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SUMMARY In the Eastern Mediterranean Region of the World Health Organization (WHO), malaria, schisto-
somiasis, leishmaniasis and trypanosomiasis are the parasitic diseases of major importance. Our review
focuses on recent advances in the control and treatment of these diseases with particular reference to
diagnosis, chemotherapy, vaccines, vector and environmental control. The Roll Back Malaria Programme,
for example, emphasizes the use of insecticide treated bednets in Africa and targets a 30-fold increase in
treated bednet use by 2007. Increasing risk factors for leishmaniasis include urbanization, extended agricul-
tural projects and civil unrest and the increase in patients with Leishmania infantum and HIV co-infection in
the Region may signal a new threat. In the past 20 years, human African trypanosomiasis has resurged in
sub-Saharan Africa; within the Region it has become more common in the southern Sudan where anthro-
ponotic and zoonotic sub-species infections overlap. Schistosomiasis in the Region is caused by either
Schistosoma haematobium or S. mansoni and large-scale control efforts include providing regular treatment
to at-risk groups and supporting drug delivery through schools.

Introduction
The continuing burden of parasitic diseases
upon the health of the human population
worldwide, especially in tropical and devel-
oping countries, is clearly demonstrated in
the recent estimates of disability adjusted
life years (DALY), which incorporate both
life lost from premature death and years of
life lived with disability due to disease [1].
However, these figures fail to indicate the
broader effect of these diseases on the so-
cial and economic life of individuals and
families. In the Eastern Mediterranean Re-
gion of the World Health Organization
(WHO), four parasitic diseases—malaria,
schistosomiasis, leishmaniasis and trypa-
nosomiasis—are of major importance. The

Small Grants Scheme of the Eastern Medi-
terranean Regional Office supports re-
search on these parasitic diseases and has
given many grants for projects that aim to
improve our understanding of the control
of these diseases. Our review focuses on
recent advances in the control and treat-
ment of these parasitic diseases with par-
ticular reference to diagnosis, chemo-
therapy, vaccines, vectors and environ-
mental control.

Malaria
Malaria remains one of the most serious
public health problems in the world. The
annual global burden of malaria is estimated
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at 1.1 million deaths, mostly due to Plas-
modium falciparum infections in children
in sub-Saharan Africa, 300–500 million
cases and 44 million DALY [2]. The devel-
opment of resistance to current antimalari-
als, insecticide resistant mosquitoes, poor
health infrastructure coupled with political
instability in malaria endemic countries,
world climatic changes and population in-
crease are the main reasons for the increas-
ing trend of malaria cases and mortality
[3,4]. The burden of malaria and its impact
on economic growth is well documented
and hampers the effectiveness of malaria
control programmes contributing to a vi-
cious circle of poverty and disease [5].
Global programmes to reduce the burden
of malaria, therefore, must generate coher-
ent policies that are closely linked to a fight
against poverty.

Diagnosis
Cost-effective interventions require afford-
able methods for the rapid and accurate di-
agnosis of malaria to ensure prompt and
effective treatment. Although microscopy
still remains the gold standard due to its
cost, specificity and sensitivity (50 para-
sites/mL blood) when done by a highly
skilled technician, several methods have
been developed for the detection of pro-
teins produced by the malaria parasite dur-
ing development and multiplication [6,7].
Dipstick methods based on immunochro-
matography for the detection of three para-
site proteins, P. falciparum histidine-rich
protein 2 (HRP2), P. falciparum lactate de-
hydrogenase (pLDH) and plasmodium al-
dolase, use monoclonal antibodies that
specifically recognize these proteins [8–
10].

