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The maned wolf, Chrysocyon brachyurus, is the largest South American canid, with a nat-

Uruguay. The present study reports the case of a rescued specimen of maned wolf that

cue, and finalising in May 2021 with the reintroduction. Herein, we document findings
regarding the general management, biometrics, feeding and environmental enrich-
ment; chemical immobilisation and monitoring; haematology, blood biochemistry and
specific serology-relevant pathogens; skin examination and bone marrow cytology;
orthopaedic, ophthalmological and dental evaluation; abdominal and cardiac ultra-

sonography; radiology and copro-parasitology. Main findings include the feeding habits
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of the individual and enrichment opportunities. The animal weighed 7 kg on arrival,
with an estimated age of 5 months, and 18 kg on reintroduction, with an estimated
age of 1 year. The animal tested negative to serologic tests for Brucella canis, Dirofi-
laria, canine distemper, Toxoplasmosis and canine parvovirus. Leptospira testing showed
antibodies against L. grippotyphosa on both samplings, L. wolffi and L. ictero on the first
sampling, and L. pomona on the second sampling. Abdominal organs were examined and
measured through ultrasound evaluation and kidneys showed no alterations. Echocar-
diography showed preserved mitral, tricuspid and aortic valve flows, but turbulent
pulmonary valve flow. Copro-parasitology reported the presence of Lagochilascaris sp.
and Balantidium sp. All the information gathered aided in diagnosing the health sta-
tus of the individual, and the response to environmental enrichment helped assess the
behaviour, which led to the suggestion of reintroducing the animal. These data consti-
tute the first published health check of a maned wolf in Paraguay, which can contribute

to the species’ conservation in the country. The protocol presented in this study can

KEYWORDS

1 | INTRODUCTION

The maned wolf, Chrysocyon brachyurus (llliger, 1815), is the largest
canid in South America (Dietz, 1985). It is distinguishable from other
South American canids, as an adult, by its fur that can vary from orange
to golden red in colour, and the long mane that becomes more evident
in the juvenile stage and lasts throughout life (Dietz, 1984).

The species natural distribution spans across Peru, Bolivia, Brazil,
Argentina, Paraguay and Uruguay, although no local populations have
been identified in the latter, considered to be critically endangered
in the southern limit of its distribution (Kasper et al., 2023; Paula &
DeMatteo, 2016; Queirolo et al.,2011). In Paraguay, the species is fairly
widespread at low density within grassland and forest edge habitats, in
the Oriental region, and more humid areas in the Occident (Paraguayan
Chaco) region (Smith, 2022).

The species global conservation status is nearly threatened, its
main threats being the loss of habitat, road kills, direct persecution by
humans and pathologies associated with proximity to domestic animals
(Paula & DeMatteo, 2016). In Paraguay, it is categorised as vulnera-
ble, mainly due to a reduction of approximately 30% in the population
size of the species within the country. It finds its main threats in the
loss, degradation and fragmentation of its habitat, road kills, hunting
due to conflict with poultry, colonisation of rural areas and the conse-
guent displacement of the species, due to fires, parasitism and diseases
acquired from household species (Giordano et al., 2017). Although
some studies report on local (sub-national) distribution and richness
of the species, there are no specific studies on the species in Paraguay
(Areskoug, 2001; Zuercher et al., 2001; Salinas et al., 2022; Zuercher
et al., 2003).

serve as a basis for developing an action plan for the maned wolf in Paraguay.

biometrics, Boquerdn, Canidae, Lagochilascaris, reintroduction

The maned wolf can be exposed to various pathogens both in
natural environments and in modified environments, increasing the
vulnerability of populations of the species to certain diseases due
to ecological alterations derived from local conservation problems
(Orozco et al., 2015). A detailed review by Orozco et al. (2015) looked
at pathogens and conditions described in maned wolves, as well as
exposures reported through antibody testing in captive and wild spec-
imens, describing the relationship among different pathogens (virus,
bacteria and parasites) and the species through published experiences
in the management and treatment of these, also making a strong
emphasis with the potential pathogen transmission in areas of wild and
domestic canid interphase.

Decision-making protocols regarding the management of confis-
cated wild animals are essential tools within species management plans
around the world (Orozco & Gonzalez-Ciccia, 2015). The aim of these
is to serve as a guide where the procedures to be carried out with
each specimen are clearly detailed and allow a supported vision of
the animal’s situation in order to decide its fate efficiently (Orozco &
Gonzalez-Ciccia, 2015; Rodden et al., 2012).

The responsible release of one or more wild animals into nature is
a complex process that must be undertaken with great caution, as if
sufficient precautions are not taken, the action, instead of being effec-
tive for conservation, can be counterproductive and potentially very
harmful for the species in question or others of the receiving commu-
nity (Pautasso, 2009). In that regard, action protocols can be used as
models that can provide information from the general to the specific,
on the rescue, management and rehabilitation of specimens, based on
the experience of professionals from different countries and settings,

but also taking into consideration that they have to be adapted to the
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specific circumstances of each case (Pautasso, 2009; Rodden et al.,
2012; Silva Pinto & Da Silva Pinto, 2014).

The objective of this paper is to describe the clinical process in a case
of therescue, rehabilitation and reintroduction of a specimen of maned
wolf (C. brachyurus) in Paraguay, presenting all the data obtained during

veterinary interventions.

2 | MATERIALS AND METHODS

In October 2020, a juvenile maned wolf, C. brachyurus, was rescued
in the district of General Bruguez, Department of Presidente Hayes,
Paraguay. The animal was in a weakened state, which facilitated its
physical restraint. Through a coordinated effort between the local
prosecutor’s office and the Wildlife Department (DVS - Direccién de
Vida Silvestre, in Spanish) of the Ministry of the Environment and
Sustainable Development (MADES - Ministerio del Ambiente y Desar-
rollo Sostenible, in Spanish), the animal was transferred to the city of
Mariano Roque Alonso, to a private wildlife centre, on a temporary
tenure basis. For the establishment of sanitary check-ups, the health

assessment sheets published by Pautasso (2009) were used as a basis.

2.1 | Initial management

The animal, a female, weighing 7 kg, with low body condition, uncon-
scious and unresponsive to stimuli, was admitted to the wildlife centre.
Upon clinical inspection, an estimated dehydration of 8% was per-
ceived, as well as watery diarrhoea. A venous access was placed using
a 22G catheter in the left cephalic vein, starting the rehydration of the
animal with Lactated Ringer’s at a rate of 80 mL/kg/day (Kraft, 1999;
Sumano Lopez & Ocampo Camberos, 2006), for 3 days. At the same
time, a rectal swab was taken for microbial culture.

For the parasite evaluation, serial samples of faeces were taken.
Consistent with the copro-parasitological results, intravenous (1V) flu-
ids were accompanied with Metronidazole at a dose of 15 mg/kg
(Langlois et al., 2020; Sykes & Papich, 2021), every 12 h, in 4 admin-
istrations, as well as Levamisole at a dose of 5 mg/kg (Kraft, 1999),
subcutaneously (SC). After 2 days of treatment, the stools became
pasty. On the third day, the animal woke up and began drinking water
ad libitum. The antimicrobial treatment continued orally (PO) with
the administration of sulfamethoxazole-trimethoprim at a dose of
25 mg/kg (Kraft, 1999), every 12 h, for 3 administrations. On 11
October 2020, a combination of praziquantel (50 mg), fenbendazole
(500 mg) and pyrantel pamoate (50 mg) was administered PO. Once the
animal was stabilised, the first sanitary check-up was coordinated.

2.2 | General considerations

Throughout the 7 months the animal was kept captive, three sanitary
check-ups were undertaken. The evaluations performed in each san-

itary check-up are meant to get the most information possible from

the individual but were limited by the availability of specific specialists
and costs. Due to these constrains only the most important information
regarding the current state of the animal was assessed for every check-
up. The first sanitary check-up included: blood sampling (haemogram
and serum chemistry), serology for antibodies (Dirofilaria, Distemper,
Brucella, Leptospirosis), faeces (parvovirus and endoparasites), abdom-
inal ultrasound, echocardiogram, dermatologic inspection, peripheral
blood cytology, cytology and culture of a sample taken from the
affected limb, complete X-ray evaluation, orthopaedic evaluation and
biometry. The second sanitary check-up included abdominal and ocular
ultrasound, ophthalmologic evaluation, mouth evaluation, dermato-
logic evaluation, urine sampling, vaginal cytology, specific X-ray of the
affected limb, orthopaedic evaluation and biometry. The third sanitary
check-up included blood sampling (haemogram and serum chem-
istry), peripheral blood cytology, serology for antibodies (leptospirosis),
faeces (endoparasites) and biometry.

The animal’s weight and body measurements followed the guide
elaborated by Romero and Gonzélez (2015) as a reference. Body mea-
surements were taken with a millimeter tape measure, and body weight
was taken with a kilogram scale with a 100-g sensibility. For the quali-
tative description of the faeces, the table elaborated by the National
Zoological Park and Smithsonian Institution (2005) was used.

A subcutaneous Global-Ident identification microchip was placed in
the interscapular space.

The diet incorporated a variety of food elements, using commer-
cial dog food and chicken parts (wings, thigh, gizzard, heart and liver)
as a base, plus vegetables and tubers (Cucurbita sp., Ipomoea batatas,
Daucus carota sativus) and fruits (Malus domestica, Pyrus spp., Musa
sp., Mangifera indica, Plinia cauliflora, Malpighia emarginata, Psidium sp.).
Commercial dog food contained approximately 26% protein, 13% fat,
3.5% fibre, 1% (min) to 1.5% (max) calcium and 0.6% (min) to 1.2% phos-
phorus. Feeding was offered at dusk every day. Mineral supplements
(CalciVet B12, Lasca Laboratories, Paraguay), amino acids and vitamins
(Tonico Total, John Martin Laboratory, Argentina) were incorporated
into the diet.

