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A B S T R A C T

Parasites induce behavioral changes in the host and obesity is a health problem affecting different animal
species. Cysticercosis caused by Taenia pisiformis affects some behavior of rabbits and reproductive behavior of
does. Rabbits do not escape from metabolic disorders, being long-live animals useful in breeding, research and
companion animals. Here, we addressed the interaction between parasitosis and obesity, and studied how these
conditions or the comorbidity affect behavioral and productive parameters in bucks infected with 3000 T. pi-
siformis eggs. We found that the chronic infection reduced locomotor activity by 28.5% in obese, 18.5% in
infected and 47% in obese-infected group (comorbid). The exploratory activity reduced by 42% in obese, 48% in
infected and 68% in comorbid rabbits (P≤ 0.001). Chinning was not affected by obesity, while infection de-
creased it by 25%. Behavioral reproductive parameters like response time, the mount latency and number of
ejaculates were affected by infection and obesity. Furthermore, obesity seems to increase the parasite load
promoting the formation of liver granulomas (16% granulomas compared with normal weight), with a higher
number of cysticerci in obese animals (86% more than normal weight). Infection decreases body weight, body
mass index and the zoometric index BW/LV in obese and normal weight rabbits. In conclusion, infection with T.
pisiformis altered behavioral and productive parameters, and obesity magnifies the impact caused by the in-
fection. Also, obesity leads to major susceptibility to infection with T. pisiformis.

1. Introduction

The behavioral changes induced by parasites have been considered
a strategy that favors the continuity of the parasitic cycle (Klein, 2003);
they are also a tool that can help the presumptive diagnosis of para-
sitosis, with the advantage that changes are prior to clinical infection
(Weary et al., 2009). In the domestic rabbit it has been reported that
ectoparasites such as the mite Psoroptes cuniculi (Hallal-Calleros et al.,
2013) and endoparasites such as Taenia pisiformis (T. pisiformis)
(Betancourt-Alonso et al., 2011), induce behavioral changes in specific
behaviors of rabbits, such as chinning and rearing in the case of the
mite, and in the case of the cestode there was a decrease in the fre-
quency of grooming and the number of visits to the feeder and the

trough.
In rabbits, T. pisiformis is the most frequent cestode and one of the

more frequent parasites. Its biological life cycle involves the dog or fox
as carriers of the adult stage and the rabbit or hares as a host of the
metacestode larval stage. This parasitosis can induce lesions in the liver
and the formation of granulomas (Flatt and Moses, 1975; Pritt et al.,
2012), in addition, it induces a reduction in prolificacy by approxi-
mately 40% in rabbit does, and it has been reported as a frequent, sex-
associated parasite in wild rabbits (Hallal-Calleros et al., 2016;
Domínguez-Roldan et al., 2018).

Behavioral changes in obesity have been scarcely studied, but it has
been reported in rats that a cafeteria diet adversely affects reproduction
by reducing the number of oocytes and prenatal follicles, besides

https://doi.org/10.1016/j.vetpar.2019.108964
Received 30 April 2019; Received in revised form 17 October 2019; Accepted 18 October 2019

⁎ Corresponding authors.
E-mail addresses: dariasher@hotmail.com (D. Arias-Hernández), ivan.flores@uaem.mx (F.I. Flores-Pérez), rosa.dguez88@gmail.com (R. Domínguez-Roldan),

armida@biomedicas.unam.mx (A. Báez-Saldaña), ramon.carreon@imss.gob.mx (R.A. Carreon), saragarcia@uaem.mx (S. García-Jiménez),
challalc@gmail.com (C. Hallal-Calleros).

1 Equal contribution.

Veterinary Parasitology 276 (2019) 108964

0304-4017/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03044017
https://www.elsevier.com/locate/vetpar
https://doi.org/10.1016/j.vetpar.2019.108964
https://doi.org/10.1016/j.vetpar.2019.108964
mailto:dariasher@hotmail.com
mailto:ivan.flores@uaem.mx
mailto:rosa.dguez88@gmail.com
mailto:armida@biomedicas.unam.mx
mailto:ramon.carreon@imss.gob.mx
mailto:saragarcia@uaem.mx
mailto:challalc@gmail.com
https://doi.org/10.1016/j.vetpar.2019.108964
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetpar.2019.108964&domain=pdf


altering the histoarchitecture in follicular layer thickness, while lutei-
nizing hormone and progesterone were not detected in the pre-ovula-
tory stage in obese rats (Sagae et al., 2012). With respect to obesity on
the behavior in rabbits, it has been reported that the males with greater
weight have a decrease in the libido and the time that elapses between
ejaculations is greater (Rodríguez-De Lara et al., 2015).

