
VVB

VVB LAUFERSWEILER VERLAG
STAUFENBERGRING 15
D-35396 GIESSEN

Tel: 0641-5599888 Fax: -5599890
redaktion@doktorverlag.de
www.doktorverlag.de

VVB LAUFERSWEILER VERLAG
édition scientifique

9 7 8 3 8 3 5 9 7 1 0 4 2

ISBN: 978-3-8359-7104-2

MANUEL URIBE SOTO

Neglected parasites circulating in 

Neotropical wild- and domestic animals:

Inaugural-Dissertation zur Erlangung des Grades eines 

Dr. med. vet.

beim Fachbereich Veterinärmedizin der Justus-Liebig-Universität Gießen

VVB

VVB LAUFERSWEILER VERLAG
édition scientifique

VVB
VERLAG

VVB
VVB LAUFERSWEILER VERLAG

édition scientifique

Photo cover: ©  @ stock.adobe.com
Photo cover: ©  @ iStockPhoto.com

M
A

N
U

E
L 

U
R

IB
E
 S

O
T
O

  
  
  
 N

E
G

LE
C

T
E
D

 P
A

R
A

S
IT

E
S
 I

N
 N

E
O

T
R

O
P

IC
S
: 
A

 F
E
A

S
IB

LE
 T

H
R

E
A

T

Roter Kubus +1,5 mm pro Seite

A feasible threat to animals and humans 

under One Health perspective 



Das Werk ist in allen seinen Teilen urheberrechtlich geschützt.

Die rechtliche Verantwortung für den gesamten Inhalt dieses 
Buches liegt ausschließlich bei dem Autoren dieses Werkes.

édition  scientifique



 

 Aus dem Institut für Parasitologie, Fachbereich Veterinärmedizin, Justus-Liebig 
Universität Gießen 

Prof. Dr. Dr. Carlos Hermosilla 

und 

beim Fachbereich Agrarwissenschaften  

der Universität von Antioquia (Universidad de Antioquia), Medellín, Colombia 

Jenny J. Chaparro MV MSc DrSc 

 

Neglected parasites in Neotropical wild and domestic animals: 

A feasible threat to animals and humans under One Health perspective 

 

 

INAUGURAL-DISSERTATION 
zur Erlangung des Grades eines 

Dr. med. vet. 

beim Fachbereich Veterinärmedizin 
der Justus-Liebig-Universität Gießen   

eingereicht von 

Manuel Uribe Soto 

Tierarzt aus Medellín, Kolumbien 

 

 

 

 

 

Gießen 2023 



 

From the Institute for Parasitology, Department of Veterinary Medicine, Justus-Liebig 

University of Giessen 

Prof. Dr. Dr. Carlos Hermosilla 

and  

the Faculty of Agricultural Sciences  

of the University of Antioquia (Universidad de Antioquia), Medellín, Colombia 

Jenny J. Chaparro MV MSc DrSc 

 

 Neglected parasites in Neotropical wild and domestic animals: 

A

 

feasible threat to animals and humans under One Health perspective 

 

 
INAUGURAL-DISSERTATION 

to obtain the academic degree of 

Dr. med. vet. 

at the Faculty of Veterinary Medicine of the 
Justus-Liebig-University of Giessen  

submitted by 

Manuel Uribe Soto 

Veterinary doctor (MV) from Medellín, Colombia 

 

 

  

Giessen 2023 



 i 

Imprimatur 

 

Mit Genehmigung des Fachbereichs Veterinärmedizin 

der Justus-Liebig-Universität Gießen 

 

 Dekan:  

Prof. Dr. Dr. Stefan Arnhold 

 

 

 

Gutachter: 

Prof. Dr. Dr. Carlos Hermosilla 

Prof. Dr. Dr. Benjamin Lamp  

 

 

 

Prüfer: 

Prof. Dr. Franco Falcone 

 

 

 

 

 

 

 

Tag der Disputation: 17.02.2023               

    



 ii 
  

General Information  

Title: Neglected parasites circulating in Neotropical wild- and domestic animals: A feasible 
threat to animals and humans under One Health perspective 

1. PhD student 

Full name: Manuel Uribe Soto 

Nationality: Colombia 

Program: Doctoral supervision Cotutelle agreement 

Dr. med. vet., Justus-Liebig-Universität Gießen, Gießen - Germany 

Dr. vet. sc., Universidad de Antioquia, Medellín - Colombia  

Research issue: Parasitic infectious diseases  

Email: mmanuel.uribe@udea.edu.co    

 

2.  Tutorial Committee 

Director: Prof. Dr. Dr. Carlos Hermosilla. DVM, DipEVPC, 

EBVS Veterinary Specialist in Parasitology, Visiting Professor (UACH) 

Institute of Parasitology. Justus Liebig University Giessen 

Email: carlos.r.hermosilla@vetmed.uni-giessen.de  

Codirector: Jenny Jovana Chaparro Gutiérrez. MV. MSc. DrSc. 

Facultad de Ciencias Agrarias, Universidad de Antioquia.  

Email: jenny.chaparro@udea.edu.co  

 

3. Affiliations 

Institut für Parasitologie, Fachbereich Veterinärmedizin, Justus-Liebig-Universität Gießen  

Centro de investigación básica y aplicada en veterinaria (CIBAV), Facultad de Ciencias 
Agrarias, Universidad de Antioquia  

 



 iii 
  

List of publications and conference contributions 

Several data of this dissertation have already been published, presented at conferences or are 
unpublished manuscripts: 

Uribe, M., Payán, E., Brabec, J., Vélez, J., Taubert, A., Chaparro-Gutiérrez, J. J., & Hermosilla, C. 

(2021). Intestinal Parasites of Neotropical Wild Jaguars, Pumas, Ocelots, and Jaguarundis in 

Colombia: Old Friends Brought Back from Oblivion and New Insights. Pathogens, 10(7), 822. 

https://doi.org/10.3390/pathogens10070822  

Uribe, M., Hermosilla, C., Rodríguez-Durán, A., Vélez, J., López-Osorio, S., Chaparro-Gutiérrez, J. J., 

& Cortés-Vecino, J. A. (2021). Parasites Circulating in Wild Synanthropic Capybaras 

(Hydrochoerus hydrochaeris): A One Health Approach. Pathogens, 10(9), 1152. 

https://doi.org/10.3390/pathogens10091152  

Uribe, M., López-Osorio, S., & Chaparro-Gutiérrez, J. J. (2021). The Neglected Angio-Neurotrophic 

Parasite Gurltia paralysans (Nematoda: Angiostrongylidae): Northernmost South American 

Distribution, Current Knowledge, and Future Perspectives. Pathogens, 10(12), 1601. 

https://doi.org/10.3390/pathogens10121601  

Uribe, M., Segeritz, L., Schnyder, M., Taubert, A., Hermosilla, C., López-Osorio, S., Góngora-Orjuela, 

A., & Chaparro-Gutiérrez, J. J. (2022). Nationwide Seroprevalence Survey of Angiostrongylus 

vasorum-Derived Antigens and Specific Antibodies in Dogs from Colombia. Microorganisms, 

10(8), 1565. https://doi.org/10.3390/microorganisms10081565   

Brabec, J., Uribe, M., Chaparro-Gutiérrez, J. J., Hermosilla, C. (2022). Spirometra mansoni, Causative 

Agent of Sparganosis, is present in South America, 28(11), 22-0529. 

https://doi.org/10.3201/eid2811.220529   

Uribe, M., Brabec, J., Hermosilla, C., & Chaparro-Gutiérrez, J. J. (manuscript in preparation) New 

insights into zoonotic helminthiases of neglected Neotropical wild canids.  

Uribe, M., Taubert, A., Chaparro-Gutiérrez, J. J., & Hermosilla, C. (manuscript in preparation) A 

parasite annotated checklist for the imperilled West Indian manatee (T. manatus): New 

parasitological insights form the Neotropics.  

Uribe, M., Vélez, J., Rodríguez-Durán, A., Cortés-Vecino, J. A., López-Osorio, S., Taubert, A., 

Hermosilla, C., & Chaparro-Gutiérrez, J. A Wide Gastrointestinal Parasite Survey in World`s 

Largest Extant Semiaquatic Rodent Hydrochoerus hydrochaeris (Linnaeus 1766). 28th 

Conference of the World Association for the Advancement of Veterinary Parasitology 

(WAAVP 2021) Dublin, Ireland | 19th – 22nd July 2021. Poster presentation. 



 iv 

Abbreviations 

 
A: Argentina 
Ab: antibody prevalence  
Af: tropical rainforest climate 
Ag: antigen prevalence 
AL: apical length  
Am: tropical monsoon climate  
Aw: tropical wet and dry climate  
BC: blade curvature  
BFS: Biomedical Research Center Seltersberg  
BL: blade length  
Bo: Bolivia 
Br: Brazil 
BSF: Brazilian spotted fever  
BSh: semiarid / hot semi-arid climate  
C: Colombia 
calBP: calibrated years before the present 
CEEA: Ethics Committee for Animal Experimentation  
CF: centrifugal flotation with zinc sulphate 
Cfa: humid subtropical climate  
Cfb: Oceanic climate 
CFS: fast carbol–fuchsin stained faecal smears  
CI: confidence interval 
COI: cytochrome c oxidase subunit I  
CSA: Cryptosporidium-specific antigens  
Csb: warm-summer Mediterranean climate  
CSF: cerebrospinal fluid  
DH: definitive host  
ELISA: Enzyme-linked immunosorbent assay  
EN: endangered 
ET: Tundra climate 
EtOH: ethyl alcohol/ethanol 
FDA: Food and Drug Administration 
gDNA: genomic deoxyribonucleic acid  
GL: guard length  
GSA: Giardia-specific antigens  
GW: guard width  
HW: handle width 
IH: intermediate host  
K2P: Kimura2-parameter 
L1: first-stage larvae 

 
L2: second-stage larvae 
L3: third-stage larvae 
L4: fourth-stage larvae 
L5: fifth-stage larvae 
LC: least concern 
LMC: larva migrans cutanea  
mAb: monoclonal antibodies 
Mya: millions of years ago 
NE: not evaluated  
NGOs: Non-governmental organizations  
NSAIDs: non-steroidal anti-inflammatory drugs 
NTDs: Neglected tropical diseases 
NT: near threatened 
NWF: Neotropical wild felids  
OD: optical density  
OWL: oocyst wall layers 
Pa: Panama 
PA: Polyamide 
PBS: physiological buffered saline solution 
Pe: Peru 
PED: Polyethylene terephthalate 
PH: paratenic host  
PRD: poverty-related disease 
PRV: Priority Review Voucher  
PO: per os 
SAF: standardized sodium acetate-acetic acid-formalin  
SF: combined sedimentation–flotation  
SID: sem´el in di´e (once a day) 
SQ: subcutaneously  
SS: simple sedimentation 
TL: total length  
TroCCAP: Tropical Council for Companion Animal Parasites 
TW: total width  
UICN: International Union for Conservation of Nature  
V: Venezuela  
VU: vulnerable 
WA: wild animals  
WB: Whole blood  
WHO: World Health Organization 



 v 
  

Contents  

Preface ............................................................................................................................................... 1 

Introduction - Neotropics, biodiversity and parasites ............................................................... 2 

Chapter 1 - Intestinal Parasites of Neotropical Wild Jaguars, Pumas, Ocelots, and 
Jaguarundis in Colombia: Old Friends Brought Back from Oblivion and New Insights. ... 10 

Chapter 2 - Parasites Circulating in Wild Synanthropic Capybaras (Hydrochoerus 
hydrochaeris): A One Health Approach. ....................................................................................... 23 

Chapter 3 - The Neglected Angio-Neurotrophic Parasite Gurltia paralysans (Nematoda: 
Angiostrongylidae): Northernmost South American Distribution, Current Knowledge, and 
Future Perspectives. ....................................................................................................................... 39 

