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Abstract 

Background: Toxocara cati, the cat roundworm, is a parasitic nematode that known to cause toxocariasis in interme-
diate hosts and humans. In this study, we characterized the dynamics of T. cati larvae migration in BALB/c mice after 
inoculation with eggs and ensured the migration detecting the larval DNA by a PCR. To evaluate the dynamics of lar-
val migration and distribution, twenty-four BALB/c mice were orally inoculated with 2500 T. cati infective eggs and the 
visceral organs of the infected animals were examined by pepsin digestion and microscopic parasite counts, followed 
by PCR at day 1 to 28 post-inoculation.

Results: The PCR assays were successfully used for detection of T. cati larvae in tissue samples and T. cati larvae and 
the DNAs were found in the liver, lungs, heart, kidneys and the brain. We detected T. cati in 92.2% of tissue samples by 
PCR, 30% higher than the conventional pepsin digestion technique.

Conclusion: Our findings demonstrated that the PCR assay is a sensitive and specific for the detection of T. cati 
larvae. Therefore, it could become a useful tool for the investigation of the dynamics of larval migration and Toxocara 
infection in murine model.
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Background
Toxocara cati, a global cosmopolitan and typically 
neglected parasitic zoonosis, is an ascarid nematode in 
the family Toxocaridae [1, 2]. Felids are the most com-
mon definitive hosts of T. cati, while humans as one of 
the many mammalian and many animals such as rodents 
and birds can serve as paratenic hosts [3]. Small mam-
mals such as mice accidentally acquire the infection 
when they ingest infective Toxocara species eggs and are 

considered as a natural source of infection in the envi-
ronment for predators [4, 5]. On the other hand, humans 
become infected by ingestion of infective eggs from vari-
ous environmental sources contaminated with defini-
tive hosts feces. Toxocariasis encompasses four clinical 
syndromes: visceral larva migrans, ocular larva migrans, 
neurotoxocariasis, and hidden or covert toxocariasis. 
Presentation and outcome of infection are determined by 
interaction between the host and the parasite [6].

Experimentally, some animals were infected with 
helminthic parasites and encapsulated larvae were 
found in the tissues of internal organs of these ani-
mals. BALB/c  mice has been used as a model to study 
the host-parasite relationship in human and/or animal 
toxocariasis [7–9]. The larvae hatch and migrate out of 
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the intestine to become lodged in organs and tissue [8]. 
Infection of rodents with T. cati has been carried out in 
different strains of rats and mice [5, 10]. However, the 
kinetic time-lines and migratory route have not been 
established in the BALB/c strain. The gold standard for 
the diagnosis of the majority of helminthic infections 
is conventional microscopy and shown it is one of the 
most important diagnostic method to determine parasite 
migration routes and lesions caused by Toxocara species 
in paratenic hosts [5, 8, 11–15].

Polymerase chain reaction (PCR)-based techniques 
have revolutionized many areas of study including para-
sitic infection diagnosis. PCR is widely used mainly 
because its sensitivity allows the amplification of gDNA 
fragments from minute amounts of parasite material [16]. 
Performing a PCR assay does not require any parasitolog-
ical proficiency and can be easily adapted by diagnostic 
laboratories that routinely use molecular assays to detect 
other pathogens. Several reports have shown a high PCR 
sensitivity for detection of Toxocara DNA in various bio-
logical samples from different hosts [17–19].

In the current study, the sensitivity between conven-
tional methodology and PCR was compared to character-
ize T. cati infection in BALB/c mice. This comparison was 
carried out in two steps. First stage, initially was estab-
lished the dynamics of infection by digestion method and 
microscopic observation, and PCR analysis of tissue sam-
ples. Then, the larvae migration route by PCR and parasi-
tological examination was evaluated.

Methods
Ethical consideration
The study design, including its ethical aspects, was 
reviewed and approved by the Ethics Committee of 
Zanjan University of Medical Sciences (IR.ZUMS.
REC.1400.133).

