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Abstract

Both helminthiases and epilepsy occur globally, and are particularly prevalent in developing
regions of the world. Studies have suggested an association between epilepsy and helminth
infection, but a causal relationship is not established in many helminths, except perhaps with
neurocysticercosis. We review the available literature on the global burden of helminths, and the
epidemiological evidence linking helminths to epilepsy. We discuss possible routes that hel minths
affect the central nervous system of humans and the immunological response to helminth infection
in the central nervous system, looking at possible mechanisms of epileptogenesis. Finally, we
discuss the current gaps in knowledge about the interaction between helminths and epilepsy.
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INTRODUCTION

Epilepsy and helminths occur throughout the world, with the prevalence higher in poor
countries, particularly those in tropical regions. Helminths are parasitic worms, some of
which infest humans, and even a smaller proportion is associated with neurological
conditions, such as epilepsy. The importance of these organisms as a cause of epilepsy is
that they can be eradicated, and thus the burden of epilepsy may be significantly reduced. In
this review, we examine the possible association between helminth infection and epilepsy,
the pathogenesis of epilepsy in helminth infections, and estimate the possible burden of
epilepsy attributable to helminth infections. We do not discuss clinical presentation or
treatment of these infections, as these aspects have been reviewed recently?.

METHODS

We reviewed the literature detected by a search of PubMed for papers from 1966 to 13t
November 2008, including electronic early release publications. We only included papersin
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English and French, the languages understood by the authors. The search terms and results
of the search are outlined in Table 1.

HELMINTHS

Global Burden of Helminths causing neurological disease

Helminths can be divided into the two major phyla, namely the nematodes (which include
soil transmitted helminths and filarial species) and platyhelminths (flukes and tapeworms)
(Table 2). The distribution of helminth infections is heterogeneous and estimates show that
developing regions of the world have the highest prevalence of helminthiases. It is suggested
that 2.2 billion people are infected with a helminth, with the poorest bearing the brunt of the
burden, particularly school-aged children for undetermined reasons?. Most people harbour
these worms without overt symptoms, but it is increasingly recognised that many of these
worms cause subtle effects such as stunting, reduced physical fitness, and central nervous
system (CNS) involvement such as impaired memory and cognitiond.

Only afew helminths cause CNS manifestations (Table 2), some cause seizurest, but fewer
are associated with epilepsy. Neurocysticercosis, caused by 7. so/ium, is the best
documented, since it appears to be an important cause of epilepsy in South and Central
America, whereit is estimated to account for 30% of seizuresin some areas®. The
relationship between epilepsy and the other helminthsisless clear.

Immunology of Helminthiases

Helminths, with the exception of Strongloides species, do not replicate in humans, rather
humans act either as the definitive host (e.g. 7aenia species, Schistosoma sp.) in which the
adult worms produce eggs, with replication outside the human or as accidental intermediate
hosts ( Toxocara sp.). However, in most species the human CNS disease occurs when the
human acts as an intermediate host; in which the larval stages are associated with the CNS
pathology, whilst the adult worms are rarely involved.

Helminths induce both humeral and cellular responses, resulting in a delicate balance
between an immunological T-cell helper-1 (Thl) and Th2 response during the infection.
Although Thl responses are thought to be responsible for parasite destruction, the Th2
response is the predominant response, involved in an immunological cascade with increases
ininterleukins (IL) such asL-4, IL-5, IL-9, IL-10 and IL-13, induction of immunoglobulin
E (IgE), activation of eosinophils and mast cells, producing pathological changes®. In
particular, the Th2 response mediates the initial granulomatous formation, characteristic of
many chronic parasitic infections of the brain, and thus the Th2 response is thought to play a
role in epileptogenesis.®

Animal models of helminth infections of the brain

There are few animal models of helminth infections of the brain, particularly those that can
be used to study epileptogenesis. 7agria crassicepsproduces cysticerci in the peritoneum of
mice that resemble granulomas found in human neurocysticercosis /. Extracts from the
murine granulomas caused by 7. crassiceps cysticerciaprecipitate seizures when injected
into the hippocampus of rats, but homogenates of this parasite did not8. Interestingly, it was
the extracts from the early stage granulomas, but not the older granulomas that appeared
most epileptogenic, suggesting that it is the early inflammatory response to the dying
parasite that is responsible for epileptogenesis. The putative substances are yet to be
identified, but are likely to contain proteases®.
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Further work with 7. crassiceps cysticerciademonstrates that the Th2 response, with
subsequent production of IL-4 actsin a protective manner, preventing inflammation while
simultaneously isolating the cyst®, similar to that seen in schistosomiasis'®. Brunet er &
have shown that 1L-4 deficient mice are incapable of a Th2 response to the parasitel™.
However, inhibition of the Th2 response causes severe inflammation and associated
morbidity; whereas, suppression of the Th1 response can cause severe fibrosis.

