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Summary 

Panayotova-Pencheva, M. S., A. P. Trifonova, V. I. Dakova & Ch. Zhelev, 2018. Epidemi-
ology of lung parasites of European brown hare (Lepus europeus L.) from Bulgaria. Bulg. J. 
Vet. Med. (online first). 
 

During the period 2009–2016, seven hundred and ninety lungs from brown hares (Lepus europeus L.) 
from different regions of Bulgaria were investigated for presence of parasites. The results showed that 
11.14% of the lungs were parasitised. Four parasite species were established: two nematodes – Pro-
tostrongylus tauricus and P. cuniculorum (recorded for the first time as a part of the helminth fauna 
of the country), one cestod – larval form of Taenia pisiformis – Cysticercus pisiformis and one ar-
thropod – larval form of Linguatula serrata – Pentastomum denticulatum. The infected hares came 
mainly of the south parts of the country. The highest prevalence of infection was observed in the 
South West region, followed by the South Central and South East regions. From the northern parts of 
the country parasites were established only in the northeastern districts near to Black Sea and Danube 
River. The ratio of prevalence of infection in female vs male animals was 1.4:1. Infections with pro-
tostrongylids and cysticerci were established at the earliest in hares at the age of 4–6 months and with 
P. denticulatum: in hares between 7 and 9 months. The prevalence of infection varied in animals from 
the different age groups. The highest prevalence of infection was observed in the young (4–6 months) 
and adult hares (over 3 years of age). 

Key words: Bulgaria, Cysticercus pisiformis, Lepus europeus, lung parasites, Pro-
tostrongylus tauricus, P. cuniculorum, Pentastomum denticulatum 

INTRODUCTION 

Brown hare is one of the basic game spe-
cies in Bulgaria. During the last years a 
growing interest to the status of its popu-
lation is observed by reason of the perma-
nent decrease of its number in many hunt-

ing grounds. In 2012, the number of 
brown hares in the country was about 34% 
of this in 1974 and the use of hares as 
hunting objects was reduced from 5.9% in 
2004 to 3.7% in 2011 (Trifonova & Mir-
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chev, 2013). The analysis of data from the 
information system of the Executive Fo-
restry Agency of the Ministry of Agricul-
ture and Food of the Republic of Bulgaria 
on the number of brown hares in Bulgaria 
during 2007–2017 years showed a clear 
tendency towards continuous decrease. 

Reduction in the hare population, 
which is noticed in whole Europe too, can 
be caused by changed living conditions, 
insufficient quantity and quality of nutri-
tion, increased use of herbicides as well as 
various infectious diseases including para-
sitoses (Ilić et al., 2014). For instance 
Alzaga et al. (2008) have found correla-
tion between parasite infection intensity of 
hares and their anti-predator escape ca-
pacity. According to Chroust et al. (2012) 
parasitic infections of the lungs and intes-
tines influence the health and decrease the 
body weight of hares in Austrian and 
Czech hunting grounds. Other authors 
(Lesage et al., 2014) consider that pulmo-
nary parasitoses, such as protostrongy-
lidoses, are among the most dangerous 
diseases in hares that in determined condi-
tions can be a reason influencing their 
number. It has been found that infection 
intensity with the lungworm Protostrongy-
lus tauricus can reach several thousand 
specimens in one animal and cause severe 
injuries of the lungs as atelectasis, emphy-
sema and necrosis. This leads to damage 
of the respiratory function of the lungs, 
losing weight of the animals, decreased 
mobility and death cases (Genov, 1970; 
Boev, 1975). On the other hand brown 
hare is a natural reservoir for some dan-
gerous helminthoses for humans and do-
mestic animals (Chaignat et al., 2015; 
Cuervo et al., 2015;).  

In connection with the above menti-
oned we set a goal to study species com-
position of the parasites affecting lungs of 
brown hares in Bulgaria and their distribu-

tion, as well as some epidemiological as-
pects of the established parasitoses.  

