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Abstract: Artemisinin-based combination therapy (ACT) is currently promoted as a strategy for treating both uncomplicat-
ed and severe falciparum malaria, targeting asexual blood-stage Plasmodium falciparum parasites. However, the effect of
ACT on sexual-stage parasites remains controversial. To determine the clearance of sexual-stage P. falciparum para-
sites from 342 uncomplicated, and 217 severe, adult malaria cases, we reviewed and followed peripheral blood sexual-
stage parasites for 4 wk after starting ACT. All patients presented with both asexual and sexual stage parasites on admis-
sion, and were treated with artesunate-mefloquine as the standard regimen. The results showed that all patients were
asymptomatic and negative for asexual forms before discharge from hospital. The percentages of uncomplicated malaria
patients positive for gametocytes on days 3, 7, 14, 21, and 28 were 41.5, 13.1, 3.8, 2.0, and 2.0%, while the percentages
of gametocyte positive severe malaria patients on days 3, 7, 14, 21, and 28 were 33.6, 8.2, 2.7, 0.9, and 0.9%, respective-
ly. Although all patients were negative for asexual parasites by day 7 after completion of the artesunate-mefloquine course,
gametocytemia persisted in some patients. Thus, a gametocytocidal drug, e.g., primaquine, may be useful in combination
with an artesunate-mefloquine regimen to clear gametocytes, so blocking transmission more effectively than artesunate
alone, in malaria transmission areas.
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INTRODUCTION

Antimalarial drug treatments against Plasmodium falciparum
malaria target asexual blood-stage parasites, which are responsi-
ble for clinical diseases and death. Gametocytes, the sexual stages
of the malaria parasite, do not cause clinical disease; they are
produced in the human host but remain in a state of arrested cell
development until ingested by a feeding mosquito. The subse-
quent development of mosquito-specific stages results in infection
of the mosquito salivary glands with sporozoites and malaria
transmission to humans. With each subsequent blood meal,
parasites are transmitted to a new person, resulting in the spread
of malaria among the human population. Gametocytes are thus
vital to the maintenance of the malaria transmission cycle.

The effects of antimalarial drugs on gametocytes and their infec-
tiousness for vector mosquitoes have been studied and illustrat-

+ Received 20 February 2008, accepted after revision 3 May 2008.
* Corresponding author (tmntp@mahidol.ac.th)

65

ed some factors that might be associated with gametocyte car-
riage, such as treatment regimens, disease severity, anemia, a
recrudescence infection fever, and duration of symptoms [1-3].
Those studies also raised questions about the policy for use of
antimalarial drugs for malaria treatment. However, some stud-
ies have shown that treatment with artemisinin derivatives (in
combination with other drugs) results in lower gametocyte car-
riage rates and density, and less infection of the treated individ-
uals than non-artemisinin regimens [4-6]. At present, artemisinin-
based combination therapies (ACTs) are widely recommended
for the treatment of both uncomplicated and severe falciparum
malaria. However, few data exist about the dynamic changes of
gametocytemia after ACT, in both uncomplicated and severe
falciparum malaria. To investigate this, we attempted to evalu-
ate the effects of artesunate, in artesunate-mefloquine combi-
nation therapy, on sexual-stage parasites in both uncomplicat-
ed and severe falciparum malaria patients.
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MATERIALS AND METHODS

Study site and recruitment procedures

The medical records of 559 adult falciparum malaria patients
were reviewed. Each of these patients had (1) been admitted to
the Hospital for Tropical Diseases, Bangkok, Thailand, for treat-
ment of acute P. falciparum malaria, January 1998-December
2006, either male or female, body weight > 40 kg, age > 15 yr
old; (2) been positive for both asexual- and sexual-stage P. fal-
ciparum parasites on admission before treatment, with micro-
scopic confirmation; (3) been enrolled in the artesunate-meflo-
quine drug protocols; (4) no history of pre-treatment with an
antimalarial drug; (5) remained in hospital for 4 wk following
the initiation of antimalarial therapy; (6) provided blood sam-
ples for blood examinations, e.g, sexual and asexual parasite
counts every 6 hr until clear, then daily. Patients fulfilled the
following selection criteria, (1) clearance of asexual forms of P.
falciparum from the peripheral blood with therapy; (2) no evi-
dence of concomitant non-falciparum malaria infection on
admission or during follow-up; (3) no reappearance of asexu-
al-form parasitemia during the 4-wk study period. In addition,
since the administration of blood might affect immune response,
we studied only patients who did not receive blood transfusions.
Among the patients, 342 had uncomplicated malaria, and 217
had severe malaria, as classified by World Health Organization
criteria (2000) [7]. The present study was reviewed and approved
by the Ethics Committee of the Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand.

