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Abstract

Introduction Passalurus ambiguus, a pinworm nematode parasite, infects domestic and wild rabbits, hares, and rodents
worldwide.

Materials and Methods The current parasitological study was performed during January—December 2016, to investigate
helminth parasites infecting the domestic rabbit species Oryctolagus cuniculus at the Department of Animal Production,
Faculty of Agriculture, Cairo University, Cairo, Egypt.

Results Of the twenty rabbit specimens examined for gastrointestinal nematodes, 75% were infected with adult oxyurid spe-
cies, which were morphologically characterized using light and scanning electron microscopy studies. The oxyurid species
had a triangular mouth opening surrounded by simple lips with four cephalic papillae and a pair of lateral amphidial pores
with three teeth-like structures, an esophagus divided into a cylindrical corpus and globular bulb supported internally with
tri-radiate valvular apparatus, and four caudal papillae distributed on the posterior end of males with a single short protruding
spicule and ovijector apparatus opening ventrally by the vulva, surrounded by protruded lips in female worms. The species
were compared morphometrically with other Passalurus species described previously; light differences were found in different
body part sizes. Molecular characterization based on 18 small subunit (SSU) rDNA sequences showed ~85% similarity with
other Chromadorea species. A preliminary genetic comparison between the 18S rDNA sequences of the isolated parasite and
those of other oxyurid species suggested that it belonged to Passalurus ambiguus. The 18S rDNA sequence of the parasite
was deposited in GenBank (accession no., MG310151.1).

Conclusion The 18S rDNA gene of P. ambiguus was shown to yield a unique genetic sequence that confirms its taxonomic
position within the Oxyuridae family.
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Introduction

The domestic rabbit Oryctolagus cuniculus [39] can have
commercialization potential in several avenues, including
meat and skin [6, 29]. It presents advantages over other
domestic species reared for human consumption, such as
high level of prolificacy, easy husbandry, does not require
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grain feeding, and does not compete with humans for food
[12, 52]. These animals have also been used in experimental
model, and as domestic pets [21]. Rabbits have greater abil-
ity than other animal species to harbor many zoonotic agents
[17, 37], and have been heavily parasitized both externally
and internally [60]. Rabbits diseases are caused by known
agents, including bacteria, parasites, protozoa, fungi, viruses,
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genetics, and nutritional deficiencies [26]. However, miscel-
laneous causes comprised physical and chemical agents such
as trauma, cold, heat and toxins have also been reported to
cause diseases in rabbits [8, 43]. Parasitic diseases in ani-
mals used for human consumption are important due to the
economic losses caused [50]. Verifying parasitic diseases is
important among the commonly used laboratory mammals
supplied by animal houses, some are heavily parasitized with
helminths at the time of delivery, or become infected in des-
tination laboratories, where they are occasionally harbored
for long periods [27]. Nematodes comprise the largest group
of endothermal laboratory animals helminth parasites [19].
Pinworms belonging to the Oxyuridae family [13] are the
most common helminth parasites infecting laboratory ani-
mals in both medical and veterinary fields [3, 19, 35, 46, 70].
Passalurus ambiguus [58] is one of the most prevalent gas-
trointestinal nematodes infecting domestic and wild rabbits,
hares, and rodents worldwide [20, 66, 16], which inhabits the
cecum and colon of its hosts, and has a direct life cycle [54].
P. ambiguus has been assumed to be non-pathogenic, or con-
sidered less pathogenic than others [7, 48, 53, 54]. Passalurus
species infecting rabbits are identified by examining male
worms mamelons’ location, number of cloacal papillae, num-
ber of spicules, and absence or presence of gubernaculum;
however, male worms are rarely recovered because they die
after mating, whereas female worms only differ in vulva loca-
tion [4, 53]. Difficulty in determining these morphological
differences emphasizes the need for more diagnostic features
to differentiate these pinworm species [1, 6, 56]. Molecular
tools have been recently used to identify morphologically
similar species, and have effectively contributed to the taxo-
nomical, phylogenetic, and epidemiological studies of differ-
ent organisms [38, 47, 73]. In addition, these tools provide
the most suitable genetic markers for studying genetic varia-
tion in oxyurid nematodes, especially P. ambiguus [59, 62].

The present study aimed to: (1) determine the natural
occurrence of oxyurid nematodes in the domestic rabbit
Oryctolagus cuniculus; (2) identify characteristic morpholo-
gies of isolated worms using light and scanning electron
microscopy, which might contribute valuable information,
to our knowledge, of oxyurids; and (3) clarify the taxonomic
position of the present Passalurus species using molecular
phylogenetic analysis.

Materials and Methods

Sample Collection and Parasitological Examinations
In total, 20 domestic rabbits Oryctolagus cuniculus (same
age and body weight) were collected between January and

December 2016 from the Department of Animal Produc-
tion, Faculty of Agriculture, Cairo University, Cairo, Egypt.

The animals were transported immediately to the Laboratory
of Parasitology Research, Zoology Department, Faculty of
Science, Cairo University, Cairo, Egypt, for parasitological
examination. All individuals were necropsied, and each gas-
trointestinal tract was isolated and dissected. Intestinal con-
tents were washed and sieved to remove the finest particulates.
Helminths were collected using a stereomicroscope by exam-
ining diluted aliquots of the intestinal content, as described
by Georgi and Georgi [22]. Isolated worms were fixed in 70%
ethanol and subsequently clarified with lactophenol for mor-
phological identification, in accordance with the standard ref-
erence keys of Petter and Quentin [51]. O. cuniculus parasite
prevalence was calculated according to Bush et al. [9]. Pho-
tomicrographs of the adult parasite specimens were obtained
using Leica DM-2500 microscope (NIS ELEMENTS soft-
ware, ver. 3.8) at the Laboratory of Parasitology Research in
Zoology Department, College of Science, King Saud Univer-
sity, Riyadh, Saudi Arabia. For scanning electron microscopy,
specimens were fixed in 3% buffered glutaraldehyde (pH 7.2),
dehydrated in a graded series of ethanol, infiltrated with amyl
acetate, processed using a LEICA EM CPD300 dryer until
the critical point, sputter-coated in an auto fine coater (JEOL,
JEC-3000FC) with gold—palladium, and then photographed
at 10-kV using an Etec Autoscan JEOL scanning electron
microscope (JSM-6060LV) at the Central Laboratory, King
Saud University, Riyadh, Saudi Arabia. Measurements of the
recovered nematodes were performed on 20 adult worm speci-
mens; data were obtained in millimeters, and presented as a
range followed by the arithmetic mean + SD in parentheses.

