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Review Article

Anthelminthic agents: some recent developments and their
clinical application*

G.C. Cook

Department ofClinical Sciences, Hospitalfor Tropical Diseases, St Pancras Way, London, NW] OPE, UK

Introduction

Until the 1960s, the chemotherapy of human
intestinal and systemic helminthiases was ex-
tremely unsatisfactory;' piperazine compounds,
bephenium hydroxynaphthoate and pyrantel em-
bonate were, for example, widely used for the
former, and diethylcarbamazine (DEC), niridazole,
and bithionol for the latter. Table I summarizes
some important agents which have recently become
available. The first of the benzimidazole com-
pounds, thiabendazole (which had formerly been
widely used in veterinary medicine and which has
many undesirable side effects) was introduced into
clinical medicine in the early 1960s; others soon
followed, and the most recently introduced is
albendazole. This group of compounds is of value
in the management ofmany intestinal and systemic
nematode infections.24 Praziquantel (introduced
during the 1970s) has proved of immense value in
many cestode and trematode (fluke) infections;
numerically it has been most extensively used in the
human schistosomiases.2'3'5'6 Ivermectin, which had
also been widely used in veterinary medicine first
became available in clinical medicine in the early
1 980s;78 as well as being effective in a wide range of
intestinal nematode infections it has proved to be a
valuable and safe microfilaricidal agent in oncho-
cerciasis (see below).

In addition to these 3 agents, oxamniquine and
metriphonate have been introduced into clinical
medicine for Schistosoma mansoni and S. haemato-
bium infections, respectively (see below). They have
the advantage that in most countries they are

cheaper than praziquantel; however, both are
species specific and the latter compound is often
cheaper to administer, overall, in areas where
mixed S. mansoni and S. haematobium infections
are common.

The benzimidazoles

Table II summarizes the helminthiases which are
susceptible to this important group ofcompounds.
Clinical application has mostly been in the context
of intestinal, and to a lesser extent systemic,
nematode infections;4 recently, use in some sys-
temic cestode infections has also received a great
deal of attention (see below). Success rates ofup to
100% have been documented in small-intestinal
(hookworm, Ascaris lumbricoides, and Strongy-
loides stercoralis) and colorectal (Trichuris trichiura
and Enterobius vermicularis) infections.9`" A high
degree of efficacy has also been reported in Capil-
laria philippinensis infection.'2"3 Two recent out-
breaks of trichinellosis (trichinosis) - a systemic
nematode infection - in France, which were caused
by ingestion of infected horse-meat, apparently
responded satisfactorily to albendazole.'4 Recent
unpublished evidence from Thailand indicates a
good response in Gnathostoma spinigerum infec-
tion.4 While cutaneous larva migrans is rapidly
cured with albendazole chemotherapy, visceral
larva migrans responds far less favourably (see
below).
The usual daily dose(s) of the benzimidazole

compounds in the intestinal nematodiases is:4
mebendazole 100 mg twice daily (3-4 days), alben-
dazole 400 mg daily (1- 3 days), and thiabendazole
1.5 g twice daily for 3 days; longer courses have
been used for C. philippinensis infection.
Significantly higher doses (and longer regimens)
are recommended for systemic nematodiases, and
this applies especially to mebendazole - which is
poorly absorbed from the small-intestine.

*Based on a paper read at a Tripartite meeting on
'Tropical diseases, immunity and chemotherapy'
organised by The Royal Society of Tropical Medicine &
Hygiene, the Society for Drug Research, and the Society
ofPharmaceutical Medicine, held on 31 st May 1990 at the
Royal Postgraduate Medical School, London
Correspondence: G.C. Cook, M.D., D.Sc., F.R.C.P.,
F.R.A.C.P., F.L.S.
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ADVANCES IN ANTHELMINTHIC AGENTS 17

Table I Anthelminthic agents (including cost in the UK) introduced into clinical
medicine in the 1960s and after

Cost of treatment
Chemotherapeutic agent Manufacturer in the UK

Thiabendazole (MSD) 9 x 100mg
£0-78 (+ VAT)

Benzimidazoles Mebendazole (Janssen) 6 x 100mg
El1-57 (+ VAT)

Albendazole* (SKB)
Praziquantel (Bayer) 6 x 100mg

£l1-75 (+VAT)
Ivermectin* (MSD)
Oxamniquine (Pfizer) 8 x 250mg

£4-85 (+ VAT)
Metriphonate* (Bayer) -

*Named patient basis only; not readily available in the UK.

