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ngiostrongylus cantonensis, the rat lungworm,

now referred to as Parastrongylus cantonensis'

(Fig 1) is the most common cause of human
eosinophilic meningitis or eosinophilic meningoence-
phalitis worldwide. In Thailand and many countries in
Southeast Asia and Pacific Islands, this neurotrophic
nematode is endemic and the disease is well recogni-
zed.” Rat is the definitive host of A. cantonensis. The
first-stage larvae hatch in the lungs of rats and migrate
via the trachea and gut into its faeces. Mollusks are the
intermediate hosts. When rat excrement is ingested by
mollusks the first-stage larvae molt twice in the inter-
mediate host to become the infective third-stage larvae.
Humans, an accidental host, get infected by ingestion of
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Fig 1. Angiostrongylus cantonensis adult worms - top: female;
bottom: male.
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infective larvae in raw or improperly cooked snail
dishes. Other paratenic hosts such as freshwater shrimps,
toads, frogs, crabs and monitor lizards can also be a
source of the parasite infection, as can vegetables con-
taminated with mollusk slime or excretions.™

In humans, infective larvae migrate via the blood-
stream to the central nervous system where they cause
severe inflammatory responses and symptoms usually
occur 4-23 days after exposure. The illness is charac-
terized by severe headache and meningism, and painful
paraesthesias are well described. The clinical spectrum
usually ranges from mild disease to meningitis, and less
frequently with encephalitis.”® Treatment is primarily
supportive, with repeated spinal taps to relieve symp-
toms of persistent headache due to increased intracranial
pressure. Anthelmintics can worsen symptoms due to
exacerbation of the inflammatory reaction to dying
worms and increase the severity of the disease. The
value of therapy with corticosteroids alone or in con-
junction with albendazole or mebendazole is not yet
fully defined.’

The definitive diagnosis of angiostrongylid eosino-
philic meningitis is made by direct demonstration of A.
cantonensis larva(e) or young adult(s) in the cerebro-
spinal fluid of patients. Although a large number of
patients have been reported with the infection, only few
cases were confirmed by the finding of worms in the
cerebrospinal fluid.”® The diagnosis is therefore mainly
presumptive based on clinical settings and a history of
specific eating, as well as laboratory findings. Charac-
teristically there is pleocytosis in the spinal fluid with
the eosinophil count ranging from 26% to 75%, and the
peripheral eosinophilia typically ranging from 5% to
63%."’ Computed tomography (CT) scans and magnetic
resonance imaging (MRI) techniques may reveal the
presence of lesions in the brain and are useful for
following up the disease or monitoring the complica-
tions, but they cannot serve as the basis for differential
diagnosis.”"

The difficulty in obtaining a definitive diagnosis
is one reason why immunological means have played an



important role for the confirmation of human infection.
Methodologies exist today to detect both antibodies,
which indicate present or past infection, and circulating
antigens, which indicate current infection, providing
reliable and useful adjuncts to the clinical diagnosis of
cerebral angistrogyliasis cantonensis. These will there-
fore result in appropriate treatment and effective manage-
ment of the disease. Today, the enzyme-linked immuno-
sorbent assay (ELISA), dot-blot ELISA, and immuno-
blot are test formats that have received the most atten-
tion. Many more immunological detection formats
which are rapid, precise, cheap and easy to be used,
e.g. a simple eye-read rapid test, are awaiting comprehen-
sive assessment and application. Modern molecular bio-
logy, such as PCR-based diagnostic techniques, is being
assessed towards the development of alternative assays
and it appears likely that these new diagnostic tests will
find broad application for routine use as well as for
field studies in the near future.

Antibody detection methods

An increase in antibody titer can be used as
evidence of recent infection and also a likelihood of
existing infection. Serological test using antibody-
detection assays has now become widely accepted as
the most appropriate diagnostic approach. Over the
years, a number of traditional immunological tests, e.g.
intradermal test, complement fixation test, indirect
haemagglutination test, indirect immunofluorescence
antibody test, immunoelectrophoresis, and gelatin latex
agglutination test, have been developed to support the
clinical diagnosis, in which crude somatic antigens or
partially purified antigens of A. cantonensis adult worms,
brain-stage larvae or excretory-secretory products were
used with satisfactory sensitivity and specificity.”'""
To date, almost all traditional tests have now been
replaced by the ELISA and immunoblotting which are
commonly performed in routine laboratory diagnosis of
patients suspected to be infected with A. cantonensis.

