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Abstract

Background Toxocariasis is caused by infection with Toxocara canis and Toxocara cati, common nematodes of canids
and felids, respectively. Humans become infected after the accidental ingestion of embryonated eggs of Toxocara
from the soil or the consumption of raw and undercooked meat containing Toxocara larvae. The aim of this cross-
sectional study was to identify ascarid nematodes isolated from jackals in Guilan and Mazandaran provinces, based on
morphological and molecular approaches.

Methods This cross-sectional study was conducted on 41 road-killed golden jackals collected from Guilan and
Mazandaran provinces in northern Iran. At first, species identification was carried out based on morphological
characterization. Genomic DNA was extracted from the isolates of Toxocara collected from jackals. PCR-RFLP of
Ribosomal DNA regions (ITS) using Rsal endonuclease enzyme and PCR-sequencing were carried out to identify
Toxocara species. The sequence data were aligned using Bioedit software and compared with published sequences in
GenBank using the BLAST system. Phylogenetic analysis was performed using MEGA 5.0 software.

Results Eleven out of 41 road-killed golden jackals (26.8%) were infected with Toxocara nematodes. All the isolates
were confirmed as T. canis based on morphological and molecular methods. A pairwise comparison of the sequences
did not show any differences in nucleotide sequences within T. canis isolates, and the sequences were identical and
exhibited 100% homology.

Conclusions Considering the almost high prevalence of T. canis in golden jackals and its critical role in human
toxocariasis, the identification of parasite species by molecular methods can be used to plan prevention and
control programs in human and animal communities. Since, the ITS sequences of T. canis isolated from jackals in
Iran were utterly similar to the ITS sequences of T. canis isolated from other hosts from different areas of the world,
it is hypothesized that the type of host and geographical region do not affect the genetic diversity of the ITS region
sequences of T. canis.

Keywords Morphology, Molecular identification, Toxocara, Jackal, North of Iran

*Correspondence: 'Department of Medical Parasitology and Mycology, School of Medicine,
Fattaneh Mikaeili Shiraz University of Medical Sciences, Shiraz, Iran
mikaeelf@sums.ac.ir; fmikaeili@yahoo.com ’Department of Medical Microbiology, School of Medicine, Guilan

University of Medical Sciences, Rasht, Iran

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-024-04315-1&domain=pdf&date_stamp=2025-2-20

Koshalshah et al. BMC Veterinary Research (2025) 21:94

Background

Toxocariasis, one of the most common zoonotic diseases,
is caused by Toxocara canis and Toxocara cati, two com-
mon nematodes of canids and felids, respectively [1, 2].
The parasites of the genus Toxocara are the helminth
nematodes living in the small intestine of the host. The
Toxocara eggs are released into the environment through
feces and be infective after a few weeks in the outdoor
environment. Humans are infected through the ingestion
of embryonated eggs of Toxocara from contaminated soil
and food, or the consumption of raw and undercooked
meat containing Toxocara larvae [3].

Risk factors such as age, poverty, ethnicity, gender, geo-
graphic region, and contact with animal pets have been
identified to cause Toxocariasis in humans [4, 5]. Epide-
miological studies have shown a variable seroprevalence
of human infection with this parasite in different parts of
Iran [6-8].

In recent years, environmental changes, including the
destruction of natural habitats and increased urbaniza-
tion, have caused canids and felids live freely in urban and
rural areas, and discharge Toxocara eggs in the environ-
ment, which can increase the transmission of Toxocara
to humans. Although domestic cats and dogs are likely to
be the main source of environmental contamination with
Toxocara eggs in urban environments, the importance
of wild carnivores such as jackals as definitive hosts of
T. canis should also be considered. The golden jackal eat
mainly small rodents, birds, and in some instances even
invertebrates, which likely increases their exposure to
parasites such as Toxocara [9].

Canine and feline infection with Toxocara has been
reported from different parts of the world [10, 11]. Stud-
ies conducted in other parts of Iran have shown that the
infection rate of dogs, cats, foxes, and jackals with Toxo-
cara is 12.34, 26.24, 35.01, and 22.32%, respectively [12].
The prevalence of Toxocara in jackals ranges from 4.4 to
27.5% in different parts of Iran [13-19].

