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In vitro and in vivo effects of Enterococcus faecalis
CECT7121 on Toxocara canis

Paula G Chiodo, Ménica D Sparo, Betina C Pezzani, Marta C Minvielle/*, Juan A Basualdo

Cétedra de Microbiologfa y Parasitologfa, Facultad de Ciencias Médicas, Universidad Nacional de La Plata,
Calle 60 y 120, 1900 La Plata, Argentina

The aim of the present paper was to evaluate the larvicidal effect of Enterococcus faecalis CECT7121 (Ef7121) on
the Toxocara canis cycle both in vitro and in vivo. For the in vitro experiments, T. canis larvae were incubated with
the supernatants of Ef7121 (EI) and mutant Ef7121 (Elm), in a pre-culture of Ef7121 (EIl) and in a fresh culture with
Ef7121 (Elll) and the Ef7121 mutant strain (EIlIm). The viability of the larvae was calculated after a 48 h incuba-
tion. A significant reduction of the viability of T. canis larvae was observed in EI, EIl and EIIll. A decrease of this
inhibitory effect was observed in EIm and EIlIm (p = 0.008). In the in vivo experiments, mice were orally inoculated
with three doses of Ef7121. To study the probiotic persistence in the intestine, the animals were sacrificed every four
days and their intestines were dissected. The initial average bacterial levels were 9.7 x 10¢ for Ef7121 (colony form-
ing units/g). At the end of the assay the levels were 1.46 x 10°. No bacterial translocation was detected in mesenteric
lymphatic nodules and spleen. Ef7121 interference with the biological cycle was evaluated in mice challenged with
T. canis. The interference was significant when the mice were challenged with probiotic and T. canis simultaneously
(p = 0.001), but it was not significant when the challenge was performed 15 days after administration of the bacterial
inoculum (p = 0.06). In conclusion, Ef7121 possessed in vitro and in vivo larvicidal activity.
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Toxocariasis is a cosmopolitan parasitic saprozoono-
sis widespread in both well-developed and developing
countries (Despommier 2003). Infectious ova excreted by
canids harbouring these highly fecund parasites contami-
nate the environment, exposing paratenic hosts, including
humans, to the risk of infection (Holland & Smith 2006).
Larvae hatch in the small intestine and migrate to other or-
gans via the portal circulation (Fan et al. 2004). They have
been described in the liver, lungs, heart and brain (somatic
migration). The migration of Toxocara canis in human
tissues causes visceral or ocular larva migrans (Pecinali
et al. 2005). There are other forms of clinical diseases
such as covert, neurological, asthmatic and asymptomatic
toxocariasis (Chiodo & Basualdo 2008). Paratenic hosts
(humans, rodents, birds) have been described in the natu-
ral cycle of this parasite, in which the larvae can survive
for years in hypobiosis in tissues (Magnaval et al. 2001).

In canines, T canis mainly affects puppies and young
animals and causes a cough with nasal discharge that can
be fatal or may disappear after three weeks. When worms
are present in the stomach and intestine, they cause vom-
iting and/or diarrhoea with resultant dehydration. Pup-
pies can suffer pneumonia due to the aspiration of vomit.
Chronic infection in puppies and older dogs leads to a pro-
gressive malnutrition. It may cause intermittent diarrhoea
or convulsions (De la Fé Rodriguez et al. 2006).
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Several 7. canis infection prevalence studies have been
conducted using urban pets and street dogs (Minvielle et
al. 2003, Sanchez Thevenet et al. 2003). In Argentina, a
study of over 1,000 urban dogs revealed a prevalence of
toxocariasis of 10%, which increased to 30% when only
dogs younger than one year old were considered (Pereira et
al. 1991). In studies of the human population, Minvielle et
al. (2000) demonstrated a seroprevalence of 10% in blood
donors and Chiodo et al. (2006) showed a seroprevalence
of 23% in rural areas.

All of these data indicate that toxocariasis constitutes
a public health problem with a great impact in our region.
Control measures that can be applied for the treatment of
these zoonoses are the administration of chemical anti-
parasitic drugs in the definitive host and vaccine develop-
ment. Unfortunately, the efficacy of antiparasitic drug use
is limited by the development of resistance, which has been
recorded in recent years (Bautista-Garfias et al. 2002).
These findings have driven the search for alternative strat-
egies to control parasitoses (Waghorn et al. 2002).

