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Abstract

An epidemiological review of toxocariasis aimed to underpin its prevalence, proclivity and prognosis
was undertaken. Human toxocariasis constitutes one of the most common parasitic infections
worldwide, which is more prevalent in developing and tropical countries. Human infection is caused by
ingesting the eggs which were shed in the faeces of the definite dog or cat host. There is a range of
clinical manifestations of toxocariasis in human, but the two classical clinical syndromes often described
are visceral and ocular larva migrans. The clinical signs and complications which result from infection
with this parasite are mostly dependent on the number and migration locations of Toxocara larvae.
Visual identification of larvae in tissues and organs is the gold standard for toxocariasis diagnosis in
human, while an enzyme linked immunosorbent assay detecting Imunoglobulin-G antibodies against
Toxocara excretory-secretory antigen is the reference test forimmunodiagnosis. In human, loss of vision,
hypereosinophilia, encephalitis and problems involving the liver, lung and the central nervous system
are the most important complications. Poor hygiene, poverty and lack of education can exacerbate the
exposure to Toxocara infection. Albendazole is the treatment of choice for toxocariasis. Conclusively, the
present review recommends that regular stool examination and frequent chemotherapy of pets can be
effective in reducing the egg number deposited in soil; reducing the number of pet animals or limiting
contacts of small children with them and good hygiene practices will limit transmission of toxocariasis.

Introduction

Toxocariasis is the clinical term applied to infection in
the human host with either Toxocara canis (Werner, 1782)
or Toxocara cati (Schrank, 1788). Both of these are ascarid
nematodes in the order Ascaridida, superfamily Ascaridiodea,
and family Toxocaridae. The definitive hosts of T. canis and
T. cati are the domestic dog and cat respectively. They can
be found in different parts of the body, including the liver,
heart, lungs, brain, muscle or eye [1]. The clinical signs and
complications which result from infection with this parasite
are mostly dependent on the number and migration locations of
Toxocara larvae [2]. In human, loss of vision, hypereosophilia,
encephalitis and problems involving the liver, lung and the
central nervous system are most important complications
caused by this parasite [2]. Other names applied to toxocariasis
include Weingarten’s disease, Frimodt-Moller’s syndrome,
and eosinophilic pseudoleukemia [3], and also nematode
ophthalmitis, toxocaral disease, toxocarose, and covert
toxocariasis [4]. T. canis and T. cati are distributed worldwide [5],
which is more prevalent in tropical, developing countries and
poor communities [6]. Human quest for surrounding ourselves
with various domestic animals, particularly cats and dogs, has
ensured a worldwide distribution for toxocariasis [7,8]. Poor
hygiene, poverty and lack of education can exacerbate the
exposure to Toxocara spp (Quattrocchi et al., 2012).

Etiologic Agents, Hosts And Distribution
Aetiologic Agents

Zoonotic Toxocara species include Toxocara canis, T. cati,
and possibly T. vitulorum and T. pteropodis. These nematode
parasites all belong to the family Toxocaridae. T. canis is
generally thought to be more important than T. cati in human
disease. T. cati has been implicated particularly in ocular
toxocariasis [9,10]. T. vitulorum infection is thought to be a
low level zoonosis mainly affecting children in the tropics.
T. pteropodis, a nematode of fruit bats, was implicated in an
outbreak of hepatitis associated with feces-contaminated
fruit in Palm Island, Australia [11]. This association has been
questioned by some authors.

Two new species have recently been identified: T.
malayasiensis [12], in the domestic cat and T. lyncus in caracals
[13]. The zoonotic potential of these two organisms is unresolved
[11,14,15]. Toxocara canis (Werner, 1782) and Toxcara cati
(Schrank, 1788) are common intestinal roundworms of canids
and felids, respectively that are often implicated in human
toxocariasis.

Historical background: Werner described a parasitic nema-
tode in dogs in 1782 which he named Ascaris canis. Johnston
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however identified what Werner had described as a member
of the genus Toxocara and established by Stiles in 1905. Fiille-
born speculated that T canis larvae might cause granulomatous
nodules in humans. In 1947, Perlingiero and Gyorgy described
the first case of what was probably toxocariasis. Their patient
was a 2-year-old boy from Florida who had classical symptoms
and esoinophilic necrotizing granulomas [3]. In 1950, Camp-
bell-Wilder was the first to describe toxocariasis in humans;
she published a paper describing ocular granulomas in patients
with endophthalmitis, Coat’s disease, or pseudoglioma. Two
years later, Beaver et al published the presence of Toxocara
larvae in granulomas removed from patients with symptoms
similar to those in Wilder’s patients [16,7,9].

