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Abstract
The metastrongyloid nematode genus Angiostrongylus includes 18 species, two 
of which are relevant from a medical standpoint, Angiostrongylus costaricensis 
and Angiostrongylus cantonensis. The first was described from Costa Rica 
in 1971 and causes abdominal angiostrongyliasis in the Americas, including 
in Brazil. Angiostrongylus cantonensis, first described in 1935 from Canton, 
China, is the causative agent of eosinophilic meningitis. The natural defini-
tive hosts are rodents, and molluscs are the intermediate hosts. Paratenic or 
carrier hosts include crabs, freshwater shrimp, amphibians, flatworms, and 
fish. Humans become infected accidentally by ingestion of intermediate or 
paratenic hosts and the parasite does not complete the life cycle as it does 
in rats. Worms in the brain cause eosinophilic meningitis. This zoonosis, 
widespread in Southeast Asia and the Pacific islands, has now been reported 
from other regions. In the Americas there are records from the United States, 
Cuba, Jamaica, Brazil, Ecuador, and Haiti. In Brazil seven human cases have 
been reported since 2007 from the southeastern and northeastern regions. 
Epidemiological studies found infected specimens of Rattus norvegicus 
and Rattus rattus as well as many species of molluscs, including the giant 
African land snail, Achatina fulica, from various regions of Brazil. The spread 
of angiostrongyliasis is currently a matter of concern in Brazil.

Keywords
Achatina fulica, Angiostrongyliasis, Brazil, Eosinophilic meningitis, Rattus 
norvegicus, Rattus rattus, Snails

Introduction
The metastrongyloid nematode Angiostrongylus cantonensis 
causes eosinophilic meningitis (and meningoencephalitis) in 
humans. This parasite, widespread in Southeast Asia and some 
Pacific islands, has now dispersed to other regions, including 
Latin America.1 The spread of this emerging zoonosis is corre-
lated with increased tourism, commerce, and the diversification 
of habits and customs in certain countries, factors that have 
facilitated the dispersal of the definitive and intermediate hosts 
of A. cantonensis.2 In addition, the introduction of non-native 
molluscs plays an important role, as has been observed with the 
giant African snail, Achatina fulica, in Brazil3-5 and the South 
American freshwater snail Pomacea canaliculata in China.6

Species of Angiostrongylus can infect domestic dogs and wild 
mammals,7 as well as humans, as accidental hosts, causing 
parasitic diseases.8 Besides A. cantonensis, another congeneric 
species, A. costaricensis, described from Costa Rica in 1971,9 
is important from a public health standpoint as the causative 
agent of abdominal angiostrongyliasis, a zoonosis recorded from 
the south of the United States to northern Argentina. In Costa 
Rica up to 500 human cases are reported annually.10 In Brazil 
cases have been reported mainly in the southern States.11 This 
paper focuses on A. cantonensis in Brazil.

Taxonomy
Attempts to organize the family Angiostrongylidae into genera 

and subgenera, based on the morphology of the rays of the 
caudal bursa and on the host species, have divided the scientific 
community, particularly in relation to the important human 
parasites, ie, A. cantonensis and A. costaricensis.
 Dougherty12 synonymized the following genera with An-
giostrongylus: Haemostrongylus, Parastrongylus, Pulmonema, 
Cardionema, and Rodentocaulus. Subsequently, Skrjabin et 
al.13 recognized four genera, accepting Dougherty’s synonyms, 
with the exception of Rodentocaulus, which was retained as a 
valid genus along with two additional more recently described 
genera that were also considered valid, Rattostrongylus and 
Angiocaulus. Yamaguti14 accepted the systematic arrangement 
proposed by Skrjabin et al.13

 In 1970 Drozdz5 proposed dividing the genus Angiostrongylus 
into two subgenera: Angiostrongylus (Angiostrongylus) with 
Haemostrongylus, Cardionema, and Angiocaulus as synonyms; 
and Angiostrongylus (Parastrongylus) with Rodentocaulus, 
Pulmonema, and Rattostrongylus as synonyms. Chabaud15 

