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Abstract Syphacia obvelata is a pinworm nematode parasite
infecting man and laboratory animals in high abundance. This
parasitological study was carried out during the period of
March 2014-February 2015 to investigate the helminth para-
sites infecting the laboratory mice Mus musculus in the Ani-
mal House at Cairo University, Egypt. The prevalence of
S. obvelata in M. musculus was 75.0 %. The extent of infec-
tion with S. obvelata is analyzed according to the sex of the
host mice. It was shown that the prevalence of male infection
was greater than female worms. Morphological characteriza-
tion revealed that the present Oxyurid species possesses a
rounded cephalic end with less developed lips, esophagus di-
vided into cylindrical corpus, and globular bulb supported
internally with valvular apparatus; three mamelons are located
at the ventral surface with a single chitinized spicule and a
gubernaculum provided with an accessory hook in males,
and ovijector apparatus opens ventrally by the vulva
surrounded by protruded lips in female worms. Body of the
male was 0.623-1.130(0.830+0.11)mm long and 0.092—
0.130(0.110+0.01)mm wide; the esophagus was 0.164—
0.280(0.210+0.01)mm long; the nerve ring and excretory
pore are located at 0.035-0.132 (0.073+0.01) and 0.087—
0.191(0.145+0.01)mm from the anterior end, respectively,
while the female measured 2.930—4.650(3.540+0.1)mm long
and 0.120-0.232(0.156+0.001)mm wide; the esophagus was
0.213-0.410(0.342+0.01)mm long; the nerve ring, excretory
pore, and vulval opening are located at 0.026-0.157 (0.121+
0.01), 0.134-0.243 (0.195+0.01), and 0.323-0.632(0.546+
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0.11)mm from the anterior end, respectively; eggs measured
0.120-0.139(0.129+0.001)mm long and 0.030-0.052(0.045
+0.001)mm wide. It compared morphometrically with other
Syphacia species described previously and showed little dif-
ferences in measurements. Molecular characterization based
on small subunit ribosomal DNA (rDNA) was done to con-
firm the obtained morphological and morphometric results. A
preliminary genetic comparison between SSU rDNA of the
present parasite and other species of Oxyuridae places it as a
putative sister taxon to other S. obvelata.

Keywords Laboratory mice - Syphacia spp. - Host-parasite
relationship - Phylogenetic relationship

Introduction

Rodents have a greater ability than most other animal species to
harbor many zoonotic agents (Neifer et al. 1991; Mehlhom et al.
2005; Pakdel et al. 2013). Given their broad distribution and
their close contact with different animals and humans, rodents
play an important role as reservoir hosts for vector-borne disease
agents (Mahmoud et al. 2009). Pinworms belonging to the fam-
ily Oxyuridae Cobbold 1864 are the most common helminth
parasites infecting laboratory animals (Robles and Navone
2010; Klimpel et al. 2011; Abdel-Gaber and Fol 2015). Species
of the genus Syphacia Seurat, 1916, are considered to have
generally co-evolved with their hosts (Okamoto et al. 2007).
Identification of Syphacia spp. infecting rodents is based on
examination of male worms for the location of the mamelons;
however, male worms are rarely recovered because they die after
mating, while female S. muris and S. obvelata differ only in the
location of the vulva being slightly posterior in S. muris than that
in S. obvelata (Farrar et al. 1994; Baker 1998; Parel et al. 2008,
Khalil et al. 2013, 2014). The fact that these morphological
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differences are difficult to determine the urge for needs more
diagnostic criteria for the differentiation between these pinworm
species (Semenova et al. 1996; Bazzano et al. 2002; Robles and
Navone 2007; Parel et al. 2008). Molecular tools have been
recently used to discriminate morphologically closely related
species and have contributed effectively to taxonomical, phylo-
genetic, and epidemiological studies of many parasites
(Ambroise-Thomas 1990; Mc-Manus and Bowles 1996). Poly-
merase chain reaction (PCR)-based assays have been used ef-
fectively for the fast and simple detection of genomic variations
among parasites (Singh 1997; Perec-Matysiak et al. 2006).