MATERIALS AND METHODS 

During the period 2009–2016 seven hun-
dred and ninety lungs from brown hares 
(Lepus europeus L.) were investigated for 
presence of parasites. The animals came 
from 24 districts of Bulgaria: Blagoev-
grad, Burgas, Varna, Veliko Tarnovo, 
Vidin, Vratsa, Dobrich, Kardzhali, Lo-
vech, Pazardzhik, Pleven, Plovdiv, 
Razgrad, Ruse, Silistra, Sliven, Smolyan, 
Sofia, Sofia city, Stara Zagora, Targo-
viste, Haskovo, Shumen and Yambol. 

Materials were obtained mainly by 
plan shot animals (according to the Law 
of Hunting and Game Conservation, 
2000) and at a small extent from hares 
found dead.  

The age of the animals was determined 
as described by Zhelev (2015). Hares 
were divided into 7 age groups:  0–3 
months, 4–6 months, 7–9 months, 10–12 
months, 1–2 years, 2–3 years, over 3 years 
of age. 

The lungs have been separated from 
the carcasses, put in deep freeze and sub-
sequently sent for necropsies in laboratory 
conditions.  

The parasites from trachea and bronchi 
were collected in a physiological saline 
and stored in 70% ethanol. The specimens 
used for identification were cleared in 
alcohol-glycerol sequence or with lacto-
phenol. To find small, hardly visible 
worms located in the bronchioles and al-
veoli, the abnormal lung tissues were exa-
mined as described in previous work 
(Panayotova-Pencheva, 2011). The ob-
tained specimens were deposited in the 
collection of the Institute of Experimental 
Morphology, Pathology and Anthropo-
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logy with Museum, Bulgarian Academy of 
Sciences, Sofia, Bulgaria. 

RESULTS  

The following parasites were established 
in the lungs of hares: two nematode spe-

cies – Protostrongylus tauricus and P. 
cuniculorum, one cestode species – larval 
form of Taenia pisiformis – Cysticercus 
pisiformis and one arthropode – larval 
form of Linguatula serrata – Pentasto-
mum denticulatum (Table 1). 

 

Table 1. Distribution of the parasite infections in the lungs of brown hares from Bulgaria 

Parasite species District N N+ General 
PI% 

Pr. 
spp. 

PI % P.d. PI 
% 

C. 
p. 

PI 
% 

Pr.t.+
P.d. 

PI 
% 

North West region 

Vidin 9 – – – – – – – –  – – 
Vratsa 25 – – – – – – – – – – 
Lovech 4 – – – – – – – – – – 
Pleven 50 – – – – – – – – – – 
North Central region 

Veliko  
Tarnovo 

6 – - – – – – – –  – – 

Razgrad 6 – – – – – – – – – – 
Ruse 2 – – – – – – – – – – 
Targovishte 1 – – – – – – – – – – 
North East region 

Varna 13 2 15.38 2 15.38 – – – – – – 

Dobrich 69 7 10.14 5 7.25 1 1.45 1 1.45 – – 
Silistra 34 4 11.76 2 5.88 – – 2 5.88 – – 
Shumen 29 1 3.45 1 3.45 – – – – – – 
South West region 

Blagoevgrad 18 4 22.22 4 22.22 – – – – – – 

Sofia-city 1 0 – – – – – – – – – 
Sofia 7 0 – – – – – – – – – 
South Central region 

Kardzhali 4 0 – – – – – – – – – 
Pazardzhik 28 2 7.14 – – – – 2 7.14 – – 
Plovdiv 111 17 15.32 14 12.61 1 0.90 3 2.70 1 0.90 
Smolyan 5 2 40.00 2 40.00 – – – – – – 
Haskovo 18 2 11.11 2 11.11 – – – – – – 
South East region 

Burgas 115 18 15.65 12 10.43 4 3.48 4 3.48 2 1.74 
Sliven 76 7 9.21 4 5.26 1 1.32 2 2.63 – – 
Stara Zagora 92 15 16.30 10 10.87 – – 5 5.43 – – 
Yambol 67 7 10.45 2 2.99 – – 5 7.46 – – 

