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Abstract

Over 20 species of Angiostrongylus have been described from around the world, but only 

Angiostrongylus cantonensis has been confirmed to cause central nervous system disease in 

humans. A neurotropic parasite that matures in the pulmonary arteries of rats, A. cantonensis is the 

most common cause of eosinophilic meningitis in southern Asia and the Pacific and Caribbean 

islands. The parasite can also cause encephalitis/encephalomyelitis and rarely ocular 

angiostrongyliasis. The present paper reviews the life cycle, epidemiology, pathogenesis, clinical 

features, diagnosis, treatment, prevention and prognosis of A. cantonesis infection. Emphasis is 

given on the spectrum of central nervous system manifestations and disease pathogenesis.
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1. Angiostrongylus spp

Over 20 species of Angiostrongylus have been described worldwide (Prociv et al., 2000; 

Thiengo et al., 2013). The parasites are nematodes (phylum Nematoda) in the superfamily 

Metastrongyloidea, with species having carnivores, insectivores, and mainly rodents as their 

definitive hosts (Drozdz, 1970; Prociv et al., 2000; Thiengo et al., 2013). Transmission of 

most species involves ingestion of gastropod intermediate hosts. Only two species of 

Angiostrongylus have been confirmed to cause human infection: A. costaricensis, and A. 

cantonensis (Prociv et al., 2000). A. costaricensis inhabits the mesenteric arteries, causing 

abdominal angiostrongyliasis with marked eosinophilic infiltration of the viscera, a zoonosis 

reported from the southern United States to northern Argentina (Incani et al., 2007; Morera 
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and Cespedes, 1970; Rebello et al., 2012; Rodriguez et al., 2014; Thiengo et al., 2013). A. 

cantonesis is neurotropic, migrating to neural tissue after infection and resulting in three 

syndromes: eosinophilic meningitis (also known as meningitic angiostrongyliasis), 

encephalitis, and ocular angiostrongyliasis (Sawanyawisuth and Chotmongkol, 2013). 

Eosinophilic meningitis is the most common presentation of neuroangiostrongyliasis and is 

now recognized as an emerging zoonotic disease (Wang et al., 2012). A. malaysiensis can 

cause neurological disease in monkeys under experimental conditions (Cross, 1979), and 

there are reports from Malaysia and Indonesia suggesting that A. malaysiensis also causes 

human disease (Carney and Stafford, 1979; Lim and Ramachandran, 1979). However, A. 

malaysiensis has yet to be isolated from humans (Prociv et al., 2000). Since A. costaricensis 

does not cause neurologic symptoms, this paper will focus on A. cantonensis infection [For 

more information about A. costaricensis please see additional references (Grisotti and Avila-

Pires, 2011; Rebello et al., 2013; Rebello et al., 2012; Rodriguez et al., 2014; Teixeira et al., 

1993)].

2. Angiostrongylus cantonensis morphology

Angiostrongylids are small nematodes with thin cylindrical bodies and a reduced bursa in 

males, which are associated with the vascular system. Mackerras and Sandars were the first 

to try to describe all life-forms of A. cantonensis (Mackerras and Sandars, 1954) not 

realizing they were actually describing A. mackerrasae, another neurotropic parasite of rats 

almost identical to A. cantonensis and not separated as a distinct specie until 14 years later 

(Bhaibulaya, 1975).

During its life cycle first stage larvae (L1) molts four consecutive times generating second-

(L2), third-(L3), fourth-(L4), and fifth-stage (L5) larvae. L3 larvae are the infective form for 

definitive (rats) and accidental (humans) hosts (Figure 1A). Adult worms reside in the 

pulmonary arteries and right ventricle of rats, which gave the name “rat lungworm” for the 

parasite. Adult worms of both sexes are characterized by a long, phylliform body tapering at 

both ends (Figure 1C). Females are larger and more robust than males reaching a size of 21–

35 by 0.30–0.36 mm (females) and 16–25 by 0.25–0.35 mm (males) (Cowie, 2013; Cross, 

1997; Orihel and Ash, 1995; Thiengo et al., 2013; Thiengo et al., 2010). The appearance of 

the adult male bursa, the caudal apparatus used to clasp the female during mating, and of the 

tip of the tail are important in the differentiation of subgenera and species of 

Angiostrongylus adult worms and L3 larvae, respectively (Cowie, 2013; Thiengo et al., 

2013) (Figure 1D). More detailed morphological descriptions of all developmental stages of 

A. cantonensis and its differentiation from other Angiostrongylus species have been 

published elsewhere (Ash, 1970; Bhaibulaya, 1975; Thiengo et al., 2013; Thiengo et al., 

2010; Ubelaker, 1986).