Table II Some human helminthic infections which are susceptible to one or more of the benzimidazole
compounds

Helminth Thiabendazole Mebendazole Albendazole

Intestinal nematodes:
hookworm + + +
Ascaris lumbricoides + + +

Small-intestinal Strongyloides stercoralis + - +
Capillaria philippinensis + +
Angiostrongylus costaricensis

C eTrichuris trichiura + + +Colorectal lEnterobius vermicularis + + +

Systemic nematodes:
Trichinella spiralis + + +
Gnathostoma spinigerum + + +
Angiostrongylus cantonensis +
cutaneous larva migrans + + +
visceral larva migrans + +
Onchocerca volvulus +

Systemic cestodes:
Echinococcus granulosus + +
E. multilocularis + +
neurocysticercosis

(Taenia solium) - +

+, Good evidence exists for efficacy; -, present evidence indicates that this agent is ineffective.

Praziquantel

Table III summarizes those helminthiases which
are susceptible to this compound. Prior to its
introduction into clinical medicine in the 1970s, the
management of human cestode and trematode
infections was difficult. Intestinal cestodes - Taenia
solium, T. saginata, Diphyllobothriwn latum, Dipy-
lidium caninum, and Hymenolepis nana - all res-
pond to a single dose of praziquantel 10-25 mg/
kg.6"15"16 However, intestinal trematode infections

require a higher dose-regimen; in the case of
Fasciolopsis buski and Heterophyes heterophyes
25 mg/kg three times on a single day is usually
effective.6 This compound also gives satisfactory
results in tissue trematode infections: Clonorchis
sinensis, Opisthorchis sp., 1718 and Paragonimus
sp.;'9 a satisfactory dose-regimen consists of25 mg/
kg three times daily for 1-2 days.6 This is in fact,
the first satisfactory chemotherapeutic strategy in
pulmonary paragonimiasis,'920 a parasitosis which
is usually caused by ingestion of P. westermani-
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18 G.C. COOK

Table III Some human helminthic infections which are susceptible to
praziquantel

Intestinal cestodes: Taenia solium
T. saginata
Diphyllobothrium latum
Dipylidium caninum
Hymenolepis nana

Systemic cestodes: Taenia solium (cysticercosis)
Systemic trematodes: Schistosoma mansoni

S. haematobiwn
S. japonicum
S. mekongi
S. intercalatum

Biliary and pulmonary trematodes: Clonorchis sinensis
Opisthorchis sp.
Paragonimus sp.

Intestinal trematodes: Heterophyes heterophyes
Fasciolopsis buski

infected shell-fish in south-east Asia.
The major impact ofpraziquantel chemotherapy

has, however, undoubtedly been related to schis-
tosomiasis,21 a parasitosis which is becoming in-
creasingly common in the 'Third-World' countries
of Africa, southern America and the Middle-east;
one estimate puts the number of infected individ-
uals at 200 million, ofwhom 100 million suffer from
hepatosplenic disease. Numerous reports have now
documented impressive results in S.
haematobium,22'23 S. mansoni24-26 and S. japoni-
cum27 infections. Of all the schistosomicides which
have been produced to date, it offers the most
attractive combination of efficacy, broad-spectrum
activity and low toxicity. Unlike the formerly used
agents, there is now good evidence that prazi-
quantel reduces hepatosplenomegaly and portal
hypertension in schistosomiasis;28 ultrasono-
graphic studies also indicate a reduction in Sym-
mer's pipe-stem fibrosis.29 Although an improve-
ment in the bladder-lesions of S. haematobium
infection has been documented, praziquantel does
not, unfortunately, reverse the obstructive features
associated with this infection - hydroureter and
hydronephrosis.30 Recommended dose regimens
vary for the different species; in S. haematobium
and S. intercalatum infections 40 mg/kg as a single
dose is usually effective, whereas there is good
evidence with S. mansoni, S. japonicum and S.
mekongi infections that 20 mg three times daily
during a single day gives superior results.6 Side
effects associated with praziquantel administration
are almost always mild;3' fits have been docu-
mented rarely.32

