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Abstract. The paper presents the serological investigation results, obtained by ELISA, concerning the 

Toxoplasma gondii infection and swine influenza virus infection in wild boars. The blood samples were harvested 

from wild boars shot in the hunting season during the 2013-2014 winter months. In the wild boar samples 

studied, the toxoplasmosis had a seroprevalence of 56.6%. The prevalence of the swine influenza virus infection 

with subtype H1N1 was 18.7%. Mixed infections were registered at 8% of the examined samples. 
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Introduction 
 
Toxoplasmosis is one of the most common 
parasitic zoonoses distributed worldwide. Its 
causative agent, Toxoplasma gondii, infects 
several species of homeothermic animals, 
including humans. Toxoplasma gondii, an 
important tissue cyst-forming coccidian, is one 
of the most well studied parasites because of 
its veterinary and medical significance 
(Cosoroabă, 2005; Ivan, 2002; Ranucci et al., 
2013). Although Toxoplasma gondii has a 
worldwide distribution of a very wide host 
range, there is only one species in the genus 
Toxoplasma that parasitizes over 350 species 
of vertebrate animals in different organs and 
tissues (Dărăbuș et al., 2006; Dubey, 2008). In 
other words, Toxoplasma gondii is well known 
for its global distribution and its ability to 
infect both domestic pigs and worldwide wild 
boar populations. Wild boars are exposed to 

toxoplasmosis through contact with food or 
water contaminated with sporulated oocysts or 
by eating infected tissues of intermediate 
hosts. Toxoplasma gondii is listed as a relevant 
zoonotic agent that should be properly 
monitored throughout wild boar populations 
(Ranucci et al., 2013). However, in Romania, 
epidemiological studies of Toxoplasma gondii 
in wild boars are scarce. 
 
Swine influenza is the main cause of 
respiratory problems that affect both domestic 
pigs and wild boars of all ages throughout the 
world. Wild boars are the second most 
common natural reservoirs of influenza virus 
type A, trailing behind wild birds. Swine 
influenza, a zoonotic disease, is an important 
economic concern for the swine industry and a 
threat to public health. 
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Taking into consideration the aspects 
mentioned above, for this current study, we 
propose to determine the seroprevalence of 
Toxoplasma gondii infection and swine 
influenza virus infection with subtype H1N1 in 
wild boars from the hunting grounds of Timiș 
and Caraș-Severin Counties. 
 
Materials and methods 
 
In the present study, a total of 90 serum 
samples were examined in order to detect the 
presence of antibodies against Toxoplasma 
gondii. Also, a total number of 91 serum 
samples were analyzed for detection of 
antibodies against swine influenza virus (SIV) 
subtype H1N1 in the wild boar populations 
from Western Romania. The samples were 
collected from 24 hunting grounds in Caraș-
Severin and Timiș Counties during the 2013-
2014 winter season. The samples were stored 
at -20°C until further evaluation. 
 
Serum samples were examined by an indirect 
ELISA method using ID Screen Multi-species kit 
(ID.VET., France) for anti-Toxoplasma specific 
IgG antibodies, resulting from infection with 
Toxoplasma gondii. The kit can be used to 
determine anti-Toxoplasma specific IgG 
antibodies from sera of ruminants, pigs, and 
cats. 
 
The processing of samples was carried out in 
the Laboratory of the Department of 
Parasitology within the Faculty of Veterinary 
Medicine Timișoara. 
 
In the present study, for detecting antibodies 
against SIV subtype H1N1 in serum samples, a 
commercial enzyme-linked immunosorbent 
assay (ELISA) – Swine Influenza Virus H1N1 
Antibody Test Kit was used. The kit was 
developed by IDEXX Laboratories for the 
preferential detection of antibodies against SIV 
subtype H1N1. The test was performed in the 
Laboratory of the Department of the Infectious 
Diseases within the Faculty of Veterinary 
Medicine Timișoara. 
 