Molecular Analysis

DNA Extraction, Polymerase Chain Reaction (PCR)
Amplification, and Sequencing

Genomic (g) DNA was extracted from ethanol-preserved
samples using a Qiagen DNeasyTM tissue kit (Qiagen, Venlo,
Netherlands), following manufacturer’s instructions. The con-
centration and purification of gDNA were quantified using a
NanoDrop ND-1000 spectrophotometer (Thermo Fischer Sci-
entific, Inc., Wilmington, DE, USA), and 20 ng of genomic
DNA was used for polymerase chain reaction (PCR). PCR was
performed to amplify the target gDNA using Nem 18S F (5'-
CGC GAA TRG CTC ATT ACA ACA GC-3') and Nem 18S
R (5"-GGG CGG TAT CTG ATC GCC-3") designed by Floyd
et al. [18]. PCRs were performed in 2 mM MgCl,, 0.2 mM
dNTPs mix., 2.5 pl of 10xrTaq DNA buffer, 2.5 uM of each
primer, 1.25 U of rTaq polymerase buffer, and 1 ul of DNA
sample, with the volume made to 25 pl with distilled H,O
in a thermocycler (BioRad), under the following conditions:
94 °C for 5 min (initial denaturation), followed by 35 cycles
of 1 min at 94 °C (denaturation), 1 min at 50 °C (annealing),
1 min at 72 °C (extension), and post-PCR extension for 7 min
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at 72 °C. Each amplicon was examined using electrophoresis
on 1% agarose gel in 1 X Tris—acetate-EDTA (TAE) buffered
gel stained with 1% ethidium bromide, visualized using a UV
transilluminator. Bands with the predicted size were puri-
fied using a Pure LinkTM Quick Gel Extraction Kit (Invitro-
gen) following manufacturer’s instructions. Amplicons were
sequenced (in both directions) using BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, USA) with a 310
Automated DNA Sequencer (Applied Biosystems, USA) using
the same primers as those used for annealing.

Sequence Alignment and Phylogenetic Analysis

Related sequences were identified by performing a BLAST
search on the NCBI database (http://www.ncbi.nlm.nih.
2ov/BLAST/). DNA sequences were aligned using multiple
sequence alignment software CLUSTAL-X [68] and com-
pared with previously recorded data from GenBank, to ana-
lyze intra-specific differences. GenBank accession numbers
of additional sequences utilized in the analyses were Trypan-
oxyuris atelis (gbl KU285460.1), Wellcomia siamensis (gbl
EF180079.1), Enterobius vermicularis (gbl JF934731.1),
Setaria digitata (gbl DQ094175.1), Haemonchus contortus
(gbl EU086374.1), Brugia malayi (gbl AF036588.1), Thela-
zia callipaeda (gbl AB538282.1), Baylisascaris procyonis (gbl
U94368.1), Ascaris suum (gbl U94367.1), Syphacia obvelata
(gbl EF464554.1), Dirofilaria immitis (gbl AB973231.1), Oxy-
uris equi (gbl EF180062.1), Brugia malayi (gbl KP760120.1),
Aspiculuris tetraptera (gbl EF464551.1), and Passalurus
ambiguus (gbl EF464552.1). The alignment was corrected
manually using the alignment editor of software MEGA
4.0 [67]. DNA sequence similarities were calculated with
Sequence Identity Matrix of software BioEdit 4.8.9 [25]. Phy-
logenetic calculations were performed with PAUP 4.0b10 [65].
The data were analyzed with maximum parsimony (neighbor-
interchange [CNI] level 3, random addition trees 100).

Results

In total, 265 specimens of adult oxyurid species were found
in the ceca and large intestines of the examined O. cuniculus
species. Of the 20 rabbit hosts, 15 were found to be natu-
rally infected, with 75% prevalence rate of infection with
this nematode parasite. The intensity of infection was 1418
parasite specimens per infected rabbit. The parasitic infec-
tion rate was higher in male rabbits (90%, 9/10), and lowered
in females (60%, 6/10).

Microscopic Examination

The recovered oxyurid species body was small, straight,
and colorless to off-white with a narrow posterior extremity
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[Figs. 1(1-15), 2(16-29)]. The anterior extremity had a tri-
angular mouth opening surrounded by simple lips with four
cephalic papillae, a pair of lateral amphidial pores, and three
teeth-like structures. The buccal cavity was followed by the
esophagus, which was divided into an anterior cylindrical
part, a corpus, and a globular bulb, which were supported
internally by a tri-radiate valvular apparatus. The esopha-
gus was followed by a long intestine that opened exteri-
orly, with an anal opening in females and cloacal opening
in males. The excretory pore was located posterior to the
esophagus—intestinal junction. Lateral cuticular wings were
observed on the anterior, one-third the length of the body
as it started from the buccal opening to about 0.354 mm in
extension; they had three zones produced by two manifested
plates, and the ends were covered by insensible cuticles.

Morphology of the Male Worm (Based on 10 Mature
Specimens)

Male bodies measured 3.6-5.7 (4.4 +0.2) mm long and
1.2-0.17 (0.15+0.01) mm wide. The esophagus (includ-
ing the pharynx, corpus, and bulb) measured 0.52-0.64
(0.58 +£0.01) mm long. The pharynx measured 0.063-0.076
(0.069+0.001) mm long, the corpus was 0.29-0.37
(0.34+0.01) mm long, and the bulb was 0.13-0.16
(0.14+0.01) mm in diameter. The nerve ring and excretory
pore were located at a distance of 0.13-0.15 (0.14 +0.01)
and 1.14-1.16 (0.15+0.01) mm from the anterior end,
respectively. Ventral mamelons were difficult to identify. The
posterior end was markedly coiled, with a single short pro-
truded spicule measuring 0.09-0.18 (0.11 +0.01) mm long
and located 0.24-0.31 (0.27 +£0.01) mm from the caudal
appendix. The gubernaculum was absent. The posterior end
had a series of papillae on the sides of the anus arranged as
follows: two large peri-cloacal papillae, one small pair seen
in the post-cloacal position, and finally a pair of papillae on
the sides of the tail, precisely at the beginning of the caudal
appendix without marked striations. The body ended with
a small coiled tail in the form of a comma and measured
0.46-0.62 (0.53 +0.01) mm long.