Ivermectin

The slow recognition of the value of ivermectin in
clinical medicine, which followed extensive use in

veterinary medicine over many years represents an
excellent example of the low level of cooperation
between these two major disciplines, and a lack of
extrapolation in application of chemotherapeutic
regimens from animals to man. Following its
introduction in 1983,7 it was rapidly shown to be
active against the intestinal nematode infec-
tions.33'34 However, a far more important observa-
tion was that Onchocerca volvulus microfilariae are
also highly susceptible to its action; when admini-
stered at a dose of 100-200 fig/kg it exerts a
microfilaricidal action which lasts for 6-12
months.35-41. Annual re-treatment must be pro-
vided, however, until the adult worms are dead.
Furthermore, the severe side effects - manifested in
both anterior and posterior chambers of the eye -
which were associated with the formerly used
compound DEC (2-3 mg/kg three times daily for
21 days) are very unusual.42-47 Those reactions
which have been reported are ofminor importance;
the most common is a temporary aggravation of
pruritus and rash. (When macrofilaricidal activity
is required, suramin is still used but has potentially
serious side effects.)

Oxamniquine and metriphonate

The advantage of these two agents over prazi-
quantel is one of cost (Table I). Many studies have
compared the efficacy ofoxamniquine (a quinolone
compound) with praziquantel in S. mansoni infec-
tion; most document comparable cure-rates and
similar rates of reduction in the faecal egg-
excretion.45' The optimal dose-regimen varies
with the geographical region in which the S.
mansoni infection was acquired. Rarely oxamni-
quine produces fever and/or epileptic fits. A
significant problem has emerged, however - in
Kenya, Liberia and Brazil, there is evidence of
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ADVANCES IN ANTHELMINTHIC AGENTS 19

oxamniquine-resistant S. mansoni. Evidence that
metriphonate (an organophosphorous compound)
produces comparable cure-rates, and reduction in
urinary S. haematobium egg-excretion when com-
pared with praziquantel has also been produced.52
Because it reduces the plasma cholinesterase con-
centration it should be used with caution in individ-
uals who are likely to be frequently exposed to
organophosphorous insecticides.

Some outstanding problems for the 1990s

Table IV summarizes some of the human helmin-
thiases for which there is as yet no ideal chemo-
therapeutic agent, or regimen.

Systemic nematode infections

Unfortunately there are few published reports on
the use of ivermectin in the human filariases apart
from onchocerciasis (see above). Encouraging
results have, however, been documented (using
dose-regimens similar to those used for 0. volvulus
infection) in Loa loa infection in Gabon;53 unfor-
tunately, other studies have not confirmed these
observations.3 Mebendazole has been used but
with very limited success in loaiasis.5 Therefore,
DEC is still widely used as a microfilaricide. As
with onchocerciasis there is no satisfactory
macrofilaricide. There are no published reports of
the use of ivermectin in the lymphatic filariases;
apart from DEC, metriphonate 10-15 mg/kg
administered at 14 day intervals, is the only agent
which has been shown to produce a significant
reduction in the peripheral blood microfilarial
concentration. Although there is now some
evidence that DEC (and possibly metriphonate
also) has limited properties as a macrofilaricidal
agent; this requires further investigation. In
dracontiasis (guinea-worm disease) a satisfactory
chemotherapeutic agent simply does not exist; this
fact is reflected in the numerous regimens which
have been used - of which none is of proven

