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Abstract

In the last decade, as the result of climate changes, there have been con-
siderable changes in the parasitofauna of domestic and wild carnivores. Th e 
prevalence of the existing parasitic species has varied signifi cantly, show-
ing an increasing tendency, and some parasitic species not present before 
in this epizootiologic territory have been diagnosed as well. It is thought 
that the reason for such an epizootiological situation is increased pres-
ence of owners with their pet animals in the regions endemic for particular 
zoonotic helminthoses during summer holidays and touristic visits. Th is 
tendency has become especially conspicuous in the last several years char-
acterized by warm winters and very hot summers due to global warming 
eff ects, with abundant atmospheric precipitation. Oral vaccination of foxes 
against rabies, regulated in Serbia by appropriate laws since 2010, has led to 
an increased number of foxes and rise of prevalence of the parasitic diseases 

1* Corresponding author: pedja@vet.bg.ac.rs; prstepanovic@gmail.com
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for which foxes represent the infection source/reservoir. Continued urbani-
zation of Serbian cities, with the extension of urban belts into the suburbia 
and recreational (“weekend”) settlements, lead to a closer contact of street 
dogs and owned dogs with foxes, which results in a signifi cant change in 
the parasitic fauna of dogs. It is an additional factor, which in the chain 
fox - street dog - owned dog - human increases the risk and tendency for 
the occurrence of human infections with zoonotic endoparasites of wild 
and domestic carnivores. In order to reliably predict the degree of spread of 
particular zoonotic helminthoses in particular regions in Serbia, for which 
wild carnivores represent the infection source, it is necessary to institute 
continued monitoring of the parasitic fauna in this type of wild animals.

Key words: carnivores, parasitological screening, zoonoses, endemic 
parasitoses, Serbia
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Kratak sadržaj

U toku poslednje decenije u Srbiji je usled klimatskih promena došlo 
do značajnijih promena parazitofaune domaćih i divljih mesojeda. Preva-
lencija postojećih parazitskih vrsta je značajno varirala, i pokazala tenden-
ciju povećanja, a dijagnostikovane su i neke vrste parazita koje ranije nisu 
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bile prisutne na ovom epizootiološkom području. Smatra se da je razlog za 
ovakvu epizootiološku situaciju, povećana učestalost kretanja vlasnika sa 
svojim ljubimcima, u endemska područja pojedinih zoonoznih helmintoza, 
tokom letovanja i turističkih putovanja. Ovaj trend je naročito došao do 
izražaja poslednjih nekoliko godina, koje su usled globalnog zagrevanja 
praćene pojavom blagih zima i veoma toplih leta, sa velikom količinom 
atmosferskih padavina. Oralna vakcinacija lisica protiv besnila, zakon-
ski regulisana u Srbiji od 2010. godine, uslovila je povećanje broja lisica 
i rast prevalencije parazitoza za koje lisice predstavljaju izvore/rezervoare 
infekcije. Urbanizacija gradova u Srbiji sa širenjem gradskog pojasa na per-
iferiju i područja vikend naselja, dovodi do bliskih kontakata pasa lutalica 
i vlasničkih pasa sa lisicama, što je rezultiralo značajnom promenom par-
azitofaune pasa. To je samo dodatni faktor koji u lancu: lisica - pas lutalica 
- vlasnički pas - čovek, značajno povećava rizik i tendenciju za nastanak in-
fekcije ljudi zoonoznim endoparazitima divljih i domaćih mesojeda. Da bi 
se predvidele razmere širenja izvesnih zoonoznih helmintoza u pojedinim 
regionima Srbije, za koje divlji mesojedi predstavljaju izvore infekcije, ne-
ophodno je sprovoditi kontinuiran monitoring parazitske faune ove vrste 
divljači. 

Ključne reči: mesojedi, parazitološki skrining, zoonoze, endemične 
parazitoze, Srbija

INTRODUCTION

Th ere is a great number of zoonotic endoparasites infesting carnivorous 
animals which represent a risk for the health of pets or human public health, 
and the most important among them are the species from the genera Toxo-
cara, Echinococcus, Taenia, Dirofi laria, Dipylidium caninum, Capillaria aer-
ophila and Th elazia callipaeda (Overgaauw and van Knapen, 2013; Marino et 
al., 2018; ESCCAP, 2018).

Special risk factors associated with the infection of carnivores with endo-
parasites are free roaming, contacts with stray dogs or cats, feeding on car-
casses of paratenic hosts, feeding on intermediate host animals, age-related 
susceptibility, animal hormonal status (gravidity/lactation), contacts with chil-
dren or immunodefi cient individuals and travelling to the regions endemic for 
particular endoparasitoses (McNamara et al., 2018).
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As the consequence of global warming and active migrations of owners 
with their pet animals into the countries of this region and Europe, there has 
been an increase in the prevalence of helminths with zoonotic potential in do-
mestic and wild carnivores in the territory of Serbia in the last ten years. Many 
of the European countries have already been registered as endemic regions for 
certain zoonotic nematodoses (Wall and Morgan, 2009; ESCCAP, 2018). Such 
an epizootiologic situation, associated with the action of the above predilec-
tion factors, has caused increased occurrence of particular cardiorespiratory, 
subcutaneous, ocular and intestinal parasitoses, some of which have devel-
oped endemic characteristics in the territory of Serbia as well.

Routine treatment and prevention of endoparasitoses aff ecting carni-
vores depend on legislation in individual countries and information available 
to doctors of veterinary medicine, the most important of which are parasite 
epidemiology, education of pet owners and individual risk estimations. In ac-
cordance with the ESCCAP guidelines (2018), it is recommended that every 
protocol of planned dehelminthization should be implemented aft er the fol-
lowing: 1) completed clinical examination; 2) coprological examination aft er 
the request by the owner; and 3) coprological diagnosis within the preparation 
for vaccinal immunization, in accordance with the advice given by the doctor 
of veterinary medicine.

CARDIOPULMONARY AND SUBCUTANEOUS DIROFILARIOSIS

Th e fi rst research of dirofi lariosis in dogs in the territory of former Yugo-
slavia took place at the end of the last century. Up to then, there were sporadic 
reports in the literature about the fi ndings of Dirofi laria immitis species in the 
heart of dogs (Dimitrijević, 1999), mostly as incidental autopsy observations 
(Milosavljević and Kulišić, 1989; Blitva-Mihajlović et al., 1995). Aft er that, 
some autochthonous cases of cardiopulmonary dirofi lariosis in dogs in Ser-
bia were diagnosed (Kulišić and Milosavljević, 1994; Dimitrijević et al., 2007). 
Th e study by Tasić et al. (2008) in the territory of Vojvodina confi rmed that 
this region was the northernmost border for cardiopulmonary dirofi lariosis in 
dogs in the Balkans and one of European regions with the highest prevalence 
of subcutaneous dirofi lariosis in dogs. Th e authors diagnosed Dirofi laria re-
pens in 49.2% of dogs, D. immitis in 7.2%, and Acanthocheilonema reconditum 
in 2.1% of dogs. Tasić et al. (2012) reported about the occurrence of fi lariosis 
in dogs in the territory of Pančevo and Veliko Gradište municipalities, where 
cardiopulmonary dirofi lariosis was found in 12.3%, and subcutaneous diro-
fi lariosis in 42.6% of dogs. Th e fi rst cases of D. immitis in dogs in the territory 
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of Novi Sad were detected by Savić-Jevđenić et al. (2004). Th e prevalence of 
dirofi lariosis in dogs in Vojvodina was examined by Savić et al. (2012) and 
they established the seroprevalence of D. immitis of 18% in police dogs, and 
in the same region in the period 2009-2013, the presence of microfi laria of 
D. immitis was detected in 27.6% of dogs (Savić et al., 2014). Stepanović et al. 
(2015) reported about their fi nding of D. immitis in 68% of police dogs in the 
Belgrade municipality, which had been declared endemic for this nematodosis 
several years before (Jovanović, 2012). D. immitis infection was established in 
24.2% of non-owned dogs in the Belgrade municipality (Gajić, 2016). Krstić 
et al. (2016) established the presence of D. immitis in 12.7% of tested animals 
without clinical symptoms. Out of the total number of positive animals, 44% 
were dogs from dog shelters and 60% were pets.

Th e prevalence of adult forms of D. immitis in wild carnivores in Serbia 
was monitored by Penezić et al. (2014). In the period 2009-2013 they diag-
nosed this fi laria in 7.32% of golden jackals, in 1.55% of foxes, in 1.43% of 
wolves and 7.69% of wild cats. Cardiopulmonary dirofi lariosis was demon-
strated on autopsy in 13.33% of foxes (Gavrilović et al., 2014) and in one wolf 
(Gavrilović et al., 2015) from the South Banat District.

Microfi laremia established in the above host animals indicated that they 
represented an infection source for mosquitoes. High prevalence percentages 
of D. immitis of 18.52% in jackals from Romania (Ionică et al., 2016), 9.6% in 
those from Bulgaria (Kirkova et al., 2011) and 7.4% in animals from Hungary 
(Tolnai et al., 2014) suggest that this species of wild carnivores has an impor-
tant role in the maintenance of infection. According to some authors (Otranto 
and Deplazes, 2019) it is necessary to elucidate the epidemiological role of 
foxes as well, especially bearing in mind the report on 32.3% of foxes positive 
to D. immitis in some of the irrigated regions in Spain (Gortázar et al., 1998).

Th e fi rst study of Dirofi laria spp. in disease vectors in Serbia was performed 
by Kurucz et al. (2016). In the period May-August, by way of molecular anal-
ysis of grouped samples from 13 municipalities in Vojvodina, 11 species of 
mosquitoes were identifi ed, and in 60% of samples the presence of Dirofi laria 
spp. was found. Dirofi laria immitis was diagnosed in 80% of positive grouped 
samples of Culex pipiens, Coquillettidia richiardii and Ochlerotatus caspius spe-
cies, while D. repens was diagnosed in 20% of positive samples of Aedes vex-
ans, Cx. pipiens and Oc. sticticus species, without any D. immitis and D. repens 
coinfections.

Several factors have infl uenced the accelerated spread of Dirofi laria spp. 
into European countries in which these nematodes have not been reported 
before. Increased duration of warm periods due to climatic change is one of 
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the main factors of impact on the development, activity and seasonal survival 
of mosquitoes, as well as the development of larval forms of dirofi larios in dis-
ease vectors (Farkas et al., 2020). Th e introduction of the „Pet Travel Scheme“ 
in 2000 has contributed to the spread of dirofi lariosis, facilitating the move-
ment of infected, microfi laremic dogs from endemic regions to other parts of 
Europe (Genchi et al., 2011).

Since the prevalence of dirofi lariosis in dogs in hyperendemic regions 
(northern parts of Serbia) exceeds 60% (Tasić et al., 2008) human infections 
with the parasite should be expected as well. In the territory of Serbia and 
Montenegro, individual cases of human infection with D. repens have been 
reported (Kulišić et al., 1989; Kranjčić-Zec et al., 2001; Džamić et al., 2009). In 
people from diff erent parts of Serbia (Pančevo, Novi Sad, Zaječar, Leskovac, 
Vranje, Niš, Pirot), Tasić-Otašević et al. (2014) demonstrated seropositivity of 
15.4% to dirofi laria antigens. Specifi c antibodies against D. repens were found 
in 9.7%, against D. immitis in 8.1%, while antibodies against both dirofi laria 
species were found in 2.3% of the examined individuals. Momčilović et al. 
(2019) diagnosed D. repens in buccal mucosa in a man aged 45 years from 
central Serbia. A striking buccal mucosa edema along the lateral edge of the 
right maxilla was observed in this patient, followed by leukocytosis. Surgical 
extirpation was performed, and subsequent histopathological, parasitological, 
and molecular analysis of the specimen revealed the presence of the D. repens 
nematode. Of the 13 such cases reported so far worldwide, this is the fi rst case 
analyzed by molecular methods.

RESPIRATORY CAPILLARIOSIS

Considering the available epizootiological data on the distribution of Capil-
laria aerophila species in domestic and wild carnivores in Europe, it is certain 
that global warming has an important impact on the distribution of this parasite 
(Traversa and Di Cesare, 2014; Ilić et al., 2015; Otranto and Deplazes, 2019).

Climatic change, animal migrations, destruction of animal habitats by 
humans, maritime transport of goods, as well as travelling of pets with their 
owners, all have had a signifi cant role in the spread of this parasitosis and its 
global distribution (Traversa et al., 2010; Otranto et al., 2013). Changed habi-
tats of wild animals, as the consequence of human activity, have led to a closer 
contact between wild and domestic animals, which caused this nematode to 
appear in domestic animals as well (Di Cesare et al., 2014). 

Th e parasite has been diagnosed by way of regular coprological examina-
tions in dogs and/or cats in Spain (Miro et al., 2004), Germany (Epe et al., 
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2004), Portugal (Madeira de Carvalho et al., 2009), Romania (Mircean et al., 
2010) and Italy (Traversa et al., 2009; Di Cesare et al., 2011; Traversa and Di 
Cesare, 2016), with evident clinical symptoms of the disease. In the period 
February-March 2019, in a parasitological examination of dog feces samples 
taken from three public city parks in Niš, C. aerophila nematode was diag-
nosed with the prevalence of 8-14% (Ristić et al., 2020a).

Di Cesare et al. (2012) have described 15 genetic haplotypes of C. aerophi-
la, out of which fi ve were identifi ed in pet animals in Italy and in wild animals 
in Serbia, and three genetic subtypes were isolated in both domestic cats and 
foxes in Serbia, Romania and Portugal. It should be emphasized that the ge-
netic haplotypes described in foxes in Serbia were also found in cats and dogs 
in Italy and Romania. A couple of years later, it was demonstrated that diff erent 
genetic haplotypes of C. aerophila could be simultaneously identifi ed in foxes, 
beech martens, cats and dogs in European countries, confi rming a common 
pattern of parasite transmission between wild animals and pets (Di Cesare et 
al., 2014).

Th e prevalence of respiratory capillariosis in red foxes in Europe is rather 
high, reaching 97% in Lithuania (Bružinskaitė-Schmidhalter et al., 2012), 88% 
in Norway (Davidson et al., 2006), 74.1% in Denmark (Saeed et al., 2006), 
76.2% in Poland (Karamon et al., 2018), 67-75% in Germany (Schug et al., 
2018), 66% in Hungary (Sréter et al., 2003), 46.8% in the Netherlands (Borg-
steede, 1984) and 41.8% in Italy (Magi et al., 2015). Otranto et al. (2015) have 
reported about the fi nding of C. aerophilain European wild cats (33.3%), jack-
als (5%) and raccoon dogs (32%).

Ilić et al. (2016a) have reported about the prevalence of respiratory capil-
lariosis in foxes in particular areas in Northern, Eastern and Western Serbia, 
which was 49.02% in the period 2008-2012. Th e highest prevalence was found 
in foxes from the hunting grounds in the Districts of Zaječar (74.04%) and 
Raška (52.63%). Examining the endoparasitic fauna of foxes and jackals in 8 
epizootiological regions in Serbia between 2010 and 2014, Ilić et al. (2016b) 
diagnosed C. aerophila in 23.56% of foxes aged above one year. In foxes below 
one year of age and in jackals, this nematode could not be identifi ed.

Th ere is a close association between the population of foxes and popu-
lations of dogs and cats. It is assumed that the process of urbanization and 
extension of urban belts into the natural habitats of foxes can lead to the op-
portunities for closer contacts between street dogs and cats, and foxes (Ilić 
et al., 2017a). Th e population of foxes thus represents a permanent source of 
infection for dogs and cats in suburbia, which is especially important for the 
epidemiology of respiratory capillariosis.
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It is supposed that one of the reservoirs of this zoonosis in Serbia are fox-
es from the territory of Vojvodina, which is additionally confi rmed by a case 
of pulmonary capillariosis diagnosed in an individual from Bačka Palanka 
(Lalošević et al., 2008). Supporting to this are the results of some authors, who 
examined the respiratory tract of foxes from diff erent regions of Vojvodina 
and diagnosed C. aerophila nematode in the trachea in 84% (Lalošević et al., 
2013) and 30-37.50% of foxes (Ilić et al., 2016a). Th ese epidemiologic data ad-
ditionally corroborate the hypothesis that wild carnivores represent the prin-
cipal defi nitive hosts responsible for the transmission of C. aerophila (Otranto 
and Deplazes, 2019).

OCULAR THELAZIOSIS

Aft er the original report about the fi nding of this nematode in dogs in 
Italy (Rossi and Bertaglia, 1989), T. callipaeda has swift ly spread across Europe, 
involving France (Dorchies et al., 2007), Switzerland (Malacrida et al., 2008), 
Germany (Magnis et al., 2010), Spain (Miró et al., 2011), Portugal (Vieira et 
al., 2012), Slovakia (Čabanová et al., 2017) and Greece (Papadopoulos et al., 
2018).

