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Vector-borne protozoan infections are responsible for a wide variety of illnesses (mainly malaria,
trypanosomiasis and leishmaniasis) affecting tropical and subtropical areas, but increasingly
diagnosed in nonendemic settings. This article summarizes the therapeutic developments for
these conditions during the past decade and focuses specifically on treatment recommendations
for returning travelers and migrants. The treatment of malaria has known the most spectacular
improvements. Progress in the management of leishmaniasis and trypanosomiasis has also been
substantial and includes introduction of new drugs into clinical practice, combinations of existing
drugs, or new laboratory tools for treatment monitoring as well as extension of treatment
indications to new groups of patients. Serious gaps still exist in terms of effectiveness and
tolerance. Since the research pipeline is very limited for the coming 5-10 years, optimized

combinations of existing drugs need to be urgently explored.
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Protozoa are a diverse group of unicellular
organisms that may cause a wide variety of
vector-borne or food-borne systemic and gas-
trointestinal infections in humans. The major
vector-borne protozoan infections are malaria,
leishmaniasis, human African trypanosomiasis
(sleeping sickness) and American trypanosomi-
asis (Chagas disease). These conditions dispro-
portionally affect the tropical and subtropical
areas, where effective vectors are present almost
exclusively. Epidemiology has, however, con-
siderably evolved during the last decade. First,
control programs have made substantial pro-
gresses in many endemic regions, shrinking the
malaria map, for example, in all continents [1]
or reducing the burden of Chagas disease in
Latin America [2] or sleeping sickness in Central
Africa 3]. On the other hand, the growth of
international travel has resulted in increasing
numbers of protozoan infections diagnosed in
nonendemic settings among returning travelers
or migrants [45]. In parallel, after decades of
scientific stagnation, most protozoan infections
considered as ‘neglected tropical diseases” have
recently attracted more attention in the global
research agenda thanks to various international
alliances involving the WHO, governments,
academic institutions, the pharmaceutical

industry and nonprofit associations such as
the Drugs for Neglected Diseases Initiative
(DNDI) (6,7].

The purpose of this article is to describe
the developments in therapy for vector-borne
protozoan infections during the last decade
and to provide updated recommendations for
international travelers. Therapeutic guidelines
for travelers may differ somewhat from those
in endemic settings, because maximal efficacy
is required in this nonimmune and often older
population at higher risk for complications [s],
while issues related to treatment administra-
tion, laboratory monitoring or costs are less
crucial than in low-resource settings. However,
it must also be acknowledged that treatment
recommendations are often exclusively based on
studies conducted in endemic countries, since
specific data on travelers are often limited to
small case series.

It is beyond the scope of this article to review
in detail all epidemiological, clinical and diag-
nostic features of the protozoan diseases under
discussion. However, some basic information
with therapeutic implications is summarized in
Tasee 1 for the readers less familiar with tropical
pathology. Food-borne protozoan diseases will
not be addressed here.
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Malaria

Malaria is caused by one or more of the five plasmodia (sub-
phylum sporozoa) that infect humans: Plasmodium falciparum,
Plasmodium vivax, Plasmodium ovale, Plasmodium malariae (9] and
the recently recognized zoonotic Plasmodium knowlesi [10]. Malaria
usually presents as an acute nonspecific febrile illness but, if left
untreated, fatal complications may arise, particularly in children
or pregnant women in endemic areas as well as in nonimmune
travelers [9]. A severe course occurs almost exclusively in infections
due to P. falciparum (1], but has also been reported in P. vivax
(12.13] and P. knowlesi malaria [14]. Approximately 500 million
clinical cases of malaria occur worldwide every year [15], includ-
ing more than 10,000 cases diagnosed in Europe and the USA
(16,17]. Malaria remains the leading etiology of fever in patients
presenting with fever in travel clinics and the almost exclusive
tropical cause of death in nonendemic settings [4.18,19]. During
the last decade, antigenic rapid diagnostic tests and PCR-based
assays have complemented the traditional but labor- and exper-
tise-demanding microscopy technique [20-22].

Therapeutic progress up to 2000

For more than 300 years, quinine, an inhibitor of parasitic heme
polymerization, was the only specific treatment for malaria.
Quinine, first extracted from the bark of the South American
tree Cinchona ledgeriana, was successfully synthesized in 1944,
and converted to its stereoisomer quinidine later on. Attempts
to synthesize quinine led to the discovery of chloroquine in
1934. The straightforward production of chloroquine at low cost
brought great hope of global malaria eradication in the 1950s.
However, resistant strains of P. falciparum emerged in the 1970s
on the Thai-Cambodia and on the Venezuela—Colombia bor-
ders. Resistance to chloroquine gradually spread to other endemic
regions in the following decades, sparing only a few areas (Tasie1).
World War IT and the Vietnam War stimulated the development of
new quinoline derivatives (primaquine, amodiaquine, mefloquine,
halofantrine and lumefantrine), antifolate drugs (proguanil, pyri-
methamine and the fixed-dose combination [FDC] sulfadoxine—
pyrimethamine [SP]) and the sesquiterpene peroxide artemisinin
(known as Qinghaosu in Chinese medicine). Artemisinin was
first extracted from the leaves of the wormwood Artemisia annua
but more potent derivatives (dihydroartemisinin, artemether and
artesunate) were rapidly synthesized. Finally in the 1990s, the
antimalarial activity of atovaquone, a mitochondrial electron
transport inhibitor, was demonstrated [23].

Drug-resistant P. falciparum malaria (defined as resistance to
chloroquine and SP) emerged and spread in the 1970s; multi-
drug resistance (defined as resistance against >two antimalarial
compounds of different chemical classes) developed in the 1980s
on the Thai-Cambodian border when treatment failures with
mefloquine were also observed [23]. Artemisinin derivatives were
then deployed in Southeast Asia, but combination with another
animalarial drug was rapidly advocated [24,25]. The combina-
tion artesunate—mefloquine became the first-line treatment for
uncomplicated P. falciparum malaria in Thailand in 1995 and in
Cambodia in 2000 [26].

