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Vertical transmission of Toxocara canis
in successive generations of mice
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Abstract

Visceral toxocariasis is a neglected zoonosis caused by Zoxocara canis larvae in unusual hosts. In dogs, the definitive
host, the infection occurs mainly through transplacental and transcolostral transmission. Studies on experimental
models have shown that vertical transmission may result from acute infections. Considering that toxocariasis is
characterized as a chronic infection, with possible reactivation of larvae present in the brain, this study evaluated the
presence of larvae in the brain of female BALB/c mice and their offspring with chronic infection during three successive
pregnancies. ELISA-TES was used to evaluate the antibody levels. 7. canis larvae were detected in the brain tissue of
the mice during the three successive generations evaluated. The offspring’s IgG level gradually decreased, and mean
absorbance (ABS) above the cutoff point (0.070) was observed only at 30 (0.229) and 50 (0.096) days of age, while
IgM was not detected. The infections in the offspring confirmed that vertical transmission of 7. canis larvae occurred
during chronic toxocariasis in three successive generations of mice.

Keywords: Visceral larva migrans, Toxocara canis, vertical transmission, BALB/c mice, ELISA - TES.

Resumo

A toxocariase visceral é uma zoonose negligenciada causada por larvas de Toxocara canis em hospedeiros nao usuais.
Em cies, os hospedeiros definitivos, a infec¢ao ocorre normalmente por transmissio transplacentdria e através do
colostro. Estudos com modelos experimentais tém demonstrado a ocorréncia de transmissao vertical durante a infec¢ao
aguda. Considerando que a toxocarfase ¢ caracterizada como uma infec¢ao cronica, com uma possivel reativacio das
larvas presentes no cérebro, este estudo avaliou a presenga de larvas no cérebro de camundongos Balb/C fémeas e
suas proles com infecgio cronica durante trés gestagoes sucessivas. Para avaliar os niveis de anticorpos foi utilizado
ELISA-TES. Larvas de 7. canis foram detectadas no encéfalo dos animais durante as trés geragdes sucessivas avaliadas.
O nivel de IgG das proles foi diminuindo gradualmente e as médias de absorbincias (ABS) acima do ponto de corte
(0,070) foram evidenciadas somente aos 30 (0,229) e 50 dias (0,096) de vida, enquanto que nio foi detectada IgM.
Infecgoes das proles confirmam a transmissio vertical de larvas de 7. canis durante a toxocarfase cronica em trés gerages
sucessivas de camundongos.

Palavras-chave: Larva migrans visceral, Toxocara canis, transmissio vertical, camundongos BALB/c, ELISA - TES.

Visceral toxocariasis, also known as visceral larva migrans
(VLM) syndrome, is defined as the migration and persistence of
helminthic larvae in tissues of unusual hosts (BEAVER, 1969),
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and it is a zoonosis that presents a continuing public health risk.
The nematode Zoxocara canis, a small intestine parasite in dogs, is
the etiological agent most commonly associated with this zoonosis.
In dogs, the zoonotic profile is maintained by transplacental and
transmammary infection (BURKE; ROBERSON, 1985), in
which the young animals are more susceptible and also the main
disseminators of eggs in the environment (GALLINA et al., 2011;
OLIVEIRA-SEQUEIRA et al., 2002; VILLELA et al., 2009).
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In humans, visceral toxocariasis is characterized by chronic
infection that can persist for several years with possible reactivation
and larval migration to the eyes and brain (PAWLOWSKI, 2001).
The clinical symptoms of toxocariasis vary depending on the tissue
parasitized, the number of eggs ingested and the immune response
of the host (GLICKMAN et al. 1979). Epidemiological studies in
various countries have shown that toxocariasis is common in humans
(CHIEFFI et al., 2009; COLLI et al., 2010; SARIEGO et al.,
2012; ALVARADO-ESQUIVEL, 2013). Accidental ingestion
of embryonated 7. canis eggs is the main infection path in
humans, but is not the only route. Larvae present in undercooked
meats may also cause infection (HOFFMEISTER et al., 2007;
DUTRA et al., 2013).

Almost two decades ago, Anderson (1996) warned of the
need to pay attention to pregnant women, because 7. canis larvae
could be transmitted to the fetus when the mother acquired an
infection during pregnancy. A few years later, a case of congenital
newborn infection was recorded in Argentina, in a premature infant
with retinopathy (MAFFRAND et al., 2006). To simulate this
form of transmission in the human hosts, mice have been used
(REITEROVA et al., 2003; JIN et al., 2008), since they have the
same migration behavior and develop the disease in the same was
as in accidental hosts (CAMPAROTO et al., 2008; HOLLAND;
COX, 2001). To assess the importance of this infection route, the
present study evaluated vertical transmission of 7. canis in BALB/c
mice with chronic infections during three successive pregnancies.

