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Summary

The nematodes of genus Baylisascaris are common intesti-
nal roundworms of carnivores such as raccoons, skunks,
badgers, martens and bears. This report describes Baylisas-
caris sp. infection in a pet kinkajou Potos flavus imported
into Japan from Guyana. Nematode eggs were detected in
feces of the juvenile kinkajou in 2011 during a routine
veterinary examination. A sequence analysis of the ITS2
nuclear target clustered the examined isolate with B. pro-
cyonis and B. columnaris, with 7.8 — 8.8 % base differen-
ces from these taxa. Eleven tandem G-A repeats identified
in the polymorphic repetitive region further differentiate
the kinkajou’s roundworm from recognized Baylisascaris
species. This classified the studied isolate as referring to
Baylisascaris sp., with its precise species delineation re-
maining to be determined. Given that the Baylisascaris sp.
from the kinkajou is genetically closely affiliated with B.
procyonis having a serious disease-producing capacity, the
report appeals for precautions in informing people to avoid
transmission risk.
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Introduction

The nematodes of genus Baylisascaris are intestinal
roundworms of carnivores such as raccoons, skunks,
badgers, martens and bears, and their larvae migrate in a
range of small animal paratenic hosts serving as prey (Ka-
zacos et al., 2001; Gavin et al., 2005). The most pathoge-
nic Baylisascaris species is B. procyonis, which is indige-
nous in North American raccoons (Procyon lotor) and has
been demonstrated to occur in raccoons introduced around
the world. The high prevalence of B. procyonis infection
has been reported especially in wild raccoons in Germany
and those kept in zoos in Japan (Miyashita, 1993; Sato et
al., 2001; Bauer, 2011). The larvae of these nematodes
cause ocular and neural larva migrans in humans, and
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infection can potentially result in serious encephalitis, with
permanent deficits or even death (Kazacos ef al., 2011).
The kinkajou Potos flavus has also been reported to be a
definitive host of B. procyonis, which is identified based
on morphological observations (Overstreet, 1970). In De-
cember 2011, a routine veterinary examination of a juve-
nile male pet kinkajou that had been caught in nature,
imported from Guyana to Japan and purchased from an
exotic pet shop in the same month, revealed ascarid eggs in
the feces. The kinkajou was orally administrated once with
an anthelmintic containing 72 mg of pyrantel, 75 mg of
febantel and 25 mg of praziquantel (Drontal® Plus, Bayer).
One day after the treatment, a nematode body fragment
was expelled in the feces. No eggs had been detected in
feces after the treatment.

This report describes finding of Baylisascaris sp. in a pet
kinkajou in Japan, which was analyzed using the second
internal transcribed spacer (ITS2) rDNA sequence, and
outlines the potential risk of human infection with Baylisas-
caris sp. associated with the keeping of kinkajous as pets.

Materials and methods

Parasite material

A fragment of a nematode body measuring approximately
20 mm-long and 2 mm-wide was obtained from feces of a
pet kinkajou kept in Kanagawa Prefecture, Japan. The
samples were preserved in 5 ml of 10 % formalin solution
for 2 days. No intact worm bodies or posterior or anterior
ends of the worms were obtained.

Fecal examination

To detect parasite eggs, the fecal debris of the kinkajou
(<0.5 g) was examined by the flotation method using a
saturated NaCl solution containing glucose (specific gravi-
ty of 1.27) (Roepstorff & Nansen, 1998). The dimensions
of the obtained eggs (n = 20) were thereafter measured.



