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Abstract

Laboratory diagnosis of angiostrongyliasis relies on serological techniques,
since definitive diagnosis is insensitive. Modern antibody detection methods
focus on antibodies to the 29 and 31 kDa proteins of the parasite. Antigen
detection may ultimately prove to be more reliable than antibody detection
but no method has been adopted for clinical diagnostic use. Diagnosis using
PCR amplification of DNA sequences specific to Angiostrongylus cantonensis
have been developed but have not yet been validated for clinical use. Diagnostic tests have not been developed commercially and in the United States
tests developed experimentally by non-commercial laboratories have to be
approved by the Food and Drug Administration before they can be sold to
other laboratories for diagnostic purposes.
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Introduction
Angiostrongylus cantonensis is a leading cause of eosinophilic
meningoencephalitis. Angiostrongyliasis is often suspected
when eosinophilic pleocytosis is observed in cases of acute
meningitis, particularly if accompanying risk factors, such
as residence or travel to an area known to be endemic for the
parasite, are also present.1, 2 A more conclusive diagnosis can
be established by direct observation of the parasite in cerebrospinal fluid (CSF) or by using laboratory tests specific for
Angiostrongylus-specific antibodies or parasite DNA.
Direct observation of A. cantonensis in the CSF is not common.3,4 Third stage larvae may be present in the brain and
CSF one to three weeks after infection. Third stage larvae are
slender, measuring 460-520 µm long by 22-27 µm wide, with
a rhabditoid esophagus and a tail that constricts before tapering
to a blunt end.5 Juvenile worms, which may be seen in brain
biopsy and also in the vitreous of the eye, can be morphologically distinguished from other nematodes, such as Gnathostoma
spinigerum, that might be found in the CSF based on size. The
parasite continues to grow in the human host, and may rarely
approach the size of adult worms found in rats.6
Antibody and Antigen Detection
Because A. cantonensis is not reliably observed in the CSF
of patients with angiostrongyliasis, laboratory diagnosis has
historically relied on immunodiagnostic methods to detect
parasite specific antibodies. Immunodiagnostic methods for
angiostrongyliasis were employed in the 1960s soon after A.
cantonensis was determined to be the probable etiologic agent
of eosinophilic meningitis in Asia and the Pacific. An early
diagnostic test was an intradermal test based on a skin reaction

to adult A. cantonensis extracts.3 Results were indicative of
angiostrongyliasis if the reaction to adult A. cantonensis extracts was three times greater than the reactions to a phosphate
buffer control and to Gnathostoma spinigerum, Paragonimus
westermani, Dirofilaria immitis, and Toxocara canis. Positive
reactions were frequently elicited in asymptomatic individuals
or patients with other parasitic infections.7
Various laboratory methods that focused on detection of
Angiostrongylus-specific antibodies were developed in the
1970s, including indirect haemagglutination, complement
fixation, indirect fluorescent antibody staining of frozen worm
sections, lipid extracts of adult A. cantonensis, and latex agglutinations tests.8 Enzyme linked immunosorbent assay (ELISA)
methods were developed in the late 1970s and used crude antigen
extracts prepared from young adult A. cantonensis.9 Yen and
Chen described ELISAs using partially purified A. cantonensis
extracts prepared from either juvenile or adult A. cantonensis.10
To reduce non-specific reactions, immunoadsorption was used
to remove cross-reacting antigens of Toxocara canis, Ascaris
lumbricoides, and Clonorchis sinensis. Both the juvenile worm
and the adult worm preparations performed similarly in these
experiments; neither preparation performed with significantly
greater sensitivity or specificity than the other.10
Specificity continued to plague antibody detection methods
so scientists sought to identify individual protein antigens that
might be more specific than total worm extracts. Immunoblot
studies demonstrated that serum antibodies from most patients
with angiostrongyliasis specifically recognized the 29 kDa and
31 kDa proteins that are present in adult worm preparations.11-15
In one report, the 31 kDa protein was more specific than the
29 kDa protein, with minimal cross reactivity from antibodies
generated by other commonly encountered tissue-invading
helminths.13 Specific antibodies are present in serum and CSF
so either specimen can be used for immunodiagnosis; however,
detection of serum antibodies to the 31 kDa protein was reportedly more sensitive than CSF antibodies in one study.10
Purification of the 31 kDa protein by electroelution from SDSpolyacrylamide gels resulted in a highly sensitive and specific
ELISA.16 The purified 31 kDa protein was used to develop a
dot blot assay for use in regional hospitals in Thailand.17 An
inter-laboratory evaluation of the dot blot assay proved that
the method was easy to perform and results were reliable and
reproducible across nine regional hospital laboratories.17 The
purified 31 kDa antigen has subsequently been incorporated
into a multiplex assay for diagnosis of angiostrongyliasis with
success.18