Developments since 2000

Uncomplicated P. falciparum malaria

The recognition of atovaquone as a potent antimalarial drug
led to the production of the FDC atovaquone—proguanil (AP;
Malarone® [GlaxoSmithKline BV]) in 1999. Both drugs have
synergistic blood-stage activity 7z vitro and in vivo. Several ran-
domized controlled trials (RCTs), with various comparative regi-
mens and on all continents, have demonstrated a 28-day cure
rate of 94-100% in (drug-resistant) uncomplicated P. falciparum
malaria and a rate of treatment-limiting adverse events below 1%
(27]. In the only RCT conducted in a nonendemic setting, all 21
adults included in the AP arm were cured, with no notable side
effects [28]. Observational studies have largely confirmed these
findings later on in travelers [29,30]. When atovaquone was initially
used alone, resistance appeared rapidly 31]. Since 2002, approxi-
mately 30 cases of genetically confirmed clinical resistance to AP
have been reported in travelers returning from West, Central and
East Africa [32-41], as well as from Comoros [42], South America
(43] and India (44]. Clinical failure in travelers presented mostly
as late recrudescence and was associated with single point muta-
tions in the parasite cytochrome b gene, exclusively found in
strains previously exposed to atovaquone [3839.45.46]. Although
such mutations have been observed in up to 5% of P. falciparum
isolates unexposed to atovaquone in one study in Nigeria [47],
prevalence of molecular markers of resistance remained below
1% in all surveys conducted in pooled traveler samples and in
various endemic sites to date [46,48-51].

Owing to its cost, AP has remained almost exclusively limited to
travel medicine. Fortunately for low-resource settings, artemisinin
derivatives were confirmed as safe and highly active agents against
all asexual and sexual parasite blood stages [s2-54]. Studies in the
1990s had shown, however, that when used in monotherapy, arte-
misinin derivatives with their short half-life had to be administered
for at least 7 days to prevent recrudescence, underlying the need
to combine them with a partner drug with longer antimalarial
activity [ss5]. Artemisinin-based combination therapy (ACT) has
become the first-line treatment for uncomplicated P. falciparum
malaria in all endemic areas with drug resistance. All available
ACTs have been thoroughly reviewed recently [56,57], five of which
are currently recommended by the WHO in a 3-day regimen [11]:
artesunate—SP; artesunate—amodiaquine; artesunate—mefloquine;
artemether—lumefantrine (AL) in a six-dose regimen [s8]; and dihy-
droartemisinin—piperaquine. Treatment efficacy is usually above
95% for the three latter combinations and above 90% for the
two former, at least in regions where 28-day cure rates with the
partner drugs alone (either SP or amodiaquine) is still above 80%
56]. No single ACT regimen is cleatly superior to the other ACT
regimens, provided that the partner drug still has some efficacy
in the region it is used [s59]. All but one (artesunate—SP) recom-
mended ACTs exist now in FDCs and pediatric formulations are
increasingly available [57]. Once daily dosage is now promoted
to improve adherence [57]. Dihydroartemisinin—piperaquine was
the first once daily artemisinin-based FDC implemented in some
Asian countries [60-62]. A new fixed dose artesunate—amodiaquine
combination was effective in once daily dosage (63], as well as the
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new combination artesunate—pyronaridine [64]. Another new arte-
misinin—naphthoquine combination, tested in Papua New Guinea
as a single-dose administration, provided promising preliminary
results [65].

Reversion to chloroquine-sensitive P. falciparum parasites has
been observed in Malawi where this drug has not been used for a
long time [66]; impact on local guidelines is, however, still unclear.
On the other hand, rates of treatment failure with artesunate—
mefloquine have increased in the last decade both in the Pailin
Province of Cambodia and in the neighboring Trat Province of
Thailand (67]. Presence of P. falciparum strains resistant to artesu-
nate has been formally demonstrated for the first time in vivo in
Pailin Province, Cambodia [68] as well as in Battambang Province,
Cambodia [69]. Resistance has emerged in the Greater Mekong
subregion in a background of mefloquine resistance [70] and is
characterized by prolonged parasite clearance times, increased
50% inhibitory concentrations of dihydroartemisin and recru-
descence at day 28. Other contributing factors may have been the
unregulated use of artemisinin monotherapy, the unavailability
of ACT in FDC and the presence of counterfeit or substandard
drugs [71,72]. Containment of extremely drug-resistant P. falci-
parum malaria [73] is now given the highest priority as no new
class of drugs is likely to become available for at least a decade
(6771]. Of note, a P. falciparum strain with lower susceptibility
to artemisinin has been identified in a traveler returning from
Nigeria, who had inappropriately used artesunate as prophylaxis
during travel [74].

Severe malaria

Artemisinin derivatives have the strongest antiparasitic effect of
all antimalarial drugs, with parasite reduction ratios of approxi-
mately 10,000 per cycle (10-100 more potent than quinine)
and complete parasite clearance from the blood after 6-8 days
(3—4 cycles) [54]. In severe malaria, quinine was first compared
with the oil-based artemether in the late 1990s but no survival
benefit could be demonstrated. This was attributed to the slow
and erratic absorption of intramuscular artemether injections
(75]. It took a few more years before quinine was compared with
the water-soluble artesunate in the large randomized multicenter
South East Asian Quinine Artesunate Malaria Trial [76]. Mortality
in artesunate recipients was 15% compared with 22% in quinine
recipients, an absolute reduction of 35% (p = 0.0002). The ben-
eficial effect was even more pronounced in the subgroup of severe
malaria patients with parasitemia above 10% of the red blood cells
(mortality of 23 vs 53%). More recently, the large multicenter
African Quinine Artesunate Malaria Trial demonstrated a sig-
nificant mortality reduction of 22.5% in African children with
severe malaria treated with artesunate compared with quinine
(8.5 vs 10.9%; p = 0.0022) [77]. These two pivotal studies have
established definitively that parenteral artesunate should replace
quinine as the treatment of choice for severe malaria in adults
and children worldwide. Of note, in rural endemic areas, pre-
referral administration of rectal artesunate substantially reduced
the risk of death in children with severe malaria, when the delay
for adequate care exceeded 6 h [73].

