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Abstract:

Background:

We present a study about helminth parasites in wolf (Canis lupus signatus) from Sierra de la Culebra, a protected area in the
Northwest of Spain, where is the largest population of wolves of the Spanish territory and one of the largest in Western Europe.
Materials and Methods:

To this aim, 93 fecal samples were collected during May and June of 2013 using 33% zinc sulphate flotation technique and classified
based on their morphology, color, structure and size.

Results:

Parasites were present in 66.67% of the samples and classified as Eucoleus aerophilus (50.54%), Strongyloides sp. (27%),
Ancylostomidae gen. sp. (19.35%), Toxocara Canis (10.75%), Taeniidae gen. sp. (9.68%), Trichuris vulpis (9.68%) and Toxascaris
leonina (2.15%). Their distributions were very heterogencous with the highest prevalence being in Northwest Spain. These
differences found can be attributed to local environmental factors (ambient temperature, humidity) as well as animal feeding and
social behavior.

Conclusion:

A wide helminthofauna is observed in the studied wolves, similar to other studies carried out in Europe (Estonia, Finland, Italy,
Latvia, Poland, Portugal, Spain and Sweden). In addition, this study constitutes the first description of the presence of Strongyloides
sp. in Iberian wolf in Spain.
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1. INTRODUCTION

The wolf (Canis lupus) is a predatory species which presents a wide distribution range throughout many countries in

* Address correspondence to the author at the Laboratory of Parasitology, Group of Animal and Human Dirofilariosis, Faculty of Pharmacy,
University of Salamanca, 37007 Salamanca, Spain; E-mail: rmorgar@usal.es

1874-4214/18 2018 Bentham Open


http://benthamopen.com
http://crossmark.crossref.org/dialog/?doi=10.2174/1874421401806010106&domain=pdf
http://www.benthamopen.com/TOPARAJ/
http://dx.doi.org/10.2174/1874421401806010106
mailto:rmorgar@usal.es

Intestinal helminths in Iberian Wolves from Spain The Open Parasitology Journal, 2018, Volume 6 107

North America, Europe and Asia. This carnivore is able to survive in various habitats, thanks to its flexible feeding
strategy according to the area it occupies at a given time. Furthermore, wolves are protected species in many of the
regions where they live [1].

Canis lupus signatus is the subspecies living in the Iberian Peninsula. In the Northwest (Spain and Portugal), the
population of wolves is large and stable, with helminth infections, being an important factor in the population dynamics
of mammals [2]. Studies on the helminth fauna of the wolf in Europe are relatively scarce. In these studies, different
prevalences are presented on the presence of parasites in wolves, mainly in feces (Belarus, Estonia, Finland, Italy,
Latvia, Poland and Sweden) [3 - 9]. Furthemore, sporadically, studies have been carried out in Spain [1, 10 - 12] and in
Portugal [10] where they have shown a significant heterogeneity of the parasitic helminth fauna in the different
populations of wolves studied.

The aim of this work is the identification of the parasites base on fecal samples of Canis lupus signatus population
from the Sierra de la Culebra (Northwest Spain) to try to know their status, with this being the biggest populations of
wolves of Spain.

2. MATERIALS AND METHODS

A total of 93 fresh fecal samples of Canis lupus signatus were collected and stored in individual plastic bags at 4°C
from 12 locations in the Sierra de la Culebra (Northwest Spain) (Ferreras de Arriba, Ferreras de Abajo, Ferrerucia,
Fugueruela de Arriba, Mahide, Manzanal de Arriba, Pedralba de la Praderia, Puebla de Sanabria, Riofrio de Aliste,
Otero de Bodas, Tébara and Villardeciervos), occupied by different packs of wolves, during May and June 2013 (Table
1, Fig. 1). They were analyzed after 2-3 days of collection. Each sample was georeferenced within the municipality
where it was found. The analysis was performed using 33% zinc sulfate flotation technique [11] the day after being
collected. The eggs and larvae observed were identified based on their morphology, color, structure and size, following
the guidelines by Foreyt [12] and Thienpont et al. [13] at 10X, 40X and 100X magnifications.

