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Abstract

Angiostrongylus cantonensis is a parasitic nematode with a complex life cycle involving rats as definitive hosts and gas-
tropods as intermediate hosts. The parasite can infect other organisms, including humans, in which it causes neuroan-
giostrongyliasis, a globally emerging but neglected disease. This primer reviews the biology of A. cantonensis includ-
ing its life cycle and development in its natural, accidental, and paratenic hosts, as well as its expanding geographic
distribution. It then considers recent advances in A. cantonensis research followed by exploring areas that are ripe

for further investigation into this fascinating parasite.
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What is Angiostrongylus cantonensis?

Angiostrongylus cantonensis (family Angiostrongylidae),
the rat lungworm, is a parasitic nematode first described
in southern China in 1935 [1]. It has a complex life cycle
involving rats as definitive hosts and snails as intermedi-
ate hosts (Fig. 1, [2]). Angiostrongylus cantonensis adults
reside in the pulmonary arteries of rats, where they
reproduce sexually and females lay eggs. The eggs travel
via the bloodstream to the lungs, where they hatch into
first-stage larvae (L1). L1 larvae migrate from the lungs
via the trachea into the oropharynx, are swallowed by the
host, passed through the alimentary canal, and released
in feces. For the life cycle to progress, rat feces must be
consumed by snails (or slugs). Once consumed, the L1
molt twice, progressing into the second (L2) and third
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(L3) larval stages. The L3 become dormant, remaining
in the snail host until the life cycle continues when a rat
preys on the infected snail. L3 penetrate the rat’s gastro-
intestinal tract and travel via the circulatory system, even-
tually entering the brain. In the brain, the L3 undergo two
more molts, developing into fourth-stage (L4) larvae and
lastly subadult (L5) worms. Young adults then reenter the
circulatory system and migrate to the pulmonary arteries
and the life cycle begins anew. Angiostrongylus cantonen-
sis also has two other types of hosts: paratenic and acci-
dental, neither of which support the entire life cycle. In
paratenic hosts, of which there are many [3], L3 larvae do
not continue development, but remain infective to other
paratenic hosts, accidental hosts, and definitive hosts. In
accidental hosts, L3 larvae migrate from the gastroin-
testinal tract to the central nervous system, notably the
brain in humans, where they molt twice, as in the defini-
tive rat hosts, into subadults. However, in accidental
hosts, L5 larvae are unable to leave the central nervous
system, and as a result cause eosinophilic meningitis—
the disease in humans known as neuroangiostrongylia-
sis, a globally emerging but largely neglected disease that
causes diverse symptoms and in severe cases may lead to
motor dysfunction, paresis, coma, and sometimes death

[2].
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The Biology of Angiostrongylus cantonensis
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¢ Adult worms reside in pulmonary arteries
where they reproduce and lay eggs

* Eggs hatch into L1 larvae in the lungs
and are coughed up into the trachea

¢ L1 are swallowed and eventually
released into the environment in feces

Development in the intermediate host

¢ L1 are consumed when snails eat
feces

¢ L1 undergo two molts in the
intermediate host

¢ Larvae remain in the L3 stage
until the intermediate host is

eaten by a definitive host
Fig. 1 The biology of Angiostrongylus cantonensis life stages

Why study the biology of A. cantonensis?

The complexity of the life cycle of A. cantonensis and
the taxonomic breadth of its hosts make it an excellent
model for developmental biology research and for inves-
tigating host—parasite relationships. At least 17 species
of rats have been identified as definitive hosts of A. can-
tonensis [4], and more than 200 species of intermediate
hosts have been reported [5-7]. Turck et al. [3] listed
32 species of paratenic hosts; however, 9 of those were
reported as hosts only on the basis of experimental infec-
tion. Paratenic hosts of A. cantonensis are taxonomically
diverse, span both terrestrial and aquatic environments,
and include amphibians, centipedes, crustaceans, planar-
ians, and reptiles. Accidental hosts are also taxonomically
diverse, including a range of mammals (e.g., humans,
non-human primates, dogs, sheep, bats, marsupials) and
birds [7]. Given the taxonomic breadth of hosts and the
developmental trajectories of A. cantonensis within each

Accidental hosts

* L3 migrate to the central nervous
system

* Larvae die in the brain resulting in
neuroangiostrongyliasis

[Ingestion of infected snail
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host type, elucidating the mechanisms underlying larval
development would not only enhance understanding of
A. cantonensis biology, including host compatibility, but
possibly that of other parasites with complex life cycles
as well.