Habitat: The eggs of T. canis are excreted in the feces of an
infected canid host. The embryonated eggs can live in the feces
for up to three weeks. The feces are often deposited in soil or
sandy areas. A host must ingest the eggs for the life cycle to
continue. If ingested, the new habitat becomes the internal or-
gans of the host. The gut is the first area T. canis larvae reside.
If the host has not been previously infected, hatched juveniles
go throught the circulation to the lungs, then back to the gut. If
in a canid host, they take up residence in the intestine and de-
velop into adults. If hosts have been previously “immunized”
junveniles go to the body tissues and become dormant as if
they were in a paratenic host. Often the infectious larvae stay in
the mammary glands until a pregnancy where they are passed
on to a nursing pup. If in a human or other non-canid host
the larvae will wonder throughout the organs. These wander-
ing larvae are called visceral larva migrans. They may travel to
the eyes, lungs, brain, heart, muscles, liver, and other organs.
Here they do not develop further but can cause severe local re-
actions [17,18].

Morphology of Toxocara species: T. canis and T.cati are
ascarid nematodes [19,7], in the order Ascaridida, superfamily
Ascaridiodea, and belong to the family Toxocaridae [7]. Tox-
ocara canis is smaller than most of the other species in the
family Ascarididae. It has a complete gut in the form of a sim-
ple tube. It is a “round worm” implying the shape of the outer
layer to be round (if seen in a cross section). Depending on the
host the worm gets into, T. canis will have different number
of larval stages. Most worms have three larval stages before
becoming infective. The larvae of T. canis are 290 to 350 pm by
18 to 21 pm. The diameter of the larvae of T. cati is somewhat
smaller. The morphology of the adult worms resembles that
of Ascaris lumbricoides, but they are much smaller. Toxocara
canis is dioecious having morphology distinctly different for
the male and female. Toxocara adult parasites are large, pink,
roundworms, measuring 6.5 to 10 cm long for the females
and 4 to 6 cm long for the males [20]. The male’s posterior
end is curved ventrally and the tail is bluntly pointed which
distinguishes it from straight- tailed female [7]. The male has
a single tubular testis. He also has simple spicules, which al-
lows for direct sperm transfer. The female worms are generally
around 6.5 cm but can be as long as 15 cm long. In the female
the vulva is about one-third the body length from the anterior
end. The ovaries are very large and extensive. The uteri contain
up to 27 million eggs at a time.

Both males and females have three prominent lips. Each
lip has a dentigerous ridge. The lateral hypodermal cords are
visible with the naked eye. No gubernaculums is present. In
both sexes there are prominent cervical alae [21]. The eggs are
brownish and almost spherical. The brownish eggs of T. canis
and T. cati measure approximately 85 by 75 pm and 75 by 65
pm, respectively. The eggs are almost spherical, larger than
those of A. lumbricoides and unembryonated when laid. The
eggs are embryonated when laid and have surficial pits. These
eggs are very resistant to various weather and chemical condi-
tions [22,23] (Figures 1,2).

Communication and perception: Nematodes within the Se-
cernentea have phasmids, which are unicellular glands. Phas-
mids likely function as chemoreceptors. Females may produce
pheromones to attract males. Nematodes in general have papil-
lae, setae and amphids as the main sense organs. Setae detect
motion (mechanoreceptors), while amphids detect chemicals
(chemoreceptors) [24,23].

Food habits: The location of T. canis in hosts is in the small
intestine. There they feed on intestinal contents. The adults
have a specialized anaerobic metabolism. This specialized me-
tabolism gives the adult worms an extra ATP. Adult T. canis
worms are very host specific. Pharyngeal glands and intesti-
nal epithelium produce digestive enzymes to feed on the hosts’

Figure 1: Electron Micrograph of the anterior end of T. canis with short cervical
wings (alae).
Source: CDC (2013).

Figure 2: LM of a bundle of adult Toxocara canis worms
Source: CDC (2013).
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body fluids. Extracellular digestion begins within the lumen
and is finished intracellularly (Barnes, 1987; Roberts and Jan-
vory, 2000) [24,23].

Host

Definitive hosts: Toxocara canis is transmitted
predominantly among canids (dogs, foxes, wolves and
coyotes) and T. cati by felids through a wide variety of routes.
These include vertical transmission, transplacental (not cats)
and/or trans-mammary (lactogenic) as well as horizontal
transmission through the ingestion of embryonated eggs from
the environment or ingestion of larvae via vertebrate and/or
invertebrate paratenic hosts [25]. It is the ability of T. canis to
survive for many years in the tissues of a substantial number
of vertebrate species, as well as to develop to sexual maturity in
the intestinal tract of its definitive canid hosts, especially dogs,
that has facilitated its global distribution. Pups are infected
in utero by reactivated, somatic larvae of T. canis from the
mother from day 42 of gestation. This efficient trans-placental
infection route results in egg excretion 16 days after parturition
[26]. More limited, lactogenic transmission continues to
occur for 5 weeks. Kittens are infected by vertical, lactogenic
transmission of T. cati and commence fecal egg excretion 7
days after birth [25,27]. Once infected, pups shed millions of
eggs per day into the environment, depending on the intensity
of T. canis infection and host immune status (Glickman and
Schantz, 1981). Dogs and other canids also become infected by
ingesting embryonated eggs from the environment. Toxocara
canis undergoes a tracheal migration and has a prepatent
period of 4—5 weeks. In cats, the prepatent period is 8 weeks.