e , Y
3 oo A
(¢ ) ’//
P -
§ ’,)
3 / /Y
X ( “\/
% (7 >
Pedralba de la Praderia Iy /
oV o Puebla de Sanabria ] | v
L2 J I~ e
- N ] PY Manzanal de Arriba e —
w09 W0 P, 4
Figueueinids Ariba . o Villardeciervos () S A
L) 0 Mahide g L ° ) o0 Otero de Bodas
) Ferreras de Arriba
LY 5
s
Ferreras de Abajo
o0
Riofrio de Aliste 9 )
Tabara
9
TN
© Ancylostomidae gen.sp. 9
@ Eucileus aerophilus Fe ela
J Strongyloides sp. . )
@ Taeniidae gen.sp. [}

@ Toxocara canis
© Toxascaris leonina

© Trichuris vulpis

Fig. (1). Location of Sierra de la Culebra Hunting Regional Reserve (Spain) (Natura 2000 site), municipal terms in where were found

parasites and the presence of these.
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Table 1. Relationship among number of samples collected, presence of parasites (%) and Sierra de la Culebra’s municipal
terms in where the samples were analyzed.

% Samples | Ancylostomidae Eucoleus Strongyloides | Taeniidae | Toxocara | Toxascaris | Trichuris

(n) gen. sp. aerophilus sp. gen. sp. canis leonina vulpis

Ferreras de Abajo 3 100 66,67 14,29 33,33 - 33,33 33,33

Ferreras de Arriba 7 14,29 28,57 - 14,29 14,29 - 14,29
Ferreruela 3 - 33,33 100 - 66,67 -
Figueruela de Arriba 10 30 70 20 - - 20

Mahide 7 28,57 42,86 14,29 - - - 28,57

Manzanal de Arriba 9 33,33 55,56 44,44 11,11 - - 11,11
Otero de Bodas 2 - 50 - - - - -

Pedralba de la Praderia 15 33,33 66,67 - - - 6,67

Puebla de Sanabria 15 - 53,33 20 6,67 - - 6,67
Tabara 15 6,67 60 33,33 13,33 13,33 - 20
Villardeciervos 7 - 28,57 14,29 14,29 14,29 - -

To graphically represent the distribution of the analyzed samples and the positive samples, the program Arc-GIS
10.1 (ESRI, Redlands.CA, USA) was used, in which a layer was included with the cartography of the zone and the
geographical references of the samples.

3. RESULTS

Of the collected samples, 61.2% contained eggs, 3.15% helminth larvae or 2.32% both. The identified parasites and
their prevalence were: 19.35% Ancylostomidae gen. sp.; 50.54% Eucoleus aerophilus; 27% Strongyloides sp., 9.68%
Taeniidae gen. sp., 10.75% Toxocara canis, 2.15% Toxascaris leonine and 9.68% Trichuris vulpis. There was a great
geographical variation between the species of parasites as well as between prevalence of the same parasite in different
areas. Table 1 shows the percentages of the parasites found in all collected samples in each of the locations. The highest
prevalence were found in the municipalities from the Northwest as well as some municipalities from the Southeast area
of the studied region, because of the presence of E. aerophila, although in some of them, higher prevalence of
Ancylostomidae gen. sp. and Strongyloides sp. were observed. The abundance of parasitization was also highly
heterogeneous; with the highest egg count being by tapeworms (183 e/g feces) and the lowest by 7. leonina (3 e/g
feces). Furthermore, the highest parasite abundances were observed in the municipalities.

4. DISCUSSION

The coprological analysis helps to determine the presence of parasites in wild animals: In addition, these analysis
helps to evaluate and understand the relationship between parasites and their hosts, providing information about their
feeding habits and behavioral aspects [1].

In the present study, eggs and larvae of different species of parasitic helminths were observed. These parasites are
transmitted through different transmission routes, mainly by the ingestion of embryonated eggs eliminated in feces from
wolves or other parasitized mammals (Eucoleus spp., Trichuris spp.), penetration of infective larvae (L3) through the
skin (Strongyloides sp., Ancylostomidae gen. sp.), eating an infected prey (Taenia spp.) or transplacental transmission
(Toxocara spp. and Toxascaris spp.).

The prevalence and the abundance of parasitization were higher at the Northwest end of Sierra de la Culebra
(Ancylostomidae gen. sp., Strongyloides sp., Eucoleus aerophilus and Trichuris vulpis). The high prevalence of
Strongyloides sp. and Ancylostomidae gen. sp. may be due to the high humidity present in the Northwest of the studied
area, which might favor the survival of infective larvae and eggs [1, 10]. Furthermore, the prevalence of these parasites
was also high in the municipality of Tabara, in the Southeast; although climatic aspects may be implicated, it has not
been possible to identify any conclusive factor. On the other hand, the number of analyzed samples in these
municipalities was larger than in the other municipalities which may have influenced the results.