Accurate identification of Toxocara species and their
differentiation from other ascarid nematodes is essential
to investigate the life cycle, epidemiology, biology, and
diagnosis of toxocariasis. Traditionally, the nematodes of
the Toxocara genus are identified based on morphologi-
cal characteristics. Since morphological methods cannot
distinguish eggs or larvae of Toxocara species from each
other, molecular techniques are used [20, 21]. Since there
is no report on the genetic characteristics of Toxocara
species isolated from jackals in Iran, this cross-sectional
study was performed on the identification of ascarid
nematodes isolated from jackals in Guilan and Mazan-
daran provinces, based on morphological and molecular
approaches.
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Methods

Study area

This cross-sectional study was conducted in Guilan and
Mazanderan provinces, north of Iran. Guilan province
(37° 26’ 0” N, 49° 33’ 0” E), one of the 31 provinces of
Iran, is located in the north of Iran. It lies along the Cas-
pian Sea. Guilan has a humid subtropical climate with the
heaviest rainfall in Iran. Rasht, the province’s capital, is
known as the City of Rain (Fig. 1).

Mazandaran province (36° 33’ 56.16” N, 53° 3’ 31.68”
E) is located in the northern part of Iran, along the south-
ern coast of the Caspian Sea and in the adjacent Central
Alborz mountain. Sari is the largest city and the capital of
Mazandaran province. Mazandaran has a moderate, sub-
tropical climate with an average temperature of 25 °C in
summer and about 8 °C in winter (Fig. 1).

Sample collection

Overall, 41 road-killed golden jackals were obtained in
Guilan and Mazandaran provinces, northern Iran. The
digestive tract of the animal was cut from the pyloric
region to the anus. After making a longitudinal cut from
the digestive tract, the intestinal contents were examined
for the presence of ascarid nematodes. The adult Toxo-
cara worms were separated, after washing several times
with physiological saline, kept in 70% ethanol for further
investigation (Fig. 2).

Morphological studies

Primary species identification of adult Toxocara worms
was carried out based on morphological characteristics.
To examine the morphology of adult worms, they were
placed in a plate containing distilled water, and adult
male and female nematodes were separated based on
the size and morphological characteristics. The curved
posterior end of the worm with a prominent point was
used to distinguish male Toxocara nematodes from Tox-
ascaris. The morphological characteristics of eggs in the
uterus were used to differentiate female Toxocara nema-
todes from Toxascaris [22].

Molecular studies

The genomic DNA was extracted from the isolates of
Toxocara collected from jackals using a commercial DNA
extraction kit (Yekta Tajhiz Azma, Tissue Genomic DNA
Extraction Mini kit, Cat. No. FATGKO001) according to
manufacturer’s instructions.

The ITS region in Ribosomal DNA (partial sequence
of internal transcribed spacer 1 and internal transcribed
spacer 2) was PCR-amplified by forward (FM1: 5-TTG
AGGGGAAATGGGTGAC-3") and reverse (FM2: 5°-TG
CTGGAGGCCATATCGT-3") primers. The ITS regions
are usually conserved and used as effective genetic mark-
ers for the identification of helminths [23]. The PCR
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Fig. 1 Map of Iran, Guilan and Mazandaran Provinces

reaction was performed in a final volume of 25 pl. Each
reaction contained 12.5 pul of Taq 2X Master mix (Ampli-
qon, Denmark), 12.5 pmol of each primer, and 5 pl of
template DNA in an automated thermocycler. The tem-
perature profile was one cycle of 94 °C for 12 min (pri-
mary denaturation), followed by 35 cycles of 94 °C for
30 s (denaturation), 60 °C for 30 s (annealing), and 72 °C
for 1 min (extension), and a final extension 72 °C for
5 min [23]. The PCR products were visualized by elec-
trophoresis on a 1.5% TBE (Tris 0.09 M, Borate 0.09 M,
EDTA 0.02 M) agarose gel, and stained with Gel Red

(GelRed™ Nucleic Acid Gel Stain, 10,000X in water, cat.
No. 41003).