The ELISA has been used as the standard against
which new tests are compared. It is less subjective in
reading and more sensitive than other tests. A variety of
ELISA has been in routine diagnostic and seroepidemio-
logical use. An ELISA for IgG1 antibodies is able to
distinguish eosinophilic meningitis individuals with A.
cantonensis infection.” Similarly, the intrathecal synthe-
sis pattern of IgG1+IgG2 and IgE can also contribute to
the diagnosis of eosinophilic meningitis and meningoen-
cephalitis due to A. cantonensis."*"

Immunodiagnosis utilizing crude extracted worm
antigens or partially purified antigens of A. cantonensis,
although a convenient way to diagnose this infection,
has a considerable degree of false positive reaction with
other parasitic infections. The introduction of antigen
preparations which contain a more restricted range of
specific epitopes has overcome the problem of cross-
reactivity that occurs in immunodiagnostic methods. For
the past several years, progress has been made in the
identification of the antigens that are specifically diag-
nostic for A. cantonensis infection in humans. These
include a 31-kDa glycoprotein antigen from the adult
worm,'*"® a 29-kDa antigen from the young adult
worm,” and a 32-kDa protein obtained by elution from
SDS-PAGE gels.”” The differences in the estimated
molecular weight of the specific antigens may be perhaps
due in part to the parasite strain variability or technical
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differences in SDS-PAGE procedures and molecular
weight calculations and there is no good reason at pre-
sent to believe that those differences are real.

A 204 kDa young adult worm antigen purified by
immuno-affinity chromatography has been reported to
be a specific antigen.” More recently, a 104-kDa antigen
has been demonstrated to be larva-specific and a 33-
kDa antigen to be specific for the female adult worm.”
In addition, the differences among the subclasses of IgG
in angiostrongyliasis cantonensis patients have been
noted with IgG4 directed primarily against a 29-kDa
antigen.””*

Most of the work to date on the various specific
antigens recognized by immunoblotting has been on the
antigens of 29, 31 or 32 kDa. Partial purification of the
specific 31-kDa antigen with gel filtration through
Sephacryl S-200 has resulted in improved specificity.”
When used in the ELISA to detect antibodies in the
sera of patients with angiostrongyliasis cantonensis, the
sensitivity reaches 100% and the specificity 98%. A more
extensive purification procedure using electroelution
from SDS-polyacrylamide gel, results in 100% diagnostic
sensitivity and specificity on testing in ELISA.* To
date, immunoblotting has definitely improved antibody
detection for routine diagnosis of human angiostrongy-
liasis. At the Parasitology Laboratory, Department
of Parasitology, Faculty of Medicine Siriraj Hospital,
Mahidol University (Bangkok, Thailand), a standard
ELISA using crude somatic antigens is used for routine
screening and all ELISA-positive specimens are tested
by im-munoblot for confirmation. A serum reacting with
a specific 31-kDa band is indicative of angiostrongy-
liasis cantonensis (Fig 2).

Although ELISA and immunoblot are useful
laboratory tests for human angiostrongyliasis, the in-
stability of reagents and the need for sophisticated
equipment are among the factors limiting their use in
the field. A simple version of the dot-blot ELISA has
shown promise in fulfilling the requirements of a simple
field test.” This test, which uses purified 31-kDa
antigen (Fig 3) has been developed for detecting A.
cantonensis specific antibody, attaining 100% sensitivity
and 100% specificity.™* The immunodot assay using
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Fig 2. Immunoblots of serum samples of patients with angio-
strongyliasis (A-J), gnathostomiasis (K), toxocariasis (L), fila-
riasis (M), paragonimiasis ((N), cysticercosis (O) and malaria
(P) against crude extract of Angiostrongylus cantonensis. Q,
R: normal control sera. Arrow indicates 31-kDa band.
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Fig 3. Dot-blot ELISA on nitrocellulose membrane for detec-
tion of specific antibodies in sera of patients using crude
somatic extract (C) and electroeluted 31-kDa antigen (E) of
Angiostrongylus cantonensis. 1: deeply coloured dots show
positive reaction; 2: lightly coloured or uncoloured dots show
negative reaction.