Th e fi rst autochthonous cases of ocular thelaziosis in dogs and cats in Ser-
bia have been diagnosed in central, western, and southern parts of the coun-
try (Gajić et al., 2014; Tasić-Otašević et al., 2016). Th e isolated parasites were 
morphologically identifi ed as T. callipaeda, while the molecular analyses of 
cytochrome oxidase-1 (cox1) gene established the presence of h1 haplotype, so 
far the only established haplotype of this parasite in Europe (Gajić et al., 2014). 
Hadži Milić et al. (2016) reported their fi nding of a relatively high overall prev-
alence of T. callipaeda (35.52%) in dogs in diff erent regions of Serbia. Infected 
dogs in this study were from the regions in Northern (43.58% from North 
Banat District and 28.94% from South Bačka District), Central (41.83% from 
Belgrade suburbia and 21.68% from Braničevo District), Eastern (47.50% from 
Bor District and 30.92% from Zaječar District) and Southern Serbia (25.00% 
from Pčinja District). Infection of wolves with T. callipaeda has recently been 
documented, with an overall prevalence of 38.1% (Gajić et al., 2019). Th is fi nd-
ing suggests the signifi cance of the epizootiological role of wolves as reservoirs 
of infection for thelazia, although other wild carnivores’ role should also be 
addressed in the studies.

Th e presence of T. callipaeda in this epizootiological area is not surprising 
for the geographical coordinates of Serbia, positioned between lat 41°53'Nand 
46°11'N and long 18°49'Eand 23°00'E, in Southeastern Europe in the central 
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part of the Balkan Peninsula. Endemic cases of ocular thelaziosis in dogs have 
been reported in many countries worldwide with similar geographical coordi-
nates (between 39° and 46°) (Otranto et al., 2013). For the most part, Serbia is 
characterized by moderate continental climate. In the South-Western part the 
climate varies between subtropical and continental, with the average yearly 
precipitation of 896 mm, resembling those climatic conditions in the countries 
with reported thelaziosis cases (Hadži Milić et al., 2016).

According to the literature data, a high prevalence rate of ocular thelaziosis 
is present in foxes, ranging from 27.71% in Bosnia and Herzegovina (Hodžić  et 
al., 2014), 29.38% in Romania (Ionică et al., 2018) and 49.3% in Southern Italy 
(Otranto et al., 2009), and cases of the disease have been reported in Portugal 
as well (Sargo et al., 2014). Furthermore, Pan-European distribution of the 
vector Phortica variegata (Drosophilidae, Steganinae) best explains the abilities 
and spreading potential of T. callipaeda (Máca and Otranto, 2014).

Circulation of the nematode across diff erent animal species and its recent 
appearance in Europe is in accordance with the common genetic haplotype of 
T. callipaeda present in all examined wild and domestic animals (Otranto and 
Deplazes, 2019). Considering the fact that wild carnivores have a very broad 
movement area, 10 to 30 km for foxes (Doncaster and Macdonald, 1991) and 
even up to 800 km for wolves (Mech, 1970), they contribute considerably to 
the maintenance and spread of the infection. Moreover, they represent a signif-
icant infection reservoir for T. callipaeda, in both endemic and non-endemic 
regions (Mihalca et al., 2016), such as Great Britain, where only imported cases 
of thelaziosis in dogs have been reported (Graham-Brown et al., 2017) despite 
an endemic vector (Palfreyman et al., 2018).

In the last six years, in the countries nearby Serbia (Romania, Croatia, 
Bosnia and Herzegovina, Bulgaria, Austria) there have been several reported 
autochthonous cases of ocular thelaziosis in dogs and cats (Hodžić et al., 2014; 
Mihalca et al., 2015; Hodžić et al., 2019), and in Bosnia and Herzegovina in 
foxes as well (Hodžić et al., 2014). In 2016, the zoonotic potential of the para-
site in these regions was additionally confi rmed by the report of two cases of 
thelaziosis in humans: one in a 36-year-old man from Serbia (Tasić -Otašević  
et al., 2016) and one in 82-year-old man from Croatia (Paradžik et al., 2016).

Since T. callipaeda has got zoonotic potential and presents a risk for hu-
man health, it is necessary that veterinarians, doctors and ophthalmologists 
should include this nematodosis with ocular manifestations into their diff er-
ential diagnostic considerations. Such a clinical approach is especially impor-
tant in regions where ocular thelaziosis has assumed endemic character, such 
as in Serbia.
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INTESTINAL ZOONOTIC HELMINTHOSES

Regarding geographical distribution and clinical relevance, Toxocara canis, 
Ancylostomatidae and Trichuris vulpis are the most prevalent intestinal hel-
minths aff ecting dogs, the importance of which is oft en unacknowledged by 
doctors of veterinary medicine, medical doctors and general public (Traversa 
et al., 2014). Depending on the intensity of dog infection, we should not over-
look some cestodes (D. caninum and Taenia spp.), as well as trematodes (Alaria 
alata) and protozoans (Giardia intestinalis, Amoeba spp., and Cryptosporidium 
spp.) (Möhl et al., 2009; Traversa, 2012; ESCCAP, 2018). From the medical, 
veterinary, economic and environmental point of view, enzootic infections are 
the most important, the sources of which are linked to natural sites.

In the last three decades, a large number of authors have studied parasitic 
fauna of the digestive tract of domestic and wild carnivores from the territory 
of Serbia (Kulišić et al., 1992; Pavlović and Kulišić, 1994; Antanasijević et al., 
1997; Dimitrijević et al., 2005; Nikolić et al., 2008; Pavlović et al., 2010; Ilić et 
al., 2016b; Ilić et al., 2017b; Ristić et al., 2020a).

In owned dogs, stray dogs and military working dogs in the territory of 
Belgrade, Nikolić et al. (2008) have found a high prevalence rate of intestinal 
zoonotic parasites (75.50%). In most of these animals, the infection with T. 
vulpis nematode was diagnosed (47.00%). In dogs and cats aged 1-8 years in 
the territory of Belgrade, Ilić et al. (2017b) have diagnosed toxocarosis (15.88-
16.62%), ancylostomatidosis (1.87-3.80%) and trichuriosis (0.93-4.03%), with 
the fi nding of highest prevalence of Dipylidium caninum infection, ranging 
from 21.49% in cats to 24.70% in dogs.

Kostić (2016) has reported on the fi nding of intestinal parasites in street dogs 
in the territory of the city of Kruševac. Parasitological studies revealed the pre-
dominance of G. duodenalis (52.11%) and D. caninum cestode (36.61%). Trichuris 
vulpis nematode was found in one third of examined dogs (32.39%), and T. canis 
(22.53%), Taenia spp. (5.63%), and E. granulosus (2.82%) were diagnosed as well. 
In the period from September 2017 to June 2018, in a study of endoparasitoses in 
street dogs aged one year and over from six dog shelters in the Republic of Ser-
bia, the highest prevalence of endoparasitic infections was found in the Shelter for 
street dogs and cats in Požarevac (69.54%). In dogs below one year of age, most 
prevalent were toxocarosis (42.85%) and ancylostomatidosis (26.53%) in the Shel-
ter for abandoned dogs in Zemun, while toxocarosis was most prevalent (35.14%) 
in the Shelter for abandoned dogs in Subotica (Nišavić, 2019).

Monitoring endoparasitic fauna of foxes and jackals from eight diff erent lo-
calities in Serbia in the period 2010-2014, Ilić et al. (2016b) have diagnosed as 
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the most prevalent helminths A. alata (49.41% in foxes and 30.00% in jackals), T. 
canis (49.41% in foxes and 23.33% in jackals), ancylostomatids (40.69% in foxes 
and 33.33% in jackals) and T. vulpis (55.23% in foxes and 11.66% in jackals).

Ristić et al. (2020a) have studied the prevalence of zoonotic intestinal para-
sites in dogs from the public parks in the city of Niš and assessed the health risks 
they presented for people in public places and children’s playgrounds. Endopara-
sitoses were diagnosed with overall prevalence of 58-70%. Depending on the 
season of the study, four most common endoparasites were T. canis (36.66-38%), 
ancylostomatids (24.66-32%), T. vulpis (20-28%) and A. alata (28%). Certainly 
worth mentioning was the fact that these helminths were identifi ed in soil/sand 
samples taken from these public parks in Niš. In soil samples, a high and medi-
um degree of contamination with T. canis ascaridid was found (14-22%), as well 
as a low and medium degreeof contamination with ancylostomatids (4-12%), 
medium degree of contamination with T. vulpis species (4-6%), and medium 
and high degree of contamination with A. alata trematode (2%). In sand sam-
ples, diff erent degrees of contamination with helminths T. canis (26%), ancy-
lostomatids (8%), T. vulpis (4%) and A. аlata (16%) (Ristić et al., 2020b) were 
established. Based on the results of this parasitological screening, the authors 
concluded that a large number of street dogs circulated in public parks in Niš, 
which presented the reservoir of numerous parasitic zoonoses for owned dogs 
and people (particularly for preschool and school children).

Th e literature data suggest that T. canis is overall the most prevalent hel-
minth in dogs, the prevalence of which varies between European countries 
from 7.5% (Riggio et al., 2013) to 22.1% (Habluetzel et al., 2003) in Italy; 17.72% 
in Spain (Martínez-Moreno et al., 2007), from 11.9% (Papajová et al., 2014) to 
45.1% (Rudohradská et al., 2011) in Slovakia; and from 0.5% (Ferreira et al., 
2017) to 15.8% (Otero et al., 2014) in Portugal. Th e fi nding of this ascaridid 
always involves a high degree of risk for human populations, since aft er the in-
fection its larvae migrate to individual internal organs, causing the syndrome of 
visceral and ocular larva migrans (Overgaauw and van Knapen, 2013).

In recent years, there has been a growing interest for the infection with A. 
alata trematode, which is very prevalent in Europe, has a potential zoonotic im-
portance since it causes larval alariosis, and is diagnosed in a number of countries 
nearby Serbia, such as Croatia, Romania and Bulgaria (Lalošević et al., 2014).

A high intensity infection with this trematode has been reported to occur 
in intermediate hosts (wild pigs) living in the areas with high prevalence of 
alariosis in defi nitive hosts (domestic and wild carnivores). In addition to 
rodents, reptiles and amphibians (Esite et al., 2012), humans as well can be 
incidental paratenic hosts if they consume insuffi  ciently thermally processed 
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frog legs, pork (Wójcik et al., 2002; Möhl et al., 2009) or wild goose meat 
(Kramer et al., 1996) infected with A. alata mesocercarias.

In recent years, larval alariosis has been reported in other European coun-
tries as well. Th e fi rst fi nding in the meat of wild pigs in Bulgaria was reported 
by Portier et al. (2014), when the overall prevalence of 0.6% was established. 
Th e study of the vitality of mesocercarias in products made from infected wild 
pig meat, prepared in a traditional fashion in Germany, has shown than only 
fresh products contain living mesocercarias and could be the source of infec-
tion for humans (González-Fuentes et al., 2014).

In addition to trichinellosis, wild pig meat can be the source of infection 
with trematode mesocercarias, so that any preparation of thermally unpro-
cessed products (e.g., sausages) cannot be recommended. Safe for human nu-
trition is only well cooked wild pig meat. Bearing in mind this information, 
it is necessary to adjust accordingly the legislation on food safety for human 
consumption in Serbia (Lalošević et al., 2014).

In view of human population, zoonotic parasites from the feces of car-
nivores can threaten mostly dog owners or dog breeders who disregard the 
necessity to perform dehelminthization of their litters, children who do not 
wash their hands aft er their contacts with animals, or those with geophagic 
practices, agricultural workers and greengrocers (especially in semirural and 
rural areas where dogs freely defecate in the vicinity of vegetables).

In people in Serbia, the cases of a familial epidemic of cryptosporidio-
sis have been coprologically diagnosed in three immunocompetent patients 
(Gvozdenović et al., 2012) and there is also the case of 4.5-year-old girl in 
whom toxocarosis has been detected serologically (Mijatović et al., 2015). 
A retrospective analysis of the results of examination of feces samples from 
healthy people in Southern Serbia to detect possible presence of G. intestinalis 
revealed the highest prevalence in 2005 (4.9%), and the lowest in 2014 (0.57%) 
(Miladinović Tasić et al., 2017). Perić et al. (2017) have reported on their two 
cases for whom there were no anamnestic data concerning their previous trav-
elling abroad, and in whom cutaneous larva migrans was diagnosed in 2016. 
Th e fi rst described patient was a 72-year- old man from Western Serbia with 
changes localized in the chest region, and the other was a 31-year-old man 
from Central Serbia with changes localized in his right arm.

CONCLUSION

In order to prevent and control zoonotic helminthoses of domestic and 
wild carnivores it is essential that their occurrence, infection spread and main-
tenance should be continually monitored in foxes, dogs and humans; that the 
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problem of abandoned dogs should be eff ectively resolved in most urban en-
vironments; that the measures to control vector populations should be under-
taken; that all goods, commodities, services and traffi  c in international trade 
should be monitored; that all persons who travel with their pets to the regions 
endemic for these diseases or who return from these to Serbia should be moni-
tored; that continued education of pet owners is organized; and that synchro-
nized collaboration of appropriate services of veterinary medicine and human 
medicine is in place.
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Abstract

Small Ruminant Lentivirus causes a chronic lifelong, multisystemic 
diseases in sheep and goats with or without clinical manifestation. Maedi-
visna virus (MVV) and Caprine arthritis encephalitis virus (CAEV) are of-
ten considered together as small ruminants lentivirus (SRLV) because of 
their phylogenetic correlation and the interspecies transmission between 
sheep and goats.

During a fi ve-year period, from 2014 to 2018, a monitoring on male 
animals (rams and bucks) used for breeding was conducted with the aim 
to determine antibodies against SRLV using ELISA serological method. In 
total, serum samples from 5,039 animals were analysed and the overall se-
roprevalence of 5.59% was found. Th e seroprevalence for the whole period 
was 5.15% in male animals while in female animals it was 6.15%. During 
the whole 2014-2018 period, seroprevalence was 4.52% in rams, 17.61% in 
bucks, 1.14% in sheep and 12.57% in goats. Compared to earlier studies and 
within the study period, the seroprevalence for SRLV actually decreased in 
rams and bucks. Th e study results show that annual monitoring program is 
very important and has to be conducted in the future in order to keep the 
disease under control. Th e program helps in raising awareness and famil-
iarizing owners with SRLV and the importance of breeding seronegative 
animals.

Key words: SRLV, Meadi Visna virus, sheep, goats
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Kratak sadržaj

Lentivirus malih preživara izaziva dugotrajno, multisistemsko hronično 
oboljenje kod ovaca i koza koje može biti sa ili bez kliničkih simptoma. 
Medi-visna virus (MVV) i virus artritisa i encefalitisa koza se smatraju 
lentivirusima malih preživara (SRLV) zbog njihove fi logenetske sličnosti i 
prenošenja viruse među vrstama. 

Tokom perioda od 5 godina, od 2014-2018, sprovođen je godišnji 
monitoring program za muške priplodne životinje, radi utvrđivanja antitela 
protiv SRLV virusa pomoću ELISA serološke metode. Ukupno je ispitano 
5039 uzoraka krvnih seruma životinja i utvrđena ukupna seroprevalenca 
od 5.59%. Kod muških životinja seroprevalenca za ceo period je 5,15%, a 
kod ženskih životinja je 6,15%. Tokom posmatranog perioda utvrđena je 
seroprevalenca kod ovnova 4.52%, kod jarčeva 17.61% , kod ovaca 1.14% i 
kod koza 12.57%. U poređenju sa rezultatima prethodnih studija, a i tokom 
perioda ovog istraživanja, utvrđeno je da je seroprevalenca za virus SRLV 
zapravo opala kod ovnova i jarčeva. Iz ovakvih rezultata se može zaključiti 
da je godišnji monitoring program veoma važan i mora da se održi i u 
budućnosti, da bi se ovo oboljenje držalo pod kontrolom. Program takođe 
doprinosi i povećanju svesti kod vlasnika životinja / farmera o SRLV i 
značaju gajenja seronegativnih životinja.

Ključne reči: SRLV, Medi Visna virus, ovce, koze
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INTRODUCTION

Maedi-visna virus (MVV) and Caprine arthritis encephalitis virus (CAEV) 
are oft en considered together as small ruminants lentivirus (SRLV) because 
of their phylogenetic correlation and the interspecies transmission between 
sheep and goats. SRLV belongs to genus Lentivirus, subfamily Orthoretroviri-
nae and family Retroviridae. SRLV can cause a chronic lifelong, multisystemic 
diseases in sheep and goats with clinical manifestation in adults. Due to a slow 
progress of the disease, the possibility of infection within a fl ock is high. Most 
of infected animals never develop clinical symptoms. In sheep, name “visna” 
stands for the disease that aff ects central nervous system, a neurological form 
of the disease and predominantly causes meningoencephalitis in sheep. Th e 
term “maedi” stands for infection of the lungs. Besides this, the virus can also 
aff ect other organs such as udder.   