PCR-RFLP of Ribosomal DNA regions (ITS) using
Rsal endonuclease enzyme was carried out to identify
Toxocara species. The PCR products were digested with
restriction endonuclease Rsal (New England BioLab Inc.,
New England Biolabs (NEB), R0167S) at 37 °C for 3 h.
The digested PCR amplicons were electrophoresed on a
2% agarose gel at 80 V for 1 h. Digestion with the Rsal
enzyme produces 108, 267, and 332 bp fragments for T.
canis, and 103, 105, and 528 bp fragments for T. cati [23].
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Fig. 2 Isolation of adult Toxocara worms from digestive tract of road-killed golden jackals

Four PCR products were submitted to sequencing in
two directions using the same forward and reverse prim-
ers used in the PCR by the Sanger sequencing method.
The sequence results were edited by the Geneious soft-
ware and compared with published sequences in Gen-
Bank using the BLAST (Basic Local Alignment Search
Tool) system, and the genus and species of nematode
were identified. The homology of the obtained consen-
sus sequences was compared with each other and with
the reference sequences in the GenBank using Bioedit
software. A phylogenetic tree was constructed with
sequences obtained in the present study and the refer-
ence sequences available in GenBank using the Molecu-
lar evolutionary genetic analysis software (MEGA 5.0),
Maximum Likelihood method. Bootstrap analyses with
1000 replicates were carried out to determine the robust-
ness of the findings.

Data analysis
Prevalence rate of Toxocara in jackals was determined by
applying the following formula:

Prevalencerate = (number of infected animals/
total number of animals) x 100

Results

A total of 11 (26.8%) of 41 road-killed golden jackals in
Guilan and Mazandaran provinces were positive for
Toxocara nematodes (Table 1). The intensity of infec-
tion ranged from one to three worms per animal, with
a mean of 1.6+0.77. One isolate of Toxocara from each
jackal were characterized by morphological and molecu-
lar methods.

Toxocara nematodes have cephalic alae, T. canis
showed a lance-shaped cephalic alae (Fig. 3A), while
T. cati has a very broad cephalic alae. Male and female
worms were separated from each other; the size of the
female worms was larger, and the male worms had a
curved posterior end with a finger-shaped appendage
(Fig. 3B). In the female worms, the Toxocara eggshell was
uneven and porous (Fig. 3C). All the isolates were con-
firmed as T canis based on morphological features.

An approximately 700 bp band was amplified from 11
Toxocara samples isolated from jackals after the PCR for
ITS fragment (Fig. 4), and digestion of the ITS products
of the T. canis with restriction endonuclease Rsal pro-
duced three fragments, 108, 267, and 332 bp (Fig. 5).

Four Toxocara samples isolated from jackals were
sequenced, and results based on PCR-RFLP analyses
were confirmed by sequence analyses of representa-
tive ITS amplicons. After editing the sequences using
the Geneious software, the consensus sequence of 655
nucleotides for the ITS region of Toxocara isolates was
obtained. BLAST analysis of sequenced isolates indi-
cated that the nematodes isolated from jackals were
identified as T. canis. The ITS sequences of four Toxo-
cara samples isolated from jackals were deposited in the

Table 1 Infection rate of road-killed golden jackals with Toxocara
nematodes in Guilan and Mazandaran provinces, northern Iran

Geographi- No. of No. of Percent  95% confi-

calorigin  road-killed jackals in- dence interval
golden fected with Lower Upper
jackals Toxocara

Guilan 15 2 133 1.7 40.5

province

Mazandaran 26 9 346 17.2 557

province

Total 41 11 26.8 14.2 429
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Fig. 4 Agarose gel electrophoresis of ITS-PCR products. M: 100 bp DNA Marker, 1-11: T. canis samples isolated from jackals, N negative control

GenBank database with accession numbers MW590694-
MW590697. A phylogenetic tree was constructed with
sequences obtained in this study and the reference
sequences available in the GenBank using MEGA 5.0
software. The phylogenetic tree indicated that four iso-
lates of T. canis obtained from jackals in Iran based on
ITS sequences were similar and therefore one haplo-
type was identified (Fig. 6). Intra-species variation was
reported as 0-0.2%.

Discussion

Toxocariasis is one of the common zoonotic parasitic
diseases in humans and animals. Canids and felids as the
main hosts are infected with Toxocara worldwide [6].
So far, the infection of dogs and cats with T. canis and T.
cati, respectively, has been reported from different parts

of Iran [7, 24]. Wild carnivores such as golden jackals are
considered as potential reservoirs for the transmission of
intestinal helminths such as 7. canis to humans. Due to
close contact between humans and golden jackals, these
animals are dangerous for people [19]. In this study, the
infection rate of jackals with Toxocara was investigated
in Guilan and Mazandaran provinces, and morphological
and molecular investigation of Toxocara isolates was car-
ried out.

