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Soil-associated invertebrates which are coprophagic are capable of acting as paratenic hosts for Toxo-
cara species larvae eggs. The aim of the present study was to assess the role of Lumbricus terrestris
earthworms as potential intermediate host for Toxocara species. A total of 240 earthworms were col-
lected from the public places in four areas of Karaj, Alborz Province, Iran. The subjects of the study
were digested to detect Toxocara species using microscopy and molecular analyses. Toxocara larvae
and larval eggs were recovered from 1.7% (4/240) of the sampled earthworms. The recovery rate in
Shah'Abbasi and Talaghani regions in the studied areas was higher than that of the other regions. In
the mentioned area, 8.3% (4/48) of earthworms were revealed to be positive for Toxocara species by
microscopic observation and only one was confirmed to be positive for Toxocara canis by poly-
merase chain reaction (PCR). This is the first molecular report of Toxocara canis infective larvae in
Lumbricus terrestris earthworms that could be demonstrated in common environment.
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INTRODUCTION

Toxocara infection results from zoonotic developing countries and its global

transmission of the roundworms, Toxo-
cara canis (T. canis) and Toxocara cati
(T. cati) from dogs and cats, respectively.
The infection is highly prevalent in many

importance may be greatly underestima-
ted. After ingestion of the microscopic
and thick-shelled-embryonated eggs, the
infective larval stage migrates through the
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tissue of paratenic hosts including
mammals, birds and invertebrates (Dubin-
sky et al., 1995). Humans become infec-
ted by consumption of meat of paratenic
hosts containing encapsulated larvae as
well. In the paratenic hosts including hu-
mans, the larvae can migrate through the
tissues and cause ocular larva migrans,
visceral larva migrans, neurotoxocariasis,
and covert toxocariasis (Rubinsky-Elefant
etal., 2010).

Lumbricus terrestris is a large and
reddish worm species that is widely
distributed around the world. It is the
largest naturally occurring species of
earthworm. This worm is an important soil
organism in development and mainte-
nance of nutrient value of soil by
converting biodegrade material and orga-
nic waste into nutrient rich vermicast
(Singh et al., 2016). It can consume a wi-
de range of unstable organic matter such
as animal waste and sewage sludge
(Subaraja & Vanisree, 2015).

Chickens as paratenic hosts that love
earthworms or squigglers of any kind are
possible source of Toxocara larvae that
could be infected via eating soil-asso-
ciated arthropods, insects, and annelids
that have come in contact with Toxocara
species embryonated eggs (Zibaei et al.,
2017). There are several reports indicating
infection of humans with toxocariasis after
eating raw or under cooked infected
chickens (Ito et al., 1986; Nagakura et al.,
1989; Salem & Schantz, 1992; Tiara et
al., 2003; Yoshikawa et al., 2008; Tiara et
al., 2011).

However, there are no reports of
molecular detection of Toxocara species
isolated from the annelids population
living in public places. Here, we present
the first molecular and parasitological
detection of Toxocara species in the
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environment using simultaneously micro-
scopy and molecular analysis.

MATERIALS AND METHODS

Sample collection

Two-hundred and forty Lumbricus
terrestris earthworms were collected from
the four public areas of Karaj (Alborz
Province, 35° 49' 577, 50° 59' 29”), stored
in sealed and labelled polyethylene bags
and transferred to the Parasitology
Laboratory at Alborz University of Me-
dical Sciences. The studied areas were
included: (1) Azimieh, Jahan'Shahr,
Baghestan, (2) Hesarak, Mehr'Shahr, (3)
Shahrake Banafsheh, Fardis, and (4) Sha-
h'Abbasi, Talaghani.

Preparation

The earthworms were carefully washed
five times in PBS to remove debris and
were used for further isolation of
parasites’ eggs or larvae. The animals we-
re fragmented with pointed forceps and
examined by dissecting microscope.
Thereafter, the tissues were put into diges-
tive solution (pepsin, 5 g; HCI 37%, 10
mL in 1,000 mL water) and kept overnight
at 37 °C to recover the remaining larvae.
Sedimental liquid was poured into a cen-
trifuge tube and centrifuged for 2 min at
1,500 rpm, 2 mL sediments were col-
lected, thoroughly mixed, and 0.1 mL
samples were viewed for eggs or larvae
counts.

