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ABSTRACT
Screening for potentially zoonotic agents to prevent the spread

of new agents that are not found naturally in wild populations is
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one of the fundamental pillars in every releasing project.
Parasitosis are one of the most frequent pathologies of
neotropical primates, and they can be affected by so many
factors such as sex, body size, home range, diet, etc. The use of
non-invasive methodologies, such as fecal collection and their
macroscopical description, is gaining ground in the field of
wildlife research. Studies covering several traits enable a better
understanding of the vulnerability of primates, in our case,
spider monkey populations, to develop a parasitic disease. Here
we show that the most prevalent parasite in this population, as
in others, was Strongyloides sp., followed by Chilomastix
mesnilii. However, the total intensity of C. mesnilii is by far
much higher than the rest. We observed that as days from the
last parasite treatment (with Fenbendazole + Praziquantel)
increase, it is more likely to find Strongyloides sp., and in more
quantity in feces classified as 7. Moreover, when days from this
parasite treatment increased, the fecal score increased when
Chilomastix mesnilii was present, and when this happened, BC
was lower. In the end, it appears that the two most prevalent
parasites may be in balance in the digestive system of these
monkeys, with the parasite load of Strongyloides sp. being the
primary determinant in causing diarrhea and poor body
condition. After deworming for it, Chilomastix mesnilii load is
affected, and therefore it is Chilomastix that can cause these

symptoms. Our results demonstrate that sex, age and
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management are not good predictors of parasitosis. Neither BC
is a good predictor of parasitosis when we have different ages.
A high FS is influenced first by the presence and load of
Strongyloides sp., and then by Chilomastix mesnilii.
Fenbendazole and Praziquantel are a good parasite treatment
for Strongyloides sp. and Metronidazole for Chilomastix
mesnilii, although the best one is Ivermectin. The minimum
parasite load for Strongyloides sp. is much lower than for

Chilomastix mesnilii.

Keywords: Gastrointestinal parasites; Ateles chamek;

Bolivia.

1. INTRODUCTION

Carrying out an individual comprehensive pre-release health
assessment is one of the fundamental pillars in every releasing
project, including screening for potentially zoonotic agents to
prevent the spread of new agents that are not found naturally in
wild populations (Guy etal., 2013). Wild animals do not
usually show clinical signs until very late in the development of
the disease, so prevention should be the most important

medical act to be carried out at these centers (Varela, 2007).

There was not too much knowledge of the effects of parasites

on the processes of mammalian declines and extinction (Altizer
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et al., 2003) until last year. Sutherland et al. (2020) showed that
there is not enough evidence to know the effects of treating sick
or injured animals, carrying out veterinary screens before
reintroduction or translocation procedures, and implementing
continuous veterinary monitoring in the conservation of species
(taking into account survival ratings). There is also no evidence
of the effectiveness of controlling reservoir species to reduce
sources of parasite infections (Sutherland et al., 2020). Besides,
parasites cannot be considered a direct cause of the extinction
of animal species compared to other factors such as habitat
loss, hunting, or the arrival of invasive species (Pedersen et al.,
2007). Nonetheless, natural or human-induced environmental
changes influence directly or indirectly on the emergence and
proliferation of potentially zoonotic parasitic diseases (Patz
etal., 2000; Nunn & Altizer, 2006; Adrus et al., 2019). So the
importance of parasites lies not only in the fact that they can
cause disease to their hosts but also in their possible
transmission to humans (Castafieda et al., 2010). Animals play
an important role in maintaining zoonotic infections in nature
(Burgos-Rodriguez, 2011). Some parasites are considered to be
a threat to public health, acting primates as reservoirs of them
(Nunn & Altizer, 2005), because of our close phylogenetic
relationship (Gillespie, 2006). Humans and neotropical
primates share a large number of parasite species (Solorzano-

Garcia & Pérez-Ponce de Leon, 2018). According to Taylor et
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al. (2001), 75% of the new infectious organisms that have
affected humans in the last three decades, including
endoparasites, are zoonotic (Jones et al., 2008; Taylor et al.,
2001). “One Health” is a concept and approach for the study of
diseases from a more integrative point of view, taking into
account plant, animal, and human health, since we are all part
closeness to humans makes them perfect models also for the
study of human parasitic diseases (Solérzano-Garcia & Pérez-

Ponce de Leon, 2018).