To stimulate, the exploratory behaviours described by Presa et al.
(2015) elements and techniques of environmental enrichment were
incorporated. The enrichment sessions were mainly based on changes
in the form of food supply, hiding chicken parts under mounds of dry
leaves (Figure 1) or inside paper bags, burying cardboard boxes with
food, hanging pieces of fruit to a height of 150 cm and offering live prey,
such as doves and quails (Columba livia and Coturnix coturnix) and dead
prey (Mus musculus and Rattus rattus).

The housing of the animal was planned to improve her fitness
and exercise her natural behaviours. The enclosure had a total size
of approximately 200 m2, with a mixed substrate of earth, grass
and mounds of dry leaves, as well as a wooden shelter for hiding
(Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Ren-
ovaveis—IBAMA). As the reintroduction approached, dietary items
offered changed progressively to more natural food sources, such
as rats and doves, stimulating normal behaviours such as foraging.
The tests performed on the animal supported the pre-release health

assessment, where body condition was also assessed.
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FIGURE 1 Environmental enrichment techniques used in a female maned wolf rescued in Paraguay included hiding the food items.

The management of the animal complied with current national ani-
mal welfare legislation, as well as the national wildlife regulations, and
was constantly overviewed by DVS-MADES personnel. The transfer of
the animal to the private wildlife centre was documented in the Veri-
fication Report N°13/2020 (MADES), and the sampling of the animal
was authorised through the Verification Report N°14/2020 (MADES),
which mentioned the need to take samples to establish the animals’
health status.

2.3 | Handling and monitoring

The animal was only physically restrained to carry out sanitary check-
ups. For this, a snare pole was used, in order to inject the chemical
restraint intramuscularly (IM).

In the first and second sanitary check-ups, chemical restraint was
performed using a combination of Dexmedetomidine at a dose of
4 ug/kg, Ketamine at a dose of 2 mg/kg and butorphanol at a dose of
0.4 mg/kg, IM. Anaesthetic induction was performed with propofol at a
dose of 4 mg/kg IV, and maintenance with isoflurane between 1.5% and
2%. A No. 7 tracheotube was used for intubation. A Ronseda VT200A
monitor was used to monitor heart rate and blood pressure (systolic
and diastolic), and respiratory rate was monitored visually. Physiologic
constants were registered every 5 min.

In the third sanitary check-up, chemical restraint was performed
using a combination of Dexmedetomidine at a dose of 4 ug/kg,
Ketamine at a dose of 5 mg/kg and Butorphanol at a dose of
0.4 mg/kg, IM. For anaesthetic reversal, Yohimbine was used at a
dose of 0.1 mg/kg, IM. Heart rate was monitored using a Littmann
Classic 1l (3M) stethoscope, held against the left side of the thorax,
approximately in the fifth intercostal space, and respiratory rate was

monitored visually.

2.4 | Haematology and blood chemistry

Blood samples for haematological studies were taken upon admission
of the animal, and then during the first and third sanitary check-up.
The samples were obtained by the puncture of the cephalic veins of
the forearm, through a 21G needle, after antisepsis with cotton soaked
in 70% alcohol. The blood samples were deposited in EDTA tubes,
and the blood chemistry samples were deposited in tubes without
anticoagulant and refrigerated at 4°C until processing.

Blood samples for complete blood count were processed by the
following methods. An automatic blood analyser was used to count
the figured elements and haemoglobin. The differential leukocyte
count and the morphological evaluation of blood cells were performed
on a Giemsa stained blood smear. Total plasma protein levels were
determined through a refractometer.

The blood samples taken to obtain the biochemical profiles were
centrifuged at 3000 rpm (revolutions per minute) for 5 min, to obtain
the serum. These were then evaluated by the colourimetric method,
carrying out the readings in a spectrophotometer.

2.5 | Serology for infectious diseases

Considering the susceptibilities reported for the species (Orozco et al.,
2015; Silva Pinto et al., 2010), as well as the available diagnostic tools,
it was established as part of the first sanitary check-up to rule out
exposure to Brucella canis, Dirofilaria spp., Toxoplasma spp., Leptospira
spp., Distemper and Parvovirus. The samples were processed at the
Veterinary Diagnostic Center of Paraguay (CEDIVEP).

The qualitative and specific immunochromatographic test was used
for the detection of Brucella antibodies; immunochromatography for

the detection of Dirofilaria immitis antigen; immunochromatographic
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test for qualitative detection of Distemper viral antigen; qualita-
tive and specific immunochromatographic test for the detection of
Toxoplasma gondii antibodies; immunochromatographic test for the
detection of canine Parvovirus antigen; and microscopic agglutina-
tion test for detection of antibodies against Leptospira spp. The
leptospirosis examination was repeated during the third sanitary
check-up.

2.6 | Dermatology

Dermatological inspections were carried out during the first and sec-
ond sanitary check-ups. Samples for superficial cytology were collected
with acetate tape and stained with DiffQuik, for observation under an
optical microscope. Trichogram was performed for evaluation of hair,
root, stem and tip. Superficial scraping and deep scraping were per-
formed, to determine the presence or absence of mites, placing the
samples on a glass slide with immersion oil, and later a cover slide on

top, for its observation under an optical microscope.

2.7 | Traumatology and orthopaedics

The orthopaedic examination was performed by the observation of the
standing animal, free within the enclosure, and by evaluating videos of
the animal. The orthopaedic examination in decubitus was carried out
with the animal sedated, evaluating the anatomy of the bones, the mus-
cular conformation and the range of motion of the joints of the four
limbs, as described by Aristizabal Escobar (2015).

2.8 | Cytology

Corresponding to the clinical findings in the right forelimb, a fine needle
aspirate of the right radioulnar joint was performed using a 21G nee-
dle, after antisepsis of the area with 2% chlorhexidine, to determine the
cause of the swelling. The aspirated content was distributed on a ster-
ile swab and on a glass slide. The swab was placed in Stuart transport
medium and refrigerated at 4°C until cultured. The material placed on
the slide was stained with Giemsa.

During the first and third sanitary check-ups, samples were taken
for the detection of haemoparasites. During the first sanitary check-
up, a 21G fine-needle aspirate of bone marrow was performed, as well
as a peripheral blood smear, using Giemsa staining. During the third
sanitary check-up, a peripheral blood smear was performed.

During the second sanitary check-up, a vaginal swab sample
was taken to perform vaginal cytology. A sterile swab was rubbed
against the vaginal mucosa, and then it was taken to a glass slide
where the smear was made. Once the sample was dry, it was fixed
with methanol and stained with Giemsa, for observation under the

microscope.

2.9 | Urine

During the second sanitary check-up, a urine sample was taken by
ultrasound-guided puncture with a 21G needle. The urine sample was
sent, in a sterile cup, to the Veterinary Diagnostic Center of Paraguay
(CEDIVEP) for routine urinalysis.

2.10 | Ophthalmology

During the second sanitary check-up, the ophthalmological evalua-
tion of both eyes was performed. The ocular examination, including
the neuro-ophthalmic, lacrimal system and adnexal evaluation, was
performed according to the diagnostic sequence described by Feather-
stone and Heinrich (2013). A Tono-pen VET device was used to assess

intraocular pressure (IOP).

2.11 | Mouth assessment

The oral assessment was performed during the second sanitary check-
up. The mouth was opened so that the states of the mucous membranes
and the tongue were evaluated. During the dental inspection, the teeth
were counted, verifying the quantity according to the data of the
species, recording the presence of deciduous pieces, and their condi-
tion was observed, assessing the presence or absence of fractures. The
characteristics of the enamel were evaluated, as well as the coloura-
tion of the gums, ruling out inflammations. The probing was carried out
using a millimeter periodontal probe, inserting the tip between the gum
and the tooth, covering all the faces of each tooth and recording the
depth of the periodontal pockets. X-rays were taken with REMEX-T100
equipment, with a Sopix Size 1 sensor, using 70 kV, and 2 mAin 0.03 s.

2.12 | Ultrasound

The ultrasound review was performed during the first and second sani-
tary check-ups. The ultrasound equipment used was a General Electric
Logiq E R7, with linear probes (L4 - 12T) (L10 - 22) and microcon-
vex (8C), multi-frequency, between 8-13 and 10-22 mHz. Before the
study, the hair in the abdominal region was shaved with a No. 40 blade,
as well as the use of coupling gel.

Abdominal ultrasound evaluated the topography, shape, margins,
echotexture and echogenicity of the abdominal organs (liver, gallblad-
der, kidneys, spleen, pancreas, gastrointestinal tract, adrenal glands,
bladder and gonads), as well as ocular B-mode ultrasound evaluation,
measuring the eyeballs and differentiating the internal architecture of
them.

During the first sanitary check-up, echocardiography was per-
formed. The equipment used for echocardiography was a Mindray M7

premium with an 8-5 MHz phased array transducer.
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2.13 | X-rays

Radiographic studies were performed during the first and second
sanitary check-ups. The X-ray equipment used was a GIERTH HF
80, with a DRGEM Mano4343W detector panel, using 78 kW and
0.03 mA/s. During the first sanitary check-up, simple X-rays of the
thorax, thoracolumbar spine, pelvis and wrists of the right tho-
racic limb were taken in orthogonal projections. During the sec-
ond sanitary check-up, radiographs of the carpal bones, metacarpals
and phalanges of the right thoracic limb were taken in orthogonal

projections.

2.14 | Copro-parasitology

Serial fresh faecal samples were obtained on days 1 (02 October), 4 (05
October), 6 (07 October), 8 (09 October), 14 (15 October) and 20 (21
October) from the reception of the animal. The samples were collected
from the environment immediately after defecation and kept in sterile
vials at a temperature of 4°C until processing.