Toxocara canis infections can be acquired at any age,
although adult worm infections are generally less common
in dogs less than 6 months of age, and fecal egg counts are
much lower than in pups [28,29]. Paradoxically, low levels
of egg exposure are more successful for the establishment of
patent infections in juvenile/adult dogs than large numbers of
eggs. This finding may have long term implications for control
programs [25]. Toxocara spp. do not usually cause pathological
changes in definitive host species, although high infection
intensities in transplacentally infected puppies can result
in a pot-bellied appearance, failure to thrive and, in some
instances, death Lloyd and Morgan, 2011 [25].

Paratenic hosts: Mammals (rodents, lagomorphs, birds and
domestic livestock) are susceptible to infection by embryonated
eggs containing infective L3s, which migrate to the tissues,
where they undergo no further development and remain
infective for up to 7 years [30,31,32]. L3s may also be found in a
range of invertebrate hosts including earthworms. Dogs which
ingest paratenic hosts can develop adult worms but there is
no tracheal migration [25]. L3s ingested by omnivorous or
carnivorous paratenic hosts can migrate to the tissues of a new
paratenic host. Ingestion of paratenic hosts plays an important
role in T. cati infection for adult cats. Transmission of the
parasite from infected rodents may be facilitated by behavioral
changes induced in rodents infected with T. canis, which may
impair survival and fitness relative to the intensity of infection
[33]. Post mortem examination of rats (Rattus norvegicus)

which had been experimentally infected with T. canis revealed
L3s in muscle, eye, liver, kidney, brain and lung [34]. The same
situation may apply to T. cati.

Toxocara transmission in definitive host: There are
four ways of infection or transmission from one host to the
next. Toxocara canis can be transmitted to nursing pups by
transmammary transmission from larvae that were in their
mother’s milk. This is the least common form of transmission.
The ingested milk containing the infected stage three larvae
goes directly to the newborns’ small intestine. Here the larvae
develop directly into adults. Prenatal transmission is the sec-
ond form of obtaining T. canis. Infected pups are born with lar-
vae already in their bodies. Stage two larvae (not yet infective)
migrate from tissue in the pregnant mother. The larvae travel
across the placenta and through the umbilical cord to the fetal
liver. The larvae remain in the liver until birth. Once the pup
is born the larvae resume their migration to the lungs of the
newborn. Another form of transmission is direct transmission.
In this form of transmission the new host directly ingests the
eggs from the feces of another infected canid. Toxocara canis
larvae migrate from the gut (where they were ingested) to the
small intestine of newborns. Toxocara canis also migrates to
the lungs from the intestines. They move up the bronchial tree
and the trachea to the pharynx, here they are swallowed by
the newborn to finally reach the intestine. In the intestine the
larvae mature. Only a small number of the larvae infecting the
host actually undergo migration to the trachea. The majority
of larvae continue to migrate through the lungs and the pul-
monary veins of the host. The larvae migrate to the heart and
there they are distributed to the somatic tissues via the periph-
eral circulation. The conditions for prenatal and transmam-
mary transmission to the pups is set up by these somatic mi-
gration conditions. The last form of transmission is paratenic
host transmission. Many paratenic hosts contain the non-in-
fective larvae of T. canis. When one of these animals is eaten
by another host transmission takes place. A good example is
when a dog eats an infected mouse. In the case of ingesting an
infected paratenic host no further migration takes place in the
dog since the requirement for the life cycle migration is already
satisfied in the paratenic (i.e. mouse) host [18,23].

Reproduction and development of Toxocara in definitive
host: Females may produce a pheromone to attract males. The
male coils around a female with his curved area over the female
genital pore. The gubernaculum, made of cuticle tissue, guides
spicules which extend through the cloaca and anus. Males use
spicules to hold the female during copulation. Nematode sperm
are amoeboid-like and lack flagella. The adult worm remains in
the intestine and produces an enormous number of eggs (up to
200,000 unembryonated eggs each day). Eggs begin to appear
in the canid feces fifth week post infection [35,15], and up to
eight weeks in T. canis. Under optimum conditions, eggs will
embryonate and become infective within 6 weeks, but this can
be delayed for several months’ lower temperatures [36].

Toxocara canis has a complex life cycle. Similar to other
nematodes, T. canis egg is not infectious immediately when
it leaves the definitive host until it has developed into en-
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sheathed L3, infectious stage. When ingested by a canine host,
T. canis larvae hatch in the small intestine, burrow through
the intestinal mucosa, enter the bloodstream and travel via the
liver to the lungs [35]. From here, the larvae either migrate
up the trachea where they are swallowed and returned to the
small intestine to develop into adult worms or undergo somatic
migration and enter a wide range of tissues including the liver,
lungs, heart, brain and muscle [15]. The larvae can become
mobilised from the tissues and migrate across the placenta
infecting puppies in utero, leading to tracheal migration in the
pup and eggs being shed in the faeces 2—3 weeks after birth,
or they can migrate to the mammary glands and infect puppies
during lactation. There is no transplacental transmission with
T. cati [15] (Figures 3-5).