Habitat fragmentation, along with tourism, and animal trade for
using them as pets, result in greater proximity between human
and animal populations, changing parasite dynamics and
facilitating their transmission (Chapman et al., 2006; Gillespie,
2006; Martin-Solano et al., 2017; Rondon et al., 2017). This, in
turn, could affect their ecology (Deveaux Duran, not published;
Guy et al., 2014; Martin-Solano et al., 2017) and also vector’s
ecology (Patz et al., 2000). Parasites are essential for ecosystem
balance and a low parasite load is usually asymptomatic, but
human-induced changes alter the host ranges, transmission, and
pathogenicity of parasites, ultimately causing populations to
decline (Patz et al., 2000). However, Altizer et al. (2007)
showed that parasitic diversity is lower in threatened primates.

This may be because even more generalist pathogens or those
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whose transmission does not require intermediate hosts are
limited to host isolation and lack of reservoir contact (Altizer et
al., 2007). When a primate population declines or becomes
fragmented, the more species-specific parasites may also
decline, allowing the more generalist parasites to cause more
damage to endangered species (Altizer et al., 2003) and humans

(Deveaux Duran, not published).

Some animals host diverse parasite species, whereas others are
relatively parasite-free. Why? Ecologists have already provided
information about infectious and parasitic diseases dynamics in
many populations, but there’s still a need to study host factors
that influence parasitic diversity (Nunn et al., 2003). Studies
regarding the environment, density, behavior, and health status
of primates sampled can provide important information about
patterns of parasitism (Gillespie, 2006). For example, Nunn et
al (2003) examined the correlation between Parasite Species
Richness and host biological factors. This type of studies
enables a better understanding of the factors influencing the
vulnerability of primates, in our case, spider monkey
populations, to develop a parasitic disease (Nunn et al., 2003;

Deveaux Duran, 2014;).

There is a direct relationship between the size of the animal and

the intensity and variety of the parasite species. Also, the type
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of feeding, sociability, and population density influences the
transmission and infestation of the parasites (Altizer etal.,
2003; Nunn etal.,, 2003; Chinchilla etal., 2007; Gillespie,
2006; Maharjan, 2015;). In natural primate populations,
endoparasite species richness and prevalence are also

associated with reproductive and social status, age, sex, home

Maldonado-Lopez et al., 2014).

It is often forgotten that parasites biodiversity play an important
role in the ecosystem's balance (Gillespie, 2006; Altizer et al.,
2007; Carlson et al., 2020; Kwak, 2020). Even though certain
parasites are harmful to some individual hosts, attempts have
been made in recent years to promote the conservation of
parasites, as most of them are not potentially zoonotic (Carlson
etal., 2020; Dougherty etal.,, 2016) and do not necessarily
induce negative effects on health (Chapman etal., 2006;
Campbell, 2008; Hart & Hart, 2018). These depend on host
nutritional and immunity status, as well as on the severity of
infection (Chapman etal.,, 2006). In addition, the potential
long-term risk to hosts from the loss of parasitic biodiversity
must be taken into account (Dougherty et al., 2016). They are
vulnerable to extinction directly because of anthropogenic

factors and indirectly through the extinction of their hosts
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(Carlson et al., 2020). Losses in mammal species will have a
negative impact on parasite diversity, especially those that are
species-specific will go extinct before the hosts (Altizer et al.,
2003, 2007). The Conservation Assessment Methodology for
(2020) to address the need for knowing the conservation status

of animal parasites (Kwak, 2020).

Spider monkeys are considered to be frugivore, specialized
(although not strict) in ripe fruits (Campbell, 2008; Di Fiore
et al., 2008). This, along with their fission-fusion social system
and long home ranges, makes them the largest seed and parasite
dispersers in the Americas, contributing to fruit tree species
conservation in tropical forests (Campbell, 2008). Only a few
studies have documented endoparasitic infections in spider
monkeys (Ateles sp.) in the wild, and even less so, that they
include analyses of host traits that influence parasitism
(Deveaux Durén, not published). The first step to know the role
of parasites in conservation is to better understand the diversity
and intensity of parasites in natural populations (Nunn &
Altizer, 2005), so this study pretends to be a previous step
before releasing this population of Spider monkeys into their