The addition of a non-species specific
pLDH antibody allows the differentiation of
P. falciparum from non-P. falciparum in-
fections [10,11]. P. falciparum HRP2 can

be detected with methods such ParaSight F
(Becton Dickinson, Franklin Lakes, New
Jersey, United States of America), ICT Pf/
Pv (BINAX, Portland, Maine, USA),
Paracheck-Pf (Orchid Biomedical System,
Goa, India) and OptiMAL method for the
detection of pLDH (DiaMed, Cressier sur
Morat, Switzerland) [10,12]. Of these, Op-
tiMAL and ICT Pf/Pv offer the possibility
of detection of non-P. falciparum infec-
tions by the simultaneous use of a P. falci-
parum specific pLDH antibody and a
panspecific pLDH antibody (OptiMAL) or
the combination of a P. falciparum-specific
HPR-2 antibody with the panspecific anti-
aldose antibody (ICT Pf/Pv). A new proto-
type of the commercially available
ParaSight F + V method, FV99-2 (Becton
Dickinson), showed greater sensitivity than
the original in studies in Asia and South
America and is also able to detect P. vivax
infections [13]. The NOW® ICT (BINAX)
method, a new version of the ICT Pf/Pv,
showed improved performance over previ-
ous versions in Thailand [14]. These tests
are limited by differences in sensitivity and
specificity between non-endemic and en-
demic areas, high costs compared with mi-
croscopy and false positive results due to
the persistence of parasite proteins in the
circulation after parasite clearance, occa-
sional failure to detect high parasite densi-
ties and interbatch variability [6,10].

Polymerase chain reaction (PCR) meth-
ods are very sensitive (< 5 parasites/µL
blood) and useful for species differentia-
tion, but cannot be used in remote areas,
are expensive and can give false positive
results due to the persistence of DNA in the
circulation despite parasite clearance [10].
Gene amplification methods using microto-
tal analysis systems are in development for
use in environments that lack infrastructure
and could be cheaply mass-produced [7].
Whether these new technologies will im-
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prove upon existing methods remains to be
seen.

Control of transmission
The Roll Back Malaria Programme empha-
sizes the introduction of insecticide treated
bednets in Africa for vector control and the
target is a 30-fold increase in treated bed-
net use in the 5 years from 2002. Despite
the initial suggestion that measures that re-
duce parasite transmission in highly en-
demic areas may lead to a change in both
the clinical spectrum of severe disease and
the overall burden of severe malaria mor-
bidity by reducing the level of immunity,
the benefits of the introduction of insecti-
cide treated bednets have been clearly dem-
onstrated by a reduction in morbidity and
mortality that is independent of the level of
malaria transmission [15,16]. Use and will-
ingness to purchase insecticide treated bed-
nets are determined by socioeconomic
status [17]. To increase coverage and re-
duce inequality in access to treated nets it
will be necessary to improve affordability
or provide this service free of charge as
part of an overall poverty reduction strate-
gy [18,19]. Several programmes are under
way to expand insecticide treated bednet
use involving the provision of sustained
subsidies, tariff reduction and synergy be-
tween public and private sectors [20]. Until
these financial issues are resolved, treated
bednet use will fail to fully benefit the most
needy. Residual insecticide spraying has
been as effective as treated bednets in re-
ducing malaria morbidity and mortality but
the nets remain the most cost-effective op-
tion [21].

Vaccines
Progress in malaria vaccine development
has been slow over the past 30 years partly
because the complexity of the parasite was
underestimated [22]. Current vaccine can-

didates include recombinant antigens de-
rived from pre-erythrocytic, erythrocytic
or asexual stages of the parasite that have
limited efficacy in clinical trials. The only
vaccine strategy that has provided a high
level of protection against homologous and
heterologous challenge (> 90%) of 10.5
months duration was the immunization of
human volunteers with the bites of irradiat-
ed mosquitoes [23].

A recent initiative to produce sporozoi-
tes in large scale for vaccination has met
with scepticism [24,25]. The initiative is
appropriate given the limited protection
(40%–70%) that most recombinant vac-
cine candidates have afforded in different
trials but the logistical barriers are probably
insurmountable. The most promising pre-
erythrocytic recombinant vaccine candi-
date based on the fusion of hepatitis B
surface antigen DNA to DNA encoding the
circumsporozoite protein RTS,S only af-
forded 30%–60% protection in human vol-
unteers and 47% in semi-immune adults in
the Gambia [26,27]. Other strategies in-
volve a heterologous prime boost immuni-
zation in which a circumsporozoite protein
DNA vaccine (VCL-2510) is followed by
RTS,S [28]. Pre-erythrocytic vaccine can-
didates following this approach and under
initial safety clinical evaluation include mul-
tiple epitope-thrombospondin related adhe-
sion protein (ME-TRAP) [27].

