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Abstract. Angiostrongylus cantonensis is the most common infectious cause of eosinophilic meningitis. Timely diag-
nosis of these infections is difficult, partly because reliable laboratory diagnostic methods are unavailable. The aim
of this study was to evaluate the usefulness of a real-time polymerase chain reaction (PCR) assay for the detection
of A. cantonensis DNA in human cerebrospinal fluid (CSF) specimens. A total of 49 CSF specimens from 33 patients
with eosinophilic meningitis were included: A. cantonensis DNA was detected in 32 CSF specimens, from 22 patients.
Four patients had intermittently positive and negative real-time PCR results on subsequent samples, indicating that the
level of A. cantonensis DNA present in CSF may fluctuate during the course of the illness. Immunodiagnosis and/or
supplemental PCR testing supported the real-time PCR findings for 30 patients. On the basis of these observations, this
real-time PCR assay can be useful to detect A. cantonensis in the CSF from patients with eosinophilic meningitis.

INTRODUCTION

Infection by Angiostrongylus cantonensis (central nervous
system [CNS] angiostrongyliasis) represents the most common
cause of infectious eosinophilic meningitis in humans. This
nematode, also known as rat lungworm, is now endemic in most
tropical and subtropical regions of the world, including
southeast Asia, the Pacific islands, South America, and the
Caribbean islands.1–3 Humans become infected by ingesting
the infectious third stage larvae from mollusks, by intentional
or accidental ingestion of raw infected mollusks, via contami-
nated fresh vegetables, or possibly contaminated water.4–7

In addition, various species of fish, shrimp, amphibians, reptiles,
and planarians serving as paratenic hosts have been implicated
as the source of human infections.8–14 The majority of cases
are self-limited with full recovery, but severe cases can be fatal
or cause persistent neurological problems. Typical clinical
manifestations include severe and persistent headache, neck
stiffness, paresthesias, and cranial nerve palsy.15,16

Most cases of CNS angiostrongyliasis are diagnosed based
on clinical symptoms, the presence of cerebrospinal fluid
(CSF) eosinophilia, and exposure to a potential source of the
infective larvae.7 Laboratory confirmation of infections is difficult
since there are only few tests available. Finding the intact
larvae during microscopic examination of the CSF is definitive,
but this finding is rare, even in severe infections.17–19 Detection
of antibodies produced in response to the infection (immu-
nodiagnosis) can be performed on serum or CSF using
enzyme-linked immunosorbent assay (ELISA) or western
blot (WB) techniques. However, these methods are not
standardized and their diagnostic performance may vary
depending on the purity of the native antigenic preparation

used. When crude antigens were used, the sensitivity was
100% for ELISA and 69% for WB, while specificity was
only 67% for ELISA and 82% for WB.20 Purification of the
31-kDa antigens reportedly resulted in 100% specificity and
sensitivity of both ELISA and WB,21 but the reliance of native
antigens makes the assays difficult to reproduce in other
laboratories. Thus, immunodiagnosis for angiostrongyliasis is
only available in a few specialized research laboratories world-
wide. Because of these diagnostic challenges, the disease can
remain undiagnosed or be confused with infections that
cause similar symptoms.16

Patients with syndromic diagnosis of meningitis routinely
get lumbar puncture (LP) to collect CSF for diagnostic and
therapeutic purposes. CSF is therefore a common type of
sample available from patients with suspected CNS angio-
strongyliasis. When laboratory rats were experimentally
infected with A. cantonensis, 52% (11/21) had A. cantonensis
DNA in their CSF as detected by real-time polymerase chain
reaction (PCR) 60 days after infection, despite the absence
of intact larvae in their CSF (unpublished data). These findings
made it plausible that CSF from at least some infected
humans may contain detectable levels of A. cantonensis DNA.
A small study in Thailand indeed found Angiostrongylus
DNA in CSF from four of 10 serologically confirmed angio-
strongyliasis cases using a genus-level standard PCR.22 The aim
of this work was to evaluate if a species-specific real-time PCR
assay, originally developed to detect A. cantonensis in host
animals,23 could be suitable for the detection of parasite DNA
inCSF specimens from patients with CNS angiostrongyliasis.