Although most studies have focused on the 29 kDa and 31
kDa antigens, detection of antibodies to other A. cantonensis
proteins may also prove to be equally sensitive. Monoclonal
antibodies have been used to purify a 204 kDa protein from
subadults (stage 5) that was 91% sensitive and 98% specific in
patients with eosinophilic meningitis.19
Several studies have evaluated specific immunoglobulin subclass responses, either to A. cantonensis crude somatic extracts
or, in one study, to the 29 kDa protein specifically.20,21 Specific
IgG1 was the most sensitive class of immunoglobulin for immunodiagnosis of angiostrongyliasis using an A. cantonensis
somatic antigen preparation.20 In another study, detection of
IgG4 specific for the 29 kDa A. cantonensis antigen was the
most reliable subclass to measure, with a sensitivity of 75%
and a specificity of 95%. Detection of A. cantonensis IgA and
IgM were not useful.10,20
One important limitation of antibody detection for diagnosis is that serum antibody production follows acute symptom
onset, sometimes significantly. In an outbreak in Jamaica in
2000, only 8% of acute phase serum specimens (collected 5-18
days after symptom onset) were positive, whereas 83% of the
convalescent phase sera, (collected 31-45 days after symptom
onset) were positive.22
Antigen detection in serum or CSF may ultimately prove to
be more reliable than antibody detection for diagnosis of angiostrongyliasis. Several antigen detection methods have been
reported in the literature, but none has been adopted for clinical
diagnostic use. Monoclonal antibodies generated against adult
A. cantonensis were used in an assay to detect A. cantonensis
antigens in serum; this method was highly specific, but only
50% sensitive.23 Another method was developed that detected
a 204 kDa antigen that was present in both CSF and serum;
detection in CSF was reported to be more sensitive than in
serum.24
Immunodiagnostic tests for the detection of antibodies or
antigens of A. cantonensis are not commercially available.
Detection of antibodies to the 31 kDa protein is currently the
assay of choice for immunodiagnosis of angiostrongyliasis but
testing is available only at Mahidol University in Thailand at
present. Proteomics approaches to purify the 31 kDa protein to
generate recombinant forms of the protein are underway.25 Availability of a recombinant form of the 31 kDa or other diagnostic
proteins will make immunodiagnosis more widely available.
Serologic testing for angiostrongyliasis is also available at
the Khon Kaen University in Thailand, using assays based on
detection of antibodies to the 29 kDa protein of A. cantonensis.
Molecular Detection
Recently a conventional nucleic acid amplification test (NAAT)
that amplified a 1,134 bp fragment from the A. cantonensis
18S rRNA gene and a real-time PCR assay (TaqMan) targeting the internal transcribed spacer-1 (ITS-1) were developed
for detection of A. cantonensis in invertebrate hosts.26-28 The
TaqMan assay has also been used to support the diagnosis of

angiostrongyliasis in eosinophilic meningitis cases by detecting A. cantonensis DNA in CSF.29,30 NAAT assays are not fully
validated for clinical use at this time; therefore serological testing
is still recommended to support NAAT results. NAAT testing
for angiostrongyliasis is available at the Centers for Disease
Control and Prevention (http://www.dpd.cdc.gov/DPDx/HTML/
Contactus.htm).
Regulatory Requirements
A discussion of diagnostic testing without some mention of the
regulatory framework in the United States would be incomplete.
Neglected diseases such as angiostrongyliasis do not attract
sufficient resources from commercial test developers because
costs are not rewarded with justifiable sales, so laboratories
must develop their own tests. Performing laboratory developed
tests (LDT) can be billed to clients, but the tests cannot be
sold to other laboratories for diagnostic purposes (ie, as a kit)
without U.S. Food and Drug Administration (FDA) approval.31
Historically, regulation of LDTs has been within the Clinical
Laboratory Improvement Amendments (CLIA) framework.
Laboratories performing diagnostic testing must be certified
by the Centers for Medicare and Medicaid Services (CMS) or
a recognized organization such as a state health department or
the College of American Pathologists (CAP), to be in compliance with CLIA. As such, developing laboratories must conduct
formal verification to establish performance characteristics
before results can be used for decisions regarding patient care.
These performance characteristics include accuracy, precision,
sensitivity, and specificity. Once analytical characteristics are
determined, the clinical sensitivity and specificity must be verified in actual specimens. There is, however, no clear distinction
between CMS and FDA jurisdiction. In fact, the FDA has asserted its authority over LDTs, categorizing them as medical
devices in draft guidance documents as early as 1998.31 The
present FDA policy of exercising enforcement discretion by not
regulating these tests as medical devices is uncertain, and may
not be clarified until final guidance documents are published.
Conflict of Interest
None of the authors identifies any conflict of interest.
Acknowledgements