3. Life cycle

A. cantonensis was first described in Guangzhou, China, in 1935 (Chen, 1935). The rat is the 

definitive host of A. cantonensis and is infected after ingesting L3 larvae (Bhaibulaya, 1975; 

Mackerras and Sandars, 1954). A few hours after being ingested, L3 larvae penetrate the 

intestinal wall and enter the bloodstream (Thiengo et al., 2013). Once in the intestinal 
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venous (hepatoportal) circulation, L3 larvae pass through the liver and inferior vena cava, 

and reach the pulmonary circulation from the right ventricle. L3 larvae then pass through 

pulmonary capillaries arriving at the left heart where they are dispersed by the arterial 

circulation to the body. Within several days, many L3 larvae reach the brain, enter the neural 

parenchyma, grow and molt, becoming L4 larvae. Later, another molt into the subadult stage 

L5 occurs after migration of L4 larvae to the subarachnoid space. Young adult worms leave 

the brain and return to the pulmonary arteries, traveling via the venous sinuses, superior 

vena cava and right heart. Adult worms are found in the pulmonary arteries 26–35 days after 

L3 infection (Bhaibulaya, 1975; Cross, 1997). Rats (R. norvegicus and R. rattus) are tolerant 

of A. cantonensis infection, surviving relatively large infective doses (as high as 150 

parasites developing in the brain), without significant central nervous system (CNS) 

abnormalities (Prociv et al., 2000). In addition, it was recently shown that A. cantonensis can 

also complete its life cycle in Mongolian gerbils (Meriones unguiculatus) under laboratory 

conditions (Wei et al., 2014).

Approximately 35 days postinfection, worms reach sexual maturity within the pulmonary 

arteries and copulate. The female worm then lays approximately 15,000 eggs per day in the 

pulmonary arteries (Wu, 2006). These eggs travel via the blood circulation to the lung 

parenchyma where they develop in situ in about a week and contain L1 larvae, which then 

hatch. L1 larvae penetrate alveoli, migrate up the airways to the pharynx, and are 

swallowed, reaching the gastrointestinal tract (Bhaibulaya, 1975). L1 larvae are then 

eliminated in the rodent’s feces starting about 42–45 days postinfection with L3s (Thiengo 

et al., 2013), and proceed to infect mollusks as intermediate hosts. Snails and slugs 

(generally Pila polita, Pila ampullacea, Pomacea canaliculata, and Achatina fulica), the 

principal intermediate hosts, become infected either by ingestion of L1 in rat feces or by 

penetration of these larvae through the body surface(Thiengo, 1996). In the intermediate 

host, the L1 molts twice in 12–20 days (Chao et al., 1987; Thiengo et al., 2013) and the L3 

that eventually develops is directly infective to rats upon ingestion, thus, completing the life 

cycle. However, a variety of paratenic hosts (transport hosts which eat mollusks) may be 

interspersed in transmission of L3s, including terrestrial planarians and crabs, freshwater 

shrimp, frogs, toads, and certain fish (Ash, 1968; Radomyos et al., 1994; Wallace and 

Rosen, 1966, 1967, 1969). Although the significance of paratenic hosts as a source of 

infection to rats is an unresolved issue, it is generally believed that these paratenic hosts in 

which the parasite does not undergo any further development play an important role in 

transmission, as they increase the opportunities for the parasite to infect definitive hosts as 

well as humans (Prociv et al., 2000; Thiengo et al., 2013).

Humans are accidental hosts that acquire A. cantonensis after eating undercooked 

intermediate or paratenic hosts, or vegetables that contain L3 larvae. Once ingested, L3 

larvae migrate into the central nervous system (CNS), following a path similar to the one 

occurring in rats (Wang et al., 2008). The presence of the parasite in the brain results in 

eosinophilic meningitis, which is the most common presentation of this infection in humans, 

or encephalitis. The parasite also can migrate into the eye causing ocular angiostrongyliasis. 