The samples were processed with the following techniques:
centrifugal-flotation technique in sodium chloride (Pereckiene
et al., 2007), Hoffman sedimentation (Hoffman et al, 1934),
10% formalin (Villalobos et al.,, 2015) and McMaster (Zajac et al.,
2021).

3 | RESULTS
3.1 | General management

Upon entry of the patient, a rectal swab was taken and sent to the Vet-
erinary Diagnostic Center of Paraguay (CEDIVEP) for microbiological
diagnosis, where no bacterial growth was reported. On fresh exami-
nation, 1-2 leukocytes were observed per field, and no red blood cells
were observed.

The records of the individual’s weight and body measurements are
presented in Table 1.

Throughout the study period, the individual maintained an elusive
and distrustful character. Attachment to humans was not perceived, so
there was no problem associated with human contact that could hinder
a response to rewild the individual (Groggan & Kelly, 2016). Through
the provision of live prey, self-sufficiency to search for food was eval-
uated, as well as search and hunting behaviour, also considering the
positive impact that environmental enrichment can have on animal
welfare during captivity, and the probabilities of subsequent successful
reintroduction to its habitat (Mendes et al., 2011, 2016). The individual
maintained a selective appetite throughout the study period, prefer-
ring animal-based food and sweet fruits such as apples and mango (M.
domestica, M. indica) over some other fruits and tubers, constantly leav-
ing pieces of pears (Pyrus spp.), sweet potato (I. batatas) and carrot (D.

carota sativus) half-eaten.

TABLE 1 Weight and body measurements taken during three sanitary check-ups from a female maned wolf rescued in Paraguay in

2020-2021.

Value 18/10/20
Approximate age (months) 5
Weight (kg) 7
Total length (1 + 2)? (cm) 101
Head length + body (1)? (cm) 71
Length of the tail (2)? (cm) 30
Length of the right ear (A)? (cm) 13.5
Width of right ear (B)? (cm) 7
Length of head (C)? (cm) 20
Chest circumference (4)? (cm) 40
Height (5)? (cm) ND
Neck circumference (6)? (cm) 22
Head width (D)? (cm) 14
Length of right arm (cm) 60
Length of right hand (cm) ND
Length of right leg (cm) ND
Length of right foot (cm) ND

Abbreviation: ND, no data.
aUse Romero and Gonzalez (2015) for reference.

24/11/20 10/04/21
6 11
10.5 18
119 138
79 95
40 43
14 16
8 9
25 24
45 51
68 ND
26 33
13 ND
63 61
19 18
63 71
25 27
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TABLE 2 Haematological values obtained on three occasions from female maned wolf rescued in Paraguay in 2020-2021, compared with

reports from other authors.

Orozco et al May-Junior et al Teare
VALUE 5/10/20 18/10/20 10/4/21 (2015) (2009) (2012)
Haemoglobin (g/dL) 9.8 13.3 15.0 147 +2.7 122+0.4 13.6 +2.3
Haematocrit (%) 29 47 53 46.0+ 6.7 38.7+1.0 40.9 + 6.5
Erythrocytes (mill/mm?3) 4.2 5.5 7.2 65+16 47 +0.1 5.43+0.95
Leukocytes (103/mm?) 5.6 14.7 12.1 94+33 12.3+0.9 10.36 +4
Platelets (mm?3) 320.000 150.000 150.000 ND ND 219.000
Banded neutrophils (mm?3) 168 0 0 ND ND 419 +834
Segmented neutrophils (mm?3) 2856 9261 9075 64.0 + 14.6 (%) 7300 7296 + 3251
Lymphocytes (mm?) 2352 4785 2178 26.3+13.8 (%) 3400 2150+ 1115
Monocytes (mm?) 0 213 363 4.0+5.4 (%) 600 333+280
Eosinophils (mm?) 224 441 484 4.9 +5.9 (%) 900 662 +454
Basophils (mm?3) 0 0 0 0.0+0.2 (%) 10 109+ 119
MCV (fL) 69 85 73 98.9+24.1 82.1+14 753+74
MCH (pg) 233 24 21 282+7.9 26.1+0.5 255+24
MCHC (g/dL) 3338 28 28 28.3+3.6 31.6+05 335+24
Total solids (g/dL) 5.97 8.0 8.3 6.7+ 10 7.6+03 62+0.8

Abbreviation: ND, no data.

3.2 | Restraint and monitoring

For the first and second sanitary check-ups, the anaesthetics were
administered IM. Five minutes after first administration, the animal
was found in anaesthetic plane. The first sanitary check-up took 94 min,
and the second took 50 min. As the maintenance was performed with
isoflurane, there is no information as to the duration of the anaes-
thetic protocols effect. For the third sanitary check-up, time from
administration to complete effect of anaesthetics was 6 min. Yohim-
bine was administered 30 min later, and the animal was beginning to
stand up 8 min after administration (38 min after administration of
anaesthetics).

The heart rate during the three sanitary check-ups ranged between
86 and 107 beats per minute, with a systolic pressure between 70 and
110 mm Hg and diastolic pressure between 37 and 80 mm Hg. The res-
piratory rate ranged between 13 and 19 breaths per minute, and the
body temperature between 36.9 and 37.6°C.

3.3 | Haematology and blood chemistry

Table 2 shows the haematological values obtained from the animal by
date, compared to the average results and standard deviation obtained
in works carried out in Argentina (Orozco et al., 2015), Brazil (May-
Junior et al., 2009) and the United States of America (Teare, 2012). The
work carried out by Orozco et al. (2015) compiled the data on captive
animals kept in various institutions in Argentina. The report by May-
Junior et al. (2009) in Brazil describes samples taken from specimen

inside a national park and compared them to samples taken from ani-

mals on the boundaries or on adjacent farmlands. The work by Teare
(2012) compiles data obtained from 27 institutions in the International
Species Information System database.

The first haemogram showed polychromatophilic erythrocytes,
anisocytosis (+), poikilocytosis, dacryocytes (+), codocytes (+), acan-
thocytes (+) and coin pile formation (+). The white blood cells showed
normal morphology. In the second haemogram, performed during the
first sanitary protocol, the red blood cells showed anisocytosis and
poikilocytosis. The white blood cells showed no particularities. In the
haemogram performed during the third sanitary protocol, the red
blood cells and white blood cells were normal.

Table 3 presents the results obtained from blood chemistry, in com-
parison to the average results and standard deviation obtained by
Orozco et al (2015), May-Junior et al. (2009) and Teare (2012).

3.4 | Serology for infectious diseases

The results shown in Tables 4 and 5 were obtained.

3.5 | Dermatology

Dermatological inspections were performed during the first and sec-
ond sanitary check-ups. No skin alterations were found during the first
sanitary check-up. Apparently, normal epithelial cells were observed.
No fungal spores or mites were observed in the scraping.

During the second sanitary check-up, cytology with acetate tape,
trichogram and scraping were performed, and no particularities were

reported.
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TABLE 3 Blood chemistry values obtained during two sanitary check-ups from a female maned wolf rescued in Paraguay in 2020-2021.

Analyte 18/10/20

Creatinine (mg/100 mL) 2.7 3.0
Urea (mg/100 mL) 57 63
ALT/GPT (1U/L) 91 72
Albumin (g/dL) 2.0 2.3
Alkaline phosphatase (1U/L) 398 371

Abbreviations: ALT, alanine aminotransferase; ND, no data.

10/4/21

Orozco et al May-Junior et al Teare
(2015) (2009) (2012)
14+04 1.0+0.1 1.3+04
57.3+19.1 59.5+12.6 ND
56.0+54.4 47.2+8.7 78 +72
3.3+05 26+0.1 3.0+04
7524959 ND 137 +191

TABLE 4 Tests performed to rule out the presence of the most common pathogens in a female maned wolf rescued in Paraguay in 2020-2021.

Pathology Method

Canine brucellosis
Brucella antibodies

Dirofilariosis
Distemper

Toxoplasmosis
Toxoplasma gondii antibodies

Parvovirus

Qualitative and specificimmunochromatographic test for the detection of

Immunochromatography for the detection of Dirofilaria immitis antigen
Immunochromatographic test for qualitative detection of distemper viral antigen

Qualitative and specificimmunochromatographic test for the detection of

Immunochromatographic test for the detection of canine Parvovirus antigen

Result

Negative

Negative
Negative

Negative

Negative

TABLE 5 Tests for antibodies against Leptospira interrogans serovars, performed during two sanitary check-ups, in a female maned wolf

rescued in Paraguay in 2020-2021.

Leptospira Method 18/10/20 10/4/21
Grippotyphosa Microscopic agglutination test (MAT) +1/50 +1/200
Tarasovi N N
Hardjo N N
Pyrogenes N N

Wolffi +1/200 N
Canicola N N
Pomona N +1/50
Ictero +1/50 N

Abbreviation: N, negative.

3.6 | Traumatology and orthopaedics

In the first orthopaedic evaluation, an abnormal weight distribution
was observed, with lameness of the right forelimb (grade 3), valgus
deviation of the limb, with the presence of muscle atrophy being notice-
able from a distance. Once sedated, the limb was observed more
closely, finding a bulge in the distal right radius/ulna and carpus, crepi-
tation of the area was perceived through palpation, compatible with a
solution of continuity of bone, the diameter of the limb measured in the
middle third of the arm was 20.5 cm, while on the healthy side of 23 cm.
Sensitivity was not evaluated because the patient was sedated.

In the second evaluation, the animal continued with an abnor-

mal weight distribution, but less pronounced, and presented lameness

(grade 2), and slight valgus deviation of the limb. Once sedated, the
bulging of the distal right radius and ulna and carpus was evaluated,
which was already without local crepitus, compatible with a fracture
in the process of resolution (bone callus). Sensitivity was not evaluated

because the patient was sedated.