purified antigen is as sensitive and nearly as specific as
the immunoblots with a 31-kDa specific band.”” Also,
the test is much easier to perform than an immunoblot
analysis. An in-house dot-ELISA kit with purified 31-
kDa antigen has been evaluated to have an overall
diagnostic sensitivity of 100% and specificity of 100%
for human angiostrongyliasis cantonensis.”® This dot-blot
ELISA kit has performed well in a blinded multi-labo-
ratory evaluation, without cross-reactions with sera of
patients infected with other commonly occurring human
parasites.” Moreover, this diagnostic test kit has been
used effectively for field studies in endemic areas, under
the parasite control project conducted by the Department
of Disease Control, Ministry of Public Health, Thailand,
for community screening of clinically sus;i)ected eosino-
philic meningitis due to A. cantonensis.”””' In addition,
a multi-dot ELISA on a single nitrocellulose membrane
strip (Fig 4) has been developed and evaluated for the
rapid and simple differential diagnosis of eosinophilic
meningitis due to helminth infections using ultrafiltered,
purified antigens of A. cantonensis, Gnathostoma spini-
gerum and Taenia solium metacestodes, the most com-
mon parasites that invade the central nervous system
and cause eosinophilic pleocytosis.”> Although there are
weak cross-reactions among the parasite antigens of A.
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Fig 4. Multi-dot ELISA using ultra-filtered purified antigens
of A cantonensis (top dot), G. spinigerum (middle dot) and
T. solium metacestodes (bottom dot), on nitrocellulose mem-
brane strip for detection of specific antibodies in sera of
patients with angiostrongyliasis (A-E), gnathostomiasis (F-J),
cysticercosis (K-O), toxocariasis (P), filariasis (Q), paragoni-
miasis (R) and malaria (S), and normal control serum (T).
Deep coloured dot shows positive reaction; no colour indicates
negative reaction.

86

cantonensis and G. spinigerum, these do not interfere
with judgment as the darkest dot which indicates the
infecting parasite is apparent in all cases. The advantage
of this method is that semi-purified specific parasite
antigens can be used with reliability.

Although ELISA, dot-blot ELISA, and the immu-
noblot test are well accepted as the best diagnostic
assays available today for angiostrongyliasis, their tech-
nical difficulties associated with the procedures and
time constraint, limit their use in epidemiological sur-
veys. Other novel tests utilizing a more rapid and sim-
pler assay format that would retain the same sensitivity
and specificity are being developed and evaluated. A
new 3-min rapid dot immunogold filtration assay (DIG-
FA) has been developed to detect the specific IgG
antibody of A. cantonensis in infected humans.” This
rapid immunodiagnostic test uses protein A conjugated
with colloidal gold as the detection marker instead of
enzyme conjugates. In the vertical flow test format, A.
cantonensis antigens are attached on a special pad for
DIGFA, and serum applied, followed by colloidal gold
conjugated protein A to give a desired color change for
indication of a positive or negative reaction. The diag-
nostic utility of this rapid dot assay vis-a-vis ELISA
was evaluated in a cohort of 166 individuals with
A. cantonensis infection and trichinellosis, schistosomia-
sis, cysticercosis, clonorchiasis, fasciolopsiasis and tuber-
culosis. Preliminary results showed promise with 90.5%
sensitivity and 98% specificity.” Consequently, the
developed test is being adapted and assessed for routine
diagnostic use at the Parasitology Laboratory, Siriraj
Hospital, Mahidol University. The DIGFA format can
be performed with minimal facilities, making it an ex-
tremely attractive option for epidemiological studies.
Validation studies under field conditions deserve further
investigation. Moreover, further improvements to this
assay, especially the capability to also differentiate other
clinically related parasites in a multidot test format,
and development into an end-user format where only a
drop of sample and, if necessary, buffer needs to be
added to the test pad would broaden its applicability. It
is likely that this 3-min DIGFA test will finally replace
the 2-hr dot-ELISA for both routine use and community
screening of eosinophilic meningitis patients in areas
where A. cantonensis is endemic. This approach is also
promising in terms of future diagnostic test Kkits.