Erythrocytic stages are being targeted
by vaccination with recombinant merozoite
surface proteins (MSP-1, MSP-2 and
MSP-3) and glutamate rich protein
(GLURP) as invasion blocking vaccines.
However, the protection achieved in several
clinical studies in different malaria trans-
mission areas using MSP-1 or the MSP-1
containing synthetic SPf66 peptide has
been rather low. Blocking sequestration by
immunization with P. falciparum erythro-
cyte membrane protein-1 (PfEMP1) is at
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an early experimental stage. Transmission
blocking vaccines involving the recombi-
nant gametocyte antigens, Pfs25, are not
yet under clinical evaluation [27]. It is clear
that the development of new and safe adju-
vants could potentially improve the effica-
cy of vaccination.

Drugs
The Roll Back Malaria strategy for prompt
and effective treatment is a critical factor
to reduce mortality due to untreated P. fal-
ciparum infections in Africa. Particular at-
tention has been given to artemisinin-based
combination therapies (ACT) to improve
clinical efficacy and to delay the develop-
ment of resistance. Implementation of this
policy is hampered by the varying levels of
drug resistance in each country, by the high
costs of artemisinin and its derivatives and
by the lack of adequate funding for ACT
from the Global Fund to countries in which
other treatment options are already ineffec-
tive [20,29]. Of particular importance is the
provision of effective treatment for preg-
nant women and, although no evidence of
adverse effects has been documented, fur-
ther studies on the safety and efficacy of
the use of ACT as part of intermittent pre-
ventive therapy in the first trimester of
pregnancy in areas where there is sulfadox-
ine-pyrimethamine resistance are a priority
[30,31]. Intermittent preventive treatment
of children during the first year of age with
sulfadoxine-pyrimethamine or amodiaquine
administered at the same time as routine
childhood vaccinations has been shown to
reduce the incidence of severe anaemia and
of clinical episodes of malaria significantly
[32].

The safety and efficacy of different
ACT for the treatment of malaria are being
evaluated mainly in Africa and include arte-
mether with lumefantrine, artesunate with
mefloquine, artesunate with sulfadoxine

and pyrimethamine, artesunate with amodi-
aquine, dihydroartemisinin with mefloquine
and artesunate with atovaquone and
proguanil [33] and more recently Lapdap
[chlorproguanil/dapsone plus artesunate
(CDA)] [34]. Because ACT are considered
the most effective treatments for uncom-
plicated malaria in areas of multidrug resis-
tance, countries that have switched to ACT
as part of their malaria control programmes
should receive adequate funds. These
funds will need to increase substantially if
the Roll Back Malaria target to halve malaria
deaths by 2005 is to be achieved.

The limited efficacy of currently avail-
able antimalarials against drug resistant par-
asites has led to the recognition of the need
to invest in drug discovery. The main cur-
rent initiative to aid the discovery and de-
velopment of new and improved
antimalarial drugs is the Medicines for Ma-
laria Venture (MMV), a not-for-profit pub-
lic and private partnership that aims to
produce a new drug every 5 years. Current
drugs at different stages of development
funded by MMV include: OZ 277, a new
synthetic peroxide; artemisone, a semisyn-
thetic endoperoxide; isoquine, an improved
aminoquinoline; intravenous artesunate for
severe malaria; pyronaridine-artesunate
combination; paediatric artemether with
lumefantrine; DB289, a dicationic molecule
based on the activity of pentamidine to treat
African sleeping sickness; and dihydroarte-
misinin–piperaquine combination [34].