3.7 | Cytology

Considering the radiological findings in the right radius and ulna
during the first sanitary check-up, a 21G fine needle aspirate was
performed for cytological study. Using routine Giemsa staining of the

smear, moderate cellularity was observed, composed mainly of a

85U80|7 SUOWLWIOD dAea.D 8|qedl|dde ayy Aq peusenob ae Ssplife VO ‘@SN JO S9N 10 A%eiqi]8UIIUO /8|1 UO (SUORIPUOD-pUe-SW.BI W00 A3 1M ARl 1 [eul|UO//:SANY) SUORIPUOD Pue swie | 8u 8S *[720z/c0/60] uo ArlqiTauliuo Ae|im ‘(U] eAnge ) aqnopesy Aq GEET ESWA/ZO0T 0T/I0p/woo" A3 1M Afeiq1jeul|uoy/sdny woJj pepeojumod ‘Z ‘vZ0Z ‘G60TES0Z



VETTER HIEBERT ET AL.

population of degenerated and some reactive neutrophils,
macrophages with foamy-vacuolated cytoplasm, osteoblasts and
osteoclasts. Within the sparse macrophages and neutrophils, colonies
of bacillary bacteria were observed sometimes smaller in length,
approximately 0.5 um wide and 2-3 um long. The findings were
suggestive of suppurative osteomyelitis associated with intralesional
bacillary bacterial colonies.

The cytology findings coincided with the microbial culture per-
formed on the aspirate, which isolated gram-negative non-lactose-
fermenting bacilli. The antibiogram result was indicative of sensitivity
to cefepime, tetracycline, sulfatrimethoprim, amikacin, ertapenem,
ceftazidime, amoxicillin, cefotaxime, ceftriaxone and gentamicin; and
slight sensitivity to ciprofloxacin. Antibiotic treatment was performed
with applications of long-acting amoxicillin (amoxicillin trihydrate) at a
dose of 22 mg/kg SC, every 48 h, for five applications.

During the first sanitary check-up, a 21G fine needle aspirate of
bone marrow and a peripheral blood smear were performed. No
haemoparasites were identified. During the third sanitary check-up, a
peripheral blood smear was performed. No cells containing corpuscles
compatible with haemoparasites were observed.

During the second sanitary check-up, a swab was performed for

vaginal cytology. Cells compatible with proestrus stage were observed.

3.8 | Urine

The results are shown in Table 6.

3.9 | Ophthalmology

During the second sanitary check-up, an ophthalmologic evaluation of
both eyes was performed, which were found to be unaltered, with good
optical functionality.

In both eyes, an IOP of 18 mm Hg was recorded using a Tono-pen
VET device, and a Schirmer’s test result of 17 mm/min. Positive direct
and consensual reflexes were present.

The eyelids were unremarkable. The lacrimal ducts presented a
positive Jones test. The conjunctivae were free of congestion and
secretions. The corneas were transparent and bright, negative for Rose
Bengal.

On inspection of the anterior chambers and drainage angles, pupils,
iris and crystalline lens, no particularities were observed. On fundus
inspection, normal vascularisation was perceived, with no particulari-

ties.

3.10 | Mouth assessment

During the second sanitary check-up, a dental evaluation was per-
formed. At the time of the evaluation, the animal had all of its
permanent teeth erupted in its mouth, and no dental fractures were

described.

WILEY 1227

TABLE 6 Urinalysis results obtained from a female maned wolf
rescued in Paraguay in 2020-2021.

Test Results

Urine

Colour Yellow

Aspect Clean

Density 1.030

PH 7

Chemical exam

Proteins 30 mg/dL
Glucose Not detectable
Ketones Not detectable
Bilirubin Not detectable
Urobilinogen Not detectable
Nitrites Negative
Leukocyte esterase Not detectable
Blood Not detectable
Haemoglobin Not detectable
Microscopic examination

Leukocytes Not observed
Red blood cells 2-3 per field
Epithelial flat cells 3-5 per field
Bilirubin crystals Low quantity

FIGURE 2 X-ray of lower premolar in a female maned wolf
rescued in Paraguay in 2020-2021.

Tooth 101 (right upper first incisor), 201 (left upper first incisor), 202
(left upper second incisor), 301 (left lower first incisor) and 401 (right
lower first incisor) showed enamel hypoplasia.

When periodontal probing was performed on all her teeth, no peri-
odontal pockets were detected, the gingiva was pink in colour, and

there was no gingivitis.
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FIGURE 3 Teeth during the first (left), second (middle) and third sanitary check-up (right) in a female maned wolf rescued in Paraguay in

2020-2021.
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FIGURE 4 Ultrasound assessment of gallbladder of a female maned wolf rescued in Paraguay in 2020-2021, during first (left) and second
(right) sanitary check-up.

Radiographic images were taken with REMEX-T100 equipment,
with a Sopix Size 1 sensor, using 70 kV, and 2 mA in 0.03 s. The study
shows the lower premolar with a large pulp chamber and an open apex
(Figure 2).

Figure 3 shows a comparison of the evolution of the teeth between
18 October 2020, 24 November 2020 and 10 April 2021.

3.11 | Ultrasound

During the first sanitary check-up, the gallbladder presented a wall
thickness of approximately 0.14 cm, with a scarce quantity of fine cel-
lularity suspended in its interior, and a volume of 5 mL (Figure 4).
The stomach (Figure 5) presented a wall thickness of 0.4 cm in

the ventral portion, and 0.39 cm in the dorsal portion. Stratifica-
tion of differentiated layers was observed with increased echogenic-
ity in its mucosal and muscular layer, associated with inflammatory
process.

In intestinal loops, slow motility was recorded in thin loops
with differentiated stratification and mucous pattern, with mostly
mucous/pasty content in transit (Figure 6). The duodenum presented
parietal thickness of approximately 0.34 cm in the area of evaluation.
The jejunum presented parietal thickness of approximately 0.24 cm.
The ascending portion of the evaluated colon presented a distension
of 0.9 cm with a wall thickness of 0.24 cm and in its descending por-
tion, distension of 1.57 cm approximately and parietal thickness of
0.4 cm, irregular wall surface. Throughout its transit, there was evi-
dence of mucous-paste-like content. The diagnostic impression was
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FIGURE 5 Ultrasound assessment of stomach in its parietal
measurement, both dorsal and ventral, during the first sanitary
check-up of a female maned wolf rescued in Paraguay in 2020-2021.

of an intestinal inflammatory process (enterocolitis). No structures
suggestive of foreign bodies were evidenced in gastrointestinal transit.

Free fluid in the abdominal cavity was also reported in small quan-
tity, which could be associated to physiological findings in domestic
canine puppies, not ruling out possible inflammatory fluid at the time of
the study. The rest of the abdominal organs evaluated (liver, spleen, kid-
neys, adrenal, pancreas, bladder, uterus and ovaries) were apparently
preserved.

At the second sanitary check-up, compared to the previous study,
the gallbladder presented wall thickness of approximately 0.11 cm,
anecogenic content of clean appearance in its interior, volume of
approximately 1.99 mL (Figure 4). The stomach was empty, with a
cartwheel appearance, and a wall thickness of approximately 0.4 cm
in the ventral area, with preserved stratification. Intestinal loops
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with expected peristalsis and mucous-gas content in transit, parietal
duodenal thickness of 0.36 cm and jejunum of 0.27 cm approxi-
mately, colon presented parietal thickness of 0.14 cm approximately in
descending portion with hyperechoic interfaces with posterior acous-
tic shadow indicating the presence of apparent solid faecal matter and
gas (Figure 6).

An ocular ultrasound study was also performed (Figure 7), reporting
both eyeballs with an axial dimension of 1.7 cm. Anterior chamber, crys-
talline lens and vitreous chamber were preserved. Retro bulbar space
and optic nerve were preserved.

During cardiac examination, no audible murmur or gallop was
evidenced, and a normal pulse was present. The findings of the
two-dimensional echocardiography are presented in Table 7.

Echocardiography/Doppler study showed preserved mitral, tri-
cuspid and aortic valve flows, turbulent pulmonary valvular flow,

suggestive of mild valvular insufficiency.

3.12 | X-rays

During the first sanitary check-up, plain radiographs of the thorax, tho-
racolumbar spine, pelvis and carpus of the right thoracic limb, obtained
in orthogonal projections, were taken. Bronchial pulmonary pattern
was observed (Figures 8 and 9); as were a fracture in the distal third
of the right radius and ulna in the process of bone repair with swelling
of adjacent soft tissues (Figure 10); and dilatation of the intestinal
segment (Figure 11) matching the ultrasound finding of ileus.

During the second sanitary check-up, X-rays were taken of the
carpal bones, metacarpals and phalanges of the right thoracic limb
obtained in orthogonal projections. Compared to the first study per-
formed, fracture reduction was observed in the right radius and ulna
(Figure 12), and no changes suggestive of osteomyelitis were observed
(Figure 13).
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FIGURE 6 Ultrasound assessment of descending colon of a female maned wolf rescued in Paraguay in 2020-2021 in longitudinal section:
during the first sanitary check-up, with marked wall thickening and mucosal pattern with wall irregularity (left), and during the second sanitary
check-up, with preserved wall, regular surface, solid stool pattern and gas in transit (right).
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FIGURE 7 Ultrasound assessment of both eyeballs in dual function, in a female maned wolf rescued in Paraguay in 2020-2021.

TABLE 7 Echocardiographic findings from a female maned wolf rescued in Paraguay in 2020-2021.

Two-dimensional echocardiography

LA 15.7 mm LVSd 6.8 mm LVSs 6.8 mm EF% 61.1
AO 14.3 mm LvVDd 25.8 mm LVDs 17.8 mm SF% 31.1
LA/AO 1mm PLVWd 5.5mm PLVWs 7.2mm

Abbreviations: Al/AO, atrium aorta relation; AO, aorta; EF%, left ventricular ejection fraction; LA, left atrium; LVDs, cavity in left ventricular systole; LVDd,
cavity in diastole of the left ventricle; LVSd, septal wall in diastole of the left ventricle; PLVW(d, free wall in left ventricular diastole; PLVWs, free wall in left
ventricular systole; LVSs, septal wall during left ventricular systole; SF%, shortening fraction.