natural environment.
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Parasitosis is one of the most frequent pathologies of
neotropical primates and a major cause of morbidity and
mortality (Guerrero M. etal.,, 2012; Rondon etal., 2017).
Under natural conditions, primates can harbor different species
of parasites, without presenting any disease. However, under
captive conditions, it is more likely that, due to stress, the
parasite-host balance is broken and the disease itself appears
(Bonilla-Moheno, 2002; Castafieda, 2010). Feces, despite being
a waste product of the metabolism, can also be seen as a source
of ecological data such as nutritional preferences, metabolic use
of nutrients, presence of parasites and microbiological agents,
etc. The use of non-invasive methodologies, such as fecal
collection, is gaining ground in the field of wildlife research,
however, there is no protocol for the collection and
preservation of feces in this field (Biswas etal.,, 2019). By
evaluating fecal samples macroscopically, researchers provide
data to examine potential relationships between parasitic
infections and pathology or disease in free-ranging primates
(Gillespie, 2006). The Nutrition Advisory Group created the
Fecal Condition Scoring Resource Center, a source of fecal
scoring tables for some species of Primate order, but not for

any of fam. Atelidae (HeidiB, 2018).

Currently, according to the International Union for the

Conservation of Nature (IUCN) Red List, Ateles chamek (fam.
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Atelidae, gen. Ateles) is in danger of extinction (EN) (Paim
et al., 2015). A large number of parasites can compromise the
welfare of monkeys, (Strait etal., 2012), so parasitological
studies on primates are important to assess the health of species
and populations, and their vulnerability to infections, to
develop accurate management and conservation strategies

(Altizer et al., 2007).

This study is a pilot test being carried out as part of a long-term
Release Project for the monkeys living in the Organization for
Native and Amazonian Conservation (ONCA). Due to ONCA's
proximity to local human communities and the number of
people who pass through the center as volunteers, it is essential
to have a profile of gastrointestinal parasites to which we are
exposed both non-humans primates and humans living in the
area, mainly to ensure the absence of known pathogens that
could show a zoonotic nature among local populations, so to
prevent spreading agents that could cause harm also to the
whole ecosystem. So the main aim is to create a comprehensive
profile of the prevalent parasites in Spider monkeys (Ateles
chamek) of ONCA. Specifically, the following questions are
asked: (1) Are there differences in parasite prevalence and
intensity between sexes, ages, and type of management? (2)
Can a high parasitic intensity be predicted through macroscopic

analysis of the feces and the body condition of the individual?

10
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If so, what is the minimum parasitic load that makes stools and
body condition inadequate? (3) Are antiparasitic products used
in ONCA effective? So our specific objectives are: (1) Better
understand the relationship between parasite prevalence and
intensity with sex, age, and type of management, (2) To know
the relation between the prevalence and intensity of parasitosis
to the characteristics of feces and body condition of the
animals. In addition, if appropriate, the minimum parasitic load
shall be determined. (3) To determine the efficiency of

antiparasitic products.

Predictions:

1) We expect that females and adults have a lower parasitic
load. Also in those that are in a semi-freedom regime.

2) Abnormal looking stools, with a higher score on the
classification chart, will be associated with higher parasitic
intensities but not with a lower body condition. However,
low body conditions are expected to be associated with
high parasitic intensities.

3) Antiparasitic products used in ONCA are effective for

prevalent parasites.

2. MATERIALS AND METHODS

2.1. Study site

11
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The study is carried out in the "Libertad" camp, which belongs
to ONCA (Organization for the Natives and the Conservation

of the Amazon, http://www.oncaorg.org/) wildlife rescue and

rehabilitation centre. “Libertad” is located on the left bank of
the Beni River between the Departments of Beni and La Paz, in
the Bolivian Amazon, and is flanked by the Madidi National
Park and the Pilon Lajas Biosphere Reserve and Communal

Lands (12030'S67030'W, 15000'S 670120).

2.2. Study subjects

The population of spider monkeys (Ateles chamek) living at
ONCA at the beginning of the study is composed of 14
individuals, 6 of which are adults (only one male), 6 are
juveniles (3 females), and 2 are infants (1 male and 1 female).
In March 11" and in April 25", two new male juveniles (AC15
and AC16) are brought to the centre and are added to the study.
During the study, AC10 dies on March 19" and AC15 dies on
June 16", The subjects of study and their characteristics are

described in Table 1.

Adults are managed in what is called a “Runner system”. It
consists in a rope which length goes till 12 meters and is
connected in one extreme to a collar placed in the monkey’s
neck and the other extreme to the runner placed between trees,

letting the animal move freely in that space. Moreover, they are

12



Sanchez Fuentes, 1., et al., 2021

changed of runners every 1,5h. Juveniles are in a semi-
freedom regime during the whole day. Infants and two

juveniles live in an enriched cage.