In addition to its fascinating life cycle, A. cantonensis is
also an emerging threat to human and animal health as
one of the leading causes of eosinophilic meningitis [2].
Eosinophils are important effector cells in the immune
response to helminths [8, 9]. In vitro, eosinophils actively
destroy helminth parasites [10], particularly during the
larval stages [11]. However, in experimental infections
of mice and guinea pigs (accidental hosts) with A. can-
tonensis, eosinophils target the subadult stage in the
central nervous system, resulting in tissue damage from
eosinophil degranulation and its cytotoxic effects [12].

Mechanical damage to brain tissue also occurs from
migrating larvae, evidenced by physical lesions along

Paratenic hosts
* L3 are inert and do not develop

* Impacts to the host are negligible
and signs of disease may not be
apparent
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their migratory tracks [13]. In rats, A. cantonensis L5
seemingly do not attract eosinophils to the brain because
rat eosinophils may lack the receptors needed for recog-
nizing the parasite [12], thus avoiding eosinophil-driven
tissue damage. However, with high larval burdens in a
rat (>280 L3), mass bleeding in the meninges can occur,
resulting in memory deficits, although most of the severe
damage occurs in the heart and lungs [14]. Like many
emerging helminthiases, neuroangiostrongyliasis is not
well studied, and much remains to be discovered regard-
ing the biology and ecology of A. cantonensis.

The expanding distribution of A. cantonensis,

an invasive species

Angiostrongylus cantonensis is generally considered a
tropical/subtropical parasite, limited by low tempera-
tures, and is assumed to have originated in southern
China or Southeast Asia, the region in which it was
first discovered [2, 7]. It spread rapidly outward into
the islands of the Pacific during the 1930s to the 1960s,
including to Australia [15, 16] and subsequently to the
Caribbean, South America, the southeastern USA,
Africa, Indian Ocean islands, the Canary Islands, and
the Mediterranean island of Mallorca [7], and most
recently to continental Europe [17]. Its range appears to
be expanding beyond its previous tropical/subtropical
range into more temperate regions, perhaps associated
with climate change [18, 19]. The invasive giant African
snail (Lissachatina fulica) appears to have been a com-
mon vector, although rats may have been more impor-
tant [7, 20]. Human cases of neuroangiostrongyliasis have
largely reflected the expanding range of the parasite, with
the majority of cases in China, Southeast Asia, and Oce-
ania, but cases have also occurred in Australia, Japan, the
Caribbean, and the southeastern USA, and more recently
in South America [2, 13], on Indian Ocean islands [21],
and possibly in Nigeria [22]. The parasite’s distribution in
Africa remains essentially unexplored.

Angiostrongylus cantonensis biology: three
advances in the last decade

The genome

Over the past decade, the genome of A. cantonensis
has been published three times [23-25], with Xu et al.
[24] publishing the most complete genome to date.
Analyses of the genomes and predicted proteomes are
revealing new insights into not only the mechanisms of
A. cantonensis parasitism, but also its evolutionary his-
tory. Xu et al. [24] identified several gene families that
underwent expansion (addition of new genes with simi-
lar functions) in the A. cantonensis lineage, as well as
454 genes that appeared unique to A. cantonensis, most
notably genes involved with superoxide dismutase and
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metallopeptidase activity. Further transcriptomic work
by de Mattos Pereira et al. [26] has provided insight into
the metabolic pathways of A. cantonensis, revealing its
ability to synthesize and metabolize major organic mac-
romolecules, including lipids that other parasites such as
cestodes and schistosomes are incapable of biosynthe-
sizing [27, 28]. de Mattos Pereira et al. [26] also showed
that adult A. cantonensis can synthesize serine, cysteine,
methionine, and proline, but lack complete pathways for
the synthesis of histidine, lysine, phenylalanine, threo-
nine, leucine, isoleucine, and valine—providing insight
into host dependency dynamics of the parasite. Although
the genome is published, its use in research is still rela-
tively new; thus there remains much more to discover,
especially as efforts continue to produce a complete func-
tional annotation of the genome.

