
Vol.:(0123456789)1 3

European Journal of Wildlife Research (2023) 69:101 
https://doi.org/10.1007/s10344-023-01732-9

REVIEW

Wild boar (Sus scrofa) as a potential reservoir of infectious agents 
in Portugal: a review of two decades (2001–2021)

Catarina Jota Baptista1,2,3,4  · Fernanda Seixas1,5  · José M. Gonzalo‑Orden3  · Paula A. Oliveira1,2 

Received: 10 August 2022 / Revised: 15 August 2023 / Accepted: 14 September 2023 / Published online: 26 September 2023 
© The Author(s) 2023

Abstract
The wild boar (Sus scrofa) is a mammal with a broad distribution in the Eurasian territory and a potential reservoir for several 
zoonotic pathogens. Besides being part of the Mediterranean ecosystem and perpetuating these agents in the environment, 
this species is usually consumed in the Iberian Peninsula, representing a potential public health threat. Due to its extensive 
expansion and colonization of new geographical areas, which leads to increasing contact with humans, domestic animals, 
and wildlife, infectious disease assessments are crucial. During the last two decades (2001–2021), several researchers have 
studied wild boars to identify, understand, and predict potential health risks and disease outbreaks in animals and humans. 
North-eastern, central-eastern (mainly because of tuberculosis), and southern Portugal were the regions where most patho-
gens have been identified. Some agents with zoonotic importance (but with few reported data) should be the focus of future 
surveillance studies, such as Leptospira spp., Brucella spp., or Trichinella spp. This review aims to summarize the available 
information on pathogens (bacteria, viruses, and parasites) reported in wild boars, in Portugal, in the last two decades, with 
a particular focus on agents with zoonotic potential.
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Introduction

Wildlife studies represent an essential part of infectious 
disease surveillance since most emerging zoonotic diseases 
come from wildlife (71.8%) (Jones et al. 2008; Figueiredo 

et al. 2020). Therefore, disease-tracing investigations, labo-
ratory diagnostics, and molecular analysis performed in wild 
species are fundamental to understanding zoonotic diseases’ 
epidemiology and implementing public human and animal 
health measures (Vieira-Pinto et al. 2011a).

The Eurasian wild boar (Sus scrofa) is a mammalian 
species with wide distribution among the European and 
Asian continents, including Portugal. In the nineteenth 
century, wild boar populations suffered a considerable 
decrease. However, like other European ungulates, they 
are now massively increasing. The absence of wild boar 
predators, the growing population, and the abandonment of 
rural areas led to overabundant populations in some areas 
of Portugal (Lopes and Fonseca Borges 2004; Fredriksson- 
Ahomaa 2019). This game species presents remarkable 
adaptability to different habitats and food resources 
associated with a high reproductive capacity, contributing 
to the continuous occupation of new geographic regions 
(Fredriksson-Ahomaa 2019). Besides this natural 
expansion in Portugal, translocations between Portuguese 
hunting reserves and reintroductions from Spain have been 
particularly common in the last few decades (Lopes and 
Fonseca Borges 2004).
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As a game species, wild boars are considered one of the 
best surveillance targets in Mediterranean habitats due to the 
accessibility for sampling and their abundance, as previously 
mentioned (Muñoz-Mendoza et al. 2013). Several authors 
have been discussing the role of wild boars as sources of 
zoonotic diseases worldwide, especially regarding globally 
recognized diseases such as tuberculosis, trichinellosis, or 
brucellosis (Meng and Lindsay 2009; Brown et al. 2018). 
Therefore, Portuguese researchers have been studying this 
species, reporting zoonotic agents for the first time (Mateus 
et al. 2021) or deepening our knowledge about the epidemi-
ology of already-recognized pathogens (Santos et al. 2015). 
Figure 1 illustrates some examples and shedding and/or 
transmission pathways of several zoonotic pathogens. Most 
authors have also raised awareness of the importance of 
implementing public health measures to reduce the number 
of infections of wildlife origin (Vieira-Pinto et al. 2011a; 
Figueiredo et al. 2020; Mateus et al. 2021).

This review aims to summarize the available information 
on different agents isolated in S. scrofa in Portugal, consid-
ering the studies of the last two decades (2001–2021), with 
a particular focus on agents with zoonotic potential. To the 
authors’ knowledge, no similar (or recent) review has been 
made exclusively in Portugal, even though different general 
surveys and reviews have been done in different European 
countries and regions (Ruiz-Fons et al. 2008; Boadella et al. 
2012; González-Barrio et al. 2015; Malmsten et al. 2018). 
Thus, the authors found an opportunity to develop this review.