Small ruminant lentiviruses include viruses with diverse genotypes that fre-
quently cross the species barrier between sheep and goats that display a great 
genetic variability. Th ere are fi ve genotypes (A-E) of SRLV (Minguijón et al., 
2015). Genetic variability is a key feature of small ruminant lentivirus genome 
and is essential for accurate diagnosis. Th ere is a slight variation of the strains 
of SRLV and specifi c symptoms can be more dominant depending on the dif-
ferences in genetic susceptibility patterns. Depending on the cell type, visna/
maedi virus infection may lead to a cytopathic eff ect, or remain unnoticed. 

Caprine arthritis and encephalitis virus (CAEV) can aff ect joints, central 
nervous system and udder in goats (Marcom et al., 1991). Arthritis can be 
found in infected animals which are 1 to 6 years old, with swollen carpal joints, 
causing limp and weight loss in sick animals (Blacklaws, 2004).

Serological diagnostic methods are considered the most convenient for de-
tection of SRLV infections (de Andres et al. 2005). Diff erent serology methods 
can be used for diagnostics of the disease, like agar gel immunodiff usion test, 
indirect immunofl uorescence test and ELISA test (Larruskain and Jugo, 2013). 
Aft er infection, seroconversion takes several weeks, mostly between 2 and 8 
(Carrozza et al., 2009; Reina et al., 2011). 

Domesticated host animals of the virus are sheep (Ovis aries) and goats 
(Capra hircus). European moufl on (Ovis aries musimon) is also recognized as a 
host in the wilderness (Straub, 2004). Th e earliest reports on the disease come 
from South Africa and the USA (Straub, 2004, Randall et al. 1988), but nowa-
days the disease can be found in all the countries where sheep are bred. Th is 
virus is distributed all over Europe and in many other countries worldwide. 
According to International Animal Health organization (OIE), back in 2005, 
the disease was either reported as present or known to be present in most of 
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European countries (Austria, Belgium, Bulgaria, Czech Republic, Denmark, 
Finland, France, Germany, Hungary, Iceland, Ireland, Luxembourg,  Nether-
lands, Norway, Poland, Portugal, Sweden, Switzerland and UK) (OIE, Handis-
tatus, 2005). One of the most important factors that aff ected the spreading of 
this disease in diff erent countries (such as Denmark, Norway, Finland and the 
United Kingdom) is the trade of animals without control (Gjerset et al 2007). 
In some other countries there was serological evidence and/or isolation of the 
agent (Latvia, Slovakia) and in some countries the virus was not found at that 
time. Later on, the evidence of the disease appeared in those countries too, like 
in Serbia and Romania (Vidić et al., 2008; Mihai et al., 2018). So far, SRLV-free 
countries are New Zealand and Australia. Th e fi rst survey in Serbia was con-
ducted in 2008, when a prevalence of 16.24% was found in the whole country 
by ELISA test (Vidić et al., 2008). Th e attention was brought to this disease at 
that time and then in 2012 a seroprevalence of 21% was found in sheep (vary-
ing from 14-30% in diff erent regions) to 6.81% in rams (Savić et al., 2012). It 
is very important to identify the presence of Maedi-visna infection because 
of the long incubation period, and control of this disease is complicated since 
there is no treatment, no vaccine and the options for prevention are limited. 
Th is is why a monitoring program for breeding animals was introduced in 
2016. Th e purpose of this study was to analyse the seroprevalence in sheep, 
rams, goats and bucks aft er the 3 years of active monitoring program in breed-
ing animals for SRLV and to show if and how seroprevalence has changed over 
the study period.

Diff erent studies have shown that all productivity parameter measures ap-
peared to be reduced in the seropositive groups for both goats and sheep, even 
though the diff erences were not statistically signifi cant (Leginagoikoa et al., 
2010; Barquero et al., 2013; Junkuszew et al., 2016).

MATERIAL AND METHODS

Material/sampling and sample distribution

During a fi ve-year period, from 2014-2018, an annual monitoring on male 
animals (rams and bucks) used for breeding was conducted. Th e purpose of 
this program was determination of antibodies against SRLV with ELISA se-
rological method. Th is program was proposed and coordinated by the Veteri-
nary Directorate of the Ministry of Agriculture, Forestry and Water Manage-
ment. Th e monitoring program is planned and announced every year and it 
applies to the whole country, including all regions. Th e analyses in this study 
were done according to that mandatory annual program introduced by the 
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government of Serbia and so they included all male animals (rams and bucks) 
used for breeding. Besides male animals, female animals were also analysed 
when there was a suspicion that the disease is present in a fl ock. Th e region 
in which the sampling was performed was South Backa and Srem District – a 
region which is controlled by the Scientifi c Veterinary Institute “Novi Sad”. 
Th is means that during the whole study period, each year the animals from 
the same regions were analysed. In total, serum samples from 5,039 animals 
were included in the study. Out of the total, 1,316 samples were from sheep, 
2,587 samples were from rams, 994 samples were from goats and 142 samples 
were from bucks. Th ere were 2,729 samples from male and 2,310 samples from 
female animals analysed for the presence of antibodies against SRLV.

Th e ELISA methods  

Th e kits used were ELISA diagnostic kits of two types. First, the screening di-
agnostic kit was used in order to identify samples positive for antibodies against 
SRLV. Positive samples identifi ed with screening ELISA kit (ID Screen MVV-
CAEV Indirect Screening test, IDvet, France) were then analysed with a confor-
mation ELISA kit (INgezim MAEDI Confi rmation, Ingenaza, Spain) in order to 
obtain the conformation of positive samples. Screening kit is designed to detect 
antibodies against SRLV in sheep and goat serum samples, based on an indirect 
ELISA technique using a purifi ed pool of SRLV antigenic peptides. Conforma-
tion assay was designed to confi rm the positive samples obtained in the screening 
test by detection of specifi c antibodies against SRLV through the use of specifi c 
peptides of genotypes A and B. Th e sensitivity and specifi city of the kits were 95%.

RESULTS

During the fi ve-year period, the results were categorized by year and by 
animal species and categories into tables and pictures. From the total number 
of 5,039 analysed animal samples, 282 were positive for SRLV, which is 5.59% 
of  anlysed animals. Th e seroprevalence for the whole period was 5.15% only 
in male animals, while and in female animals it was 6.15%.

Seroprevalence for SRLV for the whole 2014-2018 period was 4.52% in 
rams, and 17.61% in bucks. In sheep, seroprevalence for the whole period was 
1.14% and in goats it was 12.57%. Th e number of positive samples for antibod-
ies against SRLV and seroprevalence in sheep, rams, goats and bucks is shown 
in Table 1 and Figures 1 and 2.
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Table 1. Number of analysed and positive samples of rams, sheep, goats and bucks for 
antibodies against SRLV during the 2014-2018 period

Year
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2014 310 124 0 - 19 0 - 162 0 - 5 0 -
2015 168 137 2 1.46 31 0 - 0 0 - 0 0 -
2016 920 351 3 0.85 532 53 9.96 2 0 - 35 8 22.86
2017 781 258 5 1.93 502 18 3.58 0 0 - 21 10 47.62
2018 2860 446 5 1.12 1,503 46 3.06 830 125 15.06 81 7 8.64
Total 5039 1316 15 1.14 2,587 117 4.52 994 125 12.57 142 25 17.61

Figure 1. Number of positive samples for antibodies against SRLV virus in sheep, 
rams, goats and bucks for the 2014-2018 period 
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Th e number of positive animals in the years 2014 and 2015 was 0 and 2 
respectively, leading to no seroprevalence and a very low seroprevalence, re-
spectively. Th is was most probably due to a very low number of total samples 
taken during those two years, and also due to a low number of samples taken 
from goats/bucks. Th e monitoring program was in preparation and the ac-
tual numbers were gained during the next three years, over the period from 
2016 to 2018. During this period, the seroprevalence did not change much 
in sheep (0.85 – 1.93%), but in rams it signifi cantly decreased from 9.96 to 
3.06%. Th e seroprevalence in goats was 15.05% in 2018, which is rather high 
compared to other categories, but in the previous years it was not looked into. 
Th e seroprevalence in bucks was mostly inconsistent, but it was decreasing 
signifi cantly from 47.62% to 8.64%. Seroprevalence in sheep and rams (3.38%) 
is signifi cantly lower than in goats and bucks (13.20%). 

Th e overall seroprevalence for the whole study period (2014-2018) in 
sheep, rams, goats and bucks is shown in Figure 2.

Figure 2. Th e overall seroprevalence for the whole study period (2014-2018) in sheep, 
rams, goats and bucks 
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DISCUSSION

During the 2014-2018 period, seroprevalence for SRLV decreased from 
9.96% to 3.06% in rams and from 47.62% to 8.64% in bucks. In sheep, the sero-
prevalence did not change much over the years (0.85-1.93%), but in goats it ap-
peared to be very high during the last year of the study (15.06%). Compared to 
previous studies, it can be observed that the overall seroprevalence decreased 
to 5.59%, and it is very interesting regarding the sex and species categories.   

Th e fi rst survey in Serbia was conducted in 2008 and seroprevalence of 
16.24% was found in the whole country (Vidić et al., 2008). A study from 2012 
showed a seroprevalence of 21% in sheep in Vojvodina region, while in rams 
it was 6.81% (Savić et al., 2012). Th en, in the period from 2013 to 2015 sero-
prevalence seemed to be very low, but it was only because a very small number 
of samples (or even none) were analysed. When the monitoring program co-
ordinated by the Veterinary Directorate started in 2016, a signifi cantly higher 
number of samples were analysed, but still not from all the categories. Only 
in 2018, a representative number of samples were gathered from sheep, rams, 
goats and bucks. What is also important is that seroprevalence in goats and 
bucks together (13.20%) was signifi cantly higher than seroprevalence in sheep 
and rams (3.38%), even though the number of analysed samples was signifi -
cantly lower in goats and bucks.

 Th e characteristic of SRLV antibodies is that they are slow in appearance 
aft er the infection and this has to be taken into consideration when fi ndings 
are discussed. Passively obtained antibodies can last for 6 months and when 
serological examination of sheep is performed before this period, this fact 
needs to be taken into account as well. Positive serology fi ndings do not mean 
that symptoms will appear. It means that the animals were in contact with the 
virus, but the animals will not necessarily be sick. Prevalence can be high in a 
fl ock, especially in older animals meaning that there was a contact between the 
fl ock and the virus (Gomez-Lucia et al., 2018).  

Th e prevalence of SRLV seems to be much higher in farms where lambs 
and kids are fed with a pool of colostrum or milk from the tank, a practice that 
favours transmission to the management system (Leginagoikoa et al., 2010; 
Barquero et al., 2013). Besides a type of management system (higher SRLV 
seroprevalence in intensively reared sheep than in semi-intensively and exten-
sively reared sheep), fl ock size also can be a factor. According to Junkuszew 
et al. (2016) 70 dams are the limit above which there is an increased risk for 
lentiviral infection. Th e route of transmission is related to body fl uids, mainly 
respiratory exudates and milk or colostrum and also airborne, favoured by 
overcrowding (Barquero et al., 2015). 
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Th e region in the study area is very developed in agriculture with plant 
production and soil exploitation. Th us, sheep and goats are mostly kept in sta-
bles with a lot of animals in a small area. Traditionally, the size of the fl ock is 
from one hundred to a few hundred animals. Only in the places where the soil 
is not suitable enough for plant production, animals can be kept on pastures 
where they can easily get in contact with other fl ocks. Also, traditionally, male 
animals are traded between diff erent fl ocks. Sheep are most commonly used 
only for meat production and lambs are not separated from mothers that nurse 
them, which carries a great risk of getting infected with SRLV through milk 
or colostrum. Th ere is also a great risk of other ways of infection due to the 
direct contact with older animals in fl ock which are all kept together. Goat 
breeding is oriented exclusively towards milk production and lambs and kids 
are separated from dams at early stages of life, so it is more appropriate to take 
measures in order to diminish the risk of infection with SRLV.

Th e main economic losses resulting from SRLV infection come from the 
eff ect of subclinical infection on the productivity of infected fl ock. Th e eco-
nomic impact of this disease is a direct damage from increased mortality in 
a fl ock. But besides that, there is a decreased production of animals, a higher 
level of illness incidence, etc. Seropositive animals have lower level of milk 
production, shorter lactation period and reduced reproduction abilities. Th e 
presence of the disease in a fl ock signifi cantly aff ects the value of the animals 
on the market.

CONCLUSION

Th e number of positive animals is a signifi cant fi nding especially with re-
gards to a longer screening period. It is important to keep the disease under con-
trol, because the losses resulting from this disease are signifi cant, which means 
that the annual monitoring program is crucial. What has not been accomplished 
so far is including a larger number of goats and bucks in the program in order to 
gain much more precise results, and to identify the infected fl ocks. 

In the observed region there are seropositive animals within the fl ock 
which need to be under control. Th ere is uneven distribution of seroposi-
tive animals within the region. However, all the municipalities are aff ected by 
SRLV virus. 

Annual monitoring program organized by the Veterinary Directorate is an 
ongoing and continuing program. Th e obtained results show that this program 
is very important and needs to be maintained in the future in order to keep 
the disease under control. Th e program helps in raising the awareness and 
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familiarizing the owners with SRLV and the importance of breeding seron-
egative animals. A monitoring program that includes more bucks and goats 
is required in the future as well as a program for seropositive animals. Also, a 
plan on what to do with them while the seroprevalence in the country is still 
relatively low is required.  
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Abstract

Th e contamination of animal feed with mycotoxins is a worldwide 
problem in the animal husbandry, but it also represents a serious threat for 
the whole food chain. Th e health of both animals and humans is potentially 
endangered. From this point of view afl atoxins are a class of mycotoxins es-
pecially well known. Th erefore, new strategies to combat these natural con-
taminants are constantly being developed. Th e most applied method to pro-
tect animals against afl atoxicosis is the utilization of feed additives aimed to 
adsorb afl atoxins. In order to estimate adsorbing potential of feed additive 
“MycoStop DUPLO”, designed for the prevention and/or alleviation of ad-
verse eff ects of afl atoxin B1 in animal nutrition, in vitro trial was conducted. 
As a result of the experiment, conducted at pH 5 during 120 minutes of 
incubation at 37°C, the optimal formulation of the adsorbent was revealed. 
Th is product, in low concentration and in the presence of high amounts of 
toxin, met the stringent European regulation requirements for minimum 
90% afl atoxin binding effi  ciency (90.1% achieved with 0.02% adsorbent and 
4 mg/L toxin concentration). In higher adsorbent (0.2%), and lower toxin 
(0.2 mg/L) conditions, adsorption was 99.6%. Such outcome indicated the 
validity of in vitro experimental approach which can serve as a reliable fast 
tool for triage of adsorbents and preselect them for in vivo tests.

Key words: feed, feed additives, mycotoxins 
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Kratak sadržaj

Kontaminacija hrane za životinje mikotoksinima predstavlja svetski 
problem u stočarstvu, ali i ozbiljnu pretnju u čitavom lancu hrane. Poten-
cijalno je ugroženo zdravlje i životinja i ljudi, a sa ovog aspekta afl atok-
sini su naročito značajna klasa mikotoksina. Stoga se neprestano razvijaju 
nove strategije za borbu protiv ovih prirodnih hazarda. Najčešći vid zaštite 
životinja od afl atoksikoze jeste korišćenje dodataka u hrani za životinje koji 
adsorbuju afl atoksine. U cilju procene kapaciteta adsorpcije aditiva „My-
coStop DUPLO“, namenjenog prevenciji i/ili ublažavanju štetnih efekata 
afl atoksina B1 u ishrani životinja, sprovedeno je in vitro ispitivanje. Kao 
rezultat eksperimenta izvedenog na pH 5 tokom 120 minuta inkubacije 
na 37°C, otkrivena je optimalna formulacija adsorbenta, koji je u niskoj 
koncentraciji i u prisustvu velike količine toksina ispunio stroge zahteve 
evropskih propisa za minimalnom efi kasnošću vezivanja afl atoksina od 
90% (90,1% ostvareno sa 0,02% adsorbenta i 4 mg/L toksina). U uslovima 
veće količine adsorbenta (0,2%) i manje toksina (0,2 mg/L) vezalo se 99,6%. 
Takav ishod ukazuje na validnost in vitro eksperimentalnog pristupa koji 
može da posluži kao pouzdan brzi alat za trijažu adsorbenasa i njihovu 
predselekciju za in vivo testove.