With regard to the relationship between obesity and parasites, it has
been reported that parasites affect the metabolism of their hosts, spe-
cifically energetic metabolism, a condition that has been seen with in-
terest because it represents a potential strategy of treatment and pre-
vention against type two diabetes and obesity, besides proposing a
change in the paradigm that parasites only cause negative effects in
their guests (Shea-Donohue et al., 2017). Yang et al. (2013) reported
that mice fed a high-fat diet and infected with Nippostrongylus brasi-
liensis, had a decrease in body weight (BW) gain and adipose tissue
mass, associated with increased glucose metabolism. At the hepatic
level, the parasitosis induced a decrease in steatosis, in the expression
of lipogenic enzymes, and an improvement of the glucose metabolism.
Moreover, in mice fed an obesogenic diet and experimentally infected
with the helminth Schistosoma mansoni, authors concluded that chronic
infection protects against metabolic disorders, since it reduces the size
of adipocytes, promotes peripheral glucose absorption and improves
sensitivity to insulin (Hussaarts et al., 2015).

It has also been speculated that parasites can protect against me-
tabolic syndrome, based on the observation of an inverse correlation
between the incidence of metabolic syndrome and helminth infections
(Wiria et al., 2012).

In this paper, the interaction between cysticercosis and obesity is
addressed, studying how these conditions affect the susceptibility to
parasitic infection, behavioral, and productive parameters, in rabbits
experimentally infected with eggs of T. pisiformis.

2. Material and methods

Animal care and experimentation practices were followed with ad-
herence to official Mexican regulations (NOM-062-ZOO-1999), which
are in strict accordance with all applicable international, national, and
institutional guidelines for the care and use of animals.

2.1. Animals and diet

Twenty-eight male New Zealand rabbits, 4.5 month old with a
weight of 3.2 ± 0.2 kg were kept in individual wire cages
(60× 90×40 cm) under farm conditions, with an average environ-
mental temperature of 19 ± 3 °C. Food was provided according to the
experimental design of each group, and water ad libitum.

The 28 rabbits were randomly allocated to one of four groups
(n=7). Two groups were kept normal, feeding them with a commer-
cial pellet maintenance diet (Ganador®, Malta Cleyton, Mexico,
minimum 16% protein, 3% fat and 17% fiber), providing 180 g of feed
per day per rabbit (NRC, 1997). The other two groups were induced to
obesity through providing a high-calorie diet high in fat (Antic et al.,
1999), consisting of the commercial maintenance diet, to which 5% of
soybean oil and 5% of lard were added. This diet was provided ad li-
bitum for eight weeks prior to infection and throughout the experiment.

2.2. Infection

After eight weeks of diet, a normal-weight group and an obese group
were infected with eggs of T. pisiformis. Proglottids of T. pisiformis were
collected from the feces of an infected dog, washed, identified and
maintained in accordance with the method described by Flatt and
Moses (1975). Proglottids were mashed in saline solution using a
scalpel. Viable eggs were quantified using a hemocytometer and rabbits
were orally infected with 3000 eggs by esophageal administration using
a sterile plastic tube (Betancourt-Alonso et al., 2011).

2.3. Open field test

Locomotor activity, rearing and chinning behaviors were recorded
every other day during ten minutes in a 120 cm×120 cm open field
arena made of wire mesh, placed on the floor of a room contiguous to
that in which the rabbits were housed. The arena was divided into 9
squares (40×40 cm) by lines painted on the floor. Locomotor activity
(ambulation) was quantified as the number of times the rabbit crossed
one of these lines during the observation period. Three stacked bricks
previously scrubbed with water, were placed inside the arena, and the
number of times the rabbit rubbed its chin against the bricks was
quantified. Rearing behavior was quantified as the number of times the
rabbit reared up on its hind legs (Hallal-Calleros et al., 2013).

2.4. Reproductive behavior

Fourteen ovariohysterectomized rabbits induced to estrus with
10 μg of estradiol propionate intramuscularly 7 days before (Hudson
et al., 1990) were used. The does were placed in cages with the bucks
for 6min (Fuentes et al., 2004). The reaction time of males was eval-
uated as the time period that elapses between the entrance of the rabbit
to the cage and the first mount or attempt to mount (Rodríguez-De Lara
et al., 2015). Attempts to mount were counted as the times that the
buck place himself on the hind quarter of the doe without achieving
penetration or ejaculation. Ejaculations were defined as the times that
the male place himself on the doe and had an ejaculation, manifested by
the characteristic behavior that includes rapid pelvic movements with
loss of balance, falling to the side or back (Contreras and Beyer, 1979).
Latency was evaluated as the time interval between a mount with
ejaculation and the next mount with or without ejaculation (Fuentes
et al., 2004).

2.5. Semen collection

The semen of the rabbits was collected using an artificial vagina; a
rabbit doe was introduced in the cage of the buck, the operator held the
underneath the rabbit artificial vagina provided with a graduated col-
lection tube at 39 °C, until obtaining the semen (IRRG, 2005). The vo-
lume of semen was determined directly in the graduated tube con-
nected to the artificial vagina. The total number of spermatozoid per
ejaculate was obtained by counting them in the fresh semen diluted
1:100 in 3% sodium chloride solution, in a Neubauer chamber (Fausto
et al., 2001). Spermatozoid motility was determined by placing 10 μL of
semen on a slide and observing 200 sperm under a microscope, as-
signing a value of 0 if the sperm had no mobility, 25 non-progressive
mobility, 50 slow progressive mobility, 75 progressive mobility and 100
fast progressive mobility (WHO, 2010).