Baseline studies

Age, gender, body mass index (BMI), initial fever and duration
of fever before admission, history of malaria, initial parasite counts
(both sexual and asexual forms), and liver and spleen size, were
recorded. Baseline laboratory data, e.g., red-blood-cell count,
hemoglobin, hematocrit, white-blood-cell count, and platelet
count, were determined by automated cell counter (Advia 120
Hematology System, Siemens Medical Solutions Diagnostics;
commercial reagents by Roche Diagnostics, Berlin, Germany).
The following biochemical parameters were measured using a
Cobas Integra 400 (Roche Diagnostics), with commercial reagents
from the same supplier: bilirubin, aminotransferases, alkaline
phosphatase, proteins, blood urea, creatinine, glucose, choles-
terol, sodium, and potassium. Thick and thin blood films were
prepared from fingerprick blood samples and stained with Giemsa.
Peripheral blood concentrations of either asexual or sexual forms

of P. falciparum were estimated by counting the number per 200
white blood cells on thick smears, multiplied by white-blood-
cell count, or by counting the number of either asexual or sexu-
al forms per 1,000 erythrocytes on thin smears, multiplied by the
red-blood-cell count.

Antimalarial chemotherapies

Antimalarial chemotherapy for uncomplicated malaria: a sin-
gle dose of oral artesunate (200 mg/day) with mefloquine (8
mg/kg/day) was given daily for 3 days.

Antimalarial chemotherapy for severe malaria: artesunate 2.4
mg/kg iv. as a loading dose, then 1.2 mg/kg i.v. 12-hourly until
oral artesunate (50 mg/tablet) could be taken, at the dose 200
mg/day to complete 5 days of treatment, with the addition of 2
doses of oral mefloquine (25 mg/kg given in divided doses 8
hr apart) given 12 hr after the last dose of artesunate.

No patient received any other antimalarial drugs, e.g., pri-
maquine, as pre- or post-treatment course.

Follow up studies over 4 wk

Body temperature was recorded every 6 hr until it decreased
to 37.5°C and remained stable for the next 48 hr, then daily.
Blood parasite (both asexual and sexual forms) concentrations
were estimated every 6 hr until cleared, then daily. Clinical labo-
ratory tests were performed on admission and weekly until day
28 post-dosing, as appropriate. Radical cure was defined as the
absence of asexual parasites during the 28-day follow-up. Parasite
clearance time (PCT) was the time from the initiation of treat-
ment until the first time a slide was negative for the asexual par-
asite forms, and remained negative for the next 24 hr. Gametocyte
clearance time (GCT) was the time from the initiation of treat-
ment until the first time a slide was gametocyte negative, and
remained so for the next 24 hr. Fever clearance time (FCT) was
defined as the time from the start of treatment until the body
temperature subsided to 37.5°C and remained at or below this
temperature for the next 48 hr. Agreement to remain in hospital
was signed pre-enrollment by the patients or their legal guardians,
and financial compensation was provided to all patients for the
28-day follow-up period.

Statistical analysis

Quantitative and qualitative data were expressed as mean with
SD and number of observations with percentages (%), respec-
tively. All P-values reported were from 2-tailed testing, and sta-
tistical significance was set at 0.05. Descriptive statistics were
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used to summarize baseline values and demographic data. The
chi-square or Fisher’s exact tests were used to compare propor-
tions as appropriate, and the t-test was used to analyze contin-
uous data.

RESULTS

Of the 559 malaria patients enrolled in the present study, 342
had uncomplicated, and 217 had severe falciparum malaria.
Demographic data and pretreatment characteristics are shown
in Table 1. The majority had contracted malaria infection along
the Thailand-Myanmar border.

