
Am. J. Trop. Med. Hyg., 96(3), 2017, pp. 692–697
doi:10.4269/ajtmh.16-0792
Copyright © 2017 by The American Society of Tropical Medicine and Hygiene

First Evidence of Angiostrongyliasis Caused by Angiostrongylus cantonensis
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Abstract. Infection by the rat lungworm Angiostrongylus cantonensis represents the most common cause of
infectious eosinophilic meningitis in humans, causing central nervous system (CNS) angiostrongyliasis. Most of CNS
angiostrongyliasis cases were described in Asia, Pacific Basin, Australia, and some limited parts of Africa and America.
CNS angiostrongyliasis has been reported in the Caribbean but never in the Lesser Antilles. The primary objectives of
this study were to depict the first case of CNS angiostrongyliasis in the Lesser Antilles and investigate the environmental
presence of A. cantonensis in Guadeloupe, Lesser Antilles. In December 2013, a suspected case of CNS
angiostrongyliasis in an 8-month-old infant in Guadeloupe was investigated by real-time polymerase chain reaction
(PCR) testing on cerebral spinal fluid (CSF). The environmental investigation was performed by collecting Achatina
fulica molluscs from different parts of Guadeloupe and testing the occurrence of A. cantonensis by real-time PCR.
CSF from the suspected case of angiostrongyliasis was positive for A. cantonensis by real-time PCR. Among 34 col-
lected snails for environmental investigation, 32.4% were positive for A. cantonensis. In conclusion, we report the first
laboratory-confirmed case of CNS-angiostrongyliasis in the Lesser Antilles. We identified the presence and high preva-
lence of A. cantonensis in A. fulica in Guadeloupe. These results highlight the need to increase awareness of this dis-
ease and implement public health programs in the region to prevent human cases of angiostrongyliasis and improve
management of eosinophilic meningitis patients.

INTRODUCTION

The rat lungworm Angiostrongylus cantonensis is a meta-
strongyloid zoonotic and parasitic nematode of rat pulmonary
arteries discovered by Chen in 1935.1 The life cycle of
A. cantonensis involves the rats as a definitive host (mainly
Rattus norvegicus), molluscs as intermediate hosts (espe-
cially the African giant snail Achatina fulica), and crustaceans
and fishes as paratenic hosts.2 Human infections are
acquired by ingestion of third-stage infective larvae in raw or
undercooked molluscs, paratenic hosts, and contaminated
vegetables or water.3 Angiostrongylus cantonensis infection
causes central nervous system (CNS) angiostrongyliasis and
is the leading infectious cause of eosinophilic meningitis in
humans but hematological malignancies, drugs, infectious,
and inflammatory diseases can also be among prime respon-
sible factors. Human angiostrongyliasis is commonly a self-
limitedmeningitis syndrome, but a large spectrum of symptoms
is possible.2 Clinical manifestations range from asymptomatic
disease, mild headache, encephalitis, and radiculomyelitis to
meningoencephalitis with permanent neurological injury or
even death.2,4

Angiostrongylus cantonensis was first detected in China,1

but its geographic distribution is gradually expanding due
to rapid globalization. The spread of Angiostrongylus spp.
has been driven by climate change5 as well as human activity
due to transatlantic and transpacific trading. This leads to
dispersion of carrier hosts along with transportation of
consumable materials.6 The geographical distribution of

A. cantonensis currently includes southeast Asia7; Australia8;
Pacific Islands9; Indian Ocean Islands, including Madagascar,
Reunion, and Mayotte10; United States of America, including
Hawaii, Alabama, Louisiana, and Florida11–13; Brazil14; and
Ecuador.15 In the Caribbean, the parasite has been found in
wild rats in theGreater Antilles inCuba,16 DominicanRepublic,17

Haiti,18 Puerto Rico,19 Jamaica,20 and in the Lesser Antilles in
Grenada only.21 Figure 1 depicts reported infections in
humans and animal hosts in the Caribbean and surrounding
areas to date. Several cases have been reported among
humans in the Greater Antilles including Cuba,16,22 Dominican
Republic,23 and Jamaica,20,24 whereas no human cases
have been documented in the Lesser Antilles.
In December 2013, the Laboratory of Clinical Biology of

Basse-Terre, Guadeloupe, was notified of a suspected case
of CNS angiostrongyliasis in an 8-month-old patient who
presented with eosinophilic meningitis and had never trav-
eled outside of Guadeloupe.