Improved molecular detection assays

Humans and other animals are infected when they eat
a raw infected intermediate or paratenic host. The dis-
ease is diagnosed via clinical assessment and confirmed
definitively when A. cantonensis larvae are found in the
cerebrospinal fluid (CSF) [29]. Molecular identifica-
tion of A. cantonensis is also performed using quantita-
tive polymerase chain reaction (qQPCR) of a patient’s CSE.
qPCR assays have typically used primers and probes tar-
geting the internal transcribed spacer region 1 (ITS1),
cytochrome oxidase 1 (CO1), or 18S rRNA gene to iden-
tify suspected A. cantonensis infections, but identifica-
tion using these markers is challenging [30-32]. ITS1 is
not a particularly sensitive marker, often reaching cycle
thresholds (Ct) near the limit of detection or being com-
pletely negative even though A. cantonensis is suspected.
18S primers may generate false-positive results because
of sequence similarity with other nematode species
[30], and there are instances in which CO1 is unable to
distinguish among several nematode species [33, 34].
Sears et al. [35] recently developed a highly sensitive
primer/probe assay—AcanR3990—by targeting regions
of genomic DNA with tandem repeats. AcanR3990 has
consistently lower Ct values (~10 cycles fewer) compared
with ITS1, which equates to an approximate 1000-fold
increase in sensitivity. Furthermore, AcanR3990 has a
relative specificity for A. cantonensis of 100%, highlight-
ing its potential to be the qPCR assay of choice. Sears
et al. [36] also developed a second primer/probe, RPA-
can3990, targeting the same repeated sequences, for use
as a field-applicable diagnostic recombinase polymerase
assay, bypassing the need for thermocycling conditions
used in qPCR. A third assay, Angie-LAMP, was recently
developed by Baldz and colleagues [37], also using the
AcanR3990 primer, for detecting Angiostrongylus DNA
in CSE. The method avoids the need for DNA isolation
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but compares favorably with qPCR methods and could be
an ideal assay for rapid field testing of CSF samples.

Improved laboratory culture methodology

Maintenance of the life cycle of A. cantonensis in the
laboratory has been undertaken since the 1960s [38], but
is demanding because of its complexity. Housing rats
and snails requires significant space and is both labor
intensive and expensive. In addition to labor and hous-
ing costs, both hosts must be killed to retrieve the par-
asite (with the exception of L1 larvae), which, although
performed according to strict and humane regulations,
has ethical implications. Efforts to establish develop-
ment of A. cantonensis in culture media external to both
the intermediate and definitive hosts have been ongoing
since the 1990s [39, 40], but were more recently opti-
mized by Xie et al. [41]. Their methodology allows for
in vitro development of A. cantonensis eggs into L1 larvae
as well as development of L3 into L4 and subadults. How-
ever, the method does not allow the complete life cycle to
be maintained outside of the hosts, thus not totally elimi-
nating the need for both rats and snails. Nonetheless, this
is a crucial step for minimizing the numbers of interme-
diate hosts needed to obtain worms and reduces the need
for specialized animal housing and labor. Furthermore,
being able to culture the parasite outside the host opens
myriad possibilities for novel research in areas such as
parasite development without host influence and stage-
dependent drug development.

Three areas ripe for research

Host behavior and parasitism

Many parasites alter the behavior of their hosts and these
changes may benefit the parasite in some capacity. Per-
haps the best known example is that of Toxoplasma gon-
dii and its intermediate mouse host whereby it blocks
aversion to cat (the definitive host) predator odors [42],
thus increasing the probability of transmission. Several
studies have explored behavioral responses of intermedi-
ate, definitive, and accidental hosts in the A. cantonen-
sis host—parasite system [43—46], but none has yielded
significant insights into specific host behavioral altera-
tions that could be of adaptive value for the parasite. In
trophically transmitted systems, parasites often induce
phenotypic changes in their intermediate hosts that alter
transmission dynamics via the process of enhancement
(increased predation of intermediate hosts), suppres-
sion (decreased predation of intermediate hosts), or both
(switching) [47]. It is currently unknown how, or whether,
A. cantonensis uses any of these strategies to complete its
life cycle. Considering that it must undergo two molts
in the intermediate host to reach the infective L3 stage,
which takes approximately 12-16 days [7], suppression
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should be favored during this time; once L3 is reached,
switching to enhancement should be favored. However,
this dynamic is complicated if snails eat rat feces more
than once across time. This would introduce new L1 into
the host, which leads to multiple life stages simultane-
ously present in the host that could alter the timing of
switching. Furthermore, this dynamic could differ across
the wide taxonomic range of intermediate hosts because
of different host—parasite interactions among snail spe-
cies. To understand these dynamics better, determining
the behaviors of the intermediate hosts, and the under-
lying mechanisms, is an area ripe for future research.
The extent to which A. cantonensis alters behavior of
rats is also unknown, providing another area for future
research. In particular, research should investigate preda-
tor—prey interactions of infected rats and snails with
one crucial focus on whether rats show any avoidance or
preference for infected snails. This has implications for
the health and survival of the rat host, which ultimately
can impact transmission dynamics.