Morphology of Female Worm (Based on 10 Mature
Specimens)

The body of female worms measured 9.6-12.8 (11.3+0.3)
mm long and 0.50-0.70 (0.63 +0.01) mm wide. The
esophagus measured 0.57-0.68 (0.62+0.01) mm long.
The pharynx measured 0.089-0.095 (0.093 +0.001) mm
long, the corpus was 0.34-0.49 (0.42+0.01) mm long,
and the bulb was 0.15-0.19 (0.18 +0.01) mm in diameter.
The nerve ring, excretory pore, and vulval opening were
located at a distance of 0.20-0.35 (0.40+0.01), 0.86-1.12
(1.05+0.01), and 0.98-1.32 (1.16 +0.11) mm from the
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anterior end, respectively. An ovipositor and a uterus were
present with complete independence. The uterus filled the
body, and was packed with eggs that obscured the rest of
the genitalia. The ovipositor terminated in a predetermined

place, close to the vulva, which is surrounded by the mus-
cular systems, at the time of oviposition when the oviposi-
tor is exerted. The anal opening is observed in the ventral
side, at the posterior end of the body, as a transverse slit
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«Fig. 1 (1-15) Photomicrographs of the pinworm P. ambiguus infect-
ing the domestic rabbit species O. cuniculus showing the follow-
ing: (1) A whole mount of the female worm characterized by the
anterior extremity with a triangular mouth opening surrounded with
simple lips (LP), followed by the esophagus divided into the corpus
(C) and bulb (B), leading to the large intestine (IN), and followed
by the rectum (R) opening to the outside by an anal opening (AN).
Note: the presence of the uterus (U) was filled with numerous eggs
(EG), opened by the vulval opening (VU); and the body was covered
by the transverse annulated cuticle (TA) and ending with a long tail
(T). (2) A whole mount of the male worm was characterized by the
anterior extremity with the mouth opening surrounded with simple
lips (LP) followed by the esophagus divided into the corpus (C) and
bulb (B), leading to the large intestine (IN), and followed by the rec-
tum (R) opening to the outside by the cloacal opening (CO). Note the
presence of a pair of testes (TE), a single spicule (SP), and the body
covered by the transverse annulated cuticle (TA), and ending with a
long tail (T). (3) The anterior extremity of the recovered worm show-
ing the mouth opening surrounded with simple lips (LP), followed
by the esophagus divided into the corpus (C) and bulb (B), leading
to the large intestine (IN), the excretory bladder opening to the out-
side by the excretory pore (EP), and the body covered with trans-
verse annulated cuticle (TA). (4-10) High magnification images of
different body parts showing the following: (4) The anterior extrem-
ity with the mouth opening (MO) surrounded with simple lips (LP),
cephalic papillae (P), and the buccal cavity followed by the corpus
region of the esophagus (C). (5) Two portions of the esophagus
were the corpus (C) and bulb (B), followed by the intestine (IN). (6)
Transverse annulations (TA) of the cuticle. (7) The excretory bladder
(EB) opened to the outside by the excretory pore (EP). (8) The vulval
opening (VU) with eggs (EG) in the vagina. (9) The uterus (U) filled
with numerous eggs (EG). (10) Eggs (EG). (11-15) The posterior
ends of the recovered worms showing the following: (11) The anal
opening (AN) of a female worm. (12) The posterior of a male ending
with the cloacal opening (CO), a single spicule (SP), and two pairs of
peri-cloacal papillae (PCP 1 and PCP 2), a pair of post-cloacal papil-
lae (POCP), and a pair of caudal papillae (CP) before the tail region
(T). (13, 14) The spicule (SP) and peri-cloacal papillae (PCP 1 and
PCP 2) surrounding the cloacal opening (CO). (15) Caudal papillae
(CP) before the tail region (T)

with a dome-like appearance and was characterized by
the absence of cuticular striation at the anal region. The
body ends with a long tapering straight tail in a monili-
form prolongation with annular thickening in the cuticle,
which measured 0.20-0.38 (0.34 +0.10) mm long. Eggs
were elliptical with one side flattened, double thin-walled,
and measured 0.06-0.096 (0.07 +0.001) mm long and
0.035-0.058 (0.047 +0.001) mm wide. The maximum
and minimum values, as well as the mean values found
of the different structures studied in this oxyurid species
compared with those of previously described Passalurus
species are shown in Tables 1 and 2.

Taxonomic summary
Parasite: Passalurus ambiguus [58] (F: Oxyuridae [13]).

Type host: Domestic rabbits Oryctolagus cuniculus [39] (F:
Leporidae).

@ Springer

Mode of transmission: Infection occurred by the ingestion
of embryonated eggs in feces or in contaminated food, water,
or bedding.

Morbidity and mortality: Infection in domestic rabbits was
generally symptomless.

Site of infection: Cecum and large intestine of infected rab-
bit host.

Type locality: Department of Animal Production, Faculty
of Agriculture, Cairo University, Cairo, Egypt.
Prevalence: 75.0% (15 out of 20).

Intensity: 14-18 specimens of adult oxyurid nematoda per
infected rabbit.