Antigen detection methods

One major limitation of antibody-based assays is
that antibodies may not be detected in a certain
proportion of individuals who have active disease. In
order to overcome the limitation, several attempts have
been made to develop antigen-based tests in the belief
that the detection of antigens would correlate with the
presence of live and active A. cantonensis within the
human host. The detection of specific A. cantonensis
antigens in the serum or cerebrospinal fluid provides a
more rapid confirmation of current or active infection.
To detect defined A. cantonensis antigens in patient s
blood during acute infection, alternative antigen capture
assays have employed monoclonal antibodies directed
against parasite specific antigens with relatively high
specificity and reasonably good sensitivity.”'**

Panels of monoclonal antibodies that are reactive
toward the somatic extract antigens of A. cantonensis
have been generated - e.g. several monoclonal antibodies



against the adult worm antigens;” and four specific IgG
monoclonals against the young adult worm antigens.”
However, they show low specificity and sensitivity.” In
more recent years, specific monoclonal antibodies to A.
cantonensis have been produced for clinical diagnosis of
active angiostrongyliasis cantonensis.”” The AW-3C2
MAD has been used as a capture reagent in sandwich
ELISA to detect specific circulating antigen in the sera
of angiostrongyliasis cantonensis patients with 100%
specificity and 50% sensitivity.” A more simple test,
immunodot, has also been developed using specific A.
cantonensis monoclonal antibody (AW-3C2).” Although
the diagnostic specificity approaches 100%, the sensiti-
vity is around 60%.” Furthermore, this simple immu-
nodot test can be used in field surveys. Blood collected
on filter papers may also be eluted and used to detect
antigens of the parasite.”

Although standardization of reagents appears to
be less of a problem, the sensitivity of the antigen
detection assay needs to be enhanced. As low sensiti-
vity of the tests may arise with the binding of a single
antibody to a single antigenic epitope, using a panel of
monoclonals which belong to different subclasses of
IgG to react with different epitopes on the same circu-
lating antigen may overcome the problem of sensitivity."
Very promising results have been achieved using double
monoclonal antibodies (AcJ1 and AcJ20) with a speci-
ficity of 100% in serum and cerebrospinal fluid from
patients with eosinophilic meningitis or meningoence-
phalitis with worms recovered from them.” Recently,
three specific monoclonals (2A2, 3F1, 4H2) against the
adult worm show a positive detection rate of 86.4%.""*

A more sensitive method for antigen detection
by means of a specific antibody-DNA conjugate, the
immuno-polymerase chain reaction (immuno-PCR), is
one such technique incorporating a molecular method
(this will be discussed in detail in the next section), for
the identification of the circulating antigens of A. can-
tonensis fifth-stage worm. Immuno-PCR technology uses
a reporter DNA target that is amplified to diagnostic
concentrations by PCR. Using the hybridomas AcJ1 and
AcJ20, the immuno-PCR detects a circulating 204-kDa
AcLS antigen in human patients with eosinophilic
meningitis or menin;oencephalitis with 100% specificity
and 98% sensitivity.”

It is likely that many more monoclonal antibodies
of correct binding specificity, affinity, avidity and stabi-
lity are still required. On the other hand, the failure of
generated monoclonal antibodies to detect parasite anti-
gens in infected patients may be related to the immune
complex formation. Antigen epitopes may be blocked
by native antibodies leading to this immune complex
formation. Accordingly, when monoclonal antibodies are
used, small quantities of circulating antigen may escape
detection. Furthermore, a balanced dilution between
antigen and antibody concentrations needs to be pro-
perly determined in order not to compromise the sensiti-
vity of the detecting assay.

Since the development of ELISAs for the detection
of A. cantonensis antigens in clinical samples, the po-
tential of a rapid and simple field-applicable test has
been recognized. However, initiatives up to now have
been hampered by the lack of commercial interest,
funds, and availability of the right technology. Although
an immunodot assay for the detection of A. cantonensis
antigens in serum or CSF of infected patients has been

Siriraj Med J, Volume 62, Number 2, March-April 2010

developed, this assay involves a number of steps and
thus cannot be regarded as truly user-friendly and field
applicable.

