked reduction (75–85%) in prevalence of gametocytes on day 4
compared with day 1, but only the group that received 0.75 mg/kg on day 3 maintained the reduced gametocyte burden
until day 7. None of the three treatmentswere able to clear gametocyte carriage on days 4or 7, but the group that received
the SD had the lowest prevalence of gametocytes (15%). Further studies are needed to establish a PQ regimen with
complete efficacy against gametocytes.

INTRODUCTION

Treatment against Plasmodium falciparummalaria includes
blood schizonticide drugs to clear asexual circulating par-
asites responsible for disease and gametocytocidal drugs
to eliminate infectious sexual stages with potential for
transmission to mosquitoes.1,2 The standard regimen rec-
ommended by World Health Organization (WHO) includes
administration of artemisinin-based combination therapy
(ACT) plus a single dose (SD) of primaquine (PQ) at 0.75 mg
base/kg (maximum 45 mg base in adults) in areas of low
transmission.1 The WHO amended its recommendation to a
dose of 0.25 mg/kg when G6PD deficiency testing is un-
available, due to concerns about safety.2–4 In Colombia, 0.75
mg/kg remains the recommended dose even without G6PD
testing and is generally given as aSDonday 4 of treatment, 24
hours after completing schizonticide treatment.5 This PQ
regimen is referred to here as the “SD”.
The SD has limited effectiveness because it reduces but

does not eliminate gametocytes, and its cytotoxic activity is
restricted to the mature gametocytes (stage V).6–13 PQ added
to malaria treatments reduces gametocyte prevalence
when given in doses greater than 0.4 mg/kg, but there are
few reports that measured the effect of PQ treatment on
transmission to mosquitoes.14,15 Although the SD reduces
gametocytemia within 10 days,14–20 transmission is blocked
before the number of gametocytes is lowered.18 The extent of
this blocking effect has been proposed to depend on the dose
of PQ, but more importantly, on the baseline gametocytemia,
with complete efficacy observed when circulation of these
parasite stages before treatment is low.18

There are three key considerations for the use of PQ as a
gametocytocide against P. falciparum: 1) total dose per body

weight; 2) single-dose administration (total dose administered
in a SD) versus fractionated dose (total dose administered in
several fractions or multidose); and 3) timing of PQ (beginning
on day 1, 2, 3, or 4). There is no hard evidence to support the
selection of 45 mg as the dose of PQ to eliminate the game-
tocytes of P. falciparum, since other doses also reduced
gametocytemia.16,17,19,21–23 The dose of 0.25 mg/kg gener-
ated controversy because authors of a Cochrane review 2014
did not observe an effect on prevalence of gametocytes,14

whereas the review of NJWhite in 2014 supported an effect20;
that criticism led to the publication of the 2015 version of the
Cochrane review to recognize the effects of low doses of PQ
on gametocytes reduction.15 Doses of 0.25 mg/kg and 0.4
mg/kg had similar effects on gametocytemia, but lesser than
the SD.24 Moreover, there is no evidence that a SD of PQ is
superior to a multidose. Finally, limited data are available on
the optimum timing for PQ administration following diagnosis.
In studies where PQ was administered on day 1,20 on day 215

or on day 319,20,25–27 (i.e., together with the schizontocide
treatment), there was an increased effect on gametocytemia
compared with the SD.
Two additional factors are important when measuring the

efficacy of PQ: 1) the time point of evaluation and 2) the
diagnostic test used for gametocyte detection. Most stud-
iesmeasured gametocyte reduction on day 7, that is, 4 days
after completing the schizonticide treatment,7–13,17,19,25,28

whereas a few studies measured gametocyte reduction on
day 4, that is, 24 hours after completing the schizonticide
treatment.19,27,29 There is no consensus on the appropriate
day tomeasure gametocytemia posttreatment. Some authors
argue that it should not be beyond day 4 because on that
day the patient has completed the schizonticide and is asymp-
tomatic.18,20,26 Therefore, the ideal drug against P. falciparum
gametocytes should eliminate gametocytes on day 4 or
earlier.26

The diagnostic test commonly used to measure game-
tocytemia is thick blood smear.7–10,13,17,25–28 However,
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molecular tests are more sensitive and detect lower levels of
gametocytes, including submicroscopic gametocytemia.
Molecular assays typically detectmRNAof pfs25, amarker for
mature gametocytes.11,12,19

This study aimed to assess the efficacy of PQ at 0.75mg/kg
to suppress gametocytemia on days 4 and 7, when ad-
ministered in single (nonfractionated) or fractionated doses
together with the schizonticidal treatment (artemether +
lumefantrine).