Total: 24 790 88 11.14 60 7.59 7 0.89 24 3.04 3 0.38 

N: number of investigated lungs; N+: number of parasitised lungs; PI : prevalence of infection; Pr. 
spp.: Protostrongylus spp.; P.d.: Pentastomum denticulatum; C. p.: Cysticercus pisiformis; Pr.t.: 
Protostrongylus tauricus.  
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Parasites in the lungs have been regis-
tered in brown hares from 13 of the 24 
studied districts. According to the general 
prevalence of infection these districts are 
arranged in the following ascending order: 
Shumen, Pazardzhik, Sliven, Dobrich, 
Yambol, Haskovo, Silistra, Plovdiv, Var-
na, Burgas, Stara Zagora, Blagoevgrad 
and Smolyan. Considering these districts 
as a part of larger geographic regions 
(North East, North Central, North West, 
South East, South Central, South West), it 
could be assumed that there were no para-
sites in the lungs of hares from two re-
gions – North West and North Central. 
The general prevalence of parasite infec-
tion in the North East region was 9.66%. 
It was higher in the southern regions – 
13.43% for the South East region, 13.86% 
for the South Central region and 15.38% 
for the South West region. Distribution of 
the different parasite species in these re-
gions is shown on Fig. 1.  

The prevalence of infection with the 
different parasite species in the male and 

female hares is presented in Table 2. The 
results clearly showed prevalence of ge-
neral infestation of the lungs in female 
animals. This trend was also observed 
regarding protostrongylids. However, in 
relation to other parasite species, we can-
not affirm it because of the small number 
of positive samples included in the data-
set. 

The results about parasitising of hares 
of different ages is presented in Table 3. 
They show that animals up to 3 months of 
age remained non-infected. The parasitis-
ing of the lungs began after the fourth 
month of age. The general prevalence of 
parasite infection was the highest in the 
age groups of 4 to 6 months and over 3 
years. This was also the trend for pro-
tostrongylid infections. With respect to C. 
pisiformis, hares between 10 and 12 
months of age were the most affected. 
Infection with P. denticulatum was found 
only in three of the age categories: from 7 
to 9 months, from 1 to 2 years, and from 2 
to 3 years. 

0%

0%

100%

72%

21%

7%

57%
33%

10%

75%

21%

4%

 

Fig. 1. Distribution of parasitic infections of the lungs in brown hares from Bulgaria. White – no 
parasite in the lungs; light gray – C. pisiformis; dark gray – P. denticulatum; black –

 Protostrongylus sp. 
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DISCUSSION 

Protostrongylids are parasites with a typi-
cal pulmonary localisation. This explains 
the fact that the major part of the hare 

population was affected by them (7.59% 
prevalence vs 11.14% general prevalence 
of infection with parasites). 

When our results are compared with 
those obtained 40 years ago for the South 

Table 2. Parasite infections in the lungs of brown hares from Bulgaria – influence of the sex 

 Male Female 

Number of investigated lungs 294 374 

Number of parasitised lungs 29 52 

General prevalence of infection  9.86% 13.90% 

Number of lungs with Protostrongylus sp. 19 33 

Prevalence of Protostrongylus sp. infection  6.46% 8.82% 

Number of lungs with P. denticulatum 1 1 

Prevalence of P. denticulatum infection  0.34% 0.27% 

Number of lungs with Protostrongylus sp.+ P. denticulatum 1 – 

Prevalence of Protostrongylus sp.+ P. denticulatum infection 0.34% – 

Number of lungs with  C. pisiformis 8 7 

Prevalence of C. pisiformis infection  2.72% 1.87% 

Table 3. Parasite infections in the lungs of brown hares from Bulgaria – age dynamics 

Age 
0–3  
mo 

4–6  
mo 

7–9 
mo 

10–12 
mo 

1–2 
years 

2–3 
years 

> 3 
years 

Number of investigated lungs 14 85 218 71 120 229 27 

Number of parasitised lungs – 14   14   6   17   31   5 

General prevalence of infec-
tion  

– 16.47% 6.42% 8.45% 14.17% 13.54% 18.52% 

Number of lungs with Pro-
tostrongylus sp. 