Chapter 4 - Nationwide Seroprevalence Survey of Angiostrongylus vasorum-Derived 
Antigens and Specific Antibodies in Dogs from Colombia. .................................................... 53 

Chapter 5 - Presence of Spirometra mansoni, Causative Agent of Sparganosis, in South 
America. ........................................................................................................................................... 63 

Chapter 6 - New insights into zoonotic helminthiases of neglected Neotropical wild 
canids. .............................................................................................................................................. 67 

Chapter 7 - A parasite annotated checklist for the imperilled West Indian manatee (T. 
manatus): New parasitological insights form the Neotropics. .................................................. 82 

General overview and Discussion - Regarding pleasant and unexpected surprises ....... 100 

Conclusion .................................................................................................................................... 118 

Summary ....................................................................................................................................... 119 

Zusammenfassung ...................................................................................................................... 122 

References ..................................................................................................................................... 126 

Appendix....................................................................................................................................... 143 

Acknowledgements .................................................................................................................... 145 

Declaration / Erklärung .............................................................................................................. 145 

Funding ......................................................................................................................................... 146 

 

 

 
 



 vi 
  

List of figures 

 

Figure  1: Top 5 mega-biodiverse countries according to biodiversity index ......................... 3 
Figure  2: Colombia's world biodiversity ranking according to different biological groups 3 
Figure  3: The One Health concept as a holistic, transdisciplinary, and multi-sectoral 
approach ........................................................................................................................................ 104 
Figure  4: Total sampling areas covered during current study within the Colombian 
national territory .......................................................................................................................... 107 
 

 

List of tables 

 

Table 1: A complete summary of the taxonomic representation and endemic mammal 
species of Colombia ......................................................................................................................... 7 
Table 2: Summarized list of identified parasites and respective hosts throughout current 
doctoral thesis ............................................................................................................................... 108 
 



 1 
  

Preface 
 

The focus of herein presented doctoral thesis was to investigate the pivotal role that human-

animal interphase (i. e., wildlife-/domestic animals as well as human populations) might 

have on infectious parasitic diseases dynamics; through a wide multistage parasitological 

survey in different neotropical wildlife- and domestic animal species. 

A brief introduction to the topic, which highlights the current worldwide relevance that 

emerging and re-emerging parasite diseases have within the One Health concept, is 

presented as an overview to contextualise the reader. Subsequent chapter subdivision 

comprehends published original research articles, research letters, communications, 

literature reviews and manuscripts in preparation as feasible examples of human-animal 

interphase importance to better understand complex eco-epidemiology of parasitic diseases. 

All these investigations were conducted in Colombian Neotropical regions where human-

wildlife interactions are increasing due to continuous anthropogenic pressure in these 

mega-biodiverse ecosystems, where ideal social and environmental conditions converge 

favouring parasitic maintenance, parasite proliferation, and transmission of a plethora of 

public- and animal-health concerning parasitosis. 

Thereafter, a series of chapters in which the results of parasitological approaches in wild- 

and domestic animals published articles, international conference contributions, a literature 

review, and manuscripts under preparation, are summarized. Included articles showed 

unexpected and novel parasitological findings which are discussed both individually in 

each of the chapters (i. e., research articles, research letter, communication, review, and 

poster), and analysed toward the end of current doctoral thesis within ‘discussion section’ 

entitled “General overview and Discussion - Regarding pleasant and unexpected surprises” 

to finally finish with a brief conclusion and future work perspectives. 
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Introduction - Neotropics, biodiversity and parasites 
 

Wildlife biodiversity has an undisputable effect on stable and healthy ecosystems in 

different biomes in which they inhabit, including the Neotropical realm. As such, wild 

animals (WA) have shown to be excellent bioindicators of important zoonotic-relevant 

pathogens in incrementally anthropogenic environments. Thus, WA are indirect indicators 

of ecosystem health since they are sentinels of some neglected anthropozoonotic ecto- and 

endoparasitic diseases (e. g. sarcoptosis, tungiasis, amebiasis, baylisascariosis, capillariosis, 

cryptosporidiosis, dipylidiasis, dirofilariosis, alveolar- and cystic echinococcosis, giardiasis, 

ancylostomatosis, neobalantidiosis, onchocercosis, sparganosis, strongyloidiosis, taeniasis, 

thelaziosis, toxocariasis, toxoplasmosis, trichinellosis, leishmaniasis and trypanosomiasis) 

(Brabec et al., 2022; Hermosilla et al., 2015; Mackenstedt et al., 2015; Odeniran and Ademola, 

2016; Otranto and Deplazes, 2019; Thompson et al., 2009; Uribe et al., 2022b). As a result of 

continuous increase of anthropogenic pressure on fragile ecosystems, the contact of human 

populations with WA is constantly increasing. Therefore, it is important to know the 

parasite fauna occurring in Neotropical wildlife, not only to strengthen conservation plans 

for threatened species, but also for the generation of valuable public health information to 

avoid potential human infections. Since Neotropics is an extensive and highly 

heterogeneous region, here we selected the hinge joining key territory of Colombia because 

remains as a poorly investigated area for wildlife parasitology. The Colombian national 

territory is in the extreme north of the South American continent, holder of multiple thermal 

floors and life zones in which great biological wealth are reported and consequently listed 

as one of the 17 mega-biodiverse countries of the globe. Consequently, Colombia ranks 

second after Brazil in the top 5 of worldwide biodiversity index, followed by Indonesia, 

China and Mexico as shown in Figure 1 (Jenkins et al., 2013; Pimm et al., 2014). 
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Figure  1: Top 5 mega-biodiverse countries according to biodiversity index 

 

Furthermore, regarding biodiversity and species richness within the national territory, 

Colombia is the world's first country in birds and orchids diversity, second in plants, 

amphibians, butterflies and freshwater fishes, third in palms, reptiles and finally fourth in 

mammalian abundance (Arbeláez-Cortés, 2013; Avendaño et al., 2017; DoNascimiento et al., 

2017; Mora et al., 2011) (Figure 2). Hence Colombia is a territory of privileged geopolitical 

location and naturally diverse in a plethora of mammalian species, fishes, amphibians, 

reptiles, arthropods, gastropods, and plants among others. 

Figure  2: Colombia's world biodiversity ranking according to different biological groups 

 

Among the vertebrate’s abundance distributed within Colombian territories, a total of 543 

mammal species are reported to date in the country, thus representing the current known 

inventory of Colombian mammals (Ramírez-Chaves et al., 2022, 2016), nonetheless coupled 
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with lack of knowledge on ecto- and endoparasite fauna affecting them. Therefore, it seems 

essential to generate novel data on metazoan and protozoan parasitizing different wildlife 

species distributed within Colombian Neotropical territories. Thus, the focus of here 

presented doctoral thesis was to generate a first nationwide approaches on neglected 

parasite fauna present in Neotropical wild- and domestic animal populations closely related 

to human populations in different habitats or biomes in which they inhabit, thereby trying 

to cover different animal species (e. g. apex predators) and biomes along Colombian 

territories and being as close as possible to the real scenario. Consequently, this approach 

allowed us to indirectly evaluate ecosystem integrity, establishing general risk factors for 

public health issues through occurrence of zoonotic parasitosis, and to better understand 

parasite epizootiology among neglected wildlife species and synanthropic domestic animals 

as an unattended issue. 

In recent years, large previously non- or little explored Colombian territories with low 

anthropogenic intervention have been opened for economic exploitation purposes by the 

government. Unfortunately, these political measurements have allowed not only the 

establishment of legal but also of illicit agro-industrial crop plantations for commercial 

purposes (Barrera-Ramírez et al., 2019), the expansion of agricultural frontiers, livestock 

development and excessive use of natural resources (e. g. water and soil) through illegal 

mining, indiscriminate logging (Unda and Etter, 2019), illegal hunting activities (Petriello 

and Stronza, 2019), and trafficking of wild fauna and flora (Goyes and Sollund, 2016). It is 

therefore of great relevance, to generate knowledge on baseline health population status of 

WA species throughout Colombian ecosystems. Among the different infectious agents 

which can infect WA are viruses, fungi, bacteria and parasites with many of the latter with 

zoonotic potential, i. e. transmissibility and main causes of morbidity and mortality in 

wildlife (Borgsteede, 1996; Mackenstedt et al., 2015) and humans. As a result of increasing 

anthropogenic pressure on fragile ecosystems, human-animal contact becomes increasingly 

close and more frequent, thus generating an evident biological risk of which little is known, 

due to limited parasitological surveys on Colombian wildlife. Thus, there are scarce and old 

dated literature reports on various infectious agents that Colombian wildlife may harbour. 
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Consistently, there are also few reports in scientific literature concerning parasitosis 

affecting Colombian wildlife and/or tightly linked to animal populations (Jaramillo, 2015; 

Uribe et al., 2022a, 2021c, 2021a, 2021b; Vélez et al., 2019, 2018). 

Additionally, the harmful or deleterious effects that parasites have on wildlife population 

and ecosystem health are unknown in this country. Many of these parasitic species are 

distributed in highly anthropized areas, seeing the ecosystem integrity of the biomes they 

inhabit and therefore their sanitary status affected considerably (Bossart, 2011). Some of 

these parasitoses with clinical importance on wildlife populations include ancylostomosis  

(Lyons et al., 2011), ascariosis, neobalantidiosis, infections with various cestode species (e. g. 

Diphyllobothrium sp., Spirometra sp., Adenocephalus sp.) (Klotz et al., 2018; Seguel et al., 2018), 

cryptosporidiosis, dracunculiasis (Cleveland et al., 2018), echinococcosis, amoebiasis, 

sarcoptosis (Silva, 2013), schistosomiasis, giardiasis, filariasis (Keroack et al., 2018; Lehnert 

et al., 2016), onchocerciasis, angiostrongylosis (Spratt, 2015), sarcocystosis, piroplasmid 

infections such as Babesia sp., Theileria sp., Cytauxzoon sp. and Rangelia sp.  (Alvarado-Rybak 

et al., 2016), toxoplasmosis, trichuriasis or trichocephalosis among others, may alter and 

even lead to the death of their hosts. 

The increase of parasitoses in WA is directly related to the disturbance and loss of their 

natural habitats (Rendón-Franco et al., 2014). Knowledge of parasite species, including life 

cycles, and associated pathologies in Colombian Neotropical fauna is a subject that has so 

far been little studied. Therefore, profound knowledge on neglected parasitoses under One 

Health perspective can significantly contribute to the conservation of threatened WA as well 

as to prevent transmission to humans. It is noteworthy that the current doctoral thesis did 

not involve the direct capture or disturbance of free-living WA in the field. WA have been 

subjected to a variety of conservation means, which could be better monitored and managed 

if physiological and pathophysiological information, such as parasite infections, could 

already be gathered from free-ranging WA instead of carcasses (Hermosilla et al., 2015). 

Therefore, environment faecal/stools samples and/or from areas of community defecation 

like latrines, according to the ethology of the species, were used to indirectly evaluate 
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ecosystem integrity. Non- or minimally invasive sampling methods should always be 

implemented in WA-related investigations if possible, thereby preventing individuals from 

experiencing pain, distress, anguish, and avoiding alterations of health status of involved 

animals as proposed elsewhere (Ebmer et al., 2020; Hermosilla et al., 2018, 2015; Kleinertz et 

al., 2014; Uribe et al., 2021a). Thus, physical appearance or body weight were not affected in 

sampled WA, and above all neither sedation nor euthanasia protocols were here used. The 

national laws that govern the duty and the correct exercise of the Doctor Veterinary 

Medicine (DVM) profession in the Colombian national territory were as well considered. 