In the last few years, various rapid lateral-flow
assays have been developed for many different applica-
tions. The lateral-flow formats use the principle of lateral
flow through a nitrocellulose strip of the sample mixed
with a colloidal carbon conjugate of a panel of specific
monoclonal antibodies. This test is rapid as well as easy
to perform and requires no technical equipment or special
personnel training. This assay can easily be developed
to an end-user format. By using available technology
and know-how, an assay that is simple, user-friendly,
and field applicable can be adapted for diagnosis of
human angiostrongyliasis.

Currently, at the Department of Parasitology,
Siriraj Hospital, a monoclonal-based rapid chromato-
graphic immunoassay based on antibodies tagged with
colloidal gold which bind to A. cantonensis specific
antigens in the sera of infected individuals, is under
development. Moreover, since infections with multiple
parasite infections are the norm in the developing coun-
tries, including Thailand, there is a need for a diagnos-
tic parasitology laboratory to ascertain accurate diagno-
sis. The development of a rapid reagent strip/card approach
to distinguish eosinophilic meninigitis due to other clini-
cally related parasites, i.e. G. spinigerum and T. solium
metacestodes is also awaited, as the chemotherapy and
pathogenesis of these parasites differ.

Molecular methods

Techniques in molecular diagnostics for parasitic
infections usually incorporate nucleic-acid-based assays
to detect parasites or products of parasites. In general, a
reporter DNA or RNA molecule, probe or primer, is
used to either amplify the nucleic acid in a polymerase
chain reaction (PCR) or to detect DNA or RNA sequences
of parasites by hybridization.

Nucleic acid probe-based diagnosis can be an
alternative to immunodiagnosis. This method has the
advantage of a direct assay of current infection. The
characterization of several genes of A. cantonensis
recently has paved the way for the use of molecular
probes for the diagnosis of angiostrongyliasis cantonen-
sis in humans.” With the rising challenge for diagno-
stics, a molecular approach is now seen as a potential
new tool for angiostrongyliasis diagnosis.

A PCR-technique has been described for the DNA
detection of abdominal angiostrongyliasis caused by A.
costaricensis in clinical samples from patients in Brazil.”
The primers were constructed based on a mRNA
sequence that encodes a 66-kDa native protein of the A.
cantonensis adult worm, and amplified a 232-bp frag-
ment from serum samples of three patients with histo-
pathologically confirmed angiostrongyliasis costaricensis.

Likewise, a similar application of the primers has
been studied in the case of A. cantonensis infection.
Initial trials using cerebrospinal fluid from Thai patients
with serologically suspected angiostrongyliasis cantonen-
sis conducted at the Department of Parasitology, Faculty
of Medicine Siriraj Hospital, revealed an amplified frag-
ment of approximately 300 bp in four out of ten patients
(Fig 5). Preliminary results are encouraging. Nonethe-
less, more cerebrospinal fluid samples from parasitolo-
gically confirmed A. cantonensis infected patients as
well as clinical samples from other clinically related
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Fig 5. Gel electrophoresis showing positive PCR products
from CSF samples of four infected patients with serological
positive angiostrongyliasis cantonensis (Lanes 4, 5, 7, 9). Lane 1,
positive control; Lane 2, negative control (master mix); Lane M,
molecular weight markers (100-bp ladder).

parasitic infections are needed for confirmation of the
specificity and sensitivity of PCR in diagnostic use. It
may be possible in future studies to develop more
specific primers/probes and to increase the sensitivity of
this assay by signal amplification using polymerase
chain reaction technologies.