The desired profile of new antimalarials
is an oral curative treatment in 3 days of
multidrug-resistant malaria at low cost that
is safe for use in children and pregnant
women [35]. Currently twelve MMV fund-
ed discovery projects are in exploratory,
lead identification and/or optimization stag-
es against different P. falciparum targets
that must meet the desired profile. Current
discovery projects include: glyceraldehyde-
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3-phosphate dehydrogenase inhibitors
(GAPDH); fatty acid biosynthesis inhibi-
tors (FAB 1 and FAS II); peptide deformy-
lase inhibitor (PDF); cysteine protease
inhibition (falcipains); dihydrofolate reduc-
tase inhibitor; protein farnesyltransferase
inhibitors (Pf-PFT); manzamine alkaloids;
pyridones; new dicationic molecules; novel
tetracycline derivatives; and 8-aminoquino-
lines [34]. Although the process from drug
discovery to deployment can take at least
10 years, the identification of new drug tar-
gets through the malaria genome and the
commitment from academia and the phar-
maceutical industry will undoubtedly speed
up this process [35].

Leishmaniasis
Leishmaniasis is a disease complex with
cutaneous and visceral manifestations
caused by over 17 species of the protozoan
Leishmania parasite. An estimated 12 mil-
lion humans are infected and the incidence
is 0.5 million cases of the visceral form of
the disease and 1.5–2.0 million cases of the
cutaneous form of the disease. These fig-
ures are probably underestimated because
leishmaniasis is a reportable disease in only
40 of 88 endemic countries worldwide
[36].

In the Region, visceral leishmaniasis
(VL) is caused by both L. infantum and L.
donovani and cutaneous leishmaniasis
(CL) is caused by L. major, L. tropica and
L. aethiopica. Increasing risk factors for
leishmaniasis include urbanization, extend-
ed agricultural projects and civil unrest
[37]. The epidemics of anthro- ponotic VL
from L. donovani in the Southern Sudan
and CL in Afghanistan from L. tropica have
been associated with civil unrest. The in-
crease of patients with L. infantum and
HIV co-infection in the Region has brought
about a new threat. The 2 infections exac-

erbate each other and the disease becomes
more difficult to treat and can be transmit-
ted by needles shared by drug users
[38,39].

Diagnosis
Good diagnosis underpins understanding of
disease prevalence, impact and control.
Despite attempts to introduce PCR and oth-
er molecular techniques into the diagnosis
of CL, direct microscopy of tissue biopsies
or biopsy culture techniques remain the
most accessible and widely used for this
disease [40]. For VL, invasive spleen or
bone marrow biopsy methods might be re-
placed by serological methods that detect
antibodies, for example DAT (using freeze
dried antigen), the K39 plasma dipstick (us-
ing recombinant antigen, now commercial-
ly available), or for antigens using the urine
dipstick Katex test [41]. The sensitivity and
specificity of some of these methods have
been recently compared; the antigen test
offered some advantages as antibody re-
sponses could be variable, especially in HIV
co-infections, and present among the as-
ymptomatic or treated and cured [42].

Drugs
Despite recent improvements, there re-
mains a limited number and type of drugs
available for the treatment of leishmaniasis.
The standard pentavalent antimonials, sodi-
um stibogluconate and meglumine antimo-
niate, for both the visceral and cutaneous
forms of the disease require long courses
by parenteral administration and have vari-
able efficacy. Two important issues regard-
ing antimonials have been drug resistance
and cost. A generic formulation of sodium
stibogluconate manufactured in India, for
example, has been as effective as the prod-
uct from western companies at 1/14th of
the price. In Bihar state, India, north of the
Ganges, up to 60% of VL cases failed to
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respond to antimonial treatment [43]. Tests
on isolates of L. donovani from patients
who did and did not respond to antimonials,
suggest that this is acquired resistance to
antimonials [44].