It is a matter of debate if L3 larvae are able to molt inside the human CNS and migrate to the 

pulmonary arteries. Since eosinophilic meningitis is the predominant clinical finding, some 
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believe that, different from what occurs in the definitive host, L3 larvae do not molt or 

migrate further but remain in the human CNS for 1–2 months before they die 

(Sawanyawisuth and Chotmongkol, 2013). However, immature adult worms have been 

found in the pulmonary arteries of patients with angiostrongyliasis (Orihel and Ash, 1995; 

Prociv, 1999). In addition, another study showed the presence of abnormalities on chest X-

rays of patients who had survived an episode of eosinophilic meningitis (Shih et al., 1992). 

These studies suggest that, on rare occasions, A. cantonensis can molt in the CNS, develop 

further, and travel to the lungs of humans (Orihel and Ash, 1995; Prociv et al., 2000; 

Sawanyawisuth and Chotmongkol, 2013). There is no data regarding the L3 larval dose 

required to cause symptomatic human infection, and although no studies have determined 

the possibility of subclinical infections, these would certainly be expected (Prociv et al., 

2000).

4. Epidemiology

A. cantonensis is the most common cause of eosinophilic meningitis in southern Asia and 

the Pacific and Caribbean islands (Murphy and Johnson, 2013; Sawanyawisuth and 

Chotmongkol, 2013). Human infection was first described in Taiwan in 1945 (Nomura and 

Lin, 1945). Currently, over 2,800 human cases have been reported from about 30 countries 

with most records been from tropical and subtropical areas in Southeast Asia and the Pacific 

Basin (Cowie, 2013; Wang et al., 2008). The parasite endemic in southern Asia, the Pacific 

and Caribbean islands, and portions of Australia, southeastern USA, Egypt, Nigeria, Côte 

d’Ivoire, and South America (Brazil and Ecuador) (Caldeira et al., 2007; Morassutti et al., 

2014; New et al., 1995; Thiengo et al., 2013; Wang et al., 2008). Human A. cantonensis 

infection has attracted increasing attention because of outbreaks (Caldeira et al., 2007; 

Thiengo et al., 2013) and increasing numbers of sporadic cases being reported in travelers 

returning from endemic regions in Europe (Wang et al., 2012).

The dispersal of A. cantonensis from its presumptive home range in southern Asia is likely 

due to the transport of infected rats on ships and airplanes, increased migration of human 

populations and military operations in the endemic areas and the spread of some species of 

snails to different parts of the world (Kliks and Palumbo, 1992). For example, the recent 

invasion and spread of the giant African snail, A. fulica, in Brazil, which began in the 1980s 

and has now been recorded in 25 of the 26 states and in the Federal District, likely 

contributed to the outbreaks of eosinophilic meningitis caused by A. cantonensis in that 

country (Caldeira et al., 2007; Cognato et al., 2013; Thiengo et al., 2013; Thiengo et al., 

2010).

Due to A. cantonensis promiscuity regarding its intermediate and paratenic hosts the route of 

infection in human cases varies geographically (Kim et al., 2014; Wang et al., 2008; Wang 

et al., 2012). The introduction of the native South American snail P. canaliculata to Taiwan 

and mainland of China in the 1980s led to a replacement of A. fulica as the major 

intermediate host and has become the main source of human infection in these regions 

(Wang et al., 2012). The ingestion of raw or undercooked snails (Pila spp.) is the main route 

of infection in Thailand (Wang et al., 2012). Monitor lizard consumption is a problem in 

India and Sri Lanka (Noskin et al., 1992) and freshwater prawns and terrestrial crabs are the 
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major source in Tahiti and other Pacific islands (Alicata, 1965; Kliks and Palumbo, 1992; 

Punyagupta et al., 1975). The ingestion of vegetables contaminated with L3 larvae has been 

implicated in infections in Australia and in travelers returning from Jamaica (Prociv et al., 

2000; Slom et al., 2002). However, it is not completely understood how contamination of 

vegetables occurs since there is no indication that A. cantonensis infective larvae are 

released in snail mucus or other secretions (Prociv et al., 2000). Then again, small snails or 

parts of snails accidentally ingested with various fresh foods are always a possibility. 