Ključne reči: hrana za životinje, dodaci hrani za životinje, mikotoksini
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INTRODUCTION

Mycotoxins contaminate food chain through food and feed crops, mainly 
cereals, which become infested prior to and during harvest, or during (im-
proper) storage. Th ey are produced as secondary metabolites of diff erent types 
of fungus under the favourable environmental conditions, when temperature 
and moisture are appropriate. Climate changes during the last decade in par-
ticular contributed to the escalation of this problem (Nešić et al., 2014; Nešić, 
2018; Jakšić et al., 2017, 2018, 2019). Afl atoxins are strong (Class I, IARC, 
2002) carcinogens in mammalian species, difuranocoumarin derivatives pro-
duced by diff erent species of Aspergillus (Aspergillus fl avus, Aspergillus parasit-
icus, Aspergillus nomius and Aspergillus pseudotamarii). Several types of afl a-
toxin (14 or more) are found in nature, and B1, B2, G1, G2 and M1 are of major 
importance. Afl atoxins B1, B2, G1 and G2 are direct secondary metabolites of 
fungi, whereas afl atoxin M1 is produced by metabolizing afl atoxin B1 (AFB1), 
which is usually a major product of toxigenic strains (WHO, 2018). Th e pres-
ence of mycotoxin in feed results in huge economic losses for animal breeders 
caused by decreased performance and production, increased susceptibility to 
diseases and other adverse eff ects (Rawal et al., 2010).

Since the mycotoxins have an important impact, there is a continuous ef-
fort to develop various ways to alleviate and/or prevent their harmfulness. Th e 
approach by using diff erent feed additives, which either adsorb mycotoxins on 
their surface or foment enzyme degradation of mycotoxins proved to be par-
ticularly eff ective (EFSA, 2009; Nedeljkovic-Trailovic et al., 2015). Th e output 
depends mostly on the chemical structure of the adsorbent, as well as on the 
type of present mycotoxin. Mineral adsorbents (e.g. hydrated sodium calcium 
aluminosilicate, sodium bentonit, dietary clay and zeolites) and active charcol 
are among the most used for this purpose. Th ese are the substances that are 
not resorbable from the gut and that physically bind target chemicals and con-
sequently block their resorption (Nešić et al., 2014). Th e feasibility of utilizing 
organic adsorbents has also been examined, particularly those isolated from 
the yeast cell wall that possess signifi cant adsorption capacity (Devegowda 
et al., 2004; Nešić et al., 2008). Recently, some new types of additives which 
contain microorganisms have been developed. Th ey have the ability to enzy-
matically modify the mycotoxin structure (Fuchs et al. 2002; Nešić et al. 2011, 
2012).

Th e ability of diff erent adsorbents to ameliorate afl atoxin B1 toxicity was 
tested in in vitro and in vivo conditions and the fi ndings mostly correlated 
(Vekiru et al., 2015). Supplementation of diets with selected adsorbents, es-
pecially of the bentonite type, seems to almost fully protect animals against 
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afl atoxicosis, so the EFSA Scientifi c Report gives an actual and comprehensive 
overview on this topic (EFSA, 2009). Bentonites are composed predominantly 
of smectite. However, a wide variety of other minerals may occur as impurities. 
Th e dioctahedral smectite mineral montmorillonite is present in most ben-
tonites. Depending on the dominant exchangeable cations, bentonite may be 
referred to as calcium or sodium bentonite. Sodium bentonite swells and ex-
pands to a greater degree than its calcium equivalent. Calcium bentonite may 
be converted to sodium bentonite, then termed sodium activated bentonite. 
Th e type of the cation on the surface of the aluminium sheet (Ca or Na) may 
aff ect the binding capacity of the montmorillonite (EFSA, 2011). 

Besides its excellent nutritional value, yeasts and yeast cell wall can also be 
used as adsorbents for mycotoxins. Th e adsorption of mycotoxins can be en-
hanced by using yeast cell walls instead of whole cells. Th e cell walls harbour-
ing polysaccharides (glucan, mannan), proteins and lipids exhibit numerous 
diff erent and easily accessible adsorption centers including diff erent adsorp-
tion mechanisms, e.g. hydrogen bonding, ionic, or hydrophobic interaction 
(Huwig et al., 2001). Regarding polysaccharides, including β-D-glucan and 
α-mannan, it has been proposed that their antigenotoxic action mechanism is 
related to their action as antioxidant agents (Pereyra et al., 2012). Th e ability 
of β-D-glucan to partially prevent DNA damage induced by AFB1 in mouse 
hepatocytes was determined in a trial (Madrigal-Bujaidar, 2015). Th e data sug-
gested the formation of a supramolecular complex between AFB1 and β-D-
glucan. Mannan oligosaccharide is a potent immunomodulator which allevi-
ates the damages of AFB1 (Sun et al., 2019).

Th e aim of the presented in vitro trial was to estimate adsorbing potential 
of “MycoStop DUPLO”. It is a feed additive which combines bentonite and 
yeast components and is intended for prevention and/or alleviation of adverse 
eff ects of afl atoxin B1 in animal nutrition.

MATERIAL AND METHODS

Chemicals and mycotoxin adsorbents 

AFB1 standard was purchased from Sigma-Aldrich, Cat No A6636 ((St. 
Louis, MO, USA). Stock solution of AFB1 was prepared by dissolving the toxin 
in acetonitrile (10 μg/mL). Acetonitrile HPLC gradient grade was purchased 
from Fisher Scientifi c (Leicestershire, UK). To perform the adsorption ex-
periments, appropriate volume of stock standard solution was evaporated to 
dryness and dissolved in buff er solution. Acetate buff er (pH5), 0.1 mol/L was 
prepared by dissolving 0.82 g of sodium acetate (C2H3NaO2; Lach-Ner, Nera-
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tovice, Czech Republic) in approximately 90 mL of distilled water. Th en, the 
solution was adjusted to pH5 with acetic acid analytical grade (C2H4O2), and 
fi lled up to 100 mL with distilled water. 

Five samples of diff erent adsorbents (1 - 5) were provided by INBERG d.o.o. 
(Belgrade, Republic of Serbia). Four of them (2 - 5) consisted of bentonite (smec-
tite - dioctahedral montmorillonite) and yeast cell wall extracts, in diff erent 
combination, while one (labelled 1) contained zeolite as inorganic component. 

Physico-chemical characterization tests 

Th e physico-chemical properties of adsorbents were examined as moisture 
content, acidity and swell index. Moisture content in adsorbents was deter-
mined by drying in oven (Memmert UNB 500, Germany) at 105°C to constant 
mass. Th e acidity of the adsorbent samples was measured in 1:10 adsorbent: 
water suspension (De Mil et al., 2015). Th e suspensions were shaken for 2 h 
and were left  to sediment for next 2h under closed lid. Th e pH of the superna-
tant was measured using pH meter (Consort, Turnhout, Belgium). For deter-
mination of the swell index, the ASTMD5890, 2011 method was used.

In vitro experiment design

Th e assessment of afl atoxin B1 adsorption capacity was accomplished in 
accordance with the Regulation (EU) No 1060/2013 (European Commission, 
2013), an approved method for the evaluation of bentonites authorized as feed 
additives against AFB1. Th e test was carried out in a buff er solution at pH 5.0, 
at 37°C, for 120 minutes, with a concentration of 4 mg/L for AFB1 and 0.02% 
(w/v) for the adsorbent (phase I). Th e best performing adsorbents from the 
phase I were examined in the second phase of the experiment. In this phase, II 
binding capacity was investigated using a standard solution of 0.2 mg/L AFB1 
and the adsorbent in the concentration of 0.2% (w/v; Prapapanpong et al., 
2019). All the tests were done in triplicate. 

Aft er incubation (shaking for 2 h at 37°C), samples were fi ltered (syringe 
fi lters 0.22 μm; LLG-Labware, Meckenheim, Germany) and the solution was 
analyzed by an HPLC Dionex UltiMate 3000 Series system equipped with a 
FLD 3100 detector (Th ermo Scientifi c, Germering, Germany) at 30ºC, and 
λex 365 nm, λem 435 nm. Th e HPLC column was SupelcosilTM LC-18-DB, 250 
x 4.6 mm (particle size 5 μm; Merck, Darmstadt, Germany), fi tted with a 
guard column. Th e mobile phase was acetonitrile: water (50:50, v/v) fi ltered 
through 0.22 μm membrane fi lter, at a fl ow rate of 1.2 mL/min. Th e system 
was controlled by Chromeleon® 7 soft ware (Th ermo Scientifi c, Germering, 
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Germany). Th e peak areas at afl atoxin B1 retention times were compared to the 
corresponding calibration curves. Calculation of AFB1 adsorption rates (%) 
was performed according to the following equation: 

BCAFB1 = (1-CI/C0) x 100%
BCAFB1 = binding capacity; CI = concentration of free AFB1 aft er the incu-

bation period; C0 = initial fortifi ed concentration of the AFB1.

RESULTS

Th e results of physico-chemical characterization tests showed diff erent 
properties of adsorbents regarding moisture content, swell index and acidity 
(Table 1).

Table 1. Results of physico-chemical characterization tests

Sample 
label Moisture content (%) Swell index 

(mL/2g) pH

1 4.80 ± 0.18 2 6.4 ± 0.1
2 10.46 ± 0.18 8 6.5 ± 0.4
3 9.80 ± 0.15 13 7.6 ± 0.1
4 7.73 ± 0.03 5 6.5 ± 0.1
5 7.22 ± 0.11 4 7.4 ± 0.2

Test results for the adsorption of afl atoxin B1 (4 mg/l) by diff erent adsor-
bents 1 - 5 (0.02% w/v) at pH 5 aft er 120 minutes (phase I) were from 9.1 ± 
1.9 % to 90.1 ± 0.2 %. In the second phase (phase II) of the trial, which was 
performed with high adsorbent (0.2% w/v) and low toxin concentration (0.2 
mg/L), the best performance was confi rmed for the sample number 4 as bind-
ing capacity was 99.6 ± 0.03 % (Table 2).

Table 2. Binding results for diff erent adsorbents (1 – 5) and afl atoxin B1 in the phase I 
and II (pH5, 37°C, 120 min) [%]

Sample 
label

Phase I: AFB1 4 mg/l + 
adsorbent 0.02% w/v

Phase II: AFB1 0.2 mg/L 
+ adsorbent 0.2% w/v

1 9.1 ± 1.9 /
2 88.3 ± 1.3 97.2 ± 0.3
3 85.7 ± 0.8 93.8 ± 2.4
4 90.1 ± 0.2 99.6 ± 0.03
5 27.0 ± 0.5 /
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Th e characterization study showed that all samples diff ered in physico-
chemical properties, such as moisture content and swelling index. Besides that, 
their ability to adsorb afl atoxin B1 also varied greatly.

DISCUSSION

Th e variable properties of adsorbents are the result of their diff erent com-
position in terms of the ratio of organic and inorganic components. Sample 
number 1 mostly diff ered, as it contained zeolite for mineral component in-
stead of montmorillonite. However, more samples need to be investigated for 
correlation assessment between physico-chemical properties of adsorbents 
and the amounts of adsorbed toxin.  

According to Regulation (EU) No 1060/2013 (European Commission, 
2013), AFB1 good binding capacity (BCAFB1) should be above 90%, which was 
achieved with the product number 4. Th e adsorbent was tested under „intensi-
fi ed conditions” (low binder concentration and high toxin concentration), as 
described by Vekiru et al. (2015) and such concept was carried out to get closer 
to the limit of the product’s adsorption capacities. In the Phase II, an extremely 
high percentage of binding for the same sample confi rmed the previous good 
outcome.

Based on the obtained results, the material labelled with number 4 was 
categorized as good and its composition proved to be the best of all the exam-
ined samples. Bentonite, which is the main component of this product, is well 
known for its ability to bind afl atoxins (EFSA, 2009, 2011), while natural yeast 
extracts, a cell wall derivatives of Saccharomyces cerevisiae, show considerable 
binding ability with several commonly occurring mycotoxins (Devegowda and 
Murthy, 2005) and are benefi cial in minimizing their adverse eff ects in animals 
(Nešić et al., 2008). Such multilevel mechanism of action, achieved through 
the complex composition of this adsorbent, indicate various usage potentials 
and also enable further effi  ciency testing of this feed additive. 

Th e poorest performing of the zeolite sample was sample (No 1), which is 
in accordance with the results of Th ieu and Pettersson (2008) who reported 
that bentonite has a better ability to adsorb AFB1 than zeolite. According to 
Marroquín-Cardona et al. (2009), this could be due to the smaller size of the 
zeolite pores (4 - 7 Å in case of natural clinoptilolite) in comparison with AFB1 
size (10.4 - 12.8 Å), which limits the adsorption to the external surface only.

As reported in the case of charcoal, in vitro success is not always a suffi  cient 
criterion to choose an adsorbent for practical use, so in vivo trials should verify 
its usefulness (Diaz et al., 2002; 2004). Even among good binders, there were 
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diff erences in in vivo effi  cacy, indicating that in vitro testing alone is not always 
adequate for complete evaluation of the additive (Vekiru et al., 2015). Never-
theless, the advantage of in vitro test is the possibility of rapid screening effi  -
ciency of a large number of adsorbents. In this way, the reduction of mycotoxin 
toxicity is also indirectly confi rmed. Th us, in vitro experimental approach can 
serve as a reliable fast tool for triage of adsorbents. Vekiru et al. (2015) showed 
in their trial that it is a helpful to preselect an AFB1 adsorbent and to predict 
the in vivo AFB1 detoxifying performance.

CONCLUSION

As a result of the presented experiment, the optimal formulation of the 
adsorbent No 4 “MycoStop DUPLO“ was found, which at low concentration 
and in the presence of high amounts of toxin met the stringent European regu-
lation requirements for the minimum 90% afl atoxin binding effi  ciency. Based 
on good in vitro afl atoxin B1 adsorption results, it seems pertinent to extend in 
vivo studies of the selected adsorbent. As, according to literature data, it com-
bines bentonite and yeast polysaccharides, it is reasonable to perform assays 
with other mycotoxins in the future and expect promising results.

Although there is a regulation on the in vitro testing of bentonite in the EU, 
many national regulations worldwide do not cover estimation of binding ca-
pacity of adsorbents used as additives in animal feed. Also, there is no unique 
methodology for analyzing adsorbents and variously designed experiments 
could be found in the literature. Th erefore, the information on the adsorption 
capacity is obtained in diff erent ways and is not always comparable. It would 
be necessary to standardize this procedure and establish regulations to cover 
this signifi cant area.
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Abstract

Th e outbreak of lactococcosis aff ecting rainbow trout, weighing 70 - 
120 g, occurred at a trout aquaculture facility in Central-West Serbia during 
July, 2018. Th is outbreak lasted for three weeks, and cumulative mortality 
attributed to the disease was around 40%. Th e diseased fi sh showed erratic 
swimming, dark discoloration and exophthalmia, with the cumulative mor-
tality of around 40%. A pure Gram-positive cocci isolates were obtained 
from the eye and kidney samples. Based on colony morphology, pheno-
typic and biochemical characteristics, the isolated bacterium was presum-
ably identifi ed as Lactococcus garvieae. Using the BBL CRYSTAL GP ID 
system, the isolate was identifi ed as L. garvieae and the identity of the iso-
late was confi rmed with MALDI-TOF Mass Spectrometry. Blast analysis 
of 16S rRNA sequence of our isolate had a 99.4 to 99.6% similarity to the 
L. garvieae strains previously isolated from diseased fi sh. Th e antibacterial 
activity of 15 antimicrobials against L. garvieae was evaluated using disc 
diff usion. In this paper, we report the fi rst case of lactococcosis in rainbow 
trout in Serbia, isolation and characterization of causative agent, Lactococ-
cus garvieae from diseased rainbow trout.
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Kratak sadržaj

Pojava laktokokoze u zapatu kalifornijske pastrmke, težine 70 - 120 g, 
je utvrđena na pastrmskom ribnjaku u zapadnoj Srbiji u julu 2018. godine. 
Bolest je trajala tri nedelje, a kumulativni mortalitet nastao kao posledica 
oboljenja je iznosio oko 40%. Klinička slika se karakterisala promenama u 
plivanju, tamnom pigmentacijom kože i izraženim egzoft almusom. Na os-
novu morfoloških i biohemijskih karakteristika, izolovana bakterija je iden-
tifi kovana kao Lactococcus garvieae. Korišćenjem BBL CRYSTAL GP ID sis-
tema, izolat je identifi kovan kao L. garvieae, a identitet izolata je potvrđen 
pomoću  MALDI-TOF masene spektrometrije. Analiza 16Sr RNK sekvence 
našeg izolata pokazala je sličnost od 99,4 do 99,6% sa sekvencama sojeva L. 
garvieae prethodno izolovanih iz obolelih riba. Antibakterijska aktivnost 
15 antimikrobnih lekova protiv L. garvieae procenjena je metodom disk 
difuzije. U radu je opisan prvi slučaj pojave laktokokoze kalifornijske pas-
trmke u Srbiji i izolacija i karakterizacija uzročnika bolesti.