The absorbance values (optical densities) for 
all wells were measured and read at a 
wavelength of 450 nm using a 
spectrophotometer. The interpretation of the 

results has been made in accordance with the 
instructions of the ELISA kit. 
 
Results 
 
The comparative results regarding the 
seroprevalence of Toxoplasma gondii infection 
and Swine Influenza Virus infection with 
subtype H1N1 in the wild boar populations 
from the monitored hunting grounds within 
the two Western Counties of Romania are 
shown in table 1. 
 
The analyzed results obtained and shown in 
table 1 revealed that Toxoplasma gondii 
infection in wild pig populations has been 
reported in both investigated counties. The 
seroprevalence of T. gondii infection at the 
county level was 100%. 
 
Positive samples have been identified on three 
hunting grounds of the four hunting grounds 
studied in Caraș-Severin County, which meant 
that the seroprevalence of Toxoplasma gondii 
infection reported to the number of monitored 
hunting grounds within the county was 75%. 
Five out of the 15 samples examined were 
found to be positive for T. gondii antibodies, 
and the seroprevalence of T. gondii infection 
reported to the total number of samples tested 
in hunting grounds within Caraș-Severin 
County was 33.33%. 
 
In cases of swine influenza virus infection with 
subtype H1N1, all samples examined were 
found to be negative for swine influenza virus 
infection antibodies within investigated 
hunting grounds from Caraș-Severin County, 
which meant that the seroprevalence of swine 
influenza virus infection in wild boars was 0%. 
 
In Timiș County, positive samples have been 
identified on 18 hunting grounds out of the 20 
taken into study, and the seroprevalence of 
Toxoplasma gondii infection reported to the 
number of monitored hunting grounds in the 
county was 90%. Thus, the seroprevalence for 
T. gondii in wild boars detected in this county 
was much higher than that reported in Caraș-
Severin County, where it was 75%. Within the 
20 hunting grounds from Timiș county, 46 out 
of the 75 samples examined were found to be 
positive for T. gondii antibodies. The 
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seroprevalence of Toxoplasma gondii infection 
reported to the total of samples tested in Timiș 
County was 61.33%, which is higher compared 
to that of the swine influenza virus infection 
(22.40%). 
 
Overall, the results of the present study show 
that the seroprevalence of Toxoplasma gondii 
infection in wild boars from Timiș and Caraș-
Severin Counties were 61.33% and 33.33%. 

These findings were based on the number of 
samples collected from wild boars and 
investigated by ELISA method in both counties. 
 
The seroprevalence of swine influenza virus 
infection with subtype H1N1 in wild boar 
populations was 0% in Caraș-Severin County 
and 22.40% in Timiș County. 
 

 
 

Table 1. Comparative results of infection with Toxoplasma gondii and Swine Influenza Virus H1N1 subtype  
within monitored hunting grounds of Caraș-Severin and Timiș Counties 

 
Results of infection  

with Toxoplasma gondii 
Results of infection with Swine Influenza Virus  

H1N1 subtype 

County Hunting grounds 
No. of 

positive 
sera 

No. of 
positive 

sera/ 
No. of tested 

sera /(%) 

County Hunting grounds 
No.of 

positive 
sera 

No. of 
positive 

sera/ 
No. of tested 

sera/(%) 

Caraș-
Severin 

Bigăr 0 

5/15 
(33.33%) 

Caraș-
Severin 

Bigăr 0 

0/15 
(0%) 

Bocșa 1 Bocșa 0 

Moldova Nouă 2 Moldova Nouă 0 

Slatina Timiș 2 Slatina Timiș 0 

Timiș 

Bara 1 

46/75  
(61.33%) 

Timiș 

Bara 0 

17/76 
(22.40%) 

