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ABSTRACT

Malaria remains an important health risk among travelers to tropical/subtropical regions. However, in Japan,
only 2 antimalarials are licensed for clinical use — oral quinine and mefloquine. The Research Group on Che-
motherapy of Tropical Diseases introduced atovaquone~proguanil in 1999, and reported on its excellent
antimalarial efficacy and safety for treating non-immune patients with uncomplicated Plasmodium falciparum
malaria (20 adult and 3 pediatric cases) in 2006. In the present study, additional cases of malaria were
analyzed to confirm the efficacy and safety of this antimalarial drug. Fourteen adult and 2 pediatric cases
of P. falciparum malaria and 13 adult cases and 1 pediatric case of P. vivax/ovale malaria were successfully
treated with atovaquone-proguanil, including 3 P. falciparum cases in which the antecedent treatment failed.
Two patients with P. vivax malaria were treated twice due to primaquine treatment failure as opposed to
atovaquone-proguanil treatment failure. Except for 1 patient with P. falciparum malaria who developed a
moderate liver function disturbance, no significant adverse effects were observed. Despite the intrinsic lim-
itations of this study, which was not a formal clinical trial, the data showed that atovaquone-proguanil
was an effective and well-tolerated therapeutic option; licensure of this drug in Japan could greatly contrib-

ute to individually appropriate treatment options.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Malaria is one of the most important, potentially fatal, health prob-
lems among travelers from industrialized countries who visit regions
with endemic malaria, affecting approximately 10,000 European and
North American travelers annually [1]. A study of imported malaria in
selected European countries and the United States revealed case fatality
rates of 0%-3.6%, averaging 1.6%, for Plasmodium falciparum malaria [2].
Treatment is becoming increasingly difficult due to the widespread
drug resistance of P. falciparum, and the occasional drug resistance of
P. vivax. Atovaquone~-proguanil (Malarone, GlaxoSmithKline) is a fixed-
dose combination of 250 mg of atovaquone and 100 mg of proguanil
hydrochloride that was originally developed for treating drug-resistant
P. falciparum malaria. Since its investigational use in endemic areas,
such as Africa and Southeast Asia in the 1990s, this agent has been
used extensively for prophylaxis and treatment of malaria among

* Corresponding author at: Department of Internal Medicine, Shin-Yamanote Hospital,
Japan Anti-Tuberculosis Association, Suwa-cho 3-6-1, Higashi-Murayama, Tokyo 189~
0021, Japan. Tel.: +81 42 391 1425; fax: +81 42 391 5760.
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4-6-15, Shibuya-ku, Tokyo 151-8566, Japan.

1383-5769/$ - see front matter © 2012 Elsevier Ireland Ltd. Al rights reserved.
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travelers. To date, this agent has been well tolerated and highly effective,
with only occasionally reported cases of treatment failure.

In Japan, oral quinine and mefloquine are the only licensed anti-
malarial drugs, raising concerns that patients may follow an unfavor-
able clinical course if they do not tolerate these drugs or their illness
responds poorly. The Research Group on Chemotherapy of Tropical
Diseases, Japan, of which the authors are principal members, advo-
cates the use of medicines that are not nationally licensed for tropical
and parasitic diseases [3,4]. This system is indispensible for the appro-
priate treatment of Japanese patients who contract exotic diseases for
which formal compassionate drug use protocols are not available [5].
Atovaquone-proguanil, which is one of those medicines, was imported
in 1999, and our experience with this antimalarial drug was reported
in 2006. Atovaquone-proguanil was found to be efficacious and safe
when used in non-immune patients with uncomplicated P. falciparum
malaria [4]. Here, we report on additional cases of malaria treated with
atovaquone-proguanil, including those due to P. vivax/ovale infection.

2. Patients and methods
2.1. The research group and the use of medicines

The Research Group on Chemotherapy of Tropical Diseases was
established in 1980 and is currently funded by the Ministry of Health,
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Labour and Welfare in Japan. The group has introduced nationally
unlicensed medicines such as those against amebiasis, leishmaniasis,
trypanosomiasis, fasciolosis, and cryptosporidiosis. In addition to
atovaquone-proguanil (purchased from John Bell & Croyden Ltd,,
London, UK), the group has also introduced other antimalarial drugs, in-
cluding chloroquine, artemether-lumefantrine, primaquine, injectable
quinine, and rectal artesunate [3]. The quality of these medicines was
examined at the National Institute of Health Sciences, Tokyo, especially
upon their first introduction. Some antimalarials are readily available at
25 registered medical facilities distributed throughout the country. This
enables the appropriate treatment of patients, without significant delay,
in any area of the country. Other medicines are provided, upon request,
to those registered facilities from a central storage facility at the Insti-
tute of Medical Science, University of Tokyo, Tokyo.