METHODS

Study sites. The study was carried out in three munici-
palities in Colombia: Puerto Libertador in the Department of
Córdoba and Rı́o Iró and Lloró in the Department of Chocó.
During 2010–2014, the total malaria cases reported in
Colombia varied between 39,762 and 115,884, with a mean
of 65,070, and a median of 59,403 cases. Plasmodium vivax
accounted for 60–70% of malaria cases until 2014, and
during 2014 the frequency of P. falciparum was 50%. Both
species cocirculate in the three selected municipalities,
but P. vivax predominates in Puerto Libertador (ratio 8:1),
whereas P. falciparum predominates in Rı́o Iró and Lloró
(ratio 2:1). During 2014, the annual parasitic index (malaria
cases/1,000 inhabitants) was 1.46 in Puerto Libertador and
32 in Chocó.30

Study design. A controlled trial was carried out with an
open-label design. Three groups were studied sequentially;
Group 0.75-d3 was studied first, followed by Group 0.25-
d1,2,3, and then Group 0.50-d1 + 0.25-d3 (see group defini-
tionsbelow). The size samplewasestablishedbyconvenience
with at least 20 subjects per group.
Inclusion and exclusion criteria. Volunteers were

recruited after fulfillment of the following criteria: thick
blood smear positive exclusively for P. falciparum, ab-
sence of signs or symptoms of severe malaria (less than
50,000 asexual parasites/mL)5 or concomitant disease,
absence of pregnancy, and agreement to return for follow-
up. Subjects provided informed consent. Subjects were
excluded if they developed severe malaria, failed to attend
follow-up visits, or withdrew their consent.
Antimalarial treatment and study groups. All subjects

were treated with AL (1.5 mg/kg [artemether] and 12 mg/kg
[lumefantrine]) twice a day for three consecutive days
(days 1, 2, and 3), according to the guidelines for nonsevere
P. falciparum malaria from the Ministry of Public Health of
Colombia.5 In addition, all subjects received PQ at a total
dose of 0.75 mg/kg (maximum 45 mg), but administered in
three different ways: 1) Group 0.75-d3 received 0.75mg/kg
on day 3; 2) Group 0.50-d1 + 0.25-d3 received 0.50 mg/kg
on day 1 and 0.25 mg/kg on day 3; and 3) Group
0.25-d1,2,3 received 0.25 mg/kg on days 1, 2, and 3. The
treatment was supervised directly by researchers. Pre-
vious testing for G6PD deficiency is not required inColombia
for administration of PQ5 and was not performed. Each study
group includedat least 10subjects fromtheCórdoba regionand
10 subjects from the Chocó region.
Follow-up, sample collection, and processing. At enrol-

ment, a questionnaire was completed which recorded socio-
demographicdata,malaria history, andantimalarial treatment.
Subjects were evaluated on day 1 (enrolment and first day of
treatment), day 4 (24 hours after treatmentwithPQ), andday 7.

At each evaluation visit, 3 mL of venous blood were collected
to prepare thick blood smears andblood spots (approximately
100 mLof blood) on filter paperWhatmangrade 3 (MerckKGaA,
Darmstadt, Germany), and 100 mL of blood was added to
900 mL of Trizol™ (for RNA analysis) (Thermo Fisher Scientific,
Waltham, MA) which was stored in liquid nitrogen. Moreover, a
questionnaire about adverse events possibly associated with
the treatment was completed on days 4 and 7.
Microscopy andmolecular diagnosis.Field stained thick

blood smears were examined with a ×100 objective to
identify plasmodial species and quantify asexual para-
sitemia and gametocytemia. Parasite density (asexual
and sexual forms) was measured by counting parasites
per 200 leukocytes, based on a mean count of 8,000
leukocytes per microliter of blood (theoretical value). A
slide was considered negative after examination of all fields
suitable for reading.
Molecular diagnosis was carried out for confirmation of

P. falciparum monoinfection. Blood spots were used for
DNA extraction using the saponin-Chelex method.31 The
extracted DNA was resuspended in 50 μL of water and real-
time quantitative polymerase chain reaction (qPCR) was
performed as described elsewhere.32 DNA copies were
quantified in copies/μL of template based on a plasmid
standard curve.
Gametocytemia assessment by molecular assays