2.6. Body weight, body mass index and Zoometric index

Body weight (BW) was measured weekly with a digital scale during
the entire experiment.

The body mass index (BMI) was obtained dividing the BW by the
distance from the dorsal border of the arm to the distal phalanx of the
thoracic limb (BW/DFL). The zoometric index (ZI) was obtained by
dividing the BW between the vertebral length (VL), measured as the
distance from the occiput to the sacral-caudal junction, following the
curvature of the vertebral spine, according to previous studies in rabbits
referred by Sweet et al. (2013).

2.7. Blood glucose

Every two weeks, after 12 h of fasting, a drop of blood was obtained
from the marginal vein of the ear, immediately measuring blood glu-
cose levels with a glucometer (Contour™TS®, Bayer).
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2.8. Parasite load

At eight weeks post infection the peritoneal cavity, mesentery, liver
and spleen were inspected and the number of cysticerci and granulomes
found in humanely sacrificed rabbits were counted (Betancourt-Alonso
et al., 2011). Sacrifice was carried out with a lethal dose of pento-
barbital (100mg/kg) in rabbits previously anesthetized with xylazine/
ketamine (35/5mg/kg) (AVMA 2001).

2.9. Statistical analysis

Prior to the infection, the effect of the diet over 8 weeks on the
weight was compared with the Student t-test. For locomotor activity,
chin marking behavior and exploratory activity the differences were
established obtaining the total values of the analyzed variables and
compared with an ANOVA test, while the weekly data was compared
between groups using a 2-way repeated measures mixed model ap-
proach (groups as the treatment factor and weeks as the repeated
factor), followed by a multiple Tukey's test; and for the comparison over
time with respect to the beginning of the infection a multiple Student t-
test was used. For the reproductive variables response time, mounting
attempts, latency period, number of ejaculates and spermatobioscopy
an ANOVA test was used. To establish differences during 8 weeks post
infection on the variables BW, BMI and ZI, we used a 2-way repeated
measures mixed model approach (groups as the treatment factor and
weeks as the repeated factor), followed by a multiple Tukey's test; and
for the comparison in time with respect to the beginning of the infection
in the same group we used the multiple Student t-test. To establish
differences between the number of granulomas the Mann Whitney test
was used, and to compare the number of metacestodes the Student t-
test. Blood glucose concentrations were compared in the post-infection
period by comparing the control group vs the three groups with a 2-way
repeated measures mixed model approach (groups as the treatment
factor and weeks as the repeated factor), followed by a multiple Tukey's
test. All data are presented as the mean ± SEM, and significance was
considered with a P≤ 0.05 (Bate and Clarck, 2014). The statistical
software in vivo stat 3.7 was used.

3. Results

3.1. Induction of obesity in rabbits

A batch of 28 males (3.2 ± 0.02) was randomly divided into two
groups. One of the groups was fed with a maintenance diet, reaching a
weight of 3.45 ± 0.03 after eight weeks, while the group fed with an
obesogenic diet reached a weight of 4.2 ± 0.04 kg (****P≤ 0.0001).

3.2. Open field test

3.2.1. Locomotor activity
We observed that obesity induced a decrease of about 22% in the

locomotor activity of obese rabbits, compared with normal weight
rabbits (prior to infection, P≤ 0.05, Fig. 1a). Infection with T. pisiformis
reduced locomotor activity by 18.5% compared with the control group
(P≤ 0.05), with a significant decrease observed at weeks 15 and 16
post-infection (Fig. 1b, c). Obesity decreased locomotor activity by 28%
vs the control group (P≤ 0.01); this decrease was observed from week
6 post-infection and until the end of the experiment, week 16 (Fig. 1b,
d). In obese-infected rabbits, the decrease in locomotor activity was
47% vs. the control group (Fig. 1b, P≤ 0.01); the decrease was ob-
served from week 5 and remained until week 16. The infection caused
the decrease in locomotor activity late and to a lesser extent in relation
to obesity and obesity-infection comorbidity. The co-morbid group
presented a greater and earlier decrease in locomotor activity, and it
was sustained over time (Fig. 1e).

3.2.2. Exploratory activity
Obesity induced a 29% reduction in exploratory behavior compared

with the control group, previous to infection (Fig. 2a, P≤ 0.05), and
the infection caused a 48% decrease (Fig. 2b, P≤ 0.001). The highest
decrease was recorded at week 16 (Fig. 2c). After infection, obesity
decreased a 42% in exploratory activity (Fig. 2b, P≤ 0.01), observed
from week 8 and until week 16. At the end of the experiment, ex-
ploratory behavior decreased by 61% compared with the control group
(Fig. 2d). With the comorbidity obesity-infection, the decrease of lo-
comotor activity was similar (62%, P≤ 0,0001). The weekly mean of
rearings in the obese-infected group ranged from 1.7 to 3.8, while in
control group it was and from 5.5 to 9.5 (Fig. 2e).