Members of the registered medical facilities have obtained approv-
al for participating in this program from the research ethics committee
of each facility. The use of these unlicensed drugs at the registered fa-
cilities is allowed only after obtaining the patient's informed consent
that clearly states that the drugs are not licensed in Japan. In excep-
tional cases, when a patient cannot be referred to one of the registered
facilities, e.g., due to disease severity, drugs have been used outside of
the registered medical facilities on a humanitarian basis. Following
treatment, the physicians-in-charge complete the patient records that
were formulated by the research group. Since August 2009, those unli-
censed medicines have been used in accordance with the Ethics Guide-
lines for Clinical Research, Ministry of Health, Labour and Welfare, Japan
(July 31, 2008). Clinical research insurance is made available to cover
unexpected health damages that may occur with the use of those
medicines.

2.2. Patients and analysis

Cases were excluded if they were enrolled in our previous study
[4]. Analyses were conducted using the patients' records; however,
when necessary, direct contact with the physicians-in-charge was
made in order to gain more detailed information. Each patient's phy-
sician was primarily responsible for the selection of the antimalarial
(atovaquone-proguanil); in some cases, drug selection was aided by
consultation with specialists in the aforementioned research group.
Patients were excluded if they received other antimalarials at the
same episode, as this could compromise evaluation of the test drug.
An exception was made for the use of primaquine as a radical cure
of P. vivax/ovale malaria.

Table 1
Atovaquone-proguanil treatment of P. falciparum malaria.

Non-immune individuals were defined as those who lived in non-
endemic countries for at least 1 year and who traveled to an endemic
country and contracted malaria [6]. The effectiveness and adverse
effects of the antimalarial were evaluated based on the physicians’ de-
scriptions, as well as by a review of the laboratory data shown in the
patient records.

3. Results
3.1. Treatment of P. falciparum malaria

Patients who developed illness between 2003 and 2010 were en-
rolled (Table 1). Fourteen adult patients were treated, all of whom re-
ceived 4 tablets, once daily for 3 successive days. Many of the patients
were Japanese, most were non-immune, and all were infected while
traveling to sub-Saharan African countries. Of those patients, 3 re-
ceived atovaquone-proguanil after failure of an antecedent treatment,
i.e., Case 4, after injectable quinine and mefloquine; Cases 6 and 14,
after artemether-lumefantrine. Defervescence and malaria parasite
clearance were confirmed in all or in almost all cases, respectively.
Possible adverse effects were reported in 2 cases. One patient (Case
5) showed a liver function disturbance (aspartate aminotransferase
(AST), 215 IU/L; alanine aminotransferase (ALT), 294 1U/L; total biliru-
bin (T-Bili), 2.0 mg/dL), leukopenia (2200/pL), and thrombocytopenia
(48 x 103/uL), which worsened after start of the treatment and returned
to normal within 4 weeks of treatment. The second patient (Case 11)
developed a low-grade headache and diarrhea.

A seventeen-month-old girl (Case 15) developed P. falciparum ma-
laria after visiting Guinea and was treated with 3/4 tablet, once daily
for 3 days. Another 2-year-old girl (Case 16) developed P. falciparum
malaria after visiting Uganda and was given 1 tablet, once daily for
3 days. Both of the children were cured without noticeable adverse
effects.

3.2. Treatment of P. vivax/ovale malaria

Patients who developed illness between 2001 and 2008 were en-
rolled (Table 2). Thirteen adult patients, one of whom contracted
P. ovale malaria, were treated with 4 tablets, once daily for 3 days; 2
patients were counted twice, as described below. Most of the cases
were non-immune and many were foreign nationals who visited
Papua New Guinea. The above 2 patients were counted twice due to
demonstrated relapses of P. vivax malaria. One patient was infected