Immunological evidence in humans

EPILEPSY

Studies have found raised soluble IL-2 levelsin cerebrospinal fluid in symptomatic patients,
suggesting a Thiresponse!2. More recent studies have shown elevated levels of |L-51314.14
IL-61° and IL-1014 cytokines in patients with active neurocysticercosis, supporting Th2
mediated response as a causes of symptomatic disease. In addition there is evidence from
humans that eosionophils are important in the inflammatory response with increased levels
of 1L-5 and eotaxin!®. Astrocytes appear to be an important source of chemokines following
larval antigen stimulation, since ex vivo demonstrate are nuclear factor-B dependent,
involving activator protein-1, and monocyte-derived tumour necrosis factorl’.,

Epilepsy has been defined as a condition characterized by recurrent (two or more)
unprovoked epileptic seizures, occurring at least 24 hours apart18. The seizures are caused
by an abnormal electrical discharge, mainly within the cortex (gray matter) of the brain. All
humans have the potential to develop seizures, but the threshold for seizures (most probably
determined by the human’s genome) varies considerably between individuals. Seizures are
often provoked by acute infections of the CNS, so called acute symptomatic seizures, but
these types of seizures do not fulfill the international definitions of epilepsy19. Epilepsy may
develop later in response to the chronic pathological changes, or other mechanisms
discussed below.

The seizures are classified as generalized or partial, depending on site within the brain where
the discharge occurs!®. The discharges can be detected by electroencephal ography, but more
often, the seizures are classified according to their clinical characteristics (semiology). The
discharge may start in one part of the brain, spreading to other parts and thus become
generalized (partial becoming generalized seizures). Most seizures, and nearly all
generalized seizures, are characterized with aloss of consciousness. Epilepsy is often
classified as syndromes?0, but few of these are associated with parasitic disease?L. Although
brain insults such as granulomas cause localized discharges, these discharges are often not
detected as focal seizures since the secondary generalization occurs rapidly, so that the
history of the seizures does not provide sufficient information to identify these as partial
seizures.

Epilepsy has many different causes, including specific genes, head trauma, tumors and
infections. However in most patients with epilepsy the cause cannot be determined, and thus
it is termed idiopathic1®. The proportion of patients with idiopathic epilepsy is determined
by the facilities available to investigate the causes, particularly neuroimaging. In poor
countries these facilities are often limited, and a greater proportion of epilepsy islabeled
idiopathic than in the West.

The World Health Organization estimates that epilepsy represents 0.5% of the global burden
of disease, affecting over 50 million people, of whom 80% live in poor countries??. The
incidence and prevalence are thought to be much greater in the poorer areas of the world
than the high-income countries. Thus in Africathe median prevalence is 5-74/1000%3, whilst
in South Americathe range is 6-43/1000%24, and in Asiaiit is 2-14/1000%> compared to
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3-8/1000 in Europe?S. The incidence is thought to be even higher, up to five timesthat of the
West, although there are fewer studies on which to base this estimate.

The higher prevalence and incidence of epilepsy in poorer countries is attributed to a greater
incidence of focal brain insults, in particular trauma and infections. Infections of the brain
associated with the development of epilepsy e.g. bacterial meningitis?’ are more common in
these regions, However the most commonly recognized infections do not account for the
increase in epilepsy in these regions. Thus, other more subtle causes, including helminths,
may contribute to the increased prevalence of epilepsy in these areas.

Difficulties in establishing the link between helminths and epilepsy

In endemic areas, much of the population harbour helminths or have serological evidence of
exposure to helminths, yet are without symptoms. Thus attribution of a condition such as
epilepsy, to the worm infestation is problematic; particularly as there are many causes of
epilepsy (most of which cannot be excluded in endemic areas), and much of epilepsy is
idiopathic. Furthermore, treatment of the helminth infections may not cure the epilepsy?8,
since the parasite causes afocal lesion or inflammatory reaction in the brain that persists or
becomes calcified. As aresult, case reports attributing epilepsy to the presence of the worms
need to be interpretated with caution. Even in the context of neurocysticersosis, where
cysticerci can be easily detected by neurcimaging, attributing the cause of epilepsy is
problematic. For example 14% people living in endemic area for cysticercosisin Peru
without a history of seizures or other neurological signs had evidence of neurocysticercosis
on computerised tomographic scans?®.