At present, there are no previous data on parasitosis by Strongyloides sp. in wolves in Spain and is similar in the
neighboring country, Portugal, with 21.3% prevalence [14]. These analogous results are consistent considering the
homogeneity present between the wolf populations from both countries and the similar climatic conditions. These
results were confirmed by the Baermann method, in more than half of the samples, where it was possible to culture the
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larvae to differentiate them from other species of similar larvae. However, recently, 0.5% of larvae has been reported in
Croatian wolves [15], so further studies are necessary to corroborate the observed data, taking into account the diversity
of the results between the two studies.

The presence of Taenidae species was rare but rather homogeneous in those municipalities where these species were
identified. Since these parasites are transmitted through the ingestion of meat contaminated with cysticerci (infective
larvae) [12], it could be hypothesized that only highly predatory packs of wolves are affected. The low prevalence may
be related to some other factors, such as poorly parasitized preys or wolves feeding mainly on peri-urban waste, as
previously observed in other areas, possibly caused by the lack of suitable preys [14, 16 - 20]. The prevalence was
lower than that reported by other authors in Spain, Taenia hydatigena been the most prevalent Taenidae (55%-58.6%)
[1, 21]. The parasitic control on the cattle of the zone, which could be used as the food of the studied animals, can also
be the cause of the low prevalence found in these animals. Studies carried out in the North of Europe showed a higher
prevalence of Taenia spp. in Finland and Sweden (47%) but not in Poland (1.4%) [4, 22].

The prevalence of Ancylostomidae gen. sp. in this study was similar to that obtained by Dominguez and de la Torre
[23] who observed 16.6% for Ancylostoma caninum and 11.1% for Uncinaria stenocephala. Other authors reported the
presence of Ancylostomidae gen. sp. (Ancylostoma/Uncinaria) between 2% and 45.7% [22, 24]. Similar data have been
published by other authors in Spain and Europe regarding the prevalence of Trichuris vulpis [25], except those from
Balmori et al. [26] in the Cantabrian Mountains (42.9%). The prevalence of Eucoleus aerophilus was higher than others
previously reported in Europe [8]. Essentially, Toxocara canis and Toxascaris leonina are directly transmitted from host
to host by the interaction between wolves through the social behavior of the species. Also, these parasites can be
transmitted by the ingestion of prey infected with larvae. The prevalence obtained for Toxocara canis was higher than
those obtained by other authors in the Iberian Peninsula (3.4%-5%) [1, 21] and in Latvia (5.8%) [7]. In contrast,
prevalence reported by Guberti et al. [3] in Italy was higher (17%). Furthermore, the prevalence of Toxascaris leonina
described in this study was lower than that obtained in other studies conducted in Spain [1] and Estonia [6], but similar
to that of Guberti ef al. [3] in Italy (4%).

CONCLUSION

The data obtained shows a wide helminth fauna in the wolves from Sierra de la Culebra, similar to results reported
in other studies carried out in Spain and European countries; the differences found in the abundance and distribution of
parasites might be attributed to local environmental factors as well as animal behavior. Taeniidae gen. sp. was
distributed more homogeneously from the territorial point of view, possibly due to similar feeding habits of the wolves.
Finally, this study constitutes the first description of the presence of Strongyloides sp. in Canis lupus signatus in Spain.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study was approved by the ethical committee of Veterinary Medicine Service of Las Palmas de Gran Canaria
University.

HUMAN AND ANIMAL RIGHTS

No animals/humans were used for studies that are the basis of this research.

CONSENT FOR PUBLICATION
Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS

We thank the collaboration of Forestry Rangers of Sierra de la Culebra Hunting Regional Reserve (Junta de Castilla
y Ledn), who contributed to collect samples.

REFERENCES

[1] Segovia JM, Torres J, Miquel J, Llaneza L, Feliu C. Helminths in the wolf, Canis lupus, from north-western Spain. J Helminthol 2001; 75(2):
183-92.