Birda 1 Birda 0 

Blajova 2 Blajova 0 

Brestovăț 5 Brestovăț 3 

Buziaș 2 Buziaș 0 

Cenad 2 Cenad 0 

Clopodia 3 Clopodia 1 

Jebel 2 Jebel 0 

Margina 2 Margina 2 

Moșnița 3 Moșnița 0 

Opatița 1 Opatița 0 

Petroman 2 Petroman 1 

Pișchia 9 Pișchia 7 

Poieni 5 Poieni 3 

Rudna 2 Rudna 0 

Sacoșul Turcesc 2 1 Sacoșul Turcesc 2 0 

Șag Timișeni 2 Șag Timișeni 0 

Sânmartin 0 Sânmartin 0 

Stamora Română 0 Stamora Română 0 

Surduc 1 Surduc 0 

Total counties 51 
51/90 

(56.70%) 
Total counties 17 

17/91 
(18.70%) 
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In the two counties (Caraș-Severin and Timiș) 
taken into study, from a total of 90 samples 
assayed for Toxoplasma gondii infection, 51 
samples have been identified positive. The 
seroprevalence of Toxoplasma gondii infection 
reported to the total number of samples tested 
within the hunting grounds from the two 
monitored counties was 56.70%. 

The seroprevalence of swine influenza virus 
infection H1N1 subtype reported to the total 
number of samples examined within the two 
monitored counties (Caraș-Severin and Timiș) 
was 18.70% (figure 1). 
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Figure 1. Comparative results of seroprevalence of Toxoplasma gondii infection  
and swine influenza virus infection within hunting grounds from monitorized counties 

 
 

 
Discussions 
 
In conclusion, on the basis of the results of our 
study, Toxoplasma gondii infection was found 
in 21 out of the 24 monitored hunting grounds. 
The seroprevalence of T. gondii infection 
reported to the number of investigated hunting 
grounds was 87.50%. Swine influenza virus 
infection with subtype H1N1 was detected in 
six out of the 25 monitored hunting grounds. 
The seroprevalence of swine influenza virus 
infection with subtype H1N1 reported to the 
number of investigated hunting grounds was 
24%. Mixed infections (Toxoplasma gondii in 
association with H1N1 subtype swine influenza 
virus) were identified at a rate of 8%. 
 
Based on the obtained results, an 
epidemiological map was drawn that shows 
the distribution of positive swine influenza 

cases in the 2013-2014 autumn-winter hunting 
season (figure 2). 
 
The high Toxoplasma gondii seroprevalence 
rate in the investigated area reflects the fact 
that humans and carnivorous species are at 
risk of contamination from consuming 
inadequately cooked wild boar meat (Ranucci 
et al., 2013). 
 
Wild boars can be regarded as ideal indicators 
for understanding the geographical variations 
associated with Toxoplasma gondii 
seroprevalence in the sylvatic environment 
(Ranucci et al., 2013). Furthermore, wild boars 
represent a suitable biological model for 
analyzing the dynamics of infections caused by 
Toxoplasma gondii (Beral et al., 2012). 
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Figure 2. Geographical distribution of swine influenza virus infection in Timiş County 
 
 

 
The observations made by Ranucci et al. have 
highlighted the absence of temporal and 
regional variations regarding the 
seroprevalence of Toxoplasma gondii, which 
can indicate a stable and homogenous infection 
pressure determined by the environment 
(Ranucci et al., 2013). 
 
Toxoplasmosis is not clinically severe in wild 
boars. Therefore, the disease is not relevant in 
terms of clinical cases. However, wild boar 
meat is considered to be a potential source of 
human infection. Transmission of infection in 
humans is through the consumption of raw or 
inadequately cooked meat (Ivan, 2002; Ranucci 
et al., 2013). 
 
An explanation for the relatively high value of 
Toxoplasma gondii seroprevalence found in our 
study (56.70%) is that in most cases, 
toxoplasmosis in wild boars is chronic. In the 
intermediate host, the parasite forms tissue 
cysts containing thousands of bradyzoite which 
present an indefinite persistence and a very 
high potential for reactivation. Under certain 
conditions that determine the 

immunosuppression of the host, reactivation of 
oocysts and exacerbation of acute infection 
occurs (Ivan, 2002). 
 