FIGURE 8 Increased pulmonary radiodensity of bronchial pattern in a female maned wolf rescued in Paraguay in 2020-2021, during the first
sanitary check-up. Left latero-lateral projection (left) and right latero-lateral projection (right). Presence of tracheal tube and oesophageal tube.
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FIGURE 9 Increased pulmonary radiodensity of bronchial pattern
in a female maned wolf rescued in Paraguay in 2020-2021, during the
first sanitary check-up. Ventro-dorsal projection. Presence of tracheal
tube and oesophageal tube.

3.13 | Copro-parasitology

The findings are shown in Table 8.

The results expressed in Table 8 correspond with the initial
treatment with metronidazole, levamisole and sulfamethoxazole-
trimethoprim during the first 4 days, in addition to the administration
of praziquantel, fenbendazole and pyrantel pamoate on 11 October

2020, in the gradual reduction of the parasite load.

3.14 | Relocation and reintroduction

The management was not modified in the days prior to the transfer.
The day before the transfer, the animal was fed normally, at sunset. On
the day of the transfer, the animal was placed in a wooden transport
box with guillotine-style doors at both ends, with hay substrate. The
embarkation took place hours before dawn, and the release was made
around noon. During the transport of the animal to the release site,
there were no particularities. The animal was calm inside the transport
box, being found lying down during each observation (every 60 min).
The reintroduction site was on the same property where the ani-
mal was found, as suggested by Groggan and Kelly (2016), but further
away from the cattle pastures. The transport box was moved to the

release site, placed on safe ground, opening the front door first, with-

out the animal getting out of it. When the back door was opened, the
animal quickly exited, moving approximately 20 m away, and stopping
to observe the crowd from the vegetation (Figure 14). After 15 s, it
moved away at a relaxed pace, moving deeper into the vegetation until
it disappeared from sight.

Radio tracking of the individual was considered first but could not
be done for financial reasons. Camera traps were installed in the sur-
roundings, and captures of maned wolves were registered, but the
animal had no gross distinguishable feature that allowed identifica-
tion. Work was carried out with people living near the release site,
specifically educating the population about the species, its role in the

environment, and the low risk to humans of coexisting with the species.

4 | DISCUSSION
4.1 | General considerations (management)

At the moment the animal was released, it had reached the range
of weight expected for the species, between 18 and 32 kg (Padilla &
Hilton, 2015), and although it matches the lower end of the weight
range, this was considered appropriate, as the specimen was a young
adult. Regarding the growth (Table 1), the results were consistent in
that the period of rapid growth had passed and limbs were growing at
a slower rate, and these were yet to reach the average length, which
happens after 1 year of age (Brady & Ditton, 1979; Wayne, 1986),
although limb development could also have been hindered by patho-
logic processes such as parasitic diarrhoea, captivity-related stress and
incomplete diet (AZA Canid Taxon Advisory Group, 2012). The body
average body and tail length at the last check-up match that reported
by Dietz (1985).

Enclosure management, such as cleaning and installing enrichment
opportunities, was done during the day, as the species is generally
more active at night than during the day (Dietz, 1984), and the ani-
mal was usually found hiding. As the species is considered a generalist
omnivore, the diet was prepared considering that, according to sev-
eral studies through different biomes, almost half of the food items
are of animal origin, and the other half is plant material (Aragona &
Setz, 2001; Bueno et al., 2002; Bueno & Motta-Junior, 2006; Diets,
1984; Massara et al., 2012; Motta-Junior et al., 1996; Queirolo &
Motta-Junior, 2007; Santos et al., 2003), which in this case had a good
acceptance, although a preference to animal origin items was per-
ceived. Preparing a diet in captivity is complex, not only due to the
challenge of imitating the wide variety of food items that the species
consumes in the wild, but also because the feeding ecology has to be
studied, so that the feeding behaviour is kept and stimulated (Rodden
et al., 2012). The species is not considered a predator of large animals,
and they consume a wide variety of invertebrates, fruits and shrubs,
so the food offered should consist of a nutritionally complete dry dog
food, supplemented with fruits, vegetables and whole prey items such
as small rodents, quail or chicks (Rodden et al., 2012). Incorporating live
and thawed animals of controlled origin, such as doves and rats, helped

by stimulating the feeding behaviour, and the choice of commercial
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FIGURE 10 Fracturein the distal third of the right radius and ulna in a female maned wolf rescued in Paraguay in 2020-2021, during the first
sanitary check-up. Anteroposterior view (left) and medio-lateral view (right).

FIGURE 11 Right latero-lateral projection of the lumbar spine in
a female maned wolf rescued in Paraguay in 2020-2021, showing an
intestinal segment with gas dilatation in the mesogastrium during the
first sanitary check-up.

dog food that was incorporated to the diet was directly related to the
quality of the food and the nutritional requirements of maned wolves
which, compared to other canids, are lower in protein intake (Barboza
et al,, 1994). In regard to the presentation of the food, when chicken
items were offered, a positive response was seen when hiding and
burying the food items, in the sense that it stimulated an interaction

between the animal and her enclosure.

Through environmental or behavioural enrichments, the animal is
provided with a variety of stimuli that can increase physical activity,
stimulate cognition and promote natural behaviours (Rodden et al.,
2012), which elicit positive effects on the behaviour of captive maned
wolves (Cummings et al., 2007). Several enrichment strategies can be
applied to promote foraging, feeding, object manipulation and investi-
gation, such as olfactory enrichment (herbs and spices, animal scents,
faeces or urine from other species) and physical objects (Cummings
et al., 2007; Rodden et al., 2012), although providing the animal with
the ability to forage for food, through food scattering, is apparently
a more effective enrichment strategy that introducing objects (Cum-
mings et al., 2007; Vasconcellos et al., 2009), and has also shown
to reduce stress (Coelho et al., 2016). Response to foraging stim-
uli will also help assess the animals’ behaviour when considering
reintroduction (Coelho et al., 2011).

4.2 | Handling and monitoring

Considering the extreme heatwaves in Paraguay (Rivera et al., 2022),
before any capture is planned, ambient temperature and humidity have
to be considered, and the procedure should be discontinued at any
time the health of the animal is in question (Rodden et al., 2012). In
this case, snare pole was used as it allowed a quick grasp of the ani-
mal while keeping the handler at a safe distance from the mouth and
allowing the veterinarian safe access to the hindlimbs, to inject the
induction drugs, and quickly releasing the animal afterwards. Care has
to be taken not to choke the animal or produce chronic damage on the

neck tissues while using the snare pole, so an experienced handler is
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FIGURE 12 Apparent valgus deviation of distal radius and ulna, at joint transition, anterior-posterior view (left); and discrete fracture line in
distal diaphysis of the right radius and ulna, medio-lateral view (right), during the second sanitary check-up in a female maned wolf rescued in
Paraguay in 2020-2021.

FIGURE 13 Eggcompatible with Lagochilascaris sp. (left) and Balantidium sp. (right) from a female maned wolf rescued in Paraguay in
2020-2021.

preferred. Catch box, catch nets and crowding boards are other meth- In this case, the drugs administered have already been used suc-
ods used for physical restraint in this species, plus chemical restraint cessfully in various reports, and the animal was constrained in an
for any procedure (Maned Wolf Species Survival Plan [MWSSP], enclosure, which aided in the handling as the space was limited and the
2007). animal could be cornered, but different drug combinations and doses
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TABLE 8 Results of the copro-parasitological studies from a female maned wolf rescued in Paraguay in 2020-2021.

Sample date Flotation centrifuge Sedimentation

02-10 Lagochilascaris sp. (Figure 13) Balantidium coli (Figure 13)
05-10 Lagochilascaris sp. N

07-10 Lagochilascaris sp. Balantidium coli

09-10 N Balantidium coli

15-10 N N

21-10 N N

Abbreviation: N, no findings.

have been reported for immobilisation and anaesthesia in the species,
depending on availability, particular situations such as wild versus cap-
tive situations, factors such as age and health, and the experience of
the veterinarian (Alves et al., 2023; Bronson et al., 2021; Furtado et al.,
2006; Rodden et al., 2012). Induction times in this case matched the
reported range, between 3 and 15 min. Reported heart rates range
between 60 and 192 beats per minute (33-296 bpm in wake maned
wolves), which match the present case, as well as reported respiratory
rate ranges, between 10 and 50 breaths per minute (Alves et al., 2023;
Bronson et al., 2021; Furtado et al., 2006; Moraes et al., 2021; Rodden
et al., 2012). Reported rectal temperature can range between 36.2 and
40.1°Cduring anaesthesia (Alves et al., 2023; Bronson et al., 2021; Fur-
tado et al., 2006), although preferred rectal temperature is 37.7 + 1°C,
which nearly matches the values in this report.

The use of reversible drugs allows a quick recovery once the proce-
dure ends, reducing the possible risks of an unnecessary and prolonged
anaesthesia. Whenever the situation permits, it is also suggested to
keep crystalloid fluid therapy during any procedure (Orozco et al.,
2015).

4.3 | Haematology and blood chemistry

Comparing the data obtained for the present work with the data
recorded by Orozco et al. (2015), May-Junior et al. (2009) and Teare
(2012), on average, the red series matches the second and third sam-
pling. The haemoglobin value in the first sampling was decreased, but
in the second and third sampling, it was already close to the averages
presented by the cited authors. Haematocrit in the first sampling was
very low, but by the second and third sampling, it was already close to
the averages, even reaching the upper ranges during the third sampling.
According to the average values, the red blood cell count also showed
a decreased value in the first sampling, which was increasing in the
second sampling, matching values of individuals in captivity (Da Silva
Gomes, 2007) and reaching the average values during the third sam-
pling. Comparing the erythrocyte count of the first sampling, when the
specimen was approximately 5 months old, and considering that it had
direct free-living origin, with the values obtained from animals within
the Serra da Canastra National Park (May-Junior et al., 2009), the value
is within the reference range reported for the species. Regarding hema-

Formalin McMaster

Lagochilascaris sp., Balantidium coli 500 epg Lagochilascaris sp.
Balantidium coli 300 epg Lagochilascaris sp.