3.2.3. Chin marking behavior
The behavior of chin marking was not affected by obesity (Fig. 3a

and d, P≥ 0.05), however, the infection reduced chinning behavior by
28% (Fig. 3b, P≤ 0.05), practically from the beginning of the infection
until week 16, in which a 33% decrease was observed compared with
the control group (Fig. 3c). In the obese-infected group there was a 25%
decrease in chinning behavior from the beginning of the infection
(Fig. 3b, P≤ 0.05) and a 41% decrease at week 16, compared with the
control group (Fig. 3e). Notably, the infection reduces the chinning
behavior in a similar manner to the comorbidity infection-obesity,
without a notorious effect of obesity.

3.3. Reproductive behavior

The reproductive parameters analyzed were affected by obesity and
by infection (Fig. 4). In the response time (first mounting attempt) an
additive effect of the infection and obesity was observed, since, while
the infection itself induced an increase in the response time of 2.5 times
(9.9 vs 24.8 s P> 0.05) and obesity itself induced an increase of 7 times
(9.9 vs 71 s, P≤ 0.0001), the co-morbidly induced an increase of 10
times (9.9 vs 101.1 s, P≤ 0.0001) (Fig. 4a). Mount attempts were not
affected by the infection itself, and although with obesity and the co-
morbidity obesity-infection a significant decrease is observed, this
change is modest (13 and 23% decrease, respectively P≤0.05)
(Fig. 4b). The period of latency (time between one mount and another)
is observed altered only in obese-infected animals, with an increase in
time of 47 s compared with the control group (Fig. 4c, P≤ 0.01). In the
number of ejaculates an impact of the infection is observed, decreasing
by 42% (from 2.37 to 1.37 times, P≤ 0.001), whereas in the obese
group it decreased 24% (from 2.37 to 1.8 times) and in obese-infected
47.3% (from 2.37 to 1.25 times, P≤) (Fig. 4d).

Spermatobioscopic parameters at weeks 0, 4 and 8 post-infection
did not show differences between groups (volume of ejaculate, sperm
concentration and sperm motility). At week eight, the values of volume
of semen were 0.63 ± 0.03 for control group, 0.67 ± 0.04 for in-
fected, 0.70 ± 0.04 for obese and 0.70 ± 0.04 for infected-obese
(P=0.710). For sperm concentration, the values were 559±7.8,
547± 10.4, 542± 8.3, 546± 7.9 for control, infected, obese and in-
fected-obese, respectively (P=0.316). Percentage of motility was
84.2±2, 85.7±1.9, 85.2± 2, 83.3±1.9 for control, infected, obese
and infected-obese, respectively (P=0.053).

3.4. Body weight, body mass index and zoometric index

Comparing the weight gain dependent on the infection (control vs
infected, and obese vs obese-infected), in the normal-weight animals it
was observed a gain of 120 g less than control group in weeks 6, 7 and 8
(Cr vs infected, P≤ 0.0001). The obese-infected group, starting at week
1, had a lower weight compared with the obese group that was not
infected (P≤ 0.001), observing that this difference was maintained in
the subsequent weeks, with a gain of 230 g less in those infected at
week 8 (Fig. 5a). Our results show an affectation in the weight gain
induced by the infection that represents 3.3% of the total weight in
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normal animals and 4.7% in obese animals.
Analyzing the BW over time in a same group, it was noted that from

the infection (week zero, Fig. 5a), in the control group there was an
increase of weight since the second week (P≤ 0. 05), achieving an
increase of 6% at week 8 post infection (P≤ 0.0001) compared with
the initial weight (week zero). An increase in BW since week 3
(P≤ 0.05) was observed in the infected group, and in week 8 they
achieved an increase of just 3% compared with the initial weight
(P≤ 0.05), showing that infection induced a delay of a week in the
weight gain and a 3% less regarding to the control group. The weight in
the obese group increased since week 2 (P≤ 0.01), reaching a 5% more
at week 8 (P≤ 0.0001) compared with the initial weight (week zero).
In the obese-infected group, the weight gain was observed from week 6

(P > 0.05), and in week 8 it reached just 2% more compared with the
initial weight (P≤ 0.05) (Fig. 5a). Thus, the infection affects weight
gain over time, both in normal weight and in obese animals, achieving
an increase of 50% less than the observed in non-infected animals. The
BMI (Fig. 5b) and the ZI (Fig. 5c) did not change through the time in
any of the control, infected or obese-infected groups. In the obese
group, both indices were higher in week 7 (P≤ 0.001) and BMI in-
creased also in week 8 (P≤ 0.05) compared with the week zero. The
differences between groups dependent on the infection (control vs In-
fected, and obese vs obese-infected) were observed at week three and all
the subsequent weeks (Figs. 5b and c). Serum glucose was monitored,
without alterations suggestive of diabetes induced by the diet (Fig. 6).