110 The Open Parasitology Journal, 2018, Volume 6 Muiioz et al.

[10]

[15]

[16]

[17]

(18]

(23]

[PMID: 11520444]

Meijer T, Mattson R, Angerbjorn A, Osterman-Lind E, Fernandez-Aguilar X, Gavier-Widén D. Endoparasites in the endangered
Fennoscandian population of artic foxes (Vulpes lagopus). Eur J Wildl Res 2011; 57: 923-7.
[http://dx.doi.org/10.1007/s10344-011-0505-2]

Guberti V, Stancampiano L, Francisci F. Intestinal helminth parasite community in wolves (Canis lupus) in Italy. Parassitologia 1993;
35(1-3): 59-65.
[PMID: 8065823]

Lavikainen A, Laaksonen S, Beckmen K, Oksanen A, Isomursu M, Meri S. Molecular identification of Taenia spp. in wolves (Canis lupus),
brown bears (Ursus arctos) and cervids from North Europe and Alaska. Parasitol Int 2011; 60(3): 289-95.
[http://dx.doi.org/10.1016/j.parint.2011.04.004] [PMID: 21571090]

Hirveld-Koski V, Haukisalmi V, Kilpeld SS, Nylund M, Koski P. Echinococcus granulosus in Finland. Vet Parasitol 2003; 111(2-3): 175-92.
[http://dx.doi.org/10.1016/S0304-4017(02)00381-3] [PMID: 12531293]

Moks E, Jogisalu I, Saarma U, Talvik H, Jarvis T, Valdmann H. Helminthologic survey of the wolf (Canis lupus) in Estonia, with an emphasis
on Echinococcus granulosus. J Wildl Dis 2006; 42(2): 359-65.
[http://dx.doi.org/10.7589/0090-3558-42.2.359] [PMID: 16870858]

Bagrade G, Kirjusina M, Vismanis K, Ozolins J. Helminth parasites of the wolf Canis lupus from Latvia. ] Helminthol 2009; 83(1): 63-8.
[http://dx.doi.org/10.1017/S0022149X08123860] [PMID: 19138449]

Shimalov VV, Pen’kevich VA. Helminth fauna of the wolf (Canis lupus Linnaeus, 1758) in Belorussian Polesie. Parazitologia 2012; 46(2):
118-26.
[PMID: 22834349]

Kloch A, Bednarska M, Bajer A. Intestinal macro- and microparasites of wolves (Canis lupus L.) from north-eastern Poland recovered by
coprological study. Ann Agric Environ Med 2005; 12(2): 237-45.
[PMID: 16457480]

Guerra D, Armua-Fernandez MT, Silva M, et al. Taeniid species of the Iberian wolf (Canis lupus signatus) in Portugal with special focus on
Echinococcus spp. Int J Parasitol Parasites Wildl 2012; 2: 50-3.
[http://dx.doi.org/10.1016/j.ijppaw.2012.11.007] [PMID: 24533315]

Euzeby J. Diagnostic Expérimentale des Helmintos animals. Edition “Informations Techniques des Services Vetérinaires”. Minitere de
I’ Agriculture, 44 Boulevard de Grenelle, Paris, France, 1981; pp. 349.

Foreyt WJ. Veterinary parasitology. Reference manual. Iowa State University Press, EEUU, 2001; pp. 248.

Thienpont D, Rochette F, Vanparijs OFJ. Diagnostico de las helmintiasis por medio del examen coprologico. Jansen research foundation,
Belgium, Brussels, 1979; 107-126.

Torres RT, Silva N, Brotas G, Fonseca C. To eat or not to eat? The diet of the endangered Iberian wolf (Canis lupus signatus) in a human-
dominated landscape in central Portugal. PLoS One 2015; 10(6): €0129379.
[http://dx.doi.org/10.1371/journal.pone.0129379] [PMID: 26030294]

Hermosilla C, Kleinertz S, Silva LM, et al. Protozoan and helminth parasite fauna of free-living Croatian wild wolves (Canis lupus) analyzed
by scat collection. Vet Parasitol 2017; 233: 14-9.
[http://dx.doi.org/10.1016/j.vetpar.2016.11.011] [PMID: 28043382]

Capitani C, Bertelli I, Varuzza P, Scandura M, Apollonio M. A comparative analysis of wolf (Canis lupus) diet in three different Italian
ecosystem. Mamm Biol 2004; 69(1): 1-10.
[http://dx.doi.org/10.1078/1616-5047-112]

Pezzo F, Parigi L, Fico R. Food habits of wolves in central Italy based on stomach and intestine analyses. Acta Theriol (Warsz) 2003; 48(2):
265-70.
[http://dx.doi.org/10.1007/BF03194166]

Kusak J, Skrbinsek AM. Home ranges, movements, and activity of wolves (Canis lupus) in the Dalmatian part of Dinarids, Croatia. Eur J
Wildl Res 2005; 51(4): 254-62.
[http://dx.doi.org/10.1007/s10344-005-0111-2]

Barja L. Prey and prey-age preference by the Iberian wolf Canis lupus signatus in a multiple-prey ecosystem. Wild life Biol 2009; 15: 147-54.