Lagochilascaris sp., Balantidium coli 200 epg Lagochilascaris sp.

Balantidium coli N
Lagochilascaris sp., Balantidium coli N
N N

FIGURE 14 Female maned wolf rescued in Paraguay in
2020-2021, observing from the distance following reintroduction.

cytometric values (MCV, MCH, MCHC), the data obtained were within
the ranges, but not always reaching the average value.

As for the leukocyte count, the second and third sampling results
were close to the averages, the first sampling resulting below the gen-
eral average, but within the range obtained in subadult individuals
(Orozco et al.,, 2015). In general, the values obtained for lympho-
cytes, monocytes and eosinophils correspond with the average values
published by Teare (2012). Basophil values match those reported by
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Orozco et al. (2015) for females and for subadult individuals. Platelet
values varied between the first and the subsequent samplings but were
inthe range published by Teare (2012). Total solids values were in range
during the three samplings.

With regard to blood chemistry, creatinine values on both samplings
were higher than the reported reference values but were in range when
compared to a study done with captive maned wolves in northeastern
Argentina (Mussart et al., 2003). Urea-reported values within the ref-
erence ranges and alanine aminotransferase were within range when
compared to the three studies, even close to the mean value reported
by Teare (2012). Albumin values were within the ranges reported by
Teare (2012) and Orozco et al. (2015) but close to the minimum value,
and even lower than the minimum reported by May-Junior et al. (2009)
for sub-adults. Alkaline phosphatase reports very wide ranges accord-
ing to Orozco et al. (2015) and Teare (2012), and the values obtained in
the present study fall between the range, although not near the mean

values.

4.4 | Serology for infectious diseases

Wild carnivores are increasingly exposed to pathogens that potentially
threaten conservation efforts, as well as posing a risk to public health
due to the risk of spill-over to domestic animals and human popula-
tions (Silva Pinto et al., 2010). Performing a passive surveillance on
these animals gives opportunity to understand the eco-epidemiology
of pathogens that are known to cause disease in this species but also to
detect pathogens not yet reported in the species.

Ruling out canine distemper infection in the specimen was impor-
tant as it has already been documented and associated to the death of
captive specimens in Brazil (Cubas, 1996; Maranho et al., 1991; Mon-
teiro et al., 2010) and Chile (Vergara-Wilson et al., 2021). A work from
Argentina reported that two wild specimens presented histopathologi-
cal evidence compatible with canine distemper infection (Lertora et al.,
2008), and works from Bolivia (Deem et al., 2012) and Brazil (Curi
etal.,2012) found medium and high seroprevalences of distemper virus
in wild specimens. The animal was found near the living quarters of
a cattle ranch, with a high probability of close contact with domes-
tic dogs, which are frequently associated with the introduction of the
virus into natural environments (Monteiro et al., 2010). The negative
result toimmunochromatographic test for qualitative detection of viral
antigen (Table 4) can mean, of course, that the animal was not hosting
the virus at the moment, which in this case matched the clinical find-
ings, although the enamel hypoplasia (Figure 3) could be associated
to a prior infection. Although the animal in this case did not develop
clinical signs related to an active infection during the rehabilitation pro-
cess, as the negative result suggested, this test has been reported to
provide false negative results when using blood serum samples, associ-
ated mainly to the large amounts of viral antigen required to produce
a clear positive result, so a real-time nested PCR is the recommended
test to rule out presence (or infection) of canine distemper virus (An
et al.,, 2008; Fischer et al., 2013). Vaccination of dogs in rural environ-

ments can reduce the viral shedding and transmission of the disease to

wildlife, and unlike captive maned wolves, vaccinating wild carnivores
is still a complex issue that has to be studied further (Loots et al., 2017;
MWSSP, 2007).

Parvovirosis is a highly contagious infectious disease caused by
canine parvovirus that causes an acute and severe gastrointestinal
haemorrhage that can rapidly lead to death as reported in maned
wolves (Diniz et al., 1999; Maia & Gouveia, 2002). Reports are vari-
able, as low prevalence for canine parvovirus antibodies was reported
in one study performed in Bolivia, but an earlier study reports high
prevalence, as well as studies in Brazil that report medium to high
prevalences although the animals tested showed no signs of dis-
ease (Curi et al., 2012; Deem & Emmons, 2005; Deem et al., 2012).
The animal sampled in the present case resulted negative to the
immunochromatographic test for the detection of canine parvovirus
agent (Table 4), which was feared to be associated to the diarrhoea the
patient presented. This does not rule out the possibility of a previous
exposure to the pathogen, which could be assessed in further cases
through serum antibody testing. High serum antibody concentrations
have been suggested to reduce faecal virus load, as circulating anti-
bodies might inhibit the colonisation of the gastrointestinal epithelium,
which can lead to false negative antigen results (Proksch et al., 2015).
Vaccination of dogs that can be in contact with wild carnivores can help
by significantly reducing the viral shedding (Freisl et al., 2017).

Toxoplasmosis is caused by intestinal coccidians associated to
felines and is of great concern in public health (Hendrix & Robinson,
2012). Reports in maned wolves mention between 33% and 88% ani-
mals tested positive for toxoplasma antibodies (Curi et al., 2012; Deem
& Emmons, 2005; Deem et al., 2012; Mattos et al., 2008; Orozco et al.,
2013; Oliveira et al., 2016). The animal in this case tested negative to
T. gondii antibodies (Table 4). Even in the case of a positive serology to
Toxoplasma spp. antibodies, this would indicate exposure of the animal
to different sources of the pathogen, such as environmental contam-
ination by sporulated oocysts and prey infected with tissue cysts,
such as small and medium-sized mammals (Oliveira et al., 2016), and
not necessarily an active infection with risk of transmission, although
close contact with human population and their associated domestic
(and feral) carnivores increases the chances of disease transmission
(Oliveiraet al., 2016).

Disease caused by D. immitis, a nematode, is associated to heart dis-
ease and chronic helminthiasis of the circulatory system in dogs as well
as in maned wolves (Carvalho & Vasconcellos, 1995; Hendrix & Robin-
son, 2012). The animal in this case tested negative to D. immitis antigen
(Table 4), which could be analysed in a nationwide context with data
from domestic dogs and captive wild carnivores as surveillance reports
in other countries mention up to 85% of maned wolves positive to
heartworm antigen (Deem et al., 2012; Orozco et al., 2013), although
these data are still not available for Paraguay.

The animal sampled in this report was tested for 8 Leptospira
interrogans serovars: Grippotyphosa, Tarasovi, Hardjo, Pyrogenes, Wolffi,
Canicola, Pomona and Ictero. Positive results were reported for Grip-
potyphosa, Wolffi and Ictero during the first sanitary check-up and for
Grippotyphosa and Pomona during the second check-up (Table 5). The

serovars Grippotyphosa and Wolffi have been reported, with the same
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titres, in maned wolves associated to human settlements and contact
with domestic dogs that showed high seroprevalence (Orozco et al.,
2013). Regarding the differences between both samplings, in another
study, the results of several tests performed on a group of free-living
maned wolves, one individual, female, tested positive for Grippotyphosa
(1/100) during one sampling, but tested negative in four subsequent
samplings (Deem et al., 2012). It has been suggested that specific anti-
bodies are often short-lived (Orozco et al.,, 2013). Another individual,
male, tested positive for Ictero (1/200), whereas the rest of the group
(n = 12) tested negative during various samplings (Deem et al., 2012).
Unlike clinical disease seen in canines and humans, the health impact
of leptospirosis in wildlife is unclear and many free ranging canids are
seropositive to various L. interrogans serovars without showing illness
or functioning as important reservoirs (Deem & Emmons, 2005; Grimm
et al,, 2020; Zele-Vengust et al., 2021). Collection of urine sample to
detect shedding of Leptospira organisms could allow the assessment of
an animals’ infectious status (Grimm et al., 2020; Zele-Vengust et al.,
2021). The results obtained in this case can be considered low titres,
although this is not clearly defined when interpreting wildlife results.
Differences between studies might be due to inconsistencies in cut-
off titres, serovars evaluated, characteristics of sampling sites, climate
or geographical location and time of year of the study (Grimm et al.,
2020). Lowering the cut-off titre could result in false positives, and
taking a higher cut-off titre would result in a reduction of serovars
detected (Grimm et al., 2020). Up to five serovars were detected in
studies performed in Bolivia and Brazil (Correa et al., 2004; Deem et al.,
2012; Deem & Emmons, 2005; Orozco et al., 2013; Silva Pinto, 2010;
Esteves et al.,, 2022), and the pathogen has been associated to nephri-
tis in captive maned wolves (Diniz et al., 1999); however, the real role of
carnivores in the leptospirosis cycle, the significance of the findings of
positive antibodies to a few serovars and its impact on free-living pop-
ulations are still unknown (Deem & Emmons, 2005; Silva Pinto et al.,
2010).

Regarding Brucella spp., the animal tested in this case reported
a negative result to B. canis antibodies (Table 4), which is the stan-
dard screening test. This pathogen is constantly surveilled for in the
species, although only two studies reported the presence of antibod-
ies in serum, and none remained positive in the confirmatory tests
(Antunes et al., 2010; Deem & Emmons, 2005; Deem et al., 2012; Kida,
2013). Although the maned wolves could be exposed to the pathogen
throughdirect or indirect contact with domestic or feral dogs, there are
no reports of the pathogen being detected in the species, and false pos-
itive serologic test results are suspected as cross-reactions with other
gram-negative bacteria are a major issue (Antunes et al., 2010).