Fig. 1. Locomotor activity in rabbits is affected by obesity and by infection with T. pisiformis eggs. Total locomotor activity during 16 weeks, comparison Control Vs
Infected, Obese and Obese-infected. Brackets indicate comparison between groups, mean ± SEM (*P≤ 0.05, ** P≤ 0.01). Locomotor activity through eight weeks
pre-infection (a) and eight weeks post-infection (b) in Control and Infected (c), Obese (d) or Obese-infected rabbits (e). Mean ± SEM (*P≤ 0.05, ** P≤ 0.01, ***
P≤ 0.001).
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3.5. Parasite load

At necropsy (8 weeks post-infection), the number of metacestodes
was increased by obesity (44 vs 82), being 6.28 ± 1.1 per rabbit
compared with 11.7 ± 3.1 in non-obese rabbits (P=0.0231). In con-
trast, the number of hepatic granulomes was reduced to 4 in the Obese-
infected group compared with the 25 that were observed in the infected
group (P=0.0361). In the control and obese groups, no metacestodes
were found. In conclusion, obese animals develop 86% more metaces-
todes of T. pisiformis than normal-weight animals and only 16% of
granulomas with regard to normal weight animals.

4. Discussion

The behavioral changes observed coincide with others that have

shown that when rabbits are infected by parasites, such as the mite P.
cuniculi, ambulatory, exploratory and chinning activity behaviors are
diminished (Hallal-Calleros et al., 2013) and when they are infected
with cysticercosis by T. pisiformis, the percentage of time spent lying
down, grooming and drinking water are altered (Betancourt-Alonso
et al., 2011).

In the specific case of T. pisiformis it is important to consider that the
metacestode are the infective stage, thus, a decrease in locomotor ac-
tivity in the rabbit in a natural environment will favor the capture
process by a dog, fox or coyote, increasing the chances of generating the
adult phase or taenia in the intestine and the continuation of the
parasitic cycle. Then, in rabbits with the comorbidity obesity and in-
fection, where the locomotor activity decreases, the transmission of the
parasite can be facilitated.

The decrease in the number of rearings through the time is probably

Fig. 2. Exploratory activity in rabbits is affected by obesity and by infection with T. pisiformis eggs. Total rearing during 16 weeks, Comparison Control Vs Infected,
Obese and Obese-infected. Mean ± SEM (*P≤ 0.05, ** P≤ 0.01). Rearing through eight weeks pre-infection (a) and eight weeks post-infection (b) in Control and
Infected (c), Obese (d) or Obese-infected rabbits (e). Mean ± SEM (*P≤ 0.05, ** P≤ 0.01, *** P≤ 0.001).
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due to the habituation of the rabbit to the arena where the behavioral
tests are performed, having less need to explore the environment.
However, despite the progressive habituation, there is a decrease on
this behavior, caused both by obesity and infection.

The behavior of chin marking is associated with social rank and
with sexual behavior, since it is related to changes in serum testosterone
levels and with dominance (Mykytowycz, 1962; Arteaga et al., 2008).
The observed decrease in chinning and altered sexual behavior in our
work, coincides with diminution of sexual behavior reported in other
cestode infections, specifically during infection with T. crassiceps cy-
sticerci in mice, where testosterone levels are diminished (Larralde
et al., 1995). Although testosterone levels were not measured in this
study, alterations of this hormone could partially explain the fact that
chinning and sexual behavior decreases to a greater degree in those

rabbits that are infected, either normal weight or obese.
The decrease in the number of mounts coincides with a study in

mice infected with T. crassiceps metacestodes. At 6 weeks after infec-
tion, they observed changes in the number of mounts and other sexual
behaviors of the male, including disorders in the ejaculation and hor-
monal changes that resulted in a process of feminization (Morales et al.,
1996). The spermatic alterations differ with our work, since we did not
observe disorders in the ejaculate. These differences may be related to
the experimental model, since infection with T. crassiceps is massive,
representing a more severe infection model in which it is expected to
observe more marked alterations, while in rabbits, our infection model
is very similar to that occurring naturally. Another study in male rats
infected with larvae of T. taeniaeformis reported a lower rate of mounts
(29%) when compared with Control group at month five post-infection,

Fig. 3. Chin marking behavior is affected by obesity and by infection with T. pisiformis eggs. Total chinning during 16 weeks, Comparison Control Vs Infected, Obese
and Obese-infected. Mean ± SEM (*P≤ 0.05, ** P≤ 0.01) (a). Chinning through eight weeks pre-infection (a) and eight weeks post-infection (b) in Control and
Infected (c), Obese (d) or Obese-infected rabbits (e). Mean ± SEM (*P≤ 0.05, ** P≤ 0.01, *** P≤ 0.001).
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attributing it to a decrease in serum testosterone (Rikihisa et al., 1985).
On the other hand, the reaction time is part of the libido behavior.

In obese rabbits the reaction time increased 7 times with infection
and it was up to 10 times higher in obese-infected rabbits, also affecting
the refractory time (latency period) in this group. Previously, it was
reported that the BW increases the reaction time, therefore it was
concluded that the weight affects the libido (Rodríguez-De Lara et al.,
2015). Also it has been proposed in cattle that the natural infection with
Trypanosoma vivax induces a decrease in libido (Bittar et al., 2015),
however, in that work the reaction time of the animals was not quan-
tified, but the libido was measured using a categorical scale. The

infection with T. pisiformis did not modify the volume of the ejaculate,
sperm concentration or percentage of motility. Similarly, Trypanosoma
vivax infectection did not modified the sperm parameters such as sperm
concentration, motility and sperm strength in cattle (Bittar et al., 2015).
It was also mentioned that the spermatic volume increased in the in-
fected animals.