Treatment results

Case Age/sex Body weight Nationality Semi-immune Country of disease Parasite  Effectiveness Outcome Adverse Remarks
(kg) acquisition clearance events
1 47/M  ND? Ghana Unknown Ghana + ++ ND - VFRs®
2 30/F 52 Japan - Mozambique + ++ Cure -
3 40/M 82 Japan - Liberia + + Cure -
4 44/M 81 Japan - Tanzania ND + ND - Failure of antecedent therapy
5 29/F 50 Japan - Ghana + + Cure + Headache, nausea, liver function
disturbance, leukopenia, thrombocytopenia
6 58/M 83 Japan - Sierra Leone + ++ ND - Failure of antecedent therapy
7 26/F 48 Japan - Kenya + + Cure -
8 33/M 64 Japan - Kenya + + Cure -
9 29/F ND Japan - Ghana + ++ ND -
10 33M ND Ghana - Ghana + ++ Cure - VFRs
11 54/M 73 Japan - Ghana + ++ Cure + Slight headache, diarrhea
12 52/F ND Japan - Niger + + Cure -
13 39/M 61 Ghana + Ghana ND + Cure -
14 29/M 65 Japan - Uganda/Tanzania + ++ Cure - Failure of antecedent therapy
15 O1/F 8.8 ND - Guinea + + Cure - 3/4 tablet/day for 3 days
16 02/F 13 . Japan - Uganda + ++ Cure — 1 tablet/day for 3 days, VFRs

4 ND; not described.
® VFRs: visiting friends and relatives.
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Table 2
Atovaquone-proguanil treatment of P. vivax/ovale malaria.

Treatment results

Case  Age/sex  Body weight  Nationality Semi-immune  Country of disease  Parasite Effectiveness  Outcome Adverse  Remarks
(kg) acquisition clearance events
1 23/F 68 US.AZ2 - Thailand ND® +4 Relapse -
2 23/F 68 USA. - Thailand + ++ Cure - Retreatment of Case 1
3 30/F 63 South Africa  Unknown P.N.GS + ++ Cure -
4 62/M 61 Japan - P.N.G. + +4 Cure -
5 22/F 66 USA. - P.N.G. + + Cure -
6 25/M ND UK - PN.G. + ++ Relapse -
7 25/M ND UK - P.N.G. -+ ++ Cure — Retreatment of Case 6
8 24/M 72 USA. — P.N.G. + + Cure -
9 26/M 72 UK. - P.N.G. + + Cure -
10 22/F 54 Japan - Honduras + ++ Cure -
11 45/M 80 Madagascar Unknown Madagascar + ++ Unknown  + Slight skin itch
12 21/M ND Japan — Uganda + ++ Cure — P. ovale malaria
13 24/M 66 Japan - Vanuatu + ++ ND -
14 14/F ND Japan - P.N.G. + ++ Cure - Adult dosage

All but Case 12 were due to P. vivax malaria.
4 US.A.; the United States of America.
® ND; not described.
¢ P.N.G.; Papua New Guinea.
4 UK.; the United Kingdom.

in Thailand and initially received atovaquone-proguanil, followed by
primaquine base 15 mg/day for 14 days, which led to defervescence
(Case 1). However, because of a relapse occurring after 4 months,
atovaquone-proguanil was administered again, followed by prima-
quine base 30 mg/day for 14 days, which resulted in complete cure
(Case 2). A second patient was infected in Papua New Guinea and pri-
maquine base 30 mg/day was given for 14 days, following acute-stage
treatment with atovaquone-proguanil (Case 6). Due to a relapse that
occurred after 3 months, atovaquone-proguanil was administered
again, followed by the same daily dosage of primaquine for 28 days,
leading to a complete cure (Case 7). Defervescence and malaria para-
site clearance were confirmed in all or almost all cases, respectively. As
a possible adverse effect, 1 patient reported a low-grade skin itch.

A 14-year-old girl (Case 14) contracted P. vivax malaria after visit-
ing Papua New Guinea. She received the adult dosage of atovaquone-
proguanil, followed by primaquine, and showed complete cure, with-
out developing adverse effects.

4. Discussion

This study was not conducted as a formal clinical trial and is, there-
fore, subject to some limitations. One limitation is the non-uniform
evaluation of the effectiveness and adverse effects of the drug. Catego-
rization of the therapeutic effectiveness and outcome, as well as the
determination of possible adverse effects may have been assessed dif-
ferently between physicians. In addition, post-treatment follow-up
periods may have varied between patients; for example, foreign visi-
tors to Japan may have been observed only for a short period of time
prior to their return to their home country. However, it is also plausi-
ble that the physicians established close relationships with their pa-
tients due to the unique nature of this trial, with the result that most
of the unusual events, such as recrudescence/relapse of malaria or
delayed adverse effects, were reported even after the patient record
was fulfilled and submitted. Thus, despite these limitations, the data
contribute to the evaluation of the efficacy and safety of atovaquone-
proguanil in malaria treatment in Japan.

