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Abstract.

Human angiostrongyliasis is an important foodborne helminthic zoonosis caused by the nematodes of the

genus Angiostrongylus. We describe two parasitologically confirmed cases of ocular angiostrongyliasis, presenting at a
tertiary care hospital in Thailand between 2012 and 2018. Parasites were surgically recovered from patients’ eyes and
morphologically identified as Angiostrongylus species. DNA analysis allowed identification of Angiostrongylus canto-
nensis. Polymerase chain reaction was used to amplify all or part of the small nuclear ribosomal subunit, the second
internal transcribed spacer region, and cytochrome ¢ oxidase subunit 1. The sequences subsequently obtained were
highly similar to those of A. cantonensis (97-100%). This is the first molecular confirmation that A. cantonensis is a

causative agent of human angiostrongyliasis in Thailand.

INTRODUCTION

Angiostrongyliasis is a foodborne nematode disease caused
by members of the genus Angiostrongylus. These are normally
parasites of rodents and carivores, in which they live in the
mesenteric arteries or the pulmonary arteries and lungs.’
Angiostrongylus cantonensis, a rat lungworm, is a primary
cause of human eosinophilic meningitis or meningoen-
cephalitis in many countries, and more than 2,800 cases have
been documented worldwide.>® Humans are accidental
hosts who become infected by consuming snails, slugs, and
paratenic hosts containing, or vegetables contaminated with
infective larvae.*’ Angiostrongylus costaricensis is the cause
of abdominal angiostrongyliasis in Latin American countries.®
Angiostrongylus mackerrasae and Angiostrongylus malay-
siensis are two other species that may cause harm in some
people® and possibly cause the disease in this area. Mor-
phological identification of the causative Angiostrongylus
species is difficult because of the overlap and similar de-
scriptions of size and body shapes among different
species.’ 1% The confirmed species by the molecular test
should call attention from clinicians dealing with neurological
patients to be aware of the causative agents of infection.

Although the incidence of ocular angiostrongyliasis is low, it
can cause optic neuritis resulting in vision loss, which can
seriously lower the patient’s life quality.'® Until now, at least 44
ocular cases have been reported worldwide, nearly half of
these were from Thailand and the rest from other Asian
countries, such as Sri Lanka, India, Taiwan, Vietham, Malay-
sia, Japan, and Indonesia,'®'® and from South America.
Recently, 18 ocular angiostrongyliasis cases presenting be-
tween the years 1995 and 2017 were retrospectively studied in
Thailand.'® To our knowledge, no information has been pub-
lished on molecular identification of Angiostongylus species
recovered from patients in Thailand. In this study, DNA se-
quences from portions of the nuclear small ribosomal subunit
(SSU), the second internal transcribed spacer region (ITS2),
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and the cytochrome c oxidase subunit 1 (COI) gene were
obtained from worms surgically removed from two ocular
angiostrongyliasis patients. The sequences were identified as
being from A. cantonensis. The phylogenetic relationships
between A. cantonensis and other Angiostrongylus species
are also discussed.

MATERIALS AND METHODS

Patients and specimens. In each of the years 2012 (patient
1) and 2018 (patient 2), an Angiostrongylus worm was surgi-
cally recovered from the anterior chamber of the left eye of a
patient. Both patients were diagnosed as angiostrongyliasis
cases by clinical signs and symptoms (Figures 1 and 2) at
Srinagarind Hospital, Khon Kaen University, Khon Kaen, and
at the Provincial Hospital, Udon Thani, Thailand, respectively.
Briefly, patient 1, a 50-year-old man, presented with body
pain, headache, eosinophilic meningitis, and astigmatism.
Theincubation period was 2 weeks. The size (length x width) of
recovered worm (fifth-stage male larva) was 8 x 0.5 mm. Pa-
tient 2, a 70-year-old man, presented with astigmatism. The
incubation period was 1 week. The size (length x width) of
recovered worm (fifth-stage female larva) was 10 x 0.25 mm.
The recovered worms were kept in 70% ethanol and stored
at —70°C at Srinagarind Hospital, Khon Kaen University until
use for DNA extraction. Both patients made a full recovery.
The authors have complied with all the ethics guidelines ap-
plicable. This study was approved by the Khon Kaen Univer-
sity Ethics Committee for Human Research (HE621018).