MATERIALS AND METHODS

Case investigation. The infant was referred to the Pediat-
ric Department in Basse-Terre Hospital, Guadeloupe, for clin-
ical and biological evaluation. The mother of the infant was
interviewed to characterize symptoms, date of emergence,
and travel history in the weeks before symptom onset.
Hygiene and food habits were also investigated to evaluate
the most likely exposure.
Laboratory testing. Blood was collected from the patient

on the first day of hospitalization for hematological and
serological analyses. Cerebral spinal fluid (CSF) and stool
samples were collected for bacterial, viral, and parasitological
analyses. Initial laboratory analyses were performed in
Basse-Terre Hospital Center (CHBT) laboratory. Parasitic
serologies were sent to clinical diagnostic laboratory (Cerba
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Healthcare, Saint-Ouen l’Aumône, France), except for
schistosomiasis serology that was performed in CHBT labo-
ratory. A CSF sample was sent to the Centers for Disease
Control and Prevention (CDC, Atlanta, GA) to perform molec-
ular detection of A. cantonensis using a species-specific
internal transcribed spacer 1 (ITS1)-based TaqMan assay as
described by Qvarnstrom and others.25 DNA was extracted
from CSF using the DNeasy Tissue and Blood DNA Extraction
Kit (Qiagen Inc., Valencia, CA) following the manufacturer’s
instructions for blood samples. Real-time polymerase chain
reaction (PCR) was performed using 5 μL of extracted DNA
sample in a 20-μL total volume containing Platinum qPCR
Supermix (Invitrogen, Carlsbad, CA), 0.2 μM of each primers
AcanITS1F1 (5′-TTCATGGATGGCGAACTGATAG-3′) and
AcanITS1R1 (5′-GCGCCCATTGAAACATTATACTT-3′), and
0.05μMof TaqManprobeAcanITS1P1 (5′-6-carboxyfluorescein-
ATCGCATATCTACTATACGCATGTGACACCTG-BHQ-3′). The
PCR was performed using standard cycling conditions for
TaqMan assays. Other blood samples were taken regularly at
D11, D14, andD25 after the first day of hospitalization to evalu-
ate the normalization of eosinophils after treatment.
Environmental investigation. The environmental investi-

gation was conducted for A. fulica intermediate hosts. Snails
were collected from two cities of Guadeloupe , that is,
Basse-Terre and Trois-Rivières, with 22 and 12 snails,
respectively, in February 2014 (Figure 2). Some snails were
collected from the garden of the patient reported in this
manuscript, whereas the others were collected from the sur-

rounding region. For identification of A. cantonensis, species-
specific real-time PCR analysis was performed on snails at
CDC according to the method described in Qvarnstrom and
others.26 DNA was extracted from approximately 20 mg of
tissue of the mantle of each snail using the DNeasy Tissue
and Blood DNA Extraction Kit (Qiagen Inc.) following the
manufacturer’s instructions for tissue samples. PCR was
performed as previously described for CSF analysis.25,26

RESULTS

Case investigation. The 8-month-old patient was born
and lived in Basse-Terre City with her mother and her twin
sister. The infant and her sister had no previous medical his-
tory of any severe disease. No treatment was administered to
the infant at home. The patient’s mother, a Haitian by origin,
did not report any stay or travel outside of Guadeloupe since
the patient and her twin sister were born. The family was living
in a house with an adjoined garden in the center of Basse-
Terre City. The patient was not provided any unusual foods
and there was no exposure to pet animals. However, on fur-
ther questioning, the patient’s mother later revealed that the
child had xposure to snails and rodents in the family garden.
The patient had a 5-day history of fluctuating fever

(∼100.4°F), anorexia, vomiting, irritability, and a more recent
history of diarrhea. On physical examination, the child dem-
onstrated somnolence and slight meningismus as well as

FIGURE 1. Geographic distribution of angiostrongyliasis cases and presence of Angiostrongylus cantonensis in gastropods and rats in
America and Antilles in the past four decades.
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Kernig’s sign. Muscular strength was normal and the eye
examination revealed isochoric and photoreactive pupils.
Laboratory diagnosis. The initial laboratory diagnosis

revealed mild leukocytosis (14.1 g/L) with blood hypereosinophilia
(3.6 g/L eosinophils). The initial hemogram was as follows
(Sysmex® XE2100, Sysmex, Kobe, Japan): hemoglobin =
11.6 g/dL; hematocrit = 33.7%; leukocytes = 14.7 g/L: neu-
trophils 33.4%, eosinophils 24.8%, basophils 0.3%, lym-
phocytes 33.9%, monocytes 7.6%; platelets = 371 g/L.
General biochemical examination including serum electro-
lytes, C-reactive protein (5mg/L) and procalcitonin (0.06 ng/mL)
were within reference ranges. Liver, renal, and hemostatic
functionswere normal as well. Initial blood culture ruled out the
possibility of bacterial or mycological infections. The cerebral
magnetic resonance imaging (MRI) did not show any evidence
of abnormality.
Lumbar puncture demonstrated turbid CSF and intracranial

hypertension. Lumbar puncture greatly relieved the child
symptoms. The CSF analysis revealed 3,000 leukocytes/mm3

with 68% eosinophils, 18% neutrophils, 8% lymphocytes,
4% macrophages, and 10 red blood cells/mm3. CSF bio-
chemical analysis (Cobas® 6000, module c501, Roche Diag-
nostics, Mannheim, Germany) revealed elevated protein