Non-falciparum malaria

Resistance of P. vivax to chloroquine, which emerged in 1989
in Papua New Guinea, spread thereafter to most vivax-endemic
regions. Nowadays, chloroquine fails in more than 50% of P. vivax
malaria episodes in Eastern Indonesia [79]. Rates of resistance also
appear high in Papua New Guinea, Vanuatu and the Solomon
Islands but data are more limited. The risk of chloroquine failure
has recently increased above 10% in some regions of Western
Indonesia, Malaysia, Myanmar and Vietnam. It still appears to
be low elsewhere, although cases of chloroquine-resistant P. vivax
malaria have been sporadically confirmed in most endemic
countries [67,79]. Efficacy of AP has been found to be excellent
against blood-stage forms of P. vivax infection in Indonesia [80,81].
Artemisinin-based treatments are also effective against vivax
malaria and have been adopted as first-line therapy in Indonesia,
the Solomon Islands and Vanuatu where P. falciparum and P. vivax
are coendemic, and where P. vivax is increasingly resistant to chlo-
roquine [82]. In such settings, dihydroartemisinin—piperaquine
was superior to AL in preventing recurrence at 42 days, thanks
to its longer post-treatment prophylactic effect [83,84]. Activity of
AP and ACT against P. ovale or P. malariae malaria has not yet
been studied in detail but seems adequate [82.85.86].

Primaquine, an 8-aminoquinoline discovered in 1950, has
remained the only available therapy to date for preventing P. vivax
or P. ovale relapse due to liver hypnozoites. Its use is, however, lim-
ited by the long (2-week) treatment duration and the risk of severe
hemolysis in patients with glucose-6-phosphate dehydrogenase
(G6PD) deficiency or in the fetus. In addition, the management
of P. vivax malaria is now further complicated by the emergence
of primaquine-tolerant strains [79]. Another hypnozoiticidal drug,
tafenoquine, has been developed in the last decade but is not yet
licensed. Its long half-life allows a short course or even single-dose
therapy, but toxicity in G6PD-deficient individuals remains an issue
(87]. This problem, however, appears more limited in preliminary
studies with a new effective experimental drug, elubaquine [79].

In early 2000, P. knowlesi, a parasite known since 1931 to infect
macaque monkeys and sporadically reported in humans, was iden-
tified in half of the patients initially misdiagnosed with P. malariae
infection in Malaysian Borneo [10]. P. knowlesi parasites have a 24-h
(quotidian) asexual cycle and may reach rapidly potentially lethal
densities, although no sequestration occurs [14]. Complicated and
lethal cases were observed in 6.5 and 1.8%, respectively, of the 107
P. knowlesi patients included in Malaysia in the largest prospective
series to date [88]. All noncomplicated cases responded promptly to
chloroquine therapy. The pathogen appears to be widely distributed
in Southeast Asia [89.90]. Infection with P. knowlesi has also been
recently recognized in travelers [91-95].

Treatment recommendations for travelers
Therapeutic guidelines for malaria are proposed in Taste 2.
Chemoprophylaxis has been reviewed elsewhere [96).

Uncomplicated P. falciparum malaria
Chloroquine remains the treatment of choice for uncomplicated
P. falciparum malaria only in travelers who have been exclusively
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Same as ‘Adults’

— Pregnant women’

See ‘Complicated P. falciparum — Children’ See ‘Complicated P. falciparum

plus primaquine 0.25 mg/kg p.o. once

daily for 14 days

plus primaguine 30 mg p.o. once daily for 14 days

See ‘Complicated P. falciparum — Adults’

Complicated (or
inability for oral
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intake)

Same as ‘Adults’

Chloroquine sulfate 25 mg/kg p.o. in total Chloroquine sulfate 1500 mg

(same time schedule as above)

Chloroquine sulfate 1500 mg p.o. in total (same time

schedule as above)

p.o. in total (same time
schedule as above)

plus primaquine 0.25 mg/kg p.o. once

daily for 14 days

plus primaguine 30 mg p.o. once daily for 14 days

Primaquine contraindicated

Same as ‘Adults’

Chloroquine sulfate 25 mg/kg p.o. in total Same as ‘Adults’

(same time schedule as above)

Chloroquine sulfate 1500 mg p.o. in total (same time

schedule as above)

Same as ‘Adults’

Chloroquine sulfate 25 mg/kg p.o. in total Same as ‘Adults’

(same time schedule as above)

Chloroquine sulfate 1500 mg p.o. in total (same time

schedule as above)

Uncomplicated

Same as ‘Adults’

See ‘Complicated P. falciparum — Children’ See ‘Complicated P. falciparum

See ‘Complicated P. falciparum — Adults’

Complicated

— Pregnant women’

G6PD: Glucose-6-phosphate dehydrogenase; iv.: Intravenous; p.o.: Per oral.

Data taken from [97-123].

exposed in (the few) areas where the parasite is still fully
susceptible (Tasie 1). For travelers returning from any
other region with reported drug resistance, three dif-
ferent antimalarial regimens may be offered: the FDC
AP, the FDC AL and the association of quinine with
doxycycline or clindamycine (97-101]. There is no specific
recommendation for immunosuppressed patients.

AP is administered once daily for 3 days. Absorption
of atovaquone is improved if taken with food. It has been
largely evaluated in children (down to 5 kg) and pediat-
ric formulations are available. Proguanil is safe during
pregnancy and no teratogenicity has been observed with
atovaquone in animal studies; however, due to limited
data, safety of AP in pregnancy has not been firmly
established [102.103].

AL, also known as co-artemether, is the only fixed-
dose ACT currently available in Europe and the USA
(Riamet®, Coartem® [both Novartis AG]). For adequate
absorption of lumefantrine, it should also be taken with
food. Administration is normally twice daily for 3 days
(six-dose regimen). Higher doses and longer courses are
explored in the Greater Mekong subregion, to overcome
the lower susceptibility to both drugs, but concerns have
emerged on the possible risk of dose-dependant neutrope-
nia [104]. There is no evidence of significant cardiotoxicity
of AL [53,58] but the manufacturer’s leaflet provides serious
warnings in case of long congenital QT or concomitant
use of QT-prolonging drugs. It has been approved for
treatment in children and infants, and pediatric tablets
are available [105]. Safety of ACTs, and particularly AL,
has been established during the second and third tri-
mester of pregnancy [103,106,107). However, since experi-
ence is much more limited during the first trimester and
concern exists from animal data about artemisinin toxic-
ity in the first weeks of gestation [102,103], ACTs are not
recommended in the first trimester in endemic settings,
and during the whole pregnancy in travel medicine [301].
Of note, reduced efficacy of AL has been observed in
later pregnancy because of low drug concentration [107].