In the context of these findings, the use of naturally
antagonistic microorganisms is a plausible alternative to
traditional measures employed for the control of toxocari-
asis (Benitez et al. 2000). The use of probiotics prevents
the intestinal infection in animals and in in vitro models
(Pollmann et al. 2005). Probiotics are defined as viable
microorganisms that, in sufficient amounts, reach the in-
testine in an active state and have a positive health effect
(de Vrese & Schrezenmeir 2008). The mechanisms of ac-
tion of probiotics include competition for intestinal surface
receptors, stimulation of humoral immunity, secretion of
extracellular factors with antimicrobial activities (organic
acids and bacteriocins) and competition with pathogens
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for intraluminal nutrients (Rolfe 2000, Schrezenmeir &
de Vrese 2001, Duggan et al. 2002). Whereas probiotics
have been used successfully for the treatment of several
intestinal disorders (Heyman 2000, de Vrese & Schrezen-
meir 2008), they have not yet been applied for the control
of human intestinal parasitoses. However, they have been
used successfully in animals for the treatment of parasi-
toses, such as cryptosporidiosis, giardiasis, trichinellosis
and babesiosis (Alak et al. 1999, Bautista-Garfias et al.
2001, 2005, Humen et al. 2005). In contrast, Dea-Ayuela
et al. (2008) reported that Lactobacillus casei facilitated
experimental infection with Trichuris muris, whereas
Guitard et al. (2006) could not eradicate cryptosporidiosis
in rats by the administration of L. casei.

Enterococcus faecalis CECT7121 (Sparo & Mallo
2001) is a probiotic with inhibitory activity against Gram-
positive and Gram-negative bacteria such as Listeria spp,
Staphylococcus aureus, Clostridium spp, Bacillus spp,
Escherichia coli, Shigella sonnei and Shigella flexneri
(Sparo et al. 2006). This strain can adhere and persist in
the murine intestinal epithelium (Basualdo et al. 2007).

Among the possible negative effects of probiotic
foods, is the risk for bacterial translocation into vital or-
gans (Pavan et al. 2003). Most pathogenic enterococci
are able to translocate from the intestinal lumen to the
mesenteric lymph nodes, liver and spleen (Koch et al.
2004). Hemolysin and gelatinase are virulence factors in-
volved in the translocation of these enterococci. E. faeca-
lis CECT7121 lacks genes that code for hemolysin and
gelatinase and is devoid of a capsule (Sparo et al. 2008).
Electrophoretic analysis of plasmid DNA revealed that £.
Jaecalis CECT7121 contains only one plasmid.

After novobiocin treatment, all viable cells lacking
the plasmid demonstrate no inhibitory activity against
mentioned Gram-positive and Gram-negative bacteria (E.
faecalis CECT7121m). Mutant as well as wild-type bacteria
display the same phenotypic pattern (Sparo et al. 2006).

Our research group has demonstrated that oral treat-
ment with E. faecalis CECT7121 significantly reduces
the quantity of larvae recovered from the liver and lungs
of mice infected by 7. canis (Basualdo et al. 2007). To
expand this research, the aim of the present study was to
evaluate the effect of E. faecalis CECT7121 on the bio-
logical cycle of T. canis both in vitro and in vivo.

MATERIALS AND METHODS

Initial culture (IC) - E. faecalis CECT7121 (Ef7121)
and mutant (lacking plasmid) E. faecalis CECT7121
(Ef7121m) strains were used (Sparo et al. 2006). Both
strains were cultured for 24 h at 35°C in triptein soy agar
(Laboratorios Britania, Buenos Aires).

Egg recovery - T. canis adult females were cleaned
with 1% NaOH, cut into small segments and the eggs
were extracted. The eggs were incubated for 40 days at
RT until the infectious stage was reached (Oshima 1961)
and then they were quantified by optical microscopy us-
ing a Sedgwick-Rafter chamber.

Larval recovery - The infectious larvae were obtained
by mechanical decortication. The eggs were disinfected
superficially, placed in an Erlenmeyer flask containing

glass pearls and placed in a shaker for 10 min. This sus-
pension was then poured into a sterile Baermann funnel
containing 20 ng/mL gentamicin and was kept at 35°C for
24 h. Larvae were stored together in one sterile tube.

Mice - NIH-Swiss male mice, 25-30 g, were used
(Veterinary Science School of Veterinary Science Biot-
ery, Universidad Nacional de La Plata). The animals were
maintained under controlled food, light/darkness cycles
and temperature conditions. All procedures used for ani-
mal manipulation were approved by Argentinean laws
(ANMAT 1996).