abolished the subgenera, and recognized four genera: Angio-
strongylus (with synonyms Haemostrongylus, Cardionema, and 
Angiocaulus), Parastrongylus, Rodentocaulus, and his newly 
created genus Morerostrongylus. However, Anderson7 adopted 
the subgeneric classification of Drozdz, with Morerostrongylus 
as a synonym of Parastrongylus, which was treated as a subge-
nus of Angiostrongylus, but with the exception of recognizing 
Rodentocaulus as a distinct valid genus. 
 In 1986, Ubelaker16 reorganized the family Angiostrongylidae, 
recognizing the genera Angiostrongylus (synonym Haemostron-
gylus), Parastrongylus (synonyms Pulmonema, Rattostron-
gylus, Morerostrongylus, Chabaudistrongylus), Angiocaulus 
(synonym Cardionema), Rodentocaulus, Galegostrongylus 
(synonym Thaistrongylus), and Stefanskostrongylus. Although 
this is the most recent taxonomic revision of the Angiostron-
gylidae, based on morphological similarity of the bursal rays 
and host animals, it has not been widely accepted, since, for 
instance, few people use Parastrongylus for A. cantonensis. Too 
few molecular data are available to help resolve the systematics 
of the family.
 Based on the classification of Dougherty,12 we recognize 18 
species of Angiostrongylus from around the world (excluding 
those albeit nomenclaturally valid species that have been de-
scribed on the basis only of female morphology). Angiostron-
gylus vasorum, A. raillieti, A. gubernaculatus, and A. chabaudi 
have carnivores as their definitive hosts. The remaining 14 
species have rodents as definitive hosts: A. taterone, A. can-
tonensis, A. sciuri, A. mackerrasae, A. sandarsae, A. petrowi, 
A. dujardini, A. schmidti, A. costaricensis, A. malaysiensis, A. 
ryjikovi, A. siamensis, A. morerai, and A. lenzii.
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 Angiostrongylus cantonensis was originally described in the 
genus Pulmonema from specimens recovered from the lungs 
of naturally infected rats (Rattus norvegicus and Rattus rattus) 
from Canton, China.17 The adult worms (Figure 1) are character-
ized by a filiform body in both sexes, tapering at the anterior 
end. Females are larger and more robust than males. Detailed 
morphological descriptions have been published elsewhere.18,19

Life Cycle and Hosts
The life cycle of A. cantonensis involves various species of 
terrestrial and freshwater gastropods as intermediate hosts 
and rats as definitive hosts.20-23 As A. cantonensis occurs in the 
adult stage in the pulmonary arteries of the definitive hosts, 
commonly Rattus rattus and R. norvegicus, it is known as the 
rat lungworm. In experimental infection of R. norvegicus, the 
female worm lays eggs inside the pulmonary arteries, where 
they develop into the first-stage larvae (L1), which then move 
to the interior of the alveoli. The larvae then migrate to the 
pharynx and are swallowed, pass through the gastrointestinal 
tract, and are eliminated in the feces.21,24 Land or freshwater 
snails are the principal intermediate hosts, and become infected 
either by ingestion of L1 in the rat feces or by penetration of 
these larvae through the body wall or respiratory pore.25 In the 
mollusc tissue the L1 molts twice (L2 and L3) and the period 
necessary for the development is around 20 days. Rats become 
infected mainly by the ingestion of intermediate hosts infected 
by L3 larvae. These larvae then penetrate the intestinal wall and 
enter the bloodstream a few hours after being ingested. They 
reach the pulmonary circulation from the heart and are dispersed 
to various other organs by the arterial circulation. Many reach 
the brain and molt again, becoming L4 larvae. The fifth molt 
into the subadult stage (L5) occurs in the subarachnoid space, 
from where, after developing further, they migrate to the pul-
monary arteries where they are found 25 days after infection. 
The worms then reach sexual maturity at around 35 days and 
the L1 larvae can be found in the rodent’s feces about 42 days 
after the exposure to the previous generation of L1 larvae.
 Infection in humans occurs when they eat raw or undercooked 
snails and slugs, or paratenic hosts, including land crabs, 
freshwater shrimp, fish, frogs, and planarians.26 In humans, 
the young larvae reach the brain, where they die rather than 
migrating further and completing their development. This causes 
eosinophilic meningitis (or meningoencephalitis), which has 
neurological symptoms. Usually the infection does not kill the 
victim, except when there is massive exposure to infective L3 
larvae.27

 The parasite displays broad specificity for intermediate hosts; 
many species of terrestrial and freshwater molluscs have been 
found naturally infected, including Achatina fulica, Bradybaena 
similaris, Subulina octona, Pomacea canaliculata, Pomacea 
lineata, other Pomacea species, Deroceras laeve, and species 
of Pila.3,18,23,28 It has been found in various paratenic hosts, and 
although these are passive hosts in which the parasite does not 
undergo any development, they play an important role as they 
increase the opportunities for the parasite to infect definitive 
hosts.