Parasites
Worm samples were taken from cats with Toxocara 
referred to Karaj veterinary clinics by taking anti-helmin-
thic drugs (with the consent of animal owners). Unem-
bryonated T. cati eggs were collected from the faeces of 
naturally infected cats and harvested from adult female 
worms, incubated for three weeks at 25  °C for embryo-
nation, following the technique described by Zibaei and 
Uga, [20]. Before inoculation, the eggs were washed three 
times with distilled water to remove formalin.

Animals
Specific pathogen-free male BALB/c mice aged 
6–8  weeks, weighing 18–22  g, were used in the study. 
Animals were purchased from a commercial experimen-
tal animals company (Royan Animal Breeding Center, 

Karaj, Iran). Similar to earlier research, mice were  indi-
vidually  housed  in  plastic cages in an  animal mainte-
nance room for the duration of the experiments [5, 12]. 
The room was maintained at approximately 20–24  °C 
and 50 ± 5% relative humidity, and operated on a 12  h 
light/dark photoperiod. Water and pelleted commercial 
food were supplied ad  libitum, and cages were cleaned 
on a regular basis. The animal care and experimentation 
were performed according to the national guidelines and 
protocols approved by the Research Ethics Committee 
of Alborz University of Medical Sciences in accordance 
with the National Institute of Health Guide for the Care 
and Use of Laboratory Animals (NIH Publication No.85–
23, revised 1996).

Experimental design and protocol
Twenty-four animals were divided into 7 groups: con-
trol group (n = 6, with distilled water), six infected 
groups (n = 3/group). Mice were allowed to acclimatize 
for 1  week prior to commencing experiments. Total, 18 
mice of infected groups were each orally inoculated with 
2500  T. cati embryonated eggs suspended in 0.5  mL of 
saline solution, by stomach tube. The animals were moni-
tored daily for clinical signs during routine animal care.

Recovery of larvae
The infected animals were euthanized using Ketamine-
Xylazine (60 mg/kg ketamine with 8 mg/kg xylazine) on 
days 1, 3, 7, 14, 21 and 28 post-inoculation. Larvae were 
recovered and counted from the liver, lungs, heart, and 
kidneys using a pepsin digestion method and the modi-
fied Baermann technique (Fig.  1) [5]. The brain were 
removed individually and pressed between two slide-
glasses to count the larvae under a light microscope. The 
controls were euthanized at the end of the study days.

Larval DNA
After necropsy, target organs including the liver, lungs, 
heart, kidneys and brain were removed in infected and 
control groups of the studied animals, as previously 
described [19]. For subsequent extraction of genomic 
DNA, these tissue samples were fragmented with a scis-
sors and pointed forceps in 5 fractions of 10 mg to 20 mg. 
Tissue samples were frozen and stored at -80 ºC. After at 
least 24 h, total DNA was isolated from the stored sam-
ples using a commercially available kit.

DNA isolation
Purify gDNA was isolated from samples using Favor-
prep™ Tissue Genomic DNA Extraction Mini Kit (Favor-
gen Biotech, Ping-Tung, Taiwan, and China) regarding 
the manufacturer’s instruction. The isolated DNA was 
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eluted in 10 mM Tris–HCl and stored at -20 °C until fur-
ther use.

PCR primers
A primer pair JW4 and NC2 (Forward primer 5′-ACT 
GTC GAG GAT GAG CGT GA-3′ and Reverse primer 
5′-TTA GTT TCT TTT CCT CCG CT-3′, respectively) was 
used to target a 600-bp fragment of the ribosomal ITS1 
and ITS2 regions of T. cati [21].

PCR conditions
All PCR reactions were carried out in 25 μL final vol-
ume containing 12.5 μL of Super master mix 2X (Favor-
gen Biotech, Ping-Tung, Taiwan, China), 1.5 μL of each 
forward and reverse primer (10 pmol/μL), 3 μL of DNA 
template. The final reaction volume was adjusted to 25 
μL with sterile demineralised water. The detailed PCR 
temperature cycling conditions as described previously 
[21] as follows: initial denaturation at 94  °C for 5  min; 
35 cycles of denaturation at 94  °C for 30 s, annealing at 
55 °C for 30 s, and elongation at 72 °C for 1 min. The final 
cycle was followed by extension at 72  °C for 7 min. The 
PCR products were separated by electrophoresis on a 1% 
agarose gel and visualized with a UV transilluminator 
(UV Transilluminator, QUANTUM SD4-1000, VILBER, 
France) after staining with 3 μg/mL GelRed.