Molecular procedures

The nematode tissue sample was washed with TE buffer
(pH 8.0) solution and then incubated in the buffer over-
night. Genomic DNA was extracted from the tissue using a
QIAamp DNA Mini Kit (Qiagen, Tokyo, Japan) according
to the manufacturer’s instructions, with several modifica-
tions (Snabel et al., 2012). The DNA extract was used as
template for amplification of the second internal trans-
cribed spacer (ITS2) region of ribosomal DNA by PCR.
The forward primer LC1 (5’-CGACTATCGATGAAGAA
CGCAGC-3’) and the reverse primer HC2 (5’-ATATGCT
TAAGTTCAGCGGG-3’), which corresponded to the con-
served 3’ and 5’ ends of the 5.8S-ITS2-28S regions, were
used. Primers were formerly designed by Ellis er al,
(1986) and Qu et al. (1988), and were simultaneously used
in a phylogenetic study on schistosomes undertaken by
Despres et al. (1992). The PCR procedure was performed
using the following protocol: 94 °C for 12 min (polyme-
rase activation), followed by 30 cycles of denaturation at
94 °C for 30 sec, annealing at 58 °C for 45 sec, extension
at 72 °C for 45 sec, and a final extension step of 72 °C for
7 min. The amplicons (2 pl) were examined by 2 % ethidi-
um bromide-stained agarose gel electrophoresis to assess the
amplification efficiency. The selected PCR products were
then purified and sequenced in both directions using an
ABI3730XL automated sequencer (Life Technologies, CA).
To seek nematodes with the closest genetic relatedness to
the examined sample, the sequence homology was
searched using the Basic Local Alignment Search Tool
(BLAST 2.2.22) tool. The 5* and 3’ ends of the ITS2 se-
quence commonly determined for B. procyonis were veri-
fied by comparison with the consensus sequences for re-

lated ascarid isolates stored in GenBank, namely Baylisas-
caris procyonis (GenBank™ accession number JQ4036151),
B. columnaris genotype 1 (KC543487), B. columnaris geno-
type 2 (KC543486), B. transfuga (HM594951), B. schro-
ederi (JN210912), Ascaris suum (AB571302), A. lumbri-
coides (AB571298), Parascaris equorum (JN617987), T.
canis (JF837169), Toxocara vitulorum (FJ418784), T. cati
(AB571303), and Toxascaris leonina (JF837174).

These reference sequences were then aligned with the
sequence obtained in the present study using ClustalW
software (Thompson et al., 1994). To indicate the phylo-
genetic position of nematode from the pet kinkajou and to
evaluate evolutionary relationships within the group of
ascarid nematodes, the compromised sequences trimming
to equal lengths were subjected to clustering analysis using
the neighbor-joining (NJ) and maximum likelihood (ML)
clustering methods with the Kimura 2-parameter calculated
for a distance matrix. Caenorhabditis elegans (JN636101)
was used as an out-group. Bootstrap analysis with 1,000
replicates was performed to assess tree robustness using
the MEGA 5 program (Tamura et al., 2011). The sequence
of the kinkajou isolate was deposited in GenBank with the
accession number KF680774.

Results

Eggs detected in the feces of a pet kinkajou were ellipsoi-
dal in shape, brown in color, and contained large unicellu-
lar embryo with a thick shell and roughly granular surface
(Fig. 1). The eggs measured 76.8 £ 2.26 um (n = 20, mean
+ SD; range: 73 — 81 um) in the long axis and 64.4 + 1.02
pum (range: 62.9-66.5 um) in the transverse axis.

Fig. 1. Nematode eggs detected in feces of a pet kinkajou by the flotation method using a saturated NaCl solution containing glucose (1.27 SG);
Eggs measured 76.8 +2.26 pm (n = 20, mean + SD; range: 73 — 81 pm) in the long axis and 64.4 + 1.02 um (range: 62.9 — 66.5 pm)
in the transverse axis
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Fig. 2. Polymorphic sites in ITS2 sequences (434 bp) of JP1 kinkajou isolate related to Baylisascaris procyonis (BP);
B. columnaris, genotype 1 (BC1); B. columnaris, genotype 2 (BC2). Dots indicate identity with reference (JP1) sequence

The PCR product in the interpretable length of 434 bp was
yielded by amplification of the rDNA region spanning the
3’ end of the 5.8S, ITS2, and 5’ end of 28S rDNA from the
worm fragment. BLAST homology analysis revealed that
the closest phylogenetic relatives to the nematode in the
present study; herein denoted as JP1 isolate, are B. procyo-
nis and B. columnaris among present GenBank data. B.
procyonis isolate from raccoon in Norway (JQ403615) and
two genotypes of B. columnaris expelled from skunks in
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Netherlands (KC543486, KC543487) were taken as refe-
rences for analyses of variations in nucleotide composition.
Pairwise comparison showed that the JP1 isolate differed
in 7.8 % of bases from B. procyonis by manifesting 22
insertions and 12 nucleotide substitutions, and in 8.3 % —
8.8 % of bases from the two B. columnaris genotypes by
manifesting 24 — 26 insertions and 12 nucleotide substitu-
tions (Fig. 2).