2.3. Fecal sample collection

We collected individual fecal samples from 28" February till
28" June. Due to the biological cycle of some parasites, egg
excretion in feces does not happen regularly every day, so three
consecutive days every two weeks are pre-established for
sampling. As much stool as possible was taken and placed in an
identified sterile can. Cans were identified with the name of the
individual and the 3 days of sample collection. The cans were
stored in a 3°C freezer every day and the three days pool was

analyzed during the fourth and fifth days.

In the beginning, two individuals were randomly selected
(ACO7 and AC12) and their feces are also collected following
the Uranotest protocol, placing a sample of their feces during 3
days in a can that contains a non-toxic and environmentally
friendly conservative liquid that doesn’t need to be placed

inside the fridge.

2.4. Macroscopic description of feces.

Daily collected sample is described on the label of the can next

to the date. Taking into account consistency, color, appearance,

13
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shape and segmentation, and whether it leaves a residue on
removal, we created a Fecal scoring chart for Ateles chamek
(Table 2); adapted from the Fecal scoring chart already created
for Tufted Capuchins (Jenkins, 2020). A number from 1 (hard,
dehydratated stool) to 7 (liquid diarrhea) is given to each
sample. The analyses were we had more than one sample, the

lower o the mean of the score was taken.

2.5. Gastrointestinal parasites analyse

2.5.1. Sedimentation method using centrifuge.

We mixed a proportion of 1g of sample with 9mL of
physiological saline solution. After homogenization, the mix
was gauze filtered. Once filtered, the sample was placed in a
tube to centrifuge at 1500 rpm during 10 minutes. The
supernatant was removed and the remaining sediment collected
with a Pasteur pipette and placed on an object holder. The
cover slip was placed on the slide and observed under the

microscope (Sixtos, 2011).

2.5.2. Floatation method using Mini- Flotac®

Following Flotac’s guide instructions for analysing human
feces, a proportion of 1g of fecal matter was mixed with 19 mL
of Zinc Sulphate 33% solution in a Fill Flotac device. After

homogenize, MiniFlotac® was filled up to the edge leaving a

14
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convex meniscus. After 10 minutes, the plate was rotated and
the sample observed under the microscope (B. Barda etal.,

2014; B. D. Barda et al., 2013; Cringoli et al., 2017).

The MiniFlotac device was used for counting eggs/cysts per
gram of feces, resulting absolute and relative parasitological
prevalence were evaluated. Once the prevalence was

determined, we classified load intensity.

2.5.3. Uranotest Copro®

This method was added in order to assess the viability for
studying parasites in non-human primates. It consists in a
sedimentation-filtration device filled with a non-toxic and
environmentally friendly solution, allowing fecal conservation
from 3 consecutive days, until 15 days without the need of

refrigeration.

2.6. Body Condition (BC)
It was evaluated every two weeks, coinciding with the
sampling, following the guide of evaluation of the body

condition in non- human primates (Clingerman & Summers,

2005).

2.7. Statistical analyses

15
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Data was processed in an “excel” file and exported to
modelling software. We performed an exploratory analysis to
visualize the relationship among variables and therefore to find
which continuous and categorical variables describe the best
overall parasitism. In order to detect the principal factors
determining the total count of parasites, we applied a Principal
Component Analysis, missing values were omitted from the
analysis. We used total count of parasites, body condition, fecal
score and days from last parasite treatment as active variables.
Sex, age range, type of management, parasite treatment and
parasite were included as qualitative supplementary variables

on the PCA. All variables are described in Table 3.

Statistical analysis was performed using R software (version
1.4.1717). Packages “readxl" (Wickham and Bryan 2019) and
“dplyr" (Wickham et al. 2021) were used for modeling. The
packages ggplot2 (Wickham 2016) and “GGally” (Schloerke et
al., 2021). “Condes” function from FactoMineR (L& and
Husson, 2008) was used to find which variables describe the
best overall “parasitism”. PCA was performed using the “PCA”
function of the package FactoMinerR (Lé et al. 2008). The
“fviz" function from the Factoextra package (Kassambara and
Mundt 2020) was used to visualize the output correlation of

explanatory variables on the PCA.

16
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3. RESULTS
We removed Uranotest copro from dataset as a method for
identifying parasites because its results were not related to

those obtained with other methods.