Methods

Scopus®, PubMed®, and Google Scholar® were used to 
obtain an initial database of wild boar zoonoses reported 
in Portugal between 2001 and 2021 and start performing 
this review. An initial search was done in English and Por-
tuguese, with the keywords: wild boar, Sus scrofa, zoono-
sis, zoonotic, and Portugal. All types of papers (original 
articles, book chapters, technical reports, and short com-
munications) were included in our database of references. 
Articles unrelated to the subject or presenting informa-
tion regarding other geographical areas were excluded 
from the database. Only articles containing information 
from the last two decades (2001–2021) were considered. 
Nevertheless, a few general references to some pathogens 
were promptly used to have a more complete perspective 
of some diseases and add relevant details.

Results and discussion

After carefully revising the published literature on the 
subject, the authors have found several relevant agents to 
be addressed in this article, due to their importance in 
public health or wildlife population health. A list of rel-
evant agents reported in S. scrofa in Portugal is presented 
in Table 1.

Fig. 1  Locations and excretion 
pathways of some wild boar 
infectious agents (created with 
BioRe nder. com)

https://www.biorender.com/
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Bacteria

In some southern-European countries, the wild boar is a 
critical host of animal tuberculosis (Mycobacterium bovis). 
Particularly in Portugal, wild boars are pointed as crucial in 
the surveillance and control of this disease (Duarte et al. 2008; 
Santos et al. 2009; Aranha et al. 2021), and some studies 
have been investigating this disease and drawing attention 
to this problem under a One Health approach. Molecular 
methods evidenced a predominant cluster between 2012 and 
2016 in the Rosmaninhal area, near Castelo Branco, where 
this species contributed the most in relative risk (Reis et al. 
2020). Also in Castelo Branco district, in Idanha-a-Nova, 
wild boars presented a higher bovine tuberculosis infection 
rate than the red deer (Cervus elaphus). Spoligotyping 
methods suggested transmission among different species 
(including livestock). Therefore, most authors believe that 
wild boars are more critical in the emerging and remerging 
of this disease than other ungulates, as red deers (Vieira-Pinto 
et al. 2011a). Group interactions between females contribute 
to an intraspecific spread of the disease. Furthermore, 
territorial expansion and uninspected translocations of wild 
boars between hunting areas (some of them in close contact 

with livestock holdings) contribute to the emergence of the 
disease in other regions and to interspecific spread (Santos 
et  al. 2009). Recently, the first study using Geographic 
Information Systems and geostatistical analyses to evaluate 
the spatial–temporal occurrence of tuberculosis in large game 
was performed in Portugal. This study consistently confirmed 
what previous authors had pointed out, i.e., that wild boar 
acts as tuberculosis reservoir and plays a vital role in disease 
dispersion (Aranha et al. 2021). M. caprae and M. avium 
subsp. paratuberculosis were also isolated in wild boars in 
Portugal (Duarte et al. 2008; Matos et al. 2013).

Leptospirosis is a zoonotic disease caused by spiro-
chaetes from the genus Leptospira, and S. scrofa seems to 
play a significant role in the epidemiology of this disease. 
In Northern Portugal, antibodies against nine serovars of 
Leptospira spp. were identified in wild boars. Moreover, 
these authors reported provenance and age as possible risk 
factors. Concretely, in Bragança, the seropositivity rate was 
significantly higher than in Vila Real, and adults present the 
highest seropositivity rate in the region of Trás-os-Montes, 
northern Portugal (Vale-Goncąlves et al. 2015).

Salmonellosis is a food-borne disease whose nomen-
clature is often complex due to the variety of species, 

Table 1  Relevant pathogens identified in S. scrofa in Portugal (2001–2021)

a Only seropositivity described in S. scrofa in Portugal
b zoonotic potential unclear or very rarely reported (Adlhoch et al. 2010; Nejsum et al. 2012; Atreya et al. 2014; Miranda et al. 2016)

Agents Reference

Bacteria Anaplasma spp. (Pereira et al. 2016)
Borrelia burgdorferi (Faria et al. 2015; Pereira et al. 2016)
Brucella suis (Muñoz et al. 2010; Ferreira et al. 2014, 2017)
Escherichia coli (Shiga toxin-producing) (Dias et al. 2019)
Helicobacter pylori (Cortez Nunes et al. 2022)
Helicobacter suis (Cortez Nunes et al. 2022)
Leptospira spp.a (Vale-Goncąlves et al. 2015)
Mycobacterium avium subsp. Paratuberculosisb (Matos et al. 2013)
Mycobacterium bovis (Duarte et al. 2008; Santos et al. 2009; Cunha 

et al. 2012; Aranha et al. 2021)
Mycobacterium caprae (Duarte et al. 2008)
Salmonella spp. (Vieira-Pinto et al. 2011b; c)
Coxiella burnetiia (Anastácio 2019)