DNA extraction, polymerase chain reaction (PCR) am-
plification, DNA sequencing, and sequence analysis. Ge-
nomic DNA was extracted from a part of each worm using the
NucleoSpin® tissue kit (Macherey-Nagel GmbH & Co. KG,
Duren, Germany) according to the manufacturer’s instruc-
tions. Genomic DNAs were further subjected to polymerase
chain reaction using SSU rRNA primers; Angi18S-1_forward:
5'-AAAGTTAAGCCATGCATG-3' and Angi18S-2_reverse: 5'-
CATTCTTGGCAAATGCTTTCG-3',"® COIl primers; Angi-
COl_forward: 5'-TTTTTTGGGCATCCTGAGGTTTAT-3' and
AngiCOl_reverse: 5'-CGAGGATAACCATGTAAACCAGC-3'"7;
and ITS2 primers; AngilTS2_forward: 5-ACATCTGGTTCA
GGGTTGTT-3' and AngilTS2_reverse: 5'-AGCATACAAGC
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Ficure 1. (A) Angiostrongylus cantonensis fifth-stage larva re-
covered from the anterior chamber of the left eye of patient 1. A circle
indicates the enlargement of the posterior end of the worm showing
the small single-lobed bursa characteristic of a male. (B) Fifth-stage
larva of A. cantonensis recovered from the anterior chamber of the left
eye of patient 2. This figure appears in color at www.ajtmh.org.

ACATGATCAC-3'."” Each PCR contained 0.5 pL of each
primer (10 pM), 2.5 pL of 10x FastStart High Fidelity Reaction
Buffer without MgCl, (Roche, Mannheim, Germany), 2 pL of
MgCl, (1.8 mM), 0.5 pL of dNTP mix (10 mM), 0.125 units of
FastStart High Fidelity Enzyme Blend (Roche), and 2.5 pL of
DNA template fromindividual worms. The volume was adjusted
to 25 pL using sterile deionized water. For amplification of SSU
rRNA or COI DNA, each reaction was preincubated for 2 min-
utes at 94°C; followed by 10 cycles at 94°C for 1 minute (de-
naturation), 40°C for 1 minute (annealing), and 68°C for 2
minutes (extension); and then 30 cycles at 94°C for 1 minute
(denaturation), 45°C for 1 minute (annealing), 68°C for 2 minutes
(extension), and final extension at 68°C for 7 minutes.!” For ITS2

Ficure 2. Angiostrongylus cantonensis fifth-stage larva in the an-
terior chamber of the left eye of patient 2. This figure appears in color at
www.ajtmh.org.

DNA ampilification, the reaction was preincubated for 5 minutes
at 94°C; followed by 35 cycles at 94°C for 30 seconds (de-
naturation), 55°C for 30 seconds (annealing), and 72°C for 30
seconds (extension); and final extension at 72°C for 7 min-
utes.'” Amplicons were run on a 1.0% (w/v) agarose gel and
stained with ethidium bromide to visualize the amplified PCR
product under ultraviolet illumination. The PCR products were
then subjected to DNA sequencing in both directions using PCR
primers as sequencing primers (Apical Scientific Sdn Bhd,
Selangor, Malaysia). The sequences were aligned and compared
with representative nucleotide sequences of Angiostrongylus
species from GenBank using the multiple sequence alignment
program ClustalW within BioEdit Sequence Alignment Editor ver-
sion 7.0.9 (Tom Hall, North Carolina State University, Raleigh, NC).'®
Similarity searches against known Angiostrongylus species
sequences were performed using the Basic Local Alignment
Search Tool at the National Center for Biotechnology In-
formation website (https://blast.ncbi.nim.nih.gov/Blast.cgi)
(see GenBank accession numbers of selected reference se-
quences in the following text). All sequences generated in this
study were deposited in the GenBank database under the
following accession numbers: MK508859-MK508860 for the
SSU rRBNA region, MK512070-MK512071 for the ITS2 region,
and MK516735-MK516736 for the COI gene.

Phylogenetic trees were constructed using the maximum
likelihood (ML) and Bayesian inference (Bl) methods executed
in MEGA version 7.0 (Sudhir Kumar, Arizona State University,
Tempe, AZ)'® and MrBayes version 3.4 software,?® re-
spectively. The best model for SSU rRNA and ITS2 regions
was the Tamura 3-parameter model (T92) and for the COI
gene, it was the Tamura—Nei model (TN93) with nonuniformity
of evolutionary rates among sites using a distinct gamma
distribution (+G). Support for clusters in the ML tree was cal-
culated using 1,000 bootstrap replications. For Bl analyses,
the SSU rRNA, ITS2, and COI alignments were run for one
million six hundred thousand, seven hundred thousand, and
one million generations, respectively (two runs, each of four
chains), by which time the SD of split frequencies had de-
creased less than 0.01. Trees were sampled every 1,000
generations. Examination of the output (using the “sump”
command) indicated that the potential scale reduction factor
was 1 for relevant parameters and that stationarity had been
approached after 25% of generations, and the first 25% of
trees had been discarded as burnin.