A substantial part of variation differentiating the kinkajou
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Fig. 3. Dendrogram constructed by neighbor-joining (NJ) and maximum likelihood (ML) methods based on ITS2 nuclear sequences of
Baylisascaris and related ascarid species; JP1 isolate was examined in the present study; Numbers at the nodes of branches refer to bootstrap values
(1,000 pseudoreplications) derived from NJ (first value) and ML analyses. Weak bootstrap support was indicated at values < 60%

isolate JP1 from the related species is attributed to 22 — 26
insertions from positions 264 upwards, partially consisting
of G-A tandem repeats, the number of which consistently
distinguishes Baylisascaris species. For nucleotide substi-
tutions, the most polymorphic region for JP1 isolate, com-
prising 5 of 12 base exchanges, was located between posi-
tions 231 — 244 of ITS2 (Fig. 2). Among recorded nucleo-
tide exchanges relative to B. procyonis, 9 were transitions
and 3 transversions. Resulting transition/transversion
(ts/tv) ratio 3:1 for these taxa is generally assumed for
closely related organisms.

Phylogenetic trees constructed by NL and ML analyses of
ITS2 sequences of the 11 ascarid species revealed the simi-
lar topology, with two large clades separating Ascarididae
and Toxocaridae isolates. The analyzed JP1 isolate was
located in a well-supported subclade (bootstrap 88 % in NJ,
93 % in ML) consisting of Baylisascaris representatives,
with the two clusters being inferred for this genus. The JP1
isolate has grouped together with B. procyonis and B. co-
lumnaris, with some discrimination from these taxa (Fig. 3).
From remaining Baylisascaris species, B. transfuga and B.
schroederi located in second cluster, the JP1 isolate differed
in 14.3 % and 15.4 % of ITS bases, respectively.

Discussion

In the present study, a peculiar genetic composition of a
Baylisascaris isolate from a pet kinkajou imported to Japan
from South America, consistently differing from the
closest B. procyonis with public health relevance, was re-
corded.

The ascarid eggs detected in feces from the kinkajou were
morphologically similar to those of B. procyonis (raccoon
roundworm), with eggs measuring 63-88 um (mean: 68-76
um) by 50 — 70 pm (mean: 55-61 pum), and B. columnaris
(skunk roundworm) with eggs measuring 72.5 + 4.1 um by
63.2 + 7.5 um (Kazacos et al., 2011; Franssen et al., 2013).
Slightly closer values with regard to the JP1 isolate were
thus associated with B. columnaris, particularly in the
length of transverse axis (64.4 £ 1.02 um in JP1 isolate).
Nevertheless, morphometric identification in Baylisascaris
is often hampered by diversity in size and developmental
stages that makes the unequivocal recognition of several
species including B. procyonis and B. columnaris proble-
matic (Berry, 1985; Franssen et al., 2013).

The nuclear rDNA internal transcribed spacer is exten-
sively being used for phylogenetic reconstruction and
distinguishing between closely related species, including
ascarids (Zhu et al., 2001; Pawar et al., 2012). In the pre-
sent study, a unique divergence pattern was derived from
the sequences of the ITS2 region for the kinkajou isolate
suggesting that the nematode could not be entirely
allocated to the closest recognized Baylisascaris species.
Molecular prospecting as a tool for search and evaluation
of the existence of separate taxa within the morphospecies
has been often addressed to more clarify systematics in
ascarid nematodes (Nadler & Huspeth, 2000; Derycke et
al., 2010). As Blouin (2002) summarized, the level of fixed
sequence difference in ITS between closely related nema-
todes is relatively frequently < 1 %, unlike mitochondrial
DNA, in which helminth species typically differ in at least
10 % of sequences (Vilas et al., 2005). The 7.8 — 8.8 %
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range of nucleotide difference between the JP1 isolate and
the closest retrieved sequences of B. procyonis and B.
columnaris in ITS2 therefore classified the isolate from the
pet kinkajou as referring to Baylisascaris sp., with its
precise species categorization remaining to be determined.