DNA extraction

The parasite DNA was extracted as
described previously (Zibaei et al., 2017).
Briefly, extraction of DNA from worm
tissues was done according to standard
protocols. Genomic DNA was isolated
from samples using Favorprep'™ Tissue
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Genomic DNA Extraction Mini Kit
(Favorgen Biotech, Ping-Tung, Taiwan,
China) regarding the manufacturer’s in-
struction.

Polymerase chain reaction (PCR)

During this study, the specific forward
primer JW4 (5'-ACTGTCGAGGATGA
GCGTGA-3') was used, which is specific
for T. cati (Li et al., 2007) and reverse
primer NC2 (5'-TTAGTTTCTTTTCCTC
CGCT-3) (Zhu et al., 2002) to amplify
partial internal transcribed spacer-1 (ITS-
1), complete 5.8S and ITS-2 of rDNA as
described previously. The forward primer
YY1 (5-CGGTGAGCTATGCTGGTG
TG -3") was used, which is specific for
T. canis as previously designed (Jacobs et
al., 1997) and combined with reverse
primer NC2 (5-TTAGTTTCTTTTCCT
CCGCT-3') to amplify partial ITS-2 as
well. PCR reaction was performed in Su-
per master mix-2x 12.5 pL, Primer (for-
ward) (10 pmol/ pL) 1.5 pL, Primer (re-
verse) (10 pmol/pL) 1.5 pL, DNA tem-
plate (optional) 3 pL, DW 6.5 pL. The
reaction was carried out under the follow-

ing conditions: 94 °C for 30 s, 57.5 °C for
50 s, 60 °C for 90 s, and final extension
72 °C for 7 min.

PCR product electrophoresis

Corresponding PCR products were elec-
trophoresed in 1% agarose gel with 3
png/ML gel red, and a 100-bp ladder was
used as DNA sizemarker for estimating
the size of the amplicons and photo-
graphed using a gel documentation system
(UV Transilluminator).

Statistical analysis

Statistical analysis was done using SPSS
software version 18 (IBM, Armonk,
USA). Chi-square (x°) and Fisher's exact
tests were used to evaluate associations of
the variables. P-value less than 0.05 was
considered statistically significant.

RESULTS

Microscopic investigation

In an attempt to identify the optimal pro-
cedure for the diagnosis of visceral larva

Fig. 1. Toxocara spp. larval eggs recovered from L. ferrestris earthworms taken from public places.
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Table 1. Recovery rate of Toxocara spp. larvae and larval eggs from Lumbricus terrestris earth-
worms’ visceral body based on microscopic and molecular techniques

Area Study places

Recovered larvae*

Number of .
collected Microscopy Molecular tech-
worms (%) number (%) nique
number (%)
1 Azimieh, Jahan'Shahr, 98 (40.8) 0(0.0) 0
Baghestan
2 Hesarak, Mehr'Shahr 58 (24.2) 0(0.0) 0
3 Shahrake Banafsheh, 36 (15.0) 0(0.0) 0
Fardis
4 Shah'Abbasi, Talaghani 48 (20.0) 4(8.3) 1(2.1)
All areas* 240 (100) 4(1.7) 1(0.4)

P<0.05 between the studied areas and the recovery rate of Toxocara larvae.

migrans in earthworms as paratenic host
for Toxocara species, the performance
and agreement among the two different
methods include pepsin digestion and
PCR methods, were evaluated.

Toxocara larvae and larval eggs were
recovered in 8.3% (4/240) of the subjects
collected (Fig. 1). The infected Lumbricus
terrestris earthworms were found on the
Shah'Abbasi and Talaghani regions and
Toxocara larvae were recovered from the
8.3% (4/48) of worms in Shah'Abbasi and
Talaghani regions in the studied areas
(Table 1). The difference between the
studied areas and contamination rate of
Lumbricus terrestris earthworms was sta-
tistically significant (P<0.05).