Molecular analysis

A total of 1680 bps was deposited into GenBank under the
accession no. MG310151.1 with 51.72% GC content, for
18 small subunit (SSU) rDNA gene sequences of the oxyu-
rid species. Prior to phylogenetic analysis, only sites that
could be unambiguously aligned among all chromadoreans
were used. Pairwise comparative analysis of the isolated
gDNA sequences from the present parasite species with a
range of other Nematoda species and genotypes revealed a
unique genetic sequence. The percentage identity calcula-
tions between these novel genetic sequences with others
were retrieved from GenBank, revealing a high degree of
similarity (up to 85%; Table 3). Nucleotide sequences and
divergence comparisons showed that 18 SSU rDNA of
the present species had the highest blast scores for other
oxyurid species such as P. ambiguus (gbl EF464552.1),
Aspiculuris tetraptera (gbl EF464551.1), Oxyuris equi
(gbl EF180062.1), Syphacia obvelata (gbl EF464554.1),
Enterobius vermicularis (gbl JF934731.1), Wellcomia sia-
mensis (gbl EF180079.1), and Trypanoxyuris atelis (gbl
KU285460.1) (Table 3; Fig. 3). In addition, the sequence
divergence detected between the closely related oxyurid
species ranging from a low value of 0.012 (P. ambiguus vs.
previously described P. ambiguus) to a high value of 0.126
(P. ambiguus vs. T. atelis) (Table 4). The 18 SSU rDNA
sequence data were used to divide the constructed dendro-
gram into two lineages (one major and one minor clade;
Fig. 4). Sequence alignment revealed that the major clade
showed clustering of all Chromadorea species, including the
most related families Oxyuridae, Haemonchinae, Oncho-
cercidae, Setariidae, Thelaziidae, and Ascarididae, with a
sequence similarity ranging from 85 to 99%. The minor
clade contained an out-group of SSU rDNA sequences for
Trichuris suis (gbl GU070737.1), belonging to the fam-
ily Trichuridae of class Enoplea, which showed lower
similarity and higher divergence values. This sequence, in
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Fig.2 (16-29) Scanning electron micrographs of P. ambiguus infect-
ing O. cuniculus showing the following: (16) A whole mount of the
female worm characterized by the anterior extremity with the mouth
opening (MO) toward the outside by an anal opening (AN), and the
body ended with a long tail (T), in addition to the presence of cuticu-
lar wings (CW). (17) A whole mount of the male worm characterized
by anterior extremity with mouth opening (MO), the body ended with
the cloacal opening (CO), and a long tail (T) with the presence of
cuticular wings (CW). (18-29) High magnification images of differ-
ent body parts showing the following: (18-20) The anterior extremity
of the body showing the mouth opening (MO) with teeth-like struc-

conjunction with existing data, suggests placing this oxyu-
rid species within the Oxyuridae family. The present species
was shown to be deeply embedded in the genus Passalurus,

Oum

5

200pum

Co

N

"POCPT

tures (TS), surrounded with simple lips (LP), cephalic papillae (P),
and lateral amphidial pores (LA) and the body covered with the trans-
verse annulated (TA) cuticle. (21) Cuticular wings (CW). (22) The
vulval opening (VU). (23) Transverse annulations (TA) of the cuticle.
(24) The posterior end of a female worm ended with an anal open-
ing (AN) and the tail region (T). (25-29) The posterior end of a male
worm with the cloacal opening (CO), a single spicule (SP), and two
pairs of peri-cloacal papillae (PCP 1 and PCP 2), one pair of post-
cloacal papillae (POCP), and one pair of caudal papillaec (CP) before
the tail region (T)

in the same taxon as the previously deposited sequence of
P. ambiguus.
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Table 1 Comparative measurements of the male Passalurus ambiguus with previously described species

Parasite species

Passalurus ambiguus (58] Passalurus nonanulatus [61] Passalurus ambiguus [57] Passalurus ambiguus

Parameters (present study)

Host Oryctolagus cuniculus Sylvilagus floridanus Oryctolagus cuniculus Oryctolagus cuniculus

Host-locality Tunis, Tunisia Carimagua, Colombie Granada, Spain Cairo, Egypt

Body length 4.500 4.100 2.5-6.4 (4.37) 3.6-5.7(4.4+0.2)

Body width 0.150 0.250 0.2-0.5 (0.32) 1.2-0.17 (0.15+0.01)

Distance of nerve ring from the  0.140 0.150 0.150-0.170 0.13-0.15 (0.14 +£0.01)
anterior extremity

Distance of excretory pore from  1.150 1.170 - 1.14-1.16 (0.15+0.01)
the anterior extremity

Total esophagus length 0.560 0.500 0.370-0.412 0.52-0.64 (0.58 +0.01)

Esophagus corpus length - - - 0.29-0.37 (0.34+0.01)

Diameter of esophagus bulb 0.150 0.150 0.120 0.13-0.16 (0.14+0.01)

Spicule length 0.125 0.105 0.090-0.120 0.09-0.18 (0.11+0.01)

Distance of spicule from the - - 0.300-0.400 0.24-0.31 (0.27+0.01)
caudal appendix

Tail length 0.500 0.400 - 0.46-0.62 (0.53+0.01)

Table 2 Comparative measurements of the female Passalurus ambiguus with previously described species

Parasite species

Passalurus ambiguus [58]

Passalurus nonanulatus

Passalurus ambiguus [57]

Passalurus ambiguus (pre-

Parameters [61] sent study)
Host Oryctolagus cuniculus Sylvilagus floridanus Oryctolagus cuniculus Oryctolagus cuniculus
Host-locality Tunis, Tunisia Carimagua, Colombie Granada, Spain Cairo, Egypt
Body length 8.200 8.000 8.10-12 (9.86) 9.6-12.8 (11.3+0.3)
Body width 0.550 0.500 0.32-0.62 (0.45) 0.50-0.70 (0.63 +0.01)
Distance of nerve ring from 0.210 0.150 0.190-0.210 0.20-0.35 (0.40+0.01)
the anterior extremity
Distance of excretory 1.000 0.950 - 0.86-1.12 (1.05+0.01)
pore from the anterior
extremity
Distance of vulval opening  1.350 1.250 1.5-1.9 0.98-1.32 (1.16 +0.11)
from the anterior extrem-
ity
Total esophagus length 0.600 0.600 0.495-0.535 0.57-0.68 (0.62+0.01)
Esophagus corpus length - - - 0.34-0.49 (0.42+0.01)
Diameter of esophagus bulb 0.130 0.150 0.155 0.15-0.19 (0.18 +0.01)
Tail length 2.200 1.450 - 0.20-0.38 (0.34+0.10)
Egg length 0.080-0.110 0.085-0.170 0.090-0.103 0.06-0.096 (0.07 +0.001)
Egg width 0.040-0.050 0.030-0.070 - 0.035-0.058 (0.047 +0.001)
Discussion parvus [30], and P. assimitis [71]. P. ambiguus is con-

Oxyurids are cosmopolitan nematode parasites of public
health-related importance [2, 33]. Species of the genus
Passalurus (Oxyuridae) have been found worldwide in
rabbits, hares and rodents, and only a few studies have
specifically focused on these nematode parasites [44, 55,
63]. This genus thus far include five species: P. ambiguus
Rudolphi [58], P. nonanulatus [61], P. abditus [10], P.