The increased susceptibility to infection caused by obesity may be
related to the diminished immune response (Hegde and Dhurandhar,
2013), thus, retaining less eggs via the portal circulation and allowing
the development of more cysticerci. We observed a reduction of hepatic
granulomas, and it has been proposed that the migration of the eggs
into the host can be through three routes in the small intestine. The first
is through the intestine reaching the peritoneal cavity and developing
to cysticerci, the second is through the lymphatic vessels near the in-
testine to reach the peritoneum, and the third, the one proposing that
has oncospheres pass through the wall of the intestine and reach the
liver by portal circulation, where some of them can be encapsulated
forming granulomas, but others can evade the immune response and
they pass to the main circulation, establishing mainly in the peritoneal
cavity (Heath, 1971). In humans and in obese mice there is a decrease
in the cells associated with Th2 immune response and an increase in
cells associated with Th1 response inducing the characteristic stage of
low grade chronic inflammation (Guigas and Molofsky, 2015). Thus, if
immunity at the local level in obese individuals is altered and the ability
to generate granulomas is reduced, the development of a greater
number of oncospheres maturing to metacestodes is allowed, as we
observed.

In animal-oriented medicine, specifically in rabbits, there is no
measure comparable to the IMC. However, recently Sweet et al. (2013)

Fig. 4. Total sexual behavior in male rabbits for 8 weeks post-infection. Response time (a), Mounting attempts (b) Latency period (c) and Number of ejaculates (d).
Mean ± SEM (*P≤ 0.05, ** P≤ 0.01, ***P≤ 0.001).

Fig. 5. T. pisiformis infection affects weight gain. Body weight (a) body mass
index (BW/DFL) (b) and (c) zoometric index (BW/LW) through eight weeks
post-infection. Mean ± SEM (*P≤ 0.05, **P≤ 0.0001, Infected vs Control and
Obese vs Obese-infected).

Fig. 6. Serum glucose. It was monitored weekly in male rabbits during 8 weeks
post-infection. Mean ± SEM (*P < 0.05).
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proposed a ZI, similar to the BMI calculated through the formula BW/
LV; in our work, it was observed that the BW, the BMI and the ZI be-
haved similarly in the experimental groups. Experimental infection
with T. pisiformis eggs in normal weight individuals affects BW, while in
obese individuals, the parameters that are affected with greater mag-
nitude are the BMI and the ZI, in addition, this alteration is more early
than in normal weight. Gastrointestinal parasites that infect children,
induce a negative correlation between the hormone leptin and the body
mass index, unlike what happens in non-infected patients where this
correlation is positive (Yahya et al., 2018); an increase in leptin ex-
pression and a decrease in adiponectin were also observed in pediatric
patients infected with E. histolytica and Strongyloides. In addition, the
double infection with E. histolytica and Giardia caused the greatest in-
crease in leptin, suggesting that the lack of regulation of these two
hormones causes alteration in the intestinal absorption of some nu-
trients, thus altering the rate of body mass leading to anorexia. We did
nor recorded the voluntary intake, but in rabbits infected with the mite
Psoroptes cuniculi, it was observed a decrease in voluntary consumption
and in BW (Hallal-Calleros et al., 2013). Future research should eluci-
date the mechanisms by which this phenomenon occurs. As well as the
productive interest in animals, may be of interest in problems asso-
ciated with overweight and obesity.

5. Conclusions

In this work we conclude that obesity magnifies altered behavior
and increase parasite load and BW that are caused by infection with T.
pisiformis.

Declaration of Competing Interest

The authors declare that they have no conflict of interest

Acknowledgements

DAH and RDR acknowledge the PhD fellowships 492304 and
273755 received by Consejo Nacional de Ciencia y Tecnología. Authors
acknowledge the technical support received from Claudia A. Garay
Canales. This study was partially supported by the Agreement UAEM-
UNAM (42467-2177-8-IX-15), awarded to FIFP.

References

Antic, V., Tempini, A., Montan, J.P., 1999. Serial changes in cardiovascular and renal
function of rabbits ingesting a high-fat, high-calorie diet. Am. J. Hypertens 12,
826–829.

Arteaga, L., Bautista, A., Martínez-Gómez, M., Nicolás, L., Hudson, R., 2008. Scent
marking, dominance and serum testosterone levels in male domestic rabbits. Physiol.
Behav. 94, 510–515.

Bate, S.T., Clarck, R.A., 2014. The Design and Statistical Analysis of Animal Experiments.
Cambridge University Press.

Betancourt-Alonso, M.A., Orihuela, A., Aguirre, V., Vázquez, R., Flores-Pérez, I., 2011.
Changes in behavioral and physiological parameters associated with Taenia psiformis
infection in rabbits (Oryctaolagus cuniculus) that may improve early detection of sicks
rabbits. World Rabbit Sci. 18, 21–30.

Bittar, J.F., Bassi, P.B., Moura, D.M., Garcia, G.C., Martins-Filho, A., Vasconcelos, A.B.,
Costa-Silva, M.F., Barbosa, C.P., Araújo, M.S., Bittar, E.R., 2015. Evaluation of
parameters related to libido and semen quality in Zebu bulls naturally infected with
Trypanosoma vivax. BMC Vet. Res. 11, 261.