Klјučne reči: laktokokoza, Lactococcus garvieae, kalifornijska pastrmka

INTRODUCTION

Lactococcosis is a signifi cant fi sh disease caused by the Lactococcus gar-
vieae bacteria. It is a systemic hyper-acute infection with the occurrence of 
widespread haemorrhaging (Austin & Austin 2016), described for the fi rst 
time at the end of the 1950s in Japan, where the fi rst cases were diagnosed in 
rainbow trout (Vendrell et al. 2006). Now, the disease is present in many parts 
of the world, aff ecting sea fi sh and freshwater fi sh in aquaculture (Meyburgh 
et al. 2017). Rainbow trout is an important species for aquaculture in Serbia, 
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with more than 100 farms in business. Trout farms are mainly concentrated 
in South-East part of the country. In Europe, the fi rst outbreak of this disease 
in rainbow trout was reported in Spain in 1989 (Palacios et al., 1993). Aft er 
that, L. garvieae was isolated in Italy (Reimundo et al. 2011), the UK (Algöet 
et al. 2009), France (Eyngor et al. 2004), Portugal (Pereira et al. 2004), Greece 
(Savvidis et al. 2007), Spain (Aguado-Urda et al. 2011), Turkey (Diler et al. 
2002) and Bulgaria (Eyngor et al. 2004). Lactococcosis is the single most im-
portant risk factor in the European trout industry, with losses approximating 
50% of the total annual production (Eyngor et al., 2004). Th e impact of lacto-
coccosis is particularly signifi cant as losses oft en occur when fi sh reach market 
size (Ceschia et al. 1998). Th e disease causes signifi cant losses at temperatures 
above 15°C. Th e oral route is the main route of L. garvieae transmission (Nakai 
et al. 1999), but the results of a study conducted by Avci et al. (2010) suggest 
that the gills and eyes are major spots of attachment and the proliferation of 
L. garvieae during infection period. Infected fi sh exhibit a variety of clinical 
signs, such as anorexia, exophthalmia, melanosis, conjunctivitis, erect swim-
ming, severe internal haemorrhage and congestion of blood vessel, peritonitis, 
abscess of spleen and liver, meningoencephalitis, and bacterial septicemia (El-
daret al.1999, Evans et al.2009, Pereira et al. 2004).

Th e causative agent, L. garvieae is one of the most important bacterial 
fish pathogens indiff erent freshwater and marine fish species in many coun-
tries (Vendrell et al. 2006; Evans et al. 2009, Meyburgh et al. 2017), with the 
highest economic impact in rainbow trout aquaculture. L. garvieae is a non-
motile, non-sporulating, facultative anaerobic, catalase and cytochrome oxi-
dase negative, Gram-positive coccus. It is a lactic acid bacterium, fi rst isolated 
from a case of bovine mastitis it the UK (Collins et al. 1983), and later from 
other animal hosts, such as cows, buff alos, pigs, dolphins, water buff alos, cats 
and dogs (Aguado-Urda et al. 2013, Tejedor et al. 2011). Th e bacterium was 
isolated from rivers and sewage waters, vegetables, meat and dairy products 
(Aguado-Urda et al. 2013). L. garvieae strains of dairy origin have been found 
to be free from virulence determinants, such as haemolysins and gelatinase 
(Fortina et al., 2007), suggesting that L. garvieae dairy strains are unrelated to 
the pathogenic ones (Foschino et al., 2008). Also, L. garvieae was involved in 
an increasing number of human clinical cases including infective endocardi-
tis, septicemia, urinary and skin infections (Aguado-Urda et al. 2011), giving 
rise to the status of an emerging zoonotic pathogen. Although L. garvieae is a 
well-known fi sh pathogen, human infections are usually related to a contact 
with raw fi sh. It has gained recognition as an emerging zoonotic opportunistic 
pathogen, with the ingestion of contaminated foodstuff s being a likely route 
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of infection. Handling and of raw fi sh is reported as a source or risk factor 
in the majority of clinical cases (Gibello et al. 2016). High levels of antibiotic 
resistance and resistance genes in L. garvieae strains should be considered as 
a potential danger for trout culture as well as for public health (Raissy and 
Moumeni, 2016).

In this paper, we report the fi rst case of lactococcosis in rainbow trout in 
Serbia, isolation and characterization of causative agent, L. garvieae from dis-
eased rainbow trout (Oncorhynchus mykiss, Walbaum).

MATERIAL AND METHODS

A total of 20 rainbow trout (weighing 70-120g) that showed the clinical 
signs of the disease were collected from a trout aquaculture facility in Central-
West Serbia in July, 2018. Th e samples for bacterial isolation were obtained 
from the kidney, liver, spleen and eye of the diseased fi sh. Th ey were streaked 
on blood agar plates containing 10% defi brinated sheep blood (BA), Mueller-
Hinton (MH) agar and trypticase-soy agar (TSA) plates, and incubated at 20°C 
for 48h. Single colonies were restreaked on the same media to obtain pure iso-
lates. Pure colonies were subjected to Gram staining, followed by catalase and 
oxidase tests. Th e routine tests for the determination of biochemical charac-
teristics were carried out as previously described (Austin & Austin 2016). Ad-
ditionally, the BBL CRYSTAL™ Gram-Positive (GP) Identifi cation (ID) system 
was used for the biochemical identifi cation of isolated bacterium.

Th e isolate was tested for antimicrobial susceptibility by the disc diff usion 
method on MH agar. Aft er 24h of the incubation, incubation zone diameters 
were measured and evaluated. Th e isolates were classifi ed as sensitive (S), in-
termediary sensitive (I), or resistant (R), on the basis of the size of the zone of 
bacterial growth inhibition, according to the National Committee for Clinical 
Laboratory Standards (CLSI, 2019).

MALDI-TOF 

Protein mass spectroscopy analysis was carried out by matrix-assisted laser 
desorption/ionization time-of-fl ight mass spectrometry (MALDI-TOF MS) as 
previously described (Heras Cañas et al. 2015) using a VITEK MS Mass spec-
trometry microbial identifi cation system (VITEK MS, bioMerieux, France).  
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16S rRNA sequence analysis 

Total bacterial DNA of the isolate was extracted using the Cador Pathogen 
Mini Kit (Qiagen, Germany), following the manufacturer’s instructions. Th e 
extracted DNA from the isolate was used as a template to amplify a 1419bp 
segment of the 16S rRNA gene by the polymerase chain reaction (PCR) tech-
nique using the universal prokaryotic primers 27F (5’-AGAGTTTGATC-
CTGGCTCAG-3’) and 1492R (5’ GGTTACCTTGTTACGACTT-3’). Th e 
composition of PCR mixture was as recommended by manufacturer (Hot-
StarTaq Master Mix Kit, Qiagen, Germany). Th e PCR cycling regime was the 
following: one cycle of 15 min denaturation and Taq activation at 95°C, 35 
cycles of 40 s at 95°C, 40 s at 55°C, and 90 s at 72°C, and  fi nal extension cycle 
of 10 min at 72°C. A small quantity of PCR products was verifi ed by standard 
agarose gel electrophoresis. Th e amplicons were purifi ed using QIAquick PCR 
Purifi cation kit (Qiagen, Germany) and sequenced using the primers 27F and 
1492R. Th e sequencing of PCR product was performed by Macrogen. Th e iso-
late sequence was compared to sequences from the NCBI database, using the 
BLASTn algorithm. Th e limit fi xed for identifi cation of a bacterial species was 
98% nucleotide identity for the 16S rRNA gene. Th e phylogenetic relation-
ships of the isolates were determined by comparative 16S rRNA gene sequence 
analysis. Genetic distances matrix was obtained using Kimura's two-parame-
ter model, and an evolutionary tree was created using the Neighbour-Joining 
method with Mega X (Kumar et al.2018).

RESULTS

Th e disease outbreak aff ecting rainbow trout weighing 70 - 120 g occurred 
at a trout aquaculture facility in Zaovine Lake (43°52’46.3”N 19°24’08.4”E) 
during July, 2018. Th is outbreak lasted for three weeks, and cumulative mortal-
ity attributed to this pathogen was around 40%. Th e water temperature dur-
ing the outbreak was consistently higher than 14°C (with highest temperature 
of 20°C). Th e infected fi sh exhibited lethargy, anorexia, dark skin coloration, 
marked unilateral and bilateral exophthalmos with the presence of generalized 
hemorrhaging or blood spots in the eye, eyeball disruption and loss of eye or 
eyes (Figure 1). 
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Figure 1. Th e hemorrhaging in the eye and exophthalmos in diseased rainbow trout 
caused by lactococcosis

Macroscopic examination revealed the accumulation of fl uid in the body 
cavity. Skeletal muscle and liver were anemic with congestion. Liver and spleen 
were enlarged. Hemorrhages were present in liver, adipose tissue, pyloric caeca 
and muscle. Enlargement of the spleen and liver, and hemorrhagic enteritis with 
yellow, gelatinous fl uid in the lumen of intestine were observed (Figure 2). 

Figure 2. Lactococcosis in rainbow trout - hemorrhages in internal organs, enlarge-
ment of the spleen and liver, and yellow, gelatinous fl uid in the lumen of intestine
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Aft er 48h incubation, pure cultures of cream-colored, opaque, round and 
convex colonies were recovered from eye and kidney samples (Figure 3).

Figure 3. Growth of colonies of L. garvieae SRB NIVS-1 strain on a blood agar plate 
aft er 24 hours of incubation in aerobic conditions. 

Th e bacterial cells were α-hemolytic, non-motile, oxidase-negative, catalase-
negative, Gram-positive cocci occurring in pairs and short chains (Figure 4).

Figure 4. Gram stain of L. garvieae SRB NIVS-1 strain with clusters and short chains 
of gram-positive cocci.
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Based on colony morphology, phenotypic and biochemical characteristics, 
the isolated bacterium was presumably identifi ed as L. garvieae (Table 1).

Table 1. Phenotypic characteristic of L. garvieae SRB NIVS-1 strain isolated from 
diseased rainbow trout.

Phenotypic characteristics L. garvieae 
SRB NIVS-1

L. garvieae 
ATCC 43921

Colony morphology smooth smooth
Cell morphology ovoid-cocci ovoid-cocci
Gram staining + +
Motility - -
Production of oxidase - -
Production of catalase - -
Production of indole - -
Production of H2S - -
Citrate utilization - -
Methyl red + +
Voges Proskauer + +
Nitrate reduction - -
Starch hydrolysis - -
Growth on nutrient agar + +
Growth on trypticase soy agar + +
Growth on brain heart infusion agar + +
Growth on Mueller-Hinton agar + +
Growth on MacConkey agar - -
Hemolysis in blood agar α α

Using the BBL CRYSTAL GP ID system, the isolate was identifi ed as L. 
garvieae ID: 3440571723 (Table 2). 

Table 2. Th e BBL Crystal profi le for L. garvieae isolated from diseased rainbow trout

L-phenylalanine-AMC + p-nitrophenyl-β-D-cellobioside +
L-tryptophan-AMC + p-nitrophenyl-α-D-maltoside +
Trehalose + Esculin +
Sucrose + L-valine-AMC +-
Arabinose - pyroglutamic acid-AMC +-
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p-nitrophenyl-β-
D-glucoside + 4MU-N-acetyl-β-D-glucosaminide +-
p-nitrophenyl-
phosphate - L-isoleucine-AMC +

Urea - Methyl-α & β-glucoside +
4MU-β-D-glucoside + Maltotriose +
4MU-α-D-glucoside + Fructose +
L-arginine-AMC +- Proline & Leucine-p-nitroanilide +

Lactose -
o-nitrophenyl-β-D-galactoside 
(ONPG) & p-nitrophenyl-
α-D-galactoside

-

Mannitol + ID: 3440571723 Lactococcus garvieaeGlycerol -
Th e L. garvieae isolate was tested in the present study with 15 diff erent 

antimicrobials in terms of antimicrobial sensitivity and results are shown in 
Table 3. 

Table 3. Antibiotic sensitivity of L. garvieae isolate SRB NIVS-1 isolated from dis-
eased rainbow trout

Antibiotic Sensitivity
Flumequine (15 μg) R
Oxytetracycline (30 μg) S
Sulfamethoxazole/trimethoprim (25 μg) R
Enrofl oxacin (5 μg) R
Florfenicol (30 μg) S
Penicillin G (10 IU) S
Ampicillin (10 μg) S
Amoxycillin (25 μg) S
Tetracycline (30 μg) S
Gentamycin(10 μg) R
Neomycin (10 μg ) R
Streptomycin (10 μg ) R
Trimethoprim (5 μg) R
Erythromycin (15 μg) S
Oxacillin (1 μg) R

To further confi rm our result, the L. garvieae strain SRB NIVS-1 was iden-
tifi ed with MALDI-TOF, which also confi rmed the identity of our isolate. To 

Arhiv veterinarske medicine, Vol. 13, No. 1, 53 – 68, 2020 
 Radosavljevic V. … et al.: Th e fi rst outbreak of lactococcosis … 

61



Arhiv veterinarske medicine, Vol. 13, No. 1, 53 – 68, 2020 
 Radosavljevic V. … et al.: Th e fi rst outbreak of lactococcosis … 

62

determine the genotype identity, we have extracted and sequenced the 16S 
rRNA (1419 bp, NCBI Genbank accession number MT000099) of strain SRB 
NIVS-1 and blasted using BLAST search program in the GenBank of NCBI, 
which revealed 99.6% sequence identity with L. garvieae. Th e sequence was 
compared with the sequences of reference species in Genebank data library 
by the BLAST program. Blast analysis of 16S rRNA sequence of our isolate 
presented a 99.4 to 99.6% similarity in sequences to the L. garvieae strains 
previously isolated from diseased fi sh. Th e isolate showed high percentage se-
quence similarity to other strains of L. garvieae: 99.6 % sequence similarity to 
MG016446 from China, 99.5 % sequence similarity to KT428591 from Turkey 
and 99.4 % sequence similarity to KU360715 from Iran. Th e relationship be-
tween the strain SRB NIVS-1 and the closest taxonomic species based on 16S 
rDNA sequences is described in the phylogenetic tree (Figure 5).

Figure 5. Phylogenetic tree based on 16S rRNA gene sequences showing the position 
of L. garvieae SRB NIVS-1 strain

Th e evolutionary history was inferred using the Neighbor-Joining method. 
Th e optimal tree with the sum of branch length = 0.15577609 is shown. Th e 
percentage of replicate trees in which the associated taxa clustered together in 
the bootstrap test (1,000 replicates) is shown next to the branches. Th e tree is 
drawn to scale, with branch lengths in the same units as those of the evolution-
ary distances used to infer the phylogenetic tree.



DISCUSSION

Th e outbreak of the lactococcosis aff ecting rainbow trout occurred at a 
trout aquaculture facility in Zaovine Lake, an artifi cial lake in the Central-
West Serbia, on the Tara Mountain, created on the Beli Rzav River as a reser-
voir for the Bajina Bašta II reversible hydro power plant. Th is outbreak with a 
total mortality of around 40% lasted for three weeks. Rainbow trout mortality 
due to L. garvieae infection can be up to 60%, depending on the water tem-
perature, stress for fi sh and strain type of the bacterium (Shahi et al, 2018). 
Th e water temperature during the outbreak was consistently higher than 14°C 
(with highest temperature of 20°C). Such high temperature was a critical en-
vironmental condition for the appearance of the disease with a high mortality 
(Pereira et al., 2004, Castro et al. 2017). Clinical fi ndings during the course of 
the disease, including characteristic symptoms as hyperpigmentation and bi-
lateral exophthalmia, were similar to those previously described in other stud-
ies (Evans et al. 2009, Algöet et al.2009, Austin and Austin, 2016). 

Pure colonies of the gram positive streptococcus, non-motile, negative 
for oxidase and catalase, with properties typical for the Lactococcus garvieae, 
as previously described by Collins et al. (1983), were recovered from eye and 
kidney samples from the diseased rainbow trout. L. garvieae strains are pheno-
typically homogeneous, regardless of their geographic location or the aquatic 
host from which they were isolated (Buller, 2014). Th e biochemical properties 
of the isolated bacteria from rainbow trout were analogous to those described 
by Austin & Austin (2016). Th e taxonomy based on a molecular level was used 
to establish the phylogenesis and taxonomic position of the bacterium. Pre-
ferred methods for the identifi cation of L. garvieae are MALDI-TOF MS and 
16s rRNA gene PCR (Heras Cañas et al. (2015). It is important to emphasize 
that this pathogen causes serious economic losses due to increased mortality 
rates (up to 50%), decreasing the growth rates. Th e appearance of sick fi sh 
makes them unmarketable (Vendrell et al 2006). L. garvieae is a major fi sh 
pathogen of rainbow trout in Europe. To our knowledge, this is the fi rst report 
of L. garvieae associated with trout diseases in Serbia. However, it is likely that 
the lactococcosis in rainbow trout will become more frequent in the future.