Furthermore, the Directive 2010/63/EU of the European Parliament and of the Council of 22 

September 2010 on the Protection of Animals used for Scientific Purposes (Unión Europea, 

2010), and the Guidelines of the American Society of Mammalogists for the use of wild 

mammals in research (Sikes, 2016; Sikes and Gannon, 2011) were here considered. Any 

procedure or clinical decision arising from this research proposal was conducted under the 

light and scope of the same DVM profession in Colombian- and German national territories. 

In fact, for the execution of this proposal research we had already the approval of the Ethics 

Committee for Animal Experimentation (CEEA) of the Universidad de Antioquia, 

Colombia, through the minutes of session No. 131 of the 11th of February 2020 and the No. 

132 of 14th of April 2020, respectively. Only in fortuitous and sporadic cases the samples 

were collected from dead, road-killed, euthanized animals and/or necropsies performed by 

national environmental entities, private veterinary doctors and/or non-governmental 

organizations (NGOs).  

As already stated above, large Colombian geographic areas of little exploration and 

corresponding low anthropogenic intervention, have so far been opened for national or 

international timber industry. Thus, contemporary human-related defaunation has reduced 

food web complexity and therefore undergoing steep regional declines of biodiversity 

through the loss of food web links after the arrival and expansion of human populations 

into these areas (Fricke et al., 2022). These geographic areas do not have complete inventories 

of fauna and flora due to difficult access for government, private entities, and independent 

researchers. In addition, difficult terrain conditions, the ongoing armed conflict and public 
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order difficulties still present in Colombia, have significantly impeded research activities in 

these territories. Until now, effective multistage efforts have begun to elucidate the 

ecological and conservation status of these emblematic areas. All these adverse factors have 

hindered the generation of new knowledge about the status and parasitological distribution 

on different wildlife species along these relatively pristine areas. It is therefore of great 

relevance to know the sanitary status of a multiplicity of wild species associated with both 

continental and oceanic, coastal, and marine water resources throughout the Colombian 

national territory (Vélez et al., 2019, 2018). Among the different infectious agents that can 

affect the health status of endemic wildlife are viruses, fungi, bacteria and parasites, and 

many of them with zoonotic transmissibility (Mackenstedt et al., 2015) and being considered 

as main causes of mortality in WA (Borgsteede, 1996).  Colombia has 213 genera and 543 

formerly described mammal species, of which 65 are endemic as shown in Table 1 (Ramírez-

Chaves et al., 2022, 2016). 

Table 1: A complete summary of the taxonomic representation and endemic mammal 
species of Colombia 

Order Families Genera Species Endemic 
Didelphimorphia 1 12 39 2 
Paucituberculata 1 1 2 0 
Cingulata 2 3 6 0 
Pilosa 4 5 8 0 
Sirenia 1 1 2 0 
Eulipotyphla 1 1 8 5 
Chiroptera 9 67 217 9 
Carnivora 8 24 35 0 
Perissodactyla 1 1 3 0 
Artiodactyla 7 24 42 0 
Primates 4 15 38 10 
Rodentia 10 58 137 34 
Lagomorpha 1 1 6 5 
Total 50 213 543 65 

From: (Ramírez-Chaves et al., 2022). 

In Colombia, the harmful or deleterious impact that parasitoses might have on wildlife 

health and therefore on ecosystems are still unknown. Hence, not only the understanding 
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of biological, behavioural and distribution level of WA parasitoses is of importance but also 

the better understanding of parasite-derived pathogenicity.  In particular apex predators are 

essential players in the biodiversity composition of food web (Brabec et al., 2022; Uribe et al., 

2021c). Consistently, apex predators can be considered as important sentinels of infectious 

agents of public health concern (Bossart, 2011; Hermosilla et al., 2018, 2015; Hunt et al., 2008), 

including zoonotic water-borne infections (Waltzek et al., 2012), thereby becoming ideal 

indirect bioindicators of water pollution, semi-aquatic- and  terrestrial ecosystems in which 

they inhabit (Baskin, 2006; Brabec et al., 2022; Nelms et al., 2019; Uribe et al., 2022a; Vélez et 

al., 2019). Unfortunately, many of these Colombian endemic apex species are currently 

distributed in highly anthropic areas, with fragile ecosystems. The integrity of these fragile 

biomes, including biodiversity of endemic flora- and fauna-species, are thus essential for 

preservation purposes (Bossart, 2011; Hermosilla et al., 2015). However, in Colombian 

wildlife only macroscopic parasitic arthropods and platyhelminths have so far been the 

most frequently investigated in scarce existing scientific literature (González-Astudillo and 

Gillespie, 2016) but practically nothing is yet known on protozoan parasites within these 

fragile ecosystems. 

Moreover, free-ranging WA have also been shown to be effective bioindicators of ecosystem 

health concerning chemical contaminants, toxins and plastic in both terrestrial- and aquatic 

biomes they inhabit and indirectly tightly linked to human populations in these areas 

(Bossart, 2011; Hernández-González et al., 2018; Jepson et al., 2016; Lusher et al., 2018; Uribe 

et al., 2021a). Consistently, in other parts of the world microplastic particles and fibres have 

been detected in free-ranging grey seals (Halichoerus grypus) along the British coast line 

(Nelms et al., 2019) and potential bioaccumulation in the food web chain with repercussions 

for higher marine predators have been found (Nelms et al., 2018). Microplastic polymers of 

polyethylene terephthalate (PED) and polyamide (PA) have also been found in faeces of 

Eurasian otters (Lutra lutra) (Smiroldo et al., 2019). An indirect indication of general 

contamination and animals’ health status is the occurrence of certain parasites (both endo- 

and ectoparasites), since some of them exclusively depend on the presence of secondary 

metabolites accumulating in host tissues to survive. 
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Many highly pathogenic parasites are among the main morbidity and mortality causes in 

WA (Borgsteede, 1996). Some of these parasitoses can be zoonotic and therefore acquire 

constant surveillance from a public health perspective (Mackenstedt et al., 2015; Uribe et al., 

2022a, 2021c). The increase in WA parasitic diseases is directly related to the ecosystem 

disturbance and the habitat loss (Fricke et al., 2022; Rendón-Franco et al., 2014). Thus, better 

comprehension of these circulating parasites in WA actively contributes to wild animals’ 

conservation programs, and additionally to better understand their real impact on public 

health and livestock industry. That is why wildlife-related parasitological approaches will 

provide valuable information to design and develop sustainable strategic conservation 

plans not only in the Colombian neotropics but also in the tropics, subtropics and even with 

applicability to other ecosystems and latitudes. 

Nationwide investigations on neglected gastrointestinal parasite genera (e. g. Spirometra, 

Oncicola, Plagiorchis, Neobalantidium) of various free-living WA [i. e. jaguars (Panthera onca), 

pumas (Puma concolor), ocelots (Leopardus pardalis), jaguarundis (Herpailurus yagouaroundi), 

capybaras (Hydrochoerus hydrochaeris), crab-eating foxes (Cerdocyon thous) and bush dogs 

(Speothus venaticus) as well as re-emerging metastrongyloid angio- neurotropic nematodes 

(i. e. Angiostrongylus vasorum and Gurltia paralysans) of domestic dogs and cats,  are included 

in the current doctoral thesis. Individual chapters containing respective published articles 

are summarized below in an organized manner to present herein obtained results. Each one 

of these chapters are citable original research articles already published on open-access peer-

reviewed international journals. 
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Chapter 1 - Intestinal Parasites of Neotropical Wild Jaguars, Pumas, 
Ocelots, and Jaguarundis in Colombia: Old Friends Brought Back from 
Oblivion and New Insights. 
 

This chapter is based on the following published research article: 

 

Uribe, M., Payán, E., Brabec, J., Vélez, J., Taubert, A., Chaparro-Gutiérrez, J. J., & Hermosilla, 
C. (2021). Intestinal Parasites of Neotropical Wild Jaguars, Pumas, Ocelots, and 
Jaguarundis in Colombia: Old Friends Brought Back from Oblivion and New 
Insights. Pathogens, 10(7), 822. https://doi.org/10.3390/pathogens10070822  
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(This article belongs to the Special Issue Felid Parasitoses, New Insights and Open 
Perspectives) 
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Chapter 2 - Parasites Circulating in Wild Synanthropic Capybaras 
(Hydrochoerus hydrochaeris): A One Health Approach. 
 

This chapter is based on the following published research article: 

 

Uribe, M., Hermosilla, C., Rodríguez-Durán, A., Vélez, J., López-Osorio, S., Chaparro-
Gutiérrez, J. J., & Cortés-Vecino, J. A. (2021). Parasites Circulating in Wild 
Synanthropic Capybaras (Hydrochoerus hydrochaeris): A One Health Approach. 
Pathogens, 10(9), 1152. https://doi.org/10.3390/pathogens10091152 

 

Received: 13 July 2021 / Revised: 3 September 2021 / Accepted: 4 September 2021 / Published: 
7 September 2021 

(This article belongs to the Special Issue Parasitic Diseases of Domestic, Wild, and Exotic 
Animals) 
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Chapter 3 - The Neglected Angio-Neurotrophic Parasite Gurltia 
paralysans (Nematoda: Angiostrongylidae): Northernmost South 
American Distribution, Current Knowledge, and Future Perspectives. 
 

This chapter is based on the following published review: 

 

Uribe, M., López-Osorio, S., & Chaparro-Gutiérrez, J. J. (2021). The Neglected Angio-
Neurotrophic Parasite Gurltia paralysans (Nematoda: Angiostrongylidae): 
Northernmost South American Distribution, Current Knowledge, and Future 
Perspectives. Pathogens, 10(12), 1601. https://doi.org/10.3390/pathogens10121601 
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Chapter 4 - Nationwide Seroprevalence Survey of Angiostrongylus 
vasorum-Derived Antigens and Specific Antibodies in Dogs from 
Colombia. 
 

This chapter is based on the following published communication article: 

 

Uribe, M., Segeritz, L., Schnyder, M., Taubert, A., Hermosilla, C., López-Osorio, S., 
Góngora-Orjuela, A., & Chaparro-Gutiérrez, J. J. (2022). Nationwide Seroprevalence 
Survey of Angiostrongylus vasorum-Derived Antigens and Specific Antibodies in 
Dogs from Colombia. Microorganisms, 10(8), 1565. 
https://doi.org/10.3390/microorganisms10081565   
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Chapter 5 - Presence of Spirometra mansoni, Causative Agent of 
Sparganosis, in South America. 
 

This chapter is based on the following published research letter: 

 

 

Brabec, J., Uribe, M., Chaparro-Gutiérrez, J. J., Hermosilla, C. (2022). Spirometra mansoni, Causative 

Agent of Sparganosis, is present in South America, 28(11), 2347-2350. 

https://doi.org/10.3201/eid2811.220529   
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Chapter 6 - New insights into zoonotic helminthiases of neglected 
Neotropical wild canids. 
 

 

This chapter is based on the following unpublished article: 
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Chapter 7 - A parasite annotated checklist for the imperilled West 
Indian manatee (T. manatus): New parasitological insights form the 
Neotropics. 
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General overview and Discussion - Regarding pleasant and unexpected 

surprises 
In an increasingly globalized world, anthropogenic factors such as intensified farming with 

consequent agro-industrial monocultures (Barrera-Ramírez et al., 2019), unsustainable 

natural resources exploitation such as illegal mining, indiscriminate logging (Unda and 

Etter, 2019), wildlife hunting/trafficking (Nogueira-Filho and da Cunha Nogueira, 2018), 

and wildlife-meat consumption, have strengthened the human-animal interface, thus 

increasing the risk of bidirectional disease spillovers and food web collapses (El Bizri et al., 

2020; Fricke et al., 2022; Magouras et al., 2020). Nowadays constant surveillance of wildlife- 

and domestic animal-related diseases is imperative not only for better understanding of 

their adverse impact on environment, human- and animal populations but also on 

biodiversity conservation (Day, 2016; Grogan et al., 2014; Karesh et al., 2012; Nicholson et al., 

2020; Uribe et al., 2021c; Zambrano et al., 2014). 