(protein = 909 mg/L, normal range = 150–300 mg/L), low
glucose (glucose = 0.91 mmol/L, normal range = 2.5–
3.5 mmol/L), and normal CSF chloride (chloride = 116 mmol/
L, normal range = 110–130 mmol/L). All tests for bacteria
were negative, including microscopy of CSF by Gram’s stain
and detection of bacterial antigens by latex agglutination
(Pastorex® Meningitis; Bio-Rad, Hercules, CA) for Neisseria
meningitidis type A, C, Y, W135, and B; Streptococcus pneu-
monia; Haemophilus influenzae type b; Streptococcus B;
Escherichia coli K1. Blood cultures were negative and stools
collected for bacterial, viral, and parasitological examina-
tion were only found positive for rotavirus, explaining the
diarrheal episode. Serologic testing for schistosomiasis
(hemaglutination), toxocariasis (Novalisa® Toxocara canis
IgG; Novatec, Dietzenbach, Germany), strongyloidiasis (EIA;
Bordier Affinity Products, Crissier, Switzerland), and dengue
(Dengue Duo®, NS1 Ag + IgG/IgM; SD BIOLINE, Standard
Diagnostics, Yongin, Republic of Korea) were all negative.
Angiostrongylus cantonensis-specific real-time PCR per-
formed on CSF was positive and the patient was therefore
diagnosed with CNS angiostrongyliasis.
Clinical and biological outcome. The infant was treated

with albendazole, ivermectin, and corticosteroids started on

FIGURE 2. Distribution of the collected Achatina fulica in Guadeloupe for environmental investigation. The geographical map of Guadeloupe
shows the distribution of collected snails for environmental investigation. In total, 34 A. fulica snails were collected from Basse-Terre (latitude:
16.01°N, longitude: 61.72°W) and Trois-Rivières (latitude: 15.97°N, longitude: 61.64°W) cities in February 2014.
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the day of hospitalization and administered for 14 days. On
the second day of hospitalization, the peripheral eosino-
philia reached an increased level of 4.3 g/L and subse-
quently normalized gradually. During hospitalization, the
patient had no indication of severe complications. The patient
clinically recovered and was discharged from the hospital after
11 days. Laboratory values had fully normalized on day
25 after hospitalization; leukocytes and eosinophils were
9 and 0.5 g/L, respectively.
Environmental investigation. The diagnosis of the first

confirmed case of CNS angiostrongyliasis in the Lesser
Antilles prompted an environmental investigation of the
presence of A. cantonensis in the local mollusc population.
Out of 34 snails analyzed in Guadeloupe, 11 (32.4%) were
found to be positive for presence of A. cantonensis by real-
time PCR (Figure 2). The proportion of infected snails was
higher in Trois-Rivières (7/12, 58.3%) than in Basse-Terre
city (4/22, 18.2%) (Figure 2). The specificity of the real-time
PCR was previously evaluated and reports specific detec-
tion of A. cantonensis species with no cross-reactivity with
Angiostrongylus vasorum or A. costaricensis.26

DISCUSSION

Angiostrongylus cantonensis is the most common infec-
tious cause of eosinophilic meningitis worldwide. However,
a definitive etiologic diagnosis is rarely achieved since
Angiostrongylus spp. are not well known in the medical com-
munity and biological methods for detection are missing in
most clinical laboratories. In majority of cases, the diagnosis
is based on clinical symptoms only.4,27 Angiostrongylus
cantonensis infection can be confused with other infections
that cause similar symptoms. In endemic regions, individuals
with clinical symptoms, including severe headache, stiff
neck, nausea, vomiting, fluctuating fever, and paraesthesias
should be evaluated for A. cantonensis infection. Moreover,
clinical improvement postlumbar puncture is very frequently
observed in eosinophilic meningitis. Parasitological and sero-
logical tests should be performed to confirm or rule out the
diagnosis, however, reliable diagnostic methods are not
readily available. Definitive diagnosis by the direct detection
of larvae in CSF is rarely achieved due to adhesion of larvae
to nerves.28 Detection of antibodies produced in response
to the infection can be performed on serum or CSF using
enzyme-linked immunosorbent assay or western blot tech-
niques. The diagnostic performance of these assays varies
depending on the purity of the native antigenic preparation
used for detection.29 Molecular diagnosis based on PCR-
detection of DNA from the parasite has recently been
explored and seems promising.25 However, these methods
are not yet standardized and only available in a few special-
ized research laboratories worldwide.
Despite the clinical presentation and improvement post-

lumbar puncture for the 8-month-old patient, the diagnosis
was initially unclear as the Lesser Antilles have never been
reported as an endemic region for this pathogen. The avail-
able literature only documents one article addressing the
environmental presence of A. cantonensis in rats in Grenada
Island (Lesser Antilles) in 2009.21 It may also be noted that
our patient suffered from diarrhea, a symptom later explained
by a rotavirus coinfection. The noninfectious etiologies of
eosinophilic meningitis were unlikely including drug reaction