MATERIALS AND METHODS

Human samples. From 33 patients with meningitis during
2000–2012, 49 CSF samples were included in this study. All
patients except one met the following case definition for
CNS angiostrongyliasis: patients who underwent LP, had
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evidence of pleocytosis with ≥ 6 leukocytes/mL and either
eosinophil percentage ≥ 10% or absolute eosinophil count ≥ 10;
had at least two of the following clinical manifestations:
headache, neck stiffness or nuchal rigidity, visual disturbance,
photophobia or hyperacusis, cranial nerve abnormality (e.g.,
palsy), abnormal skin sensation (e.g., paresthesia, hyperesthesia),
sensory deficit, nausea or vomiting, documented fever,
increased irritability (if age < 4 years), and bulging fontanelle
(if age < 18 months); and had all other likely etiologies ruled
out. One patient did not have CSF eosinophilia but did otherwise
fit the case definition and was included because of known
ingestion of raw snails. The patients were residents of Hawaii
(N = 18), Jamaica (N = 2), Brazil (N = 3), or Cambodia (N = 3) or
lived elsewhere in the United States but had recent travel
history to Hawaii (N = 2), Jamaica (N = 3), Burma (N = 1),
or Fiji (N = 1).
A clinical specificity panel was assembled from patients

with non-angiostrongyliasis CNS conditions. The panel
included 31 CSF samples from 31 continental U.S. patients
and 36 CSF samples from 30 patients residing in Hawaii. Of
patients, 59% (N = 36) presented with infection, including
infections of unknown etiology (N = 25), cysticercosis (N = 5),
toxoplasmosis (N = 2), enterovirus (N = 2), cytomegalovirus
sepsis (N = 1), and chronic cryptococcal meningitis (N = 1).
Fifteen percent (N = 9) presented with malignancy including
leukemia (N = 5), brain cancer (N = 2), Burkitt’s lymphoma
(N = 1), and metastatic gastric cancer (N = 1). Ten percent
(N = 6) presented with headache, 6% (N = 4) presented with
altered mental status, and 10% (N = 6) presented with other
conditions described as transverse myelitis, unknown hema-
tological disorder, acute lower back pain, Guillain–Barre
syndrome, multiorgan disease, or infant with low grade fever.
The demographics of the continental U.S. patients were
unknown. The Hawaii specificity panel consisted of 16
(53%) male and 14 (47%) female patients with ages ranging
from 10 days to 74 years (mean = 33 years; median =
35 years). DNA from seven strains of Coccidioides immitis
and Coccidioides posadasii isolated from human coccidioido-
mycosis patients were also available for specificity testing.
Serum for antibody testing was available from 13 of the

33 patients. Serology results from testing in other laboratories
were available for four patients. All samples were collected
and used in accordance with the Centers for Disease Control
and Prevention Institutional Review Board (IRB) protocol
entitled “Use of Human Specimens for Laboratory Methods
Research,” Kaiser Permanente IRB approval, and/or Hawaii
Department of Health IRB approval.
Immunodiagnosis. Detection of anti-A. cantonensis anti-

bodies was performed using ELISA and WB as described
elsewhere.20 Samples were considered positive in WB when
antibodies against the A. cantonensis 31-kDa antigen were
detected. The availability of the two methods varied during
the course of this study, so some samples were tested with
both ELISA and WB, while other samples were tested with
only one of the methods. For this reason, a sample was inter-
preted as being antibody positive if either tests was positive.
Molecular detection. DNA was extracted from CSF using

the DNeasy tissue and blood DNA extraction kit (QIAGEN,
Valencia, CA), following the manufacturer’s instructions for
blood samples. Small volumes (i.e., < 0.2 mL) of CSF were
adjusted with saline solution to a total volume of 0.2 mL. CSF
samples larger than 0.2 mL were centrifuged at 2,500 g for