Because of similar accidental or purposeful ingestion, children who play in the dirt in 

endemic areas are at increased risk for infection.

Humans are not the only hosts that suffer clinical angiostrongyliasis. Infection of the 

definitive host R. norvegicus by A. cantonesis has a 10 – 20% mortality and causes 

normocytic hypochromic anemia, thrombocytopenia, eosinophilia, neutrophilia, basophilia, 

increased cardiac enzymes, acidosis and hypoxia that are associated with necrosis and 

fibrosis of the lung parenchyma (Garcia et al., 2014). Mice, like humans, are non-permissive 

hosts developing extensive brain injury and neurological symptoms such as ataxia, tremor 

and paralysis when infected (OuYang et al., 2012). Fifty-five cases of naturally occurring 

canine neural angiostrongyliasis were described from Australia (Mason, 1987) and in the 

southeastern U.S., where infected rats have been found in several places in Louisiana 

(Campbell and Little, 1988), cases have been seen involving a howler monkey, lemur, 

gibbon, opossums, and even a miniature horse (Costa et al., 2000; Duffy et al., 2004; 

Gardiner et al., 1990; Kim et al., 2002).

5. Neurological manifestations

The pathogenesis of human infection was first studied in the early 1960s by extensive 

epidemiological studies in the Pacific (Punyagupta et al., 1970; Punyagupta et al., 1975). 

The neurological manifestations of A. cantonensis infection include eosinophilic meningitis, 

encephalitis/encephalomyelitis, radiculitis, cranial nerve abnormalities and ataxia. Patients 

with eosinophilic meningitis display at least 10 eosinophils per mm3 of cerebrospinal fluid 

(CSF), or ≥10% eosinophils in the total CSF leukocyte count (Kuberski, 1981). The 

proportions of other leukocyte types in the CSF or the presence of concomitant peripheral 

eosinophilia are not necessary for diagnosis (Diaz, 2009; Sawanyawisuth and Chotmongkol, 

2013). Prodromal syndromes due to the passage of L3 larvae through different organs may 

occur. Hence, enteritis can be associated with invasion of the gastrointestinal tract 

(Sawanyawisuth et al., 2010; Yii, 1976). Cough, rhinorrhea, and sore throat can develop 

when worms pass through the lungs and trachea (Cross, 1978). Fever and malaise are 

nonspecific symptoms of infection and can also occur before the development of CNS 

disease (Cross, 1978; Yii, 1976).

The incubation period for the development of eosinophilic meningitis is typically about 2 

weeks, which coincides with the time it takes for the L3 larvae to migrate into CNS tissue 

and incite a reaction. However, it can range from one day to several months (Wang et al., 

2008). The clinical presentation of neuroangiostrongyliasis varies between adults and 

children. In adults, once CNS symptoms develop, patients present most commonly with 

severe headache (95% of cases) (Chau et al., 2003; Wang et al., 2008). The headache is 
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generally all over the head without any specific point of tenderness, frequently described as 

“exploding” and persists for 1–7 days (Sawanyawisuth and Chotmongkol, 2013). Neck 

stiffness occurs in over 40% of cases and is associated with severity of the disease (Chau et 

al., 2003; Slom et al., 2002). Paraesthesias occur in approximately 40% of cases and often 

persist for less than two weeks (Yii, 1976). Patients with paraesthesia may complain of 

numbness, itching, or a sensation of worms crawling under their skin. Vomiting (38%) and 

nausea (28%) can accompany headache and visual disturbances or diplopia can occur in 38–

92% of cases (Wang et al., 2012). Fever occurs in 32% of adult patients, with 10% of them 

presenting high-grade fever (38–39°C) (Wang et al., 2008). Infrequent symptoms include 

sixth and seventh cranial nerve palsy, hearing abnormalities, intestinal obstruction, and 

spinal involvement (Chotmongkol et al., 2004; Sawanyawisuth and Chotmongkol, 2013; 

Sawanyawisuth et al., 2010).