Virus Hepatitis E virus (Gonçalves et al. 2018)
Porcine  hokovirusb (Miranda et al. 2016)

Parasites Ascaris suumb (Bernardino 2017)
Balantidium coli (Figueiredo et al. 2020)
Echinococcus ortleppi (Mateus et al. 2021)
Fasciola hepatica (De Sousa et al. 2003)
Toxoplasma gondii (Lopes et al. 2011; Coelho et al. 2014)
Theileria spp. (Pereira et al. 2016)
Trichuris suisb (De Sousa et al. 2003)
Trichinella spp. (Vieira-Pinto et al. 2021)
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subspecies, and serotypes belonging to the gender Sal-
monella (Starkey and Donnelly 2012). Vieira-Pinto et al. 
(2011b, c) reported a prevalence of 22.1% (17/77) of Salmo-
nella spp. in S. scrofa fecal samples, identifying two distinct 
serovars: Salmonella typhimurium and Salmonella rissen.

Brucella suis is a zoonotic agent with a total of five bio-
vars. Wild boars are a common source of the Brucella suis 
biovar 2 for outdoor domestic pigs in Europe, and this bio-
var has been detected in wild boars from Portugal (Ferreira 
et al. 2014, 2017). Humans can become infected by contact 
with infected animals, aerosols, or consuming contaminated 
food. Even though biovar 2 is recognized as having a low 
pathogenic potential in humans compared to other serovars 
or Brucella species, clinical disease was reported in hunt-
ers (Fredriksson-Ahomaa 2019). According to Muñoz et al. 
(2010), wild ungulates do not seem to generally represent a 
vital threat as brucellosis reservoirs in the Iberian Peninsula. 
However, wild boar is a significant hazard regarding B. suis 
biovar 2, which is particularly relevant to manage outdoor 
pig farms in Spain and Portugal.

Lyme borreliosis, caused by Borrelia burgdorferi sensu 
lato (s.l.) complex, is the most frequent tick-borne dis-
ease in Europe. Its notification is mandatory in Portugal, 
though some authors mentioned it as an underdiagnosed 
and underreported disease (Faria et al. 2015; Pereira et al. 
2016). B. afzelii was first amplified from wild boar serum 
in Northern Portugal in 2015, confirming that wild boars 
are potential reservoirs for this bacteria (Faria et al. 2015). 
However, another study performed by Pereira et al. (2016) 
in the Center and South of Portugal found no agents of this 
complex in wild boars.

The same authors found a prevalence of 13.3% of Ana-
plasma spp., another tick-borne bacteria, in Beja district 
(Pereira et al. 2016). These authors suggested that, depend-
ing on the studied areas, wild ungulates (including the wild 
boar) could or could not play an essential role in maintaining 
these bacteria (Pereira et al. 2016). The relation between 
human anaplasmosis and the its presence in wildlife remains 
unclear. Even though A. phagocytophilum is highly prevalent 
in in ticks and several wild and domestic species in Europe, 
human granulocytic anaplasmosis clinical cases are rarely 
reported compared to other parts of the world. However, 
some cases could have been misdiagnosed or not reported 
(Matei et al. 2019).

Wild animals can also shed to the environment another 
tick-borne bacteria: Coxiella burnetii. Even though domestic 
animals seem to be a more significant source of infection 
to humans, this highly depends on the geographic region 
and wild boar densities. Regarding the wild boar, infections 
during hunting activities should not be neglected (Anastácio 
2019; Espí et al. 2021). Coxiella burnetii causes Q fever, an 
endemic disease in Portugal and Spain, a disease obligatory 
to notify since 1999 (Palmela et al. 2012; Espí et al. 2021).

Other bacteria, as Corynebacterium ulcerans, were only 
identified in Black Alentejano pig (S. scrofa domesticus) 
in Portugal. In this case, the agent was first identified as 
C. pseudotuberculosis by biochemical tests, electrophore-
sis, and PCR. However, after genome sequencing, it was 
reclassified as C. ulcerans (Oliveira et al. 2014; Viana et al. 
2020). No reports were found in wild boars in Portugal, 
but infections associated to C. ulcerans and C. silvaticum 
were reported in other countries, as Germany (Eisenberg 
et al. 2014; Viana et al. 2020).