10 minutes and the excess supernatant removed so that
0.2 mL remained. Real-time PCR detection of the first internal
transcribed spacer (ITS1) was performed using 5 μL of the
DNA in 20 μL total volume as described elsewhere.23 CSF sam-
ples from patients without available immunodiagnostic results
were tested by standard PCR to amplify and sequence 200 bp of
the mitochondrial cytochrome oxidase subunit 1 gene (CO1).
Primers used were CO1ACF7 (5′-TGC CTG CTT TTG GGA
TTG TTA GAC-3′) and CO1ACR7 (5′-TCA CTC CCG TAG
GAA CCG CA-3′), and the amplification mix consisted of
0.2 μM of each primer, the AmpliTaq Gold PCR Master Mix
(Life Technologies, Grand Island, NY) and 5 μL of DNA in a
total volume of 50 μL. After an initial incubation at 95°C for
15minutes to activate the hot-start enzyme, the cycling structure
was 94°C 30 seconds, 60°C 30 seconds, 72°C 1minute 30 seconds
for 45 cycles. The amplicons were sequenced using the amplifi-
cation primers and the BigDye Terminator (Life Technologies)
chemistry as previously described.24

RESULTS

Patients and CSF samples. Table 1 summarizes selected
demographic, clinical, and epidemiological findings related
to 33 patients included in this study. The total number of
CSF samples analyzed was 49; one single CSF sample from
23 patients (N = 23), two CSF samples collected at different
days during their illness from seven patients (N = 14), and
three or more samples collected at different days from three
patients (N = 12). The date of infection was known for three
patients; the clinical course, laboratory test results, and clinical
outcome 3 months after infection for these three patients
are illustrated in Figure 1.

TABLE 1
Demographic, clinical, and epidemiologic findings of 33 patients

with suspected CNS angiostrongyliasis

Mean age (range) 27 years (9 months to 69 years)
Male gender 20 (61%)
Eosinophil percentage

in CSF (range)
26% (0–78)

Exposure location
Hawaii 19 (58%)
Jamaica 5 (15%)
Brazil 3 (9%)
Cambodia 3 (9%)
Fiji 1 (3%)
Burma 1 (3%)

Primary clinical manifestation*
Headache 18 (54%)
Paresthesia 11 (33%)
Lethargy 6 (18%)
Myalgia/arthralgia/body pain 5 (15%)
Fever† 4 (12%)
Neck/back pain 3 (9%)
Coma 3 (9%)
Paralysis 2 (6%)
Photophobia 2 (6%)
Death 1 (3%)

Exposure history
Intentional ingestion

of raw mollusks
5 (15%)

Contaminated fresh produce‡ 2 (6%)
Unknown 26 (79%)
CNS = central nervous system; CSF = cerebrospinal fluid.
*Symptomology was optionally provided by the health-care provider as part of the CDC

specimen submission process and was not systematically collected. More than one symptom
was reported for most individuals.

†Fever was reported as the primary symptom only for children less than 2 years of age.
‡As indicated by an outbreak investigation cohort study.25
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Real-time PCR results on CSF samples. The real-time
PCR results for all 33 patients are listed in Tables 2 and 3.
Table 2 lists patients for whom immunodiagnosis was per-
formed, whereas Table 3 lists the remaining seven patients.
Overall, 32 of the 49 CSF samples tested positive for A.
cantonensis DNA. Twenty-two patients had one or more
CSF specimens that tested positive in real-time PCR. Of
the 22 patients, 19 had positive real-time PCR result in
the first CSF collected. The median time from symptom
onset to collection of the first real-time-PCR-positive CSF
was 21 days (range = 4–67 days). Six of the 10 patients
who provided more than one CSF sample had positive
real-time PCR results in all of their samples (persistently posi-
tive at all collection points). The remaining four patients had
intermittently positive real-time PCR results, which means
that some CSF samples tested positive while other CSF sam-
ples (from the same patient) tested negative.
Specificity controls included 67 CSF samples from 61 U.S.