Notwithstanding, evidence of host-parasite co-evolution process has been demonstrated 

millions of years ago (Mya) in different protozoan/metazoan parasite taxa and diverse host 

species (de Castro Costa et al., 2019; Le Bailly and Araújo, 2016; Schall, 1990; Tinsley and 

Tinsley, 2016). As an example, the metabarcoding and high-throughput sequencing studies 

of ancient parasites from coprolites, cesspit sediment, mummified tissues, burial sediments 

and permafrost soils, provided unique scientific insights about the prehistoric human 

populations health and parasite communities, the ability to reconstruct rare or extinct host 

natural parasite fauna, and understanding on how parasites co-evolved alongside with their 

host populations (Wood, 2018). Although it is well-known that evolution is fundamental to 

all biological fields, host-parasite co-evolution is the reciprocal evolution of interacting 

species and over time has been a pervasive and quite diverse process. Thus, parasites exert 

frequency-dependent negative selection on their hosts, with the most common host 

genotypes having low fitness and decreasing in frequency as parasites infect them (Gibson 

et al., 2015). Therefore, co-evolution is proposed to maintain genetic diversity in host- and 

parasite populations (Hamilton et al., 1990). Based on above mentioned idea, the co-

evolution process has been going for millions of years favouring the refinement of the 
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parasite transmission mechanisms and maintenance in diverse host populations. Therefore, 

the host-parasite interaction, often triggering an evolutionary adaptation in which the 

parasite replicates and spreads without generating a marked damage or mayor organic 

alteration in the affected host in a hyper-connected world (White et al., 2021; Wild et al., 

2009). 

There are many examples of the above-mentioned issue, since through the 

paleoparasitology and archaeoparasitology the occurrence of parasitic diseases both in 

human and animal populations in the past, have been elucidated (Sazmand, 2021). Reports 

on parasites coexisting within human and animal populations have been documented since 

ancient times both in the Old and New World. Even since the lower Cretaceous, metazoan 

parasite species (e. g. chewing lice) have been identified in fossils (Rasnitsyn and Zherikhin, 

1999). Another example is the fossil-dated molecular phylogeny that places ancestral 

Cimicidae to 115 Mya as hematophagous specialists which affected bats and birds, and 

nowadays two major current urban pests of bedbugs, Cimex lectularius and Cimex hemipterus 

separated 47 Mya, parasitize humans and along the co-evolution process changed to host 

generalist parasites (Roth et al., 2019). Despite their large multi-seat public latrines with 

washing facilities, sewer systems, sanitation legislation, fountains and ancient Roman piped 

drinking water from aqueducts, parasites such as whipworm (Trichuris trichiura), 

roundworm (Ascaris lumbricoides), fish tapeworm (Diphyllobothrium sp.) and Entamoeba 

histolytica have been reported. All these parasitoses were widespread distributed among the 

Roman population (Johnson et al., 2021). Some ectoparasites such as fleas (Pulex irritans), 

head lice (Pediculus humanus capitis), body lice (Pediculus humanus corporis), pubic lice 

(Phthirus pubis) and bed bugs (C. lectularius) were also frequently reported to occur along 

the vast Roman imperium (Johnson et al., 2021; Mitchell, 2017; Mumcuoglu, 2008). 

Moreover, some examples of ancient parasites coexisting millions of years ago with humans 

and animals in the New World (i. e., Neotropical region) has been widely reported along 

the South American subcontinent. Parasitological analysis of coprolites has allowed 

exploring ecological relationships in ancient times (Petrigh et al., 2019). Major parasitological 
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discoveries have occurred on human remains along South America archaeological sites (i. 

e., Brazil, Argentina, Chile, and Peru); some of those parasite diseases went out of Africa 

due to European and Asian slave traffics and dispersed around the world. Furthermore, in 

the process of animal domestication, humans also acquired pathogens from domesticated 

animals (e. g. cattle, sheep, goats, swine, birds, reindeers, yaks, camels, New World 

camelids, rodents, rabbits, fishes, and bees), since humans constantly altered their 

consumption habits and changed dramatically natural environments for livestock activities 

(Novo and Ferreira, 2016). Thus, animal coprolite parasitological evaluation is an important 

tool to promote knowledge about different zoological groups of parasites infecting ancient 

populations and indirectly helping to understand persistence of certain zoonotic-relevant 

parasites of prehistoric animals and humans (Sianto et al., 2014). The oldest molecular 

parasite record was documented in the Argentinean southern Puna, where some Pleistocene 

large mammalian carnivore coprolites, i. e. pumas (Puma concolor) were found. Recovered 

puma coprolites from the paleontological and archaeological site Peñas de las Trampas 1.1 

dated to 16573–17002 calBP (calibrated years before the present), reported the occurrence of 

Toxascaris sp. morphologically compatible eggs, thereafter, confirmed by ancient 

mitochondrial DNA (mDNA) analysis as Toxascaris leonina (Petrigh et al., 2019). Also, other 

study analysed 30 feline coprolites from a south-eastern Piauí archaeological sites used by 

human groups in the past where eggs of Spirometra sp., Toxocara cati, Spirurida, Oxyuroidea, 

Calodium cf. hepaticum, Trichuris cf. muris, Trichuris sp., and other Trichuridae, Oncicola sp., 

and nematode larvae were found (Sianto et al., 2014). Some of these parasitological findings 

are reported nowadays in different species of South American wild felids (Uribe et al., 

2021c). Thus, the role of animal populations in the transmission of zoonotic parasites in the 

region should be here discussed. Parasitic agents had a greater proliferation since the end 

of the Pleistocene and the beginning of the Holocene, throughout the so-called Neolithic 

revolution, in the fertile crescent area of Mesopotamia where ideal sedentary conditions 

were given with the consequent increase in human population density and animal 

domestication, leading to tight contact between animals and humans. Finally, we had the 

beginning of the "technification" of agriculture, favouring the settlement of nomadic 
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populations which also generated ideal conditions for parasitic proliferation and 

transmission by conglomerating around a plantation or post-harvest product multiplicity 

of vertebrate and invertebrate species. Despite this boom given throughout the Neolithic 

revolution, parasites have been reported in various coprolites throughout history with 

further development of techniques for their identification between 1955 and 1969 (Camacho 

et al., 2018). 

Thus, One Health (or Global Health) is not a new concept and thus recognizes the constantly 

evolving relationship between animals, humans and plants within the planet they share and 

this interaction has shaped, and continues to shape the course of human events and history 

(Evans and Leighton, 2014). The series of strategic objectives known as the "Manhattan 

Principles" derived from a meeting of the Society for the Conservation of Wildlife in 2004, 

in which the existing interdependency between human and animal health was recognized 

as pivotal influencing factor on global-public health, -food supply and -economy. The novel 

incorporation of ecosystem health, including wildlife in the “One Health” initiative 

constitutes a global strategy that highlights the need for a holistic and transdisciplinary 

approach that incorporates multi-sectoral expertise in investigating wildlife-, human-, and 

animal-health (please see Figure 3) as equal ecosystems and considering the different 

relationships between them (Destoumieux-Garzón et al., 2018). During the last decade a 

significant increase of infectious agents affecting both humans and domestic animals, has 

been observed, with consequent spread and appearance of multiple epizootics in animal 

populations, epidemics in humans with effective zoonotic transmissibility between both 

populations, making the risks of pandemics increasingly critical and more frequent as in 

past centuries (Han et al., 2016; Ihekweazu et al., 2021; Pfeffer and Dobler, 2010; Rahman et 

al., 2020). Human- and animal-health have also been threatened by anti-microbial resistance 

(Iwu et al., 2020). These principles were a vital step towards the recognition of the critical 

importance of collaborative and interdisciplinary approaches to adequately and 

comprehensively respond to emerging and re-emerging infectious diseases, but particularly 

for the inclusion of wildlife health as an essential component of global infectious disease 

prevention, surveillance, control, and mitigation (Mackenzie and Jeggo, 2019). 
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Wildlife fauna is normally defined as animals that roam freely, whether they are mammals, 

birds, fish, reptiles, amphibians, or invertebrates without any type of direct human 

intervention in their domestication and/or submission to zootechnical practices of any kind. 

Wildlife individuals carrying infective agents will always pose certain degree of risk to 

human and domestic animal health, so the human-animal-ecosystem interface will be of 

great importance in the evolution and appearance of pathogens, and therefore demanding 

constant monitoring or surveillance. Thus, it is essential to know the causes and 

consequences of human activities for a rigorous interpretation of disease dynamics and to 

promote effective public health policies. As a valuable asset at a worldwide level, health 

security must always be understood on a global scale and from a transversal perspective 

integrating human-, animal-, plant-, ecosystem-health and biodiversity (Destoumieux-

Garzón et al., 2018). 

Figure  3: The One Health concept as a holistic, transdisciplinary, and multi-sectoral 
approach 

 
Adapted from: (Destoumieux-Garzón et al., 2018). 

In a rapidly changing world with growing concern on biodiversity loss and an increasing 

number of animal and human diseases arising from wildlife, the need for effective wildlife 

health research is now widely recognized. However, the applicable procedures and insights 

gained from studies related to human and domestic animal health can be partially 
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extrapolated to wildlife. Therefore, difficulties in wildlife health research are largely related 

to the zoological, behavioural, and ecological intrinsic characteristics of elusive free-living 

populations and “hard-to-reach” study areas (Ebmer et al., 2020; Hermosilla et al., 2015; 

Ryser-Degiorgis, 2013; Uribe et al., 2022a). Although clinical evaluation in domestic animals 

can be challenging, the situation becomes even more complex when we refer to wildlife 

(Kull, 2014; Myers, 2006). Because it is common that among WA manifestation of clinical 

signs are the result of co-infections and considering that many parasitoses might rather 

result in sub-clinical manifestations, parasite-induced disorders will most likely occur in 

weak, new-borns and elderly individuals dying in the field or becoming prey of apex 

predators. 

In line, emerging infectious diseases of zoonotic potential, including bacteria, virus, fungi, 

and parasites, will frequently have WA as natural reservoir hosts representing an important 

risk factor for public health, and being reported from all continents. Various pathogens and 

various routes of transmission are here being involved, just as multiple epidemiological and 

environmental risk factors, increasing exchange of parasitic zoonoses between populations 

of wildlife, humans, and domestic animals. The total number of infectious diseases 

transmissible between animals and humans is still unknown, but there are currently records 

of approximately 1415 zoonotic pathogens in human populations (Taylor et al., 2001), of 

which 62% originate from wildlife (Childs et al., 2007; Kruse et al., 2004; Taylor et al., 2001). 

The close contact that currently exists between populations of wild animals and human 

populations is becoming more frequent due to dramatic anthropogenic changes in 

ecosystems that have been taking place for decades around the globe (Ihekweazu et al., 2021; 

Petrigh et al., 2019; Rahman et al., 2020). Some of these changes are directly mediated by the 

development of agro-industrial monocultures (Barrera-Ramírez et al., 2019) (e. g. pigs, 

chickens, ducks, turkeys, fish, gastropods, crustaceans, amphibians, and reptiles), the 

expansion of agricultural frontier due to extensive commercial cattle ranching, illegal 

mining, indiscriminate logging (Unda and Etter, 2019), hunting (Nogueira-Filho and da 

Cunha Nogueira, 2018) and illegal trafficking of wildlife, worldwide. Finally, all above-

mentioned factors will cause the food web chain collapse as reported elsewhere (Fricke et 
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al., 2022). Given that many of these WA share their biomes with rural or suburban human 

communities, they are considered ideal sentinels of public health and it is therefore why the 

evaluation of their health homeostasis and disease aetiology can be used indirectly to 

determine not only ecosystem health, but also the health status of other individuals with 

whom they share ecological niches. Particularly rare and neglected protozoan and metazoan 

zoonotic diseases have been documented to occur in free-ranging WA throughout history 

with multiple examples in various continents.  