The association of quinine with doxycycline has
become a second choice treatment. Its 7 day admin-
istration is less convenient and often hampered by
the treatment-limiting side effects of quinine (tinni-
tus, hearing loss, gastric discomfort and arrhythmia)
[29]. Decreased susceptibility to quinine has also been
reported in very heterogeneous studies in Southeast Asia
and South America [67.108], as well as in travelers [109].
Quinine associated with clindamycine remains a safe
therapeutic option during pregnancy [102]. Combination
with azithromycin and quinine in monotherapy should
be avoided in nonimmune pregnant travelers [110,111].

Ambulatory treatment of uncomplicated P. falciparum
malaria has been proven feasible and safe in travel clin-
ics, provided that the initial decision relies on a very
careful assessment [29.112,113]. In a specialized setting,
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(treatment-naive) malaria patients were managed safely outside the
hospital when they did not vomit, had no criteria of severity and had
a parasitemia below 1% of the red blood cells at initial contact; this
policy allowed treatment of approximately 40% of all malaria cases
as outpatients [29]. Some national guidelines, however, recommend
admitting systematically all patients with P. falciparum infection for
supervised initial drug administration because of the risk of rapid
clinical deterioration [99,100].

Severe malaria

Although not specifically studied in nonimmune travelers,
artesunate has become the treatment of choice for adults with
severe malaria wherever acquired, especially those presenting
with hyperparasitemia [11,99.100,114], as well as for children [115].
Intravenous administration is required until oral intake is possible
and parasitemia has significantly dropped and may be followed by
any of the described oral regimens. There is no need for dosage
adjustment in vital organ dysfunction [11,116]. Artesunate is not
licensed in Europe and the USA, because the only manufacturer
(Guillin Pharmaceutical Factory, Guangxi, China) does not com-
ply with international (but costly) good manufacturing practice
(GMP) standards, with theoretical risks of inadequate quality and
legal implications in case of unexpected events. It has, however,
received the WHO drug prequalification attestation, an impor-
tant step towards improved drug quality and the product may be
obtained from IDIS Pharma in Europe. Non-GMP artesunate is,
presently, almost exclusively available in reference travel centers,
where its safety still needs to be closely investigated [117]. A com-
mercial form of artesunate produced under GMP standards is
awaited for 2011. Some publications have suggested combining
intravenous quinine and artesunate to address the medico—legal
issues [118], although no benefit of such combination has been
demonstrated [119]. Quinine (or quinidine) treatment, however,
remains an acceptable option for severely ill and/or vomiting
malaria patients and should be administered without delay if it is
the only drug immediately available [116]. Quinine dose should be
reduced by one third after 48 h in case of renal failure or hepatic
dysfunction. Adjunctive therapy for severe malaria has recently
been reviewed [120].

Non-falciparum malaria
Chloroquine remains highly efficacious for acute attacks caused
by most P. vivax strains and to almost all P. ovale and P. malariae
strains. In the case of P. vivax and P. ovale infections, concomitant
administration of primaquine is recommended for its synergistic
effect and for preventing relapses (97]. Pregnancy and severe G6PD
deficiency (activity below 10% of normal) must first be excluded
(97]. In mild-to-moderate G6PD deficiency (>10%), primaquine
dosage should be adapted (Tasie 2). High doses of primaquine
(6 mg/kg in total administered over 14 days) retains excellent
efficacy even in primaquine-tolerant . vivax and P. ovale strains.
True resistance to primaquine remains very rare [121].

Some national guidelines recommend for not using chloroquine
in first-line treatment if P. vivax infection has been acquired in
Indonesia, Papua New Guinea and the Pacific (100,101}, but this

remains debated [99]. In such cases, any of the three combination
treatments recommended for drug-resistant P. falciparum malaria
is effective, but must also be followed by primaquine. The same
recommendation applies for mixed infections with P. falciparum
or when the parasite identification is uncertain.

The therapeutic aspects of P. knowlesi malaria are not yet fully
understood [122], in particular in travelers. Because severe evolu-
tion has been observed in endemic settings, experts recommend
treating all cases of P. knowlesi malaria as they would do for severe
malaria [14]. However, current evidence from endemic areas as
well as from some imported cases suggests that chloroquine is a
reasonable option for uncomplicated cases [91,93,123].

Leishmaniasis

Leishmaniasis is a diverse disease caused by more than 20 spe-
cies of Leishmania that may be transmitted by approximately
30 species of phlebotomine sandflies (Taste 1). Both parasite and
host factors influence the clinical spectrum that may range from
subclinical infection or localized self-healing skin lesions to dis-
seminated diseases (cutaneous, mucosal or visceral). Atypical pre-
sentations are often seen in immunosuppressed individuals [124].
Leishmaniasis is widely distributed throughout the world and
Epidemiology is complex [125]. Returning travelers present almost
exclusively with cutaneous or mucocutaneous (‘tegumentary’)
leishmaniasis, which is found in 3—4% of all patients consulting
for skin disorders in travel clinics [5,126]. Mucosal leishmaniasis
(‘espundia’) is not as frequent in travelers, and results mainly
from an infection with Leishmania (Viannia) braziliensis com-
plex in the New World (Taste 1) [127-129]. In Europe, apart from
the autochthonous cases seen in the Mediterranean Basin, few
cases of imported visceral leishmaniasis are reported [130.131]. New
diagnostic methods include immunochromatographic serology
and antigenic tests designed for the field [132-134] and PCR-based
assays developed in reference centers [135]. Treatment of cutane-
ous, mucocutaneous and visceral leishmaniasis (CL, ML and VL,
respectively) has recently been reviewed [136,137].