@ Springer

sidered the typical species of the genus Passalurus; it
was first described in Oryctolagus cuniculus and Lepus
europeus inhabiting the Palearctic region [24]. This was
followed by the observation of P. nonanulatus infecting
Sylvilagus jloridanus in the Great Lakes region in Colom-
bia and Ontario [14, 23]. In Egypt, P. ambiguus is the
most prevalent helminths found in domestic rabbits. The
morphological characteristics of the oxyurid species iso-
lated in this study are similar to those of genus Passalurus,
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Table 3 Oxyurid species used in the phylogenetic analysis of the present Passalurus ambiguus
Parasite species Order/family Host species (Country) Source Accession no. Sequence  Percent
length identity
(bp) (%)
Trypanoxyuris atelis Oxyurida/Oxyuridae Ateles geoffroyi (Mexico) GenBank KU?285460.1 1729 85
Wellcomia siamensis Oxyurida/Oxyuridae Hystrix brachyuran (Thailand) GenBank EF180079.1 1834 90
Enterobius vermicularis Oxyurida/Oxyuridae Homo sapiens (South Korea) GenBank JF934731.1 1825 91
Setaria digitata Spirurida/Setariidae Bos Taurus (not mentioned) GenBank DQO094175.1 1684 91
Haemonchus contortus ~ Rhabditida/Haemonchidae Giraffa camelopardalis (USA) GenBank EU086374.1 1679 92
Brugia malayi Spirurida/Onchocercidae Anopheles spp. (not mentioned) GenBank AF036588.1 1776 92
Thelazia callipaeda Spirurida/Thelaziidae Homo sapiens (Japan) GenBank AB538282.1 1532 92
Baylisascaris procyonis  Ascaridida/Ascarididae Procyon lotor (not mentioned) GenBank U94368.1 1754 92
Ascaris suum Ascaridida/Ascarididae Sus scrofa (not mentioned) GenBank U94367.1 1754 92
Syphacia obvelata Oxyurida/Oxyuridae Mus musculus (not mentioned) GenBank EF464554.1 3003 93
Dirofilaria immitis Spirurida/Onchocercidae Canis lupus familiaris (Japan) GenBank AB973231.1 2252 93
Oxyuris equi Oxyurida/Oxyuridae Equus caballus (USA) GenBank EF180062.1 1735 94
Brugia malayi Spirurida/Onchocercidae Meriones unguiculatus (not men-  GenBank KP760120.1 669 94
tioned)
Aspiculuris tetraptera Oxyurida/Heteroxynematidae  Mus musculus (not mentioned) GenBank EF464551.1 3676 95
Passalurus ambiguus Oxyurida/Oxyuridae Oryctolagus cuniculus (not men-  GenBank EF464552.1 2779 99

tioned)

such as a triangular mouth opening surrounded with sim-
ple lips, cephalic papillae, amphidial pores, and three ven-
trally subdivided dents or teeth-like structures; the shape
and size of the spicule; the presence or absence of the
gubernaculum; the number and form of mamelons; and
the distribution of the cloacal papillae in males [1, 28,
51, 64, 70, 72]. According to these characteristics, the
present species was identified as P. ambiguus and showed
with 75% prevalence in domestic rabbit O. cuniculus. This
result was in agreement with the data obtained by Ash-
mawy et al. [5], who stated that the percentage of infection
in domestic rabbits infected with P. ambiguus was likely
to be higher in young animals that are more susceptible
to infection than in older animals. Furthermore, recorded
values of individual prevalence are higher in males (90%)
than in females (60%). A higher level of invasiveness in
male hosts was also reported by Klimpel et al. [36], Kata-
ranovski et al. [32], and Abdel-Gaber [2], who reported
a suitable hypothesis for the varying levels of parasitic
infection; they suggested that females resist infection more
effectively than males. The present pinworm parasite spe-
cies was compared morphologically and morphometrically
with other species; it showed remarkable similarity to P.
ambiguus. Similar reports have been found in other studies
by Rudolphi [58], Skinker [61], and Romero et al. [57],
with few differences in body part measurements. SEM
allowed the clear observation of the cloacal area topog-
raphy in males. Three pairs of papillae (the first two pairs
were peri-cloacal and larger than the last pair, which was
small, sessile, and positioned just post-cloacally). This