(qPCR). Total RNA was isolated from blood stored in Trizol.
cDNA was synthesized with the first strand cDNA Synthesis
kit usingSuperscript™ III (Invitrogen™, Carlsbad,CA), followed
by amplification of pfs16 (for immature gametocytes, stages
I–IV) and pfs25 (for mature gametocytes, stage V), using
primers previously described with some modifications.33 The
sequences of primers and probes used in the assays are listed
in Table 1. Real-time PCR was performed using TaqMan
Universal Master Mix (Invitrogen) in an ABI 7500 (Applied

TABLE 1
Primers (forward [F] and reverse [R]) and probes (P) used to assess

gametocytemia by qPCR

Gene Sequence (59-39)
Product
size (pb)

GeneBank
accession no.

pfs16 F: AGTTCTTCAGGTGCCTCTCTTCA 111 M64705
R: AGCTAGCTGAGTTTCTAAAGGCA
P: dFAM-TCTCAAGGTCTTTCTGGAA

AAGATTCTGCTGACAA-BHQ-1
pfs25 F: AGACTGTAAATAAACCA

TGTGGAGA
156 AE014185.2

R: ACCGTTACCACAAGTTACATTCT
P: dFAM-TGGAAATCCCGTTTCA

TACGCTTGTAAATGTAATC-BHQ-1
qPCR = quantitative polymerase chain reaction.

TABLE 2
General characteristics of patients in each study group on admission

Variable

Study group

P
0.75-d3
(N = 20)

0.50d1 + 0.25-d3
(N = 21)

0.25-d1,2,3
(N = 20)

Age (years),
median (IQR)

23 (17–42) 21 (14–44) 24 (18–38) 0.86 (KW)

Male:female (%) 65:35 57:43 62:38 1.00 (χ2)
Days of illness

before
diagnosis,
median (IQR)

2 (2–3) 2 (3–7) 5 (2–8) 0.34 (KW)

IQR = interquartile range; KW = Kruskal–Wallis.
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Biosystems®, Thermo Fisher Scientific, Waltham, MA). Ampli-
fications with the following parameters: 10 minutes at 95�C,
40 cycles of 30 seconds annealing at 60.8�C for pfs16 and at
55.3�C for pfs25, and 30 seconds final extension at 72�C.
Samples were quantified using a standard curve of a plasmid
containing each amplicon (pfs16 or pfs25) diluted at 10, 102,
103, 104, 105, and 106 copies/μL in Tris-EDTA buffer. Each
qPCR included two no template controls (water instead of
DNA), a no RT control (minus reverse transcriptase), and a
positive control consistingof cDNAobtained fromP. falciparum
in vitro culture (strain 3D7).
Statistical analysis.Datawere analyzed using Epi Info 6.04

(Centers for Disease, Control and Prevention, Atlanta, GA)
andSPSS19 (IBMCorp., Armonk,NY). Significancewasset at
P < 0.05. Qualitative variables were compared using χ2 test
and quantitative variables were compared using the
Kruskal–Wallis (KW) test. Analysis of independent groupswas
used for comparison of prevalence (χ2 test) and density
(KW test) of gametocytes with each PQ scheme (0.75-d3,
0.50-d1 + 0.25-d3, and 0.25-d1,2,3) in each day (1, 4, and 7),
that is, comparison of three groups each day. In addition,
analysis of dependent or paired groups was performed to
compare the net relative change in gametocytemia (increase
or decrease) in each study group over time, that is, compari-
son of the same group over time; Wilcoxon (only two groups)
or Friedman (greater than two groups) tests were used.
Ethics. Participants signed a voluntary consent form. The

study involved minor risk, and approval was granted by the
Comité de Ética of Instituto de Investigaciones Médicas
(ethical approval number IIM0803), from the Universidad de
Antioquia.

RESULTS

A total 183 samples were collected from 61 volunteers; 20
for group 0.75-d3, and 21 each for groups 0.50-d1 + 0.25-d3
and 0.25-d1,2,3. The general characteristics of subjects are
listed in Table 2. On admission (day 1), asexual parasitemia
quantified by microscopy was similar in the three study
groups; however, based on qPCR, the asexual parasitemia in
patients receivingPQat 0.5mg/kgonday 1and0.25mg/kgon
day 3 (group 0.5-d1 + 0.25-d3) was significantly higher
(Table 3). No volunteers had adverse events possibly associ-
ated with the antimalarial treatment. The signs and symptoms
observed in all patients were indistinguishable from the
commonmalaria symptoms. Treatment was not suspended in
any volunteer.
The prevalence of gametocytemia (proportion of subjects

