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ABSTRACT

The ascaridoid nematode Ophidascaris Baylis 1920 widely infests various species of
snakes, including pythons. The aims of this study were to report the surface architecture of
Ophidascaris baylisi gathered from Burmese pythons, using scanning electron microscopy, as
well as to observe the ultrastructure and chemical composition of their eggshells using
transmission electron microscopy and field emission scanning electron microscopy with energy
dispersive X-Ray, respectively. In details of the surfaces, cephalic projections, body cuticle,
single and double papillae, spicule, and egg pits were represented. The ultrastructure of the
eggshells were composed of four layers: a uterine-like layer, vitelline layer, chitinous layer, and
lipid layer. The eggshell surfaces were composed of C (48.17 + 5.67% of total weight), O
(23.10 £ 2.52), N (21.11 £ 2.68), S (1.39 £ 1.12), Na (1.20 £ 0.31), Ca (1.44 £ 0.74), P (2.12 +
1.23), and Si (0.75 £ 0.12). Inside eggshells, C (50.30 + 1.48), O (20.05 £ 1.96), N (19.60
2.71),S(1.24 £0.22), Na (1.21 £ 0.41), Ca (1.01 £ 0.31), and P (6.59 + 1.61) were detected,
whereas Si was not. These data may be important in facilitating species identification and
diagnosis, by using the microstructure, ultrastructure, and elemental composition of this
nematode. This report raises concerns that there may be a zoonotic transmission of nematodes
from pythons to humans or pets.
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1. Introduction

Baylis (1921) described finding the
ascaridoid Ophidascaris, belonging to the
Ascarididae family, in host snakes. Since
then, more than 10 species have been
recognized in this genus [1-2]. Pythons are
often infested by Ophidascaris, including O.

filaria in Python sebae and O.
infundibulicola and O. baylisi in P.
Reticulatus (presently ~ Malayopython

reticulatus) and P. curtus [2-3]. Burmese
pythons (P. bivittatus) are known to be some
of the largest snakes native to Southeast Asia
[4]. They are also a part of the local pet trade,
like other species of python [5-6]. Therefore,
this study aimed to investigate the surface
morphology, some ultrastructure, elemental
composition of eggshells, and preliminary
molecular data of O. baylisi naturally
infesting Burmese pythons. This report may
provide important data to improve our
knowledge of ascaridoid nematodes in
pythons.

2. Materials and Methods

Ascaridoid nematodes were collected
from the intestines of two Burmese pythons
from a suburb of Bangkok in October 2018.
These python intestines were given by local
people who were living near an agricultural
area, where pythons are regularly killed in
order to protect farm animals and pets. Live
nematodes were collected and washed with
0.9% normal saline. They were identified as
O. baylisi according to the descriptions of
Ophidascaris by Sprent [2, 7]. For analysis
by field emission scanning electron
microscopy with energy dispersive X- Ray
( FESEM- EDX) , nematodes were Killed
using 4% hot formaldehyde, fixed with 4%
glutaraldehyde (for eggs and O. baylisi),
prepared in 0.1 M phosphate buffer at 4 °C,
re-fixed with 2% osmium tetroxide in 0.1M
phosphate buffer at 25 °C, washed with
distilled water, dehydrated using serial grade
ethanol, and then dried by critical- point
drying. Specimens were coated with Pt/Pd
using a sputter coater, and the samples were
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viewed using an SEM-HITACHI SU-8010
with an acceleration of 5.0 or 15.0 kV. X-ray
elemental analysis was performed using an
XFlash 6 detector under high-vacuum mode,
and the accelerating voltage was set to 20 kV
for EDX images, with 60 s as the determined
counting time. The insides of eggshells were
investigated using the element profiles from
cracked eggs. In TEM analysis, ascaridoid
eggs were prepared in the same way as the
SEM protocol. After dehydration, specimens
were moved into propylene oxide and epoxy
resins  (Araldite-502) for infiltration,
embedded in the resin, and incubated at 45
°C for 24 h and 60 °C for 24 h. They were
sectioned as thin films, stained with uranyl
acetate for 30 min, and re-stained with lead
citrate for 35 min on carbon coated Cu grids.
Results were obtained using a JEOL JEM-
1400 series at 100 kV.