Distribution of Toxocara

Geographic range and distribution of Toxocara: Toxcocara
has a worldwide distribution [15]. It is prevalent in all loca-
tions that have domestic dogs, puppies, and other canids. Tox-
ocara is also found in places that have other various mammals
such as mice, pigs, birds, and foxes, but these hosts are only
paratenic hosts. Hosts are terrestrial mammals and therefore
T. canis is mainly found in terrestrial terrain [17]. The eggs
of these species occur in 2-88% of soil samples collected in
various countries and regions. T. vitulorum is found mainly in
the tropics; cases have been reported from 50° north of the
equator to 40° south. T. vitulorum is present in the U.S. but the
prevalence of infection is low. The high ambient temperatures
and humidity of the tropics favor the transmission of Toxocara
species. In Iceland, where dogs have been banned since the
1940s, visceral larva migrans is very rare and 0 of 300 human
adults had antibodies to Toxocara spp.
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Figure 4: Toxocara canis L2 larva
Source: CDC (2013).
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Figure 5: Toxocara canis; L3 larva.
Source: CDC (2013)

Soil contamination of Toxocara spp, eggs survival and
dispersal: In Nigeria, reports on soil contamination by
Toxocara eggs have been reported in Nsukka, Enugu state [37];
Calabar [38]; Kaduna [39] and other places. It is estimated that
the contamination of soil with Toxocara eggs may be more than
the 90% of the investigated areas worldwide Joanna, 2015 [40].
This is explained by the fact that mature eggs of ascarids can
survive in contaminated soil even in harsh conditions (e.g. they
may resist to chemicals, broad temperature ranges and several
degrees of moisture), thus are available for ingestion at any
time by susceptible hosts [7]. Also, viability and infectivity of
environmental larvated eggs persist for years, thus explaining
the high number of chances that dogs have of becoming
infected and the difficulties in controlling these intestinal
parasitoses [41]. Moreover, larvated eggs of T. canis are an
efficient environmental source of infection for various animals,
which act as paratenic hosts. These animals greatly contribute
to maintaining the biological cycle of toxocariasis everywhere.
In fact, dogs can become infected by Toxocara by ingesting
tissues of invertebrates (e.g. earthworms), ruminants (e.g.
sheep), rodents, birds (e.g. chicken) [42]. The role of wildlife
is another exogenous factor contributing to the environmental
contamination. In fact, movements of wildlife to sub-urban
and urban environments due to destruction or reduction of
their habitat is another source of soil contamination by T. canis.
The key example is represented by synantropic fox populations,
which reinforce environmental contamination and risk of
infection for humans and stray and domestic dogs [43]. Thus, a
combination of these factors is the basis for an extremely high
environmental contamination and a life-long risk of infection
for dogs living in contaminated areas [44]. Once expelled,
T. canis eggs require 2—6 weeks at temperatures of 10-30 C
before the eggs are fully embryonated and contain infective L3s.
Increasing temperature accelerates the development as well
as the degradation of T. canis eggs while temperatures colder
than 10 C or warmer (>37 C) are inimical to the maturation or
survival of eggs [45]. Embryonation is therefore seasonal in
temperate climates but year-round in tropical areas. Eggs are
very resistant and survive well over most winters in temperate
climates, surviving for 6—12months. Some eggs may be able to
survive in moist, cool conditions for 2—4 years or longer [45].
Soil type, pH and percentage of vegetation cover impact upon
contamination and viability with clay soils negatively impacting
on egg viability [46]. The substrate, light, temperature,
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humidity, pH and vegetation cover therefore, are important
factors for egg availability, development and survival.

Eggs can be physically dispersed by movements of definitive
hosts, rainfall, birds, beetles, earthworms, slugs and flies.
Studies have concentrated on assessing egg contamination of
playgrounds, parks, sandpits, and backyards/gardens and have
shown contamination to be prevalent [47]. Although such areas
seem to provide opportunities for infection, the role of different
domestic and wild definitive hosts in the contamination of
these areas is unclear (McPherson, 2013).

Epidemiology Of Human Toxocariasis: Prevalence
And Proclivity

Geographical Distribution

Toxocariasis is found worldwide, although the majority of
cases occur where dogs and cats are kept in close proximity
to humans (usually household pets). Most cases are reported
from the Southeastern United States, Mexico, Hawaii, East and
Western Europe, Australia, the Philippines, and South Africa
(Fan et al., 2013) (Figure 6).

Within these countries, pet owners (who live in close
proximity to infected animals) and children (who are more
likely to play in or eat contaminated dirt) are most susceptible
to toxocariasis.

Geographical seroprevalence of human infection

Globally, toxocariasis is found in many countries of the
world. Seroprevalence is higher in developing countries, but

3

can be considerable in first world countries, as well. In Bali,
St. Lucia, Nepal and other countries, seroprevalence is over
fifty percent [9]. Previous to 2007, the U.S. seroprevalence
was thought to be around 5% in children [4]. However, Won
et al. discovered that U.S. seroprevalence is actually 14% for
the population at large [1,48]. In many countries, toxocariasis
is considered very rare. Approximately 10,000 clinical cases
are seen a year in the U.S., with ten percent being OLM [49].
Permanent vision loss occurs in 700 of these cases (Figure 7).