Children with eosinophilic meningitis caused by A. cantonensis present with a higher 

incidence of nausea and vomiting (82%), fever (80%), somnolence (80%), constipation 

(76%), abdominal pain (40%), weakness of extremities (20%), and muscle twitching and 

convulsions than adults (Wang et al., 2008). In addition, over 50% of children have 

projectile vomiting, which usually disappears within one week (Yii, 1976). On the other 

hand, children present with a lower incidence of paraesthesia and neck stiffness (Wang et 

al., 2012).

Encephalitis/encephalomyelitis caused by A. cantonensis is a severe disease characterized by 

mental status changes including coma and focal neurological signs. Patients often develop 

eosinophilic meningitis and/or a transient abdominal pain syndrome that evolves with 

sensory and motor disturbances of the legs with pain, weakness, absent reflexes, bowel/

bladder dysfunction, labile hypertension, coma and, in severe cases, death (Kliks et al., 

1982). Rarely, seizures can also be present (Sawanyawisuth and Chotmongkol, 2013). The 

incubation period is shorter than in cases of eosinophilic meningitis. The encephalitis is 

associated with a large worm burden that can occur following the ingestion of highly 

permissive intermediate hosts such as A. fulica (Wallace and Rosen, 1969). Encephalitis and 

severe disease are more common in children and the elderly. These patients present with 

high fever and headaches of long duration (Hwang and Chen, 1991; Sawanyawisuth et al., 

2009).

6. The pathogenesis of neurological dysfunction

Limited necropsy studies of cases of human angiostrongyliasis (Lindo et al., 2004; Lo Re 

and Gluckman, 2003; Punyagupta et al., 1975; Tangchai et al., 1967) (Figure 2) reveal: a) 

meningeal infiltration by eosinophils, macrophages, and lymphocytes; b) distinct tracks 

within the brain parenchyma associated with cell debris, micro thrombi and inflammatory 

cells; and c) presence of eosinophilic granulomas and sometimes Charcot-Leyden crystals 

surrounding dead worms (Lindo et al., 2004; Tangchai et al., 1967; Wang et al., 2008). 

Physical damage caused by the migration of larvae may explain the tracks and micro-

cavities found in the brain and spinal cord of patients. However, physical destruction of 

neural tissue by larvae migration does not explain the entire clinical picture as immune 

activation and cellular infiltration around living or well-preserved larvae are not prominent 
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(Lindo et al., 2004; Tangchai et al., 1967). These findings indicate that the presence of dead 

larvae is the main factor inducing an eosinophilic immune response in the brain. This is 

supported by findings that demonstrate that the inflammatory response is consistent with a 

T-helper 2 pattern with the synthesis of cytokines and chemokines known to be involved in 

eosinophil migration such as interleukin(IL)-5, IL-12, IL-33, and eotaxin (CCL11) (Chuang 

et al., 2010; Li et al., 2012; Peng et al., 2013; Sugaya et al., 1997). The accumulation of cells 

and fluid within the CNS increases CSF pressure resulting in headache (Punyagupta et al., 

1975; Yii, 1976).

The role of eosinophils in the immune response against A. cantonensis has received intense 

scrutiny. Employing IL-5 transgenic and IL-5 receptor alpha knockout mice it was 

demonstrated that A. cantonensis infection results in IL-5 production and CSF eosinophilia 

(Sugaya et al., 1997). Since IL-5 transgenic mice displayed increased migration of 

eosinophils to the brain, lower intracranial worm recovery, and smaller female worms than 

wild type controls whereas the opposite was observed with IL-5 receptor alpha knockout 

mice, it was suggested that eosinophils are involved in the killing of intracranial worms 

(Sugaya et al., 1997). More recently, it was demonstrated that treatment of mice with anti-

CCR3 monoclonal antibody, which is abundant on the surface of eosinophils and is 

responsible for their activation and chemotaxis, reduced the infiltration of eosinophils and 

the severity of eosinophilic meningitis (Chuang et al., 2010). A similar picture is seen when 

mice are treated with anti-ST2 monoclonal antibodies, which blocks the IL-33/ST-2 

pathway and inhibits the production of IL-5 (Chuang et al., 2014). The authors speculated 

that the central function of eosinophils may involve tissue remodeling, repair, and immune 

regulation (Chuang et al., 2014; Chuang et al., 2010; Gosnell and Kramer, 2013). Taken 

together, these observations indicate that eosinophils have a complex role in the disease 

pathogenesis requiring further studies. Furthermore, the toxicity of worm components, 

neurotoxins produced by eosinophils, NK cell activation, and the intrathecal synthesis and 

activation of complement may also contribute to the pathogenesis of neuroangiostrongyliasis 

(Chen et al., 2014; Dorta-Contreras et al., 2011; Padilla-Docal et al., 2011; Padilla-Docal et 

al., 2013).