Genomic DNA was extracted from
living male and female specimens using a
DNeasy Tissue Kit (Qiagen). Primers paired
for cytochrome c¢ oxidase subunit I (CO1)
(9gYACCCCTCCWTCWTTQTCKTT and
CACCAQTAggMACAGCAATAACC)
were used for gene amplification with Taq
DNA polymerase. The PCR protocol was
performed as follows: initial denaturation at
95 °C for 5 min, followed by 30 cycles of
denaturation at 94 °C for 30 s, annealing at
55 °C for 40 s, extension at 72 °C for 90 s,
and a final extension for 10 min. PCR
products were purified by electrophoresis
using the QIAquick Gel Extraction Kit
(Qiagen). DNA sequencing analysis was
performed by the Macrogen DNA
Sequencing Service, Korea. The CO1 partial
sequences were deposited into GenBank with
the accession number MT450841. Sequences
were aligned with the Clustal Omega
multiple sequence alignment program; the
neighbor joining (NJ), minimum evolution
(ME), maximum likelihood (ML), and
unweighted pair group method with
arithmetic mean (UGMA) phylogenetic trees
were made by MEGA 6.
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Animal experiments were conducted
following all national and institutional
guidelines for Animal Care and Use by the
Institute of Animals for Scientific Purpose
Development (IAD) National Research
Council of Thailand (NRCT) following a
permission license (U1-04855-2559).

3. Results and Discussion

The present study reported on O.
baylisi found in the intestines of Burmese
pythons. Ophidascaris baylisi were collected
from intestines of two pythons. Twenty-
seven nematodes (10 males and 17 females)
were found in python number 1, and 42
nematodes (14 males, 23 females, and 5
unknown sex) were found in number 2. The
prevalence (%) and mean density were 100
and 48 respectively. The body size of males
(n =6, 88.2 +20.9 mm, range of 67-121)
was shorter than that of the female
nematodes (n =6, 118.3 £ 30.3 mm, range of
93-162). According to the reports of Sprent
[2, 7], the reticulated python (M. reticulatus)
is a host of O. baylisi, and this nematode can
be classified under the filaria group.
Reticulated pythons can be found throughout
Thailand, and their distribution overlaps with
that of the Burmese python, in northern and
central Thailand [8, 9]. It was confirmed that
O. baylisi could be found among the related
species of pythons and may be associated
with the ecological habitat.

With regards to microstructure, the
tooth of the O. baylisi lanceolate was found
to be stout with smooth surfaces (Figs. 1A
and 1B). On the lateral lip, a single papilla
could be found centered and separate the
amphid from the double papillae. Amphids
(n=6,7.1%1.2 um in diameter, range of
5.9-8.4) were observed to be ovoid and
positioned level with the single papilla (n =
4,9.73 £ 1.6 um, range of 7.6-11.3). Double
papillae (n=6, 23.5+ 2.6 um in length, range
of 20.2-26.1, and 12.8 £ 2.1 pum in width,
range of 10.9-15.22) were oblong and large,
but single papillae were round and small
(Fig. 1C). Interlabia were shaped like
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equilateral triangles with smooth surfaces.
Grooves between the interlabium and lateral
lip were deep (Fig. 1C). In the dorsal lips,
one pair of double papillae was observed at
either side (Fig. 1D). The micrographs of O.
baylisi in ventral and dorsolateral views
corresponded to the morphologies of the
filaria  group  (O. moreliae, O.
infundibulicola, and O. Baylisi) according to
the descriptions of Sprent [7]. The interlabial
feature of O. baylisi in this study showed
little difference to those described in O.
moreliae and O. infundibulicola [7] and were
quite different from those in the arndti group
(O. arndti and O. sicki), obconica group (O.
obconica, O. trichuriformis, O. ashi, O.
mombasica, and O. excavata), radiosa group
(O. radiosa) [2], and najae group (O. wangi
and O. najae) [10]. The interlabial feature
of O. baylisi was triangular in shape, same
as O. moreliae and O. infundibulicola, but
the interlabial aspects of O. baylisi was
more slender than those of O. moreliae and
O. infundibulicola. The teeth of O. baylisi
was similar in shape to O. wangi [10] and O.
excavate [11]. However, they were different
from O. najae [10] and O. trichuriformis [2].
Therefore, these data may support the
consideration of anterior characteristics of O.
baylisi when performing identification.
From the anterior aspect to the
beginning of the midsection, annuli were
alternated by narrow furrows (Fig. 2A). In
the midsection, annular furrows on the
surface were not predominant, unlike the
anterior body (Fig. 2B). The surface
appeared to be a corrugated shape for both
males and females. In females, the vulva (n
= 6, 73.4 £ 4.6 um in length, range of 68.4—
79.2, and 18.3 £ 3.5 um in width, range of
14.5-22.24) displayed strong musculature,
and annular furrows surrounding the outside
of the vulvar opening. The inside of the
opening of the vulva was grooved but was
not long or in a network (Fig. 2C-D). In the
posterior part, numerous single papillae (n =
80, 9.0 + 3.0 um in diameter, range of 4.8—
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Fig. 1. Scanning electron micrographs of O. baylisi. Cephalic end and apical view of nematode (A), tooth
(B), magnified image of ventrolateral lip (C), dorsoventral-lateral lip (D). Abbreviations: am, amphid;
dp, double papillae; il, interlabium; sp, single papilla.