In vitro assays: Ef77121 and T. canis incubation

Experiments (E) I and EIm - One hundred twenty 7.
canis larvae were incubated in the supernatant from five
IC colonies of Ef7121 (EI) and Ef7121m (EIm) grown in
brain heart infusion (BHI) for 48 h at 35°C. The super-
natant was obtained by centrifugation at 5800 g (15 min)
and 7000 g (10 min) to remove the cells. The incubation
was carried out for 48 h at 30°C.

EII (pre-culture) - Five IC colonies were grown in
3 mL of BHI broth (48 h, 35°C). Subsequently, 120 larvae
were co-incubated for 48 h at 30°C.

EIl and Elllm - One hundred twenty larvae were
co-incubated in 3 mL BHI broth inoculated with five
IC colonies. The incubation was carried out for 48 h at
30°C. An identical experiment was performed with the
Ef712]1 mutant strain (EIIIm).

EIV - As a control group, 120 7. canis larvae were
incubated in BHI broth without a bacterial inoculum.

Each assay was carried out in triplicate and was as-
sessed via the observation of 7. canis larvae by light mi-
croscopy. The viability of the larvae was quantified ac-
cording to Satou et al. (2005): (i) dead larva, (ii) mobile,
using part of the body, and (iii) mobile, using all of the
body. Scanning electron microscopy (JEOL model 6360
LV) was also used for sample observations.

The bacterial counts were carried out using triptein
soy agar serial dilutions following the larval incubation.
The pH was measured daily (Macherey-Nagel Laborato-
ries, Germany).

Data were analyzed by analysis of variance (ANO-
VA) (version 3.05 of the InStat software package Graph-
Pad, San Diego, CA, USA).

In vivo assays

Ef7121 persistence in the murine gastrointestinal
tract - Bacterial suspensions in BHI were prepared daily
from an overnight culture of Ef7121 that was centri-
fuged (5800 g for 15 min) and washed with sterile saline
solution (SFe). In total, 21 mice were inoculated orally
with 25 pL of the bacterial suspension [1 x 10® colony
forming units (CFU)] daily for three consecutive days.
Animals were sacrificed every four days. The intestine
was extracted to determine the quantity of £f7121 and .
coli as an indicator of the normal microbial flora (£. coli
recounts were performed to demonstrate that the probi-
otic did not displace the normal microbial flora). Ef7121
intestinal colonization was evaluated by recounting the



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 705(5), August 2010 617

bacteria present in the intestine (CFU/g). The phenotypic
characterization of enterococci and enterobacteria was
carried out by Gram staining, cultivation in differential
media and biochemical tests (Sparo et al. 2008). Ef7121
colonies were identified based on their inhibitory activ-
ity against Listeria monocytogenes CEB101 (Sparo et al.
2008). The mesenteric lymph nodes and spleens of inoc-
ulated mice were dissected and cultured to evaluate any
possible bacterial translocation (Basualdo et al. 2007).

Co-infection with T. canis - Thirty-two mice were
inoculated orally with 1 x 10® CFU of Ef7121 for three
consecutive days. Half of the mice were infected with
200 T canis eggs together with the last dose of entero-
cocci (Group A). The remaining mice were infected 15
days after probiotic treatment with the same egg doses
(Group B). Three controls were used for each group: (i)
CI: mice inoculated with 7. canis eggs in SFe; (ii) CII:
mice inoculated with the Ef7121 suspension; (iii) CIII:
mice inoculated with SFe only. The mice were sacrificed
72 h after infection with 7. canis. The intestine, liver and
lungs were dissected. Ef7121 colonization of the intes-
tine was assessed by CFU counts (CFU/g) (Sparo et al.
2008). The quantity of 7. canis larvae in the liver and
lungs was determined by light microscopy prior to pep-
tic digestion (1% pepsin in pH 1.5 glycine buffer).

The results were analyzed by the Mann-Whitney U-
test (version 3.05 of the InStat software package Graph-
Pad, San Diego, CA, USA).

RESULTS

The Table shows the results obtained for the in vitro
EfT7121-T. canis larvae assays after 48 h of co-incubation.
The ANOVA results showed that the differences among
the groups were very significant (p = 0.008). The aver-
age enterococcus count in these assays was 4-6 x 108
CFU/mL. The purity and viability of the bacterial culture
were maintained for the duration of the experiment and
there were no pH variations. Microphotographs of the in-
teraction between £f7121 and T canis are shown in Figs 1
and 2 and electron micrographs demonstrating their inter-
action are shown in Fig. 3. The micrographs revealed the
adhesion of the enterococci to the surface of the larvae.