CONCLUSION

Th is study confi rmed that L. garvieae was the etiological agent of a hem-
orrhagic septicemia in farmed rainbow trout and that the lactococcosis of 
rainbow trout caused by L. garvieae emerged in Serbia. Th e occurrence could 
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be attributed to the signifi cant increase in water temperature during summer 
months, since water temperature is described as the most important environ-
mental factor in the development of the L. garvieae infections in trout. In addi-
tion, variations in water temperature can aff ect fi sh immune response against 
bacterial infection. Lactococcosis is a limiting problem for rainbow trout cul-
ture in many South European countries. Aft er the fi rst occurrence in Spain and 
Italy, the pathogen and the associated disease has spread rapidly throughout 
the South Europe, and further to the South-Eastern part of the continent, with 
disease outbreaks in Greece, Bulgaria and Turkey. In the aff ected countries, 
lactococcosis is a major threat to trout culture, especially during awarm period. 
Th e rapid spread of the pathogen is a result of the multiple routes of dissemi-
nation and transmission of this pathogen. Th is includes direct spread though 
the movement of infected fi sh or asymptomatic carriers and transmission via 
contaminated water (Savvidis et al., 2007). Since L. garvieae have the ability to 
adapt and survive in many environmental conditions including a wide range 
of pH, temperatures, salinity concentrations and nutrient sources (Kusuda et 
al. 1991), the occurrence of the disease in Serbia is a warning for the neighbor-
ing countries with trout aquaculture. It is evident that this agent spreads to the 
new geographic areas, causing the disease with high mortality in susceptible 
population. Th e source of outbreak is not known, but since the disease is pre-
sent in the region and susceptible species are in a river basin which is shared 
between countries, under adequate conditions, further spread of the causative 
agent and concomitant disease is inevitable. Due to the ability of L. garvieae to 
colonize multiple, diverse environments, and because it causes infection in a 
broad range of diff erent hosts, it is reasonable to expect further spread of the 
bacterium and the disease. Since vaccination is considered the best option to 
control lactococcosis in rainbow trout, we hope that an appropriate strategy 
to prevent this infection on Serbian trout farms will be available in the future.
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Abstract

In the Northern part of Serbia, which is part of Pannonian Basin, mute 
swan (Cygnus olor) population has notably increased over the last few 
decades. Like other birds from Anatidae family, mute swans are a host of 
numerous endoparasite species. Th e aim of this study was to acquire the 
data on identifi cation and prevalence of endoparasites in mute swans in the 
Republic of Serbia, as that information is lacking. Individual faecal sam-
ples of sixty-eight adult mute swans were examined for the presence of en-
doparasites. Coprological examination was performed using fl otation and 
sedimentation technique with saturated ZnSO4 solution. Th e samples were 
collected from December 2016 to March 2017, during epizootic of highly 
pathogenic avian infl uenza H5N8 in the Republic of Serbia. Dead mute 
swans were collected from twelve diff erent locations in the Northern part 
of Serbia. Altogether, 39.7% of the examined fecal samples contained diff er-
ent parasites. Th e endoparasitic fauna was divers and included 3 species of 
nematodes, 2 cestodes species, one trematode and one protozoan species. 
Nematodes were the most prevalent helminthes and among these the most 
frequent nematode species found was Heterakis dispar (17.6%), followed 
by Echinuria uncinata (5,8%) and Ascaridia spp. (4,4%). Four mixed infec-
tions were found, where double infection was the most prevalent. No en-
doparasites were found in faecal samples of mute swans collected from the 
locations Sombor and Titel. As this study covers a small population of mute 
swans, more detailed studies need to be carried out on a larger population 
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in order to gain an insight into the diversity and prevalence of endoparasites 
in the Republic of Serbia.

Key words: coprological examination, endoparasites, mute swans, 
nematodes

PRVO ISTRAŽIVANJE FAUNE ENDOPARAZITA 
KOD LABUDOVA GRBACA (CYGNUS OLOR) 

NA PODRUČJU SEVERNOG DELA SRBIJE
Biljana Đurđević*1, Ivan Pavlović2, Marko Pajić1, 

Milena Samojlović1, Miloš Pelić1, Jelena Petrović1, Vladimir Polaček1

1 Naučni institut za veterinarstvo „Novi Sad“, Novi Sad, Republika Srbija
2 Naučni institut za veterinarstvo Srbije, Beograd, Republika Srbija

Kratak sadržaj

U severnom delu Republike Srbije koji pripada Panonskom basenu, 
populacija labudova grbaca (Cygnus olor) značajno je porasla tokom pos-
lednjih decenija. Kao i većina drugih ptica iz porodice Anatidae, labu-
dovi grbci su domaćini različitih endoparazitskih vrsta. U literaturi ne 
postoje podaci o endoparazitima labudova u Republici Srbiji, stoga je 
cilј ovog istraživanja bio identifi kacija i prevalenca endoparazita kod ove 
vrste. Parazitološki je ispitano šezdeset osam pojedinačnih uzoraka fec-
esa poreklom od odraslih labudova grbaca. Koprološki pregled je izvršen 
metodom fl otacije i sedimentacije zasićenim rastvorom ZnSO4. Uzorci 
su prikupljeni tokom epizootije visoko patogene avijarne infl uence H5N8 
u Republici Srbiji, u periodu od decembra 2016. do marta 2017. godine. 
Uginuli labudovi prikupljeni su sa dvanaest različitih lokacija u severnom 
delu Srbije. Različite parazitske vrste detektovane su u 39.7% pregledanih 
uzoraka fecesa. Identifi kovane su tri vrste nematoda, dve vrste cestoda, 
jedna vrsta trematoda i jedna vrsta protozoa. Nematode su utvrđene kao 
helminti sa najvećom prevalencom, a najučestalije detektovane vrste bile su 
Heterakis dispar (17.6%), zatim Echinuria uncinata (5.8%) i Ascaridia spp. 
(4.4%). Utvrđene su četiri mešovite infekcije, gde je dvostruka infekcija bila 
najčešći nalaz Paraziti nisu detektovani iz uzoraka fecesa poreklom od labu-
dova sa lokacija Sombor i Titel. Uzimajući u obzir činjenicu da je u ovom 
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istraživanju obuhvaćena mala populacija labudova grbaca u Republici Sr-
biji, potrebno je sprovesti detaljnije studije na većoj populaciji, kako bi se 
dobio sveobuhvatniji uvid u raznolikost i rasprostranjenost endoparazita.

Ključne reči: koprološki pregled, endoparaziti, labudovi grbci, nema-
tode

INTRODUCTION

It is known than mute swan (Cygnus olor, Gmelin, 1789) population start-
ed to colonize wetlands in Northern parts of Serbia in the early 1980s (Hulo, 
1997). Today there is no precise data about the recent size of the mute swan 
population, but it is known that in the last three decades they mostly overwin-
ter in Bačka Podunavlje, Northern part of Serbia. Also, there is no detailed 
survey on all breeding sites or the number of breeding pairs in whole country. 
However, it is known that the mute swan population in the Republic of Serbia 
has increased during the last three decades (Tucakov, 2005).  

Mute swans are large herbivorous birds, belonging to Anseriformes order, 
Anatidae family. Th e Anseriformes order is primarily associated with water 
and wetland habitats, while the Anatidae are typical waterfowl. Waterfowl 
characteristic to aggregate in large numbers during breeding season or win-
ter migration can lead to the transfer of disease-causing organisms, including 
diff erent parasites. Parasitic diseases of waterfowl are common, but they do 
not cause high mortality rate. However, parasites can contribute to increased 
mortality in cases of other disease outbreaks (Olsen, 2009).   

It is shown that diet and feeding habits play a key role to the parasite fauna 
in birds. Also, habitat can play an important role in creating parasite assem-
blages in birds. Some host species that have wider geographic distribution 
tend to have more diverse parasite community structure, including waterfowl 
and migratory birds, which distinguish them from non-migratory bird spe-
cies (Koprivnikar and Leung, 2015). However, it is still not clear which factors 
most signifi cantly aff ect the diversity and composition of parasite assemblages 
in migratory birds and whether this distinguishes them from non-migratory 
birds (Leung and Koprivnikar, 2016). In Europe, the three diff erent swan spe-
cies can be found: Mute Swan (Cygnus olor), Whooper Swan (Cygnus cygnus) 
and Bewick’s Swan (Cygnus columbianus bewickii). Out of the three European 
swan species, mute swans are the most sedentary, and their movements rarely 
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exceed tens of kilometres (Scott and Rose, 1996; Waldenström et al., 2017). 
To our knowledge, there are no literature data about the biodiversity of 

parasites in mute swans in the Republic of Serbia. Considering its partially mi-
gratory behaviour and their strong association with aquatic habitats, we found 
it very important to establish the extensity and prevalence of endoparasitic 
infections in mute swan populations in Northern part of Serbia. 

MATERIAL AND METHODS

Uncommon high morbidity and mortality of mute swans were observed 
in Northern part of Serbia between December 2016 and March 2017. During 
that period, dead mute swans were collected from twelve diff erent locations 
(Figure 1) and submitted to the Scientifi c Veterinary Institute „Novi Sad“, in 
order to determine the cause of death. Most of dead mute swans were found 
along the shores of Danube armlet. Th ese areas are characterized by shallows 
and inlets of the Danube River, which are a temporary home for thousands of 
migratory and resident aquatic birds. All swans were examined by a full nec-
ropsy according to a standard protocol and gross lesions were recorded. Due 
to the emergence of highly pathogenic avian infl uenza H5N8 outbreaks in the 
autumn of 2016 in most European countries, as well as a large percentage of 
mortality in wild aquatic birds, there was a suspicion of this disease. Diff er-
ent tissue samples (lungs, heart, kidney, intestine, spleen, pancreas and brain) 
were collected from each bird for detection of avian infl uenza virus and other 
diff erential laboratory investigations including histopathology and parasitol-
ogy. Th e gastro-intestinal tracts of all 68 mute swans were removed and cut 
into parts. Th e intestines and gizzards were further carefully slit open and ex-
amined in detail. Faecal samples from distal part of the intestine of each bird 
were collected, labelled, placed in clean plastic containers and stored until use 
at 4°C. Coprological examination was performed in parasitology laboratory at 
Institute of Veterinary Medicine of Serbia, Belgrade using fl otation and sedi-
mentation technique with saturated ZnSO4 solution. Adult parasites were ex-
amined using light microscopy aft er being clarifi ed in lactophenol. Th e iden-
tifi cation of the parasites was based on morphological criteria and was carried 
out following the keys of Anderson (2000), Cole and Friend (1999), Taylor et 
al., (2007) and Rysavy and Cerna (1988).
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Figure 1. Geographical distribution of tested mute swans in the Northern part of 
Serbia.

RESULTS

All dead mute swans were found to be positive for the highly pathogenic 
avian infl uenza strain (HPAI) H5N8. Generally, all swans were in good body 
condition during necropsy, with thick subcutaneous and cavitary fat, with 
mild or no external lesions, which is considered normal in the winter season. 
Gross pathology included hyperemia, hemorrhages, necrosis in most of vis-
ceral organs and the lesions were characteristic for HPAI infection (Božić et 
al., 2016; Božić et al., 2018).

Out of 68 mute swans examined, infection with endoparasites occurred 
in 39.7% of mute swans (27/68). Th e eggs of the following helminths classes 
were detected: Cestodes, Nematodes, Trematodes and one protozoan species. 
Four mixed infections were established, where double infection was the most 
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prevalent and detected in 19.1% of the examined swans. Among the observed 
helminthes, the predominant parasites were nematodes. Out of the three iden-
tifi ed nematode, Heterakis dispar was the most prevalent, found in 12 birds 
(17.6%), followed by Echinuria uncinata in 4 birds (5.8%) and Ascaridia spp. in 
3 birds (4.4%). Two cestoda were identifi ed: Dilepis undula in one mute swan 
(1.4%), and Cladogynia bulbocirrosus in 3 birds (4.4%). One trematode species 
was found, Apatemon gracilis in one swan (1.4%). Finally, only one protozoan 
parasite was found – renal coccidia Eimeria christianseni in 3 examined mute 
swans (4.4%). No intestinal parasites were found in faecal samples of mute 
swans collected from Sombor and Titel. Th e parasites found in mute swans 
and their prevalence is presented in the Table 1. 

Table 1. Extensity and prevalence of endoparasites of tested mute swans in the North-
ern part of Serbia.

Location
Number 
of birds

examined

Parasite

Cestodes Nematodes Trema-
todes

Proto-
zoa

Dilepis 
undula

Cladogy-
nia bulbo-

cirrosus

Echinuria 
uncinata

Hete-
rakis 

dispar

 Ascarid-
ia spp.

Apa-
temon 
gracilis

Eimeria 
chris-

tianseni

Zasavica
Titel
Kanal DTD
Žabalj
Futog
Palić
Bač
Kovilj
Srbobran
Višnjićevo
Sombor
Beograd
Total

1
1

17
8
3

10
3

10
1
3
2
7

68

1/1
-
-
-
-
-
-
-
-
-
-
-
1

-
-
-
-

2/3
-

1/3
-
-
-
-
-
3

-
-

1/17
-
-
-
-

2/10
-
-
-

1/7
4

-
-

2/17
-

2/3
4/10

-
3/10

-
1/3

-
-

12

-
-
-

1/6
-
-
-

1/10
1/1

-
-
-
3

-
-
-
-
-
-

1/3
-
-
-
-
-
1

-
-
-
-
-
-
-
-
-
-
-

3/7
3

 (-) – not detected
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DISCUSSION

Free-ranging wild birds, primarily migratory birds, are capable of trans-
mitting parasitic diseases to greater geographical distances, due to their inter-
ference with other non-migratory birds. Mute swans in this study were col-
lected from wintering areas for migratory birds, so the cohabitation with these 
birds presumably contributes to the composition and structure of the parasitic 
fauna. Research on parasitic fauna of mute swans is mostly conducted in Eu-
rope, New Zealand, and Canada (Papazahariadou et al., 1994; Papazahariadou 
et al., 2008; Pennycott, 1998; Manno et al., 2016; Seegar 1979; Jennings et al., 
1961; Sanford, 1978). Th ere are some studies in the Republic of Serbia regard-
ing parasitological examinations in zoo birds of the Anatidae family (Ilić et 
al., 2018), but to our knowledge, there is no literature data regarding parasitic 
fauna of mute swans. Th is report is the fi rst description of endoparasitic fauna 
in mute swans located in the Northern part of Serbia.   

A total of 39.7% of mute swans in this study were positive for parasite in-
fection and nematodes were the most prevalent helminthes. Detected parasitic 
helminths were from Cestodes, Nematodes and Trematodes classes, and only 
one protozoan species was diagnosed - renal coccidia Eimeria christianseni. 
Few birds were harboring multiple nematode species and among them a spe-
cies from Heterakidae family, Heterakis dispar, was the most commonly found 
(17.6%). Th e same nematode species was detected in small intestine of black 
necked swans from southern America (Gonzalez-Acuna et al., 2010). Adult 
worms of the Heterakis genus generally live in the lumen of the ceca of birds. 
Th ree species are known to be prominent in poultry: H. gallinarum, H. dispar, 
and H. isolonche (Park and Shin, 2010), but some species from Heterakis spp. 
genus such as Dalmatian Pelican, Grey Heron, Sea Gulls and Little Owl are 
also found in wild birds (Papazahariadou et al., 2008). According to the data 
from Serbian zoos, heterakiosis was diagnosed in 12.74% and 2.56% of the 
captive birds examined mainly as mixed infection with coccidiosis, capillari-
osis, askaridiosis and trichostrongylidosis (Ilić et al., 2018).      

Th e nematode Echinuria uncinata was detected in 5.8% of mute swans. 
Th is nematode was reported earlier in mute swans originating from Northern 
Greece (Papazahariadou et al. 1994) as well as in another Greek study (Papaza-
hariadou et al., 2008). When E. uncinata was fi rst recorded in New Zealand 
(Clark, 1979), its pathogenicity was indicated and it is regarded as the most 
devastating parasite of waterfowl in Russia. In general, this species is considered 
to be highly pathogenic to anatid birds (Silveira et al., 2006). However, in the 
present work, such condition was not observed and overall prevalence was low. 
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In the current study, other detected nematode included undefi ned species 
from genera Ascaridia spp. in 4.4% of mute swans. Ascarids do not normally 
cause severe pathogenic eff ects. However, they can cause clinical disease and 
even death in a case of high intensity of infection (Papini et al., 2012). Asca-
ridiosis were diagnosed with the overall prevalence of 10.78% and 10.25% in 
captive birds from Serbian zoos (Ilić et al., 2018), as well as 6.8% of examined 
birds from Italian zoo (Papini et al., 2012). 

Literature data confi rms fi ndings of many other nematodes in mute swans 
and other wild swans that were not diagnosed in our research, comprising 
species from Amidostomum genera (Amidostomum anseris), Capillaria (Ba-
ruscapillaria obsignata, Eucoleus dispar) (Papazahariadou et al., 2008; Tamaru 
et al., 2015; MacNeill, 1970), Acuaria (Acuaria uncinate), and Tetrameres (Te-
trameres fi ssispina) (Jennings et al., 1961). 