(as the infant had not taken any other medicines before
symptom onset) and hematological and inflammatory dis-
eases (due to the young age of the patient). Although no
strict treatment recommendations exist, a 14-day treatment
course of dexamethasone, albendazole, and ivermectin was
initiated before confirmation of A. cantonensis infection in
the patient, to cover a broad range of parasitic disease etiol-
ogies. Albendazole was administered because of its ability to
cross the blood–brain barrier and ivermectin was added to
treat other potential causes of parasitic infections. Cortico-
steroid therapy was aimed at improving neurologic symp-
toms by limiting cranial inflammation.30,31

Cerebral MRI and hematological investigations did not
yield any information about the cause of disease. Typical
laboratory findings of A. cantonensis can include peripheral
hypereosinophilia, increased CSF pressure, increased CSF
protein, and a normal or decreased CSF glucose. CSF
microscopy is usually negative for larvae, although larvae
have been seen in CSF in some cases.9,25,32 This patient
demonstrated these typical laboratory findings. As the child
was too young to eat raw fish or molluscs, the main
hypothesis was larval transmission at home either directly
by licking infected molluscs or indirectly by hand transmis-
sion after contact with molluscs in the garden.
Human angiostrongyliasis is generally self-limited but

pediatric cases of A. cantonensis infection seem to be more
commonly associated with meningoencephalitis,4 neurologic
sequelae,10,33 ophthalmic involvement,34 and death.8,33,35 It
is therefore pertinent to establish an early diagnosis and
promptly initiate drug therapy. Symptomatic treatment of
neurologic symptoms has a major place in care for
angiostrongyliasis patients, with analgesics and lumbar punc-
ture used to decrease intracranial pressure.2 The use of anti-
parasitic drugs such as albendazole or mebendazole are
controversial because of the possibility of exacerbating neu-
rologic symptoms due to release of parasitic toxins.2,36 How-
ever, these drugs are widely used in some countries as they
have been shown to relieve symptoms and reduce the extent
of the disease in some patients.31

Our collection and identification of A. cantonensis-
infected snails reflected a high prevalence of the parasite in
the region. Nearly three decades back, the only reported
environmental investigation in Guadeloupe was done for
A. costaricensis in rats (R. rattus and in R. norvegicus),
which showed a total prevalence of 7.5% in the region.37

Our environmental study was conducted directly on snails,
which harbor the infective form of larvae for humans. We
hereby report a high prevalence of infected snails in Trois-
Rivières and Basse-Terre city, 58.3% and 18.2%, respec-
tively, which is concerning for a region frequently visited by
tourists. This is the first study that reports the occurrence
of the parasite in molluscs and a probability of infection due
to A. cantonensis in the Lesser Antilles. The discovery of
A. cantonensis in Guadeloupe raises the possibility of its
presence in islands surrounding Guadeloupe, including
French West Indies (Martinique, Saint-Martin, and Saint-
Barthelemy), Netherlands West Indies, UK West Indies,
Dominica, Antigua, Barbuda, Barbados, Saint Kitts and
Nevis, Saint Lucia, Saint Vincent and the Grenadines and
Trinidad, and Tobago.
The knowledge of the geographical distribution of

A. cantonensis could be improved by collection of
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epidemiological data, including 1) surveillance of possible
angiostrongyliasis and eosinophilic meningitis cases and
2) analysis of definitive and intermediate hosts to detect
Angiostrongylus. This could prompt public health prevention
programs and control measures to limit the risk of infection
to humans. In other areas where this parasite is endemic,
for example, Thailand38 and Hawaii,9 control measures
have already been taken such as informing people about
the risk of eating undercooked or raw molluscs. The estab-
lishment of public health awareness networks could help
the medical community by providing a common protocol
for the diagnosis and treatment of this disease across senti-
nel hospitals and related laboratories for improved diagnosis
and medical care.
We hereby report the first case of CNS angiostrongyliasis

in Lesser Antilles and provide evidence for the first time of
the environmental presence of this parasite in Guadeloupe.
This article aims to draw the attention of the medical commu-
nity and health practitioners to the possible emergence of
CNS angiostrongyliasis in Lesser Antilles. The presence of per-
sistent headache, fever, and eosinophilia in travelers who
return from the Lesser Antilles should alert clinicians to the
possibility of eosinophilic meningitis caused by A. cantonensis.
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