Progress up to 2000

Pentavalent antimonial drugs (meglumine antimoniate and
sodium stibogluconate) have been the mainstay of antileishman-
ial therapy since the 1940s. The mechanism of action is prob-
ably due to inhibition of parasite ATP synthesis. Pentavalent
antimonials have been used for decades as first-line treatment
both intralesionally for limited skin lesions in the Old World or
parenterally for extensive CL, CL in the New World, ML and
VL. Local infiltration of antimonials has long been considered
as safe and efficacious in accelerating the cure of CL in the Old
World. Cure rates of 70—90% have been observed for Leishmania
major within 1 month and 75% for Leishmania tropica within
3 months [138], compared with time for spontaneous healing of
>3 months and >6 months, respectively (Taste 3) [138,139]. Systemic
administration of antimonials has been associated with variable
but satisfactory response rates (30-90%) in CL/ML in the New
World [127.128,138]. For VL, after decades of excellent efficacy, fail-
ure to antimonials increased dramatically in the 1990s in Bihar,
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India [137]. Antimonials have, however, always been rather difficult
to use because of their parenteral administration and cumulative
toxicity (including local and diffuse pain and discomfort, hyper-
sensitivity, hepatitis, pancreatitis, electrocardiographic alterations
and bone marrow depression). Amphotericin B (AmB) was first
used in 1963 under a deoxycholate formulation with very good
results but the risk of renal and electrolyte disturbances has pro-
moted the development of less toxic lipid formulations (liposomal,
colloidal or lipid complex), allowing delivery of similar doses over
shorter periods. Cure rates of VL have reached 95% with AmB
formulations [140,141], but experience for ML remained limited to
small case series [128].

Several other drugs have demonstrated antileishmanial clinical
efficacy in different studies, such as pentamidine (for VL and CL
in French Guyana, Surinam and Brazil), fluconazole and ketocon-
azole (for CL in the Old and New World), parenteral paromomycin
(for VL and CL/ML of the New World) and topical paromomy-
cin for CL [137,142,143]. Various physical methods (surgery, ther-
motherapy, infrared light, laser light and radio-frequency waves)
have also been investigated for limited CL lesions, mostly in the
Old World [138]. Unfortunately, most studies were observational or
poorly designed and did not systematically look for causative spe-
cies; consequently, treatment recommendations have often relied
on local experience rather than on strong evidence (136,137,143,144].

Before 2000, combination therapy had been occasionally inves-
tigated: the combination of antimonials and paromomycin (for
17 days) compared favorably with antimonials alone (for 30 days)
for the treatment of VL in East Africa [137]; in contrast, the stud-
ies comparing the combination of antimonials with allopurinol
to antimonials alone for CL/ML in the New World provided
conflicting results [143].

Developments since 2000

The main therapeutic advances in the last decade have been the
introduction of miltefosine as an oral agent against leishmaniasis
and the further developments of paromomycin, AmB formula-
tions, physical methods and combination therapies. Molecular
techniques have also allowed a better insight into the relationship
between specific species and treatment response [145,146]. On the
other hand, the HIV pandemics have led to increasing numbers of
leishmania—HIV-coinfected patients who require a more complex
management [147].

Miltefosine is an oral drug (hexadecylphosphocholine) that
interferes with cellular membrane lipid metabolism. It has a
long terminal half-life of 31 days and remains detectable beyond
5 months in the plasma of patients treated for 1 month, raising
concerns about development of resistance if used as monotherapy
in endemic areas [148]. A long-term cure rate of 94% after 28 days
of therapy was demonstrated for adult and children VL patients in
India [149.150], as well as in HIV-noninfected patients in Northern
Ethiopia [151]. Phase IV trials have confirmed these favorable
results [152]. Miltefosine (Impavido® [AeternaZentaris Inc.]) has
been registered as oral therapy for VL since 2002 in India and in
Germany. Few studies have been reported on miltefosine therapy
for tegumentary leishmaniasis. One RCT showed a cure rate of

81% at 3 months for L. major infection, similar to that of anti-
monial treatment [153]. A cure rate of 88% was demonstrated with
miltefosine in 34 Dutch soldiers with proven L. major infection
refractory to intralesional antimonials [154]. Miltefosine was also
effective in a few cases of Old World CL with no species diagno-
sis [155]. Data on miltefosine efficacy are too limited for L. tropica
and Leishmania infantum [138]. In Colombia, a cure rate of 81%
at 6 months for CL (due to Leishmania panamensis) was obtained,
while it was only 50% in CL due to L. braziliensis in Guatemala
(vs 20% in the placebo arm). In Bolivia, however, treatment effi-
cacy of miltefosine was 88% in L. braziliensis-related CL [156] and
83% in moderate L. braziliensis-related ML [157). Of note, drug
resistance to miltefosine has been induced experimentally [158) and
clinical failure has been reported in Nepal [159].

Paromomycin (15 mg/kg intramuscularly for 21 days) was
not inferior to AmB (cure rate of 95%) in Indian VL patients
(160]. Shorter courses performed less well [161]. This paromomycin
dosage did not perform as well, however, in East Africa, where
higher dose regimens (20 mg/kg) were necessary for adequate
efficacy (162]. For CL in the New World, both parenteral and
topical paromomycin were inferior to systemic antimonials [142].
By contrast, topical paromomycin (15%) associated with meth-
ylbenzothenium chloride (12%) was superior to placebo and
equivalent to intralesional antimonials for CL in the Old World
(142]. An expensive ointment is available in Israel (Leshcutan®
[TevaPharmaceutical Industries Ltd]).

Various regimens of conventional and liposomal AmB (L-AmB;
AmBisome® [Gilead Sciences Inc.]) have been further evaluated
and disclosed excellent cure rates for VL [163,164], but less so for
CL and ML. Single-dose L-AmB showed similar efficacy (96%)
as conventional AmB therapy in India [165.166]. Treatment fail-
ures were, however, more frequent in East Africa [167] and in
HIV-coinfected patients [168].

Several physical methods have been developed for treating CL,
among which radiofrequency thermotherapy and photodynamic
therapy appeared the most promising when compared with classic
treatments (144]. However, specific devices are often expensive and
such therapies are limited to localized cutaneous lesions with no
risk of mucosal dissemination.