In southern China, an apple snail species, Pomacea canaliculata, 
and the giant African snail, Achatina fulica, both non-native, are 
widespread and the number of cases of eosinophilic meningitis 
has been increasing, the transmission being linked to both spe-
cies. Most recently, serious outbreaks have been reported, in 
most cases directly related to consumption of P. canaliculata.6,29

Angiostrongylus cantonensis and 
Angiostrongyliasis in Brazil
Sporadic outbreaks of eosinophilic meningitis caused by A. 
cantonensis were first reported in the Americas in the latter 
part of the twentieth century.30 The zoonosis, or at least infected 
rodents, have now been reported in the Americas and islands 
of the Caribbean from the United States,31 Cuba,32,33 Jamaica,34 
Brazil,3,4,26 Ecuador,35 and Haiti.36

 The first report of this zoonosis in Brazil was in the municipal-
ity of Cariacica, Espírito Santo State,3 with subsequent reports 
from two municipalities (Olinda and Escada) in Pernambuco 
State,18,26 and in the city of São Paulo, São Paulo State.37 In the 
first two states naturally infected definitive and/or intermediate 
hosts had been discovered during the epidemiological investi-
gation of the human cases. Achatina fulica was considered the 
vector in three of the four reported cases.3,18,26 One of the cases 
in Pernambuco State was attributed to ingestion of undercooked 
apple snails (Pomacea lineata).18 Specimens of A. fulica have 
been found infected with A. cantonensis larvae in south and 
southeastern Brazil since 2007 and more recently from Pará 
State in the Amazon region, northern Brazil.38A species of 
Pomacea was also associated with an outbreak of eosinophilic 
meningitis in Ecuador.35

 Natural infection of definitive vertebrate hosts with A. canto-
nensis has also been reported in Brazil. Infected Rattus rattus 
and R. norvegicus have both been found in Pará State38 and 
infected R. norvegicus have also been reported in the States of 
Rio de Janeiro (southeastern Brazil)39 and Rio Grande do Sul 
(southern Brazil), according to Carlos Graeff-Teixeira (oral 
communication, June 2012 ). Some reports of infected rodents in 
urban areas were associated with epidemiological investigations 
following the occurrence of cases of eosinophilic meningitis.39 
The prevalence of A. cantonensis in rodents is highly variable8 
and does not suggest specificity among species in the genus 
Rattus. 
 How A. cantonensis arrived and became established in the 
Americas is not well understood, although Diaz40 attributed its 
introduction to introduction of Rattus norvegicus in shipping 
containers. Its introduction to Brazil has been postulated as 
either with parasitized rats during the country’s colonial period 
(1500-1822), when there was frequent contact with Africa and 
Asia4 and/or by recent invasion of the giant African snail, A. 
fulica, which began in the 1980s.41,42 As Brazil is currently 
experiencing the explosive phase of the invasion of A. fulica, 
which has now been recorded in 25 of the 26 states and in 
the Federal District (Figure 2), the emergence of eosinophilic 
meningitis is a matter of concern,41,42 although many species 
of molluscs may act as intermediate hosts in Brazil.43
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Figure 1. Angiostrongylus cantonensis; A. Male, dorsal view of caudal bursa, detail ventroventral (VV), ventrolateral (VL), laterolateral (LL), 
meiolateral (ML), posterolateral (PL), externodorsal (ED) and dorsal rays (large arrow); scale bar: 50 µm. B. Male, caudal bursa, lateral 
view; scale bar: 50 µm. C. Male, caudal bursa showing gubernaculum (white arrow), lateral view; scale bar: 50 µm. D. Male, detail of two 
spicules (arrowheads) joined by a sheath (arrow); scale bar: 100 µm.

Conclusion
The spread of Angiostrongylus cantonensis in Brazil is a matter 
of public health concern because of the widespread occurrence 
of infected rats and snails in peridomestic areas. There is a need 
for education of the population regarding disease transmission 
and prevention. Physicians should be made more aware of the 
possibility of A. cantonensis infection. And serological diagnosis 
of angiostrongyliasis should be available to facilitate appropriate 
medical treatment. Control and monitoring of intermediate and 
definitive hosts in areas of epidemiological relevance should 
be undertaken to limit the occurrence of new transmission foci.
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