In the present study, the natural prevalence and morphologi-
cal as well as molecular analyses of ribosomal DNA of
S. obvelata infecting laboratory mice Mus musculus were carried
out to determine the exact taxonomic and phylogenetic position
of this parasite species and, in addition, investigate the effect of
host-related sex factor on the prevalence of parasite species and
role of laboratory rodents as reservoirs of oxyurids in Egypt.

Materials and methods

Experimental animals and parasitological examination
Sixty adult laboratory mice M. musculus were randomly chosen
during the period of March 2014-February 2015 from the An-
imal House of Cairo University, Egypt. The selected rodents
were transferred to the Laboratory of Parasitology Research in
Zoology Department, Faculty of Science, Cairo University,
Egypt, where they were anesthetized and sacrificed according
to the ethical rules for handling experimental animals. After
dissection, internal organs of each rodent’s carcass were re-
moved and examined for adult or larval stages of helminths
under a stereomicroscope. The prevalence of parasitic infection
was evaluated according to Bush et al. (1997). The collected
pinworms were removed, counted, and preserved in 70 % ethyl
alcohol then cleared in 5 % glycerin for further examination and
species identification according to the guidelines of Falcon-
Ordaz et al. (2010). Specimens were measured using a calibrat-
ed ocular micrometer and photographed using Zeiss Axiovert
135 microscope with Cannon digital camera. For scanning
electron microscopy, specimens were fixed in 3 % phosphate
buffered glutaraldehyde, post-fixed in 1 % osmium tetra-oxide,
critical point dried, coated with gold, examined, and
photographed using a JEOL 6100 SEM at an accelerating volt-
age of 20 kV in the Electron Microscope Unit at Micro-
analytical Center, Faculty of Science, Beni Suef University,
Egypt. All drawings were made with the aid of the camera
Lucida. All measurements were taken in millimeter as a range
followed by mean+SD in parentheses.

Determination of phylogenetic relationship DNA was ex-

tracted from ethanol-preserved worms by using a QIAamp®
DNA Mini Kit (Quiagen, GmbH, Germany) following the
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manufacturer’s protocol. Polymerase chain reaction (PCR)
was carried out to amplify the target genomic DNA (gDNA)
using the primer pairs SyphaCOIF 5'-
TGGTCTGGTTTTGTTGGTAGTT-3" and SyphaCOIR 5'-
AACCACCCAACGTAAAC ATAAA-3" according to
Okamoto et al. (2007). The PCR reaction condition was oc-
curred as follows: 3 min initial denaturation at 94 °C, followed
by 35 cycles of 1 min at 94 °C, 1 min at 50 °C, and 1 min 30 s
at 72 °C. Post-PCR extension was carried out for 7 min at
72 °C. PCR products were purified and sequenced using the
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, USA) with 310 Automated DNA Sequencer (Ap-
plied Biosystems, USA) using the same primers for annealing.
Data of DNA sequences were aligned using CLUSTAL-X
multiple sequence alignment (Thompson et al. 1997) and
compared with some of previously recorded data from
Genbank to analyze intra-specific differences. Phylogenetic
tree was constructed by neighbor-joining method using
MEGALIGN (DNASTAR, Window version 3.12¢).

Ethical considerations Animal use followed a protocol ap-
proved and authorized by the Institutional Animal Care and
Use Committee (IACUC) in the Faculty of Science, Cairo
University, Egypt.

Results

A total of 325 specimens of adult Oxyurid species were found
in the small intestine, caecum, colon, and around the anal
opening of the laboratory mice M. musculus. A total of 45
out of 60 mice hosts were naturally infected with 75.0 %.
The infection increased in male mice to be 93.33 % (28/30)
and lowered to be 56.66 % (17/30) in female mice.