Today antileishmanial combinations are being intensively
explored [169.170]. In L. braziliensis-related infections, oral pentoxi-
fylline associated with parenteral antimonials for 30 days has
demonstrated a synergistic superiority to antimonials alone,
particularly for ML cases [143]. Combining topical paromomy-
cin—benzomethium or topical imiquinod cream (5%) with anti-
monials remained of unclear benefit for CL [143,144]. For VL,
the superiority of the combination of antimonials with paromo-
mycin over antimonials alone has been confirmed in India and
East Africa (171,172]. In addition, single-dose L-AmB followed by
14 days of miltefosine showed a high efficacy in Indian VL (173].
Phase III trials with other short-course regimens (single-dose
L-AmB with 7 days of miltefosine; single-dose L-AmB with
10 days of paromomycin; 10-day combination of miltefosine—
paromomycin) are ongoing in Asia. Similar combinations are

being explored by the DNDI in Phase II/III studies in East Africa
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Therapy of vector-borne protozoan infections in nonendemic settings

Other less studied drugs such as paromomycin or pentamidine
should be reserved as second-line options in travel medicine. The
place of combination therapy is not yet defined in nonendemic
settings, but some single-dose L-AmB-based regimens could
become very attractive if their positive results are confirmed in
other countries than India, in particular for the difficult-to-treat
group of immunosuppressed travelers.

Trypanosomiasis
Human African trypanosomiasis (sleeping sickness)
Human African trypanosomiasis (HAT) is caused by two sub-
species of Trypanosoma brucei: Trypanosoma brucei gambiense and
Trypanosoma brucei rhodesiense, transmitted by tsetse flies of the
genus Glossina. Both infections have distinct epidemiological and
clinical characteristics (Tasie 1) but result in CNS complications
invariably fatal if left untreated [184,185]. Diagnosis of 7. 4. gam-
biense HAT has improved in the field with the combination of
serological screening and parasitological confirmatory tests, while
1. b. rhodesiense detection still relies on classic microscopy [186].
Diagnosis of the second (late) meningoencephalitic stage is based
on cerebrospinal fluid (CSF) examination (Tasie 1) [187]. Staging
is, however, not always clear-cut and some borderline cases could
benefit from early and specific markers of CNS involvement [188].
The disease affects almost exclusively remote rural areas in 24
countries in sub-Saharan Africa and approximately 95% of the
reported cases are due to 7. b. gambiense 3]. A few cases are diag-
nosed yearly outside Africa in returning travelers or migrants,
and most of these are due to 7. b. rhodesiense, which is endemic
in popular east African game reserves [189,190]. Pathogen differen-
tiation is classically based on the place of exposure, but this may
be difficult in case of stay in Uganda, where distribution of both
trypanosomes tends to overlap and in case of travel to multiple
endemic areas. Molecular techniques for species differentiation
are available in only a few reference settings [190,191].

Progress up to 2000

For more than 50 years, selection of therapy has relied on the
recognition of the causative trypanosome and on the disease stag-
ing [192]. Two drugs have been used for decades to treat the first
(early) hematolymphatic stage of the disease: pentamidine and
suramine (Taece 3). Pentamidine has long been the drug of choice
for first-stage infection due to 7. b. gambiense, because it was
rather well tolerated and remained remarkably effective (cure rate
0f 93%) despite decades of widespread use throughout Africa [193].
Suramin has been indicated mostly for the treatment of first-stage
infection due to T. b. rhodesiense, which is less sensitive to penta-
midine. Suramin is also highly effective against 7. b. gambiense
but risk of severe allergic reactions has limited its use.

For second-stage disease, melarsoprol was the only drug widely
used for more than 50 years for both trypanosomes. It has an
excellent trypanocidal activity, compensating its rather low CNS
penetration. Regimens, initially long and complex, have been
progressively simplified to a 10-day course, following the results
of the Improved Application of Melarsoprol IMPAMEL) trials I
and I [194.195]. However, toxicity has remained a major issue, in

particular with regards to the encephalopathic syndrome occur-
ring in up to 10% of the treated patients and associated with
almost 50% mortality [196], and which could only be partly pre-
vented by coadministration of prednisolone [197]. Cardiac rhyth-
mic disorders, probably inflammatory mediated and therefore
potentially treatable with corticosteroids, are also frequent [198] as
well as other severe adverse events such as peripheral neuropathy,
skin reactions, hepatitis or thrombophlebitis at injection sites. In
addition, melarsoprol failure was increasingly reported in patients
with 7. b. gambiense HAT in the 1990s, although no parasitic
drug resistance has been formally demonstrated to date.

A second drug, the polyamine synthesis inhibitor eflornithine,
was developed in the late 1980s. Eflornithine was as effective as
melarsoprol against 7. b. gambiense but less so against T b. rho-
desiense [199]. By contrast, its toxicity was much more acceptable,
with anemia and leukopenia as the most frequent side effects [200].
Unfortunately, efficacy of oral eflornithine was too limited for
second-stage 7. b. gambiense trypanosomiasis, leaving the expen-
sive, cumbersome, four-times daily 2-week intravenous regimen
as a unique alternative to melarsoprol [201]. For this reason, it
was kept in rural Africa as a second-choice therapy for late-stage
1. b. gambiense disease relapsing after melarsoprol. Shorter courses
of eflornithine were clearly inferior [202].

Developments since 2000

A trial comparing a 3-day course of pentamidine to the classic 7-day
regimen in the treatment of early-stage 7. b. gambiense HAT has
recently been conducted and results are pending [193.302]. For the late
stage, the toxicity of melarsoprol and the increasing rate of treatment
failure (up to 50% in some settings) renewed international efforts to
find alternative effective regimens [203]. Nifurtimox, an anti-7rypano-
soma cruzi agent, did not demonstrate sufficient activity in mono-
therapy against second-stage 7. b. gambiense HAT but, when com-
bined with melarsoprol, was superior to melarsoprol monotherapy
(204]. Toxicity of melarsoprol was, however, still unacceptable [20s).
Several observational studies meanwhile suggested that eflornithine
alone or combined with nifurtimox was safer and more effective
than melarsorpol [200,206,207]. In 2009, the Nifurtimox—Eflornithine
Combination Therapy (NECT) randomized trial demonstrated that
the combination of a 10-day course of oral nifurtimox with a 7-day,
twice-daily, intravenous course of eflornithine was not inferior to
eflornithine monotherapy (cure rate above 95%) and caused two
times less major adverse events (14 vs 29%; p = 0.002) [208]. NECT
has been included in the WHO Essential List of Medicines for
the treatment of second-stage 7. b. gambiense trypanosomiasis. A
Phase IV study conducted by the DNDI is ongoing [303].