with gametocytes) on admission, that is, before treatment,
was similar in all three study groups, according tomicroscopy
and qPCR. The gametocyte prevalence ranged from 0% to
10% (mean for the three groups: 5%) bymicroscopy and from
24% to 60% (mean 45%) by qPCR. In addition, the density of
gametocytes measured by qPCR was similar across all three
groups (Table 3). In general, qPCR detected eight times more
gametocytes than microscopy.
In general, mature gametocytes (detected with the pfs25

marker) were scarce in all three groups and during the
complete follow up (days 1, 4, and 7). Henceforth, the prev-
alence and density of gametocytes by qPCR refers to the
total gametocytemia, that is, immature (pfs16 marker) plus
mature (pfs25 marker). The gametocytemia by qPCR on
admission was similar in all three study groups (Table 4).

TABLE 3
Asexual and sexual parasitemia on admission (day 1) per study group

Variable

Study group

P0.75-d3 (N = 20) 0.50-d1 + 0.25-d3 (N = 21) 0.25-d1,2,3 (N = 20)

Asexual parasitaemia [parasites/mL] by
microscopymedian (IQR); geometricmean

968 (274–2,909); 1,119 2,620 (918–3,974); 1,896 686 (70–1,646); 544 0.071 (KW)

Asexual parasitaemia [DNA copies/mL] by
qPCR median (IQR); geometric mean

10,377 (1,122–12,574);
7,052

22,815 (14,488–30,019);
19,799

10,561 (6,263–10,561);
4,147

0.002 (KW)

Gametocyte prevalence by microscopy
% (n) [CI 95%]

10 (2) [1–32] 5 (1) [0.1–24] 0 (0) [0–17] 0.352 (χ2)

Gametocyte prevalence by qPCR
% (n) [CI 95%]

60 (12) [36–81] 24 (5) [8–47] 50 (10) [27–73] 0.054 (χ2)

Gametocytes density by qPCR [cDNA
copies/mL]median (IQR);geometricmean

12 (0–202); 55 0 (0–2); 166 2 (0–16); 19 0.117 (KW)

qPCR = quantitative polymerase chain reaction; IQR = interquartile range; KW = Kruskal–Wallis. CI 95% = exact binomial confidence interval of 95%, geometric mean was calculated excluding
negative samples.
Bold values indicate a P value < 0.05.

TABLE 4
Prevalence and density of gametocytemia (by qPCR) per maturation state on day 1, according to the study group

Study group

Prevalence % (n) Density (geometric mean of cDNA copies/mL)*

Immature Mature Total Immature Mature Total
pfs16 pfs25 pfs16 + pfs25 pfs16 pfs25 pfs16 + pfs25

0.75-d3 60 (12) 15 (3) 60 (12) 50 33 55
0.50-d1 + 0.25-d3 25 (5) 5 (1) 24 (5) 166 9 166
0.25-d1,2,3 48 (10) 5 (1) 50 (10) 19 1 19
Total 44 (27) 8 (5) 44 (27) 44 12 56

P (χ2) P (KW)
0.041 0.400 0.055 0.119 0.356 0.117

qPCR = quantitative polymerase chain reaction; KW = Kruskal–Wallis.
Bold values indicate a P value < 0.05.
* Density was calculated for patients with gametocytes (excluding those without gametocytes).
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On day 4 (24 hours after completion of the antimalarial
treatment [schizonticide plus PQ]), the prevalence and ga-
metocyte density were statistically similar among the three
study groups; prevalence ranged from 19% to 35% (P (χ2) =
0.504) and the geometric mean of cDNA for both molecular
markers (pfs16 + pfs25) ranged from 15 and 24 copies/mL,
without statistical difference among the groups (P [KW] =
0.525) (Figure 1).
On day 7, the prevalence and gametocyte density were also

statistically similar among the three study groups. However,
the lowest prevalence (15%) was observed in group 0.75-d3,
whereas group 0.25-d1,2,3 had the highest prevalence
(P [χ2] = 0.057). The latter group (0.25-d1,2,3) also had the
highest gametocyte density on day 7 (P [KW] = 0.055)
(Figure 1).
The three schemes of PQ analyzed here caused a marked

reduction in prevalence of gametocytes on day 4 compared
with day 1; the net relative change ranged from 21% to 50%

(Table 5, Figure 1) without statistical difference (P = 0.266)
among study groups. The prevalence of gametocytes con-
tinued to decrease until day 7 only in the group 0.75-d3, but
even in that group, the gametocytemia was never reduced to
zero (Table 5, Figure 1). All three schemes resulted in a de-
crease in gametocyte density on day 4 compared with day 1,
but the gametocytes density continued decreasing until day 7
with the scheme 0.50-d1 + 0.25-d3. The schemes 0.75-d3
and 0.50-d1 + 0.25-d3 had lower gametocyte densities on day
7 compared with day 1, whereas the gametocyte density with
the scheme 0.25-d1,2,3 was higher on day 7 than day 1
(Table 5, Figure 1).