This paper represents a contribution to the Rat Lungworm Disease Scientific
Workshop held at the Ala Moana Hotel, Honolulu, Hawai‘i in August 2011.
Funding for the workshop and for this publication was provided by the National
Institute of Food and Agriculture, United States Department of Agriculture,
through Award No. 2011-65213-29954.
Authors’ affiliations:
- Division of Parasitic Diseases & Malaria, Centers for Disease Control & Prevention,
Atlanta, GA (P.P.W., Y.Q., A.J.D.)
- State Laboratories Division, Hawai‘i Department of Health, Pearl City, HI (A.C.W.,
C.S.)
- University of Hawai‘i, Honolulu, HI (A.C.W.)
- Department of Parasitology, Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand (P.E.)

Correspondence to:
Patricia P. Wilkins PhD; Division of Parasitic Diseases & Malaria, Centers for Disease Control & Prevention, 1600 Clifton Road, Mailstop D-64, Atlanta, GA 30329;
Ph: (404) 718-4101; Email: pwilkins@cdc.gov
References

1. Lo Re V 3rd, Gluckman SJ. Eosinophilic meningitis. Am J Med. 2003;114:217-223.
2. Ramirez-Avila L, Slome S, Schuster FL, et al. Eosinophilic meningitis due to Angiostrongylus
and Gnathostoma species. Clin Infect Dis. 2009;48:322-327.
3. Punyagupta S, Bunnag T, Juttijudata P. Eosinophilic meningitis in Thailand. Clinical and
epidemiological characteristics of 162 patients with myeloencephalitis probably caused by
Gnathostoma spinigerum. J Neurol Sci. 1990;96:241-256.
4. Kuberski T, Wallace GD. Clinical manifestations of eosinophilic meningitis due to Angiostrongylus
cantonensis. Neurology. 1979;29:1566-1570.
5. Bhaibulaya M. Angiostrongylosis. In: Schultz MG, ed. CRC Handbook Series in Zoonoses,
Section C: Parasitic Zoonoses. Volume II. Boca Raton: CRC Press; 1982:25-36.
6. Oriel TC, Ash LR. Parasites in Human Tissues. ASCP Press, Chicago; 1995.
7. Kagan IG, Zaiman H. Evaluation of helminth skin-test antigen in a hospital in New York City.
Am J Trop Med Hyg. 1964;13:82-88.
8. Welch JS, Dobson C, Campbell GR. Immunodiagnosis and seroepidemiology of Angiostrongylus
cantonensis zoonoses in man. Trans R Soc Trop Med Hyg. 1980;74:614-623.
9. Cross JH, Chi JC. ELISA for the detection of Angiostrongylus cantonensis antibodies in patients
with eosinophilic meningitis. Southeast Asian J Trop Med Public Health. 1982;13:73-76.
10. Yen CM, Chen ER. Detection of antibodies to Angiostrongylus cantonensis in serum and
cerebrospinal fluid of patients with eosinophilic meningitis. Int J Parasitol. 1991;21:17-21.
11. Akao N, Kondo K, Ohyama TA, Chen ER, Sano M. Antigens of adult female worm of Angiostrongylus cantonensis recognized by infected humans. Jpn Int J Parasitol. 1992;41: 225-231.
12. Eamsobhana P, Mak JW, Yong HS. Detection of circulating antigens of Parastrongylus cantonensis in human sera by sandwich ELISA with specific monoclonal antibody. Southeast Asian
J Trop Med Public Health. 1995;26:712-715.
13. Nuamtanong S. The evaluation of the 29 and 31 kDa antigens in female Angiostrongylus
cantonensis for serodiagnosis of human angiostrongyliasis. Southeast Asian J Trop Med Public
Health. 1996;27:291-296.
14. Maleewong W, Sombatsawat P, Intapan PM, Wongkham C, Chotmongkol V. Immunoblot evaluation of the specificity of the 29-kDa antigen from young adult female worms Angiostrongylus
cantonensis for immunodiagnosis of human angiostrongyliasis. Asian Pac J Allergy Immunol.
2001;19:267-273.
15. Sawanyawisuth K, Sawanyawisuth K, Intapan PM, et al. Specificity of immunoblotting analyses
in eosinophilic meningitis. Mem Inst Oswaldo Cruz. 2011;106:570-572.
16. Eamsobhana P, Yoolek A, Suvouttho S, Suvouttho S. Purification of a specific immunodiagnostic
Parastrongylus cantonensis antigen by electroelution from SDS-polyacrylamide gels. Southeast
Asian J Trop Med Public Health. 2001;32:308-313.