1. canis eggs were collected from the uterine tubes of adult
female parasites that had been obtained through treating young
dogs with pyrantel pamoate (15 mg/kg). Afterwards, the eggs
were incubated in a 2% formalin solution at 28°C for 30 days.
Experimental infection was performed in five female BALB/c
mice (at 8 weeks of age), which was done through intraperitoneal
inoculation of 1,200 7. canis larvae. Ninety days after the inoculation
(chronic infection), they were mated with males of the same age
and observed for a period of 120 days. Blood was collected on
the first mating day and from the three offspring sets at 30, 50,
70, 90, and 110 days of age. The presence of 7. canis larvae in
the brain tissue of the female mice was evaluated 120 days after
mating (210 days after infection), and in their respective offspring
(43 animals in total) at 110 days of age, from the three successive
generations. To investigate the presence of 7. canis infection
in the female mice and their offspring, brain fragments were
compressed between glass slides and examined under a microscope

at 100x (KAYES; OAKS, 1976). The IgG and IgM levels were
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evaluated using ELISA and TES antigen production, following
the protocol of De Savigny (1975). This study was approved by
the Ethics Committee for Animal Experimentation at the Federal
University of Pelotas (CEEA no. 6554). The occurrence of vertical
transmission was calculated. For statistical analysis, we used the
Minitab software, version 15, and used Student’s t test. P-value
greater than 0.05 were considered to be not significant.

In this study, 7" canis larvae was detected in all the three
successive generations of mice evaluated (Table 1). However,
the variation in the numbers of larvae diagnosed in the brain
of each female mouse indicated that there was no statistically
significant correlation between the number of mice born in the
three generations and the number of larvae found in the brains of
these offspring (p > 0.05). The larvae detected in the brain tissue
(total of 141 larvae) were alive, thus confirming that there was
chronic infection among the female mice. At the first mating,
corresponding to 90 days of infection, the females mice had high
levels of IgG and IgM (p < 0.05), and mean ABS of 1.280 and
0.685 respectively, which is typical of the chronic phase. According
to Fan et al. (2003), IgG levels are maintained in sera from infected
mice for long periods (up to 67 weeks post-infection).

In the offspring, the IgG levels decreased from the age of
30 day to 50 days, and greater reductions were detected at 70 days
(Figure 1), thus characterizing vertical transfer of maternal antibodies
(YAMASHITA et al., 2006). Moreover, the IgM levels were not
significant, remaining lower than the cutoff from 30 to 110 days
of age (Table 2).

Similar results were obtained by Bowman et al. (1987) who
observed higher levels of IgM (between 42 and 70 days) and IgG
(between 70 and 90 days) in female mice with chronic infection.

In the present study, out of the five female mice with chronic
infections, three had 77 canis larvae in their brain tissues and in
their offspring’s brain tissue: two from the first generation, one
from the second generation and two from the third generation of
offspring. All the larvae detected showed motility and no tissue
reaction was found. Similar results have been obtained from
mice 122 days after infection, in which viable 77 canis larvae were
detected in brain tissues with no correlated inflammatory reaction
(DUNSMORE et al., 1983; FAN et al., 2003).

The re-emergence of 7. canis larvae during pregnancy and
vertical transmission in dogs are well known in relation to the
biological cycle of this nematode (BURKE; ROBERSON, 1985).
We demonstrated the importance of vertical transmission of
T. canis in successive generations of mice with chronic infection.

Table 1. Toxocara canis larvae in brain tissue from female BALB/c mice and their offspring with chronic infection.

No. of mice born from three generations

No. of larvae in the brain of offspring

Infecte(.i female No. of larvae in three generations
ziice 1st 2nd 3rd 15t 2nd srd
1 10 5 3 2 1 1 0
2 3 2 5 1 1 0 0
3 54 5 1 2 0 0 0
4 18 2 2 3 0 0 0
5 34 5 1 4 0 0 2
Total 141 19 12 12 2 1 2
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Figure 1. ELISA-TES on female BALB/c mice on the day of first mating, and their offspring at 30, 50 and 70 days of age, in three consecutive

pregnancies.

Table 2. Immunoglobulin production against Zoxocara canis detected by ELISA in offspring BALB/c mice from three successive generations,
correlated with the presence or absence of 7. canis larvae in the brain tissue. The values of IgG and IgM represent the mean value.

T. canislarvae  No. of animals ELISA/IgG ELISA/IgM
day 30 day 50 day 70 day 30 day 50 day 70
Presence b) 0.281 0.103 0.019 0.035 0.014 0.013
Absence 38 0.223 0.095 0.015 0.028 0.018 0.017

ELISA/IgG cutoff: 0.070 ELISA/IgM cuzoff: 0.066.

Most studies on vertical transmission of 7. canis have been
conducted during the acute phase of infection (LEE et al., 1976;
REITEROVA et al., 2003; JIN etal., 2008), although there is one
record of vertical transmission of 7. canis during the chronic phase
in BALB/c mice (AVILA et al., 2009). With infections occurring
during pregnancy, the likelihood that 7 canis larvae will reach
the fetus is greater because of their presence (during the acute
phase) in liver and lung tissue (ABO-SHEHADA; HERBERT,
1984). In the chronic phase, which usually begins 40 days after
infection, the accumulation of 77 canis larvae in the brain favors
vertical transmission of the parasite, since the larvae may remain
viable in this tissue for months or even years (DUNSMORE,
1983). The infections described in the offspring demonstrated
that vertical transmission occurred in these mice presenting
chronic toxocariasis during successive pregnancies. However,
determination of the transmission route, which could be either
transplacental or transcolostral, and the related immunological
responses, remains necessary.
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