Statistics
Comparison of sensitivity between conventional and PCR 
techniques to detect larval infection was evaluated by the 
Chi-square test and the agreement between techniques, 
by the McNemar Test. The level of significance was set 
at 5% (P-values < 0.05). All data analyses were with SPSS 
21.0 statistical software.

Results
Animals and dynamics of infection
The outcome of the infection was initially determined by 
counting the number of larvae that migrated to the tissue 
in the days after inoculation. The maximum number of 
tissues larvae was 40 (± 11.34) larvae observed on day 3 
post-inoculation. From the 7th day onwards, the amount 
of recovered larvae steadily decreased until day 28.

Performing the PCR using the genus primer detected 
the T. cati DNA in samples from days 1 to 28, the last 
day of evaluation. Interestingly, the more intense para-
site DNA amplification bands coincided with the highest 
amount of parasite larvae recovered with the digestion 
method.

Migration route characterization by digested tissues 
analysis
This analysis was initiated on day 1 post-inoculation and 
at this time parasites were located in the liver tissues in 3 

Fig. 1 Pepsin digestion method. A Anesthesia and euthanization of BALB/c mice using the standard laboratory methods, (B) Tissue digestion by 
digestive solution (pepsin, HCl, and water), (C) Complete digestion by magnetic stirrer, and (D) The modified Baermann technique for the recovery 
and counting of larvae
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BALB/c, and at the heart in one BALB/c in the six groups 
each containing 3 animals. Larvae were not found in the 
kidneys and brain tissues 24 h after infection. However, 
appearance of larvae in the lungs was clear at 24 h. At this 
time, two of three animals already showed larvae located 
inside the tissue. The analysis at days 3 and 7 post-inoc-
ulation revealed that all animals had larvae in the liver, 
lungs, heart and kidneys samples. At this time, no larvae 
were found in any other tissues that were examined. At 
days 14, 21 and 28 post-inoculation, the larvae disap-
peared from the liver samples examined. It is interesting, 
at these times, some samples from the nine infected-ani-
mals had larvae inserted in the lungs, heart, and kidneys. 
On the other hand, no larvae were observed in the exam-
ined brain tissues on the mentioned days. The number of 
recovered larvae is documented in Table 1. There was no 
significant difference between larval recovery in the tis-
sues and days post-inoculation (P > 0.05).

Tissue parasite detection by PCR
The size of PCR product amplified from DNA samples 
from tissue specimens using the primers JW4 and NC2 
were in size 600. This band was detected in DNA sam-
ples obtained from the different tissues of sixteen mice 
in groups of three animals that were euthanized 1  day 
after infection. This specific band was also amplified 
in DNA samples from the liver (seven animals), lungs 
(sixteen animals), heart (five animals), kidneys (four 
animals), and from the brain (two animals) at days 1, 
3, 7, 14, 21, and 72 post-inoculation, respectively. This 
600-bp specific amplification band was also present in 
brain DNA samples obtained from one animal at day 21 
and from another BALB/c at the 28  day-period evalu-
ation (Fig.  2A). As expected, this specific band was not 
detected in any of the samples obtained from the control 
experimental group (Fig. 2B).

The parasite was found by PCR analysis in 83 tissue 
samples of 90 samples and using digestion analysis in 55 
tissue samples of the 90 samples taken from the infected 
animals in different periods after post-inoculation. The 
statistical comparison of the two approaches shows that 
62.2% were positive by microscopic observation and 
92.2% were positive by PCR, and were statistically similar 
(P > 0.05).