patients, representing non-Angiostrongylus CNS conditions
of both infectious and noninfectious etiologies (see section
Materials and Methods for details). All of these CSF samples
were negative in the real-time PCR assay. The real-time
PCR did not amplify DNA extracted from Coccidioides spp.,
which can also cause eosinophilic meningitis.
Comparison between real-time PCR and immuno-

diagnosis. Anti-A. cantonensis antibody detection was
performed for 26 patients (Table 2). Serology was performed
on serum for 17 patients, either as part of this study (N = 13)
or by another laboratory prior to this study (N = 4). Nine
additional patients had antibody detection performed on
CSF. The immunodiagnosis result was in agreement with the
real-time PCR for 24 of the 26 patients; only two patients
had discrepant test results and are discussed below (see section
Discussion). The median time from symptom onset to collec-
tion of the first antibody-positive sample (either serum or CSF)
was 27 days (range = 4–75 days).

Comparison between real-time PCR and other
testing. Immunodiagnosis could not be performed for seven
patients because no serumwas available, and the limited volume
of CSF did not allow for additional testing after the PCR
analysis. The 10 CSF samples from these seven patients were
therefore further analyzed in a standard PCR followed
by DNA sequencing of a part of the mitochondrial CO1
gene (CO1 assay). This approach confirmed the presence
of A. cantonensis DNA in six of the eight real-time-PCR-
positive CSF samples (Table 3).
In one CSF sample, larvae were detected by microscopy

(Figure 2). This CSF sample was also positive in real-time
PCR. Two additional CSF samples from the same patient
(2011-6; a 9-month-old boy) were also positive in real-time
PCR and all three CSF samples from this patient were positive
for A. cantonensis in the CO1 assay.

DISCUSSION

CNS angiostrongyliasis is usually difficult to diagnose. In
most cases, symptoms are nonspecific, and the CSF reveals
eosinophilia, but no larvae are detected. Only one patient in this
study (a 9-month-old boy) had larvae detected in the CSF
and was thus the only parasitologically confirmed case. In con-
trast, 22 of 33 patients (67%) were positive for A. cantonensis
DNA in their CSF by real-time PCR. Immunodiagnosis or
additional PCR-based testing corroborated the real-time PCR
findings for all but three patients.
Quantitative assessment of A. cantonensis larvae in envi-

ronmental samples using the same real-time PCR as applied
to this study has shown that samples containing a single,
stage-three larva are positive after an average of 23 PCR
cycles (i.e., average Ct value of 23).30,31 Not unexpectedly,
the PCR-positive CSF samples in this study had Ct values
between 27 and 38, suggesting that these samples contained
1–4 log10 less DNA than that present in a specimen

FIGURE 1. The clinical course and timing of laboratory tests of three patients whose date of infection was known. Serial lumbar punctures
were performed at the discretion of the clinicians taking care of the patients to monitor the clinical course and relieve headaches. Number of
days after time of infection is outlined on the x axis. S = first symptom onset. Filled symbols = collection of cerebrospinal fluid (CSF) that tested
positive (plus sign) or negative (minus sign) in the real-time polymerase chain reaction (PCR) assay; open symbols = collection of serum that
tested positive (plus sign) or negative (minus sign) in serology. Open boxes denote drug treatment (corticosteroids for all three plus albendazole
for patient 2010-5). Striped boxes symbolize days of hospitalization; note that two of the patients were hospitalized twice, because of worsening
symptoms due to too rapid corticosteroid dose reduction. The clinical outcome reported around 3 months after infection is outlined on the far right.
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containing a single larva. This indicates that the real-time
PCR can detect DNA from remnants of larvae, such as individual
cells, nuclei, or chromosomal fragments, which may leak into
the CSF from the brain. Presence of DNA-containing remnants
is the likely reason why so many CSF samples that were
devoid of intact parasites were positive in real-time PCR.