Properly conducted epidemiological studies, particularly case control studies provide the
most reliable evidence of an association between the presence or exposure to helminths and
epilepsy. This does not necessarily imply causation, since other factors such as poor access
to health facilities and conditions associated with poverty may be common to both
conditions. Itislikely that a causal relationship can be established only by measuring the
reduction in the incidence of epilepsy following the eradication of the putative helminth.

Epidemiological evidence—Most of the epidemiological evidence for the association
between epilepsy and helminths comes from case control studies. Thus thereis compelling
evidence that cysticercosis is associated with epilepsy in Africa3%31, Asia32 and particularly
South and Central America33-38, where cysticercosisis thought to cause 25-30% of cases of
epilepsy in endemic areas?®. However thereis alack of longitudinal studies to examine the
incidence of epilepsy following infection3?, or areduction in epilepsy following control of
cysticercosis. Furthermore the variable response to treatment has complicated the
interpretation of these data?®.

Thereisless data about the association between toxocara species and epilepsy. Most of the
studies describe asignificant association in Italy*941, the United States*243, Bolivia38
Burundi*4 and Tanzania®4’; but a study in Turkey*2, where the prevalence of toxocarais
high“8, did not find an association, although there were only 100 cases and 50 controls. One
consideration is the type of epilepsy examined in the studies, since the strongest associations
have been found with focal epilepsies™, and thus case control studies may not detect an
association if they include predominately generalised epilepsies.

The association between onchocerciasis and epilepsy is even more controversial. A
significant association was found in Burundi4®, Uganda®®->1 and Tanzania®2, but not in West
or Central Africa®2. A meta-analysis found the association to be of borderline significance
[relativerisk 1.21(95% Cl 0.99-1.47; p = 0.06)], and was not able to find any relationship
with endemicity®2. Differences in the strains of the Onchocerca volvulusbetween East
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Africaand other parts of Africamay explain the inconsistencies. Other factors such as
differences in the host and the presence of mass treatment programme in some areas, may
also effect the studies. More recently, a significant proportion of the subcutaneous nodules
found in patients living an Ugandan area with onchocerciasis, were caused by 7agrva
soliurm, questioning the attribution of epilepsy to onchocerciasis in areas where both
conditions occur®3. However, there is a report that the seizure frequency is reduced
following mass ivermectin treatment for onchocerciasisin an endemic areain Uganda®, but
itisunclear if this reduction is sustained, trandates into a reduction in epilepsy, or is caused
by possible anti-epileptic properties of ivermectin itself>5.

Of the other helminth infections, there is only one study reporting an association between
exposure to spirometral infections (as detected by Ig G antibodies) and epilepsy, in which
2.5% of Korean patients with epilepsy had antibodies compared to 1.9% controls®6. There
are no case control studies demonstrating an association between epilepsy to
schistosomiasis, paragonimiasis, echinococcus or the other helminths. The link between
epilepsy to these helminths has come from case reports or case series, although one series of
250 cases of S, jguonicum associated with epilepsy is compelling®’. The seizures reported in
these infections often occur during the acute infections of the brain (acute symptomatic
seizures) and have not been reported to be associated with chronic epilepsy.

Many of the case control studies that report an association are retrospective studies using
prevalent cases, and thus may have selection bias. Furthermore, since helminth infections
are more prevalent in populations in which other causes of epilepsy are common e.g. head
trauma, spurious associations may arise and reverse causality cannot be excluded.

Entry into the brain—The larvae or ova of helminths usually reach the brain viathe
blood. Where the human is an accidental intermediate host e.q. 7agrva sp., the eggs are
ingested, develop into metacestodes before becoming implanted in tissues. In the tissues
they develop into cystic structures, often causing granulomatous formation (Echinococcus
50.) with perilesional edema ( 7aenia sp.). The appearance of symptoms depends upon the
number, size, and whether the cyst is active or inactive. Other features such asthe
localization of the cyst(s), compression of the surrounding tissues by the cyst and
inflammatory response of the infected individual also contribute to the symptomatology.