In the current study, two cestoda species were identifi ed: Dilepis undula 
in one mute swan and Cladogynia bulbocirrosus in 3 examined swans (4.4%). 
Typically, Dilepis undula is a parasite of passeriform birds. Some authors re-
corded it in blackbirds (Turdus merula, Turdus viscivorus), hooded crows 
(Corvus cornix), Euro-Asian sparrows (Passer montanus) and starlings (Stur-
nus vulgaris) in southern Bulgaria (Marinova et al., 2013). It was also identifi ed 
in blackbirds in Poland (Rzad et al., 2014). 

Th e cestode Cladogynia bulbocirrosus was detected in 3 examined swans 
(4.4%). To our knowledge, the only literature data on the prevalence of this 
cestode species in swans was reported in three black-necked swans (Cygnus 
melancoryphus) in Vienna Zoological Gardens (Gonzalez-Acuna et al., 2010). 
According to the data from Egypt, species from Cladogynia genus - Cladogynia 
phoeniconaiadis were reported in ducks in low prevalence (2.7%) (Aboulaila et 
al., 2011). Also, cestodes of the Cladogynia genus were found incidentally in 
free-ranging fl amingos in Mexico (Aguirre et al. 1991) and low prevalence was 
recorded in birds in Phoenicopteridae family (Papazahariadou et al., 2008).  

In mute swans from this study, only one trematode species was detected 
- Apatemon gracilis in one swan. Apatemon gracilis is an intestinal trematode 
that was frequently reported in ducks in certain geographic areas of Europe 
and it was also found in the intestine of various wild birds. Ducks are its main 
hosts (Liu et al., 2018). Th e life cycle of this fl uke requires two intermediate 
hosts: the fi rst is a freshwater snail and the second includes frogs and freshwa-
ter fi sh in addition to snails. A fi nal host is infected by feeding on the second 
intermediate host containing metacercariae. Th e low prevalence of this fl uke 
in our study may be related to cold winter, bad weather conditions and proba-
bly absence of intermediate hosts. Reports of trematode-induced mortalities of 
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swans are scarce. Some authors described lethal ulcerative hemorrhagic enteri-
tis in mute swans caused by some trematode species such as Echinoparyphium 
recurvatum and Sphaeridiotrema globules (Roscoe and Huff man, 1982). 

As for protozoan species, one species was diagnosed - renal coccidia Eimeria 
christianseni. Low prevalence of renal coccidia could probably be explained due 
to a small number of mute swan kidneys examined (10.3% of the tested swans). 
Renal coccidiosis is caused by protozoal parasites that infect the kidneys and as-
sociated tissues. Most of the coccidia that infect the tissues in most bird species 
belong to Eimeria spp. As with most other parasitic infections, this infection 
is not synonymous with clinical or apparent disease. Asymptomatic infections 
are far more common than those that are severe and cause mortality (Cole and 
Friend, 1999). However, in some cases these parasites can cause serious health 
problems (Giacomo et al. 1997; Pennycott et al. 1998).

CONCLUSION

Th e present survey on endoparasitoses is a valuable initial research work 
which gives an insight into the endoparasitic fauna of mute swans in the Re-
public of Serbia. Even though the assessment included statistically a small 
number of animals, it showed that the endoparasitic infections are present in 
the Northern part of Serbia, and that they are diverse and include nematodes, 
cestodes, trematodes and protozoa. Th e results will surely be valuable for pre-
paring further research plans in this fi eld.
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Abstract

Th e classical swine fever virus has the ability to cross the placental bar-
rier, resulting in the infection of fetuses, which may consequently lead to 
persistent infection in piglets. Th e aim of this study was to report the lesions 
in fetuses naturally infected with CSFV during late gestation and clarify 
the nature of infected cells and the distribution of viral antigen in diff erent 
tissues. A total of twenty-nine fetuses aged 82, 83 and 95 gestational days 
originating from three naturally CSFV infected sows were examined in this 
study. In all tested sows and their fetuses CSFV was detected using RT-PCR 
method. Immunohistochemistry method was used to detect viral antigen 
and monoclonal antibody WH303 was used on formalin fi xed tissue sam-
ples of brain, spleen, heart, tonsils, kidney, ileocecal valve and umbilical 
cord. Th e most common lesions in the majority of fetuses were hyperemia, 
petechial haemorrhages in the skin, lymph nodes and kidneys. With the ex-
ception of myocardium, CSF viral antigen was detected in all the examined 
tissues. WH303 positive cells included endothelial cells, monocytes, mac-
rophages and lymphocytes. Th e largest number of positive cells was found 
in kidneys in all of the examined fetuses. Reticular cells, macrophages, lym-
phocytes and endothelial cells in the spleen were also intensely and widely 
stained in most of the fetuses. Th ese results showed that CSFV antigen can 
be detected in formalin-fi xed, paraffi  n-embedded fetal tissue specimens 
originating from naturally CSFV infected sows by using monoclonal an-
tibody WH303. Fetal kidneys proved to be a very useful organ for diag-
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nosis of the CSF virus. Having that in mind, it is assumed that persistently 
infected piglets may shed a high amount of viral particles through urine. 
However, further research is needed to confi rm this hypothesis.

Key words: classical swine fever virus, fetuses, kidney, immunohisto-
chemistry

DETEKCIJA VIRUSA KLASIČNE KUGE SVINJA 
U FETALNIM TKIVIMA PRASADI PRIMENOM 

IMUNOHISTOHEMIJSKE METODE
Vladimir Polaček*1, Biljana Đurđević1, Tamaš Petrović1, 

Jasna Prodanov-Radulović1, Milena Samojlović1, 
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Kratak sadržaj

Virus klasične kuge svinja poseduje mogućnost prelaska placentarne 
barijere, što može dovesti do infekcije fetusa i posledično do nastanka per-
zistentne infekcije kod prasadi. Cilj ovog istraživanja bio je utvrđivanje lezi-
ja koje nastaju kod fetusa prirodno infi ciranih virusom klasične kuge svinja 
tokom kasne faze gestacije, kao i prirodu infi ciranih ćelija i distribuciju 
virusnog antigena u različitim tkivima fetusa. Ukupno je ispitano dvade-
setdevet fetusa starosti 82, 83 i 95 dana gestacije, poreklom od tri prirodno 
infi cirane krmače virusom klasične kuge svinja. Prisustvo virusa potvrđeno 
je kod svih ispitanih krmača i njihovih fetusa upotrebom RT-PCR metode. 
Za imunohistohemijsku detekciju virusnog antigena u tkivnim isečcima 
mozga, slezine, srca, tonzila, bubrega, ileoceklane valvule i pupčane vr-
pce primenjeno je monoklonko antitelo WH303. Kod većine ispitanih fe-
tusa ustanovljena je hiperemija i petehijlna krvavljenja na koži, limfnim 
čvorovima i bubrezima. Virusni antigen je detektovan u svim ispitanim 
tkivima fetusa, izuzev tkiva srca. Detektovane WH303 pozitivne ćelije 
obuhvatale su endotelne ćelije, monocite, makrofage i limfocite. Najveći 
procenat pozitivnih ćelija na virusni antigen utvrđen je u bubrezima kod 
svih ispitanih fetusa. Pored toga, veliki broj pozitivnih ćelija dokazan je u 
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retikularnim, limfoidnim i endotelnim ćelijama slezine kod većine fetusa. 
Rezultati dobijeni u ovom istraživanju pokazuju da se upotrebom monok-
lonskog antitela WH303 može detektovati antigen virusa klasične kuge 
svinja u parafi nskim isečcima tkiva fetusa prasadi poreklom od prirodno 
infi ciranih krmača. Pored toga, utvrđeno je da su fetalni bubrezi veoma 
pogodan materijal za dijagnostiku virusa klasične kuge svinja. Na osnovu 
ovih nalaza postavljena je hipoteza da perzistentno infi cirana prasad mogu 
izlučivati velike količine virusnih čestica putem urina, međutim, potrebna 
su dodatna istraživanja kako bi se potvrdila ova hipoteza.  

Ključne reči: virus klasične kuge svinja, fetusi, bubreg, imunohistohe-
mija

INTRODUCTION

Classical swine fever (CSF) is one of the most important viral diseases in 
domestic pigs and wild boars (Blome et al., 2017). Th e causative agent, Clas-
sical swine fever virus (CSFV), belongs to the Pestivirus genus within the Fla-
viviridae family (Edwards et al., 2000). Other members of this genus are Bo-
vine viral diarrhea virus 1 and 2 (BVDV-1 and BVDV- 2), Border disease virus 
(BDV) and a growing number of unclassifi ed and so-called atypical pestivi-
ruses (Blome et al., 2017). Th e disease has a severe socio-economic impact on 
industrial pig production, small-scale pig keepers and tremendous impact on 
animal health and is therefore notifi able to the World Organization for Animal 
Health (OIE) (Edwards et al., 2000).  

Diff erent forms of the disease have been observed, ranging from subacute, 
acute or chronic forms, with lesions varying from mild to severe. In general, 
infections with more virulent strains typically result in acute hemorrhagic 
disease while infections with less virulent strains usually lead to chronic or 
subclinical forms (Muñoz-González et al., 2015). In countries with endemic 
outbreaks, like Serbia, the disease usually has an acute or subacute course, with 
classical clinical signs of infection in unvaccinated population (Prodanov-
Radulović et al., 2014). When infection occurs during pregnancy, the virus 
can also infect the fetus due to its ability to pass the placental barrier which 
in turn might lead to persistent infection in piglets (Van Oirschot and Terp-
stra, 1977). Th e outcome of transplacental infection depends on many fac-
tors, including the stage of gestation and virulence of the virus. It is known 
that infection during early pregnancy leads to abortions, mummifi cation and 
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stillbirth. However, when infection occurs in the second or third trimester of 
pregnancy, especially between 50th and 70th gestational day, an immunotoler-
ance phenomenon can be induced and persistently infected off spring are born 
(Moennig et al., 2003). Th ose piglets seem to be healthy and could survive 
for several months but they eventually die due to the so-called „late onset“ 
form of the CSF. During that period, they shed high viral loads which are suf-
fi cient for transmission (Cabezón et al., 2017). Th is may cause an uncontrolled 
spread of CSF and signifi cant losses in large swine population. Due to unchar-
acteristic profi les of CSF clinical symptoms in pregnant sows, this may lead to 
delayed identifi cation of potential new sources of infection. Th erefore, very 
mild clinical symptoms might easily be overlooked (the so-called “carrier-sow 
syndrome”). Th is has an impact on the effi  cacy of vaccines and may complicate 
control in endemically aff ected countries (Blome et al., 2017). In the literature, 
there is little information about the pathogenesis of the transplacental infec-
tion detected on the fi eld, during eradication campaign. Most data regarding 
transplacental virus transmission are obtained under experimental conditions 
(Muñoz-González et al., 2015; Dewulf et al., 2011; Van Der Molen and Van 
Oirsch, 1981; Von Benten et al., 1980).

Considering the signifi cance of the transplacental infection and possible 
persistent infection in off spring regarding the disease control and eradication, 
the aims of this study were the following: reporting the lesions in naturally 
infected fetuses with CSFV; detecting CSFV in formalin-fi xed, paraffi  n-em-
bedded fetal tissues by immunohistochemistry, as well as to determining the 
tissue and cellular distribution of CSFV in pig fetuses to better understand the 
pathogenesis of naturally occurring disease.

MATERIAL AND METHODS

Material

Twenty-nine fetuses originating from three sows naturally infected with 
CSFV were morphologically and immunohistochemically examined in this 
study. All fetal samples were collected during big CSF outbreaks in Serbia, 
in 2006. Veterinary regulatory measures included stamping out policy of all 
aff ected pigs on farms and backyard productions. All sows were of landrace 
breed, non-vaccinated, reared in rural backyard holdings and were randomly 
chosen. Blood samples were taken from each sow for viral detection. All sows 
were virologically negative for African swine fever, porcine reproductive res-
piratory syndrome, and Aujeszky’s disease. Fetuses were obtained by removing 
the uterus from each sow aft er euthanasia. Th e fi rst sow was in the 83rd day 
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of gestation and had 6 fetuses; the second sow was in 82nd day of gestation 
and had 11 fetuses, and fi nally the third sow was in 95th day of gestation with 
12 fetuses. Necropsies of all fetuses were performed and gross lesions were 
recorded. From each swine fetus, the following organs were sampled: brain, 
kidney, spleen, umbilical cord, intestine, tonsils, ileocecal valve and heart. Tis-
sue samples of kidney, spleen and tonsils were pooled for molecular detection 
of CSF viral RNA. All tissue samples were fi xed in 10% neutral buff ered for-
maldehyde for 48 hours for immunohistochemistry, and embedded in paraf-
fi n according to standard laboratory procedures. Th e samples from four CSF 
negative pig fetuses were used as control. Tissue samples from two 45-days-old 
pigs naturally infected with CSFV were used as positive controls.

Methods  

Detection of CSFV RNA genome

Conventional, gel based reverse transcriptase-polymerase chain reac-
tion (RT-PCR) test was applied to detect genomic RNA of CSFV in unclotted 
blood of sows and fetal tissue samples. Total RNA was extracted by TRIzol® 
reagent (Th ermoFisher Scientifi c, USA) according to manufacturer's instruc-
tion. Briefl y, 750 μl of TRIzol® reagent was mixed with 250 μL of sample. Af-
ter 10 min, 200 μL of chloroform was added, mixed and the suspension was 
centrifuged for 15 min at 14,000 g at 4°C. Th e RNA containing aqueous phase 
was removed and precipitated with 500 μL of isopropanol, maintained at room 
temperature for 10 min, and centrifuged for 10 min at 14,000 g. Th e RNA 
pellet was washed with 500 μL of 75% cold ethanol, centrifuged for 5 min 
at 14,000 g, then dried and resuspended in 50 μL of PCR clean water, and 
stored at -70°C until examination or was immediately included in RT-PCR. 
Th e obtained RNA extracts were further amplifi ed by using primers for E2 
region of the CSFV genome gp55-U: 5'-ATA TAT GCT CAA GGG CGA GT-3' 
(sense, position in genome of the Alfort strain is 3378-3397) and gp55-L: 5'-
ACA GCA GTA GTA TCC ATT TCT TTA-3' (antisense, position in genome 
of the Alfort strain is 3685-3662) described by Katz et al. (1993). One-step RT-
PCR amplifi cation was done using commercial kit Qiagen OneStep RT-PCR 
kit chemistry (QIAGEN, Germany) according to manufacturer’s instruction, 
with small modifi cations. Briefl y, the amplifi cation reaction was carried out at 
a volume of 25 μL containing 13.5 μL of nuclease-free water, 5 μL of 5 x PCR 
buff er, 1 μL of dNTP mix (containing 10 mM of each dNTP), 0.25 μL of stock 
solution of 100 μM of each primer, 1 μL of one step RT-PCR enzyme mix and 
4 μL of RNA template. As a positive control in reaction, Alfort 187 strain of 
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CSFV was used. Th e amplifi cation conditions (Th ermocycler Gradient, Ep-
pendorf, Germany) were as follows: reverse transcription stage at 50ºC for 30 
min, followed by an initial PCR activation step at 95ºC for 15 min, 40 cycles of 
95ºC for 30 s, 55ºC for 60 s, 72ºC for 60 s, and a fi nal extension at 72ºC for 10 
minutes. Amplifi ed products were detected and visualized by electrophoresis 
on 1.5 agarose gel stained with ethidium bromide.

Immunohistochemistry

To demonstrate CSFV envelope glycoprotein E2 in fetal tissues, the com-
mercially available monoclonal mouse anti-CSFV antibody WH303 (APHA 
Scientifi c, UK; catalogue number RAE0826) was used on fi xed samples. IHC 
staining kit applied in this study was Novolink Polymer Detection Systems, 
Novocastra (Leica Biosystems, USA). Tissue sections were dewaxed and rehy-
drated in xylene and graded series of alcohol. Antigen retrieval was achieved 
by heating the sections in a microwave oven (560W) for 21 minutes in a citric 
buff er (pH 6.0), as previously described by Polaček et al., (2007). Endogenous 
peroxidase activity was abolished by incubation of the sections with “Peroxi-
dase block” for 5 minutes at room temperature. Aft er two washes in PBS for 5 
minutes, all slides were incubated with “Protein block” for 5 minutes. Aft er this 
step, all slides were washed two times in PBS for 5 minutes and incubated over-
night at 4ºC in a humidifi ed chamber with primary antibody diluted 1:50 in 
PBS. Aft er incubation with primary antibody overnight, the slides were given 
two 5-minute rinses with PBS. “Post-primary antibody” was applied like the 
secondary antibody for 30 minutes at room temperature. Aft er two washes in 
PBS for 5 minutes, all slides were incubated with “Novolink™ Polymer” for 30 
minutes. Th en, all tissue sections were rinsed two times with PBS, and gently 
rocked. Th e fi nal reaction was produced by incubating the sections with DAB 
working solution (50μL of DAB Chromogen was added to 1ml of Novolink™ 
DAB Substrate Buff er) for 5 minutes. Aft er that, all slides were rinsed in tap 
water, and counterstained with Mayer’s haematoxylin. PBS was used in place 
of specifi c primary antibodies as negative controls. 