All patients completed courses of artesunate-mefloquine ther-
apy and were asymptomatic and negative for asexual forms before
discharge from hospital. However, 7 patients (2.0%) in the uncom-

plicated malaria group and 2 in the severe malaria group (0.9%)
were still positive for gametocytemia before discharge from
hospital. Those 9 patients were therefore excluded from GCT
calculations. The therapeutic results for the 2 study groups are
shown in Table 2. The percentages of uncomplicated malaria
patients positive for gametocytes on days 3, 7, 14, 21, and 28
were 41.5, 13.1, 3.8, 2.0, and 2.0%, respectively. The percentages
of severe malaria patients positive for gametocytes on days 3, 7,
14, 21, and 28 were 33.6, 8.2, 2.7, 0.9, and 0.9%, respectively.
FCT and asexual-PCT in the uncomplicated malaria patients
were significantly shorter than the severe malaria patients (P <
0.001 and P < 0.002, respectively). However, GCT in the uncom-
plicated malaria patients was significantly longer than the severe
malaria patients (P = 0.031). When the percentage reduction in
asexual parasitemia was plotted against hours post-treatment, the

Table 1. Pre-treatment clinical and laboratory data of the patients (n = 559)

Uncomplicated falciparum Severe falciparum Pyalue
malaria (n = 342) malaria (n = 217)
Gender (number: male/female) 241/101 159/58 0.474
Age (yr)
Mean (SD) 249 (9.1) 247 (9.4) 0.764
Body mass index (kg/m?)
Mean (SD) 195 (29) 20.0 (3.1) 0.058
Highest fever before admission ('C)
Mean (SD) 37.8 (0.8) 382 (0.9) < 0.001
Duration of fever before admission (days)
Mean (SD) 64 (43) 70 (5.7) 0.132
Geometric mean (Min-Max)
Asexual parasite counts (/L) 10,114.1 (111-188,480) 56,762.4 (127-1,425,600) < 0.001
Sexual parasite count (/uL) 233.0 (1-24,780) 210.0 (1-15,680) 0.333
Number (%) of patients with:
Splenomegaly 74 (21.6) 46 (21.2) 0.902
Hepatomegaly 134 (39.2) 144 (66.4) <0.001
Past history of malaria in last 1 yr 137 (40.1) 49 (22.6) < 0.001
Laboratory data: mean (SD)
Hemoglobin (g/dL) 96 (2.2) 3 (26) 0.377
Pack cell volume (%) 28.4 (6.7) 28 2 (7.5) 0.836
Leukocyte count (x 10°/ uL) 6.2 (24) 5 (4.7) <0.001
Platelet count ( x 10% uL) 1459 (91.6) 65 9 (58.4) < 0.001
Direct bilirubin (mg/dL) 0.6 (0.5) 0 (2.3) < 0.001
Total bilirubin (mg/dL) 17 (15 5 (5.1) < 0.001
Alkaline phosphatase (U/L) 40.1 (34.0) 102 7 (68.0) < 0.001
Aspartate aminotransferase (U/L) 47.0 (45.2) 97.1(91.4) < 0.001
Alanine aminotransferase (U/L) 345 (23.1) 59 7 (38.9) <0.001
Albumin (g/dL) 3.6 (0.5) 9 (05) < 0.001
BUN (mg/dL) 17.9 (15.9) 36 9 (26.2) < 0.001
Creatinine (mg/dL) 1.0 (0.3 3 (1.0) < 0.001
BUN: creatinine ratio 16.9 (13.6) 28 5(13.8) <0.001
Glucose (mg/dL) 113.3 (25.9) 125.6 (44.8) < 0.001
Cholesterol (mg/dL) 109.4 (29.9) 102.6 (27.9) <0.001
Sodium (mmol/L) 1351 (5.2) 131 5 (5.1) < 0.001
Potassium (mmol/L) 38 (04) 6 (0.5) 0.223
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Table 2. Therapeutic responses (n = 559)

Uncomplicated falciparum

Severe falciparum

malaria (n = 342) malaria (n = 217) Pvalue

Fever clearance time (hr)
Mean (SD) 34.0 (33.1) 60.3 (46.9) < 0.001
Range 6-108 18-144

Parasite clearance time (hr)
Mean (SD) 488 (20.1) 54.3 (20.4) 0.002
Range 6-86 12-96

Gametocyte clearance time (hr)
Mean (SD) 219.8 (180.6) 188.4 (145.9) 0.031
Range 6-590 12-475

Number (%) of patients with positive gametocytemia on:
Day 1 334 (97.6) 187 (86.1) < 0.001
Day 3 142 (41.5) 73 (33.6) 0.062
Day 7 45 (13.1) 18 (8.2) 0.076
Day 14 13 (3.8) 6 (2.7) 0.509
Day 21 7 (20) 2 (09 0.493
Day 28 7 (20) 2 (09 0.493

120 140

'g o

2 100§ £ 12

© =

g 80 \ § 100 —— Uncomplicated malaria

g 5 —&— Uncomplicated malaria %5 0 o Severe malaria

& g 60 3 —o- Severe malaria gg “i

58 R

% 40 - g ol °

E o 20 — .