Concerning persistence, the average bacterial lev-
els in the intestine (CFU/g) were initially 9.7 x 10* for
Ef7121 and 2.7 x 10° for E. coli. At the end of the assay,
they were 1.46 x 10* for Ef7121 and 9.2 x 10*for E. coli.
Fig. 4 shows the recounts of both bacteria on different
days of observation. No bacterial growth was observed
in the lymph nodes or spleens analyzed.

The counts obtained for the probiotic strain/E. faeca-
lis CECT7121 in mice challenged with 7. canis were
2.53 x 10* [standard deviation (SD) = 1.5 x 10*] CFU/g
in the small intestine in group A and 2.3 x 10* (SD =
1.9 x 10*) CFU/g in the corresponding control (CITA).
For group B, the recounts were 3.44 x 10° (SD = 2.38 x
10°) CFU/g and 1.7 x 10° (SD = 2.01 x 10°) CFU/g in the
control (CIIB). No bacterial counts were obtained from
the large intestine. In controls CI and CIII for groups
A and B, the probiotic strain/E. faecalis CECT7121 was
not present. Fig. 5 shows the average recovery of 7. canis
larvae from the liver and lungs.

DISCUSSION

In previous research, we indicated that the Ef7121 pro-
biotic reduced the parasite burden in mice infected with 7.
canis (Basualdo et al. 2007). In the present paper, we stud-
ied the effect of this strain on the in vitro culture of 7. canis
larvae and the in vivo persistence of 7. canis in the murine
intestine. We also studied the effect of several T canis chal-
lengers to evaluate the activity of this probiotic in detail.

The present study showed that the cell-free super-
natant (EI), the pre-culture obtained from the 48 h cell
culture (EII) and the co-culture of £f7121 (EIII) signifi-
cantly reduced the viability of 7_ canis larvae. A decrease
of this inhibitory effect was observed with the superna-
tant of £f7121m (EIm) and with co-incubation with the
mutant strain (EIIIm). The Ef7121 mutant strain lacks
a plasmid that is present in the wild-type strain (Sparo
et al. 2006). Electrophoretic analysis of plasmid DNA
demonstrated that Ef7121 contains only one plasmid,
which is responsible for the production of antimicrobial
peptide (AP, such as bacteriocin), a protein that possess-
es broad inhibitory activity against Gram-positive and
Gram-negative bacteria (Sparo et al. 2006). When the
mutant strain was used, the effect on 7. canis larval vi-
ability was reduced but a larvicidal property remained.
The finding that only 28% and 39% of the larvae showed
diminished viability with the Ef7121 mutant indicated
that other substances secreted by the wild strain, along
with AP, caused 94-100% inactivation of the larvae, as
demonstrated by the EI, EII and EIII experiments. Elec-
tron microscopy revealed that some Ef7121 adhered to
the surfaces of the larvae, suggesting an additional an-
tagonist activity of the strain against the larvae via the
direct contact between both organisms.

The in vivo experiments showed that oral adminis-
tration of Ef7121 for three consecutive days produced
adverse effects on the penetration of 7. canis into the
intestinal mucosa, as evidenced by the significantly re-
duced larval counts in the liver and lung when the chal-
lenge took place immediately following the last admin-
istration (Group A). The potential probiotic survives in
the murine intestinal tract, generates significant protec-
tion against 7. canis infection and does not displace the
normal microbial flora. The major penetration sites for
T. canis larvae in the small intestine are the crypts of
Lieberkuhn (Fan et al. 2004). Pérez et al. (2001) reported
that the capacity of some probiotic strains to associate
intimately with intestinal epithelial cells might modify
the apical cell microenvironment where most pathogens
attach. The adherence of the ECECT7121 strain to the
small intestine reduced the passage of larvae into mice.
This antiparasitic effect might be due to a competitive
exclusion of larval adherence and/or to the larvicidal ac-
tivity demonstrated by Ef7121 when it was cultivated in
vitro. Nevertheless, the percentage of inhibitory activity
obtained from the in vivo experiments was lower than that
obtained in vitro, indicating a loss of the inhibitory effect
in the intestinal lumen. AP and other substances secreted
by Ef7121 were likely destroyed or antagonized in the lu-
men of the intestine; however, this effect was only partial
because the inhibitory effect remained significant.
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TABLE

Toxocara canis larvae after incubation with Ef7121

EI Elm EIl EIII EIlllm EIV
Larvae state (%) (%) (%) (%) (%) (%)
3 2 41 0 0 40 84
2 4 20 0 0.8 31.6 8
1 94 39 100 99.2 28.3 8

EI and Elm: T. canis larvae incubated in the supernatant from Enterococcus faecalis CECT7121 (Ef7121) (EI) and Ef7121m
(EIm) grown in BHI; EII: 7. canis larvae incubated in Ef7121 pre-culture; EIIl and EIllm: 7. canis larvae coincubated with
Ef7121 (EIII) and Ef7121m (EIlIm); EIV: T. canis larvae incubated in BHI broth without bacterial inoculum (control group); 1:
dead larvae; 2: mobile larvae using part of the body; 3: larvae using all the body.