Seroprevalence of Toxocara in Nigeria: Recent
seroprevalence studies conducted in Nigeria have revealed a
relatively high seroprevalence of Toxocara in different parts of
the country; Ajayi et al. [50], obtained 29.8% seroprevalence
in Jos, Plateau state. 86.1% seroprevalence was found among
children in Southern Nigeria (Pam et al., 2015). Seroprevalence
tests have indicated that approximately 5% of children, and
50% of children who have regular contact with puppies and
soil, or who have chronic respiratory problems, carry Toxocara
antibodies (Pam et al., 2015).

The global prevalence of Toxocara spp. in humans is
influenced by a wide and complex number of variables which
are linked at a population level to environmental, geographic,
cultural and socioeconomic factors and at the individual level
by the heterogeneity of susceptibility to infection influenced
by immunity, co-infection, genetics, age, gender, nutrition
and behavior of the (human and definitive) hosts Macpherson,
2013 [51]. These factors, together with the increasing human
population, global migration and rural: urban migration with
more than 50% of the global population now residing in

Disease is found worldwide or in virtually every country

=

Figure 6: Map showing the global distribution of toxocariasis (Red dot indicates that toxocariasis has been reported in that country).
Source: The Gideon database (2017).
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urban areas and the ever closer and denser human-definitive
host interactions suggest that, for the majority of the world’s
population, Toxocara/ toxocariasis is an ever changing public
health problem McPherson, 2013.Transmission and risk
factors will vary considerably in different parts of the world.
Poverty, a lack of education and problems with uncontrolled
and untreated definitive host populations will lead to heavily
contaminated environments which, under warm climatic
conditions, will provide ideal transmission opportunities,
particularly if coupled with poor hygiene and geophagia or
pica. These factors, coupled with the ubiquitous distribution
of definitive hosts, have resulted in Toxocara spp. being one of
the world’s most widespread and prevalent parasitic zoonoses.
Such risk factors are widely appreciated and documented for
many parts of the world [52].

Risk Factors

There are several factors that have been associated with
higher rates of infection with Toxocara. People are more likely
to be infected with Toxocara if they own a dog [53]. Children and
adolescents under the age of 20 are more likely to test positive
for Toxocara infection [54]. Children, due to their behavior and
their close contact with dogs, playing in outdoor environment,
such as sandboxes where dog and cat faeces can be found, eating
soil (pica) [55,56], putting objects in their mouths, and/or their
poor hygiene, are most at risk of toxocariasis [1]. Geographic
location plays a role as well, because Toxocara is more prevalent
in hot, humid regions where eggs are kept viable in the soil [6].
Poverty, a lack of education and problems with uncontrolled
and untreated definitive host populations will lead to heavily
contaminated environments which, under warm climatic
conditions, will provide ideal transmission opportunities
[1,52,57,25]. In many cities in Europe, public environments
including parks and playgrounds pose as the main area for
risk of human exposure to eggs [58]). Embryonated Toxocara
spp. eggs have been recovered from the hair of dogs, which
demonstrates that direct human-dog contact could also be a
route of infection for humans [59,60]. Consumption of raw or
undercooked infected viscera or meat has been incriminated
[32].

Mode of Infection

Humans become infected by ingesting either embryonated
Toxocara eggs from soil [44]; or Toxocara larvae from
undercooked giblets (mainly liver) [5]. Humans may also
become infected through the ingestion of encapsulated larvae
in the raw or undercooked tissues of paratenic hosts such as
cows, ostrich, chickens and pigs [61,62], or through unwashed
contaminated fruit and vegetables [63]. A new mode of
transmission recently proposed is contact with embryonated
eggs on a dog’s hair coat [59,60].

Incubation Period

In children, the incubation period can be weeks or months
depending on the intensity of the infection and sensitivity
of the patient [64]. Ocular manifestations may occur 4 to 10
years after the initial infection. In infections caused by the

consumption of infected raw liver, very short incubation
periods have been reported.

Life Cycle of Toxocara spp (Figure 8)

Toxocara canis accomplishes its life cycle in dogs,
with humans acquiring the infection as accidental hosts.
Unembryonated eggs are shed in the feces of the definitive host.
Eggs embryonate and become infective in the environment.
Following ingestion by dogs, the infective eggs hatch and larvae
penetrate the gut wall. In younger dogs, the larvae migrate
through the lungs, bronchial tree, and esophagus; adult worms
develop and oviposit in the small intestine. In older dogs, patent
infections can also occur, but larval encystment in tissues is
more common. Encysted stages are reactivated in female dogs
during late pregnancy and infect by the transplacental and
transmammary routes the puppies, in whose small intestine
adult worms become established. Puppies are a major source
of environmental egg contamination. Toxocara canis can also be
transmitted through ingestion of paratenic hosts: eggs ingested
by small mammals (e.g. rabbits) hatch and larvae penetrate the
gut wall and migrate into various tissues where they encyst.
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Figure 7: Global seroprevalence of toxocariasis
Source: Chia-Kwung et al. (2013)
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Figure 8: Life cycle of Toxocara canis.