7. Diagnosis

A high level of suspicion is necessary to suggest a clinical diagnosis. Symptoms of 

eosinophilic meningitis are nonspecific and a history of intermediate or paratenic hosts 

consumption is not always available. In addition, headaches in patients with 

neuroangiostrongyliasis can be misdiagnosed as vascular headache or muscle contraction 

(Sawanyawisuth and Chotmongkol, 2013). Every patient with a history of exposure in an 

endemic area, with or without a history of eating raw or undercooked intermediate or 

paratenic hosts, and a compatible clinical presentation should be considered for the 

diagnosis. Definitive diagnosis is made by detection of A. cantonensis larvae in the CSF or 

eye of suspected patients (Kuberski et al., 1979; Prociv et al., 2000; Sawanyawisuth and 

Chotmongkol, 2013; Wang et al., 2008; Wang et al., 2012). However, the detection rate is 

frequently low (Punyagupta et al., 1975; Yii, 1976) which makes the diagnosis primarily 

based on clinical history, CSF eosinophilia, and immunological tests.
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In the absence of contraindications, a lumbar puncture must be done in all patients with 

suspected eosinophilic meningitis. The CSF is usually clear or cloudy, but not grossly turbid 

or xanthochromic, and the CSF leukocyte count is often between 150 and 2000 cells/µL 

(average of 700 cells/mm3) (Sawanyawisuth and Chotmongkol, 2013; Schmutzhard et al., 

1988). Eosinophilic pleocytosis exceeds 10% in more than 95% of patients, and is usually 

20–70% (Schmutzhard et al., 1988; Wang et al., 2008). The CSF protein concentration is 

elevated, whereas the glucose level is normal or slightly reduced (Punyagupta et al., 1975; 

Wang et al., 2008). Opening CSF pressures are elevated in nearly 40% of cases, and the 

headache typically is relieved by lumbar puncture (Sawanyawisuth and Chotmongkol, 

2013). Peripheral blood eosinophilia is found in at least two thirds of patients 

(Sawanyawisuth and Chotmongkol, 2013; Schmutzhard et al., 1988). Blood eosinophilia 

does not correlate with CSF eosinophilia or with the clinical course (Kuberski et al., 1979; 

Schmutzhard et al., 1988).

The absence of focal lesions on CT or MRI scans of the brain distinguishes A. cantonensis 

meningitis from other helminthic infections of the CNS (gnathostomiasis or 

neurocysticercosis) (Diaz, 2009; Wang et al., 2008). However, CT and MRI can also reveal 

nonspecific alterations. Cerebral edema, ventricular dilatation, and diffuse meningeal 

enhancing ring or disc lesions, sometimes resembling tuberculoma, can be present on CT 

scan (Chau et al., 2003; Tsai et al., 2003). MRI may demonstrate high signal intensities over 

the globus pallidus and cerebral peduncle on T1-weighted imaging, leptomeningeal 

enhancement, ventriculomegaly, and punctate areas of abnormal enhancement within the 

cerebral and cerebellar hemisphere on gadolinium-enhancing T1 imaging, and a 

hyperintense signal on T2-weighted images (Jin et al., 2005; Tsai et al., 2003). It has been 

stated that T2 signal lesions present in neuroangiostrongyliasis are different from the 

hemorrhagic lesions present in Gnathostoma spinigerum infections (Grisotti and Avila-

Pires, 2011; Kanpittaya et al., 2000; Tsai et al., 2003).