In other species, the eggs hatch in the intestine, producing larvae that penetrate the intestinal
wall, before haematogenous spread to the brain. The larvae induce a granulamotous reaction
(e.g. Toxocara), which may develop into discrete granulomas, surrounding the larvae within
acyst eg. Trichinella. The seizures may be precipitated by the granulomatous inflammation
of the brain parenchyma and/or an allergic reaction, or are secondary to haemorrhages.

The schistosoma species generally infect humans via the skin and migrate to the organs of
predilection, in which the adult worms mate, producing eggs. Usually the eggs egress from
the body via bladder or rectum. However, in rare instances, the eggs are transported to the
brain viatheiliac veins and inferior vena cava or migrate via pulmonary arteriovenous
shunts or portal-pulmonary arteriovenous shunts. Very rarely, the worms will migrate to the
cerebral veins, where they deposit their eggs®®. S. jgoonicumis associated with cerebral
lesions more than the other species. The eggs set up a granulomatous reaction, which
eventually kills the eggs leaving afibrotic scar.

Sparganosis and paragonimiasis are uncommon infections found mainly in Eastern Asia,
with the definitive hosts as cats and dogs. These conditions are caused by Spirometra
mansoni and Paragonimus sp., respectively. They are similar in that they have two
intermediate hosts, with humans infected by drinking contaminated water, eating raw
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chicken or fish (sparganosis); or crabs (paragonimiasis). CNS involvement isrelatively
uncommon. In both infections there may be an initial meningoencephalitis, followed by the
development of the granulomata. In sparganosis the granulomas often become calcified,
whilst in paragonimiasis the granulomas evolve into encapsul ated abscesses, devel oping into
cystic lesions, which infrequently become calcified®. Seizures are common CNS
manifestations of paragonimiasis, but they are usually acute symptomatic seizures, although
epilepsy may develop in association with the chronic lesions®C.

Epileptogenesis of parasitic infections—The pathogenesis of epilepsy in helminth
infectionsis unclear. As mentioned above, most helminths appear to precipitate seizures by
producing focal lesionsin the brain, often associated with a surrounding inflammatory
reaction. These lesions may perturb the neuronal cells, giving rise to epileptic dischargesin
susceptible individuals. It is unclear if it isthe lesion itself or the surrounding inflammation
(that often occurs), that is responsible for the discharges. Furthermore, the epileptogenic
potential of alesion depends upon the site, since some parts of the brain are more
susceptible to producing epileptic discharges than other parts. Other mechanismsinclude the
direct invasion of the CNS by the worm or antibody mediated epileptogenesis.

The nature of the lesion produced by the helminth may dictate the epileptogenic potential.
Acute granulomatous reactions may cause acute symptomatic seizures, and may leave
fibrous scars after resolution. However some helminths e.g. toxocara or schistosomes
produce chronic granulomatous lesionsb? |leading to epilepsy (Figure 1). In sparganosis the
characteristically few acute lesions in the brain do not appear to cause seizures, but seizures
appear to be associated with chronic lesions®2,

The mechanisms by which 7. Solium causes seizures has been the most studied, and may
provide insights into the epileptogenesis of the other helminths. In neurocysticercosis the
parasite appears to pass through four phases in the brain, which can be seen with
neuroimaging (Figure 2), although this sequence has not been confirmed experimentally®3.
Theinitia vesicular phase is characterised by larvainside translucent liquid-filled cystic
structures surrounded by a thin membrane. The larva can remain viable for months to years,
and do not appear to elicit an immune reaction in the brain, nor appear to cause of
symptoms. The cyst degenerates, passing through atransitional stage in which edema occurs
around the cyst. These stages may be associated with clinical manifestations, such as
seizures, but in many people this stage is asymptomatic. Thereafter the cyst dies, either
disappearing or becoming an inactive calcified nodule. These calcified lesions appear to be
inert, yet if occur in certain parts of the brain in a susceptible individual may produce
seizures. More than one stage may appear in the same individual, complicating the
investigation into the pathogenesis of epilepsy in this condition.