The results of the present study showed that 11 out of
41 (26.8%) road-killed golden jackals were infected with
T. canis in Guilan and Mazandaran provinces. Similar
to our study, the infection rate of T. canis in jackals in
Guilan province was 27.2% [18]. Different studies con-
ducted on the infection rate jackals with Toxocara have
reported a lower prevalence rate than that in our study
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Fig. 5 Agarose gel electrophoresis of PCR-RFLP after digestion with Rsal restriction enzyme. M: 100 bp DNA Marker, 1: T. cati as control, 2-4: T. canis

samples isolated from jackals

[13, 15, 18, 19]. Survey of Siyadatpanah et al. in northern
Iran showed that 2 out of 43 (4.5%) road-killed golden
jackals were infected with T. canis in Mazandaran prov-
ince [25]. The prevalence rate of Toxocara in jackals was
investigated in three different climatic zones of Iran, 1st
zone: Guilan, Mazandaran and Golestan provinces, 2nd

zone: East Azerbaijan, West Azerbaijan, Ardabil, Isfa-
han and Khorasan provinces, and 3rd zone: Khuzestan
and Hormozgan provinces. Twenty-seven jackals from
the 1st zone, 33 jackals from the 2nd zone, and 19 jackals
from the 3rd zone were examined. Four jackals (5%) col-
lected from the second zone were infected with 7. canis.
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Fig. 6 Phylogenetic tree of ITS sequences of Toxocara canis isolates obtained in this study and reference sequences available in GenBank using Maximum
Likelihood method. Toxocara cati (Accession number: JX536262) is considered as the outgroup

In contrast with our study, none of the jackals collected
from Guilan and Mazandaran provinces were infected
with Toxocara [17]. The sample size, sample type, and
diagnostic method could affect the prevalence rate of
Toxocara in the host.

Molecular methods are used to detect Toxocara infec-
tion in canids and felids, identify species, and investi-
gate genetic diversity within the population. Since the
morphological identification of some Toxocara species,
especially in the egg and larval stages, is difficult, the
use of molecular methods using suitable genetic mark-
ers is an excellent method for species identification. In
this study, the genus and species of Toxocara nematodes
isolated from jackals were identified using morphologi-
cal and molecular methods. Eleven Toxocara nematodes
isolated from jackals identified as T. canis based on mor-
phological features, and molecular methods confirmed
these results. In 1993, morphologically, the ascaridoid
nematode isolated from cats in Malaysia was identified as
T. canis [26]. In 1998, this the ascaridoid nematode was
characterized as Toxocara sp. cf. canis using the sequence
of the ITS1 and ITS2 regions [27]. In 2001, more detailed

morphological and molecular studies of this nematode
showed that this nematode was a new species named
Toxocara malaysiensis [28]. Therefore, molecular meth-
ods are reliable alternatives to morphological methods
for the specific identification of nematodes. The study
conducted by Mikaeili et al. showed that Toxocara nema-
todes isolated from stray cats in Shiraz were confirmed as
T. cati based on morphological and molecular methods
[29].

Phylogenetic studies based on the differences in the
DNA sequence are suitable means to investigate the evo-
lutionary relationship of organisms. There are reports on
genetic diversity among ascarid nematodes [30, 31]. In
the present study, the isolates of 7. canis based on ITS
sequence showed one haplotype and had a 100% homol-
ogy with each other. The sequences of the ITS region of
T canis isolated from jackals in this study were utterly
similar to the ITS region sequences of T. canis separated
from dogs in Iran (Accession numbers: KF577855-58,
MT939440-41), arctic fox in China (Accession num-
ber: JF837169) and wolf in China (Accession number:
JN617989), so it is hypothesized that the host type and
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geographical area do not affect the genetic diversity of
the ITS region sequence of T. canis isolates. Fogt et al.
also reported no difference in the ITS-1 and ITS-2 region
sequences of 7. canis isolated from dogs and foxes in dif-
ferent geographical regions of the world [32].

Conclusions

T. canis is a common intestinal nematode in jackals;
therefore, identification of parasite species by molecu-
lar methods can be used to plan prevention and control
programs in human and animal communities. Since, the
ITS sequences of T. canis isolated from jackals in Iran
were utterly similar to the ITS sequences of T. canis iso-
lated from other hosts from different areas of the world,
it is hypothesized that the type of host and geographi-
cal region do not affect the genetic diversity of the ITS
region sequences. For characterization, phylogenetic
analysis and genetic diversity of Toxocara, comprehen-
sive molecular epidemiological studies on larger sample
sizes and isolates from different hosts and more different
geographical areas of Iran are recommended.
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