Fig. 1: light micrograph of dead larva incubated with Enterococcus
faecalis CECT7121 (EIII) observed at 400X.

Fig. 2: light micrograph of live larva incubated in brain heart infusion
broth (experiment IV).

Another property attributed to probiotics is the mod-
ulation of the host immune response. Some of these ef-
fects have been attributed to an elevated innate immune
response and others to enhancement of the adaptive

Sk BE1&

Fig. 3: electron micrograph of Enterococcus faecalis CECT7121 and
Toxocara canis larvae.

immune response (Galdeano & Perdigon 2006). Using
in vivo studies, these authors have demonstrated that
the main immune mechanism induced by the probiotic
strain L. casei CRL 431 is an increased innate immune
response leading to the clonal expansion of the IgA B-
cell population. In addition, the toll-like receptors (TLR)
recognise distinct microbial components and induce in-
nate immune responses. TLRS is mainly expressed on
intestinal CD11c* lamina propia cells. These cells detect
pathogenic bacteria and secreted proinflammatory cy-
tokines (Uematsu & Akira 2009). The results obtained
in the present study could be associated with the above
mentioned effects; however, further studies needed to
confirm this hypothesis.

The results also showed that the protection provided
by Ef7121 decreased even though the bacterial counts
were maintained. The antagonist effect was reduced
when the challenge was given 15 days after the last ad-
ministration of Ef7121, indicating the need for a long-
term administration of the strain to maintain the inhibi-
tory effects on larval migration, as previously described
for other probiotics (Guitard et al. 2006). We can infer
that the persistence of this strain in the intestine is not
related to its inhibitory activity, which suggests that sub-
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Fig. 4: study of persistence. Counts of Enterococcus faecalis
CECT7121 given orally for three consecutive days. Data are repre-
sented as colony forming units (CFU)/gram of intestine. Counts of
Escherichia coli (normal flora).
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Fig. 5: average quantity of Toxocara canis larvae recovered from
mouse liver and lung, after three days (Group A) and after 18 days
(Group B) post-treatment with Enterococcus faecalis CECT7121.

sequent generations of Ef7121 in the murine intestine
will lose their larvicidal activity. This phenomenon may
be related to plasmid loss or due to the interference of the
indigenous intestinal flora (Boe & Rasmussen 1996).
Indigenous bacteria, viruses and toxins, which are
normally confined within the gastrointestinal tract, may
reach systemic organs and tissues, a process termed
translocation. Animal models suggest that bacterial
adherence by enterovirulent organisms preferentially
damage the ileal-caecal mucosa, increasing its perme-
ability and facilitating bacterial translocation (Duffy
2000). Gautreaux et al. (1994) suggest that the levels of
caecal population are a major factor in promoting bacte-

rial translocation from the gastrointestinal tract. In the
evaluated murine model, £f7121 did not demonstrate
bacterial translocation. This lack of translocation might
be because this strain does not adhere in the large intes-
tine and because the E£f7121 levels in the small intestine
enhance an immune response that restricts excessive
growth of the strain, thus preventing its translocation.
The bacteria that translocate most efficiently, such as
Salmonella typhimurium and L. monocytogenes (Duffy
2000), are classified as facultative intracellular patho-
gens; Ef7121 is not included in this class (Sparo et al.
2008). In addition, all mice that received the probiotic
remained healthy for the duration of the study. There
were no signs of diarrhoea, weight loss or loss of appe-
tite. Ef77121 is safe for administration because it lacks
pathogenicity and infectivity in the murine model.

In conclusion, previously reported results and those
reported herein have demonstrated that £f7121 possess-
es in vitro and in vivo larvicidal activity. The antipara-
sitic effect observed in vitro, and likely in vivo, might be
attributable to a secreted AP as well as other substances
that modify 7. canis larval penetration into the intestinal
submucosa and/or a competitive action against larval ad-
herence to the intestinal epithelium. Several features of
this strain are similar to other probiotics.

However, the mechanism by which Ef7121 exercises
larvicidal activity remains unknown. Further research,
including fractionation and chemical analysis of the bac-
terial supernatants, is needed to identify the products
involved in the antagonistic effects of £f7121 on the vi-
ability and infectivity of 7. canis larvae.
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