Microscopic examination (Figures 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, and 28) revealed that the body of the

Figs. 1-10 Photomicrographs of S. obvelata infecting laboratory mice P>
M. musculus. 1 The adult female worm with cephalic end supplied with
three lips (L), labial papillae (LP), and amphids (4m) surrounding mouth
opening (MO) followed by pharynx (PH), esophagus of two parts were
corpus (C) and bulb (B) with valvular apparatus (V4), intestine (/N) ended
with anal opening (4N), and tail (7). Note the presence of excretory pore
(EP), excretory bladder (EB), vulva (V) surrounded with vulval lips (VL),
ovijector apparatus (OA), uterus (U) filled with eggs (EG). 2 The adult
male worm. Note the presence of testis (7E). 3, 4 The anterior end with
high magnification in 4. Note the presence of nerve ring (VR). 5—10 High
magnifications of 5 Cuticle with transverse annulations (74). 6 Vulva
opening (V) surrounded with vulval lips (VL). 7 Embryonated egg (EG)
with juvenile (J). 8, 9 The posterior end of female with rectum (R), rectal
gland (RG), anal opening (4N), and tail (7). 10 The posterior end of male
with cloacal opening (CO) provided with pre-cloacal papillae (PCP), ad-
cloacal papillae (ACP), post-cloacal papillae (PoCP), spicule (SP), and
body ended with tail (7)
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Figs. 11-20 Scanning electron micrographs of S. obvelata showing 11—
14 The anterior part with three lips (L) surrounding mouth opening (MO)
provided with labial papillae (LP) and amphids (4m), with high
magnifications in /2—7/4. 15 Cuticle with transverse striations (74). 16—

recovered Oxyurid species was small, colorless to off-
white with narrow posterior extremity. The cephalic
plate is round; the mouth is surrounded by three less
developed lips (one dorsal and two ventro-lateral), four
sub-median cephalic papillae, and two amphidial pores.

@ Springer

ACP

20 High magnifications of /6 Female with anal opening (4N) ended with
tail (7). 17 Eggs (EG). 18 Mamelon striae (S). /9 Male with cloacal
opening (CO) surrounded with pre-cloacal papillac (PCP) and Ad-
cloacal papillae (ACP). 20 Post-cloacal papillae (PoCP)

Figs. 21-28 Line drawing with camera Lucida of S. obvelata. 21 Fe-P>
male, holotype, lateral view. 22 Male, holotype, lateral view. 23, 24 Api-
cal view of cephalic end (3 female, 4 male). 25 Mamelon (M), lateral
view. 26 Embryonated egg surrounded with egg shell (£S), with opercu-
lum (OP). 27, 28 Posterior end of male (4 lateral view, 5 ventral view)
with gubernaculum (GN)
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Fig. 29 Dendrogram based on SSU rDNA gene sequences showing the phylogenetic relationship between S. obvelata and other Oxyuridae species

The cuticle has transverse striations. The mouth is
followed by a shallow, tri-radiate buccal cavity lined
with three thickened chitinized plates provided distally
by sharp tooth-like denticles. The buccal cavity leads to
a short esophagus that is divided into an anterior cylin-
drical part, a corpus, and a globular bulb which is sup-
ported internally with tri-radiate valvular apparatus. The
esophagus leads to a long intestine which opens exteri-
orly with an anal opening in females and cloacal open-
ing in males. The excretory pore is located posterior to
the esophago-intestinal junction.