Virus

For the first time in Portugal, a study using wild boar car-
casses for human consumption reported the presence of the 
hepatitis E virus (HEV), currently named Paslahepevirus 
balayani, in the liver (Mesquita et al. 2016). According to 
these authors, strains belonging to HEV genotype 3 sub-
genotype e are commonly present in swine and pointed to as 
important reservoirs for human disease. A very recent study 
in Spain suggests a high exposure of endangered Iberian 
lynx (Lynx pardinus) to this virus (specially HEV-3), being 
the wild boar the main wildlife reservoir of this disease in 
the country (Caballero-Gómez et al. 2022).

Porcine hokovirus, also known as porcine parvovirus 4, 
is intimately related to human parvovirus 4/5. Some authors 
mentioned a close relationship and common origin between 
these two agents. This agent was discovered in Northern 
Portugal in wild boar populations (Miranda et al. 2016). 
Even though its zoonotic potential is not fully recognized, 
authors suggest further research to understand this disease’s 
geographical distribution and epidemiology in the Iberian 
peninsula (Miranda et al. 2016).

Other relevant suid viruses include African swine 
fever (ASF) virus, classical swine fever (CSF) virus, and 
Aujeszky’s disease virus. In Portugal, the last ASF and 
CSF outbreak was in 1999 and 1985, respectively (DGAV 
2018, 2022a). Particularly for ASF, a case was reported in 
September 2020 in a wild boar carcass in Germany (Federal 
Ministry of Food and Agriculture 2022). Aujeszky’s disease 
has a strict control plan in Portugal, including the wild boar 
in a big game health plan. Hunted wild boars are often 
analyzed for antibodies testing against Aujeszky’s disease 
(DGAV 2022b).

Parasites

Trichinella is a genus of parasites that infects a wide range 
of hosts from different taxonomic groups; animals are 
infected by ingesting tissues containing infective larvae. 
Wild boars represent the second primary source of Trich-
inella spp. to humans globally. In 2018, Trichinella spp. 
was identified in wild boars in Portugal, with 2 positive 
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animals out of 739 (0.3%). Vieira-Pinto et al. (2021), who 
first reported T. britovi in wild boars in Portugal, men-
tioned that the number of animals analyzed in Portugal 
(n = 739) is much lower than in other countries, as Spain 
(n = 99,472). These authors believe that the number of 
tested animals is insufficient to give a trustworthy idea 
of the actual prevalence of this disease. Notwithstanding, 
consuming wild boars’ meat without proper cooking rep-
resents a significant health risk for humans (EFSA 2018; 
Vieira-Pinto et al. 2021).

Another potential danger from eating raw or undercooked 
boar meat is toxoplasmosis (Toxoplasma gondii). In Portu-
gal, significant seroprevalences have been detected in wild 
boar: 100% and 20.6%, respectively, in 2011 (Lopes et al. 
2011) and 2014 (Coelho et al. 2014). As intermediate hosts, 
wild boars play a relevant role in this disease’s epidemiology 
and its transmission to humans. Possibly, wild boars (and 

other wildlife) are exposed to sporulated oocysts due to the 
ingestion of water and food contaminated with felid feces, 
the definitive hosts of T. gondii (Lopes et al. 2011; Coelho 
et al. 2014).

In 2013, Echinococcus intermedius (Echinococcus granu-
losus “pig strain,” G7) was found in wolves in Portugal, and 
it was firstly hypothesized the importance of domestic pigs 
and wild boars in its transmission to wolves (Guerra et al. 
2013). In 2021, Echinococcus ortleppi was identified in wild 
boar in Portugal (and in Europe) by Mateus et al. (2021). 
The taxonomic organization and terminology of Echinococ-
cus spp. is still under development. However, most authors 
classify E. ortleppi as part of the E. granulosus s. l. complex, 
responsible for cystic echinococcosis. Even though Portugal 
is considered endemic for this disease, no reports have been 
made specifically on wildlife (Eckert et al. 2002; Mateus 
et al. 2021).