– 10   10   2   12   22   4 

Prevalence of Protostrongy-
lus sp. infection  

– 11.76% 4.59% 2.82% 10.00% 9.61% 14.81% 

Number of lungs with P. 
denticulatum 

– –   1   0   2   4   0 

Prevalence of P. denticula-
tum infection  

– – 0.46% – 1.67% 1.75% – 

Number of lungs with  C. 
pisiformis 

–   4   3   4   4   7   1 

Prevalence of C. pisiformis 
infection  

– 4.71% 1.38% 5.63% 3.33% 3.06% 3.70% 

Number of lungs with  Pro-
tostrongylus sp. + P. denticu-
latum 

– – – –   1   2   0 

Prevalence of  Protostrongy-
lus sp.+ P. denticulatum 
infection  

- – – – 0.83% 0.87% – 
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Dobrudja, covering the Varna and Do-
brich districts (Genov, 1970) and Dobrich 
and Silistra (Genov, 1973) it is seen that 
the prevalence with protostrongylids es-
tablished by Genov (54.28% and 20.19%) 
is several times higher than that registered 
by us for the whole country (7.59%) as 
well as only for the Varna, Dobrich and 
Silistra districts (7.75%). This could be 
due to the fact that the density of the hare 
population in Bulgaria 40 years ago has 
been significantly higher than that in re-
cent years, which is a precondition for the 
wide spread of parasites among it. 

It should be noted that the registered 
protostrongylid infections of brown hare 
in the present study and in a previous one 
(Panayotova-Pencheva et al., 2014) refer 
only to monoinfections. This fact confirms 
observations that in ruminant animals pro-
tostrongylid infections are mixed at a high 
percentage, whereas in wild rabbits only 
single infections are registered (Movse-
syan et al., 2016). One of the pro-
tostrongylid species found by us was P. 
tauricus. It is acknowledged in the Bul-
garian helminth-fauna since more than 4 
decades (Genov,  1970). In the current 
study, it was the most widely recorded 
(7.47% prevalence of infection). How-
ever, another protostrongylid species, 
identified as P. cuniculorum according to 
the morphometric features indicated by 
Boev (1975) was found out only in one 
hare (0.13% prevalence) from the Borino 
village (Smolyan district in the Rhodope 
Mountains). With this work it is registered 
for the first time as a part of Bulgarian 
helminth fauna.  

The third parasite species found in the 
lungs of hares was T. pisiformis. Data on 
the distribution of its larval form C. pisi-
formis in Bulgaria are presented in the 
works of Yanchev (1963; 1970; 1973) and 
Genov (1973). These authors have found 

the parasite in hares from the Stara Zagora 
region as well as some regions in South 
West and North Bulgaria. They have es-
tablished cysticerci mainly on the seroses 
of abdominal organs, a localisation com-
mon to C. pisiformis. In the present study, 
we found larvae of T. pisiformis also un-
der the pleura of the lungs in 3.04% of the 
investigated hares. This fact was attri-
buted to the massive infection which was 
proved by the necropsies of the other in-
ternal organs. 

The fourth parasite species established 
in the present study was L. serrata (as its 
larval forms P. denticulatum, which de-
velop in the internal organs of the inter-
mediate hosts, including humans). In our 
country, a massive pulmonary infection of 
this species has been established years ago 
in a brown hare from the region of Sofia 
(Panaiotova et al., 1999). Pentastomosis 
with apparent clinical signs and deaths has 
been recently registered also among a 
herd of goats near Ruse (Ivanov et al., 
2012). The infection intensity with pentas-
tomas found in the present study was low 
– only a few parasites in the lungs of an 
animal. Relatively low was also the preva-
lence of infection – 0.89%. However, the 
results show that the brown hare is a natu-
ral reservoir for this parasitic disease in 
Bulgaria. 