For the treatment of 7. b. rhodesiense, a recent systematic review
did not identify any available RCT to provide guidance [209]. Old
drugs with complex administration schedules are still in use. The
applicability of an abridged 10-day melarsoprol schedule for sec-
ond-stage 7. b. rhodesiense HAT is being explored in Uganda and
Tanzania in a nonrandomized trial IMPAMEL III) owing to the
difficulty in recruiting enough patients, and preliminary results
suggest similar safety and efficacy as that obtained in historical
series [193].
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Of note, it has recently been demonstrated that the post-treat-
ment follow-up could be simplified to two lumbar punctures
maximum and shortened to 1 year maximum, instead of 2 years
and four to five lumbar punctures previously. Useful algorithms
based on CSF examination have been proposed to identify defini-
tive cure or treatment failures early [210-212]. In addition, novel
biological predictors for treatment failure outcome have been
developed [210].

Treatment recommendations for travelers

Recommendations in travelers are similar to those in endemic
settings (Taste 4). Side effects of pentamidine mainly consist of
pain and swelling at the injection site, abdominal discomfort,
glucose instability and diabetes. For suramine, a test dose of
100 mg should be given under monitoring, the first day before
full administration of the total dose. Adverse reactions are frequent
but reversible and include, besides hypersensitivity, nephropathy,
peripheral neuropathy and bone marrow toxicity. For second stage
1. b. gambiense HAT, NECT should now be the standard of care
in nonendemic settings as well. Children require a higher dosage
of eflornithine because of increased renal clearance. In pregnant
women, eflornithine should be administered alone since nifurti-
mox is mutagenic. Treatment in immunosuppressed patients has
never been specifically studied. Although highly toxic, melarsoprol
(in combination with steroids) remains the first choice therapy for
second stage 7. b. rhodesiense infection.

American trypanosomiasis (Chagas disease)

American trypanosomiasis, or Chagas disease, is caused by the
protozoan 1. cruzi, transmitted by triatomine bugs. The disease
is characterized by an acute stage, predominantly asymptomatic,
and a chronic stage where cardiac and digestive complications may
progressively develop. Chagas disease was originally confined to
poor and rural areas of Central and South America, where multi-
sector efforts have dramatically impacted on prevalence and inci-
dence for 30 years. However, rural exodus and migration have
brought many Chagas patients to Latin American cities and to
nonendemic countries, where the infection is increasingly being
diagnosed [2.213]. Transmission of Chagas disease in nonendemic
countries has emerged since the beginning of 2000, mainly in
North America [214] and Europe [215.216], with congenital transmis-
sion [217] and blood or organ donation [218,219] as the main routes of
transmission. The large majority of 7. cruzi infections in nonen-
demic countries, however, go unrecognized [220,221]. Chagas disease
has been rarely reported in returning short-term travelers [222,223].
Diagnosis has long relied upon blood microscopy for acute stages,
and on xenodiagnosis for chronic infection (Taste 1). Serology is now
widely used for diagnosing chronic Chagas. Serological diagnostic
tests currently in use have recently been thoroughly reviewed 2]
and reported to be appropriate for use in nonendemic settings [216].

Progress up to 2000

Antiparasitic treatment, also termed etiological treatment, of
Chagas disease is limited to two drugs discovered approximately
40 years ago, with similar trypanocidal activity: benznidazole,

a nitroimidazole, and nifurtimox, a 5-nitrofuran derivative
(Tasie 3). Rapid eradication of parasites could be demonstrated
when the treatment was administered in the acute phase (60—
85% cure rate), in the congenital forms (90% cure rate) and
during immune depression-related disease reactivation (case
series); treatment has long been indicated for such cases [224].
Treatment of children (18 years of age and younger) with early
chronic infection has also been widely recommended, since two
RCTs have shown rates of negative 7. cruzi seroconversion reach-
ing 60% (vs less than 5% in the placebo group) [225.226] One
clinical study demonstrated less cardiac deterioration in such
children given benznidazole than in untreated controls [227]. A
meta-analysis further confirmed that benznidazole treatment was
effective in improving parasitic-related outcomes, but also high-
lighted that no definitive conclusions could be drawn for relevant
clinical outcome [228]. For older patients with chronic Chagas
infection, etiological treatment remained controversial because
all studies had serious limitations (nonrandomized design, non-
blinded, inadequate power and short follow-up) [229]. The major
problem faced by researchers has always been the absence of
early markers of a parasitological cure in chronic stages and the
need to rely on serology with a very long delay before negative
seroconversion [2,213].

Developments since 2000

The management of Chagas disease has evolved in the last
decade mainly thanks to advances in the laboratory. Ease-of-use
serological screening tests have been developed [230]. Molecular
techniques have been standardized (231], and have significantly
improved the early diagnosis of congenital Chagas infection
(232.233]. Progress in molecular techniques has allowed confir-
mation of persistent 7. cruzi infection in the tissues of patients
chronically infected and have underlined the need for parasite
elimination at any moment of disease evolution [234,235]. New
surrogate biomarkers of parasitic presence (e.g., IFN-y-secreting
T cells specific for 7. cruzi) have suggested that benznidazole
also has some efficacy in chronic stages [236], even if inferior
than in acute forms [237]. Finally, a large but nonrandomized
and nonblinded clinical study in 2006 has shown a significant
reduction of progression to cardiac disease in adult patients
treated with benznidazole (4 vs 14% for untreated controls)
(238]. There is a consensus to etiologically treat all children and
young adults diagnosed with Chagas to prevent cardiac compli-
cations. Although not yet fully conclusive, the aforementioned
indirect arguments support a more liberal use of benznidazole
treatment for chronic infections in older adults as well, taking
into account that its side effects are manageable (see later: treat-
ment recommendations in travelers) [239]. There is therefore a
growing acceptance that etiological treatment should be offered
to any (treatment-naive) patient fulfilling serological criteria
for T. cruzi infection [2,213,224,234,235,240]. The question should
be definitively answered in 2012 with the results of the Benz-
nidazole Evaluation for Interrupting Trypanosomiasis study, a
RCT evaluating (since 2004) the preventive effect of benzni-
dazole on the clinical progression of early Chagas cardiopathy

WWW.expert-reviews.com

599



Bottieau, Vekemans & Van Gompel

in more than 3000 patients aged 1875 years [241). Efficacy of
alternative therapeutic drugs such as allopurinol, itraconazole
or fluconazole has been inconsistent and nonreproducible to
date [228,242,243]. Combination of nifurtimox and benznidazole
has not yet been studied [244].