In this study, the agreement on the qualitative assess-
ment was fair for digestion method (n = 6) and PCR assay 
(n = 55) (Table 2). Divergent results between techniques 
were observed in 29 samples: 28 were positive by PCR 
and negative by the microscopic observation analysis, 
while only 1 was positive by the microscopic analysis and 
negative by PCR. These divergent results were not statis-
tically significant regarding to McNemar Chi-square test 
(P ˃ 0.05).

Discussion
Although the life cycles of most helminths of zoonotic 
importance are well known, there are still major gaps in 
our knowledge especially in the fields of Toxocara spe-
cies infection. In 1956, the life cycle of T. cati was first 
described by Dr. Sprent [22]. He argued that the life cycle 
of T. cati includes parthenic hosts that acquires infec-
tion by consuming larval in the tissues of the intermedi-
ate hosts. He also discussed the larvae were found in the 
liver, lungs and muscles after first week of infection, but 
did not reach the alimentary tract.

In the first part of the present study, by counting the 
number of larvae per gram of tissue, we have shown that 
toxocariasis caused by T. cati in BALB/c mice presents a 
dynamics that is very similar to the infection by this hel-
minth or by T. canis in BALB/c mice [13, 23]. It has been 
shown that tissue digestion and conventional evaluation 
such as microscopic observations could remain a reliable 
tool for the diagnosis of toxocariasis in affected mice, 
given that they recovered large quantities of larvae dur-
ing the course of the experimentally infection [24–28]. In 
BALB/c mice, orally infected with 2500 larval eggs, para-
site larvae were detected for the first time in the liver at 
day 1 and the recovery time in the tissues continued until 
the day twenty-eighth. The number of larvae in the tis-
sues decreased continuously from day 3 after infection 
so that no larvae recovered on day 28 after inoculation. 
Therefore, due to our data, it can be said that the acute 
phase of the disease occurred around day 7 and recov-
ery between days 14 and 28 after inoculation. A similar 
kinetic has been described in male Wistar rats and Mon-
golian gerbil [5]. On day 14 of the experiment, the larvae 
were found in the lungs, heart and the kidneys and this 
coincided with their disappearance from the liver. These 
findings coincide with those of Prokopic and Figallova 
[29] who used a dose of 2500 T. canis embryonated eggs 
and Sprent [22] with a dose of 5000  T. cati eggs. The 
research results revealed that hatching of T. cati eggs in 
mouse intestines is faster than that of T. canis eggs. In 
a study using a dose of 2000  T. cati embryonated eggs, 
higher concentrations of larvae were found in the liver on 
the first day post-inoculation and in the lungs on days 2 
and 3 post-inoculation. Also, in a similar survey by Hrck-
ova et al. [30] using a dose of 1000 T. cati embryonated 
eggs and starting the study 4  h post-inoculation, recov-
ered larvae in the liver as from 12 h post-inoculation and 
the maximum count was estimated on day 3 post-inocu-
lation, the same as in the lungs.

One of our main goals was to compare the sensitiv-
ity of the conventional method of microscopic observa-
tion of the parasite with the PCR technique performed 
with specific primer. According to our previous study, 
primer species pairs that were able to detect parasite 
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DNA in tissues were used [21]. The use of a special 
primer pair can increase the ability of PCR assays for 
parasite DNA. Regarding this issue, assessment of 
T. cati larvae were consistently positive from days 1 
to 28 after experimental infection. Due to the higher 
sensitivity of PCR, and its comparison with conven-
tional approaches to diagnosing infections, including 
helminth diseases [31], earlier detection of the para-
site using PCR was expected. The very high infectious 
inoculation that has been used can be considered as the 
reason for the lack of significant differences in meth-
ods. This probably caused a large number of larvae to 
migrate simultaneously, which also reached micro-
scopically detectable levels. However, it is important to 
note that T. cati is present in the host liver after 5 days 
of inoculation [5]. If migrating, their presence in tis-
sue samples can be detected by PCR. The fact that PCR 
was positive throughout the recovery period while the 
microscopic method was only positive for inoculation 
at the beginning indicates that PCR assay is a better 
choice when the prevalence of infection or intensity of 
infection is low [32, 33]. Interestingly, the more intense 
parasite DNA amplification bands coincided with the 
highest amount of parasite larvae in the tissues. A simi-
lar correlation of parasite specific DNA and amount 
of parasite larvae was described using a PCR–RFLP 

to evaluate parasite in tissue samples of BALB/c mice 
infected with T. canis [33].