PCR assay

All digested samples were subjected to
PCR assay using extracted DNA from
tissue samples. Analysis of PCR products
revealed positive band (330 bp) in the
infected earthworms. The DNA of T
canis was found in the tissue samples of
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earthworms in Shah'Abbasi and Talaghani
regions in the studied areas (Fig. 2).

w500 bp

~ 300 bp
fm—

Fig. 2. DNA amplification of Toxocara spe-
cies recovered from Lumbricus terrestris by
electrophoresis on 1% agarose gels in the
analysis of PCR products (earthworm tissues).
Lanes 1-4: samples of Shah'Abbasi and Ta-
laghani areas; lane M: 100-1500 bp DNA size
marker; lane 5: negative control (no DNA);
lane 6: positive control.
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DISCUSSION

In a study (Zibaei & Sadjjadi, 2017) the
infection of dogs and cats with Toxocara
species in different parts of Iran has been
reported. In the city of Karaj, a study
showed that a total of 4 out of 12 public
parks were contaminated with Toxocara
spp. eggs (Zibaei et al., 2017). There are
free dogs and cats populations living in
semi-wild conditions in public places. The
presence of the eggs of Toxocara species
in soil samples confirmed that the life
cycle of the parasite took place in the
area. Most previous reports have pointed
to the fact that earthworms are intermedi-
ate host or paratenic host for many species
of parasites (Noble & Glenn, 1961; Mu-
rad, 1988). It seems that earthworms pro-
vide food for the birds and protective sub-
stance for eggs of Toxocara species by
perpetuating the birds and parasite cycle
in contaminated environments. These
conditions will indicate a risk between
birds as reservoir or paratenic hosts and
dogs and cats as definitive hosts.

It is well known that Toxocara species
are easily found in earthworms and in
other Oligochaetes (Okoshi & Usui,
1968). The importance of earthworms as
natural reservoir of Toxocara species lar-
vae in the environment has been reported
(Dubinsky et al., 1995). In an early study,
Toxocara cati larvae were recovered from
experimental earthworms and cockroaches
(Sprent, 1956). In a similar study, 87% of
earthworms that were collected from rural
areas infected with Toxocara species eggs
(Mizgajska, 1997). Human toxocariasis
acquired by ingestion of living earth-
worms was reported in the People's Re-
public of China (Yu et al, 2012).
Recently, a case of visceral larva migrans
(VLM) associated with earthworm inges-
tion has been reported (Cianferoni et al.,
2018).
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The digestion method is one the best
methods for detection of Toxocara larvae
in the body cavity of earthworms. In the
present study, Toxocara larvae were re-
covered from 1.7% from the tissue of
naturally infected earthworms. The rate of
infected worms with Toxocara larvae in
Shah'Abbasi and Talaghani regions was
higher than other areas. This fact might be
the consequence of a relatively higher
number of stray cats and dogs in this re-
gion.

Molecular studies on Toxocara have
been undertaken over two decades. Mo-
lecular based technique provided a rapid,
reliable and sensitive means by which one
establishes the exact etiology of such
parasitic infection so that optimal therapy
can be promptly started (Zibaei et al,
2013). The DNA-dependent strain identi-
fication still presents one of the gold stan-
dards for molecular identification of
Toxocara. The differentiation between 7.
canis and T. cati eggs and larvae on the
basis of morphological features is difficult
and inconclusive, and reliable methods for
identifying species of larvae from tissues
during histopathological studies are
equally difficult or lacking. In the current
survey, PCR based upon the amplification
of ITS-1 and ITS-2 fragments revealed
that 1 of 240 (0.4%) earthworms showed a
positive reaction to 7. canis. This PCR
method, which was used previously only
for worms from tissue obtained from ex-
perimentally infected paratenic hosts, can
be used for studies on natural infections.

To our knowledge, this is the first mo-
lecular report that reveals Toxocara infec-
tive larvae in Lumbricus terrestris earth-
worms as paratenic host. The finding of
this study showed that earthworms can be
natural paratenic hosts for the larva of 7.
canis and they may consider the role of
these animals in the establishment emer-
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ging pathogens and as reservoir of other
parasitic infection and contribute to main-
tain disease in the environment. These
results also represent that the molecular
method has potential for the detection and
identification of Toxocara species larvae
in the earthworms of Lumbricus terrestris,
which has to be evaluated in more sam-
ples in order to validate the method.
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