3.1. Prevalence and Intensity

At the end, we had a total of 220 analyses, in which we could
identify Strongyloides sp., Chilomastix mesnilii, Giardia sp.,
Balantidium coli, and Entamoeba coli. Analyses with none
parasite form were named as “Clean”. The total prevalence
show that the most prevalent parasite in this population of
Spider monkeys is Strongyloides sp. (n=92), followed by
Chilomastix mesnilii (n=82), both of which appear during the
whole study (Table 4). However, the total intensity of C.
mesnilii is by far much higher than the rest (90%) (Table 4).
Even so, if we check the evolution of these parameters (Figures
1 and 2), we can see that the highest Total count number of
Chilomastix mesnilii and Strongyloides sp. was recorded in
analysis 4. Giardia sp. is just observed from then to 8, being its
intensity higher at the beginning (64), E. coli just appears in the
Ist, 2nd and 5th analyses, and B. coli in analyses 0 and 1 (only
in AC10), 4th and 8th, being its prevalence and intensity

progressively higher.

17
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Furthermore, specific parasite load according to sex shows
males (n=100) with near to 12500 counts, against almost 5000
in females (n=120), although counts of Strongyloides sp. were
higher in females than in males. Higher loads were also
observed in individuals living in cages (n=39), accounting for
Chilomastix mesnilii. There was hardly any difference in total
counts between semi-freedom ranging (n=108) and runner
system (n=70), although we found more quantity of
Strongyloides sp. in semi- freedom. Moreover, total parasite
count was higher in juveniles (n=95), although Strongyloides
sp. count was higher in infants (n=50). According to Body
Condition (BC), we found the highest total count in individuals
classified with BC=2,5, although the highest amount of
Strongyloides sp. was found in BC=2 (n=13). Also a fecal
classification of 3 (n=37) had the highest parasite intensity in
the study, mainly for Chilomastix mesnilii; thus, Strongyloides
sp. total count was higher with a fecal score of 7 (n=23).
However, a fecal classification of 3-4 is compatible with a low-

moderate average parasite load (Figure 3).

3.2. Normality test.

The only continuous quantitative variables are the total number
of parasites counted ("TOTAL") and the days since the last
deworming ("lastdesp"). Both have a normal distribution

(normtest.p <0,05).

18
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3.3. Correlation tests.

First, when all variables are taken into account, the Chi-squared
test shows that the variable "parasite" has no relationship with
sex, age range, or management. Neither with body condition,
nor fecal score, but with total count (Eta2=0.07; p=3,9*107),
mainly of Chilomastix mesnilii (v.test=4,10; p=4,03*10") and
negatively with Strongyloides sp. (v.test=-2,68; p= 7,33*1073).
Also, the presence of Strongyloides sp. was significantly
positively correlated with last day of parasite treatment
(v.test=2.92; p=3,44*103). Furthermore, Giardia sp. and
Strongyloides sp. were significantly correlated to the
deworming product Fenbendazole + Praziquantel; in the case of
Giardia sp., it was positively correlated (v.test=3,35; p=7,9*10"
%) and Strongyloides sp. was negatively correlated (v.test=-
2,28; p=5,39*10-). When all variables are taken into account,
also "TOTAL" has no relationship with the independent
variables. It is related to “parasite” Strongyloides sp
(Estimate=-79,49; p=7,05%10%) and Chilomastix mesnilii
(Estimate=520,09; p=3*10°), and to analyses 4
(Estimate=534,68; p=7,5*10"). On the other side, days from
last deworming is correlated with the product used for it
(R?=0,90; p=5,45*10"1%%), although this correlation is negative
in the case of Metronidazol and Fenbendazol+ Praziquantel.

And also with fecal score (R?>=0,27; p=9,05*107!2), positively

19
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with fs=7 (Estimate=67,37; p=6,46*10) and negatively with
fs=2 (Estimate=-68,41; p=2,24*10"). Moreover, BC was
correlated with fecal score (p=6,83*10%; df=24) and
management (p=9,81; df=12). Specifically, we observe that
66,66% of individuals with a fecal score of 7 also had a BC of
2 (p= 9,55*1073; v.test=2,59). None of the individuals managed
in runner system nor adult were classified with a BC of 2
(v.test=-2,75 and -2,906 respectively; p=5,78*10° and
3,652*10 respectively). A FS of 2 was positively correlated
with parasite treatment fenbendazol + praziquantel
(v.test=6,13; p=8,62*10"1") and negatively correlated with the
presence of Strongyloides sp. (v.test=-2,67; p=7,63*107) and

the use of just fenbendazol (v.test=-5,88; p=3,89*10").