RESULTS

A single worm was obtained from each of two patients with
ocular angiostrongyliasis. The partial SSU rRNA gene
(885 bp), partial ITS2 region (395 bp), and partial COI gene
(605 bp) were successfully amplified from the genomic DNA of
both worms and sequenced. After trimming the primer se-
quences, all sequences from the present study were com-
pared with A. cantonensis sequences in GenBank using
phylogenetic trees (Figures 3-5). Within A. cantonensis, the
SSU rRNA sequence exhibited seven variable sites (0.8%) in
the 846-bp alignment. The ITS2 sequences exhibited eight
variable sites (2.3%) in the 356-bp alignment, and the COI
sequences exhibited 31 variable sites (5.6%) in the 558-bp
alignment. All sequences from our worms were located in the
same clade as reference A. cantonensis sequences, thus
confirming their identity as A. cantonensis. Trees constructed
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Ficure 3. Phylogenetic relationships inferred from an alignment of small nuclear ribosomal subunit rRNA gene sequences using maximum
likelihood. Sequences of Angiostrongylus species obtained from GenBank are indicated with the accession no. and the country code (ISO 3166-1
alpha-3 code). Support values (ML bootstrap [percentages of 1,000 replicates)/Bayesian posterior probabilities) are shown above the branches. A
dash (-) instead of a numerical support value indicates that a particular grouping was not found by that method of analysis. Sequences obtained in
the present study are highlighted in bold. Scale bars indicate substitutions per nucleotide position. H1 and H2 represent patients 1 and 2,

respectively.

from our sequences consistently placed A. malaysiensis as a
close sister to A. cantonensis.

DISCUSSION

The most confirmatory diagnostic method for optic neuritis
caused by Angiostrongylus infection is to find larvae or juvenile
worms by ophthalmoscopy.'® Morphological features have
been generally used for the identification of Angiostrongylus
species recovered from angiostrongyliasis patients.'>2"22
However, it is difficult for less-trained parasitologists to differ-
entiate the causative species, and it will also be time consum-
ing.2® Briefly, adults of A. cantonensis, A. mackerrasae, and
A. malaysiensis can be distinguished from one another by the
size of spicule and the arrangement of bursal rays of adult males,

as well as the length of the vagina and of the tip of the tail in adult
females.?® Angiostrongylus costaricensis recovered from hu-
man cases was identified as a distinct species based on mor-
phological criteria.?#2® Fifth-stage larvae of the four species
overlap in morphological features and are therefore difficult to
identify by morphology. Molecular information, such as analysis
of nucleotide sequences, is therefore a useful tool for the iden-
tification of Angiostrongylus to the species level but has rarely
been applied to fifth-stage larvae. Fifth-stage larvae of
Angiostrongylus cantonensis in Vietham were identified
using SSU ribosomal DNA sequences (99% similarity with
reference sequences in GenBank).'3

Phylogenetic trees of the sequences (SSU rRNA, ITS2, and
COl) obtained for four to six Angiostrongylus species (Figures
3-5) show that the Thai A. cantonensis in this study are closely
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Ficure 4. Phylogenetic relationships inferred from an alignment of ITS2 region sequences using maximum likelihood (ML). Sequences of
Angiostrongylus species obtained from GenBank are indicated with the accession no. and the country code (ISO 3166-1 alpha-3 code). Support
values (ML bootstrap [percentages of 1,000 replicates]/Bayesian posterior probabilities) are shown above the branches. A dash (-) instead of a
numerical support value indicates that a particular grouping was not found by that method of analysis. Sequences obtained in the present study are
highlighted in bold. Scale bars indicate substitutions per nucleotide position. H1 and H2 represent patients 1 and 2, respectively.
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Ficure 5. Phylogenetic relationships inferred from an alignment of COI gene sequences using maximum likelihood (ML). Sequences of
Angiostrongylus species obtained from GenBank are indicated with the accession no. and the country code (ISO 3166-1 alpha-3 code). Support
values (ML bootstrap [percentages of 1,000 replicates]/Bayesian posterior probabilities) are shown above the branches. A dash (-) instead of a
numerical support value indicates that a particular grouping was not found by that method of analysis. Sequences obtained in the present study are
highlighted in bold. Scale bars indicate substitutions per nucleotide position. H1 and H2 represent patients 1 and 2, respectively.

related to other A. cantonensis populations for which se-
quences are available in GenBank (Figures 3-5); there is little
sequence variation within the species. The extent of molec-
ular variation and its relationship to geographical distribution
and/or pathogenicity require further investigation. A close
relationship between A. cantonensis and A. malaysiensis is
apparent from the phylogenetic trees. A molecular survey of
Angiostrongylus larvae in land snails found that these two
species have broadly overlapping distributions in Lao PDR,
Cambodia, Myanmar, and Thailand,'” but nobody has tried
to confirm which species causes ocular disease in this
region.

To ourknowledge, the present study is the first to confirm by
molecular analysis that A. cantonensis is a cause of angios-
trongyliasis in Thailand. This was performed by sequencing
DNA from fifth-stage larvae recovered from patients. DNA
sequencing analysis can prevent misidentification based on
the morphological features of Angiostrongylus species that
cause human diseases, as previously reviewed.'® Here, we
have described a method that is excellent for differential di-
agnosis of angiostrongyliasis. It is also important for epide-
miological view.
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