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Abstract.

Angiostrongyliasis is a food-borne parasitic disease caused by the nematode Angiostrongylus cantonensis

that can lead to eosinophilic meningitis (EM) or meningoencephalitis in humans. Angiostrongylus cantonensis is prevalent
in the Pacific Islands. In recent years, a large number of outbreaks and severe cases have occurred. Several species of
mollusk, such as snails and slugs, act as intermediate and paratenic hosts of A. cantonensis. In this study, two cases of EM
were found to have been caused by infection with A. cantonensis due to consumption of raw centipedes. To survey the
A. cantonensis infections acquired through centipedes that the patients had bought at a vegetable market, we performed
etiological examinations and polymerase chain reaction amplification of A. cantonensis genes. Third-instar larvae of
A. cantonensis were detected in the centipedes, and specific genes from A. cantonensis were detected in all the spec-
imens. This indicates that the centipede may act as a competent host for the transmission of A. cantonensis. To our
knowledge, this is the first report of A. cantonensis infection through the consumption of centipedes.

INTRODUCTION

Angiostrongyliasis is an important food-borne parasitic and
zoonotic disease. The pathogen Angiostrongylus cantonensis
was first observed in the pulmonary arteries of a Rattus nor-
vegicus specimen captured in the Guangzhou suburbs by
Chen Xintao in 1934." Angiostrongylus cantonensis is com-
mon in more than 30 countries, including China, South Korea,
Thailand, the Philippines, and Vietham. Thailand, mainland
China, and Taiwan are the most prevalent areas.? Humans, as
nonpermissive hosts, become infected mainly through eating
raw or poorly cooked snails, slugs, monitor lizards, frogs, and
fish,> " or by eating vegetables and salads contaminated with
these hosts.''* There is no confirmed report of angios-
trongyliasis due to eating centipedes. Here we present two
cases of eosinophilic meningitis (EM) contracted by ingesting
raw centipedes.

CASE REPORTS

Case 1. A 78-year-old woman was admitted to Zhujiang
Hospital, Guangzhou, China, on November 22, 2012. She had
been suffering from a moderate headache, somnolence, and
cognitive impairment for several weeks, with no fever or
vomiting. The patient said she had not sustained any recent
trauma, been exposed to toxins, or consumed raw seafood or
aquatic products. Physical examination revealed slight neck
stiffness. Her cranial nerves, muscle strength, and sensation
were normal. A cerebrospinal fluid (CSF) examination was
performed (Table 1). Her cerebrospinal pressure was 26 cm
H>O. The CSF appeared light yellow and opaque. The protein
level was 137 mg/dL and the glucose was 52.2 mg/dL.
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Cerebrospinal fluid analysis revealed 600 cells/uL white blood
cells (WBCs) and 40 cells/uL eosinophils (EOS) by Wright and
Giemsa staining. She had a peripheral blood leukocyte count
of 12.42 x 10 E3/pL, of which 3.69 x 10 E3/uL (29.7% of total
leukocyte count) were EOS. The peripheral blood lympho-
cytes were 1.77 10 E3/uL (12.7% of total leukocyte count)
(Table 1). Here, the erythrocyte sedimentation rate was
15 mm/hour (normal, 0-20 mm/hour). Her liver function test
and chest X-ray results were normal. A magnetic resonance
imaging (MRI) Fluid attenuated inversion recovery (FLAIR)
sequence showed a high signal in the left midbrain and right
frontal lobe (Figure 1 A1, B1). The results of enzyme-linked im-
munosorbent assay (ELISA) revealed that both the serum and
the CSF were positive for antibodies (immunoglobulin G [lgG] and
immunoglobulin M [IgM]) against A. cantonensis. Further ques-
tions about the patient’s history showed that she had eaten
centipedes without cooking them on several occasions. The
patient was diagnosed with A. cantonensis meningoencephalitis.
She was also diagnosed with eosinophilic meningoencephalitis.
The patient was treated with albendazole (40 mg/day) for 21 days
and dexamethasone (10 mg/day) for 15 days. The patient was
conscious. Her headache and cognitive impairment were re-
lieved after the treatment. According to the follow-up examina-
tion on December 27, 2012, the CSF was colorless and
transparent, containing 10 cells/uL WBCs, 0 cells/uL EOS,
63 mg/dL protein, and 64.8 mg/dL glucose. Her cerebrospinal
pressure dropped down to 15 cm H,O. No EOS were detected
in her CSF. The anti-A. cantonensis IgG and IgM antibodies
turned out to be negative in both the serum and the CSF after
treatment based on ELISA results. The signal in the MRI FLAIR
sequence disappeared after the treatment (Figure 1 A2, B2).
Case 2. A 46-year-old male was admitted to Zhujiang
Hospital in Guangzhou, China, on December 14, 2012. The
patient’s main complaint was a mild headache that had lasted
for more than 20 days. He experienced no seizures, changes in
consciousness, paralysis, vomiting, or fever. The sole obvious
focal neurologic sign was neck rigidity. He had also consumed
raw centipedes. A CSF examination was carried out (Table 1).
The protein level was 89 mg/dL and the glucose concentration
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TaBLE 1
Biochemical analysis of two patients’ CSF and hematological analysis