However, in a correlation model where just "lastdesp", "bc",
"fs" and "TOTAL" were taken into account (Figure 4), Pearson
correlation shows that the first and the last one are significantly
correlated (corr=0,143; p<0,01), especially with total count of
Strongyloides sp. (corr=0,379; p=0). We also found significant
correlation between "fs" and "lastdesp" (corr=0,240; p=0), and
"fs" and "bc" (corr=-0,207; p<0,001) when Chilomastix
mesnilii was present (corr=0,364 and -0,314 respectively;
p<0,001 for both). Body condition was significantly negatively
correlated to total count of Strongyloides sp. (corr=-0,331;

p=0). In this model, correlations between “fs” and the rest of
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the variables when Entamoeba coli is present, have a value of 1
(+/-). Total count of Balantidium coli and Chilomastix mesnilii
is negatively correlated, although not significantly, with days
from last parasite treatment, BC and FS. The ANOVA model
where the qualitative variables sex, age, and management are
included, showed that there is no significant correlation

between any of them and "TOTAL" (Pr > F value).

3.4.PCA

The PCA provided four principal dimensions (Dim). The first 3
dimensions explain the 84% of the total variance (Figure 5).
The 31,82% of the variance explained by Dim 1, is mainly
represented by the variability in the fecal score, with almost
54% (c0s?=0,828). The 27.17% of the variance explained by
Dim 2, is mainly represented by the variability in BC with
almost 52% (cos2=0,751) and days from last parasite treatment
with almost 43% (cos?>=0,683). The 25% of the variance
explained by Dim 3 is accounted for almost 90% by total count
(cos?=0,947). These contributions are shown in Figures 6 and

7.

Supplementary qualitative variables account for the variance
explained by Dim 2, being individual the most important one
(eta2=0,527). After, we found parasite treatment (eta2=0,425),

date (eta2=0,392), and management (eta2=0,184). The age
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range and sex had almost no representation in the model
(Eta2=0,09 and eta2= 0,01 respectively), so there was no
significant difference in distribution in the graph (Figure 8 and
9). Most of the individuals treated with Ivermectin had higher
eigenvalues in Dim 2 (cos*=0,821) than the ones treated with
the other products (Figure 10). The individuals living in cage
had better representation with lower eigenvalues in Dim 2
(cos?=0,95) than the ones living in runner systems and in semi-

freedom regime (Figure 11).

4. DISCUSSION

All parasites species found in the current study were already
reported in other papers for Ateles sp. (Bonilla-Moheno, 2002;
Galinanes-Plaza et al., not published; Philips, 2004). Due to the
different factors affecting parasitism in wildlife, it is likely to
find differences in prevalence and intensities among
populations and species. Maximum prevalence in this study is
represented by Strongyloides sp., differing from other studies
(i.e. Bonilla- Moheno, 2002; Castanieda, 2010; Solérzano-

Garcia Pérez, 2018) but according to other reports in

current study, it was more likely to find this parasite and in
more quantity in faeces classified as 7, as days from last

parasite treatment with Fenbendazole and Praziquantel
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increase, meaning that a treatment with these products after
analyses 4 was useful for this parasite but not for Giardia sp.,
which prevalence and intensity started to grow. Although
theoretically Fenbendazole is indicated for the treatment of
protozoa in Primates (Carpenter & Marion, 2013), other studies
do not indicate it (Merch & Hanevik, 2020). After this first
peak in analyses 4, we can also observe that total intensity
decreases but having Chilomastix mesnilii the highest intensity.
Moreover, when days from this parasite treatment increased,
the fecal score increased when Chilomastix mesnilii was
present, and when this happened, BC was lower. Lower fecal
scores and lower load of Chilomastix mesnilii were also seen
after desparasitation with Metronidazole after analyses 8,
where the second highest intensity occurred, specially of this
protozoon, meaning that desparasitation with this product was
useful for it (Carpenter & Marion, 2013). However, individuals
treated with ivermectin had better body condition and lower
parasite counts. A fecal classification of 3 appears to have a
higher parasite load of Chilomastix mesnilii than the rest. This
parasite is commensal to many primates and therefore does not
cause disease, unless for some other reason, intestinal
conditions change and the balance is disrupted, causing