The second-line drugs, amphotericin B
and the less frequently used pentamidine,
have the additional problem of toxicity.
Amphotericin B has been a standby during
this developing crisis of antimony resis-
tance [45]. A liposomal formulation of am-
photericin B, AmBisome® (Gilead, Great
Abington, United Kingdom) has proved to
be an excellent treatment for VL and signif-
icantly less toxic than the parent drug, but
is far too expensive for use in developing
endemic countries, even in a single dose
treatment [46]. Improved treatment has
come through the development of the first
orally available drug for VL, miltefosine. In
a series of trials, this drug at doses of 100
mg for 28 days achieved a 94% cure rate,
including cure of antimony resistant cases
[47]. Miltefosine was registered for treat-
ment of VL in India in March 2002. Another
oral drug for VL, the 8-aminoquinoline sita-
maquine, is also in clinical development. Fi-
nally, the aminoglycoside paromomycin
has proved effective in phase II trials and is
now in phase III trials in India [48]. VL and
HIV co-infection is difficult to treat with a
greater than 60% failure rate following
treatment with most anti-leishmanial drugs
used either alone or in combination [38].
Highly active antiretroviral therapy
(HAART) has some effect on the relapse
rate [49].

For CL, a number of uncontrolled clini-
cal trials have suggested that antifungal
azoles, for example, itraconazole and flu-
conazole, have some efficacy. Other drugs,
e.g. oral miltefosine, have also been tried
[50]. There remains an interest in the devel-
opment of topical formulations offering im-
proved compliance and reduced cost for

treatment of simple CL. The paromomycin
(12% with methyl benzethonium chloride)
formulation was most successful, although
it was more irritating than a paromomycin
formulation containing urea that has been in
trial in the Islamic Republic of Iran and Tu-
nisia [51]. Another approach has been the
use of drug combinations of a standard
pentavalent antimonial with an immuno-
modulator, most recently with a topical for-
mulation of imiquimod, an antiviral
formulation marketed as Aldara (3M Health
Care Ltd., Loughborough, United King-
dom) [52].

Vaccines
The success of leishmanization using a live
vaccine, which has been a successful mea-
sure in control of CL in the Region, raises
ethical issues. However, this practice con-
tinues in the absence of defined protein
vaccines. Many believe that parasite persis-
tence is required to produce immunity and
the Islamic Republic of Iran is producing
batches of L. major vaccine candidates un-
der internationally accepted Good Manu-
facturing Practises (GMP). Considerable
progress has been made in the production
of protein vaccines, both in the production
of recombinant peptides and the identifica-
tion of suitable adjuvants such as CpG oli-
gonucleotides. However, neither VL nor CL
candidates have yet reached the clinical tri-
al stage [53].

Control of transmission
The female sandfly vector (Phlebotomus
spp.) has traditionally been controlled by
insecticide spraying, recently with pyre-
throids used in household spraying. Some
sandflies feed indoors where bednets sig-
nificantly reduce transmission, e.g. in Ne-
pal, where a 70% reduction in likelihood to
develop VL was reported. More recently,
pyrethroid-impregnated bednets were used
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in the Islamic Republic of Iran, the Syrian
Arab Republic, Afghanistan and the Sudan;
all showed reductions in cases of CL. An-
other approach has been to control the res-
ervoir, both in the destruction of rodent
habitats for CL and dogs for VL. Insecti-
cide dipping or application to dogs has been
used but pyrethroid impregnated dog-
collars have some of the best long-lasting
effects, reducing the odds of infection in
both dogs and children in a trial in the Is-
lamic Republic of Iran [54].

Human African
trypanosomiasis
In the past 20 years there has been a resur-
gence in cases of human African trypano-
somiasis (HAT, or sleeping sickness) in
sub-Saharan Africa, with an estimated
300 000–500 000 people infected [55,56].
The majority of cases have been in Angola
and the Democratic Republic of the Congo,
and within the Eastern Mediterranean Re-
gion, in southern parts of Sudan. Two Try-
panosoma brucei sub-species cause HAT,
the anthroponotic T. brucei gambiense that
causes the more frequent chronic disease
in West and Central Africa and the zoonotic
T. brucei rhodesiense that causes the more
acute disease in East Africa. Although the
course of the diseases caused by the two
parasites is different, both forms of HAT
are characterized by an initial haemo-
lymphatic stage, followed by a second cen-
tral nervous system stage when the para-
sites have crossed the blood-brain barrier.
In the southern Sudan there appears to be
an overlap of the sub-species [57].