Source: CDC (2014).
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The life cycle is completed when dogs eat these hosts and
the larvae develop into egg-laying adult worms in the small
intestine. Humans are accidental hosts who become infected
by ingesting infective eggs in contaminated soil or infected
paratenic hosts. After ingestion, the eggs hatch and larvae
penetrate the intestinal wall and are carried by the circulation
to a wide variety of tissues (liver, heart, lungs, brain, muscle,
eyes). While the larvae do not undergo any further development
in these sites, they can cause severe local reactions that are
the basis of toxocariasis. The two main clinical presentations
of toxocariasis are visceral larva migrans and ocular larva
migrans. Diagnosis is usually made by serology or the finding
of larvae in biopsy or autopsy specimens.

Clinical Features, Pathology, Diagnosis And Ma-
nagement Of Human Toxocariasis

Clinical Signs, Symptoms and Pathology

Symptoms of toxocariasis vary depending on the affected
organ, the magnitude of infection and the intensity of the
host inflammatory response Pawlowski, 2001 [7]. The broad
spectrum of clinical manifestations in toxocariasis varies
from asymptomatic to non-specific clinical signs which make
it difficult to directly identify clinical cases of toxocariasis.
Therefore, patient clinical history regarding risk factors
for Toxocara spp. infection such as occupation, residence,
travel history, contact with soil, pets and consumption of
raw vegetables or undercooked meats should be gathered
as additional information for the diagnosis of toxocariasis
[15]. The clinical picture of toxocariasis in humans has been
systematically classified in four groups: Visceral larva migrans
syndrome (VLM), neurological toxocariasis (NT), ocular larva
migrans syndrome (OLM) and the more recently described
covert toxocariasis [19]. The severity and range of symptoms
depends on the tissue invaded, the number of migrating larvae,
and the age of the host.

Visceral larva migrans (VLM): The immediate
hypersensitivity response to the death of larvae is thought to be
the main cause for symptoms of VLM [7]. The first VLM report
described a multi-systemic disease with hypereosinophilia
and hepatomegaly in three children [16]. Generally young
children (<5 years) are most often affected and usually present
with fever, abdominal pain, probably due to hepato- and
splenomegaly, as well as lower respiratory symptoms such
as coughing, bronchospasms and asthma caused by parasitic
pneumonia or bronchitis [7,32]. Laboratory diagnosis in
these patients commonly reveals leucocytosis, persistent
eosinophilia as well as hypergammaglobulinaemia. Other organ
involvement such as myocarditis, myalgia with eosinophilic
polymyositis, arthritis, and nephritis may also occur. VLM has
additionally been associated with dermatological changes such
as rash, pruritus, excema, panniculitis, urticara and vasculitis
[9]. Although generally most T. canis infections remain
unapparent, long-term effects such as development of asthma
and promotion of pulmonary fibrosis are suspected to occur
[32] (Figure 9).

Neurotoxocariasis: The number of reported cases of
neurotoxocarosis is scarce [65]. In contrast, various animal

Figure 9: Haemorrhagic lesions in the lung of a C57BIl/6J mouse infected with T. canis
on day 2.
Source: Strube et al. (2013).

experiments have indicated frequent CNS involvement in
paratenic hosts. Migration of Toxocara spp. larvae to the human
brain is most often not associated with clinical central nervous
signs, but may in rare cases result in eosinophilic meningitis,
encephalitis, myelitis or combined pathological presentations
[65,66]. Cerebral lesions are predominantly located in the white
matter and additional occlusion of cerebral arterial vessels has
been reported. Clinical patients present with a large variety
of symptoms according to their individual pathology ranging
from headache, fever, photophobia, weakness, dorsalgia,
confusion, tiredness, visual impairment to epileptic seizures,
neuropsychological disturbances, dementia and depression
[67]. Furthermore, motor impairment such as ataxia, rigor,
para- or tetraparesis and dysaesthesia as well as urinary
retention and faecal incontinence occurred in human cases of
toxocarosis [65].

Ocular larva migrans (OLM): Ocular larva migrans syndrome
(OLM) is characterized by an eosinophilic immune response to
larval migration into the eye. After formation of an eosinophilic
abscess, a granulomatous inflammatory reaction surrounds
the larvae [68]. Histopathological examinations revealed
multiple retinal and vitreous haemorrhages, eosinophilic
abscesses and granulomatous lesions with or without larvae.
The lack of larvae in some lesions was attributed to destruction
of the causative organism and its mobility [68]. OLM occurs
predominantly unilaterally. Bilateral ocular involvement
has been described but can be considered uncommon [68].
Clinical findings predominantly comprise visual impairment,
strabismus, leukocoria, solid retinal mass predominantly
at the posterior pole, vitreous mass or haze, vitritis, retinal
detachment, cataract, endophthalmitis, papillitis and uveitis.
Possible clinical consequences of OLM are blindness and
secondary glaucoma [7] (Figures 10-12).