Body of the male worm (based on 10 mature specimens) It
measured 0.623—-1.130(0.830+£0.11)mm long and 0.092—
0.130(0.110+£0.01)mm wide. The Lateral alae are large, ve-
sicular, and extending from the esophageal bulb level to the
posterior mamelon level. The esophagus (including the phar-
ynx, corpus, and bulb) measured 0.164—0.280(0.210+0.01)
mm long. The pharynx measured 0.122-0.150(0.135+0.01)
mm long, the corpus measured 0.013-0.042(0.030+0.01)mm
long, and the bulb measured 0.049-0.156(0.110+0.01)mm
long. The nerve ring and excretory pore are located at
0.035-0.132 (0.073+0.01) and 0.087-0.191(0.145+0.01)
mm from the anterior end, respectively. Three mamelons are
located at the ventral surface; the anterior mamelon measured
0.038-0.048(0.042+0.01)mm long, the middle mamelon
measured 0.039-0.053(0.046+0.01)mm long, and the poste-
rior mamelon measured 0.030-0.042(0.037+0.01)mm long.
Distance from the cephalic end to anterior edges of the ante-
rior, middle, and posterior mamelons was 0.144-0.294 (0.199
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+0.011), 0.198-0.395 (0.287+0.11), and 0.292—0.492 (0.412
+0.11), respectively. Males possess a single chitinized spicule
and a gubernaculum provided with an accessory hook and
may appear protruded above the surface of the body cuticle.
Three symmetrical pairs of caudal papillae surround the cloa-
cal region: 1st pre-cloacal, 2nd ad-cloacal, and 3rd large and
more pronounced post-cloacal lying further posterior to the
cloacal opening. The body ended with a tail which measured
0.073-0.142(0.120+0.001)mm long.

Body of the female is larger than the male worm (based on
10 mature specimens) It measured 2.930—4.650(3.540=+0.1)
mm long and 0.120-0.232(0.156+0.001)mm wide. Lateral
alae are absent. The esophagus measured 0.213-
0.410(0.342+0.01)mm long. The pharynx measured 0.146—
0.192(0.181+0.01)mm long, the corpus 0.018-0.062(0.051+
0.01)mm long, and the bulb 0.049-0.156(0.110+£0.01)mm
long. The nerve ring, excretory pore, and vulval opening are
located at 0.026-0.157 (0.121+0.01), 0.134-0.243 (0.195+
0.01), and 0.323-0.632(0.546+0.11)mm from the anterior
end, respectively. The uterus fills the body and is packed with
eggs that obscure the rest of the genitalia. The vagina gives
rise to a muscular ovijector that opens ventrally by the vulva,
which appears as tetra-radiate and surrounded with two ante-
rior and two posterior fleshy lips that protrude above the sur-
face of body cuticle. Eggs are ellipsoidal, asymmetrical with
one side flattened, operculated in the convex side, embryonat-
ed in uteri, and measured 0.120-0.139(0.129+0.001)mm
long and 0.030-0.052(0.045+0.001)mm wide. The body
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Parameters

M. musculus M. musculus

M. musculus

M. musculus

Mus musculus M. musculus

USA

Host

Cairo, Egypt Cairo, Egypt

Santiago, Chile

Rio de Janeiro, Brasil

4.5-5

Several countries
3.72-5.61 (4.69)

Host-locality
Body length

2.930-4.650 (3.5400.1)

1.443-3.14 (2.12+0.596)

3.7-4.8 (4.28+0.48)

5.203
0.312

0.120-0.232 (0.156+0.001)

0.290-0.400 (0.320+0.065) 0.081-0.252 (0.037+0.007)

0.245-0.350

0.234-0.372 (0.316)

Body width (at the level

of the vulva)
Distance from anterior Nerve ring

0.026-0.157 (0.121+0.01)

0.115-0.125 (0.120+0.005)  0.0405-0.14 (0.081+0.024)

0.250-0.510 (0.350+0.110)  0.175-0.369 (0.260+0.056)

0.430-0.790 (0.550+0.17)

0.082-0.090

0.086

extremity

0.134-0.243 (0.195+0.01)

0.523

Excretory pore
Vulval opening  0.874

0.323-0.632 (0.546+0.11)

0.279-0.585 (0.401+0.105)

0.662-0.806
0.316-0.324

0.450-0.740 (0.590)
0.329-0.431 (0.362)

0.213-0.410 (0.342+0.01)
0.049-0.156 (0.110+0.01)

0.320-0.400 (0.360+0.030)  0.162-0.29 (0.233+0.036)

Total esophagus length

0.085-0.126 (0.111+0.016)  0.0405-0.118 (0.065+0.02)