Additionally, WA-associated infectious diseases emergence or re-emergence highlights the 

need for better understanding on the mechanisms and factors involved in eco-epidemiology 

of parasitoses (Martinez, 2018; Uribe et al., 2022a). Accordingly, One Health concept will be 

expanded, further developed, to subsequently give a breakdown of parasitological findings 

obtained in current doctoral thesis. Consequently, sampling efforts of present doctoral 

research proposal covered a wide range of biological regions from the Andean to the 

Amazon, the Caribbean and included the vast Orinoco basin. Based on the Köppen-Geiger 

climate classification (Beck et al., 2018) diverse weather patterns such as humid subtropical 

(Cfa), oceanic (Cfb), semiarid/hot semi-arid (BSh), tropical monsoon (Am), tropical 

rainforest (Af), tropical wet and dry (Aw), tundra (ET), and warm-summer Mediterranean 

(Csb) climate were included along the study analysis as shown in Figure 4a. Moreover, WA 

and domestic animals’ species as diverse as the Antillean manatee (Trichechus manatus 

manatus), the bush dog (Speothos venaticus), the capybara (Hydrochoerus hydrochaeris), the 

puma (syn. cougar), the crab-eating fox (Cerdocyon thous), the jaguar (Panthera onca), the 

jaguarundi (Herpailurus yagouaroundi) and the ocelot (Leopardus pardalis); additionally a 

nationwide survey on angiotropic nematode A. vasorum was conducted including 

serological analyses of 955 domestic dogs (Canis familiaris) and a worldwide analysis of 

neglected angio-neurotropic Gurltia paralysans in wild and domestic felids were herein 

included and/or sampled across previously described study areas. 

Based on current Colombian geopolitical division, we carried out different type of sampling 

and/or parasitological analysis in 12 of the 32 departments reported for the country (Figure 
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4b and c), covering a total of 524.970 Km2, thus constituting half (~50.3%) of the continental 

national territory area of Colombia. 

Figure  4: Total sampling areas covered during current study within the Colombian national 
territory 

 
Descriptive geographical map of the areas sampled during the doctoral thesis. a) Köppen–Geiger 
climate classification for Colombia; Af: Tropical rainforest, Aw: Savanna, Bsh: Hot semi-arid, Bwh: 
Hot desert climate, Cfa: Humid subtropical, Cfb: Oceanic, Csb: Warm-summer Mediterranean, Cwc: 
Monsoon-influenced subpolar oceanic, Cwa: Mon-soon-influenced humid subtropical, ET: Tundra. 
b) Colombia location within the South America subcontinent. c) Different departments in accordance 
with the geopolitical division of Colombia; Sampled areas are show in red: (1) Atlántico, (2) Sucre, 
(3) Córdoba, (4) Antioquia, (5) Santander, (6) Arauca, (7) Risaralda, (8) Cundinamarca, (9) Casanare, 
(10) Meta, (11) Caquetá, and (12) Amazonas. 

Since free-living WA are considered as excellent bioindicators of ecosystem health, 

particularly for water-borne, food-borne, soil-borne and gastropod-borne parasites, WA-

related investigations will help to generate strategies to avoid zooanthroponotic 

transmissibility to human populations and transmission to domestic and/or synanthropic 

animals (Bossart, 2011; Cunningham et al., 2017; Uribe et al., 2021a, 2021c). Regarding 

expected parasitological abundance in the tropical region, it is considered as one of the most 

biodiverse areas worldwide, thus current doctoral thesis identified a plethora of parasites 

both in WA and domestic animals throughout the Colombian national territory (Table 2.), 

bringing to discussion eco-epidemiological importance of animals´ based on One Health 

concept thereby furthering continues efforts to control and eradicate infectious 
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protozoan/metazoan parasitoses (Balakrishnan, 2017; Dantas-Torres, 2021; Waikagul, 2006). 

Although this doctoral thesis was carried out in Colombia as unique Central and South 

American hinge joining key territory, the parasitological results obtained here can be 

extrapolated to other tropical regions and other latitudes considering ground-breaking 

information herein reported. 

Table 2: Summarized list of identified parasites and respective hosts throughout current 
doctoral thesis 
Parasites Hosts Zoonotic                  Reference  
Spirometra sp. L. pardalis 

P. onca 
� (Uribe et al., 2021c) 

Toxocara cati L. pardalis 
P. onca 

� 

Oncicola sp. L. pardalis 
P. onca 

 

Cystoisopora sp. L. pardalis 
P. onca 

 

Taenia omissa P. concolor 
H. yagouaroundi† 

 

Protozoophaga obesa H. hydrochaeris  (Uribe et al., 2021a) 
Strongyloides sp. � 
Echinocoleus hydrochoerid  
Trichostrongyloidea  
Monoecocestus sp.  
Hippocrepis hippocrepis  
Plagiorchis muris � 
Taxorchis schistocotyle  
Neobalantidium coli  � 
Cryptosporidium sp. � 
Entamoeba sp. � 
Eimeria trinidadensis  
Cycloposthiidae  
Gurltia paralysans F. catus  (Uribe et al., 2021b) 
Angiostrongylus vasorum C. familiaris  (Uribe et al., 2022b) 
Spirometra mansonoides C. thous � (Brabec et al., 2022) 
Lagochilascaris minor C. thous � (Uribe et al. Chapter 6) 
Dipylidium caninum S. venaticus �  
Chiorchis fabaceus T. m. manatus  (Uribe et al. Chapter 7) 
�: Parasites with zoonotic potential. †: Taenia omissa sister linage. 
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Globally, a total of twenty-three (23) different parasite taxa were here reported through 

different methodologies such as various coproparasitological examination techniques, 

enzyme-linked immunosorbent assays (ELISA), scanning electron microscopy (SEM), and 

both molecular identification and thereafter phylogenetic analyses. Some of these parasites, 

particularly within wild felid jaguars, ocelots, pumas and jaguarundis, were brought back 

from oblivion. Some species constitute new host records or have enlarged previously known 

distribution areas in Colombia. Consequently, current compendium generated new insights 

and highlighted future perspectives to parasitological research as a still-expanding field in 

the Americas. It is important to emphasize that a total of nine parasite species (n = 9) have 

zoonotic relevance and originating from different taxonomic groups (i. e., apicomplexan-, 

ciliated- and ameboid-protozoans, trematodes, acanthocephalans, nematodes and cestodes) 

were herein successfully identified. Therefore, only some parasite species of major public 

health concern are described in more detail whereas others are discussed under a rather 

general point of view to avoid repetition of already published articles. 

The first of these surprising and unexpected findings was the occurrence of Spirometra sp. 

and Spirometra mansoni in wild felids and canids, respectively. Sparganosis is a globally 

distributed neglected water- and food-borne disease caused by larval stages (plerocercoid) 

of tapeworms belonging to the Spirometra genus located in various organs and tissues 

(Brabec et al., 2022; Galán-Puchades, 2019; Kuchta et al., 2021). Humans become infected by 

eating or using raw flesh of intermediate hosts (e. g. amphibians, reptiles) in traditional 

poultices; or by drinking water containing infected copepods (Kuchta et al., 2015). The 

occurrence of Spirometra infections across South America has been reported since the 

beginning of the 20th century (Mueller et al., 1975). This cestode genus has been previously 

recorded in South American wild felids (Acuña-Olea et al., 2020; Almeida et al., 2016; Arrabal 

et al., 2020). To the best of our knowledge, herein we report Spirometra sp. for the first time 

in Colombian free-ranging jaguars and ocelots (Uribe et al., 2021c). Moreover, herein 

through molecular identification of an adult tapeworm retrieved from a crab-eating fox in 

the locality of Ciudad Bolívar, Antioquia, Colombia, we confirmed the occurrence of the 

more frequent causative agent of human sparganosis (i. e., Spirometra mansoni), commonly 
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reported from Southeast Asia, and representing the second congeneric species with known 

zoonotic potential in the Americas (Brabec et al., 2022). Thus, phylogenetic analysis under 

maximum-likelihood criterion resolved the position of the tapeworm nested deep within 

the clade of S. mansoni, thus proving the presence of this causative agent of human 

sparganosis in the American continent. This was an unexpected and quite novel result that 

provides new data on global distribution of different genotypes of this important cestode 

since the concurrent presence of the second congeneric species with zoonotic potential urges 

deeper investigations into the parasite’s life cycle and the epizootiology of a disease that 

could affect public health in the Americas. 

On the other hand, toxocariasis caused by T. canis and T. cati is a zoonotic helminthiasis 

where eggs passed in the faeces of canids and felids may remain infective for years in the 

environment and capable to infect a large range of vertebrate species including humans (Wu 

and Bowman, 2020). Based on the increasingly prominent and more frequent insidious 

impact of zoonotic toxocariasis on human health, key research gaps and better 

understanding of biology of little studied T. cati are essential for guiding urgently needed 

actions in support and promotion of public health, particularly in children (Maciag et al., 

2022). The overall Toxocara sp. prevalence in domestic dogs and cats might range from 0 to 

>87% and/or from 0 to >60%, respectively along subpopulations in North America, 

Mesoamerica and South America, while T. cati shows higher prevalence occurrence in 

animals with less than 1 year of age similarly to prevalence of T. canis-infected young dogs 

(Ketzis and Lucio-Forster, 2020). Therefore, toxocariasis is considered the most ubiquitous 

gastrointestinal helminth disease in domestic canids and felids (Wu and Bowman, 2020). 

Conversely, research data on wild felid toxocariasis is very scarce. Herein we report the 

occurrence of zoonotic T. cati in jaguars and ocelots during faecal examination, highlighting 

again the potential role of wildlife in parasite transmission to local human communities 

(Uribe et al., 2021c). This ascarid nematode is the dominant species in most felids due to its 

complex life cycle, including lactogenic transmission and a wide array of paratenic hosts, 

such as rodents (mouse and rat), macaques (Macaca mulatta), chickens, quails (Coturnix 

japonica), piglets, earthworms (Eudrilus eugeniae) and even by the ingestion of raw duck, 
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cattle, and/or sheep liver (Bowman, 2020; Peng et al., 2020). Despite worldwide distribution 

of T. cati and its endemicity in most American countries (Bolivar-Mejia et al., 2014), human- 

and felid toxocariasis are still poorly understood in Colombian rural areas, since most 

studies have been conducted in urban areas, including large cities of the country (López-

Osorio et al., 2020). Once again this shows the importance of constant parasitological surveys 

not only in wild felids (final hosts) but also in other wild animals’ populations acting as 

paratenic hosts. 

Besides identification of cestode Spirometra sp. and of ascarid nematode T. cati in wild felids, 

the first report in the Americas of S. mansoni in a crab-eating fox were here discussed. 

Additionally, we recorded occurrence of soil-borne zoonotic nematode genus Strongyloides 

in endemic populations of wild large rodents such as  capybaras as potential wild reservoir 

host for strongyloidiosis  of domestic animals and humans inhabiting the Orinoco basin 

(Uribe et al., 2021a). Despite being a relevant helminthiasis with an estimate of 30–100 

million Strongyloides-infected humans worldwide (Byard, 2019; Krolewiecki and Nutman, 

2019); this zoonotic nematode remains largely neglected due to its chronic and longstanding 

auto-infective process associated with its unique and complex life cycle (Nutman, 2017). 