Covert toxocariasis: The term covert toxocarosis was
first introduced by Taylor et al. [69], describing a non-
specific clinical syndrome in children caused by Toxocara spp.
infection which could not be subsumed under VLM, OLM or
NT. Unspecific symptoms such as fever, anorexia, nausea,
headache, abdominal pain, vomiting, sleep and behaviour
disorders, pharyngitis, pneumonia, cough, wheeze, limb pains,
cervical lymphadenitis could be observed [69,19].
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Other clinical manifestations associated with toxocariasis:
Toxocara canis infection has also been associated with asthma
and may be linked to the rise in asthma observed in inner
city children in cities in the USA [70], and other countries
(Kanobana et al., 2013). There is also growing evidence that
implicates Toxocara spp. infection in epilepsy (Quattrocchi et
al., 2012).

Toxocara and the intestinal flora: The parasite when in
contact with other microorganisms in the intestinal flora
can result in catabolic wastages. Catabolic wastage through
activation of the acute phase response, and interference with the
host’s acquisition of nutrients by maldigestion, malabsorption,
intestinal losses and competition with the parasite burden
can impair growth and nutrition of the host [71]. Also, there
exists a defensive interaction. The endogenous flora plays
an important role in the development of the immunological
defense mechanisms of the intestines, as the secretion of IgA,

Figure 11: Toxocara spp. larva near the renal cortex.
Source: Strube et al. (2013)

Figure 12: A child with ocular larval migrans.
Source: http://parasitophilia.blogspot.com.ng

production of epithelial lymphocytes, and the maturation of
the MHC molecules [72]. The use of probiotics prevents the
intestinal infection in animals. The mechanism of action of
probiotics include competition for intestinal surface receptors,
stimulation of humoral immunity, secretion of extracellular
factors with antimicrobial activities and competition for
intraluminal nutrients [73].

Diagnosis of Human Toxocariasis

Diagnosis and treatment of patients with toxocariasis have
been associated with difficulty [5]. Direct microscopic diagnosis
of Toxocara spp. larval infection in humans is difficult and
rarely attempted. However, methods employed in diagnosis of
Toxocariasis include:

Direct optical diagnosis: A diagnosis of toxocariasis is
only confirmed by visual methods (“gold standard”). Gross
examination can identify a larva found, e.g., in the CSF or in
ocular fluids. Live larvae are highly motile in liquid media.
Microscopic examination of biopsies or organ fragments
can discover larval sections or debris [74]. T. canis larvae,
if undamaged, display the morphological characteristics of
larval nematodes. On average, they are 400 pm in length and
18-20 pm in breadth. The edges are parallel to the bulk of the
body, so the larvae appear squat. The length of the esophagus
is about one-third of the total body length [75]. On pathological
examinations, the cuticle presents two characteristic lateral
alae [76]. T. cati larvae have a similar morphology with T. canis
[75]. The morphological identification of Toxocara infection by
species eggs has been documented to give minor differences.
Scanning electron microscopic observation was able to
differentiate T. canis eggs from T. cati eggs based on their
respective characteristic surface structures. Both species have
subspherical eggs with marked pitted surfaces, but the surface
pitting of T. canis is coarser than that in T. cati [77].

Immunodiagnosis: Development of serological methods
was prompted by the difficulties and uncertainties of direct
visual diagnosis [74]. To confirm suspected toxocariasis, it is
recommended that patients should always be examined with
serodiagnostic tests using at least two consecutive serum
samples taken approximately 2 weeks apart [15]. An ELISA
detecting IgG antibodies against Toxocara Excretory-Secretory
(TES) Ag (IgG TES-ELISA) has become the reference test for
toxocariasis immunodiagnosis. For the serodiagnosis of the
generalized forms of toxocariasis, VLM or common/ covert
toxocariasis, the best choice relies upon the initial use of
Toxocara Excretory-Secretory antigen in Enzyme Linked
Immunosorbent Assay (TES-ELISA), after which any positive
result should be subsequently tested by western blotting (WB).
There is great interest in this combined diagnostic procedure
because TES-ELISA provides fast and relatively inexpensive
negative results. The only current concern is the diagnostic
value of a positive result, which is constantly obscured by
the presence of a more or less elevated seroprevalence rate.
Common/ covert toxocariasis is mostly a benign infection, so
a large majority of infected subjects are asymptomatic or have
very few symptoms and go undiagnosed. In this form, this
helminthiasis is often self-limiting and leaves residual specific
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antibodies. On average, the duration of a positive TES-ELISA
result would be 2.7 years, and over 5 years for WB [19]. A positive
serodiagnostic caused by residual antibodies that do not have
any diagnostic significance can therefore be associated with
any infectious or non-infectious disease. If separated from
the ongoing clinical and laboratory context, such a positive
result has no diagnostic value and should be only taken into
account after the possible etiologies of the observed syndromes
— including blood eosinophilias— have been ruled out [74].