DISCUSSION

This study evaluated the antigametocyte efficacy of three
schemesof PQ through a controlled open-label design using a
molecular test to detect immature and mature gametocytes.

FIGURE 1. Prevalence and gametocyte density on days 1, 4, and 7, per study group. (A) Gametocyte prevalence, that is, proportion of subjects
with gametocytes, in each study group andday. (B) Gametocyte density, that is, geometricmeanof cDNAcopies permicroliter, in each study group
and day. Geometric mean was calculated excluding negative samples.
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This study confirms once again the greater sensitivity of mo-
lecular tests to detect gametocytes compared with the con-
ventional thick blood smear; whereas the mean prevalence of
gametocytemia on admission was 5% by microscopy, it was
45% by qPCR (ratio 1:9). Other studies in Colombia reported
low gametocytemia on admission, based on thick blood
smear,26,34–40 and it is also consistent with the short duration
of symptoms before diagnosis, which in general lasted be-
tween 4 and 6 days, as in this study. In addition, the low
gametocytemia correlated with the low level of asexual para-
sitemia reported generally in Colombia, approximately 5,000
parasites/mL.26,34–40

Most previous studies evaluated the antigametocyte effect
of antimalarial treatment using microscopy,13,26,27,40 which is
based on observation of mature gametocytes in peripheral
blood. Few studies included the detection of immature ga-
metocytes because they were presumed absent in peripheral
blooddue to sequestration in themicrovasculature. This study
and one other41 confirm that immature gametocytes are de-
tected in peripheral blood and are in fact present at higher
densities than mature stages.
It is important to note that all patients in this study received

the same treatment with AL (1.5 and 12mg/kg, twice a day for
three consecutive days), which is an ACT and the recom-
mended treatment by the Colombian health authorities.5

Therefore, differences in treatment per study group consisted
in daily dose and time of administration of PQ (0.75 mg/kg
on day 3 versus 0.50 mg/kg on day 1 and 0.25 mg/kg on
day 3 versus 0.25 mg/kg on days 1, 2, and 3). Gametocyte
prevalence and density were not reduced to zero at any
day of follow up (7 days) in the three study groups; hence,
the findings from this study demonstrate the lack of efficacy
of the recommended treatment (AL plus PQ) to eliminate
parasites implicated in malaria transmission.
Of the three regimens, PQ administered as a SD of 0.75

mg/kg on day 3 was most effective at controlling game-
tocytemia on days 4 and 7. Although the number of subjects
included in each study group was low and this likely
reduced the possibility of finding statistical differences of

gametocytemia among the study groups during the follow-
up, our results are consistent with a study of 113 children
from Uganda who received the same dose of PQ on day 3
and had a gametocyte prevalence on day 7 similar to the
present study.19

WHOhas recommended the administration of a SD of PQ at
0.25 mg/kg in low-transmission areas, because that dose is
both effective in blocking transmission and unlikely to cause
serious toxicity in individuals with any of the G6PD-deficiency
variants.4 However, findings of this study indicate that 0.25
mg/kgofPQevenadministered three times (insteadof onceas
WHOrecommends) is insufficient to control gametocytemia of
P. falciparum.
The reduction of gametocytemia after PQ treatment has

been evaluated mainly on day 7,7–13,17,19,25,28 and few
studies have measured that reduction on day 4.19,27,29 We
consider that the adequate moment to evaluate the anti-
gametocyte effect of an antimalarial treatment is on day 4
when the patient has completed the schizonticide and is
asymptomatic.18,20,26

In conclusion, the currently recommended treatment of
noncomplicated falciparum malaria in Colombia (AL [1.5 and
12 mg/kg] plus PQ [0.75 mg/kg]) is unable to eliminate ga-
metocytes by days 4 and day 7 posttreatment. However, this
treatment was slightly more effective than two alternate
treatments evaluated here. Further studies are needed to es-
tablish a PQ regimen with complete efficacy against game-
tocytes within the first four days of treatment.
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