14.2) lined the ventrolateral aspect of the
body on the posterior aspect (Figs. 3A, 4B).
The cloaca opened in a crescent- like shape
and had a rough surface at the anterior end
(Fig. 2B). Two pairs of double papillae (n=
8, 15.1 + 1.8 um in diameter, range of 12.3—
17.0) were embedded lateral to the
paracloacal opening in both sexes (Figs. 3D,
4C). In the post- cloacal region, single
papillae (n = 20, 9.1 £ 2.1 um in diameter,
range of 5.9-12.1) were similar in shape to
the single papillae found in the paracloacal
region (Figs. 3A, 3C, 4A). In males, the
spicule projection was short and stout. The
spicule surface was a bit rough and was
predominated by longitudinal lines (Fig. 4A,
B). Transverse lines were found in the
paracloacal double papillae of males (Fig.
4C). In eggs, they are nearly spherical. Many
large pits were found, deep and separated by
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narrow ridges (Fig. 4D and 4E). The pairs of
paracloacal double papilla of O. baylisi that
were seen under SEM micrographs
corresponded to the  morphological
description of a filaria group [7] and were
similar to the microstructure of O. wangi
[10], O. radiosa, and O. mombasica [2].
However, the pairs of paracloacal double
papilla of O. baylisi were different from
those of O. najae and O. excavate, which had
a paracloacal single or double papilla on each
side of the lateral cloaca [10, 11]. This SEM
data confirmed the morphology of the
paracloacal papilla of O. baylisi and may be
helpful in the identification of Ophidascaris.
However, the morphology of the paracloacal
papilla of O. baylisi was incongruent to some
in the Ophidascaris group. The egg surfaces
(n="50) of O. baylisi had large, deep pits that
were similar to those found on the eggs of O.
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Fig. 2. Scanning electron micrographs of O. baylisi. Annuli alternated by narrow furrows on anterior part
(A), surface of the beginning of the middle body (B), vulva (C), magnified image of vulva (D).

baylisi, and were different from those of O.
moreliae and O. infundibulicola seen under a
light microscope, as described by Sprent’s
report [2]. It was also confirmed by
micrographs that egg morphologies were
specific for each species in the filaria group.

In terms of ultrastructure (n = 50), the
eggshell consisted of 4 layers: a uterine-like
layer, vitelline layer, chitinous layer, and
lipid layer. The uterine-like layer is covered
by a coating of densely staining material. The
vitelline layer is thin. Electron dense- like
granules were found in both the vitelline
layer and chitinous layer. The lipid layer,
with electron dense lines, is closed to the
undeveloped embryonic content and contains
lipid droplets and granules (Figs. 5A-B). In
ascaridoid nematodes, the layers of eggshells
of O. baylisi were similar to those of Ascaris
lumbricoides [12-13]. However, in the
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eggshells of O. baylisi, the electron intensity
of the chitinous layer near the vitelline layer
was darker than the part of the layer near the
lipid layer (Figs. 5C, D).