Human strongyloidiosis is mainly caused by the species Strongyloides stercoralis or other 

Strongyloides spp., which have both free-living and endogenous parasitic stages that can 

persist for decades, usually with host and parasite reaching amicable agreement of mutual 

toleration (Grove, 1996). Such as other helminthic diseases, the diagnosis of Strongyloides sp. 

infection may sometimes be difficult and the treatment of strongyloidiosis may be 

problematic particularly given recent mass migrations or population movements (Byard, 

2019). The parasite has a board spectrum of clinical illness, may cause a brief period of acute 

symptomatology and signs after initial infection, and then lapse into a chronic 

asymptomatic carrier stage for decades due to the nematode's capability to auto-infect hosts 

(Byard, 2019). Human strongyloidiosis is one of the most neglected diseases, and as such its 

occurrence in pregnancy and lactation period has even been more neglected and 

understudied, despite epidemiological importance of lactogenic transmission for neonates 

(Wikman-Jorgensen et al., 2021). As soil-borne parasitosis, infective Strongyloides-larvae can 
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penetrate the human skin causing larva migrans cutanea (LMC). Thus, Strongyloides-infected 

synanthropic capybara herds may actively contribute to widespread LMC and originate 

parasite spillover among domestic animals and human populations and should be 

constantly monitored as a feasible transmission source of this tylenchid parasite in the 

Orinoco basin (Uribe et al., 2021a). 

Furthermore, in the same giant rodent species abovementioned (i. e., H. hydrochaeris) we 

reported for the first time the trematode Plagiorchis muris as a new host record (Uribe et al., 

2021a). This zoonotic-relevant food-borne disease, known as plagiorchiosis still remains as 

a major worldwide public health concern, despite changes in eating habits, alterations in 

social and agricultural practices, health education, industrialization, environmental 

alteration, and broad-spectrum available anthelmintic treatments (Fried et al., 2004). 

Plagiorchiosis is considered as an intestinal trematode disease that occurs in humans as well 

as rodents. Interestingly, the family Plagiorchiidae contains so far ten species capable to 

infect humans, i. e., Plagiorchis harinasutari, Plagiorchis javanesis, Plagiorchis philippinensis, 

Plagiorchis elegans, Plagiorchis koreanus, Plagiorchis maculosus, Plagiorchis muelleri, Plagiorchis 

muris, Plagiorchis neomidis, and Plagiorchis vespertilionis) (Chai et al., 2009). These intestinal 

trematodes have a highly complex origin, distribution, and divergence that apparently start 

in eastern regions of Laurasia (modern Southeast Asia territory), from where these parasites 

spread through the Amur paleomicrocontinent and the Beringia to North America and 

further expanding their distribution through Central and South America (Bogatov and 

Vainutis, 2022). It is important to highlight that within the taxonomically complex digenean 

Plagiorchiidae family, P. muris is the more frequent species capable to infect humans and it 

has been reported across continents (Suleman et al., 2019). This neglected intestinal 

trematode is considered as “rodent-borne disease” with endemicities in Asia and North 

America via an effective transmission route from rodents to humans (Asada et al., 1962; Chai 

and Lee, 2002; Hong et al., 1996; McMullen, 1937; Youn, 2009). Conversely, information 

regarding plagiorchiosis epidemiology, life cycle and human reports, still remain scarce for 

Africa, the Americas and Europe (Catalano et al., 2019; Franssen et al., 2016; Rogan et al., 

2007). Thus, description presented here expands previously known geographic distribution 
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range of P. muris and constitutes the first host record in capybaras. Therefore, we strongly 

recommend future activities on this euryxenous zoonotic trematode in South American 

domestic animals and humans sharing habitats with synanthropic capybaras. More studies 

are needed on P. muris life cycle, the spectrum of obligate gastropod intermediate host 

species, second intermediate hosts, and other final hosts, and possible public health impact 

of human plagiorchiosis in rural populations. 

In addition, in Colombian capybaras herein we reported the presence of water-borne 

apicomplexan and anthropozoonotic parasite Cryptosporidium. The World Health 

Organization (WHO) estimates that 91% of human population has regular access to sources 

of treated drinking water either through public tap water aqueduct networks, artisan wells 

or ground perforations but still at least 1.8 billion of people continues to use contaminated 

drinking water sources with faeces, thus causing at least 502000 deaths due to 

Cryptosporidium-mediated diarrhoea per year (Lim and Nissapatorn, 2017). 

Cryptosporidiosis is being the second cause of death, especially among children under 5 

years of age (Checkley et al., 2015; Platts-Mills et al., 2015). Cryptosporidiosis has been 

identified as one of the main etiological agents of diarrheal outbreaks in human populations 

(Lim and Nissapatorn, 2017). In line, the genera Cryptosporidium and Giardia are extensively 

recognized worldwide as neglected etiological water-borne agents responsible for multiple 

outbreaks in human populations, epizootics among both domestic and wild animals, and 

effective transmissibility at the animal-human interface (Dixon, 2009; Kutz et al., 2009). 

These parasitic agents have been extensively studied, which is why they are not always 

considered as neglected tropical diseases (NTDs) and, additionally, they are not included in 

the list of tropical diseases eligible for a priority revision voucher (Priority Review Voucher 

- PRV) from the US Food and Drug Administration (FDA) (Archer et al., 2020; Choy and 

Huston, 2020). Despite not being considered as NTDs by the WHO or the CDC, 

cryptosporidiosis is still highly prevalent in rural areas of Africa, Asia, America, Oceania 

and Europe (Becker et al., 2015; Kantzanou et al., 2021; Korpe et al., 2018). Thus, 

cryptosporidiosis is one of the etiological agents responsible for multiple outbreaks of 

gastroenteric disorders in poor human populations worldwide and considered as poverty-
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related disease (PRD) (Ryan et al., 2021). Human cryptosporidiosis, mainly caused by 

Cryptosporidium parvum has become one of the main causes of diarrheal diseases worldwide, 

posing a significant threat to infants and immunosuppressed patients (Kantzanou et al., 

2021). The genus Cryptosporidium has already been described in 10 rodent families (Feng et 

al., 2020; García-Livia et al., 2020; Lv et al., 2009; Perz and Le Blancq, 2001; Stenger et al., 2015; 

Ziegler et al., 2007). Accordingly, a rather low prevalence of C. parvum natural infections was 

already described for capybaras (Hydrochoeridae) in Brazil (Meireles et al., 2007). 

Additionally, Cryptosporidium was already described for other free-living semiaquatic 

mammals species like South American sea lion, North American river otter, neotropical 

river otters, and giant otters (Borges et al., 2018; Ebmer et al., 2020; Gaydos et al., 2007). These 

two last otter species share their natural habitat in Colombia with capybaras implying 

possible transmission with highly infective and environmental resistant sporulated 

Cryptosporidium-oocysts. Since Cryptosporidium-subtype found in capybaras had 100% 

genetic similarity to bovine C. parvum-isolate subtype IIaA15G2R1 (Meireles et al., 2007), it 

raises the importance of bidirectional way in which thick-walled Cryptosporidium oocysts 

could spread with ease in aquatic ecosystems among semiaquatic mammals like capybaras, 

domestic animals, and humans (Uribe et al., 2021a). 

Moreover, in Colombian capybaras we reported two other potentially zoonotic species of 

protozoan parasites (Neobalantidium coli and Entamoeba sp.) (Uribe et al., 2021a). Previously 

known as Balantidium coli but recently renamed as Neobalantidium coli based on 

polymorphism of SSrDNA sequences, this intestinal protozoan species has been recorded 

in domestic pigs as main reservoir hosts and many other mammalian species, including 

primates (Pomajbíková et al., 2013). Various animals such as rodents, camels, cattle, 

donkeys, sheep and goats have been also proposed as reservoir hosts for human 

neobalantidiosis (Nilles-Bije and Rivera, 2010; Ponce-Gordo and García-Rodríguez, 2021). 

The neglected ciliate N. coli is an opportunistic parasite that can be found throughout the 

world affecting a variety of hosts, including domestic pigs that are the main reservoir, while 

humans become infected through direct or indirect contact with pigs and other infected 

hosts passing infective cysts (Giarratana et al., 2021). In rural areas and in some developing 
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countries where hosts faeces matter contaminates the water supply, there is a greater 

likelihood that neobalantidiosis may develop in humans (Schuster and Ramirez-Avila, 

2008). Despite the fact, that neobalantidiosis is predominantly occurring in tropical and 

subtropical regions, also N. coli-infections have been reported from cooler climate 

geographic region (Yu et al., 2020). This unattended cosmopolitan water-borne disease may 

be subclinical in humans, as it is mostly seen in pigs, or may develop as a fulminant 

typhlocolitis with bloody and mucus-containing diarrhoea which finally might lead to colon 

perforation (Schuster and Ramirez-Avila, 2008).  

Regarding the detection of Entamoeba sp. in capybaras, it is remarkable that within the genus 

the species Entamoeba histolytica is a parasite frequently found contaminating vegetables and 

fruits, and directly associated with diarrheal disease in humans as a major food-borne public 

health problem across the world (Li et al., 2020). Thus, this ameboid protozoan is one of the 

main species of intestinal parasites reported in humans, particularly causing acute 

diarrhoea, dysentery, amoebic colitis, and even amoebic liver abscesses (Dacal et al., 2020; 

Li et al., 2021). As the fourth leading parasitic cause of human mortality, E. histolytica mainly 

infect children in developing countries, transmitted by food and/or water contamination 

with infective and highly resistant E. histolytica cysts (Li et al., 2021). Once again, the 

possibility of wildlife playing a key role in transmission and maintenance of this zoonotic 

parasitosis is most likely to occur (Li et al., 2021). Nevertheless, as in the case of wild non-

human primates this issue requires to be clarified further as different Entamoeba species 

might be interpreted as E. histolytica due to scarce morphological and molecular data and 

gaps in recently published data on Entamoeba species (Elsheikha et al., 2018). Consequently, 

free-ranging capybaras should be considered as natural reservoir hosts for various zoonotic-

relevant water-, food-, soil- and gastropod-borne parasites of public health concern (Uribe 

et al., 2021a). 

In the same way, herein we identified the occurrence of the nematode genus Lagochilascaris 

which entails public health concern. Human lagochilascariosis due to Lagochilascaris minor 

is an extremely neglected zoonotic disease and limited to the American continent. This is a 
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rare human ascarid parasite (order Rhabditida) and mostly diagnosed as a chronic disease 

persisting for several years (Campos et al., 2017; Neves, 2016). In chronic lagochilascariosis, 

the parasitic larvae burrows into subcutaneous tissues of the neck, paranasal sinuses, and 

mastoids (Campos et al., 2017). Additionally, L. minor may cause lesions in the region of the 

head and neck, including the tonsils, ocular globe, nasal sinuses, middle ear, dental alveolus, 

rhinopharynx, lungs, sacral areas, and less frequently the central nervous system (CNS). 

Humans become infected after ingestion of raw or undercooked meat of game animals 

(acting as either intermediate- or paratenic hosts) which contain encysted L. minor third-

stage larvae (Tanowitz and Machado, 2013. In the Americas, human lagochilascariosis have 

been reported in more than 100 cases (Campos et al., 2017). Human cases of 

lagochilascariosis have been reported across Central and South American countries like 

Bolivia (Ollé-Goig et al., 1996), Brazil (Neves, 2016), Colombia, Costa Rica, Ecuador 

(Calvopiña et al., 1998), Mexico (Barrera-Pérez et al., 2012), Paraguay (Roig O. R et al., 2010), 

Perú, Surinam (Oostburg, 1992), Trinidad and Tobago (Draper, 1963), and Venezuela 

(Orihuela et al., 1987). Only three lagochilascariosis human cases have been documented in 

Colombia (Little and Botero, 1984; Moncada et al., 1998). To the best of our knowledge here 

we present first non-human case report of L. minor in a Colombian crab-eating fox. Thus, 

current doctoral thesis constitutes the first report of this parasite in non-human hosts of 

Colombia. 