In the transitional stages, the seizures are thought to be caused by compression of the brain
tissue, but inflammation as documented by enhancement of the effected tissue on MRI and
cytokines in the cerebrospinal fluid4 may also be important. During treatment of
cysticercosis, edema often increases with deterioration in the patient’ s clinical state,
increasing seizure frequency. This has led to the use of anti-inflammatory agents such as
corticosteroids to reduce this effect. The role of anti-inflammatory agents such as
corticosteroids are controversial, since no clinical trials have been reported that address this
specific issueb. Seizuresin the calcified stages are attributed to gliosis, left after the cyst
has disappeared that result in chronic epileptogenic foci. Peri-lesional edema, visible on
contrast-enhanced neuroimaging, can persist in the calcified stage and is associated with an
increased risk of epilepsy®®. The edema surrounding these calcified lesions may be a
persistent inflammatory response provoked by antigens released from the lesions. It is not
clear why only some of the calcified lesions appear to induce inflammation, but the calcified
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lesions may be heterogeneous, presenting a variety of antigens or releasing different
compounds into the parenchyma, and thus inducing different inflammatory responses

Other mechanisms, besides those associated with inflammation and cyst formation, for
epileptogenesis in neurocysticercosis also occur. Seizures may occur in relation to cerebral
infarction following vasculitis and thrombosis in subarachnoid involvement. Residual brain
damage, manifesting as gliosis or encephalomal cia may also be responsible.

The cause of epilepsy in onchocerciasisis unclear. Other clinical manifestations e.g.
blindness of onchocerciasis are thought to be caused by the inflammatory responses to dead
or dying microfilariae (>100 000 more microfilariae die every day in a heavily infected
person)®. The immune responses are predominantly antibody mediated, but cellular
components are also important. In the eye, lymphocytes, macrophages and to a lesser extent
eosinophils are present. Thereis activation of vascular endothelium, with pericytes and
fibroblasts in persons with chronic eye changes. Down-regulation of the immune responsein
chronically infected eye tissue and adult worms may elaborate substances that inhibit the
immune response. Although the eye is often thought to reflect the pathological processesin
the brain (since these organs are derived from the same embryological tissue), there has not
been evidence that these mechanisms occur in patients with epilepsy.

Other proposed mechanisms of onchocerciasisinclude entry of the adult worm into the
CNS, and the generation of autoantibodies. There are no pathological studies that have
reported adult worms within the CNS, and there are no neuroimaging studies that have
demonstrated lesions associated with adult worms. Microfilaria have been seeniin the
cerebrospinal fluid of untreated patients with onchocerciasist”:68 and after the onset of
treatment®’, but no studies have been reported that examined the association of microfilaria
in the cerebrospinal fluid with epilepsy. Autoantibodies to the retinal photoreceptors have
been found in the inner retina of patients with onchocerciasis®®, but the relationship with
retinal damageis not clear. There have been no reports between the presence of
autoantibodies and epilepsy in onchocerciasis.

Parasites may produce substances that interfere with neuronal transmission. For example
P.westermani and S.mansoni produce proteases which may cause brain damage’. Whether
this leads to epilepsy in these infections, or whether similar mechanisms occur in other
helminth infections is unknown.

Helminths generate a marked immune response, including autoantibodies”. 7174, Thereis
growing evidence that autoantibodies against neuronal elements may be responsible for
some epilepsy*6: 75, Specific antibodies to NMDA receptors are associated with an
encephal opathy characterised by epilepsy. Antiphospholipid??, anticardiolipin and
antinuclear antibodies*>46 are more frequent in people with epilepsy than appropriate
controls. Autoantibodies against neuronal elements such as glutamate receptors, voltage
gated calcium and potassium channels occur in patients with epilepsy 76. To date, it is
unclear if these immune mediated mechanisms are responsible for the epilepsy in helminth
infections.

GAPS IN RESEARCH

Thereis considerable lack of the data in the epidemiology of the helminths associated with
neurological conditions such as epilepsy. Further studies are required to assess the burden of
these conditions, identify strategies to prevent transmission of these helminths, and thus
reduce the burden of epilepsy. Since many helminths appear to cause seizures via
inflammatory processes, the immunological basis of these infectionsin the brain requires
further elucidation. The development of animal models may provide invaluable insights, but
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more detailed human studies are clearly warranted. In particular, studies on the pathogenesis
of granulomas and the mechanisms by which these lesions precipitate seizures. Work in this
areamay provide insights into other infectious causes of seizures and epilepsy, and basic
mechanisms of epileptogenesisitself. With the advent of conditions that impair immunity,
such as HIV in helminth infected regions of the globe, the immunopathology is particularly
critical.