The importance of a molecular diagnostic tool for
detecting and identifying Angiostrongylus species from
natural samples is well recognized. Methods for distin-
guishing field and laboratory strains/isolates of the
Angiostrongylus nematode are needed in diagnostic
laboratories in endemic areas. The ability of PCR to
amplify the hybridization target sequence will aid in
studying the snail intermediate hosts and animal hosts
of the parasite by detecting the parasites that have been
previously overlooked. A molecular method using PCR-
direct sequencing has recently been developed using the
Angiostrongylus 18S rRNA gene as a genetic marker to
detect and confirm the presence of the third-stage larvae
of A. cantonensis in infected mollusks collected in the
environment.”® Simultaneousl , a similar PCR-DNA se-
quencing study using the 5 end of the small subunit
(SSU) ribosomal (r) RNA gene as a marker has been
reported to identify the third juvenile stage of A. can-
tonensis in infected black slug Laevicaulis altac from
The Philippines.”” The phylogenetic position of other non-
angiostrongylid nematodes isolated was also determi-
ned.” Likewise, a study in Brazil has employed a poly-
merase chain reaction and restriction fragment length
polymorphism (PCR-RFLP) directed to the internal tran-
scribed spacer 2 (ITS2) region and using the restriction
enzyme Cla I to confirm the identity of the third-stage
larvae recovered from naturally infected snails as A.
cantonensis.* These observations can also lead to a
useful application of molecular assays to differentiate
Angiostrongylus species and subspecies and subse-
quently to the direct diagnosis of angiostrongyliasis in
patients. Furthermore, efforts to control angiostrongy-
liasis in endemic areas also require a thorough know-
ledge of the ecology and epidemiology of the parasite.
Large-scale epidemiologic studies should also be enhan-
ced by this technique, given the potential to screen
many samples at one time.
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Until now, DNA probe-based diagnosis has been
limited to highly repeated DNA or RNA sequences.
However, the PCR has ecliminated the need for such
repeated sequences and should allow in future for the
development of DNA probes specific for certain charac-
teristics of the parasite, such as virulence. Further work
is still needed concerning the development of more
specific probes for all Angiostrongylus species. The
ability of the PCR to increase the sensitivity of these
specific probes will make its application a necessity in
the future. Further refinements of this methodology will
certainly be of immense diagnostic and epidemiologic
value.

CONCLUSION

With continued interest in the rapid diagnostics for
parasite identification, clinical laboratories are now
reviewing their test ordering options with regard to
commercial kits that can be incorporated into their
routine laboratory testing protocols. Currently, although
the conventional ELISA and immunoblot for routine
diagnosis and a dot-blot ELISA adapted for field use,
as well as a multi-immunodot for differential diagnosis
of clinical suspected angiostrongyliasis have revolutio-
nized diagnosis of eosinophilic meningitis due to A.
cantonensis infection worldwide, the use of an enzyme
immunoassay format, which requires multiple reagent
additions, washing steps and incubations, is time-con-
suming, labor-intensive and requires laboratory infra-
structure. The challenge is to develop more rapid and
simpler tests using a non-enzymatic immunoassay that
retain the exquisite sensitivity and specificity of enzyme
immunoassay for diagnosis of angiostrongyliasis. A 3-
min dot immuno-colloidal gold technique which is rapid
and easy to perform has been developed and is now
being evaluated for routine and field use. Preliminary
results with such a format are promising, indicating that
the final goal of a field-applicable rapid test based on
parasite antibody detection for the diagnosis of angio-
strongyliasis cantonensis is within sight.

The ability to concurrently detect and distinguish
among clinically related parasites that cause eosinophilic
meningitis in clinical specimens with a multi-immunodot
provides another very useful diagnostic tool, and this
may be accomplished with the more rapid non-enzy-
matic format, dot-immunogold test. The procedure is
rapid, simple to perform, requires minimal training, and
can be used for a single specimen or batch-testing ap-
proaches. The multiple parasite panels will provide
diagnostic laboratories with a simple, convenient, alter-
native method for performing simultaneous, discrete
detection of various related parasites in patient speci-
mens

PCR-based assays have been described in research
settings for the diagnosis of abdominal angiostrongy-
liasis caused by A. costaricensis and cerebral angio-
strongyliasis due to A. cantonensis. The method still
needs to be evaluated in comparison with other conven-
tional parasitological or immunological methods in clini-
cal and field setting. Additionally, it is also important
to note that laboratory results should be used in con-
junction with clinical manifestations and exposure his-
tory for accurate diagnosis of eosinophilic meningitis
due to A. cantonensis.
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