Table IV Some outstanding unsolved clinical problems
in the 1990s

Nematodes: The filariases
Toxocariasis
Strongyloidiasis
Angiostrongyliasis
Anisakiasis

Cestodes: Hydatidosis
Neurocysticercosis
Coenuriasis

Trematodes: Fascioliasis

efficacy. These include: metronidazole (400 mg
daily for 10-20 days), niridazole (25 mg/kg daily
for 10 days), thiabendazole (25 mg/kg daily for 3
days), and mebendazole (300-800 mg daily for 6
days).3

Toxocara canis (and T. catis) infection is impor-
tant in childhood; visceral larva migrans and more
importantly ocular larva migrans produce
significant morbidity, including blindness. The
infection(s) is conveyed by dog (and cat) faeces; this
is accidentally ingested whilst, for example, playing
in a public recreation ground.5" Recently, a clinical
trial comparing albendazole with thiabendazole
produced evidence that the former agent (10 mg/kg
daily for 5 days) is of value in toxocariasis;56
however, confirmatory evidence is required. Other
regimens which remain in use are: DEC (as for
filariasis), thiabendazole (25 mg/kg twice daily for
at least 5 days), and fenbendazole (250 mg twice
daily for 10 days).
A good deal of evidence has recently been

accumulated indicating that albendazole is at least
as effective as thiabendazole against intestinal S.
stercoralis infection (see above).457 However, its
use in the 'hyperinfection syndrome' (which is
usually associated with immunosuppression)3
seems less satisfactory. This syndrome consists of
widespread dissemination of larvae throughout
most, or all, organs; severe dyspnoea caused by
pulmonary infiltration, and paralytic ileus are
common accompaniments. In addition, the migrat-
ing larvae transfer enterobacteriaceae (from the
caecum and colon) to blood and central nervous
system and this results in a subsequent bacteraemia
and meningitis - the cerebrospinal fluid may in fact
contain both S. stercoralis larvae and coliform
bacteria. Unless satisfactory chemotherapy (which
should include a suitable antibiotic) is immediately
initiated as soon as a diagnosis is made, death
ensues. The most effective of the benzimidazole
compounds is probably cambendazole;5859 how-
ever, this agent has never been officially released for
human use. Thiabendazole (25 mg/kg twice daily
for 15 days) is of proven value; albendazole
(400 mg daily for 15 days) has been studied to a far
lesser extent. Ivermectin34 and cyclosporin A have
not been adequately evaluated.
Some of the other human nematode infections

also remain difficult to treat. Very few data exist on
Angiostrongylus costaricensis and A. cantonensis
(limited evidence suggests that thiabendazole is at
least partly effective), and Anisakis sp. infections
for example; with the latter infection (which is
acquired by ingestion ofraw or undercooked fish -
sushi and sashimi - and is common in Japan, and
can be contracted in fish-bars in the USA and
Europe), there is no satisfactory published evidence
on the efficacy of any anthelmintic agent.
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20 G.C. COOK

Systemic cestode infections

Although major advances have been made in the
chemotherapy of hydatidosis (caused by Echino-
coccus granulosus and E. multilocularis) and neuro-

cysticercosis (which results from a T. solium infec-
tion), ideal chemotherapeutic agents have not yet
emerged. Coenuriasis is of far less importance
numerically, but is clinically similar to neurocys-
ticercosis; here too, treatment remains unsatisfac-
tory.

Hydatid disease involves the liver in 60% of
cases, the lungs in 25% and other organs in 15%; in
approximately 80% of cases infection consists of a
solitary-cyst. In vitro evidence has clearly demon-
strated cyst penetration and protoscolecidal activ-
ity of albendazole (sulphoxide) in both E. granu-
losus and E. multilocularis infections.!"6' Problems
in assessing therapeutic efficacy in vivo include
difficulty in: (i) assessing cyst-viability before
chemotherapy, (ii) assessment of cure,3'62 and (iii)
comparison of small series63M, with different organ
involvement. Recently, Horton65 has reviewed the
results ofalbendazole chemotherapy in 253 cases of
E. granulosus and 35 of E. multilocularis infection;
these patients received 10-15 mg/kg daily for 30
days, and this 'cycle' was repeated after 14-15 days
at least 4 times. Whereas 72 of the 253 with E.
granulosus infection were subsequently considered
cured, 46 were unchanged, and 6 became worse; of
the 35 with an E. multilocularis infection, 2 were