In our previously reported study [4], the efficacy and safety of
atovaquone-proguanil were compared to those of mefloquine in
non-immune patients with uncomplicated P. falciparum malaria. In
that study, all 20 patients were cured with atovaquone-proguanil
compared to 49 cures out of 50 cases treated with mefloquine. The
mean fever clearance time and parasite clearance time appeared to be
longer in the atovaquone-proguanil group, but the differences were

not statistically significant. Adverse effects were significantly fewer in
the atovaquone-proguanil group, with no patients reporting gastroin-
testinal or neuropsychiatric symptoms, such as dizziness and vivid
dreams; these symptoms were occasionally reported by mefloquine re-
cipients. The only reported adverse effect in the atovaquone-proguanil
group was mild-to-moderate elevation of liver enzymes, which, how-
ever, seemed to be associated with the disease itself. In addition, 3 chil-
dren with P. falciparum malaria (Ages: 1 year and 11 months, 4 years
and 1 month, and 5 years and 8 months) were treated successfully
and safely with reduced dosages of atovaquone-proguanil. The results
of the current study reinforces the observation that atovaquone-pro-
guanil is an effective and well-tolerated malaria treatment regimen in
Japan.

Combining studies performed in the 1990s in malaria-endemic re-
gions, such as Southeast Asia, Africa, and South America, atovaquone-
proguanil has shown an overall cure rate of >98% for P. falciparum
malaria [7]. The excellent efficacy of this agent against P. falciparum
malaria was maintained when studied in Thailand during November
2004-December 2005 (97.8%) [8]. Regarding imported malaria, two
studies in France that examined the drug's efficacy against P. falci-
parum malaria, one with 25 cases [6] and the other with 112
cases [9], confirmed the excellent efficacy and safety of atovaquone~
proguanil. Another study in France reported the use of the agent in
72 patients with excellent tolerability, with only 1 treatment failure
associated with digestive disorders [10]. A Danish study enrolled 50
P. falciparum malaria patients, most of whom seemed to be non-
immune, and reported successful treatment in all patients and the
absence of significant adverse effects [11]. A more recent French
study also reported 48 pediatric patients with imported P. falciparum
malaria who were treated successfully with atovaquone-proguanil
[12]. The only reported adverse events were from 3 patients who dis-
continued the antimalarial because of vomiting. Thus, the available
data support the safety and efficacy of atovaquone-proguanil for
treating imported, uncomplicated P. falciparum cases. These data
also provide a rationale for the recommended use of atovaquone-
proguanil in malaria treatment guidelines in developed countries, In
addition, due to the gradual increases in chloroquine resistance of
P. vivax, a U.S. recommendation for treatment of malaria positioned
this agent as the treatment of choice for the acute stage of P. vivax ma-
laria acquired in Papua New Guinea or Indonesia [13].

Proguanil was postulated to exert anti-plasmodial activity after
being metabolized to cycloguanil by CYP2C19 rather than in its native
form. Because the CYP2C19-related poor metabolizers are more
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frequent in East Asian populations, including Japanese [14], concern
was raised that Japanese patients might not respond well to treatment
with antimalarials containing proguanil. Although a phenotypic or ge-
netic analysis was not conducted, the current study does not support
that concern. Additionally, studies on African and Asian populations
did not reveal any association between the poor metabolizers and
breakthrough parasitemia or treatment failure associated with pro-
guanil use [15].

The P. falciparum cytochrome b complex is thought to be the target
of atovaquone, the major constituent of the combination drug. Since
2002, cases of genetically confirmed atovaquone-proguanil treat-
ment failures have been reported for P. falciparum, each showing a
modification of codon 268 (wild type, tyrosine) to serine, asparagine,
or cysteine, which results in the inhibition of atovaquone binding to
the complex, thus conferring resistance [16]. According to Rose et al.
[17], most of the resistant parasites were found in cases contracted
in sub-Saharan Africa, but cases acquired in other areas such as Com-
oros [18], South America [19], and the Indian subcontinent [20] were
also reported. Other possible causes of treatment failure may include
still unidentified mutations of the Plasmodium genes, impaired bio-
availability of the drug, and heavier than normal patients [21]. Vigi-
lance will necessarily be required to monitor the future occurrence
of this drug-resistant form of malaria in travelers returning to Japan.