Contreras, J.L., Beyer, C., 1979. A polygraphic analysis of mounting and ejaculation in the
New Zealand white rabbit. Physiol. Behav. 23, 939–943.

Domínguez-Roldan, R., Pérez-Martínez, M., Rosetti, M.F., Arias-Hernández, D., Bernal-
Fernández, G., Flores-Pérez, F.I., Hallal-Calleros, C., 2018. High frequency of Taenia
pisiformis metacestodes and high sex-associated susceptibility to cysticercosis in
naturally infected wild rabbits. Parasitol. Res. 117, 2201.

Fausto, A.M., Morera, P., Margarit, R., Taddei, A.R., 2001. Sperm quality and re-
productive traits in male offspring of female rabbits exposed to lindane (gamma-
HCH) during pregnancy and lactation. Reprod. Nutr. Dev. 41 (3), 217–225.

Flatt, R., Moses, R., 1975. Lesions of experimental cisticercosis in domestic rabbits. Lab.
Anim. Sci. 25, 162–167.

Fuentes, V.O., Villagran, C., Navarro, J., 2004. Sexual behavior of male New Zealand
white rabbits in an intensive production unit. Anim. Reprod. Sci. 80, 157–162.

Guigas, B., Molofsky, A.B., 2015. A worm of one’s own: how helminths modulate host
adipose tissue function and metabolism. Trends Parasitol. 31 (9), 435–441.

Hallal-Calleros, C., Morales-Montor, J., Vázquez-Montiel, J.A., Hoffman, K.L., Nieto-
Rodríguez, A., Flores-Pérez, F.I., 2013. Hormonal and behavioral changes induced by
acute and chronic experimental infestation with Psoroptes cuniculi in the domestic
rabbit Oryctolagus cuniculus. Parasit. Vectors 6, 361.

Hallal-Calleros, C., Morales-Montor, J., Orihuela-Trujillo, A., Togno-Peirce, C., Murcia-
Mejía, C., Bielli, A., Hoffman, K.L., Flores-Pérez, F.I., 2016. Taenia pisiformis cysti-
cercosis induces decreased prolificacy and increased progesterone levels in rabbits.
Vet. Parasitol. 229, 50–53.

Heath, D.D., 1971. The mígration of oncosphere of Taenia pisiformis, T. serialis and
Echinococcus granulosus within the intermediate host. lnt. J. Parasitol 1 (145), 152.

Hegde, V., Dhurandhar, N.V., 2013. Microbes and obesity-interrelationship between in-
fection, adipose tissue and the immune system. Clin. Microbiol. Infect. 19 (4),
314–320.

Hudson, R., González-Mariscal, G., Beyer, C., 1990. Chin-marking behavior, sexual re-
ceptivity, and pheromone emission in steroid-treated ovariectomized rabbits. Horm.
Behav. 24, 1–13.

Hussaarts, L., García, T.N., van Beek, L., Heemskerk, M.M., Haeberlein, S., van der Zon,
G.C., Ozir-Fazalalikhan, A., Berbée, J.F.P., van Dijk, K.W., van Harmelen, V.,
Yazdanbakhsh, M., Guigas, B., 2015. Chronic helminth infection and helminth-de-
rived egg antigens promote adipose tissue M2 macrophages and improve insulin
sensitivity in obese mice. FASEB J. 29, 1–13.

I.R.R.G. International Rabbit Reproduction Group, 2005. Guidelines for the handling of
rabbit bucks and semen. World Rabbit Sci. 13, 71–91.

Klein, S.L., 2003. Parasite manipulation of the proximate mechanisms that mediate social
behavior in vertebrates. Physiol. Behav. 79 (441-), 449.

Larralde, C., Morales, J., Terrazas, I., Govezensky, T., Romano, M.C., 1995. Sex hormones
in changes induced by the parasite lead to feminization of the male host in murine
Taenia crassiceps cysticercosis. J. Steroid Biochem. Mol. Biol. 52, 575–580.

Morales, J., Larralde, C., Arteaga, M., Govezensky, T., Romano, M.C., Morali, G., 1996.
Inhibition of sexual behavior in male mice infected with Taenia crassiceps cysticerci.
J. Parasitol. 82, 689–793.

Mykytowycz, R., 1962. Territorial function of chin gland secretion in the rabbit,
Oryctolagus cuniculus(L). Nature 193–199.

N.R.C. Nutritional Requeriments Codex, (1997) http://www.foedevarestyrelsen.dk/
SiteCollectionDocuments/25_PDF_word_filer%20til%20download/07kontor/
Maerkning/Codex%20guidelines%20nutrition%20and%20health%20claims.pdf.
Last Accessed February 2018.

Pritt, S., Cohen, K., Sedlacek, H., 2012. Parasitic disease. In: Suckow, M.A., Stevens, K.A.,
Wilson, R.P. (Eds.), The Laboratory Rabbit, Guinea Pig, Hamster, and Other Rodents.
Academic Press, pp. 440–441.