Finally, regarding the last zoonotic parasite identified in current doctoral thesis we reported 

the occurrence of the neglected causative agent of dipylidiosis in wild canids. Dipylidiosis 

is a cosmopolitan underrated disease caused by the cestode Dipylidium caninum which 

belongs to the order Cyclophyllidea (family Dipylidiidae) and been identified in several 

sylvatic species, namely foxes, wolves, jackals, hyaenas, coyotes, racoon dogs and cheetahs 

(Rousseau et al., 2022). Recently two genetically distinct variations have been proposed 

within this species, i. e. the D. caninum canine genotype and the D. caninum feline genotype 

(Beugnet et al., 2018; Labuschagne et al., 2018). While D. caninum infection typically occurs 

in canids and felids as main definitive hosts it may infect humans after the ingestion of adult 

fleas/lice harbouring infective cysticercoids, and reported particularly in children living in 
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close proximity to D. caninum-infected definitive hosts (Hogan and Schwenk, 2019). There 

are reported cases of human dipylidiosis from several countries and it is distributed 

worldwide (Gutema et al., 2020). As seen for other PRDs, human dipylidiosis mostly affects 

children of poor countries with low hygiene standards, nonetheless very little is so far 

conducted by WHO to prevent or control this parasitosis. Clinical manifestations of human 

dipylidiosis often consist of perianal pruritus with mild dermatitis of perineal area and 

linear excoriations thought to be secondary to the patient scratching. Moreover, diarrhoea, 

vomitus and abnormal weight gain have been described (Chong et al., 2020). Transmission 

of this intestinal cestode is bidirectional (i. e. WA to domestic animals and domestic animals 

to WA) and possible to occur due to shared habitats, particularly at night, when wild 

animals come close to human populations in their forage for food (Rousseau et al., 2022). 

Herein we expand the geographical distribution range of D. caninum sensu lato to the Pan-

Amazon and northern Andean regions and constituting the first host record of this 

anthropozoonotic cestode in bush dogs. Analysed bush dog cestode corresponded well to 

recently proposed D. caninum canine genotype which occurs at a higher frequency in canids, 

has a shorter prepatent period and longer lifespan than the D. caninum feline genotype 

(Beugnet et al., 2018). 

Despite not having clinical nor epidemiological relevance in human populations, other non-

zoonotic parasites were here identified both in WA and domestic animals. However, these 

etiological agents are important to understand parasite dynamics and the role they play in 

host health. Additionally, some of these parasite reports also constitute new host records, 

or parasitological findings that for many decades have been forgotten in literature. One of 

these cases was the acanthocephalan genus Oncicola identified both in ocelots and jaguars 

(Uribe et al., 2021c). This acanthocephalan has been known circulating in South American 

felines for almost 9000 years (Amin, 2013; Orrell, 2017; Sianto et al., 2014), and we brought 

it back from oblivion (Uribe et al., 2021c). Another unexpected parasitological finding that 

is limited to both carnivorous and herbivorous animal species is the precise phylogenetic 

identification of Taenia omissa collected from a dead puma and a road-killed jaguarundi 

(Uribe et al., 2021c). To date T. omissa molecular data is restricted to reports in natural 
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intermediate hosts such as domesticated alpacas (Vicugna pacos) and free-living red brockets 

(Mazama americana) (Gomez-Puerta et al., 2017). Thus, we enlarged the sequence data for this 

tapeworm species in felids, expanding its geographical distribution range to Colombia and 

adding the jaguarundi as a new definitive host for this taeniid cestode. Similarly in the same 

hosts species above mentioned, Cystoisopora-like oocysts were identified at a higher taxa 

level and thus we recommend to further identify if these oocysts belonged either to 

Cystoisospora rivolta, Hammondia hammondi or Besnoitia sp., as one of the more frequently 

reported cyst-forming coccidian in wild- and domestic felids (Dubey, 2018). Moreover, 

herein we reported occurrence of highly underestimated protozoan species such as Eimeria 

trinidadensis, the nematodes Protozoophaga obesa, the capillarid Echinocoleus hydrochoerid and 

the metastrongyloid lungworms A. vasorum and G. paralysans, the cestode of the genus 

Monoecocestus sp., and neglected trematodes Hippocrepis hippocrepis, Taxorchis schistocotyle, 

and Chiorchis fabaceus. For all these unattended parasites we tried to bring more attention on 

possible consequences for WA health and hopefully will derive in more awareness on these 

cryptic parasites. Finally, free-ranging WA should be considered not only as natural 

reservoirs for various pathogens but also to be affected by them; the same holds true for 

peri-domestic and synanthropic WA within Colombian national territories. Thus, 

emblematic WA species here investigated can be a good way to draw attention of the 

importance of parasite investigations under the concept of One Health, particularly for 

unattended species of vertebrate and invertebrate animals. 

Conclusion 

As rule in all living communities’ coinfections have consequences on infectious agent 

epidemiology and host fitness, thus better fundamental knowledge on wildlife associated 

parasitic diseases is needed to understand their role in the emergence of zoonoses (Hoarau 

et al., 2020). Based on these results, we encourage further parasitological studies on wildlife, 

domestic animals, and human population to reveal parasitoses of public health concerns as 

an important issue in favours to prevent potentially zooanthroponotic parasite spillover 

events. 
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Summary 

Wild animals (WA) have shown to be excellent bioindicators of important zoonotic-relevant 

pathogens in incrementally anthropogenic environments. As a result of continuous increase 

of anthropogenic pressure on fragile ecosystems, the contact of human populations with 

WA is constantly increasing. In an increasingly globalized world, anthropogenic factors 

such as intensified farming with consequent agro-industrial monocultures, unsustainable 

natural resources exploitation such as illegal mining, indiscriminate logging, wildlife 

hunting/trafficking, and wildlife-meat consumption, have strengthened the human-animal 

interface, thus increasing the risk of bidirectional disease spillover. The WA are indirect 

indicators of ecosystem health since they are sentinels of some neglected anthropozoonotic 

ecto- and endoparasitic diseases. Therefore, it is important to know the parasite fauna 

occurring in Neotropical wildlife, not only to strengthen conservation plans for threatened 

species, but also for the generation of valuable public health information to avoid potential 

human infections. Since Neotropics is an extensive and highly heterogeneous region, here 

we selected the hinge joining key territory of Colombia because remains as a poorly 

investigated area for wildlife parasitology and is the second most biodiverse country of the 

globe. Thus, there are scarce and old dated literature reports on various infectious agents 

that Colombian wildlife may harbour. 

Herein we presented a first nationwide approach on neglected parasite fauna occurring in 

Neotropical wild- and domestic animal populations closely related to human populations 

in different habitats or biomes in which they inhabit. Additionally, WA-associated 

infectious diseases emergence or re-emergence highlights the need for better understanding 

on the mechanisms and factors involved in eco-epidemiology of parasitoses. Consequently, 

sampling efforts of present doctoral research proposal covered a wide range of biological 

regions from the Andean to the Amazon, the Caribbean and included the vast Orinoco 

basin. Covering a total of 524.970 Km2, thus constituting half of the continental national 

territory area of Colombia. Moreover, WA and domestic animals’ species as diverse as the 

Antillean manatee (Trichechus manatus manatus), the bush dog (Speothos venaticus), the 
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capybara (Hydrochoerus hydrochaeris), the puma (syn. cougar) (Puma concolor), the crab-eating 

fox (Cerdocyon thous), the jaguar (Panthera onca), the jaguarundi (Herpailurus yagouaroundi) 

and the ocelot (L. pardalis). Additionally, a nationwide survey on angiotropic nematode A. 

vasorum was conducted including serological analyses of 955 domestic dogs (Canis familiaris) 

and a worldwide analysis of neglected angio-neurotropic Gurltia paralysans in wild and 

domestic felids were herein included and/or sampled across previously described study 

areas.  

Globally, a total of twenty-three (23) different parasite taxa were here reported through 

different methodologies such as various coproparasitological examination techniques, 

enzyme-linked immunosorbent assays (ELISA), scanning electron microscope (SEM), and 

both molecular identification and thereafter phylogenetic analyses. Some of these parasites 

were brought back from oblivion, constitute new host records, or have enlarged previously 

known distribution areas in Colombia. The first of these surprising and unexpected findings 

was the occurrence of Spirometra sp. and Spirometra mansoni in wild felids and canids, 

respectively. Additionally, herein we report the occurrence of zoonotic T. cati in jaguars and 

ocelots during faecal examination, highlighting again the potential role of wildlife in 

parasite transmission to local human communities. Additionally, the occurrence of soil-

borne zoonotic nematode genus Strongyloides in endemic populations of wild large rodents 

such as capybaras as potential wild reservoir host for strongyloidiosis of domestic animals 

and humans inhabiting the Orinoco basin was reported. Furthermore, in the same giant 

rodent species (H.  hydrochaeris) abovementioned we reported for the first time the 

trematode Plagiorchis muris as a new host record. This zoonotic-relevant food-borne disease, 

known as plagiorchiosis still remains as a major worldwide public health concern. In 

addition, in Colombian capybaras herein we reported the presence of water-borne 

apicomplexan and anthropozoonotic parasites Cryptosporidium, Neobalantidium coli and 

Entamoeba sp. 

In the same way, herein we identified the occurrence of the nematode genus Lagochilascaris 

which entails public health concern. Human lagochilascariosis due to Lagochilascaris minor 
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is an extremely neglected zoonotic disease and limited to the American continent. To the 

best of our knowledge here we present first non-human case report of L. cf. minor in a 

Colombian crab-eating fox. Thus, current doctoral thesis constitutes the first report of this 

parasite in non-human WA of Colombia. Finally, regarding the last zoonotic parasite 

identified in current doctoral thesis we reported the occurrence of the neglected causative 

agent of dipylidiosis in wild canids. Herein we expand the geographical distribution range 

of Dipylidium caninum sensu lato to the Pan-Amazon and northern Andean regions and 

constituting the first host record of this anthropozoonotic cestode in bush dogs. Analysed 

bush dog cestode corresponded well to recently proposed D. caninum canine genotype 

which occurs at a higher frequency in canids, has a shorter prepatent period and longer 

lifespan than the D. caninum feline genotype. 

Nowadays constant surveillance of wildlife- and domestic animal-related diseases is 

imperative not only for better understanding of their adverse impact on environment, 

human- and animal populations but also on biodiversity conservation. Despite not having 

clinical nor epidemiological relevance in human populations, other non-zoonotic parasites 

were here identified both in WA and domestic animals. One of these cases were the 

acanthocephalan genus Oncicola identified both in ocelots (Leopardus pardalis) and jaguars 

and the precise phylogenetic identification of Taenia omissa collected from a dead puma (P. 

concolor) and a road-killed jaguarundi. Similarly in the same hosts species above mentioned, 

Cystoisopora-like oocysts were identified at a higher taxa level. Moreover, herein we reported 

the occurrence of highly underestimated protozoan species such as Eimeria trinidadensis, the 

nematodes Protozoophaga obesa, the capillarid Echinocoleus hydrochoerid and the 

metastrongyloid lungworms A. vasorum and G. paralysans, the cestode of the genus 

Monoecocestus sp., and neglected trematodes Hippocrepis hippocrepis, Taxorchis schistocotyle, 

and Chiorchis fabaceus. For all these unattended parasites we tried to bring more attention on 

possible consequences for WA health and hopefully will derive in more awareness on these 

cryptic parasites. Free-ranging WA should be considered not only as natural reservoirs for 

various pathogens but also to be affected by them; the same holds true for peri-domestic 

and synanthropic WA within Colombian national territories. Thus, emblematic WA species 
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here investigated can be a good way to draw attention of the importance of parasite 

investigations under the concept of One Health, particularly for unattended species of 

vertebrate and invertebrate animals. Finally, current compendium generated new insights 

and highlighted future perspectives to parasitological research as a still-expanding field in 

the Americas. 