Diagnosis
Early diagnosis is an important part of the
control of HAT. Although parasites can ini-
tially be detected in the blood and lymph,
parasite numbers decrease as the disease

progresses and more sensitive diagnostic
methods are required. In addition, sub-
species cannot be distinguished morpho-
logically. In addition to the traditional meth-
ods of direct microscopy, there are several
serological tests including the well-tried
card agglutination test for trypanosomiasis
(CATT). The card agglutination test can
detect asymptomatic cases, but there are
problems of false-positives due to other in-
fections and variable levels of signal that
make interpretation difficult [58]. A recent
paper shows that the technique of prote-
omic signature analysis is highly specific
(100%) and sensitive (98%) when applied
to blood samples of HAT cases from Ango-
la [59]. Although the technique relies upon
expensive equipment and will not be useful
in rural Africa, novel protein indicators of
disease have been identified that could lead
to new simpler diagnostic techniques.

Vaccines
The antigenic variation of bloodstream
form T. brucei trypomastigotes has been a
barrier to the development of vaccines. Al-
though research has greatly advanced the
understanding of the molecular basis of
antigen switching and the 1000 genes re-
sponsible for encoding variable surface
glycoproteins, a vaccine is unlikely in the
near future [60].

Drugs
Treatment of HAT has remained unchanged
for over a decade. In 2001 an agreement
was reached between WHO and Médecins
sans Frontières (MSF) and the pharma-
ceutical companies Aventis and Bayer to
maintain the manufacture and supply for 5
years of pentamidine, suramin, melarso-
prol, nifurtimox (for further clinical trials)
and eflornithine [61]. Recent studies with
melarsoprol have focused on shorter treat-
ment regimes. Eflornithine was registered
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for use in 1990 for second stage T. brucei
gambiense disease (but is ineffective
against T. brucei rhodesiense) and its po-
tential use in oral dosing regimes and in
combinations has been studied [62,63].

The only new drug on or near to clinical
trial is the diamidine derivative DB289, a
pro-drug that can be orally administered. It
is currently in Phase II trials for first stage
disease in the Democratic Republic of the
Congo [61]. Future studies are likely to fo-
cus on drug combinations. There are con-
cerns about the high rate of treatment
failures to melarsoprol (up to 30% was re-
ported in northern Uganda) but the basis
for the resistance is unclear. However, the
spectre of the T. brucei rhodesiense reser-
voir in cattle that is resistant to veterinary
trypanocides with cross-resistance to hu-
man drugs has raised concern in some
quarters about another source of resistant
parasites [57].

Vector control
Insecticide use has been open to criticism
because of its environmental impact, but
with focussed spraying of tsetse fly resting
sites this approach is still successful and
will continue to play a part in disease con-
trol although eradication is unlikely [64].

Schistosomiasis
Infecting some 200 million people world-
wide, human schistosomiasis is a chronic
disease caused by infection with one of 5
species of parasitic trematodes of the fam-
ily Schistosomatidae—Schistosoma hae-
matobium, S. intercalatum, S. japonicum,
S. mansoni, and S. mekongi. In the Region,
2 species are found: S. haematobium and S.
mansoni. The former, which causes uri-
nary schistosomiasis, is transmitted by Bu-
linus spp. snails, which inhabit less
permanent water bodies, because they pre-

fer in their lifecycle a period of aestivation
in mud, during a dry season. The latter is
transmitted by Biomphalaria spp. snails,
which are aquatic snails that thrive in irri-
gation canals and along lakeshores, and
causes intestinal schistosomiasis. Many in-
dividuals infected with schistosomes also
harbour multiple helminth infections, in-
cluding soil-transmitted helminths like As-
caris lumbricoides, Trichuris trichiura and
hookworm.