The results obtained in this study are similar to 
those published by other authors who have 
conducted research regarding the Toxoplasma 
gondii seroprevalence and have acknowleged 
the role of wild boars in maintaining and 
disseminating the infection with Toxoplasma 
gondii, both in domestic pigs and in humans. 
Thus, a study by Gomez et al., in 2012, 
estimated that the prevalence of Toxoplasma 
gondii infection was 54.43%. 
 
In a study carried out between the years of 
2004-2007 in Northeastern Spain, blood 
samples from 273 wild boars were collected 
during various hunting seasons. The samples 
have been tested for several diseases including 
toxoplasmosis. The Toxoplasma gondii 
seroprevalence rate reported in this study 
(43.50%) has been considered relatively high 
(Closa-Sebastia et al., 2011). 
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By comparing the value of Toxoplasma gondii 
seroprevalence obtained in this study with 
data published by other authors across Europe, 
emphasis can be added to the fact that the 
recent seroepidemiological studies conducted 
throughout Europe in wild boar populations 
conclude that there are significant variations 
regarding the percent of seropositivity, which 
varies between 8.10% and 38.40% (Ranucci et 
al., 2013). 
 
In the Slovak Republic, Antalova et al. 
conducted a study to determine the 
seroprevalence of toxoplasmosis in wild boars. 
Examination of 320 blood samples collected 
from wild boars revealed that the antibodies to 
Toxoplasma gondii were detected at a rate of 
8.10%. In this study, the majority of 
seropositive wild boars came from the north-
western and southern regions of Slovakia 
(Antolova et al., 2007). 
 
In a study completed by Bartova et al., during a 
period of six years, blood samples that were 
collected in seven different regions of the Czeck 
Republic were assayed for antibodies to 
Toxoplasma gondii. The results of the study 
have concluded that antibodies to Toxoplasma 
gondii were detected in 148 (26.20%) of the 
565 wild boars tested (Bartova et al., 2006). 
 
In France, a study done by Beral et al. (2012) 
has shown that the seroprevalence of 
toxoplasmosis in French wild boar populations 
was 23%. In a study conducted in two regions 
of France, Richomme et al. (2009) have 
demonstrated that the seroprevalence of 
Toxoplasma gondii infection in wild boars was 
7.6%. 
 
A study conducted during the year of 2003 in 
Italy by Deksne et al. (2013) has revealed that 
the prevalence of Toxoplasma gondii specific 
antibodies in wild boars was 33.20%. 
 
In 2011, Berger et al. studied the frequency of 
T. gondii infection in 150 wild boars and have 
concluded that the overall seroprevalence was 
6.7% (Berger-Schoch et al., 2011). 
 
In Romania, there were conducted only a few 
investigations to evaluate the seroprevalence 
of Toxoplasma gondii in wild boars. In a study 

completed by Paștiu et al., examination of 150 
serum samples revealed that wild boars have 
quite low prevalence of the T. gondii infection 
(16%) compared with another study done in 
the same area of investigation as ours in which 
the seroprevelance of T. gondii was 92.20% 
(Hotea et al., 2010; Paștiu et al., 2013). 
 
Apart from European countries, the 
seroprevalence of Toxoplasma gondii infection 
in wild boars was investigated in the United 
States of America. Thus, in a study carried out 
by Clark et al., blood samples were collected 
from trapped or hunter-killed wild boars in 4 
areas of California and assayed for Toxoplasma 
gondii antibodies by an indirect ELISA test 
using a commercially available kit. In this 
study, antibodies against T. gondii were 
detected in 17 (13%) of the 135 wild boars 
(Clark et al., 1983). 
 