In the current study, the 600 bp band was derived from 
mice tissues DNA, which was confirmed by testing posi-
tive DNA samples. In the early stage of the infection, it 
was interesting not to observe the 600 bp band in some 
of the tissue samples, as larval DNAs were expected to 
be present in all specimens. A possible explanation for 
this finding could be a differential tendency of the genus 
primer pair for animals experimentally infected and par-
asite DNA. In this regard, it could be assume that this 
primer pair would be have a much higher affinity for T. 
cati larvae DNA than mice DNA. Undoubtedly, a visual 
inspection at the agarose gel documented in the figure 
confirms this possibility. For example, from lanes 1 to 4, 
very strong 600 bp bands are present. On the other hand, 
during later periods of infection, when the number of lar-
vae is already decreasing, weaker 600 bp band is appears.

In the second part of the current study, we investi-
gated if the tissue migration path of the larvae in BALB/c 
mice was similar to the observed in other rodents. We 
also tried to demonstrate that PCR performed with a 
genus-specific primer was more sensitive than traditional 
digestion and microscopic observation to detect larval 
migration in different tissues. The analysis of digested tis-
sues and microscope examination showed that from the 
gastrointestinal luman site the larvae penetrated through 
circulation to the liver and then reached the lungs and 
other organs. This hepatic and pulmonary stage occurred 
within 24 h of infection.

Cardillo et al., [8] showed that T. cati causes consider-
able brain lesions in BALB/C on days 4 to 28 after inoc-
ulation and Zibaei et al., [5] reported through the study 
of brain tissue the importance of T. cati as causal agent 
of neurotoxocariasis. In addition, it has been shown 
recently Toxocara is included among one of the most 
common nematodal infections of the central nervous 

Fig. 2 DNA amplification of Toxocara cati recovered from BALB/c mice by electrophoresis on 1% agarose gels in the analysis of PCR products. A 
Infected groups, lane M: 100 bp DNA size marker; lanes 1–5: 600 bp DNA from the liver, lungs, heart, kidneys, and brain respectively. Full-length 
gel image is provided in Supplementary Fig. 2A. B: Control group, lane M: 100 bp ladder; lanes 1–5: the tissue samples without DNA; lane 6: the 
negative control; and lane 7: DNA standard. Full-length gel image is presented in Supplementary Fig. 2B

Table 2 Results of microscopic analyses and PCR for detection 
of Toxocara cati larvae in tissue samples of BALB/c mice sacrificed 
from day 1 to 28th after artificial infection

PCR

Negative Positive Total

Digestion method analysis Negative 6 28 34

Positive 1 55 56

Total 7 83 90
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system [34]. This helminth is more commonly associated 
with seizure, dementia, or behaviour disorders mimick-
ing primary psychiatric diseases [35]. One of the inter-
esting aspects of the present study was the absence of 
larvae on microscopic examination during migration 
into brain tissue, while in the molecular assay a weakly 
band of 600  bp was detected in the brain tissue on the 
28th day post-inoculation. Thus, we believe that the PCR 
we described will provide better performance in evaluat-
ing the detection of T. cati larvae in tissue samples from 
brain of infected mice.

Limitations
The present study faced limitations such as resource con-
straints and lack of access to sequencing tests. Molecular 
testing with high sensitivity/specificity has been done to 
overcome some limitations. In addition, the migration 
pattern of T. cati larvae on carcasses and eyes will be 
investigated in the future studies.

Conclusion
Finally, the results of the present study demonstrated that 
the experimental infection with T. cati in BALB/c mice 
presents the same kinetics as other rodents. This can be 
better characterized by PCR with a specific primer than 
by microscopic observation of larvae after tissue diges-
tion. In addition, these findings also showed that simul-
taneous classical parasitological analysis and PCR with 
the genus primers were to most extent sensitive to detect 
parasites in different tissues.
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