WANG, LU, AND OTHERS

CSF Blood
Protein (mg/dL) Glucose (mg/dL) WBCs EOS WBCs (10 E3/uL) EOS (10 E3/pL)
Case No.  Gender Date (15-45) (45-80) (cells/pL) (0-15) (cells/pL) (0) Date (4-10 x 10 E3/pL) (0.0 -0.7 x 10 E3/pL)
1 Female November 26, 2012 137 52.2 770 N November 22, 2012 12.42 3.69
December 6, 2012 163 55.8 600 40 December 4, 2012 13.97 6.01
December 13, 2012 83 73.8 90 1 - N N
December 21, 2012 65 84.6 10 0 December 21, 2012 10.93 0.01
December 27, 2012 63 64.8 10 0 - N N
2 Male December 14, 2012 89 45 125 21 December 10, 2012 12.18 5.12
December 31, 2012 37 50.4 20 0 December 31, 2012 11.94 0.13

CSF = cerebrospinal fluid; EOS = eosinophils; N = no test; WBCs = white blood cells.

was 40 mg/dL. The CSF pressure was elevated at 30.3 cm
H>0O. He had a peripheral blood leukocyte count of 12.18 x
10 E3/uL, of which 5.12 x 10 E3/uL (42% of total leukocyte
count) were EOS (normal, 0.0-0.7 10 E3/uL). The peripheral
blood lymphocyte count was 2.03 10 E3/uL (16.7% of total
leukocyte count). His erythrocyte sedimentation rate was 33
mm/hour (normal, 0-15 mm/hour). Liver function test results
were normal. Computed tomographic lung scans showed a
high-intensity nodule located in the posterior lateral segment
of the right-lung lower lobe, and the boundary of that nodule
was clear (Figure 2 C1). His cranial MRI showed general normal
signals in the brain parenchyma without dural enhancement

(Figure 3 D1, D2). Enzyme-linked immunosorbent assay in-
dicated that both the serum and the CSF were positive for an-
tibodies (IgG and IgM) against A. cantonensis. The patient was
diagnosed with A. cantonensis meningitis and EM. The patient
was treated with albendazole (40 mg/day) for 21 days and
dexamethasone (10 mg/day) for 16 days. The patient’s head-
ache was relieved after the treatment, and he was discharged
from the hospital. According to the follow-up examination on
December 31, 2012, the CSF was colorless and transparent,
containing 20 cells/uL WBCs, 0 cells/uL EOS, 36.6 mg/dL
protein, and 50.4 mg/dL glucose. His cerebrospinal pressure
dropped down to 13 cm H,0, and no EOS were detected in the

FIGURE 1.

Flow alternating inversion recovery-magnetic resonance imaging of the female patient’s brain before and after treatment. The arrows

indicate the hyperintense signal that suggests multiple inflammatory foci in specific areas before treatment (A1, B1). They disappeared after

treatment (A2, B2).
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Ficure 2. Computed tomography of the male patient’s lungs before and after treatment. The arrow indicates a high-density lesion that suggests

inflammatory foci before treatment (C1). It disappeared after treatment (C2).