Similar seroepidemiological studies were 
conducted by Sandfoss et al., in Northeastern 
Carolina between September 2007 and March 
2009, to determine exposure to the zoonotic 
parasite Toxoplasma gondii in wild boars. In 
total, 83 blood samples were collected from 
wild pigs and analyzed for T. gondii antibodies. 
The results of the study showed that T. gondii 
seropositive rate was 27.70% in wild boars 
(Sandfoss et al., 2011). 
 
In Japan, in a study conducted by Shibashi et 
al., in 2004, a serological investigation was 
carried out to determine the seroprevalence of 
Toxoplasma gondii infection in wild boars. The 
study revealed a low seroprevalence of 1.1% of 
the T. gondii infection in a total of 90 wild 
boars (Shiibashi et al., 2004). 
 
Furthermore, in Brazil, the purpose of a study 
conducted by Fornazari et al. was to detect 
Toxoplasma gondii infection in 306 blood 
samples collected from wild boars. A T. gondii 
prevalence of 4.5% was found in this study, 
suggesting that the wild boars have quite low 
prevalence of the T. gondii infection (Fornazari 
et al., 2009). 
 
In conclusion, the results obtained in this study 
are in agreement with the information 
provided by numerous seroepidemiological 
studies and have confirmed that Toxoplasma 
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gondii infection is prevalent in wild pig 
populations worldwide. However, the 
seroprevalence of infection varies from one 
country to another in relatively wide limits. 
 
Knowledge of the evolution of toxoplasmosis 
and swine influenza virus infection in wild boar 
populations is of vital importance to estimate 
the risk of transmitting the infections from 
wild boars to humans and other species of 
domestic animals and to evaluate the control 
measures in order to mitigate the risks posed 
by both infections. 
 
The results obtained in this study regarding the 
seroprevalence of swine influenza virus 
infection in wild boars vary within relatively 
wide limits from other studies that were 
carried out on the seroprevalence of infection 
in different countries. For instance, in Poland 
the seroprevalence of swine influenza virus 
infection was 7% and in Spain the 
seroprevelance was 4-6% (Foni et al., 2013; 
Fornazari et al., 2009). In Germany, following a 
two year study, the seroprevalence of swine 
influenza virus infection was 7-8% in the first 
year and 2-5% in the second year. In Croatia, 
the seroprevalence of swine influenza infection 
was 9.7% (Fornazari et al., 2009). However, the 
serological studies performed in Finland, 
Slovenia, and France did not identify wild 
boars that were seropositive for swine 
influenza viruses subtype H1N1 and H3N2 
(Cho et al., 2015). 
 
Toxoplasma gondii infection was reported in 
wild boar populations in both studied counties 
from Western Romania. 
 
The seroprevalence of Toxoplasma gondii 
infection reported to the total number of 
monitored hunting grounds within Caraș-
Severin County was 75%. In this county, five 
out of the 15 samples examined were found to 
be positive for T. gondii antibodies. The 
seroprevalence of Toxoplasma gondii infection 
reported to the total number of samples 
examined in the same county was 33.33%. 
 
Within Timiș county, the seroprevalence of 
Toxoplasma gondii infection reported to the 
total number of monitored hunting grounds 
was 90%. In this county, the seroprevalence of 

T. gondii infection reported to the total number 
of samples tested was 61.33%, which means 
that from the total of 75 samples tested, 46 
were found to be pozitive for T. gondii 
antibodies. 
 
The seroprevalence of Toxoplasma gondii 
infection reported to the total number of 
samples tested within the two monitored 
counties was 56.70%. 
 
Swine influenza virus infection with H1N1 
subtype was detected in six out of the 25 
monitored hunting grounds. The 
seroprevalence of infection reported to the 
total number of investigated hunting grounds 
was 24%. The seroprevalence of swine 
influenza virus infection with H1N1 subtype, 
reported to the total number of samples tested 
within the two monitored counties, was 
18.70%. 
 
Mixed infections (Toxoplasma gondii in 
association with H1N1subtype swine influenza 
virus) were identified at a rate of 8%. 
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