The first obvious clinical sign of S. hae-
matobium infection is blood in the urine;
for intestinal schistosomiasis, it is blood in
stool. A consequence of the deposition of
schistosome eggs in mucosae and tissues,
the clinical and life-threatening complica-
tions of schistosomiasis include bladder
cancer or serious kidney malfunction in S.
haematobium infection and severe compli-
cations of the liver and spleen in intestinal
schistosomiasis. In addition to these clini-
cal complications, it is becoming increas-
ingly appreciated that the effects of
infection are worse than previously thought
and that schistosomiasis, as well as soil-
transmitted helminths, exerts subtle, yet
significant, insults on the growth, educa-
tion and productivity of individuals [65].
For example, intense schistosome infection
in children may result in poorer short-term
memory and slower reaction times and
heavy burdens of schistosome infection
can be associated with reduced growth
[66,67].

Prospect of control
Control programmes have shown that
much clinical morbidity associated with
schistosomiasis can be reversed and pre-
vented through repeated and regular che-
motherapy [68–71]. Several controlled
trials have shown that treatment may also
have a positive effect on growth and cogni-
tion [72,73]. In addition, many challenges
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relating to large-scale control have been
overcome. For example, teachers and other
non-health professionals can distribute an-
thelmintic drugs effectively to school-age
children with minimal training [74]. Mass
drug administration has been simplified by
the use of a ‘dose pole’ that determines the
correct dose from a child’s height and a
questionnaire of self-reported blood in
urine that accurately, rapidly and inexpen-
sively identifies high-risk communities
[75–77]. At present, the use of reported
signs and symptoms for screening of S.
mansoni, however, has been only moder-
ately successful and there remains a need
for alternative approaches to be evaluated
and validated.

Against this background, in 2001 the
54th World Health Assembly passed a reso-
lution urging Member States to provide
regular drug treatment to high-risk groups.
In support of this important milestone in
helminth control, WHO set a global target
of regularly treating at least 75% of all
school-age children. This goal has been
given added impetus with the recent influx
of major new sources of funding, notably
from the Bill and Melinda Gates Founda-
tion, which has, for example, supported the
Schistosomiasis Control Initiative. The
Schistosomiasis Control Initiative works
with national governments and partners to
ensure that treatment is available for at-risk
groups in sub-Saharan Africa [78]. Jointly
launched by the United Nations Education-
al, Scientific and Cultural Organization
(UNESCO), the United Nations Children’s
Fund (UNICEF), WHO and the World
Bank, the Focusing Resources on Effective
School Health (FRESH) initiative also sup-
ports drug delivery through schools.

Diagnosis
The most commonly used method for par-
asitological diagnosis of schistome infec-

tion is the detection of distinctive parasites
in the faeces (S. mansoni) or urine (S. hae-
matobium). Diagnosis can also be made on
the detection of schistosome-specific anti-
bodies [79,80]. The two most commonly
employed immunological markers are cir-
culating anodic antigens (CAA) and circu-
lating cathodic antigens (CCA), using
various assay methods. Recent results have
suggested that ELISA-based detection of
egg antigens offers a highly sensitive and
specific method of diagnosis. Finally, the
potential of PCR for detecting schistosome
DNA in faecal matter is also being investi-
gated [81]. For the assessment of morbidi-
ty, ultrasonography is a safe, rapid, non-
invasive technique that enables clinical
complications, such as hydronephrosis,
bladder cancer and portal hypertension, to
be easily assessed and the course after
therapy to be monitored [68,71].

Drugs
Its broad spectrum of activity, excellent
safety profile and high therapeutic efficacy
means that praziquantel is the current drug
of choice for the treatment of schistosomi-
asis [82,83]. Other drugs recommended in
the treatment of schistosomiasis include
metrifonate, which is active against S. hae-
matobium and oxamniquine, which is ef-
fective against S. mansoni. Recently,
however, the price of praziquantel has fall-
en considerably and because the price of
oxamniquine has not decreased, praziquan-
tel is replacing it. The decreasing demand
for oxamniquine might stop oxamniquine
production, as it already has for metri-
fonate.