Oesophageal bulb length

0.018-0.062 (0.051£0.01)

0.023-0.094 (0.063+0.017)
0.600-0.770 (0.6700.070) 0.3195-0.576 (0.432%0.103) 0.220-0.410 (0.3610.10)

0.132-0.140 (0.136+0.003)
0.031-0.050 (0.040+0.009)

Oesophageal corpus length

Tail length
Egg length
Egg width

0.518

0.680-0.890 (0.780)

0.099-0.118
0.036-0.041

0.762

0.120-0.139 (0.129+0.001)

0.118-0.126
0.043-0.054

0.134
0.036

0.030-0.052 (0.045+0.001)

ended with a conical tail which measured 0.220-0.410(0.361
+0.10)mm long.

Molecular analysis A total of 560 bp was deposited in the
GenBank under accession no. KT823411 with 30.12 % GC
content for SSU rDNA gene sequences of the present Oxyurid
species. Pairwise comparison of the isolated gDNA sequence
of' the present parasite species with a range of other Oxyuridae
species and genotypes revealed a unique sequence. Calculat-
ing the percentage of identity between this novel sequences
with the other retrieved from Genbank demonstrated a high
degree of similarity (>81 %). Comparison of the nucleotide
sequences and divergence showed that SSU rDNA of the
present Oxyurid species revealed the highest blast scores with
a small number of nucleotide differences with other S. obvelata
species under the following accession numbers: KF738581,
KF738574, KF738575, KF738595, KF738587, KF738573,
KF738572, KF738571, KF738568, KF738589, KF738595,
KF738585, and KF738582. Phylogenetic analysis produced
aneighbor-joining tree constructed with partial sequences and
showed that Oxyurid consistently formed two major clades for
the most related sister families in the order Oxyurida (Fig. 29).
The first one representing the family Heteroxynematidae by
EF464551 is Aspiculurs tetraptera while the other
representing the family Oxyuridae by three genera were
Enterobius, Oxyuris, and Syphacia with sequence similarity
ranging between 97 and 91 %. This sequence in conjunction
with existing data investigates the placement of this Oxyurid
species within the family Oxyuridae. It was shown that the
present species is deeply embedded in the genus Syphacia
with close relationships to other Syphacia species especially
to S. obvelata as putative sister taxon.

Taxonomic summary

Parasite—Syphacia obvelata Rudolphi, 1802 (F: Oxyuridae
Cobbold, 1864)

Type—Host—Laboratory mice Mus musculus Linnaeus
(1758) (F: Muridae)

Site of infection—Small intestine, caecum, colon, and
around the anal opening of infected host

Type—locality—Animal House at Cairo University, Egypt

Prevalence—75.0 % (45 out of 60)

Specimen deposition—Specimens were deposited in the
Zoology Department, Faculty of Science, Cairo University,
Cairo, Egypt

Discussion

Oxyurids are cosmopolitan nematode parasites of public
health importance (Khalil et al. 2014). Nematodes from the
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genus Syphacia (Oxyuridae) are common parasitic pinworms
of rodents all over the world (Adamson 1994; Robles and
Navone 2007; Milazzo et al. 2010; Sotillo et al. 2012; Verma
et al. 2013). Based on morphological characters, the present
Oxyurid species have all characteristic features of the genus
Syphacia such as less developed lips provided with cephalic
papillac and amphidial pores, protruding vulva in fe-
males, and three mamelons in males. According to all
the above-mentioned characters, the present species
identified as S. obvelata and recorded with 75.0 % in
the laboratory mice M. musculus represented a high val-
ue for prevalence. This results coincided with data ob-
tained by Bluszcz et al. (1987) who stated that mice
was found to be naturally infected with Oxyurid species
with 11.5-53.6 %, followed by Bazzano et al. (2002)
who reported the frequency of S. obvelata in laboratory
animals ranged between 9 and 74 %, Izdebska and
Rolbiecki (2006) who reported 41.2 % as a level of
infection of Syphacia spp. in house mice M. musculus,
and Baird et al. (2012) who showed that S. obvelata is
a common gastro-intestinal parasite of the house mouse
M. musculus with high prevalence in wild mice popula-
tions as well as in laboratory animals from breeding
facilities. There are higher recorded values of individual
prevalence in males (93.33 %) than in females
(56.66 %). A higher level of invasiveness in male hosts
was also recorded by Klimpel et al. (2007) and
Kataranovski et al. (2008). Previous laboratory studies
by Behnke (1975) indicated that female M. musculus
resist infection more effectively than do males and those
older animals are less susceptible to infection.