Immunodiagnosis of ocular and neurological compart-
mentalized forms represents a difficult problem. The parasite
burden is always tiny and often reduced to one larva; thus an
immunodiagnostic test carried out on serum usually is nega-
tive [78]. For ocular toxocariasis, immunodiagnosis is made
possible using Aqueous Humor (AH) in a TES-ELISA [79] or
WB [80]. Both methods detect specific IgG. For neurological
toxocariasis, immunodiagnosis can be carried out on CSF [78].
Immunodiagnosis on AH or CSF should be always coupled with
serum testing. If the results are discordant namely negative on
serum but positive AH or CSF, this finding indicates intraocular
or intrathecal synthesis of specific anti-ES Ag IgG. When se-
rum and any aspirated fluid are simultaneously positive, syn-
thesis of specific IgG in the eye or CNS should be assessed using
Reiber’s formula [81].

Treatment

Albendazole is the treatment of choice for toxocariasis.
Patients receiving a 5-day treatment course of albendazole
(10 mg/kg of body weight/day in two divided doses)
improved relative to patients who received treatment with
the older anthelminthic drug, thiabendazole. A dose of 400
mg of albendazole twice a day for 5 days is the currently
recommended therapy. Because the other commonly used
benzimidazole, mebendazole, is poorly absorbed outside the
gastrointestinal tract, this agent is a second-line treatment,
although some success has been reported in patients who
ingest 1 g or more for a 21-day course. Symptomatic treatment,
including administration of corticosteroids, has been helpful
for suppressing the intense allergic manifestations of the
infection [7].

For ocular toxocariasis, the goal of treatment is to
minimize damage to the eye. Systemic antiparasitic treatment
with albendazole or mebendazole at the same doses as for
visceral disease may be beneficial for active disease. Attempts
to surgically remove the larva may be unsuccessful. Control
of inflammation in the eye by use of topical or systemic
steroids may be indicated. For patients with quiescent disease,
improved outcomes may result from surgical intervention to
prevent further damage due to chronic inflammation.

For the eradication of eggs in the soil, it had been reported
to be impractical [15]. However, the following soil treatment
procedures worthy of note include rigorous faecal removal
practices, regularly replacing sand or sterilizing it, and
eliminating sandpits or sandcastles altogether in public areas
[82].

Prevention and Control

Pet owners need to involve veterinarians in controlling the
transmission of Toxocara from pets to humans. Since pregnant
or lactating dogs and cats and their offspring have the highest,
active parasitic load, these animals should be placed on a
deworming program (Holland et al., 2006; CDC, 2014). Regular
anthelmintic treatment, particularly in puppies and Kkittens,
will reduce the number of infectious eggs in the environment
[25].

Reduce contact with contaminated soil. When working with
soil (through gardening or other activities), it is important to
wear gloves [56]. Pet faeces should be picked up and disposed
of or buried, as they may contain Toxocara eggs (CDC, 2009).
Practicing this measure in public areas, such as parks and
beaches, is especially essential for decreasing transmission
[7]. Also, sandboxes should be covered when not in use to
prevent cats from using them as litter boxes. Hand washing
after working on contaminated soil [15], before eating and after
playing with pets, as well as after handling dirt will reduce the
chances of ingesting Toxocara eggs.

Washing all fruits and vegetables [9,63], keeping pets out
of gardens and thoroughly cooking meats can also prevent
transmission. Finally, teaching children not to place non-
food items, especially dirt, in their mouths will drastically
reduce the chances of infection. Toxocara spp. eggs are very
resistant to adverse environmental conditions and remain
infective for years. Since no practical methods exist for
reducing environmental egg burdens, prevention of initial
contamination of the environment is the most important tool
[15]. In order to increase awareness of the potential zoonotic
hazards, veterinary practitioners, general practitioners and
public health agencies should provide sufficient information
and advice for minimizing the risk of infection. Health education
and discouraging geophagia in children are fundamental [82].
Continuous education with emphasis on zoonotic risks is
strongly recommended.

Conclusion

Toxocariasis remains a problem throughout the world,
causing multisystem disease, especially in young people.
Prevalence of parasite infection in dogs with importance for
human health is usually high, resulting in risk of zoonotic
transmission from dogs to humans [83-96]. Co-habitation
of human with dog and cat pets enhances transmission of
Toxocara. Contact with infected dog, especially pups, is a
risk factor for infection, which is a reason for concern in
term of public health because the presence of dogs in urban
areas is becoming increasingly frequent. Researches on the
prevalence of toxocariasis in Nigeria are limited and the high
seroprevalence revealed in recent studies is of great public
health importance. Several individuals are exposed to various
risks associated with toxocariasis while some apparently
healthy individual could be infected with Toxocara and are at
risk of developing visceral toxocariasis, covert toxocariasis, or
ocular toxocariasis and associated complications. There is need
for public awareness campaign on toxocariasis and associated
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risks as well as further researches to ascertain seroprevalence
in areas not yet covered. Mass therapy of infected individuals is
important to reduce morbidity and permanent disabilities from
toxocariasis. Pet owners need to be educated on regular pet
care and pet treatment with benzimidazoles to reduce worm
burden. Toxocariasis and associated risks can best be curtailed
by preventive measures such as personal and environmental

hygiene.

Advances in the development of serological

methodology and controlled studies that can define the acute
and chronic stages of the disease are needed for the follow-up
of patients and control of the infection cure.
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