Generally, treatment with atovaquone-proguanil has been report-
edly well-tolerated with fewer reported neuropsychiatric adverse
events than those associated with mefloquine. Two reviews of antima-
larial drugs' adverse effects mentioned occasional elevation of trans-
aminases [22,23], which, however, often resolved within 4 weeks of
atovaquone-proguanil treatment [22]. A systematic summary of studies
with this drug indicated that liver function disturbance occurred in <5%
of cases [24], while a study in Thailand showed elevation of ALT and
AST in 16% and 13% of patients, respectively [25]. An anecdotal report
has also been published on a traveler who was prescribed prophylactic
atovaquone-proguanil and who developed an acute hepatitis-like
illness, with increased levels of ALT (~700), AST (~>200), and with
T-Bili levels indicative of jaundice [26]. The liver function disturbance
reported in one of the present P. falciparum cases, however, may not
be totally ascribed to the drug's adverse effects, rather it may have
been malaria-related. More data are needed regarding this hepatotoxic-
ity issue, especially when focusing on Japanese patients.

In conclusion, atovaquone-proguanil has, again, been shown to be
an effective and well-tolerated therapeutic regimen for P. falciparum
and P. vivax malaria, The licensing of this product in Japan, where
only 2 antimalarials are licensed, could greatly contribute to offering
individually appropriate treatment options.
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A Case of Plasmodium Ovale Malaria
—Morphological Diagnostic Difficulty and Utility of Rapid Diagnostic Tests—

Akihivo HITANI, MD*1, Waka OTSUKI*2, Shu TAKAYA, MD, PhD*3,
Masako TO, MD, PhD*4 and Kosuke HARUKI, MDD, *5

A 46-year-old Japanese man was referred to our travel clinic because of high fever for the past 7 days. He
worked as an engineer for a month in Zambia and returned to Japan 2 days ago. He had a high-grade fever of
40.5°C. Examination of the palpebral conjunctiva showed no evidence of anemia. Liver and spleen were
not palpable. Blood sample was collected at the time of the febrile paroxysm. Malaria parasites were de-
tected by examination of Giemsa-stained thin blood films. The dominant feature of parasite was early tro-
phozoit with a low parasitemia (0.0469%, 1,857.6/ul.). The James’ stippling was absent. Schizonts and
gametocytes were scarce. As ring morphology was quite variable, identification of species might not be
possible. Identification of species is more difficult than usual, on the grounds that: 1) the blood sample con-
tains rare early trophozoites, 2) the level of parasitemia is low, and 3)it is quite possible for parasites to be
transformed due to the inappropriate treatment. Finally, the diagnosis was confirmed by nested PCR.

Examination of Giemsa-stained blood films is the “gold standard” for detection and identification of organ-
isms. However, in non-endemic countries, trained laboratory personnel are scarce and the most may be
inexperienced in malaria diagnosis. It is recommended that personnel continue to gain experience by par-
ticipating in external quality assurance schemes, and that routine laboratories utilize rapid diagnostic tests
(RDTs) concurrently. The availability of simple and accurate RDTs could aid the diagnosis in no-endemic
countries. [Case Report]
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Table 1 Laboratory study at admission

WBC 3,870/4L
neutrophil 775 %
RBC 396 X 10YuL
Hb 13.5 g/dL
Ht 371 %

Plt 3.3X10YuL
CRP 3.1 mg/dL
Parasite density 1,857.6/uL
Parasitemia percentage  0.0469 %
AST 29 TU/L
ALT 31IU/L
y-GTP 16 TU/L
ALP 163 IU/L
LDH 333 IU/L
BUN 15.2 mg/dL
Cre 1.39 mg/dL
Urinary protein 1+

Occult hematuria test Negative
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The shape of the infected erythrocyte is oval.
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Figure 1 Photomicrographs of Plasmodium ovale in this case (X 1,000)
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Figure 2 Life cycles of P. ovale and malaria paroxysms.
Within erythrocytes, merozoites develop from ring forms into trophozoites and then into schizonts over

48 hours (P. ovale) .

The classic malaria paroxysm lasts several hours, can occur with a regular periodicity

coinciding with the synchronous rupture of blood schizonts.
(*This drawing is truly original and illustrated by the first author.)
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