It was compared morphologically and morphometrically
with other Syphacia species as shown in Tables 1 and 2 and
showed great extent to other S. obvelata reported in other
studies by Hussey (1957), Ogden (1971), Magalhaes et al.
(1994), Landaeta-Aqueveque et al. (2007), and Khalil et al.
(2014) with few differences in measurements of the different
body parts while it differs from other Syphacia species by the
structure of the head, shape and size of the spicule and
gubernaculum, pronounced post-cloacal papillae, length of
tail and number and form of mamelons in males, length of
esophagus, position of vulva, and size of eggs in females as
stated by Khalil et al. (2014). As it differs from
S. australasiensis Smales (2004), S. millardiae Hugot (2005)
and S. muris Yamaguti (1935) possess a quadrangular cephalic
plate; from S. abertoni Weaver and Smales (2006),
S. brevicaudata Weaver and Smales (2008), S. darwini Hugot
and Quentin (1985), S. longaecauda Smales (2001),
S. ohtaorum Hasegawa (1991), S. pseudomyos Weaver and
Smales (2008) possess a laterally elongated cephalic plate;
from S. sulawesiensis by longer body length and presence of
distinct cervical alae and absence of lateral alae; from S. muris
by excretory opening and vulva lies anteriorly, tetra-radiate

ovijector protrude above the surface of the cuticle and opens
by vulva guarded by four fleshy lips, middle mamelon lies at
the middle of body length, pedunculated cloacal papillae; and
from S. rifaii and S. sulawesiensis by larger egg length and
smaller tail length in male. Molecular biological tools have
contributed effectively in association with traditional morpho-
logical techniques to be reliable methods for the unequivocal
identification and differentiation between closely Oxyurid
nematodes (Vermund and Wilson 2000; Chang et al. 2009).
In the present study, a nuclear rDNA region of the recovered
species was amplified by using SyphaCOIF/SyphaCOIR
primers mentioned in previous studies by Okamoto et al.
(2007). ITS-1 and ITS-2 regions representing the Oxyurid
species identified herein had the sequence similar to ho-
mologous regions within the nuclear ribosomal sequence
of other S. obvelata described previously. Apparently, the
phylogenetic tree estimated in this study strongly support-
ed the higher taxonomic groups of order Oxyurida were
family Oxyuridae and Heteroxynematidae. These results
coincided with data obtained by Khalil et al. (2014) who
stated that order Oxyurida incorporates three families
namely: Oxyuridae Cobbold 1864; Pharyngodonidae
Travassos 1919; and Heteroxynematidae Skrjabin and
Schikhobalova 1948. In addition, Petter and Quentin
(2009) included S. obvelata and S. muris with 22 genera
in the family Oxyuridae and included Aspiculuris, together
with seven genera in the subfamily Heteroxynematinae of
the family Heteroxynematidae, this sentence agreed with
the present results which assured that Oxyuridae species
represented by the genus Syphacia is monophyletic in or-
igin and supported the taxonomic position of the present
Syphacia species which is deeply embedded in the genus
Syphacia with a close relationship with S. obvelata as a
more related sister taxon.

Conclusion

The present parasite species was an Oxyurid nematode,
termed as S. obvelata, with a unique genetic sequence and
Laboratory mice M. musculus represent as a specific host for
it. Rodents are usually infected with a number of zoonotic
parasites; hence control of these animals has an important role
in safeguarding public health.
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