Another question emerges whether or not the present
isolate pertains to any described Baylisascaris spp., for
which sequencing data are not yet available in GenBank.
The genus currently contains eight recognized species
(Kazakos, 2013). From these, apart from 4 species with
available nuclear sequences, transmissions of B. melis
linked to badgers absent in South America, and B. tasma-
niensis with marsupial carnivore hosts endemic for Tasma-
nia, exclude these taxa as plausible for infesting kinkajou
in Guyana. From remaining species, B. laevis, morphologi-
cally similar to B. columnaris and B. procyonis (Berry,
1985; Anderson, 2000), occurring in large rodents as mar-
mots and ground squirrels, and B. devosi occurring in
martens and fishers, are transmissible in South American
wildlife. A type material from these species is therefore
needed to be subjected to further sequence analyses to
better clarify the taxonomic issue in the JP1 isolate.

Vilas et al. (2005) appointed that because the ITS is a non-
coding sequence, frequent deletions and insertions are
often present making alignment more complicated. This
was also the case of ribosomal data gathered in this study,
with the preponderance of insertions in the examined iso-
late compared to the present Baylisascaris sequences. A
varying number of G-A tandem repeats can be used as
discriminative marker for Baylisascaris spp. in the specific
zone of the ITS2 region (positions 246 and further). Nine
G-A tandem repeats were identified for B. procyonis, eight
for B. transfuga, seven and six for the two B. columnaris
genotypes, and one for B. schroederi that likely represents
the ancestral state of the given DNA region (Testini et al.,
2011; Lin ef al., 2012; Franssen et al., 2013). For the JP1
isolate, 11 tandem contiguous G-A repeats were recorded
in the respective locations. Two of them along with the
additional interspersed motifs with G, A bases have con-
stituted 22-26 insertions compared to B. procyonis and B.
columnaris, indicating a tendency towards lengthening the
ITS2 region. The proposed mechanisms of evolution of
repetitive sequences include both intra- or interstrand re-
combinational effects or mechanisms involving failures in
the DNA replication (Platas et al., 2001). Mutational
changes can create new motifs that may be propagated by
additional slipped-strand mispairing (SSM) events. This
was the plausible scenario for amplifying G-A repetitions
in Baylisascaris spp., which formerly likely arose by
chance in ITS2 and could have been further generated by
SSM events into longer repeats.

Based on the gathered data, it is likely that the peculiar
Baylisascaris species circulating in Guyanese zoofauna has
been translocated to Japan via the infected kinkajou. Ne-
vertheless, further characterization of Baylisascaris iso-
lates from other kinkajou hosts is required, with particular
emphasis on adult morphology and the pathogenicity of
migrating larvae in paratenic hosts. In addition, to address
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potential limitations of single locus analyses, both nuclear
and mtDNA regions will be targeted in molecular assays of
Baylisascaris sp. to facilitate species delineation.

Till now, there are over 20 documented cases of ocular
larva migrans and severe or even fatal neurological dis-
turbances in humans implied by B. procyonis (Galvin et
al., 2005; Bauer, 2013). Zoonotic potential of B. colum-
naris is not yet known as serological assays do not dis-
criminate between Baylisascaris species (Dangou-
doubiyam et al., 2011). Experimental infections showed
that B. procyonis is more pathogenic to mice than B. co-
lumnaris owing to faster growth to 1 mm size, which cor-
relates with the first appearance of nervous symptoms
(Tiner, 1953; Sheppard & Kazakos, 1997). However, both
species are along with B. melis (principal host badger)
regarded as the most dangerous Baylisascaris members
because of their serious disease-producing capabilities
(Kazakos, 2001).

Given that the Baylisascaris sp. from the kinkajou is ge-
netically closely affiliated with B. procyonis, the potential
risk of human infection with Baylisascaris from this host
may be considerable. Therefore, transmission-based
precautions are needed to prevent human infections of pet
kinkajous. It is strongly recommended that owners should
take their kinkajous regularly to veterinarian for periodic
fecal examination.
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