It has to be taken into consideration that, although the animal
did not necessarily exhibit clinical signs compatible with the targeted
pathogens, the tests performed are validated for domestic canines and
might not be validated specifically for the species, which may cause
false negatives or false positives in other cases.

Other pathogens that can be considered for future sampling in
the species in Paraguay include various types of Adenovirus (Curi
et al., 2012; Deem & Emmons, 2005; Deem et al., 2012; Maia &

Gouveia, 2002; Orozco et al., 2013), canine coronavirus (Curi et al.,

2012; Deem & Emmons, 2005; Orozco et al., 2013), canine parain-
fluenza virus (Curi et al., 2012), tuberculosis (Maia & Gouveia, 2002),
Ehrlichia canis (Oliveira et al., 2016), Neospora caninum (Mattos et al.,
2008; Oliveira et al., 2016) and rabies (Deem & Emmons, 2005), as
they already have reported positive serologic results or disease in the
species.

4.5 | Dermatology

Thorough skin examination of the individual was important not only
to rule out ectoparasites, but also skin pathologies caused by other
microorganisms, or lesions that may be related to systemic diseases, or
that can compromise the welfare of the animal, as one has to consider
that transmissible diseases from domestic animals are one of the main
threats to the species (de Paula et al., 2013).

The absence of skin alterations and lesions in this case, unlike
those described in some reports (Bodini Santiago & Fernandes Oliveira,
2001; MWSSP, 2007), could be associated to a balanced and sup-
plemented diet and environmental hygiene (Rodden et al., 2012;
Marchegiani et al., 2020), which can also relate to the absence of fun-
gal spores or ectoparasites that are mentioned in other reports (Arrais
et al., 2021; Cansi et al., 2012; Fiori et al., 2023; Gilioli & Silva, 2000;
Luque et al., 2014; Maia & Gouveia, 2002; Pereira et al., 2018). Daily
cleaning of the enclosure and removal of faeces and leftover food items
reduces the proliferation of vectors and other potentially pathogenic
microorganisms (Rodden et al., 2012).

Dermatologic examination also allowed to rule out attack wounds
from other animals (Miatello & Cobos, 2008), and no changes sugges-
tive of neoplasia were found (Gamba et al., 2011; Gugelmin, 2022).

Special attention was to be paid to rule out infection by Leishma-
nia infantum, which the species can host (Luppi et al.,, 2008) and is
extremely relevant for conservation efforts and public health (Curi
et al., 2006) considering the high prevalence in Paraguay (Noguera-
Zayas et al., 2021). Infection by Leishmania spp. can cause skin lesions,
although wild canids usually do not show the typical signs of canine
leishmaniasis (Courtenay et al., 1994; Jusi et al., 2011), but it has been
demonstrated that maned wolves can transmit the parasite to the
invertebrate host (Mol et al., 2015).

4.6 | Traumatology and orthopaedics

Orthopaedic evaluation of the limbs in the species aids in detecting
locomotor alterations that may be related to anatomic lesions that
may or may not be radiologically detectable. The lameness detected
in the patient was directly related to an infectious process, probably
with a traumatic background, that was shown to be evolving posi-
tively. Although the thoracic limbs may be similar to those of domestic
dogs, the morphology in this species is differentiated by the fact that
this animal has elongated limbs and manual skills, as well as run-
ning and jumping (Pereira et al., 2019). The particular pacing of the

species, as well as the hunting technique, requires correct limb use
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(Bodini Santiago & Fernandes Oliveira, 2001; Presa et al., 2015; Soler
etal, 2015).

The maned wolf evolved to have long enough legs to travel high
enough above the ground level that resistance due to body contact with
stiff plant stems is reduced (Dietz, 1984), and this has to be consid-
ered if the aim is to get the animal back to the wild. Thoracic and pelvic
limb bones in this species, although much longer, are similar to those of
domestic dogs, which can be helpful when evaluating them for diseases
and deformities (Pereira et al., 2019; Siqueira et al., 2017, 2018).

Orthopaedic examination of the limbs assesses the joints and the
range of movement (flexion and extension), palpation of muscle bodies,
tendons and bones, where any discomfort has to be noted, as well as
hyperextension and hyperflexion, which can indicate luxation (Arthurs,
2011). Any alteration in any segment of the anatomy of the limbs will
be reflected in the movement of the animal, where the muscular bod-
ies seek to balance the movement in relation to the forces that must be
overcome to move in the environment, so the evaluation of the kinet-
ics of movement can be an interesting tool in the evaluation (Arthurs,
2011; Aristizabal Escobar, 2015).

4.7 | Cytology

Cytology is a quick and inexpensive tool that can enormously help
in diagnosing, not only when a pathology is suspected but also to
screen for some specific pathogens. The fine needle aspirate cytology
obtained from the right radius and ulna was suggestive of suppurative
osteomyelitis associated with intralesional bacillary bacteria, which
was confirmed in culture. This infection could have been related to an
earlier trauma and was receding at the time of sampling, probably due
to the various antibiotic treatments and the low antibiotic resistance
of the colonising bacteria, as in another case that involved Staphylo-
coccus sciuri (Godoy et al., 2016). The administration of long-acting
amoxicillin as first line of treatment, IM or SC, has shown to maintain
constant inhibitory concentrations for sensitive bacteria for up to 48 h
(Porta et al.,, 2015) which can be ideal for animals not comfortable with
constant medication.

Fine needle aspirate of bone marrow and peripheral blood smear did
not report any haemoparasites in this case. These were taken on more
than one occasion, due to the constant reports of haemoparasitesin the
species (Arrais et al., 2021; Cubas, 1996; Cansi et al., 2012; Phair et al.,
2012; Perles et al., 2019; Silveira et al., 2016), particularly Leishmania
sp. (Jusi et al., 2011), as discussed in Section 4.5.

Regarding vaginal cytology, it can help evaluate both physiologi-
cal and pathologic processes. It can direct as to the optimal time for
breeding or artificial insemination, where a shift in cellularity can be
observed; as it can also be indicative of pathologic changes related to
infection or neoplasia (Antonov, 2017). Changes associated to sexual
maturity start being evident around 8-9 months of age, as reported in
the vaginal cytology in this case, and although first copulations occur
around 1-2 years of age, the first successful breeding usually occurs
around 34 months of age (MWSSP, 2007; Orozco et al., 2015).

4.8 | Urine

Routine urine analysis in this species is fundamental as one of the
most widely recognised disorders afflicting captive maned wolves is
cystinuria (Bovee et al, 1981; Dietz, 1984; de Oliveira & Mendes, 2007;
Mussart & Coppo, 1999), which is also an important cause of death in
captive individuals (Maia & Gouveia, 2002). The animal sampled in this
case presented a urine pH of 7.0, and no cystine crystals were observed,
which matches the suggestion to keep urine at a pH of over 7.0, as cys-
tine solubility increases in alkaline urine (Osbourne et al., 1989) but, as
urinary pH over 7.5 may predispose them to cystitis, it should be kept
at that value or lower (Boniface, 1998). One study suggests that sup-
plemental taurine can be provided, at concentrations recommended
for domestic felids, as a means for the prevention of cystinuria-related
clinical disease (Childs-Sanford & Angel, 2006). Urine density and the
amount of protein in urine in this case (Table 6) matched the range
reported by Mussart et al. (2003). If a specific reference value cannot
be found for the species, routine urinary tests results can be compared
with other Canidae as a reference (Mussart et al., 2003).

As blood may sometimes be more difficult to obtain, urine sam-
ples can be used to yield information on an individual’s health, helping
predict blood work abnormalities, even when it is collected from the
enclosure floor, as some substrates will have minimal effect on the
analysis (Myers, 2023).

4.9 | Ophthalmology

The maned wolf is a mainly nocturnal species (Bandeira de Melo et al.,
2007), and although they rely heavily on audition and olfaction, for
exploration and communication (Dietz, 1984), they also have very good
eyesight, as one study suggests that they have behavioural and genetic
trichromacy (Jotta, 2012). Before starting the ophthalmological eval-
uation, a distance examination is suggested, where the clinician can
assess the animal’s attitude and her ability to navigate the environ-
ment, as well as the conformation of the periorbital region, the orbit,
size, position and movements of both eyes (Featherstone & Heinrich,
2013).

Regarding the IOP, the results obtained match the values reported
by Carvalho et al. (2020) and Honsho et al. (2016), who measured the
IOP and Schirmer tear test (STT) in 8 captive maned wolves in a Zoo
in Brazil, and 10 captive maned wolves in a breeding centre in Brazil,
respectively. Both reports mention that there was no significant differ-
ence between left and right eye, males and females, or adults or elders
(Carvalho et al., 2020; Honsho et al., 2016). Comparing the results of
the STT to the mentioned reports, the tear production matches that of
both studies. The reports also mention that there was no significant
difference between the left and right eye or between the sexes, but
Carvalho et al. (2020) found weak-to-moderate negative correlation
between age and STT values, whereas Honsho et al. (2016) found no
correlations between tear test results and age trend. This difference,

though, has to be studied further, with a greater number of animals.
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A positive Jones test in this case suggested a physiological flow
of the nasolacrimal system, although sodium fluorescein is commonly
used topically for the detection of corneal ulcerations (Featherstone
& Heinrich, 2013). On the other hand, the negative Rose Bengal stain
indicates normal tear film components protecting the epithelial cells
from the dye, such as mucin and albumin, which is used to detect tear
film disorders and superficial epithelial abnormalities (Featherstone &
Heinrich, 2013).

Samples for cytological analysis, as described in a study in Brazil (de
Oliveira Garcia et al., 2021), were not taken but can be considered in
further studies. These samples can help understand the ocular physi-
ological and pathological responses in the species (de Oliveira Garcia
etal,2021).