Treatment recommendations in travelers

Therapeutic guidelines for congenital, acute, chronic and reac-
tivated Chagas disease in nonendemic countries are similar to
those in endemic countries (Tasie 4) [245]. Both nifurtimox and
benznidazole are administered for 2 months and are poorly tol-
erated. Digestive and CNS disturbances were reported in up to
50% and led to treatment interruption in approximately 30% of
patients treated with nifurtimox in endemic settings [234,243]. In a
recent observational study in Switzerland, almost all 73 patients
treated with a 60-day course of nifurtimox had some adverse
events, mostly gastrointestinal or neurological [246]. Most side
effects occurred during the first month and some were life-threat-
ening. Approximately 40% of patients did not complete their
treatment. Benznidazole has a better tolerance profile, with a low
rate of severe adverse events compared with nifurtimox. In large
series, however, up to one third of the patients present with side
effects (mainly hypersensitivity, digestive intolerance, peripheral
polyneuritis and bone marrow suppression), and approximately
15% of the patients had to discontinue their therapy [224,239]. A
30-day course of benznidazole is recommended by some experts
and national programs, for example, in Argentina; in observa-
tional studies using a 30-day regimen, efficacy appeared similar
(disappearance of parasites assessed by serial xenodiagnosis),
but with less neuropathic and bone marrow toxicity compared
with cohorts on a longer course [227.238.239]. However, no RCTs
comparing 30-day and 60-day treatments have been conducted
to date. Tolerability is less of a problem in children. Presently, no
pediatric formulation is available, but dispersible pediatric tablets
are being investigated by the DNDI and should be delivered in
Brazil in 2011.

Both antiparasitic drugs are mutagenic [224] and are contra-
indicated in pregnancy, at least to treat asymptomatic infection.
Immunosuppressed patients with Chagas reactivation should
be treated as acute cases and secondary prophylaxis with benz-
nidazole has been suggested [2.247]. The WHO can be contacted
for drug delivery in Europe (and CDC in the USA).

Expert commentary & five-year view

Global Epidemiology of vector-borne protozoan infections
will continue to depend on the multiple interactions between
pathogens in endemic countries and mobile populations. In
nonendemic settings, the past 10 years has witnessed substan-
tial improvements in clinical awareness, diagnostic facilities and
treatment optimization.

For malaria, clinical practice in travel medicine has been
revolutionized by two potent oral FDCs (AP and AL) and by
intravenous artesunate. This should not lead to complacency,
however: efficacy of AP may be jeopardized by single point

mutations, while partial resistance to artemisinin has emerged.
All Phase II and III studies of antimalarial treatment are for
innovative artemisinin-based therapies, but there is no new drug
to be expected in the coming decade [37]. Development of the
peroxide compound arterolane has been discontinued before
Phase III trials because of instability in blood and more stable
molecules like trioxaquine have not yet entered Phase I trials.
The only new promising class of drug, spiroindolones, is at its
earliest stage of development [248].

For leishmaniasis, therapy has benefited from the development
of miltefosine and new AmB formulations, and the renewed
interest for an old drug such as paromomycin. Optimized short
course combinations of existing drugs are the most near-term
promising advances for severe leishmaniasis. Sitamiquine, a
promising oral 8-aminoquinoline, has not reached further devel-
opment. A few other drugs are only in preclinical development
(buparvaquone, alternative AmB formulations and 8-amino-
quinolines). There is also a desperate need to improve evidence-
based strategies for ML and CL by well-designed multicenter
trials [142,143,249].

For HAT, the combination eflornithine—nifurtimox has been
the only therapeutic breakthrough for second-stage 7. 6. gam-
biense infection. Other drugs have seen their development stopped
such as pafuramidine (DB289) owing to unexpected nephro-
toxicity [193]. Only a nitroimidazole, fexinidazole, has entered
into a 2009 Phase I trial conducted by the DNDI [193,250,304].

For American trypanosomiasis, no new treatment has been
developed. However, the third-generation triazole derivatives
have displayed potent curative activity against 7. cruzi. A Phase
IT trial with posaconazole is planned in Spain in 2011; the less
expensive prodrug of ravuconazole (E12-34) has entered a Phase
I trial in Bolivia. Among other explored molecules, a drug
targeting the major cysteine protease (K777) will soon enter a
Phase I safety trial [245.251].

In the near future, combination therapy for protozoan dis-
eases should be further explored in order to obtain synergis-
tic efficacy, reduced (dose-dependant) toxicity and less para-
site resistance. Further molecular development should allow
improved monitoring of parasitological outcome and accelerate
efficacy measures in clinical trials. Finally, international net-
works of travel physicians may contribute greatly to the global
control of these poverty-related conditions, through monitoring
epidemiological changes, standardizing evidence-based disease
management and exploring adequately unresolved diagnostic
and therapeutic issues.
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Key issues

e \ector-borne protozoan infections cause major mortality and morbidity in tropical and subtropical areas, and are increasingly diagnosed
in returning travelers and migrants in nonendemic settings.

e Malaria causes, by far, the highest burden of protozoan disease in travel medicine.

¢ Introduction of fixed-dose combination therapies such as atovaquone—proguanil and artemether—lumefantrine has substantially
improved the management of uncomplicated drug-resistant Plasmodium falciparum malaria.

e Intravenous quinine is being supplanted by artesunate as first-choice therapy for severe malaria in nonimmune travelers of any age.
¢ Miltefosine is the first oral therapy of visceral leishmaniasis. Its use in cutaneous and mucocutaneous leishmaniais remains to be defined.
e Several short course combination regimens based on amphotericin B formulations, paromomycin or miltefosine are being evaluated for

visceral leishmaniasis.

e Large well-conducted studies are urgently needed to adequately evaluate the current treatment strategies for cutaneous and

mucocutaneous leishmaniasis.

e The combination of eflornithine and nifurtimox has become the treatment of choice for second-stage Trypanosoma brucei

gambiense infection.

¢ Benznidazole should be offered to any patient found seropositive for Trypanosoma cruzi, while waiting for definitive proof of clinical
benefit in patients with chronic Chagas infection.

e Optimized combination therapies will most likely be the only achievable improvements for treatment of vector-borne protozoan diseases

in the near future.
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