symptomatology (i.e. diarrhea) to appear (Toft, 1986).
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It is well known that presence of parasites does not always lead
to disease (Campbell, 2008; Chapman et al., 2006; Hart & Hart,
2018). In our study just one specimen, one of the female
juveniles (AC03), showed clinical signs of parasitic disease 3
days before the 4™ analysis, with a parasite load of 700 eggs
and larvae of Strongyloides sp. and 4200 trophozoites of
Chilomastix mesnilii per gram of feces. She showed depression,
hyporrhexia, decreased body condition and feces of liquid
consistency, without any form, which made it impossible to
leave no residue, i.e. with a fecal classification of 7. During the
study, AC10 dies in March 19" and AC15 dies in June 16%.
During necropsy, there’s no evidence of death because of
gastrointestinal parasites. It has traditionally been thought that
BC is negatively influenced by gastrointestinal parasite
infections in animal wildlife populations (Sanchez et al., 2018).
However, regarding Balantidiidae, they have been reported in
several species of non-human primates, including Spider
monkeys and Capuchin monkeys, which can be asymptomatic
(Strait et al., 2012). Balantidium coli is not very prevalent in
this population, so although correlations were not significant,
we found that FS and BC decreased when it was present. In the
end, it appears that the two most prevalent parasites may be in
balance in the digestive system of these monkeys, with the
parasite load of Strongyloides sp. being the primary

determinant in causing diarrhea and poor body condition. After
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deworming for it, Chilomastix mesnilii load is affected and

therefore it is Chilomastix that can cause these symptoms.

We cannot confirm in this study any relation between sex nor
age and total count of parasites, neither with prevalence.
Although, total intensity was higher in males than females,
which was expected, since higher oestrogen and lower
testosterone levels lead to a stronger immune response
Besides, we found more quantity of Strongyloides sp. in

females than in males.

Regarding age, total count of parasites was higher in juveniles,
although Strongyloides sp. Intensity was higher in infants, in
which a higher parasitic load is expected due to a more
immunosuppressed state (Maldonado-Lopez et al., 2014). In
contrast to Chilomastix mesnilii, Strongyloides sp. is a
facultative non-commensal parasite so that an acute infestation
of these parasites can rapidly cause diarrheal symptoms,
although a chronic infestation with a low parasitic load is
possible (White et al., 2019). In addition, their reinfection cycle
(White et al., 2019; Toft, 1986) may be more likely to occur
among younger individuals who are expected to have more

interactions with each other.
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Although total count of parasites and type of management were
not significantly correlated, we found higher intensities were
found in individuals living in cage, which can be explained as
hosts living at high density or with frequent intraspecific
contacts are expected to increase the spread and prevalence of
any given parasite species (Altizer, 2003; Nunn et al., 2003;
Gillespie, 2006; Maldonado-Lopez et al., 2014; Rushmore,
2017). Anyway, we found more quantity of Strongyloides sp. in
individuals living in semi-freedom regime, which can be
explained by the type of life cycle of this parasite, which needs
to become infective larvae in environment (White et al., 2019).
What we found correlated in individuals living in cage is that
they had lower body condition than the ones living in runner
systems and in semi-freedom regime, meaning that BC can be
influenced by so many other factors different than parasitism
(Sanchez et al., 2018), in our case age and management. None
of the individuals in runner system nor adults had a BC lower
than 2,5. Between analyses 4 and 5, AC09 was changed from
runner system to semi freedom regime, and between analyses 7
and 8, management changed for individuals AC11 and AC12;
but this didn’t seem to impact in their parasite prevalence nor
intensity, maybe because they didn’t use much more space than
expected after being free. Those primates that use a bigger
home range, are expected to have more parasite species (Nunn

et al 2003). However, two years after, Nunn and Dokey (2006)
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showed that home range couldn’t be taken as prediction
variable of parasite richness. Though, more research on this
population of spider monkey’s home range is needed. This will
also let us know if diet is affecting parasitism. Type and
quantity of social interactions also affect parasitism (Rushmore
etal., 2017), so we call for researchers to do an ethological

study of this population.