Angiostrongylus cantonensis neurotropism

The central nervous system is the primary site where L3
continue developing, specifically the brain in humans.
While larvae can reach the brain in both accidental
and definitive hosts, development only proceeds in the
definitive host, and the reasons for this are critically
understudied. There are clues, however, about the pos-
sible mechanisms. For example, Beaver and Dobson [48]
showed high levels of acetylcholinesterase (which cata-
lyzes acetylcholine) activity in A. cantonensis larvae in the
rat brain, but acetylcholinesterase activity levels are lower
in adult worms, which are not in the brain but in the
pulmonary arteries. Acetylcholine is primarily synthe-
sized in the brain and is an important neurotransmitter
in many organisms, including nematodes [49]. Further-
more, Waymouth’s medium, which was used in the suc-
cessful cultivation of A. cantonensis larvae [39-41], is
rich in choline—the precursor to acetylcholine—adding
further insight into why the brain is the primary organ of
larval development. The brain is also rich in many other
important neurotransmitters, which may be needed for
A. cantonensis development, especially if it lacks the abil-
ity to synthesize them. Research into this area would not
only provide great insight into the evolution of this fas-
cinating organism and the process/mechanism of devel-
opment, perhaps of relevance to other parasites with
multihost life cycles, but could further improve in vitro
cultivation methods as well.

Consequences of coinfection
Coinfection with multiple pathogens can significantly
alter disease progression and outcomes, especially when
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helminths are involved [50]. Wild rats harbor many
types of pathogens concurrently, including bacteria,
fungi, viruses, and parasites [51, 52]. There is a substan-
tial gap in knowledge about how coinfections influence
the dynamics of A. cantonensis in wild rat populations,
but there is some evidence that the presence of other
helminth species can limit or enhance A. cantonensis
infection intensity [53]. There is also limited informa-
tion regarding A. cantonensis coinfection dynamics in
snails. Angiostrongylus cantonensis transmission in some
snail species may be impacted by the presence of other
helminths. For example, the number of A. cantonensis
L3 recovered from Biomphalaria glabrata also infected
with Echinostoma paraensei is significantly reduced [54],
which lowers the number of larvae that would enter the
definitive host. However, that study, while informative,
used a snail species (Biomphalaria glabrata) that has
never been implicated in human neuroangiostrongyliasis,
and to the best of our knowledge, has not been recorded
as naturally infected with A. cantonensis in the wild.
Future research into coinfection dynamics should focus
on snail species that have been implicated in human
eosinophilic meningitis, and are naturally infected, which
could lead to targeted methods for combating this emerg-
ing infectious disease. The giant African land snail, Lissa-
chatina fulica, is an attractive target for snail coinfection
research because of its role in human angiostrongyliasis
[55], its ability to harbor multiple parasitic helminths
[56], and because it is a highly invasive species that has
been implicated in the spread of A. cantonensis into new
regions [57—-59]. Furthermore, coinfection studies in both
rats and snails could provide new insight into the ecol-
ogy of A. cantonensis, which could aid in disease control
efforts. Another consideration regarding coinfections
concerns the impact of A. cantonensis invasions on native
helminths. Interspecific helminth interactions in snails
are typically antagonistic [54, 60, 61], often leading to the
establishment of only one helminth species in a host. This
could have major implications for parasite biodiversity in
regions where A. cantonensis has recently invaded, espe-
cially if it can outcompete native parasites.

Conclusions

Angiostrongylus cantonensis is an intriguing model for
research, given its intricate life cycle and its implications
for both animal and human health. Understanding the
biology of this parasitic nematode not only enriches our
knowledge of host—parasite interactions, but also reveals
critical insights into its evolution and pathogenicity. With
advances in genomics, diagnostic techniques, and labo-
ratory methodologies, the potential to explore new ave-
nues of research is vast, particularly in the realms of host
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behavior, neurotropism, and coinfection dynamics. As
A. cantonensis continues to emerge as a significant health
threat, the urgency to investigate its complex ecology and
biology becomes paramount. By addressing the knowl-
edge gaps surrounding A. cantonensis, researchers can
develop effective strategies for controlling its transmis-
sion and mitigating its impact on public health. Finally,
because A. cantonensis is an invasive species, under-
standing potential ecosystem-level impacts, such as bio-
diversity and food-web impacts, would be of great benefit
to conservationists and ecologists alike.
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