finding agrees with the description of male P. ambiguus
provided by Hugot et al. [28]. In addition, another pair of
small papillae were identified, situated at the point where
the tail narrows and the caudal appendix begins, which is
also a feature of P. ambiguus males described by Skinker
[61]. Estimating the number and position of papillae in this
area are known to vary from one species to another, and
their nature might be attributed to the nature of the insem-
ination process in Passalurus, as confirmed by Skinker
[61] and then by Hugot et al. [28]; these features were
later used by researchers to differentiate P. ambiguus from
other described Passalurus species. Further, the present
P. ambiguus differs from other Passalurus species such as
P. nonanulatus [61] isolated from Sylvilagus jloridanus
(which can be differentiated by the absence of the typical
transverse cuticular striations known as the moniliform
appearance), P. abditus [10] isolated from Spermophilus
variegatus (which can be differentiated by the presence
of moniliform formations, the distance from the vulva to
the front extremity (2.5-2.9 mm) and different sized eggs
(0.098 x0.031 mm), P. parvus [30] isolated from Schoino-
bates volans (which can be distinguished by the tail length
of the female (0.42 mm and macro rings), and P. assimitis
[71] isolated from Lepus sinensis (differentiable by the
absence of caudal papillae). Molecular biology tools in
association with traditional morphological techniques have
effectively contributed to reliable unequivocal identifica-
tion, and differentiation of closely related species [11, 31,
34, 41, 46, 49, 55, 69]. In the present study, a nuclear
rDNA region of the recovered species was amplified using
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MG310151.1 P. ambiguus ACGATACCAR CTAGCGTTCC GCCAGTGGCA AGCACGCCTT GGTTGGCAGC TTCCCGGAAR CGARRGTTTT TCGGTTCTGG GGGAAGTATA GTTGCARAGC 100
EF464552.1 P. &MPIGUUS tiiiuiuenn sneenennenas tenasnannne saesaanane aeaeceacae sasaeesaca seaseaasas saeaeeenenn 100
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EF464554.1 S. obvelata c.. 100
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EF180062.1 0. equi . . . . . . ..C.. 100
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JF934731.1 E. vermicularis c.. 100
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MG310151.1 P. ambiguus TGAAAC‘I‘I‘AA AGAAATTGAC GGARGGGCAC CACCAGGAGT GGAGCCTGCG GCTTAATTTG ACTCAACACG GGARRACTTR CCCGGCCCGG ACACTGTARG 200
EF464552.1 P. ambiguus 200
EF464551.1 A. tetraptera 200
EF464554.1 S. obvelata 200
KU285460.1 T. atelis 200
EF180062.1 0. equi 200
EF180079.1 W. siamensis 200
JF934731.1 E. vermicularis 200
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MG310151.1 P. ambiguus TTGATAGCTC TTTCTTGATT CAGTGCTTGG AGGTGCATGG CCGTTCTTAG 'I'I‘GG'I’CGA’I‘I‘ GATTTGTCTG GTTTATTCCG ATAACGAGCG 300
EF464552.1 P. ambiguus 300
EF464551.1 A. tetraptera 300
EF464554.1 5. obvelata 300
KU285460.1 T. atelis 300
EF180062.1 0. equi 300
EF180079.1 W. siamensis 300
JF934731.1 E. vermicularis 300
310 320 330 340 350 360 370 380 390 400
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MG310151.1 P. ambiguus BGAC‘I‘CTAGC TTACTAAATA G'I'I'CA'PGGA‘I‘ 'I‘A GTTGTC AARAARACARAC B’I‘GCA‘I‘GCC'I‘ ATAAAACATG TATGTT: TCCATGTTAT ACTTCTTAGG 398
EF464552.1 P. ambiguus .. 398
EF464551.1 A. tetraptera . 355
EF464554.1 5. obvelata ..GATCA. .. 356
KU285460.1 T. atelis ...GT. . GCAT. .TAGC 389
EF180062.1 0. equi ...GC. ==-AT..C.G- 363
EF180079.1 W. siamensis ...ATGT... GAAT..CA.- 365
JF934731.1 E. vermicularis ...ATCA... ATATA...G. TT..C.GTCA G....GCTG. 400
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MG310151.1 P. ambiguus AGGACARCCG GTGTTTAGCC GCATGAAGTT GAGCAATAAC AGGTCTGTGA TGCCCTTAGR TGTCC-GGGC TGCACGCGCG CTACAATG-C ARGAGGCAGC 496
EF464552.1 P. ambiguus RN . .. . 496
EF464551.1 A. tetraptera . 454
EF464554.1 5. obvelata . 455
KU285460.1 T. atelis . 489
EF180062.1 0. equi . 462
EF180079.1 W. siamensis - . 464
JF934731.1 E. vermicularis G...... . e C..ce .G ..AT.... 500
510 520 530 540 550 560 570 580 590 600
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MG310151.1 P. ambiguus GTGCTGTAAC CATTTTCGTT TGGGATIGGT AACCCCTTCA ARATCTTGCA TAARCTGGGAC AGGARATTGC AATTATTTGC CTTGAACGAG GAATTCCTAG 596
EF464552.1 P. ambiguus 596
EF464551.1 A. tetraptera 553
EF464554.1 5. obvelata 555
KU285460.1 T. atelis 589
EF180062.1 0. equi 562
EF180079.1 W. siamensis 564
JF934731.1 E. vermicularis ....A...G. ....C.T.AR . 600
610 620 630 640 650 660 670 680 690 700
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MG310151.1 P. ambiguus TAAATGTGAG TCATCAGCTT ACGTTGATTA CGTCCCTGCC CTTTGTACAC ACCGCCCGTC GC’I‘AGTACCG ATTGAATGGC TTAGTGAGGC CTCAGGATGC 696
EF464552.1 P. QMDIGUUS  ciiiuaue toeenaccne sesacsaane seecaacees taeacmeaae secsaenece teeacaciae seeeesaeee ceeecacnee seeeesaann 696

...6CCCGG. .C...GCC.T ..C.A..ARA GCGG...C-. 652
...6CCCGG. .C...GCC.T ..C.A..RAR GCGG...G-. 654
...6CCCGG. .C...GCC.T ..C.A..RAR .CGG...C-T 688
...6CCCGG. .C...GCC.T ..C.A..ARAR GCGG...C-. 661
.......... ...GCCCGGA .C...GCC.T ..C.A.RRAT GCGG...C-T 663
.......... ...6CCCGG. .C...GCC.T ..C.A..ARA GCGG...C-. 699

EF464551.1 A. tetraptera
EF464554.1 S. obvelata
KU285460.1 T. atelis
EF180062.1 0. equi
EF180079.1 W. siamensis
JF934731.1 E. vermicularis
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MG310151.1 P. ambiguus GCTTAGCCTG GGGGGCGACT CCCGGGCAGA TGGTCRAACT TGGTCATTTA GAGGAACTAA AAGTCGTAAC ARGGTTTCCG TAGGTGAACC 796
EF464552.1 P. ambigQUS = = c..uiiniinn cieeaaceae saeaaeaans saBiii i i iiiiie heeeaeeeae eeeaeaaaan 796
EF464551.1 A. tetraptera A.CAGCTTC. AARC..A..A GGT..AG.TT GCC.TT.T.G CA..GGC..G A.CCGGGC.. 752
EF464554.1 S. obvelata A.CGGTTTC. AC.C-.T..G GG.T.AG.C- GCC.T..T.G CA..GGC..G A.CCGGGC.. 751
KU285460.1 T. atelis ...-GTTTC. AT.T..ATG. GAA.ATTICTT G 728
EF180062.1 0. equi ...=G.TTC. ARRC.G.GT- --A.A.G.TC GCC.TT.T.G CA..GGC..G A.CCGGGC.. 746
EF180079.1 W. siamensis .TC-.TTTCC AATC.T..T. GGAAAAG.TT GCA.T..T.G C.A.GGC..G A.CCGGGC.. 751
JF934731.1 E. vermicularis ...=GTTTC. AT.T.T.TAC GAA.ATICTT ATGTG...CC GCT.TT.T.G CA..GGC..G A.CCGGGC. . 787
810 820 830 840 850 860 870 880 890 900
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MG310152.1 P. ambiguus TGCGGAAGGA TCATTACAGA GATACAACGT TGARGTTGAG GC A GAGGCGCTTT GA T GGCGCTGCGG AGCACTGTTC CTACGGGGAC 896
EF464552.1 P. AaMDIGUUS o iiiiiin teaaaaaaae saeaaeaaas seaeaasaaa seeaaeaaaa seeeaasaas seeacaasaa meaeaasase eeaasaeeaa aeeaeaaans 896
EFr464551.1 A. tetraptera ATATG .GC.A .TTATTATGC ACACTGTT.T .TTCGA.CCG ..GT.AAT.G 852
EF464554.1 S. obvelata ATAAT.A--A .CTAAT---- ---f TICTTAC .T------- G ...TARR--- 823
KU285460.1 T. atelis - —-—- -- 728
EF180062.1 0. equi 746
EF180072.1 W. siamensis -—- -- 151
JF934731.1 E. vermicularis -- 1787