cured, 25 were unchanged and 4 became worse.
While these results give room for optimism, they
provide no grounds for complacency. When sur-
gery is required, pre-operative albendazole chemo-
therapy (for one month) kills most protoscoleces
and probably renders the risk of recurrence
significantly less.466Recently, praziquantel (given
at high dose) has also been shown to possess
antiscolecidal action in vitro;61,67', this compound
has been used alone,69 in conjunction with alben-
dazole, and also in an intermittent (sequential)
regimen with the latter compound, but there are as

yet no published results of controlled trials. It
seems likely overall, however, that praziquantel
+ albendazole will prove to be superior to either of
those agents when used alone. (While an in vitro
study has suggested a superior effect when a

combination regimen is used,70 this was not borne
out by an experimental in vivo study71.)

Neurocysticercosis, like hydatidosis, was until
recently untreatable medically; surgery offered the
only approach in management. Praziquantel has
been widely used with considerable success in
neurocysticercosis during the last decade.3 72'73 It is
important, however, to give a corticosteroid 'cover'
to prevent the 'central nervous system reaction
syndrome' (which results from cyst-death); this
complication of chemotherapy causes significant

morbidity72 and occasional mortality. The usual
dose-regimen consists of 50 mg/kg daily for 15
days,3 and long-term follow-up studies have yield-
ed encouraging results.74 However, not all cases
respond well to praziquantel, and surgery is still
necessary in some cases: (i) intraventricular cysts,
(ii) chiasmatic cysts, (iii) spinal cysts, and (iv) when
chemotherapy has failed. Albendazole has also
been used in neurocysticercosis (15 mg/kg daily for
30 days), and has been claimed by some inves-
tigators to be more effective than praziquantel;75'76
however, comparative clinical trials suggest similar
success-rates using the two compounds.77 (Recent-
ly, a higher dose regimen, the safety of which is
untested: 20- 30 mg/kg has been used successfully).
Metriphonate (7.5 mg/kg daily for 5 days) has also
been used to good effect.3 Coenuriasis - which is
caused by T. multiceps - is an intestinal infection of
various carnivores, especially dogs; this cestode
occasionally produces human disease. Prazi-
quantel has been claimed to be effective; support
for this is limited however, and comes from the
successful treatment ofthis infection in a spectacled
langur.78

Systemic trematode infections

Overall, praziquantel has proved of great value in
intestinal and systemic trematode infections (see
above); however Fasciola hepatica responds poorly
to this agent.79'80 The benzimidazole compound,
triclabendazole (at a dose of 10 mg/kg) has recently
been used successfully;8' this observation requires
confirmation.

Conclusions

The last 2-3 decades have seen significant ad-
vances in the management ofhuman helminthiases.
The benzimidazoles, oxamniquine and metripho-
nate are sold at reasonable cost, and, with the
exception of the poorest Third-World countries,
are now widely available. Praziquantel remains a
relatively expensive chemotherapeutic agent in
most (but not all) countries. Albendazole, ivermec-
tin, and metriphonate are available but only on a
named-patient basis in the UK (Table I). Despite
these major advances, there are, however, several
nematode, cestode and trematode infections for
which safe and effective chemotherapy is still
required; meanwhile the older agents (and also
surgery) must still be employed.
An ideal broad-spectrum anthelmintic remains a

long way off. Such a compound would be: (i)
effective against all intestinal and systemic hel-
minths, (ii) 100% effective when given as a single-
dose, (iii) safe in pregnancy and infancy as well as in
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healthy adults, (iv) stable at high (and low) ambient
temperatures, and (v) low in cost.

There is, therefore, no room whatsoever for

complacency in the chemotherapy of human hel-
minthiases in the years ahead.
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