CSF. Enzyme-linked immunosorbent assay indicated that
anti-A. cantonensis IgG and IgM antibodies were absent in both
the serum and the CSF. The nodule in the lung disappeared
after the treatment (Figure 2, C2), and the signals of the MRl
were also normal (Figure 3, E1, E2).

Pathogen detection. To determine whether centipedes
can serve as hosts for A. cantonensis, we performed etiological

examinations and PCR analysis. We purchased 20 centipedes
from the Qingping Market in Guangzhou where the patients
had acquired their centipedes. These centipedes were originally
caught in the wild in Guangxi Province, China. The centipedes
were homogenized and digested in pepsin-HCI (pH 2.0, 500 IU
pepsin/gram tissue) below 37°C for 2 hours. The cellular debris
were removed using a natural precipitation method.'® The

Ficure 3. Flow alternating inversion recovery-magnetic resonance imaging of the male patient’s brain before and after treatment. There was no

abnormal signal before treatment (D1, D2) or after treatment (E1, E2).
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supernatant was centrifuged at 2,500 rpm for 5 minutes. We
detected third-stage larvae of A. cantonensis in the sediments
of seven specimens of the 20 centipedes (Figure 4). The larvae
were similar to the infective larvae (L3) of A. cantonensis. An
average of 56 third-stage larvae of A. cantonensis was re-
covered from each centipede.

PCR analysis. The DNA of the centipedes was extracted
to serve as the template using an Omega Tissue DNA kit
(D3396-01; Omega Bio-tek, Norcross, GA) according to the
instructions of the manufacturer. Primers 5'-TGATGCTT
GTGCGGTTTTCG-3' and 5'-TTCCCTTGGCTGTGGTTTCG-3’
were designed according to the fragment of the large-subunit
rBNA gene of A. cantonensis (421 bp), and DNA amplification
was completed by the method described by Wei.'® Amplification
was carried out with a Biometra T-Professional thermocycler
(Applied Biometra, Jena, Germany). PCR was performed as
follows: initial denaturation at 94°C for 10 minutes followed by
35 cycles at 94°C/30 seconds, 48.5°C/30 seconds, and 72°C/1
minute. Final extension was at 72°C/10 minutes and 16°C/
pause. Amplified DNA products were assessed on 1.5% aga-
rose gel and stained with ethidium bromide. We observed ob-
vious bands in seven centipedes comparable to the positive
control (Figure 5). Positive PCR products were purified and li-
gated into the plasmid pBack-Zero-T for cloning. The plasmid
was sent for sequencing. The sequence was confirmed to be
99% identical to the corresponding region of the A. cantonensis
large-subunit rRNA gene sequence. We found only three
mutations in the sequence compared with the corresponding
region of A. cantonensis (Figure 6).

DISCUSSION

Humans infected with A. cantonensis usually experience
mild symptoms, predominantly headache, vomiting, pho-
tophobia, fever, hyperesthesia, and neck stiffness. For
some patients, these symptoms resolve without treatment.
Angiostrongylus cantonensis meningitis is usually diagnosed
by a typical clinical presentation, a history of exposure, CSF
containing EOS, and serological detection. The symptoms of
these two patients were very light, manifesting mainly as
headache, neck stiffness, and other mild symptoms of in-
tracranial hypertension. Changes in the CSF are not typical of
this condition, so the diagnosis could not be confirmed with-
out etiological detection (such as the presence of antibody in

Ficure 4. The third-stage larvae of Angiostrongylus cantonensis
recovered in the centipede under optical microscope (magnified x400).
This figure appears in color at www.ajtmh.org.

Ficure 5. Agarose gel electrophoresis of PCR. The expected
bands were amplified from all seven centipedes. M: DNA molecular
weight marker DL1000; lane 1: DNA from Angiostrongylus canto-
nensis adults (positive control); lanes 2-8: DNA from seven centi-
pedes; 9: ddH,0 (negative control).

the CSF and serum). Although there are no previously reported
cases of infection with A. cantonensis by eating centipedes,
we observed the third-instar larvae of A. cantonensis from the
centipedes we purchased from the same market. The results
show specific bands after PCR amplification. Because of the
low detection rate of pathogens in laboratory diagnosis, an-
tibody detection has become an important auxiliary method of
diagnosing this disease. A previous study confirmed the utility
of positive serological testing with ELISA.'” Here, ELISA was
used for diagnosis. The sera were positive for IgG and IgM
antibodies in the two cases, and they became negative after
treatment.