According to FESEM-EDX analysis,
eggshell surfaces (n = 5) were composed of
C (48.17 £ 5.67% of total weight), O (23.10
+2.52),N(21.11£2.68), S (1.39 £1.12),
Na (1.20+0.31),Ca (1.44£0.74),P (2.12 =
1.23), and Si (0.75 £ 0.12). Elemental
composition inside eggshell surfaces was
comprised of C (50.30 + 1.48), O (20.05 +
1.96), N (19.60+ 2.71), S (1.24 £ 0.22), Na
(1.21+0.41),Ca(1.01 £ 0.31), and P (6.59
+1.61). In contrast, Si was undetectable (Fig.
5E-G). According to a study by Clarke et al.
[14], Ca, Al, Cu, Mg, Si, Fe, and Mn were
detected in the eggshell ash of Heterodera
rostochiensis using spectrographic analysis.
The elemental composition of eggshells of O.
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baylisi was similar to that of H. rostochiensis
in terms of Ca and Si content, but did not
include Al, Mg, or traces of other elements.
It was suggested that the presence of those
elements might be required for the
biochemical deposition or maintenance of
eggshell structure of O. baylisi

Two O. baylisi were monophyletic with
the related species of genus Ophidascaris
from the nucleotide databases of The
National  Center for  Biotechnology
Information (NCBI) and separated from

o
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Ortleppascaris sinensis, Toxascaris leonine
and Ascaris suum. Ophidascaris baylisi were
clearly isolated from Microdevario nana
(teleost) that were used as an outgroup (Fig.
6).  This molecular result confirmed
Ophidascaris, based on the nucleotide
sequences of the mitochondrial COIl gene
from NCBI [15]. The provided nucleotide
sequences of O. baylisi may be useful for
DNA barcoding, in this species.

Fig. 3. Scanning electron micrographs of O. baylisi. Posterior end of female (A), cloaca of female (B),
postcloacal ventrolateral single papilla (C), paracloacal double papilla of female (D). Abbreviations: dp,
double papillae; il, interlabium; mi, mucron; sp, single papilla; spi, spicule.
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Fig. 4. Scanning electron micrographs of O. baylisi. Posterior end of male (A), cloacal region of male
(B), paracloacal double papilla of male (C), eggshell (D), high magnification image of eggshell (E).
Abbreviations: dp, double papillae; mi, mucron; Idp, transversal line of double papillae; 1l, longitudinal

line of spicule; pi, pit; ph, phasmid; sp, single papilla; spi, spicule.
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Fig. 5. Histological view of egg by H&E staining (A), ultrastructure egg of O. baylisi (B), high
magnification image of egg shell (C, D), X-Ray spectroscopy displayed elemental analysis of surface (F)
of eggshell, inside (F) of cracked egg shell and percentage of weight of elements (I). Abbreviations: cm,
coating of densely staining material; cs, chitinous layer; ed, electron dense-like granules; el, electron
dense line; es, egg shell; de, embryonic material; Ip, lipid droplet; pi, pit; ul, uterine-like layer; vi, vitelline
layer.
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Fig. 6. Molecular phylogenetic tree of O. baylisi and other species based on COI gene sequence, by the
methods of neighbor joining (NJ), minimum evolution (ME), maximum likelihood (ML), and unweighted
pair group method with arithmetic mean (UGMA) with 1000 replications.

4, Conclusion

In this study, we displayed the surface
ultra- architecture and elemental profile of
eggshells of O. baylisi. Some structures
might provide further insights useful in
Ophidascaris identification, and increase the
knowledge on the chemical compositions of
their species’ eggshells. The micro-and ultra-
structure exhibit some species- specific
characteristics and elemental composition.
This report raises concerns that there may be
a zoonotic transmission of nematodes from
pythons to humans or pets.
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