Fig. 2  Spatial distribution of 
some of the wild boar’s infec-
tious diseases (2001–2021) in 
Portugal (de Sousa et al. 2003; 
Santos et al. 2009; Muñoz 
et al. 2010; Lopes et al. 2011; 
Vieira-Pinto et al. 2011a, b, 
2021; Cunha et al. 2012; Soeiro 
2013; Coelho et al. 2014; Faria 
et al. 2015; Vale-Goncąlves 
et al. 2015; Pereira et al. 2016; 
Mesquita et al. 2016; Miranda 
et al. 2016; Bernardino 2017; 
Anastácio 2019; Figueiredo 
et al. 2020; Aranha et al. 2021; 
Mateus et al. 2021) (Created 
with BioRe nder. com)

https://www.biorender.com/
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Some coprological studies detected parasites in wild 
boars, as Trichuris suis or Ascaris suum. The zoonotic poten-
tial of these agents is still being discussed in the scientific 
community (Nejsum et al. 2012). Nevertheless, the patho-
genicity of these agents is a matter of concern, especially in 
nearby pig farms, due to the risk of introducing these agents 
in these facilities (Dos Santos 2013; Bernardino 2017). 
Moreover, regarding protozoans, Eimeria spp. and Balanti-
dium coli have been identified more than once in wild boars 
parasitology assessments (Dos Santos 2013; Figueiredo 
et al. 2020).

Fasciolosis is an emerging or re-emerging zoonotic 
disease worldwide. In Galicia (NW Spain), wild boar is 
assumed as a possible reservoir of Fasciola hepatica, due 
to a high prevalence of infection, the normal development 
of adult forms in the liver, and the viability of embryonated 
eggs (Mezo et al. 2013). These authors also suggested the 
role of this species as a secondary reservoir, with the poten-
tial to infect intermediate hosts. In Portugal, in Tapada 
Nacional de Mafra (TNM), De Sousa et al. (2003) reported 
a high prevalence of F. hepatica (60.8%) in wild boars. In 
TNM, wild boars live in a fenced area, cohabiting it with fal-
low deers (Dama dama), which generally have a high preva-
lence of this parasitosis, probably resulting in cross-species 
parasite transmission. Although pig fasciolosis is common 
in geographical regions outside Europe (particularly South 
America and Africa), it is considered a rare disease in the 
European continent in both domestic pigs and wild boars 
(Mas-Coma et al. 2003).

A tick-borne protozoan, Theileria spp., responsible for 
piroplasmosis, was identified in 20% of the wild boars (n = 65) 
from Beja district. Besides its zoonotic potential, this agent 
may cause substantial economic losses in livestock, being S. 
scrofa one of the ungulates responsible for its maintenance in 
the south of Portugal (Pereira et al. 2016, 2018).

Ixodes ricinus (Faria et al. 2015), Hyalomma lusitani-
cum, and Rhipicephalus sanguineus (Dos Santos 2013) are 
ectoparasites and vectors of different agents mentioned in the 
previous paragraphs, which have been reported in Portugal.

Finally, considering Sarcocystis spp., a high prevalence 
(73.8%) has been found in wild boars from north-eastern 
Portugal. However, all positive cases were identified as S. 
miescheriana (which is not reported as a zoonotic agent) 
(Coelho et al. 2015).

Conclusions

This review highlights the importance of continuous moni-
toring of the wild boar populations in the Portuguese ter-
ritory, not only because of the variety of agents mentioned 
but also due to the significant significance of this spe-
cies as a reservoir of multiple diseases. It is imperative to 

implement health measures when working with these wild 
animals, consuming their meat or during hunting activi-
ties, and several authors suggested it in their studies. These 
measures include (but are not limited to) a health inspec-
tion of the carcasses as soon as possible, implement good 
individual practices and the use of protective equipment 
when eviscerating the carcasses, and prohibit the disposal 
of viscera into the environment (or its consumption by dogs 
and other animals), by creating a program to collect those 
by-products (Figueiredo et al. 2020; Koutsoumanis et al. 
2020; Reis et al. 2020; Gomes-Neves et al. 2021; Mateus 
et al. 2021; Vieira-Pinto et al. 2021).

As illustrated in Fig. 2, the north-eastern, central-eastern 
(particularly for tuberculosis), and southern Portugal should 
be part of intensive and continuous monitoring of relevant 
pathogens, also due to the abundance of wild boar’s popula-
tions and the proximity to other ungulates (as the red deer 
or roe deer) or livestock. Some agents with zoonotic impor-
tance (but with little data) should be the focus of future 
surveillance studies as Leptospira spp., Brucella spp., or 
Trichinella spp. Notwithstanding, the variety of agents 
already detected in this species in Portugal, during the last 
two decades, reveals the importance of further research and 
continuous monitoring of wild boar populations, under an 
One Health perspective.
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