Lesniak I, Heckmann I, Heitlinger E, et al. Population expansion and individual age affect endoparasite richness and diversity in a
recolonising large carnivore population. Sci Rep 2017; 7: 41730.
[http://dx.doi.org/10.1038/srep41730] [PMID: 28128348]

Torres J, Segovia JM, Miquel J, Feliu C, Llaneza L, Petrucci-Fonseca F. Helmintofauna del lobo ibérico (Canis lupus signatus CABRERA,
1907). Aspectos potencialmente utiles en mastozoologia. Galemys 2000; 12: 1-11.

Borecka A, Gawor J, Zieba F. A survey of intestinal helminths in wild carnivores from the Tatra National Park, Southern Poland. Ann
Parasitol 2013; 59(4): 169-72.
[PMID: 24791342]

Dominguez G, De La Torre JA. Aportaciones al conocimiento de los endoparasitos del lobo ibérico (Canis lupus signatus CABRERA, 1907)


http://www.ncbi.nlm.nih.gov/pubmed/11520444
http://dx.doi.org/10.1007/s10344-011-0505-2
http://www.ncbi.nlm.nih.gov/pubmed/8065823
http://dx.doi.org/10.1016/j.parint.2011.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21571090
http://dx.doi.org/10.1016/S0304-4017(02)00381-3
http://www.ncbi.nlm.nih.gov/pubmed/12531293
http://dx.doi.org/10.7589/0090-3558-42.2.359
http://www.ncbi.nlm.nih.gov/pubmed/16870858
http://dx.doi.org/10.1017/S0022149X08123860
http://www.ncbi.nlm.nih.gov/pubmed/19138449
http://www.ncbi.nlm.nih.gov/pubmed/22834349
http://www.ncbi.nlm.nih.gov/pubmed/16457480
http://dx.doi.org/10.1016/j.ijppaw.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/24533315
http://dx.doi.org/10.1371/journal.pone.0129379
http://www.ncbi.nlm.nih.gov/pubmed/26030294
http://dx.doi.org/10.1016/j.vetpar.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/28043382
http://dx.doi.org/10.1078/1616-5047-112
http://dx.doi.org/10.1007/BF03194166
http://dx.doi.org/10.1007/s10344-005-0111-2
http://dx.doi.org/10.1038/srep41730
http://www.ncbi.nlm.nih.gov/pubmed/28128348
http://www.ncbi.nlm.nih.gov/pubmed/24791342

Intestinal helminths in Iberian Wolves from Spain The Open Parasitology Journal, 2018, Volume 6 111

en el norte de Burgos. Galemys 2002; 14(2): 49-58.

[24]  Lesniak I, Franz M, Heckmann I, Greenwood AD, Hofer H, Krone O. Surrogate hosts: Hunting dogs and recolonizing grey wolves share their
endoparasites. Int J Parasitol Parasites Wildl 2017; 6(3): 278-86.
[http://dx.doi.org/10.1016/.ijppaw.2017.09.001] [PMID: 28951833]

[25] Figueiredo A, Oliveira L, Madeira de Carvalho L, Fonseca C, Torres RT. Parasite species of the endangered Iberian wolf (Canis lupus
signatus) and a sympatric widespread carnivore. Int J Parasitol Parasites Wildl 2016; 5(2): 164-7.
[http://dx.doi.org/10.1016/.ijppaw.2016.04.002] [PMID: 27358768]

[26]  Balmori A, Rico M, Naves J, Llamazares E. Contribucion al estudio de los endoparasitos del lobo en la Peninsula Ibérica: una investigacion
coprologica. Galemys 2000; 12: 13-26.

© 2018 Muiioz et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.


http://dx.doi.org/10.1016/j.ijppaw.2017.09.001
http://www.ncbi.nlm.nih.gov/pubmed/28951833
http://dx.doi.org/10.1016/j.ijppaw.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27358768
https://creativecommons.org/licenses/by/4.0/legalcode

	Intestinal helminths in Iberian wolves (Canis lupus signatus) from Northwest Spain 
	[Background:]
	Background:
	Materials and Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