Fig.3 Sequence alignment of 18S rDNA of Passalurus ambiguus with the most related oxyurid species (Only variable sites are shown). Dots
represent bases identical to those of the first sequences, and dashes indicate gaps
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MG310151.1 p. ambiguus A‘R;TGCC’I'GC GGGGCTGTTC C‘I’GCC’I‘G'I‘GC 'ITCCC'I'GC‘I‘C 'I'I‘CGBCACAC ACA TGTGGA GTG'I'I‘CTB‘I‘G ACTC'I'I'I'I'I'G 'I'I‘I‘CRGCC'I'G GGTCTCTTTC 996
EF464552.1 P. ambig@le® = = ..iiiiiiin saiienaaan saaeeaaans easeseaans aeann [P .. P .. 996
EF464551.1 A. tetraptera .GTA.G..G. GAT.TATGTG C...GCAA.. TA.AARA.CA. TA.G..GGCT GCG .CA. BA ...T.G.6.6¢ 952
EF464554.1 S. obvelata - ---.GTAA.. AA 832
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EF180079.1 W. si is --- -- - --- -- -—-- --- -- 151
JF934731.1 E. vermicularis 787
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MG310151.1 P. ambiguus CCGGGCGCAG ACACAAARCAA GACATGTGGA GGATAAAGTA CACAAGATCT ACARACACAA CTATCAAAAC TTTCARCAAC GGATCTCTTG GTICTCGCAT 1096
EF264552.1 P. ambigQUS 1. iuiiiein taiiiiaaan saaeeeaaas eeeaeaaas seeaeaeaas seeaeseeaa seeeaeasas seeeaaaaae eeeeeeaeae eeaeeeaann 1096
EFr464551.1 A. tetraptera TT.CTG.T.T GGT.G.CA.T A.TGAT.TCT ..CATGC.CG ..GT.T¢.GC ...C...T.C ..TA..C.GT C.GTIC..GT .T.G..G.A. CACTCTT..G 1052
EF464554.1 S. obvelata --T.T .GG....G.T ACT-- - --C.C6¢ .T---T6.GC .G.TG..T.- G. CG.T.GAA.G 880
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EF180079.1 W. si. is 751
JF934731.1 E. vermicularis 787
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MG310151.1 P. ambiguus CGATGARGAR CGCAGCGMC 'I‘GCG-ATACGT AATGCGM‘I‘I‘ GCAGC'I'I‘CCG TGAAGC}\TCG 'I'PI‘C‘I'I'I'GM CGCRCBTI'GC GCCCCCCGGT B'l'.l’CCAGGGG 1196
EF464552.1 P. ambiguus 1196
EF464551.1 A. tetraptera 1152
EF464554.1 S. obvelata 931
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EF180079.1 W. si. is 751
JF934731.1 E. vermicularis 787
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MG310152.1 P. ambiguus GCA‘I‘GCC’I‘GT CTGAGCG‘I‘CG 'I‘I‘ICC’I'I'I‘C'I‘ CAGCG‘I‘CTC'I‘ GC‘I’GG’I’I‘G‘I‘G GGCGGCACCC GTCTGGCAAC GGP.CGGG'I’CA GCGTGAABGT GTGGA’I‘GGGG 1296
EF464552.1 P. amBIgUUS = cuuneeienn caemeansee seseaaasae sesaeacate aecsasasas sasesasace eaesseacas seaaeeeann N 1296
EF464551.1 A. tetraptera ..TRATGCC. TGA....AT. ARGTG.GCAG AGATAA...G AA..AA.... RA.A..TTGA T.GAARA..T. AC.AA..ATC ..TA.TTTCC A.T.T.T.TT 1252
EF464554.1 S. obvelata ====ATT.C. TG-=~=~~ TA AA.TA-==== ======-==== o= LALLLL memmmmmmmes e C. .C.AR-==== ==-=-cmmeee cemeeee—ee 960
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EFi80079.1 W. si is 751
JF934731.1 E. vermicularis 787
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MG310152.1 P. ambiguus GAGGGAC’I‘I‘C CTCCCGGTCA CTGCGGCGAC ACACACAC’I'I‘ GGCG'I'GGG'I‘G ACACCAGGCC AGGCTGGGCG CTGTCGAAGT TAGGTTGTTG TTCTTGCATC 1396
EF464552.1 P. ambiguus 1396
EF464551.1 A. tetraptera 1351
EF464554.1 S. obvelata 1034
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EF180079.1 W. si is 751
JF9347321.1 E. vermicularis 787
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MG310152.1 P. ambiguus BGCACA‘I‘C’I'I’ 'I‘GGCGGTAAG CGCACGG'I‘C'I' T-TGCGCETT GCCC'J.‘GCAGC ACGAAGTTTG ACCTCAGATC AGGTAGGBCT ACCCGCTGAA CTTAAGCAAA 1495
EF464552.1 P. ambigIE = . iiiiiiiin saeieaaaaa saeeeaaaes 2T aaeaeaas seeeesaeas seeaeeesaea seeseeaaas seeasaeaans 1495
EF464551.1 A. tetraptera GARGTG.G.A ..AGTAG.GC A -ARCA ..TCTTAGCG GT.G.TC 1451
EF464554.1 S. obvelata T.GCT.CG.. ..ATAA.CGT A... ..A.A-A ..TC.TAGCG GT.G.TC... 1110
KU285460.1 T. atelis 728
EF180062.1 0. equi 746
EF180079.1 W. si is 751
JF9347321.1 E. vermicularis 787
1510 1520 1530 1540 1550 1560 1570 1580 1590 1600
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MG310152.1 P. ambiguus 'ICMTAAGCG GAGGARAAGA MCCMCCGG GATTGCCTCA G'I‘P.P.CGGCGA GTGARGCGGC MGAGCTCAG ATTTGAARATC TGCTACCTTT GGTAGCCGAG 1595
EF464552.1 P. ambigE 1 iiiiiiiin taieiaaan saaeeeaaas seasaeseaas aeeaeeseas saeaassaea saeesassas sesaeasaae seeeesasas saeeeaaans 1595
EF464551.1 A. tetraptera ARCGC.GTTA .CT.CG.T-- ...T.GTGC. A..... GGAC AC.TT.AGC. C.A..ATTT. G.AC..A..T TGCGCC.TCG G.T.CAT.CC CC.T.G.AC. 1549
EF464554.1 S. obvelata ARCGC.GTTA .CT.CG.T-- ..TT.GTGT. A..... GGAC AC.TT.AARC. CAA..AATT. G.AC..A..T TGCGCC.TCG G.TCCT..CC C..T.GTAC. 1208
KU285460.1 T. atelis -- --- -- --- -- 728
EF180062.1 0. equi 746
EF180079.1 W. si is 751
JF9347321.1 E. vermicularis 787
1610 1620 1630 1640 1650 1660 1670 1680
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MG310152.1 P. ambiguus 'I'I'GTAGCG’R; 'I‘AGAGTGCTG 'I‘CCCGGATGT BCGGCGCTGC C'I‘AGG’].'I‘CCC 'I'GGMGGGGA CGCCGGBGAG GGTGBGAGCC cceTe 1680
EF464552.1 P. @&MDIGURS .t tieiiiin seaeeaiaaa seaeeaaaan seeesaeaae seeeaaeaas meaeaaeana meaeacaaee seaeeeeane aeaan - 1680
EF464551.1 A. tetraptera .CTGGCT.A. ARGTC.AARA.C .RAAAT..AC T.TTT.AC.. A..CACA.AT ACAC.CC.T. TATGT.TTGC ACATC.GCT. ATA.AG 1635
EF464554.1 S. obvelata .CTGGTT.A. GGTT.AAA.C .A.AARA---- --- TTAAR.T --------== —---o-—oo— e T.TCGA CTGACTGCTA ATA.AG 1263
KU285460.1 T. atelis -- --- -- 728
EF180062.1 0. equi 746
EF180079.1 W. si is 751
JF9347321.1 E. vermicularis 787