Since larvae are rarely detected in the CSF (Kuberski et al., 1979; Punyagupta et al., 1975), 

immunologic techniques have been developed to confirm a presumptive diagnosis 

(Maleewong et al., 2001; Nuamtanong, 1996). ELISA and Western blot testing have been 

described and both of them detect the presence of antibodies against A. cantonensis. The 

reaction of serum antibodies to the 31-kd and 29-kd antigens of A. cantonensis by Western 

blot analysis provides a relatively specific immunodiagnosis (Maleewong et al., 2001; 

Nuamtanong, 1996). However, antibodies against the 31-kd antigen of A. cantonensis cross-

react with A. costaricensis (Morassutti et al., 2012), immunoassays are not widely available 

and none of them has yet been fully validated. Another limitation with serodiagnosis is that 

antibodies are not present in the acute stage of infection (Murphy and Johnson, 2013). 

Angiostrongylus serologies can be performed at a reference laboratory in Thailand (Lo Re 

and Gluckman, 2003). A recently developed real-time PCR assay to detect circulating 

antigen holds promise for the timely diagnosis of acute A. cantonensis infection 

(Qvarnstrom et al., 2010).
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8. Ocular disease

Ocular angiostrongyliasis is a rare manifestation of A. cantonensis infection occurring in 

1.2% of cases. The first case of human ocular angiostrongyliasis was reported from Bangkok 

in 1962 (Prommindaroj et al., 1962). A recent review reported a total of 42 cases in 13 

different countries. However, almost 50% of the reported cases occurred in Thailand and, 

except for one case from Jamaica, all the others were recorded in Asia (Feng et al., 2013). 

The most common symptom of ocular angiostrongyliasis is visual loss (94.3% of cases). 

Visual loss manifests mainly as blurred vision, but can vary from floaters (8.6%) to 

perception of light only or total blindness (5.7% of cases). Eye redness and pain occur in 

17% of cases and one third of patients present with funduscopic changes. Diplopia and 

strabismus can also occur (Punyagupta et al., 1975; Sawanyawisuth et al., 2007). 

Concomitant eosinophilic meningitis occurs in 50% of cases of ocular angiostrongyliasis 

(Diao et al., 2011).

The presence of a larva in the eye upon funduscopic or slit lamp examination confirms the 

diagnosis and occurs in 90% of cases. Every patient with suspicion of A. cantonensis 

infection and visual symptoms requires an ophthalmologic consultation to rule out ocular 

infection. In the majority of cases, only a single live larva is found in the affected eye in the 

anterior (37.1%) or vitreous (40%) chamber. The subretinal space is a less common location, 

occurring in only 14% of cases. Peripheral blood eosinophilia appears to occur more 

frequently in patients with ocular angiostrongyliasis than in patients with eosinophilic 

meningitis or encephalitis and this finding helps in the diagnosis (Diao et al., 2011; Liu et 

al., 2006; Malhotra et al., 2006). Ocular angiostrongyliasis also presented as optic neuritis in 

6 out of the 42 cases reported (Feng et al., 2013).

It is not known how A. cantonensis enters the eye. There are several mechanisms that have 

been suggested. One is that after reaching the brain, larvae migrate along the base of the 

brain and transverse the optic nerve, traveling between the nerve and sheath reaching the eye 

(Diao et al., 2011). In support of this mechanism, an experimental study showed the 

presence of L5 larvae trapped in the optic nerve and periorbital tissue of rats 

(Kanchanaranya et al., 1972) and in a case report there was a nodule in the optic nerve of a 

patient with ocular angiostrongyliasis (Qi et al., 2009). The second suggested mechanism is 

that larvae may reach the eye through the blood stream via the retinal artery. This may 

explain the cases of ocular angiostrongyliasis without concomitant eosinophilic meningitis 

(Diao et al., 2011). Finally, it could be argued that the presence of larvae in the optic nerve 

could occur because larvae traveled from the eye to the brain, hence in the opposite 

direction.