The optimal treatment for EM caused by A. cantonensis has
not been established. A recent study showed that albendazole
and prednisolone are effective in the treatment of EM."® The
combination of albendazole and dexamethasone has been
shown to be effective,’® and the patients described here
responded well to it. Dehydration treatment was also given
to the patients, who recovered after 15 days of treatment.
Angiostrongylus cantonensis should be suspected in patients
who have signs of EM after eating centipedes.?°

The increase in angiostrongyliasis cases is thought to be
due to changes in human dietary patterns. In these two cases,
the patients might have become infected with A. cantonensis
by ingesting raw centipedes. Up to now, more than 140 spe-
cies of mollusks have been reported as natural or experimental
intermediate hosts for A. cantonensis.?'

Epidemiologic studies have indicated that the African giant
land snail (Achatina fulica) and the apple snail (Pomacea
canaliculata) are the main vectors for angiostrongyliasis in
China."” Centipedes, however, have never been reported to
be hosts for this parasite. In this case, 20 centipedes were
collected from the same location where the patients had
obtained them, and an average of 56 larvae were detected
per centipede. DNA was extracted from the centipede and
amplified with species-specific PCR primers following the
method described by Wei Jiling.'® The sequence was con-
firmed to be 99% identical to the corresponding region of the
purpose fragment. The results of both the etiological exami-
nation and the PCR analysis suggested that centipedes might
be the hosts of A. cantonensis. We bought 30 centipedes from
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Ficure 6. Sequencing results for Angiostrongylus cantonensis large-subunit rRNA gene sequences.

the same market and divided these centipedes into two
groups: group 1 (including 10 centipedes) was used as the

TGATGCTTGTGCGGTTTTCGTCCGTGGCCGGCAAATGTGC

TGATGCTTGTGCGGTTTTCGTCCGTGGCCGGCAAATGTGT

GTGTATAGCGCACTGACGCTGGACTAGTGATATGACCACC

GTGTATAGCGCACTGACGCTGGACTAGTGATATGACCACC

TTGTGGACATTTACAGGTGTGTGCTTTGCCTTCGGGCTTA

TTGTGGACATTTACAGGTGTGTGCTCTGCCTTCGGGCTTA

GTATCCTGATCGACCATCAAAACGGTCGAACTGGAACTGG

GTATCCTGATCGACCATCAAAACGGTCGAACTGGAACTGG

TACGGACTCGGGGAATCCGACTGTCTAATTAAAACAGAGG

TACGGACACGGGGAATCCGACTGTCTAATTAAAACAGAGG

AGACAGATGGTCCTTGCGGACGTTTACTGTCTCTGATTTC

AGACAGATGGTCCTTGCGGACGTTTACTGTCTCTGATTTC

TGCCCAGTGCTCTGAATGTTAAATCGTAGTAATTCGAGTA

TGCCCAGTGCTCTGAATGTTAAATCGTAGTAATTCGAGTA

AGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG

AGCGCGGGTAAACGGCGGGAGTAACTATGACTCTCTTAAG

GTAGCCAAATGCCTCGTCAGCTAACTACTGACGCGCATGA

GTAGCCAAATGCCTCGTCAGCTAACTACTGACGCGCATGA

ATGGATTAACGAGATTCCCACTGTCCCTAACTACTATCTA

ATGGATTAACGAGATTCCCACTGTCCCTAACTACTATCTA

GCGAAACCACAGCCAAGGGA

GCGAAACCACAGCCAAGGGA

control and group 2 (including 20 centipedes) was infected A. cantonensis.
with the first-stage larvae (L1) of A. cantonensis. The results of

the etiological examination and PCR analysis of the control

group were negative; however, the centipedes in group 2 Published online July 30, 2018.
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died after infection with L1. For these reasons, we remain
uncertain whether the centipede is an intermediate host of
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