Fig.4 Molecular phylogenetic analysis performed using Maximum hood (MCL) approach, and then the topology with superior log like-

Likelihood method. The evolutionary history was inferred using lihood value was selected. The tree is drawn to scale, with branch
the Maximum Likelihood method based on the Tamura-Nei model. lengths measured in the number of substitutions per site. The analysis
The tree with the highest log likelihood (— 2506.5752) is shown. involved 16 nucleotide sequences. All positions containing gaps and
Initial tree(s) for the heuristic search were obtained automatically missing data were eliminated. Evolutionary analyses were conducted

by applying Neighbor-Joining and BioNJ algorithms to a matrix of in MEGA4.0
pairwise distances estimated using the Maximum Composite Likeli-
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Wellcomia siamensis EF180079.1

Trichuris suis GU070737.1

Haemonchus contortus EU086374.1

— Passalurus ambiguus MG310151.1

| Passaturus ambiguus EF464552.1

Syphacia obvelata EF464554.1

— Trypanoxyuris atelis KU285460.1
L Enterobius vermicularis JF934731.1

_|7—As‘m'culuris tetraptera EF464551.1
Oxyuris equi EF180062.1

Brugia malayi KP760120.1
[Sez‘aria digitata DQ094175.1
Brugia malayi AF036588.1

} 0.008

Fig.4 (continued)

Nem 18S F/Nem 18S R primers described previously by
Floyd et al. [18]. Molecular genetic sequences might pro-
vide reliable genetic markers for examining the taxonomic
status of nematodes [31, 34, 41, 49]. The possible expla-
nation for using this gene region in our study is that 18S
rDNA sequence data have revolutionized the phylogenetic
analysis. This is a powerful tool for resolving taxonomic
issues, which allows the discrimination of genera and spe-
cies across various organisms because of the occurrence
of some intraspecific variations, and differences might
exist between rDNA copies within an individual. This
hypothesis is in accordance with the findings of Liu et al.
[41] who stated that 18S rDNA represented more variable
and valuable informative than for other parts of the rDNA
locus. The 18S rDNA gene region, representing the oxyu-
rid species identified in this study, had sequences simi-
lar to homologous regions within the nuclear ribosomal
sequence of other described Chromadorea species. The
phylogenetic tree estimated in this study was performed
using Maximum Likelihood (ML) and strongly supported
all Chromadorea nematodes, including the most related
families Oxyuridae, Haemonchinae, Onchocercidae,
Setariidae, Thelaziidae, and Ascarididae; these data are
in agreement with those of De Ley and Blaxter [15] and
Khalil et al. [33], who reported seven families belonging
to the infraorder Oxyuridomorpha. Our results indicated
that the present P. ambiguus was more closely related to
the previously described P. ambiguus and W. siamensis
than to E. vermicularis. These results were consistent
with those of recent studies by Sheng et al. [59] and Liu

Dirofilaria immitis AB973231.1
{ Thelazia callipaeda AB538282.1

rBaylisascaris procyonis U94368.1
L Ascaris suum U94367.1

et al. [40]. The complete genomes for only three species
from the infraorder Oxyuridomorpha [31, 4049] have been
reported. Therefore, in this study,the genomic sequences
of P. ambiguus were characterized to stimulate a reassess-
ment of the systematic relationships of oxyurid nematodes
using available genomic datasets. In addition, the genomic
sequences of nuclear SSU rDNA gene for the present P.
ambiguus revealed the monophyly of the infraorder Oxyu-
ridomorpha, and supported the taxonomic position of the
present Passalurus species, which is deeply embedded in
the genus Passalurus with a close relationship to the previ-
ously described P. ambiguus. These data are concomitant
with previous studies by Park et al. [49], Kim et al. [34],
De Ley and Blaxter [15], Nadler et al. [45], and Liu et al.
[41, 42].

Conclusion

The present study provides useful tools for the rapid iden-
tification, and systematic and phylogenetic analyses of pin-
worms infecting animals and humans. In addition, the 18S
rDNA gene of P. ambiguus was shown to yield a unique
genetic sequence that confirms its taxonomic position of a
species within the Oxyuridae family. Moreover, O. cuniculus
should be considered a potential natural reservoir of differ-
ent parasite species, and further research into the diagnosis,
prevention, and control of passaluriasis in rabbits and other
animals is required.
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