All 33 patients included in this study had clinical findings
suggestive of CNS angiostrongyliasis. All had possible exposure
to infective larvae, either as residents of or with recent travel
history to endemic areas. Clinical and epidemiological details
have been presented elsewhere for six of the patients.25–29

Five patients had knowingly ingested raw snails: four as part
of exotic cuisine, one as a dare. Two patients were part of an
outbreak in Jamaica where a Caesar salad was implicated
as the source of infection.25 The source of infection for the
other patients remains unknown. However, four patients
were less than 2 years of age, and one patient was intellectually
challenged, making it plausible that these became infected
by putting infected mollusks in their mouth.
When available, serum samples were tested for the presence

of antibodies against A. cantonensis using a crude antigen
ELISA and/or WB technique that detects the 31-kDa antigen.20

These methods were also applied on some CSF samples with
enough volume to accommodate both molecular and
immunodiagnostic testing. The CSF from patient 2009-6
tested positive in real-time PCR but negative for antibodies
and was initially considered a potential false-positive real-
time PCR result. However, CO1 DNA sequencing verified
that this CSF sample contained A. cantonensis DNA, so the

TABLE 2
Laboratory test results of 26 patients with available immunodiagnostic results

Patient ID Days post symptom onset Real-time PCR (Ct*) Immunodiagnosis results (method) Reference

2000-1 12 Positive (38) Acute serum negative (WB) 25

15 Positive (36) Convalescent serum positive (WB)
23 Positive (38)
34 Negative

2000-2 10 Negative Acute serum negative (WB) 25

12 Negative Convalescent serum positive (WB)
16 Positive (38)
20 Negative
33 Positive (33)

2006-1 NA Negative Serum negative (WB)
2006-2 NA Negative Serum negative (WB)
2008-1 NA Positive (31) Serum positive (ELISA)
2008-2 NA Negative Serum negative (ELISA)
2008-3 48 Positive (32) CSF positive (ELISA) 26

2009-1 7 Negative CSF negative (ELISA)
2009-2 14 Negative CSF negative (ELISA)
2009-3 15 Negative CSF positive (ELISA)/negative (WB)
2009-4 67 Positive (33) Serum positive (ELISA, WB) 27

2009-5 4 Positive (30) CSF positive (ELISA, WB)
2009-6 7 Positive (35) CSF negative (ELISA, WB)
2010-2 NA Positive (33) Serum positive (ELISA)

NA Positive (34)
2010-3 NA Negative Serum negative (ELISA, WB)
2010-4 231 Negative CSF negative (ELISA, WB)
2010-5 6 Negative Acute serum negative (ELISA)/positive (WB) 28

15 Positive (29) Convalescent serum indeterminate (ELISA)/positive (WB)
2010-6 4 Negative CSF negative (ELISA, WB)

17 Positive (27) CSF positive (ELISA, WB)
2010-7 10 Positive (29) CSF indeterminate (ELISA)/negative (WB)

15 Positive (30) CSF positive (ELISA)/negative (WB)
2011-1 4 Positive (30) Serum positive (WB)

15 Positive (28)
2011-3 26 Positive (35) Serum positive (WB)
2011-4 16 Negative Serum negative (WB)
2011-5 48 Positive (35) Serum positive (WB) 29

49 Positive (35)
2012-2 30 Positive (33) Serum positive (WB)
2012-3 27 Positive (36) Serum positive (WB)
2012-4 30 Positive (35) Serum positive (WB)
CSF = cerebrospinal fluid; ELISA = enzyme-linked immunosorbent assay; NA = not available; ND = not done; PCR = polymerase chain reaction; WB = western blot.
*Ct is the quantitative output from real-time PCR; this is inversely proportional to the amount of target in the original sample.