Rikihisa, Y., Chin, L.Y., Fukaya, T., 1985. Taenia taeniaeformis: Inhibition of rat testos-
terone production by excretory-secretory product of the cultured metacestode. Exp.
Parasitol. 59 (3), 390–397.

Rodríguez-De Lara, R., Fallas-López, M., García-Muñiz, J.G., Martínez-Hernández, P.A.,
Rangel-Santos, R., Maldonado-Siman, E., Cadena-Meneses, J.A., 2015. Sexual beha-
vior and seminal characteristics of fertile mature New Zealand White male rabbits of
different body weights. Anim. Reprod. Sci. 152, 90–98.

Sagae, S.C., Menezes, E.F., Bonfleur, M.L., Vanzela, E.C., Zacharias, P., Lubaczeuski, C.,
Franci, C.R., Sanvitto, G.L., 2012. Early onset of obesity induces reproductive deficits
in female rats. Physiol. Behav. 105 (5), 1104–1111.

Shea-Donohue, T., Qin, B., Smith, A., 2017. Parasites, nutrition, immune responses and
biology of metabolic tissues. Parasite Immunol. 39, e12422.

Sweet, H., Pearson, A.J., Watson, P.J., German, A.J., 2013. A novel zoometric index for
assessing body composition in adult rabbits. Vet. Rec. 173, 369.

Weary, D.M., Huzzey, J.M., von Keyserlingk, M.A., 2009. Board-invited review: using
behavior to predict and identify ill health in animals. J. Anim. Sci. 87 (2), 770–777.

Wiria, A.E., Djuardi, Y., Supali, T., Sartono, E., Yazdanbakhsh, M., 2012. Helminth in-
fection in populations undergoing epidemiological transition: a friend or foe? Semin.
Immunopathol. 34 (6), 889–901.

W. H. O. World health Organization, 2010. Laboratory Manual for the Examination and
Processing of Human Semen, 5 ed. pp. 22 34. Last consulted July 28th 2018. http://
apps.who.int/iris/bitstream/10665/44261/1/9789241547789_eng.pdf. Last
Accessed February 2018.

Yahya, R.S., Awad, S.I., Kizilbash, N., El-Baz, H.A., Atia, G., 2018. Enteric parasites can
disturb leptin and adiponectin levels in children. Arch. Med. Sci. 14 (1), 101–106.

Yang, Z., Grinchuk, V., Smith, A., Qin, B., Bohl, J.A., Sun, R., Notari, L., Zhang, Z., Sesaki,
H., Urban, J.F., Shea-Donohue, T., Zhaoa, A., 2013. Parasitic Nematode-Induced
Modulation of Body Weight and Associated Metabolic Dysfunction in Mouse Models
of Obesity. Infect. Immun. 81 (6), 1905–1914.

D. Arias-Hernández, et al. Veterinary Parasitology 276 (2019) 108964

8

http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0005
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0005
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0005
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0010
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0010
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0010
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0015
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0015
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0020
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0020
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0020
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0020
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0025
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0025
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0025
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0025
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0030
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0030
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0035
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0035
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0035
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0035
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0040
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0040
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0040
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0045
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0045
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0050
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0050
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0055
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0055
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0060
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0060
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0060
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0060
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0065
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0065
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0065
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0065
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0070
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0070
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0075
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0075
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0075
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0080
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0080
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0080
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0085
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0085
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0085
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0085
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0085
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0090
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0090
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0095
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0095
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0100
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0100
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0100
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0105
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0105
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0105
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0110
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0110
http://www.foedevarestyrelsen.dk/SiteCollectionDocuments/25_PDF_word_filer%20til%20download/07kontor/Maerkning/Codex%20guidelines%20nutrition%20and%20health%20claims.pdf
http://www.foedevarestyrelsen.dk/SiteCollectionDocuments/25_PDF_word_filer%20til%20download/07kontor/Maerkning/Codex%20guidelines%20nutrition%20and%20health%20claims.pdf
http://www.foedevarestyrelsen.dk/SiteCollectionDocuments/25_PDF_word_filer%20til%20download/07kontor/Maerkning/Codex%20guidelines%20nutrition%20and%20health%20claims.pdf
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0120
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0120
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0120
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0125
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0125
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0125
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0130
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0130
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0130
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0130
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0135
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0135
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0135
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0140
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0140
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0145
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0145
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0150
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0150
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0155
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0155
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0155
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0160
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0160
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0160
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0160
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0165
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0165
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0170
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0170
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0170
http://refhub.elsevier.com/S0304-4017(19)30245-6/sbref0170

	Influence of the interaction between cysticercosis and obesity on rabbit behavior and productive parameters
	Introduction
	Material and methods
	Animals and diet
	Infection
	Open field test
	Reproductive behavior
	Semen collection
	Body weight, body mass index and Zoometric index
	Blood glucose
	Parasite load
	Statistical analysis

	Results
	Induction of obesity in rabbits
	Open field test
	Locomotor activity
	Exploratory activity
	Chin marking behavior

	Reproductive behavior
	Body weight, body mass index and zoometric index
	Parasite load

	Discussion
	Conclusions
	mk:H1_23
	Acknowledgements
	References