17. Eamsobhana P, Yoolek A, Kreethapon N. Blinded multi-laboratory evaluation of an in-house
dot-blot ELISA kit for diagnosis of human parastrongyliasis. Southeast Asian J Trop Med Public
Health. 2003;34:1-6.
18. Eamsobhana P, Ongrotchanakun J, Yoolek A, Punthuprapasa P, Monkong N, Dekumyoy P.
Multi-immunodot for rapid differential diagnosis of eosinophilic meningitis due to parasitic
infections. J Helminthol. 2006;80:249-254.
19. Chye SM, Chang JH, Yen CM. Immunodiagnosis of human eosinophilic meningitis using
an antigen of Angiostrongylus cantonensis L5 with molecular weight 204 kD. Acta Tropica.
2000;75:9-17.
20. Intapan PM, Maleewong W, Polsan Y, Sawanyawisuth K, Chotmongkol V. Specific IgG antibody
subclasses to Angiostrongylus cantonensis in patients with angiostrongyliasis. Asian Pac J
Allergy Immunol. 2002;20:235-240.
21. Intapan PM, Maleewong W, Sawanyawisuth K, Chotmongkol V. Evaluation of human IgG
subclass antibodies in the serodiagnosis of angiostrongyliasis. Parasitol Res. 2003;89:425-429.
22. Slom TJ, Cortese MM, Gerber SI, et al. An outbreak of eosinophilic meningitis caused by
Angiostrongylus cantonensis in travelers returning from the Caribbean. N Engl J Med.
2002;346:668-675.
23. Eamsobhana P, Yong HS, Mak JW, Wattanakulpanich D. Detection of circulating antigens
of Parastrongylus cantonensis in human sera by dot-blot ELISA and sandwich ELISA using
monoclonal antibody. Southeast Asian J Trop Med Public Health. 1997;28:624-628.
24. Chye SM, Yen CM, Chen ER. Detection of circulating antigen by monoclonal antibodies for
immunodiagnosis of angiostrongyliasis. Am J Trop Med Hyg. 1997;56:408-412.
25. Morassutti AL, Levert K, Perelygin A, da Silva A, Wilkins P, and Graeff-Teixeira C. The 31 kDa
antigen of Angiostrongylus cantonensis contains several distinct antigenic proteins. VectorBorne Zoonot Dis. 2012; 12(11):961-968.
26. Qvarnstrom Y, Sullivan JJ, Bishop HS, Hollingsworth R, da Silva AJ. PCR-based detection
of Angiostrongylus cantonensis in tissue and mucus secretions from molluscan hosts. Appl
Environ Microbiol. 2007;73:1415-1419.
27. Hollingsworth RG, Kaneta R, Sullivan JJ, et al. Survey and life history observations for Parmarion
cf. martensi Simroth (1893), a new slug pest in Hawaii Island, with notes on its potential as a
vector for human angiostrongyliasis. Pac Sci. 2007;61:457-467.
28. Qvarnstrom Y, da Silva AC, Teem JL, et al. Improved molecular detection of Angiostrongylus
cantonensis in mollusks and other environmental samples with a species-specific internal
transcribed spacer 1-based TaqMan assay. Appl Environ Microbiol. 2010;76:5287-5289.
29. Lima AR, Mesquita SD, Santos SS, et al. Alicata disease: neuroinfestation by Angiostrongylus
cantonensis in Recife, Pernambuco, Brazil. Arq Neuropsiquiatr. 2009;67:1093-1096.
30. Thyssen AP, Mitchell M, Qvarnstrom Y, Rao S, Benke T, Glodé MP. Eosinophilic meningitis in
a child with recent travel to Kauai, Hawaii. J Infect Dis. 2012; submitted.
31. Beckloff Associates, Inc. The Regulatory Paradox of Laboratory Developed Tests. Cardinal Health
Whitepapers & Publications. http://www.cardinal.com/. Accessed July 13, 2012.