Here should be noted that the brown 
hare is probably not very important in this 
aspect for another, very dangerous para-
sitic zoonosis, such as echinococcosis. We 
made this assumption, as all of the 790 
lungs and other internal organs of the ex-
amined hares from the whole country were 
free of echinococcal cysts. In his work, 
Yanchev (1970) also commented that al-
though this species has been reported in 
helminthological literature as a parasite of 
rabbits, its occurrence in this host is an 
extremely rare phenomenon, which has 
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been also supported by his results – he has 
found echinococcal cysts only in one hare 
of the total of 55 specimens studied. 

The results with regard to the distribu-
tion of parasites in the different parts of 
the country showed that the southern dis-
tricts were most affected, with the highest 
prevalence of infection observed in the 
South West geographical region, followed 
by South Central and South East regions. 
From the northern parts of the country, 
parasites were found only in the north-
eastern region – in districts situated near 
the Black Sea and the Danube River. In 
the other two regions (North Central and 
North Western) no parasites were found in 
the lungs of hares. In view of the fact that 
the parasites with the highest percent rep-
resentation for all regions are pro-
tostrongylids, the above geographic dis-
tribution could be explained by the 
warmer and humid climate in the affected 
areas. It contributes on the one hand to the 
survival and activity of the first stage lar-
vae of  protostrongylids and, on the other 
hand, to the development of the mollusks, 
which are their intermediate hosts. 

Regarding the influence of the age of 
the animals on the parameters of invasion, 
the following was observed: Infection 
with protostrongylids and cysticerci was 
established at the earliest in the hares aged 
4–6 months and with P. denticulatum – in 
the hares between 7 and 9 months. The 
prevalence of infection with parasites var-
ied in animals of different age groups. The 
highest general prevalence of infection 
was seen in the groups 4–6 months and 
over 3 years. According to the statistical 
results about the normal distribution of the 
hares in age groups, the probability for 
shooting hares from groups 4–6 months 
and over 3 years was smaller than this for 
hares from groups 7–9 and 10–12 months. 
Despite that the general prevalence of 

infection in the first two groups was 
higher. This points outs that the present 
results about the prevalence of infection in 
the different age groups are statistically 
significant. The prevalence of infection 
with protostrongylids varied in the same 
way as the general one. The peak in the 
prevalence of infection with protostron-
gylids in young animals is explained by 
the weak immune response to parasitic 
agents at this age, whereas in adults it is 
the result of an accumulation of invasion 
over the time. Accumulation of proto-
strongylid infection with increasing age of 
the hosts is also evidenced by previous 
studies of ours on a goat herd, in which 
we had established increase of pro-
tostrongylid larval output with increasing 
age of the animals (Panayotova-Pencheva, 
2005) as well as by the results of Chroust 
et al. (2012) reporting that lungworms 
Protostrongylus pulmonalis and pneumo-
nia findings were significantly less preva-
lent in sub-adult than adult brown hares. 
Highest prevalence of infection with cys-
ticerci was found in hares between 10–12 
months of age. This observation correlates 
with the results of Keith et al. (1985), who 
found the maximum prevalence of T. pisi-
formis in snowshoe hares at about 1 year 
of age. 

The present study showed that the 
prevalence of infection with parasites af-
fecting the lungs of the brown hare in fe-
males was 1.4 times higher as compared 
to that of males. The difference in the 
prevalence of infection between sexes was 
statistically significant. This prevalence in 
the infestation of females could be due to 
the weakening of the organism as a result 
of the physiological stress associated with 
the pregnancies and births. Confirmation 
of this hypothesis is found in the work of 
Molina et al. (1999) who have established 
a significantly higher prevalence of the 
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tapeworm Andrya cuniculi in lactating 
and pregnant wild rabbits compared with 
non-breeding females. 
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