The planned widespread use of praziqu-
antel in human populations has raised con-
cerns of the potential of drug resistance
[84]. Recent lower than normal cure rates
of S. mansoni infections in Senegal are
probably due to very high re-infection rates
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with a relatively high number of developing
immature parasites not susceptible to prazi-
quantel rather than resistance per se [85].
Certain schistosome isolates, nonetheless,
may be less susceptible to praziquantel
[86]. Despite the lack of conclusive evi-
dence of drug resistance in humans, there
remains a need for rigorous monitoring and
surveillance of drug efficacy in ongoing
control programmes, along with improved
knowledge of the mechanisms of resis-
tance [84,86].

If praziquantel resistance develops,
there will be new demands for anti-schisto-
somal drugs. Recently, artemisinin deriva-
tives have been therapeutic against
immature schistosomes and have been suc-
cessful in clinical trials for S. japonicum in
China [87]. Results from a randomized trial
of artemether for chemotherapy against S.
mansoni and S. haematobium show that a 6
mg/kg dose had protective efficacies of
50% and 25%, respectively [87,88]. A
combination of praziquantel and artemether
would be effective against all stages of the
parasite in the human host [87]. However,
artemether is expensive and widespread
use of artemether in malarious regions
would be unsuitable as it might contribute
to the development of artemether resistant
Plasmodium spp. Investigations are also
under way to investigate the efficacy of
praziquantel in combination with oxam-
niquine. Recent studies in Egypt have in-
vestigated the efficacy of Mirazid (Pharma,
Alexandria, Egypt), an extract from the
plant Commiphora molmol, or myrrh, in
the treatment of schistosomiasis, but more
clinical trials and laboratory studies are
needed to adequately assess therapeutic ef-
ficacy [89].

Vaccines
Initial evidence that a human schistosomia-
sis vaccine might be possible was based on

multiple lines of converging evidence in-
cluding radiation-attenuated vaccines in ex-
perimental models and the occurrence of
naturally acquired immunity in humans
[90–92]. However, initial optimism stem-
ming from the identification in the 1980s of
the first vaccine candidate antigens that
gave protection in animals faltered after
disappointing results of independent trials
of WHO designated schistosome vaccine
candidates. These included the S. mansoni
antigens paramyosin (Sm97), glutathione-
S-transferase (Sm28), a fragment of myo-
sin (rIrV5), triose-phosphate isomerase
and the tegumental molecules Sm23 and
Sm14. Unfortunately, none achieved suffi-
cient levels of protection to proceed to
phase III trials and the last decade has seen
fewer new antigens identified [93]. Inter-
estingly, experimental studies using attenu-
ated vaccines have recently suggested that
antigens relevant for the induction of im-
munity in this model are expressed by
schistosomula during their migration from
the skin to the lungs, and although such
vaccines cannot be used in humans, they
do provide a useful future paradigm for fu-
ture research [94,95]. Other approaches
under current investigation are the use of
DNA vaccines [96]. Whereas the study of
other parasites has benefited from the revo-
lution in genomics and bioinformatics, the
study of the schistosome genome has
lagged behind. However, several new initia-
tives have been launched that hold promise
for future vaccine development, including
the use of genome sequencing, proteomics
and micro-arrays [97].

Control of transmission
Although drug treatment and any future
vaccines will help reduce disease due to
schistosomiasis, they will not limit the re-
infections that rapidly occur in endemic
populations. Consequently, chemotherapy
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must be combined with transmission con-
trol efforts. Mollusciciding, commonly
through the use of niclosamide, to kill inter-
mediate host populations was previously
used, but its prohibitive cost, potential envi-
ronment-damaging effects and the occur-
rence of resistance have limited its
widespread use today. Other methods in-
cluding environmental modifications and
biological control have limited applicability.

Undoubtedly sanitation and hygiene are
essential for the long-term control of schis-
tosomiasis. The length of time required for
sanitation to improve and behaviour to
change necessitates a need for a quick-

acting, medium-term measure to control
helminth infections, namely chemotherapy.
Health education programmes and im-
provements in water and sanitation sys-
tems are necessary to ensure the
sustainability of current drug programmes
[98].
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