Lastly the lack of longitudinal studies makes exploring the onset of epilepsy following the
initial parasitic infection has hindered the establishment of a causal link between helminths

and epilepsy.

CONCLUSION

Helminths infections and epilepsy are common, particularly in the poorer areas of the world,
where they can have serious consequences on the people living in those areas. The
epidemiological links suggest an association, but a causal relationship is undetermined,
except perhaps in the case of neurocysticercosis. The mechanisms by which helminths cause
epilepsy are unclear, but immunological mechanisms are likely to be important, and may
provide insights into the epileptogenesis of other conditions.
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Figurel.

Image of Schistosomia mansoni granuloma. Pathological findings from a brain biopsy.
(Reprinted with permission of FJ Carod-Artal, Transactions of the Royal Society of Tropical
Medicine and Hygiene (2008)78)
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Figure2.

Images of the different stages of the cysticerci. (A) T1-weighted MR image showing viable
active cysts, some with ascolex. (B) CT scan showing calcifications and many active cysts
with scolices (vesicular phase). (C) Gadolinium enhanced T1-weighted MRI of viable and
transitional cystsin the colloidal and nodular-granular phases. (D) Fourth ventricle
cysticercus as displayed on MRI; note a clearly defined scolex with pedicle.(Reprinted with
permission of A Carpio3)
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Table 1
Literature Search Strategy and Outcome
Total
Case Series number of
Search Parameters Studies  Studies %Téirgsl publications
identified

Epilepsy AND helminths 124 20 24 370
Epilepsy OR fits OR seizures
OR convulsions AND helminths 194 48 87 598
Epilepsy OR fits OR seizures
OR convulsions AND cestodes 42 n 13 154
AND Cysticercosis 28 17 5 139
AND T. solium 0 2 1 30
AND T. multiceps 0 0 0 0
AND Spriometra spp. 0 0 0 0
AND Echinococcus 2 0 0 3
AND E:. granulosus 0 0 0 0
AND E. multilocularis 0 0 0 0
Epilepsy OR fits OR seizures
OR convulsions AND 205 72 35 679

Cysticercosis

Epilepsy OR fits OR seizures
OR convulsions AND 6 1 0 8
Echinococcus

Epilepsy OR fits OR seizures

OR convulsions AND 4 2 8 85
nematodes

AND Trichinella spiralis 0 0 0 0
AND Angiostrongylus

cantonens's 2 0 0 4
AND Strongyloides stercoralis 0 0 1 2
AND Toxocara c& 3 1 5 13
Epilepsy OR fits OR seizures

OR convulsions AND 5 3 0 27
trematodes

AND Schistosoma 4 2 0 19
AND S mansoni 1 0 0 9
AND S haematobium 1 0 0 3
AND Sjaponicum 0 1 0 5
AND Onchoceriasis 0 0 0 0
Epilepsy OR fits OR seizures

OR convulsions AND 6 2 0 27
Schistosoma

Epilepsy OR fits OR seizures

OR convulsions AND 0 0 2 29

Onchoceriasis
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Table 2
Helminth Burden, Distribution, and Hosts

Worm Global Distribution Other hosts
burden
Cestodes (Tapewor ms)
Taenia solium, Uncertain Africa, Asia, South Pigs
T. multiceps thoughtto | America
>50
million”
Spirometra op. ? Africa Dogs and Cats
Echinococcus ? South and Central Lionsand Dogs
(E. granulosus/ America, Middle East,
E. multilocularis) China, and western United
States
Trematodes (Flukes)
Schistosoma 200 Sub-Saharan Africa, South | Snails
(S mansoni million? Americaand Asia
S hematobium
S jgponicum)
Paragonimus >40 East Asia, South America Cats, snails, and crabs
(P. westermani million?
P. mexicanus)
Onchocerciasis 37 million? | Sub-Saharan Africa, Black fly
Nematodes
Trichinella spiralis ? South Americaand Africa | Rats, pigs, foxes, and
bears
(Roundworms) ? Asiaand Pacific Rim Rats, snails, slugs,
Angiostrongylus and crustaceans
cantonens's
Strongyloides 30-100 Africa, Asia, South Dogs, cats, and
stercoralis million? America primates
Toxocara ? Globally Dogs and cats
(T.canis T. catis)

?—Noreliable estimate.
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