Zusammenfassung 

Wildtiere (WT) haben sich als hervorragende Bioindikatoren für wichtige zoonotisch 

relevante Krankheitserreger in einer, zunehmend durch anthropogene Einflüsse geprägten 

Umwelt erwiesen. Infolge des kontinuierlichen anthropogenen Drucks auf empfindliche 

Ökosysteme nimmt der Kontakt zwischen Menschen und Wildtieren ständig zu. In einer 

zunehmend globalisierten Welt haben anthropogene Faktoren wie zum Beispiel die 

Intensivierung der Landwirtschaft mit den daraus resultierenden industriellen 

Monokulturen, die Ausbeutung natürlicher Ressourcen wie illegaler Bergbau, wahlloser 

Holzeinschlag, die Jagd auf Wildtiere und der Handel mit denselben sowie der Verzehr von 

Wildtierfleisch die Schnittstelle zwischen Mensch und Tier verstärkt. Damit wird 

permanent das Risiko einer Pathogenübertragung sowohl von Tier auf Mensch als auch 

umgekehrt erhöht. 

Die WT sind indirekte Indikatoren für die Gesundheit des Ökosystems, da sie Träger 

vernachlässigter anthropozoonotischer ekto- und endoparasitärer Krankheiten sind. Dies 

macht deutlich wie wichtig es ist, die in der neotropischen Tierwelt vorkommende 

Parasitenfauna zu kennen, nicht nur, um die Erhaltungspläne für bedrohte Arten besser 

konzipieren zu können, sondern auch, um so viele Informationen wie möglich über die 

menschliche Gesundheit zu erhalten. Dieses Wissen kann potenzielle Infektionen beim 

Menschen vermeiden. Da es sich bei den Neotropen um eine ausgedehnte und sehr 

heterogene Region handelt, haben wir hier das Schlüsselgebiet Kolumbien ausgewählt. 

Kolumbien stellt als eines der artenreichsten Länder der Welt, ein noch wenig erforschtes 

Gebiet für die Wildtierparasitologie dar. Es gibt nur wenige Studien über die diversen 

Pathogene, die in kolumbianischen Wildtieren vorkommen und die bereits existierende 
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Literatur ist zum Teil veraltet. In der vorliegenden Dissertation ist die erste landesweite 

Studie über die vernachlässigte Parasitenfauna neotropischer Wild- und 

Haustierpopulationen erfolgt. Dafür haben die Autoren Populationen ausgewählt, die mit 

Menschen in verschiedenen Lebensräumen oder Biomen in engem Kontakt stehen. Darüber 

hinaus verdeutlicht das Auftreten oder Wiederauftreten von WT-assoziierten 

Infektionskrankheiten die Notwendigkeit eines besseren Verständnisses der Mechanismen 

und Faktoren, die an der Öko-Epidemiologie von Parasitosen beteiligt sind. Folglich 

umfasste die Beprobung im Rahmen dieses Dissertationsvorhabens ein breites Spektrum an 

geologischen Regionen mit unterschiedlichsten Ökosystemen. Untersucht wurden sowohl 

Räume in den Anden als auch im Amazonas und in der Karibik bis hin zum großen Orinoco-

Becken. Die Untersuchungen umfassten insgesamt 524.970 km², was der Hälfte des 

Staatsgebiets Kolumbiens entspricht. Darüber hinaus wurden unterschiedlichste Wild- und 

Haustierarten untersucht wie zum Beispiel die Antillen-Seekuh (Trichechus manatus 

manatus), der Buschhund (Speothos venaticus), das Wasserschwein (Hydrochoerus 

hydrochaeris), den Puma (Puma concolor), den krebsfressenden Fuchs (Cerdocyon thous), den 

Jaguar (Panthera onca), den Jaguarundi (Herpailurus yagouaroundi) und den Ozelot (Leopardus 

pardalis). Zusätzlich wurde eine landesweite Studie über den angiotropen Fadenwurm 

Angiostrongylus vasorum durchgeführt, einschließlich serologischer Untersuchung von 955 

Haushunden (Canis familiaris). Des Weiteren wurde eine weltweite Analyse zum 

vernachlässigten angio-neurotropen Parasiten Gurltia paralysans bei Wild- und Hauskatzen 

erstellt. 

Insgesamt wurden hier 23 verschiedene Parasitentaxa durch verschiedene Methoden wie 

koproparasitologische Untersuchungstechniken, Enzymimmunoassays (ELISA), 

Rasterelektronenmikroskopie (SEM) und molekulare Identifikationsmethoden sowie 

anschließende phylogenetische Analysen erfasst. Einige dieser Parasiten wurden dabei aus 

der Vergessenheit geholt, stellen neue Wirtsbeschreibungen dar oder haben zuvor bekannte 

Verbreitungsgebiete in Kolumbien vergrößert. Die erste dieser überraschenden und 

unerwarteten Entdeckungen war das Vorkommen von Spirometra sp. und Spirometra 

mansoni bei wildlebenden Feliden bzw. Kaniden. Darüber hinaus berichten wir über das 
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Auftreten von dem zoonotisch relevanten Parasiten Toxocara cati beim Jaguar und dem 

Ozelot, im Rahmen einer Analyse von Losungen dieser Prädatoren, was erneut die 

potenzielle Rolle von WT bei der Übertragung von Parasiten auf die lokale Bevölkerung 

verdeutlicht. Darüber hinaus wird über das Auftreten der zoonotischen Nematoden der 

Gattung Strongyloides in endemischen Populationen wild lebender großer Nagetiere wie 

Wasserschweine berichtet, die potenziell als Reservoirwirte für Strongyloidose bei 

Haustieren und Menschen im Orinoco-Becken dienen könnten. Außerdem haben wir bei H. 

hydrochaeris zum ersten Mal den Trematoden Plagiorchis muris nachgewiesen. Die durch 

Lebensmittel übertragbare Krankheit, die als Plagiorchiose bekannt ist, hat zoonotische 

Relevanz. Zusätzlich haben wir bei kolumbianischen Wasserschweinen das Vorhandensein 

von im Wasser lebenden apikomplexen und anthropozoonotischen Parasiten wie 

Cryptosporidium, Neobalantidium coli und Entamoeba sp. nachweisen können. In gleicher 

Weise haben wir hier das Vorkommen der Nematodengattung Lagochilascaris identifiziert, 

die ein Problem für die öffentliche Gesundheit darstellen kann. Die durch Lagochilascaris 

minor verursachte Lagochilascariose des Menschen ist eine äußerst vernachlässigte Zoonose 

und beschränkt sich auf den amerikanischen Kontinent. Soweit uns bekannt, wird hier der 

erste nicht-menschliche Fall von L. cf. minor bei einem kolumbianischen 

Krabbenfuchs/Maikong (C. thous) vorgestellt. In der vorliegenden Dissertation ist somit der 

erste Bericht über diesen Parasiten bei WT in Kolumbien beschrieben. Bei dem letzten 

zoonotische Parasiten, der in der aktuellen Dissertation identifiziert und vorgestellt wird, 

handelt es sich um den vernachlässigten Erreger der Dipylidiose bei wildlebenden Kaniden. 

In dieser Arbeit erweitern wir das geografische Verbreitungsgebiet von  Dipylidium caninum 

sensu lato auf den Pan-Amazonas und die nördlichen Andenregionen. Des Weiteren wird 

der erste Wirtsnachweis dieses anthropozoonotischen Zestoden bei Buschhunden 

beschrieben und dem kürzlich vorgestellten Genotyp von D. caninum canine zugeordnet, 

der bei Kaniden häufiger vorkommt, eine kürzere Präpatenzzeit sowie längere Patenz 

aufweist als D. caninum feline. 

Heutzutage ist die ständige Überwachung von Wild- und Haustierkrankheiten nicht nur 

für ein besseres Verständnis ihrer nachteiligen Auswirkungen auf Tier, Mensch und 
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Umwelt, sondern auch für die Erhaltung der biologischen Vielfalt unerlässlich. Im Rahmen 

dieser Dissertation wurden auch andere, für Wild- und Haustiere wichtige Parasiten 

detektiert, die für die menschlichen Bevölkerung weder klinisch noch epidemiologisch 

relevant sind. Einer dieser Fälle war die Gattung Oncicola aus dem Stamm der 

Kratzwürmer/Acanthocephala, die sowohl beim Ozelot als auch beim Jaguar nachgewiesen 

wurde, sowie die genaue phylogenetische Identifizierung von Taenia omissa, die aus einem 

toten Puma und einem Jaguarundi stammt. Des Weiteren wurde bei den oben genannten 

Wirtsarten Cystoisopora-ähnliche Oozysten auf Taxa-Ebene identifiziert. Darüber hinaus 

berichteten wir über das Vorkommen von stark unterschätzten Protozoenarten wie Eimeria 

trinidadensis, den Nematoden Protozoophaga obesa, Echinocoleus hydrochoerid und den 

metastrongyloiden Lungenwürmern A. vasorum und G. paralysans, die Zestoden der 

Gattung Monoecocestus sp., und die Trematoden Hippocrepis hippocrepis, Taxorchis 

schistocotyle und Chiorchis fabaceus. Bei all diesen bisher wenig beachteten Parasiten haben 

wir versucht, die Aufmerksamkeit auf mögliche Folgen für die Gesundheit von 

Wildtierpopulationen zu lenken, und hoffen, dass diese kryptischen Parasiten dadurch 

stärker ins Bewusstsein gerückt werden. WT sollten nicht nur als natürliches Reservoir für 

verschiedene Krankheitserreger betrachtet werden, sondern auch als von denselben 

beeinträchtigt; das Gleiche gilt für peri- und synanthrope WT auf kolumbianischem 

Staatsgebiet. Daher können und sollten die hier untersuchten ausgewählten WT-Arten ein 

guter Ausgangspunkt sein, um auf die Bedeutung von Parasitenuntersuchungen im 

Rahmen des One-Health-Konzepts aufmerksam zu machen, insbesondere für bisher 

unbeachtete Wirbeltiere und wirbellose Tiere. Zusammenfassend hat das vorliegende Werk 

neue Erkenntnisse und Zukunftsperspektiven für die parasitologische Forschung 

aufgezeigt, die sich auf dem amerikanischen Kontinent noch immer im Aufbau befindet. 
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Appendix 
 

Supplementary Materials Chapter 1 
The following material is available online at 
https://www.mdpi.com/article/10.3390/pathogens10070822/s1, Video S1: 3D model of T. 
omissa rostellar large hook, Video S2: 3D model of T. omissa rostellar small hook. 

Supplementary Materials Chapter 2 
The following are available online at 
https://www.mdpi.com/article/10.3390/pathogens10091152/s1, Figure S1: Adult specimen 
of Hippocrepis hippocrepis (Trematoda: Notocotylidae) found in capybara manure pellet 
piles collected in a flooded area of La Maporita. Scale bar: 2 mm, Figure S2: 
Cycloposthiidae cyst (47.28 μm × 33.03 μm), notice adoral ciliary zone (white arrowhead), 
vestibulum (red arrowhead), and cytoproct (black arrowhead). Scale bar: 10 μm, Video S1: 
Biopercular plugged Echinocoleus hydrochoeri egg, Video S2: Biflagellate egg of Hippocrepis 
hippocrepis. 

Supplementary Materials Chapter 3 
The following are available online at 
https://www.mdpi.com/article/10.3390/pathogens10121601/s1, Table S1: Gastropod species 
as potential intermediate hosts for G. paralysans in Colombia. 

Supplementary Materials Chapter 4 
The following supporting information can be downloaded at: 
https://www.mdpi.com/article/10.3390/microorganisms10081565/s1, Table S1: Dog serum 
database. 

Supplementary Materials Chapter 5  
The following supporting information can be downloaded at: 
http://doi.org/10.3201/eid2811.220529, Appendix and Methods. 

Supplementary Materials International Conference  
This supplementary material is based on the international poster presentation entitled 
“Wide Gastrointestinal Parasite Survey in World`s Largest Extant Semiaquatic Rodent 
Hydrochoerus hydrochaeris (Linnaeus 1766)” following attached: 
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