TABLE 3
PCR results of seven patients with no available immunodiagnostic results
Patient
ID

Days post
symptom onset

Real-time PCR
(Ct*) CO1 sequencing

2010-1 23 Positive (35) Angiostrongylus cantonensis
2011-2 5 Negative Negative
2011-6 10† Positive (34) A. cantonensis

11 Positive (35) A. cantonensis
30 Positive (36) A. cantonensis

2011-7 21 Positive (36) Negative
2012-1 21 Positive (36) Negative
2012-5 23 Positive (32) A. cantonensis

29 Positive (32) A. cantonensis
2012-6 33 Negative Negative
CO1 = cytochrome oxidase subunit 1 gene; PCR = polymerase chain reaction.
*Ct is the quantitative output from real-time PCR; this is inversely proportional to the

amount of target in the original sample.
†Cerebrospinal fluid (CSF) contained intact worms as identified by light microscopy

(see Figure 2).
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explanation for the discordance was more likely failed antibody
detection. PCR has the potential to become positive earlier
than serology because A. cantonensis DNA has the potential
to be present in the CSF in the acute phase, prior to the
development of antibodies.
Patient 2009-3 had negative real-time PCR results but anti-

bodies were detected in the CSF; this was likely a false-negative
real-time PCR result. In this study, there was no clear correlation
between date of collection of a real-time-PCR-positive CSF
sample and other laboratory data (such as eosinophilia
levels) or illness duration (time after symptom onset). However,
CSF collections were performed at the discretion of the
patients’ clinicians, so the patients in this study all had different
collection time points (based on their individual clinical course
and medical management). More systematic studies, using stan-
dardized protocols, will be required to better understand the
diagnostic value of this real-time PCR during the infection
progress and to reveal possible correlations between real-time
PCR positivity and other laboratory data or clinical signs.
Overall, seven CSF-samples from serologically confirmed

patients tested negative in the real-time PCR assay, leading
to a false-negative rate of 22%. At least some of those false-
negative results may be due to fluctuating levels of parasite
DNA in the CSF over time. It has therefore been suggested
to test additional CSF samples, collected on other days, if the
initial real-time PCR result is negative and the clinical suspicion
remains high. Repeated CSF collections are sometimes per-

formed on meningitis patients to monitor the course of infection
or to measure the intracranial pressure. They may also have a
therapeutic benefit because the pressure released during the LP
tends to relieve symptoms. However, LP is an invasive procedure
with potentially serious complications, such as CSF leak, worsen-
ing headache, and brain herniation. The risks versus benefits for
each patient should be weighed when considering conducting
repeated LPs. Another way to enhance the sensitivity of this real-
time PCR assay could be to allow the patients to sit upright for
some time before performing the LP, since this has been shown to
increase the likelihood of finding larvae in the sample.32

Two patients (2011-7 and 2012-1) with positive real-time PCR
results did not have specimens available for immunodiagnosis
and the CO1 PCR testing was negative. This discrepancy
between the two PCR-based tests is most likely because
of a lower detection limit of the real-time PCR, thanks
to a smaller amplicon size and more sensitive detection
method (fluorescence).
All specificity controls tested with this real-time PCR assay

were negative. Because no apparent false-positive real-time
PCR results were observed, it thus far appears that other
CNS conditions cause little or no interference with this assay.
The original purpose of this particular real-time PCR assay
was to specifically detect A. cantonensis in host animals. In
silico investigations and analytic specificity testing during the
initial test validation excluded cross-amplification of nematodes
known to infect rodents, rats, and humans, including the
closely related A. costaricensis.23 In this study, clinical isolates
of Coccidioides spp., a group of fungi that can cause eosino-
philic meningitis, were shown to be nonreactive with this
assay. Specificity testing of this assay will continue whenever
suitable samples become available.
Diagnosis of CNS angiostrongyliasis requires thorough

patient history, good clinical examination, presence of some
key laboratory values, and some indication that the parasite
is/was present. This report describes the successful use of
real-time PCR to detect A. cantonensis DNA in the CSF
from 22 of 33 patients with clinical and epidemiological sus-
picion of CNS angiostrongyliasis.
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