4.10 | Mouth assessment

Examination of the oral cavity for early detection of problems is partic-
ularly important since preventing medical problems of the oral cavity
preserves the efficiency of the digestive processes and, in turn, the
health of the animal (Pachaly & Gioso, 2001). Regarding the teeth,
their shape, occlusion pattern and arrangement are, mostly, similar
to that of domestic dogs, except for the absence of mandibular sec-
ond molar observed in some individuals (Nalla, 2017). Capture of prey,
food processing, fighting, intimidation, offspring transport and hair
coat cleaning are the most important natural functions of a wild car-
nivore’s teeth (Pachaly & Gioso, 2001), and the wide variety in the diet
of the maned wolf may predispose to oral pathologies, as reported in
free-living individuals in Bolivia (Deem et al., 2012).

Oral affections reported in maned wolves include gingival infections
(Barboza et al., 1994), gingival hyperplasia (Montali & Kelly, 1989),
teeth wearing (Lopez, 2009), tooth fracture (Furtado et al., 2007),
unerupted canine teeth (Pessoa et al., 2016), caries (Emily & Eisner,
2021) and oral neoplasia (McNulty et al., 2000). Dental disease is
likely associated with the dietary intake of acidic and sweet fruits, and
tooth fractures may be related to chewing fruits with hard stones and
perhaps armadillos (Deem et al., 2012). Dental radiographs are essen-
tial as they aid in the diagnosis of pathologies not always evident on
examination, such as oligodontia, tooth fracture with retained roots,
root fracture, periodontal disease, endodontic disease and neoplasia
(Furtado et al., 2007; Niemiec, 2019). Determinations of anatomic ref-
erences for anaesthetic blocks have been described for traumatology

procedures of the mouth in this species (Souza Junior, 2016).

411 | Ultrasound

Ultrasound evaluations allow the characterisation of the positioning,
dimensions, echogenicity and echotexture of the abdominal and pelvic
organs, aiding in the diagnosis through the detection of anatomic,
mainly, but also physio-pathologic alterations. The measurements
obtained in the present case with regard to the thickness of the stom-

ach walls (Figure 5) and the average thickness of the intestines, as well

as the contents of the gall bladder (Figure 4), match the measurements
reported by Guimaraes et al. (2013) in the ultrasound evaluations per-
formed on five adult individuals, where they also refer to the difficulty
in visualising the non-gravid uterus. Another work reports a bladder
teratoma found through ultrasound evaluation (Fox et al., 2019).

The enterocolitis described during the first sanitary check-up
(Figure 6) was associated with an excessive ingestion of mango fruit
(M. indica) the days before the evaluation. Although infection by par-
vovirus was a differential diagnosis, antigen detection test proved
negative (Table 4). Mango peel contains mangiferin, a xanthone, which
has proved to be a prokinetic that stimulates normal gastrointestinal
time (Morais et al., 2012). Although there have been reports of mango
fruit-related salmonellosis outbreaks (Sivapalasingam et al., 2003), the
diarrhoea in this case ceased immediately without specific treatment
once the amount of mango in the diet was reduced.

Regarding the echocardiographic measurements, the values
reported in this case for the left ventricular septal wall, in systole and
diastole (LVSs and LVSd), left ventricular cavity, in systole and diastole
(LVDs and LVDd) and left ventricular free wall, in systole and diastole
(PLVWs and PLVWd), are lower than those reported by Estrada et al.
(2009), who took echocardiographic and electrocardiographic mea-
surements in 13 healthy, captive, anesthetised adult maned wolves
to provide reference information for the use in cardiac evaluation
of the species. These changes may be because the individual studied
was a juvenile, and the results published by Estrada et al (2009) were
based on adult individuals. The mentioned study also concludes that
echocardiographic findings are similar to those of the domestic dog.

Echocardiographic evaluation allows not only the measurement of
the cardiac structures but also the assessment of normal functioning as
there have been reports of physiologic valvular regurgitation, as well as
the detection of parasites, which may not always be detected through
routine antigen and antibody tests (Estrada et al., 2009).

Ocular B-mode ultrasound in this case reported preserved intraoc-
ular structures. This test can be used to evaluate intraocular and
orbital lesions and can allow the veterinarian to diagnose neoplastic
lesions, lens abnormalities such as cataract formation, haemorrhage or
inflammation in the vitreous, or retinal detachment, although acoustic
artefacts may interfere with accurate interpretation of the ultrasound
findings (Dietrich, 2013).

412 | X-rays

Radiographic evaluation in this case included thorax, abdomen, ver-
tebrae and limbs. Thoracic limb evaluation reported a fracture in the
distal third of the right radius and ulna, which was in the process of
bone repair (Figures 10 and 12). According to several reports, limb frac-
tures are frequent in the species, along with other pathologic processes
(Brasil et al., 2013; Reid et al., 2005; Siqueira et al., 2017; Siqueira et al.,
2018; Pereiraet al., 2021).

The thoracic evaluation included right and left lateral views and
ventrodorsal view, although the dorsoventral view can be used for

heart examinations. These views allowed a correct examination of
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the respiratory organs, cardiac silhouette, the main blood vessels
associated with the heart and lungs, and ribs, as described for other
canids (Brown & Brown, 2022). In these views, changes in the heart
due to dirofilariasis, signs indicative of tuberculosis and lesions related
to trauma could also be detectable (Backues, 2008; Bodini Santiago &
Fernandes Oliveira, 2001).

Abdominal radiography included right and left lateral views, as well
as ventrodorsal. These views allowed the examination of the small and
large intestine, bladder and spine, where the enterocolitis detected in
ultrasound was also perceived. These views have also been reported
to detect gastric dilatation volvulus in captive specimens (Hinton et al.,
2017). In an adult female, pregnancy, during the last 3 weeks of ges-
tation, could have been detected in these views (Aitken-Palmer et al.,
2017; MWSSP, 2007).

Radiography is a readily available and relatively inexpensive tech-
nology that is not only important for the diagnosis of fractures but
may also aid in the detection of other pathological conditions described
in the species, such as dirofilariasis (Bodini Santiago & Fernandes
Oliveira, 2001), extra-osseous osteosarcoma (Reid et al., 2005), tuber-
culosis (Maia & Gouveia, 2002) or spondyloarthropathy (Rothschild
etal., 2001).

413 | Copro-parasitology

The diagnosed diversity in the present case was low, considering the
vast variety of parasite species reported in maned wolves (Dietz, 1984;
Dib, 2019; Deem & Emmons, 2005; Gilioli & Silva, 2000; Gonzalez et al.,
2013; Natalini et al., 2021; Silveira et al., 2016), where the average
diversity was more than two species. This difference can be related to
the techniques used, form and means of conservation and sending of
the samples, collection time and number of animals sampled.

One of the parasites found in the individual is morphologically com-
patible with the genus Lagochilascaris sp. (Figure 13), a zoonotic para-
site (Campos et al., 2017) which has already been reported in related
species such as bush dog (Speothos venaticus) (Volcan & Medrano,
1991), and other carnivores, some of whom they share habitat with
(Brenes-Madrigal et al., 1972; Falcon-Ordaz et al., 2016; Sakamoto &
Cabrera, 2002), but no reports were found in maned wolves. The infec-
tion by this parasite is closely related to the ingestion of wild rodents,
which are part of the species’ diet (Campos et al., 2017; Paco et al.,
1999).

Regarding the presence of Balantidium coli, this parasite is con-
sidered common in humans and pigs (Marti & Hale, 1986) and is
transmitted mainly through the faeces of its common carriers (Basset
et al., 1986). Some authors suggest the possibility of transmission of
the parasite from water contaminated with faeces (Matamoros, 1982),
so the presence of anthropogenic settlements with domestic animals
could represent the main source of contagion (Petters, 2020).

The results, as seen in Table 8, show a progressive reduction in
parasite load and diversity as the treatment with metronidazole and

levamisole was administered, until no parasite was found after the

administration of praziquantel, fenbendazole and pyrantel pamoate.
The combination of praziquantel, fenbendazole and pyrantel still
reports high efficacy, although some parasites are reported to be
resistant to some of the individual drugs as well as combinations
(D’'ambroso et al., 2022). These drugs, particularly benzimidazoles,
have been reported as effective in treating infection by Lagochilas-
caris spp. (Barrera-Pérez et al., 2012; Campos et al., 2016), as well as
ivermectin (Cardoso et al., 2020; Faccio et al., 2013).

The species is considered a wild reservoir and definitive host of
Dioctophyma renale (Orozco et al., 2015); therefore, it is the most
reported parasite for the species (Cansi et al., 2012; Di Nucci et al.,
2020; Gonzélez et al., 2013; Natalini et al., 2021; Oliveira et al., 2021),
although it was not found in the present case.

Parasite load evaluation gains an important role in captive animals
because, although the presence of parasites is rarely associated to dis-
ease, the diverse stressors that affect the animals can predispose to
parasitic disease, as well as the contraction of parasitic diseases from

close contact with domestic dogs (Cansi et al., 2012).

5 | CONCLUSIONS

Rehabilitating a wild animal poses many challenges, such as the
expenses of captive management and specialised studies to ensure
the animal’s health. Through extensive testing, we were able to safely
diagnose the animal’s health status, which allowed us to justify its
reintroduction. A multi-disciplinary approach allowed for a complete
health evaluation and provided a wealth of data that can be useful
for managing the species in captivity and conservation efforts in the
country. This is the first recorded case of rescuing, rehabilitating and
releasing a maned wolf in Paraguay. It is also the first documented
health check of this species in the country. As such, we consider it a
model for future maned wolf work in Paraguay. To our knowledge, this
is the first report of Lagochilascaris spp. in a maned wolf. The protocol
outlined in this study can serve as a basis for developing an action plan
for the maned wolf in Paraguay.
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