Those populations that occur in sympatric conditions (including
humans), both are susceptible to the same parasite species
(Maldonado-Lopez et al., 2014; Galinanes-Plaza et al., not
published). ONCA gives home to three species of neotropical
primates, it is placed near local communities and the type of
work done in the center is by direct contact human- animal. All
the parasites observed in the current work have been described
both in humans and non-human primates (Maharjan, 2015) and
they all have a direct life cycle. Cross-transmission from
human to monkey, especially of Giardia sp. cannot be ruled
out. Future research comparing local human and non- humane

primate’s parasites is required.

The present study was carried out during wet season, so further

longer studies that take into account seasonality are required

(Rondon et al., 2017).
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5. CONCLUSIONS

(1) Sex, age and management are not good predictors of
parasitosis. (2) BC is not a good predictor of parasitosis when
we have different ages. (3) A high FS is influenced first by the
presence and load of Strongyloides sp., and then by
Chilomastix mesnilii. (4) Ivermectin is the best antiparasitic
treatment we used in this study; Fenbendazol and Praziquantel
are efficient drugs to counter pathological infestations of
Strongyloides sp., Metronidazol is efficient against Chilomastix
mesnilii, (5) Minimum parasite load to cause pathological
signis for Strongyloides sp. is much lower than for Chilomastix

mesnilii.

Understanding parasite dynamics in a population provides
information about parasite spread and persistence, in order to

know how they could act after releasing animals.
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9. TABLES

Table 1. Study subjects and host traits.

Individual code Sex Age range Management
ACO1 Male Infant Cage
ACO02 Female Infant Cage
ACO03 Female Infant Semi- freedon
AC04 Female Infant Semi- freedon
ACO05 Male Juvenile Semi- freedon
ACO06 Female Juvenile Semi- freedon
ACO07 Male Juvenile Semi- freedon
ACO8 Male Juvenile Semi- freedon
ACO09 Male Adult Runner
Semi- freedon
since 1/5/2021
AC10 Female Adult Runner
ACl11 Female Adult Runner
Semi- freedon
since 5/6/2021
ACI12 Female Adult Runner
Semi- freedon
since 5/6/2021
AC13 Female Adult Runner
AC14 Female Adult Runner
AC15 Male Juvenile Cage
ACl16 Male Juvenile Cage
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Table 2. Fecal Scoring Chart for Ateles chamek in ONCA.

Type

Description

Very hard, segmented, no

residue, mate.

Firm but not hard, very
little segmented, no

residue, mate.

Soft, no segmentation,
little residue or nothing,

mate- brilliant.

Very moist but still with
distinct logs. Leaves little

residue. Brilliant.

Very moist. Not distinct
logs but distinct shape.

Leaves residue. Brilliant.

Photo
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No consistency at all but
6 with texture. Impossible

not to let residue.

Watery, no consistency at
7 all. Impossible not to let

residue.
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Table 3. Variables of the data frame.

Dependent Independent

Sex, age range,
Nominal  Parasite observed
management

BC, FS, analysis, and
Ordinal
samples

days From last parasite
Continua  Total count
treatment.
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Table 4. Absolute and relative prevalence and intensities.

Parasite

Strongyloides
sp.
Chilomastix
meslinii
Limpio
Giardia sp.
Balantidium
coli

Entamoeba coli

Absolute

prevalnce

97

82

16

13

Relative

prevalence

0,4409

0,3727

0,0727

0,0590

0,0318

0,0227

Absolute Relative

intensity intensity
4822 0,0822
53234 0,9076
0 0
160 0,0027
411 0,0070
24 0,0004
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10. FIGURE CAPTIONS

Figure 1. Prevalence evolution along the study.

Evolution of Prevalence

Figure 2. Intensity evolution along the study.
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Figure 3. Plot showing average of total count depending on

fecal score.
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Figure 4. Correlation matrix among total count of parasites
(TOTAL), fecal score (fs), body condition (bc) and days from
last parasite treatment (Lastdesp).
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Figure 5. Percentage of variance explained by each of the four

dimensions.
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Figure 7. Contribution of each active variable in each

dimension.
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Note: Lastdesp = days from last parasite treatment; bc= Body

condition; fs= fecal score; TOTAL= total count of parasites.

Figure 8. PCA graph of the first two dimensions showing the

distribution of the samples depending on sex.
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Figure 9. PCA graph of the first two dimensions showing the

distribution of the samples depending on age range.
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Figure 10. PCA graph of the first two dimensions showing the

distribution of the samples depending on deworming product.
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Figure 11. PCA graph of the first two dimensions showing the

distribution of the samples depending on type of management.
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