0 o Y T Tl s e el e
0 108 0123456 78 910111213141516171819 202122232425262728

Hours after treatment

Fig. 1. Post-treatment percentage reduction in asexual parasitemia.

comparative asexual parasite clearance times for the uncompli-
cated malaria and severe malaria patient groups were similar
(Fig. 1). Regarding GCT, gametocytes cleared significantly faster
in severe than uncomplicated malaria (Fig. 2). In severe malar-
ia, gametocytemia density peaked during the first 3 days post-
admission and decreased sharply to < 10% after completion of
the 7-day artesunate-mefloquine course. In uncomplicated malar-
ia, gametocytemia density also peaked during the first 3 days
post-admission, but slowly decreased to < 10% between post-
treatment wk 3 and 4.

DISCUSSION

For malaria control programs, the ideal antimalarial or anti-

Days after treatment

Fig. 2. Post-treatment percentage reduction in sexual parasitemia.

malarial combination should clear asexual parasitemia and its
associated clinical symptoms and signs within the shortest pos-
sible time. ACTs are widely promoted as a strategy to counteract
the increasing resistance of P. falciparum to antimalarials. In addi-
tion, ACTs are used in many countries to prevent disease trans-
mission and reduce the risk of drug resistance [8]. In the present
study, we showed the asexual and sexual parasites clearances of
using artesunate-mefloquine to treat uncomplicated and severe
falciparum malaria in an area of multidrug resistance. The study
was based on a follow-up period of 28 days. The results showed
that artesunate given together with mefloquine remains effec-
tive and rapidly clears asexual parasitemia without undue side-
effects. Regarding the therapeutic results, our results showed fever
and asexual parasites cleared within 7 days post-treatment. These
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results were consistent with previous studies [9-11].

The previous studies suggested that the prevalence of game-
tocytemia during treatment varies according to the antimalarial
drug regimen used [12,13]. In the present study, the activity of
artesunate in an artesunate-mefloquine regimen against sexual-
stage parasites in adult falciparum malaria was well established,
particularly in severe malaria. Interestingly, PCT was significant-
ly longer in severe malaria than uncomplicated malaria, where-
as GCT was significantly shorter in severe malaria than uncom-
plicated malaria. Parenteral administration of artesunate might
clear gametocytes faster than oral artesunate. The slower asexu-
al parasite clearance in the severe malaria group is likely to reflect
higher baseline parasitemia. Based on our result, it also gives an
idea of how rapidly gametocytes disappear. The half-life of
gametocytes in uncomplicated malaria group in Fig. 2 seem
much longer about 8 days to get from 100% to 50% and from
50% to 25% implying a half-life of around 8 days. After com-
plete antimalarial treatment, 13.1% of uncomplicated malaria
and 8.2% of severe malaria patients had gametocytemia on day
7. If the patients were discharged from hospital and returned to
a malaria endemic area early, e.g,, on day 7, a gametocytocidal
drug e.g., primaquine, would be useful to block gametocyte
transmission.

Previous studies have shown that ACTs can reduce malaria
transmission in the community [14,15]. However, the 90%
gametocytemia clearance times cited in these studies were > 20
days post-treatment. In our study, both groups of patients had
< 5% gametocytemia on day 21 post-treatment. Artemisinin
derivatives may kill young gametocytes, not mature gametocytes
[8]. This may explain the persistence of gametocytes after 3- and
7-day courses of treatment in uncomplicated and severe malar-
ia, respectively. Therefore, artesunate in artesunate-mefloquine
regimen is not totally kill gametocyte observed on day 7 and day
28. Adding primaquine in ACT may be more effective in eradi-
cation of gametocyte than ACT alone. In conclusion, the activi-
ty of ACTs against sexual-stage P. falciparum parasites should be
further monitored in areas of malaria transmission, including
the study to investigate other factors affecting gametocyte clear-
ance in both patients who already developed gametocytemia on
admission and patients who develop patent gametocytemia after
the onset of treatment. This will provide information to inform
drug policymaking in those areas, and can be used in relevant
areas.
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