9. Prevention, treatment and prognosis

Due to the large number of possible definitive, intermediate, and paratenic hosts for A. 

cantonensis present worldwide, strategies to prevent this infection cannot merely focus on 

the eradication of the parasite (Sawanyawisuth and Chotmongkol, 2013; Thiengo et al., 

2013; Wang et al., 2008). However, it is possible to block disease transmission by educating 

at-risk populations. Recommended methods for prevention of A. cantonensis infection 
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include: a) educating at-risk populations to be aware of A. cantonensis and the disease it 

causes; b) eating adequately cooked intermediate and paratenic hosts of A. cantonensis; c) 

eradicating intermediate hosts near houses and vegetable gardens; and d) not eating 

unwashed vegetables that may be contaminated. It may be difficult to achieve compliance of 

some of these recommendations in populations with incompatible habits. For example, 

eating raw or undercooked snails is a popular and ancient custom in China (Wang et al., 

2008). It is also important to educate health care personnel, most importantly physicians, in 

both non-endemic and endemic regions, to be aware of the existence of A. cantonensis, its 

common symptoms, and its modes of transmission to promptly diagnose the infection in 

humans (Wang et al., 2012).

Lumbar puncture is effective in reducing the intensity and duration of headaches 

(Sawanyawisuth et al., 2004). Steroid therapy is also effective in the treatment of headaches 

resulting from this infection and decreases the need for repeated lumbar punctures 

(Chotmongkol et al., 2000). The mean duration of headache was also reduced significantly 

by using a two week course of albendazole alone (Jitpimolmard et al., 2007). The 

combination of corticosteroids and albendazole is commonly used for treatment of human 

angiostrongyliasis (Chotmongkol et al., 2000; Wang et al., 2008), but a recent trial showed 

that the combination of prednisolone plus albendazole was not superior to prednisolone 

alone for the treatment of eosinophilic meningitis (Chotmongkol et al., 2009).

In cases of ocular angiostrongyliasis, surgery is necessary to remove the larva. Prior to 

surgery, laser can be used to kill the worm and prevent further damage (Chotmongkol et al., 

2004; Sawanyawisuth et al., 2007; Yii, 1976). Steroids can also be used to reduce 

intraocular inflammation, but albendazole is not recommended because dead parasites may 

cause serious intraocular inflammation (Diao et al., 2011; Feng et al., 2013). However, 

regardless of the treatment method, visual damage is not markedly improved in relation to 

the time of presentation (Diao et al., 2011; Sawanyawisuth and Chotmongkol, 2013; Wang 

et al., 2008).

Concerning the prognosis of angiostrongyliasis, patients with eosinophilic meningitis have a 

good prognosis. Headaches are dramatically improved after treatment with steroids and/or 

lumbar punctures. Even without any treatment, the disease tends to improve over time 

(Wang et al., 2008). On the other hand, for patients with encephalitis, prognosis is poor, 

likely due to the greater severity of CNS damage.
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Highlights

A. cantonensis is the most common cause of eosinophilic meningitis in southern Asia

A. cantonensis can also cause encephalitis, encephalomyelitis and ocular disease

Eosinophilic inflammation caused by dead larvae in the brain explains the pathogenesis

Main clinical features are headache, fever, stiff neck, paraesthesias and vomiting

We also review the treatment, prevention and prognosis of A. cantonesis infection
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Figure 1. 
Angiostrongylus cantonensis developmental stages. (A) Differential interference contrast 

microscopy image of third-stage (L3) infective larvae recovered from a slug. L3 larvae are 

about 0.45 by 0.02 mm and present cuticle with faint transverse striations. (B) Higher 

magnification of demarcated region in A showing terminal projection on the tip of the tail 

(arrow) which is characteristic of A. cantonensis. Adult female (C) and tail of adult male (D) 

worms recovered from rat lungs. Note the characteristic barber-pole appearance of female 

worms and rays (arrow) of males. Scale bar = 1 mm in C. Sources: (A), (B) and (D) = http://
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http://www.cdc.gov/dpdx/angiostrongyliasis/gallery.html


www.cdc.gov/dpdx/angiostrongyliasis/gallery.html; (C) = http://wwwnc.cdc.gov/eid/article/

8/3/01-0316-f1.htm.
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Figure 2. 
Cross-section of two Angiostrongylus cantonensis larvae in the spinal cord. Note the smooth 

thin cuticle (c), lateral cords (*), intestines (i) with few multinucleated cells and reproductive 

tubes (r). Source: http://www.astmh.org/source/ZaimanSlides/index.cfm?

photo=BEA3A648-E0C7-F0E4-AAEC8C1C0EB551C5.
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