RESULTS

Results of molecular testing

Th e results of RT-PCR test confi rm that the RNA of the CSFV genome was 
detected in all blood samples of sows and in all tested fetal tissue samples.
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Gross lesions

Some of the detected gross lesions were characteristic of CSF, but not 
present in all examined fetuses. Th e most common fi nding in the majority 
of fetuses was hyperemia, and it was seen in the skin, submandibular lymph 
nodes, spleen, tonsils, and the brain (Figure 1a). Petechiae were observed in 
the skin of the dorso-lateral aspect of neck and abdomen in 19 fetuses (Figure 
1b). Some fetuses had petechial haemorrhages in the renal cortex and urinary 
bladder. In few cases, lymph nodes were swollen and hemorrhagic. Th ere were 
no macroscopic pathological distinctions in the severity of lesions between 
fetuses originating from diff erent sows. 

Figure 1. (a) Hyperemia in fetal brain; (b) Petechial hemorrhages in the skin

Distribution of CSF viral antigen

Th e results of immunohistochemical staining are summarized in Table 1. 
Th e monoclonal antibody WH303 specifi c for CSFV glycoprotein E2 gave a 
positive staining reaction in tonsils, spleen, kidneys, ileocecal valve, brain, um-
bilical cord, but no immunoreactivity was detected in the myocardium. Posi-
tive cells typically exhibited a dark brown reaction on the membrane. With the 
exception of myocardium, in all the examined tissues, WH303 positive cells 
included endothelial cells, monocytes, macrophages and lymphocytes. Th e 
most immunopositive tissues were observed in fetuses originating from the 
fi rst sow (83 gestational days). No diff erences in the amount or distribution of 
immunoreactive products were observed between fetuses from the second and 
third sow (82 and 95 gestational days, respectively). 

In all the examined fetuses, the largest number of positive cells was found 
in kidneys, and a numerous positive duct epithelial, endothelial and mono-
nuclear cells were detected (Figure 2a and 2b). In the spleen, specifi c immu-
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noreactivity was observed in reticular cells, macrophages, lymphocytes and 
endothelial cells (Figure 2c). In tonsils, specifi c immunopositivity was de-
tected in the crypt-epithelial cells, macrophages and lymphocytes (Figure 2d). 
Immunoreactive endothelial cells were observed in umbilical arteries of the 
umbilical cord (Figure 3a). In the ileocecal valve, viral antigen was detected in 
crypt epithelial cells and a small number of intraepithelial lymphocytes (Fig-
ure 3b). In the brain, virus antigen was found in glial cells, endothelial cells, 
and in the cells of the mononuclear infl ammatory perivascular and meningeal 
infi ltrates (Figure 3c and 3d). No immunoreactivity was observed in neurons. 

Table 1. Immunohistochemistry (IHC) results for 29 pig fetuses naturally infected with CSFV

Fetus 
number

Age
(days of 
gesta-
tion)

Brain Kidney Spleen Umbili-
cal cord Tonsils Heart Ileocecal 

valve
IHC IHC IHC IHC IHC IHC IHC

1 83 + + / + + - +
2 83 + + + - - - -
3 83 + + + + + - +
4 83 + + + + + - +
5 83 + + + + + - +
6 83 - + + + + - +
7 82 + + + + + - +
8 82 - + - - - - -
9 82 + + + - + - +

10 82 - + + / - - -
11 82 - + + - - - -
12 82 - + - - + - +
13 82 - + + + - - +
14 82 + + + - - - +
15 82 - + + - + - -
16 82 - + - + + - +
17 82 + + - - - - -
18 95 - + + - + - -
19 95 + + + - - - +
20 95 - + - - - - -
21 95 - + + - - - -
22 95 - + - + + - +
23 95 + + - - - - -
24 95 - + + - - - -
25 95 - + + - - - +
26 95 + + - - + - +
27 95 - + + + - - -
28 95 - + - - - - -
29 95 - + + - - - +

Total 29 12 29 19 10 13 0 16
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Figure 2. WH303 monoclonal antibody immunoreactivity in fetal tissues: (a, b) Kid-
ney. CSFV antigen positive cells are detected in endothelial cells, tubulocytes and 
duct epithelial cells; (c) Spleen. CSFV antigen positive cells distributed mostly in the 
cortex. Scattered positive macrofages detected in the red pulp (arrow); (d) Tonsil. 
CSFV antigen positive cells detected in the crypt epithelium (arrow)

Figure 3. WH303 monoclonal antibody immunoreactivity in fetal tissues: (a) Umbili-
cal cord. CSFV antigen positive cells distributed in vascular endothelium; (b) Ileoce-
cal valve. CSFV antigen positive cells detected within crypt epithelium; (c,d) Brain. 
CSFV antigen positive cells detected in glial cells, meningeal infi ltrates and endothe-
lial cells (arrow)
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DISCUSSION

Although other research groups reported analyses of CSFV in diff erent 
swine tissues by immunohistochemistry, to our best knowledge none of the 
previous examinations have provided analysis of fetal swine tissues under 
natural conditions, like the present study. Th ese data are important from the 
point of controlling CSF disease, considering that transplacentally infected 
piglets can play a role especially for constant virus shedding and circulation in 
the swine population for a long period of time. Th e literature data on immu-
nopathogenesis and tissue tropism of CSFV in infected fetuses is scarce, so it 
is diffi  cult to compare this type of study with our results. Th e main reason for 
that may be strict eradication strategies implemented in most European coun-
tries in the past. Although many countries are offi  cially free from this devastat-
ing disease, in many countries outside Europe the disease is still epidemic or 
endemic. According to the offi  cial OIE reports for the last 5 years (2016-2020), 
CSF was detected in countries of South America (Brazil, Colombia, Bolivia, 
Ecuador, Peru, Haiti), and Asia (China, Nepal, Th ailand, Singapore, Philip-
pines, Malaysia, Japan, Russia) (https://www.oie.int/wahis_2/public/wahid.
php/Diseaseinformation/Diseasedistributionmap). In the Republic of Serbia, 
the last outbreak was reported in 2010 and the control of CSF was carried out 
for decades by C strain mass vaccination until the end of 2019. All CSF viruses 
isolated in the Republic of Serbia in 2006 when this study was performed were 
members of subgroup 2.3 (Milićević et al., 2013). 

Th e results of this retroactive study showed that CSFV antigen can be de-
tected in formalin-fi xed, paraffi  n-embedded fetal tissue samples originating 
from naturally CSFV exposed sows by using monoclonal antibody WH303. A 
murine monoclonal antibody WH303 detects the CSF virus specifi c antigenic 
domain on the major envelope glycoprotein (E2), and binds to all strains of 
CSF virus, but not to other pestiviruses. Th e availability of reliable diagnostic 
tests is crucial for eff ective CSF control, and diff erent diagnostic laboratory test 
procedures for confi rmation of the viral antigen presence are available. Among 
them, immunohistochemistry proved to be a very reliable and suitable method 
for viral antigen detection in tissue samples, as well as for studying the patho-
genesis of both natural and experimental CSFV infections (Belák et al., 2008; 
Polaček et al., 2007; 2014; 2016; Sánchez-Cordon et al., 2003; Choi and Chae, 
2003a; De las Mulas et al., 1997). Besides that, the importance of diagnostic 
IHC is further emphasized by the observation of Belák et al., (2008) where this 
test gave positive results long (even seven days) before the appearance of the 
fi rst clinical symptoms. As mentioned above, the delayed diagnosis may cause 
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an uncontrolled spread of CSF and consequently lead to heavy losses in swine 
population. Considering that CSFV infected pregnant sows have atypical and 
discrete clinical symptoms and that their off spring are a potential reservoir 
of the disease, we found it very important to perform this study of the tissue 
distribution of CSFV in pig fetuses in order to study virus biology and possibly 
confi rm some answers regarding pathogenesis. 

Th e pathological lesions in the acute and chronic form of CSF are well-
documented (Moennig et al., 2003; Choi and Chae, 2003b; Knoetig et al., 1999; 
Belák et al., 2008). In the acute form, lesions are usually accompanied by sec-
ondary pathogens, but in general they included widespread petechial haemor-
rhages and ecchymosis, especially on skin, lymph nodes, epiglottis, bladder 
and kidneys, as well as infarctions of the margin of the spleen. In piglets with 
a congenital form of CSF infection, pathological changes were less typical and 
usually included cerebellar hypoplasia, microcephaly, pulmonary hypoplasia, 
hydrops and other malformations. Th is underlines that pathological mecha-
nism involved are diff erent from those responsible for postnatal infections 
(Liess 1987). In the present study, these fi ndings were not detected in fetuses; 
however, the most common fi ndings were hyperaemia in most organs, as well 
as petechial haemorrhages in the skin, lymph nodes and kidneys which co-
incide with the acute form of the disease. Although persistently infected off -
spring may be clinically normal at birth, it may take several months before 
they develop lesions and other disturbances that lead to death (Van Oirschot 
and Terpstra, 1977).

CSF viral distribution in diff erent tissues depends on strains of the virus 
(highly, moderately or low virulent strain), age of pigs, duration of infection, 
and susceptibility of the breed (Choi and Chae, 2003a). Th e immunohisto-
chemical detection of CSFV antigen in tissues of both naturally and experi-
mentally infected pigs over time is well documented (Polaček et al., 2014; Liu 
et al., 2011; Gómez-Villamandos et al., 2006; Risatti et al., 2005; Choi and 
Chae, 2003a; De las Mulas et al., 1997). Previous studies have demonstrated 
that CSFV has a particular affi  nity for cells of the immune system, phagocytes 
of the macrophage and monocyte lineage (reticulo-endothelial cells), epitheli-
al and vascular endothelial cells (Feng et al., 2012; Ressang, 1973; Cheville and 
Mengeling, 1969). In pig fetuses, CSF viral antigen was found predominantly 
in vascular endothelium, mononuclear cells and epithelial cells and these data 
are in accordance with those from a previous study. However, immunohisto-
chemical staining of tissues in previous studies showed viral antigen distri-
bution mainly in the cytoplasm of infected cells, while membranous expres-
sion was specifi c in fetal tissues. Th e reason for diff erent cellular locations of 



Arhiv veterinarske medicine, Vol. 13, No. 1, 83 – 100, 2020 
Polaček V. … et al.: Classical swine fever virus detection… 

94

WH303 in fetuses compared to mature pigs is not known. However, it may be 
likely associated with some morphogenetic events in fetal development.

In our study, the general course of tissue tropism for the 7 examined tissue 
samples (from high to low) was as follows: kidney, spleen, ileocecal valve, tonsil, 
brain, umbilical cord and heart. Th e heart was the only organ without immu-
noreactivity in this study, and this is in agreement with previous studies where 
it was found that the myocardium is not considered as replication site for CSF 
virus in pigs (Belák et al., 2008; De las Mulas et al., 1997). In general, muscle cells 
are not considered the sites of CSFV replication (Liess 1987). However, Liu et al., 
(2011) had shown that low viral content could be detected in the heart of CSF 
infected pigs using real-time PCR method. Th is could be explained by the fact 
that real-time PCR is believed to be more sensitive than IHC method.  

Recent work by our group demonstrated that the fetal kidneys were very 
useful organ for IHC diagnosis of the CSF virus, since out of all examined 
fetuses the highest level of viral antigen was detected in this organ. Previous 
studies also indicate that CSFV antigen positive cells in kidneys are a common 
fi nding, although the number of positive cells could be low (De las Mulas et 
al., 1997; Belák et al., 2008). In contrast, Choi and Chae (2003b) have shown 
that CSFV nucleic acid could be detected in kidneys by in situ hybridization, 
but they failed to detect viral antigen by immunohistochemistry. Th ese authors 
explained this discrepancy by the fact that CSF disease process associated with 
glomerulonephritis is related in some way to the accumulation of viral nucleic 
acid/antibody complexes, and not complete CSFV particles. Another explana-
tion was that CSFV infected cells may express small amount or no viral antigen 
on the cellular surface and this could result in failure to detect viral antigen 
by immunohistochemistry. Nevertheless, some authors preferred kidney tis-
sue samples for diagnosis of CSF by direct immunofl uorescence using frozen 
sections (Pearson, 1992; Terpstra, 1991).  

It is shown that in transplacentally, persistently infected piglets, the infec-
tion severely aff ects tissues comprising the immune system, including severe 
depletion of lymphocytes in thymus and secondary lymphoid organs (Van Der 
Molen and Van Oirsch, 1981) and viral antigen was widespread in lymphoid 
tissues (Polaček et al, 2007). In our study, the viral antigen was widely detected 
in spleen followed by tonsils, which is in accordance with these studies. How-
ever, the main route of entry of CSFV in postnatal infection is oronasal and the 
tonsils are the primary replication site of the virus. In the present study, viral 
antigen was also detected in tonsils in a certain number of examined fetuses, 
which might mean that the virus gains access from the bloodstream to tonsils 
as the secondary replication site.
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As mentioned above, CSFV is found to be highly susceptible to infecting 
vascular endothelial cells (Bensaude et al., 2004) and they are primary target 
cells for the virus. Dysfunction of blood vessels plays an important role in the 
pathogenesis of CSF and it was proved that CSFV plays a pathophysiological 
role in vascular dysfunction through its eff ect on oxidative stress (He et al., 
2014; Bensaude et al., 2004). In the recent study, viral antigen was detected in 
blood vessels of the brain, spleen, kidneys, as well as in umbilical cord, due to 
transplacental passage. Some other swine viruses also replicate in umbilical 
cord due to their ability to cross the placenta of the pregnant sows, as previ-
ously described in infl uenza infection (Khatri and Chattha, 2015) and PRRS 
virus (Lager and Halbur, 1996). 

CSFV, as well as Bovine viral diarrhea virus (both viruses of the same genus 
- Pestivirus) are characterized by severe clinical and histopathologic changes 
in the intestine. Th e CSFV also has a pathogenic eff ect on gut-associated lym-
phoid tissue (GALT) and infection takes place initially in monocytes-mac-
rophages and lymphocytes in lymphoid tissue (Sánchez-Cordón et al., 2003). 
In the present study, epithelial cells of ileocecal valve crypts and cells in the lu-
men of these crypts revealed a slightly positive reaction, and immunopositive 
signal was detected in half of the examined fetuses.  

Nervous tissue is considered as one of the target tissues for CSFV, and his-
tological lesions in the brains of pigs with chronic CSFV infection are similar 
to those in pigs experimentally inoculated with a low-virulence CSFV strain 
(Choi and Chae, 2003). Previous studies reported viral antigen detection in 
neurons, glial cells, endothelial cells, and cell infi ltrate during CSF infection 
(Pan et al., 1993; De las Mulas et al., 1997; Gómez-Villamandos et al., 2006; 
Polaček et al., 2008). A similar viral antigen distribution has been detected in 
our study, with the main exception of IHC positive neurons, although infec-
tion of neurons is reported in natural outbreaks of CSF (Pan et al., 1993; Trau-
twein, 1988). Th is diff erence may be due to a more prolonged course of the 
natural infection studied in mature pigs. 

CONCLUSION

Regarding the control of this viral disease, the results presented herein 
indicate the importance of the kidneys in the pathogenesis of transplacental 
CSFV infection, considering that the highest amount of viral antigen was de-
tected in this fetal organ and all examined fetal kidneys were immunopositive 
for the antigen of the CSFV. Having that in mind, it is assumed that persistently 
infected piglets may shed high amount of viral particles through urine. How-
ever, further research is needed to confi rm this hypothesis.
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Abstract

Enterobacter gergoviae KGPMF 20 was found in traditionally made 
cheese from Sokobanja (South-eastern Serbia). In this paper, the character-
istics of the species were evaluated by investigation of adhesion to diff erent 
solvents and co-aggregation ability with other species. Moreover, its enzy-
matic activity was evaluated by using spectrophotometric method, with the 
intention to detect the role of the isolate in the sensory characteristic of 
cheese. Th e results of enzymatic activity indicated that E. gergoviae KGPMF 
20 has low, almost no enzymatic activity. It could be concluded that this 
isolate did not aff ect the sensory characteristic of cheese. 

Key words: Enterobacter gergoviae KGPMF 20, cheese originating from 
Serbia, enzymatic activity
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Kratak sadržaj

Enterobacter ge rgoviae KGPMF 20 pronađen je u tradicionalno proiz-
vedenom siru iz Sokobanje (jugoistočna Srbija). U ovom radu, procen-
jene su karakteristike vrste ispitivanjem sposobnosti adhezije sa različitim 
rastvaračima i sposobnosti koagregacije sa drugom vrstom. Enzimska ak-
tivnost vrste je procenjena spektrofotometrijskom metodom, sa namerom 
da se utvrdi uticaj vrste u organoleptičkim karakteristikama sira. Rezultati 
enzimske aktivnosti pokazali su da E. gergoviae KGPMF 20 pokazuje slabu 
enzimsku aktivnost. Na osnovu rezultata, može se zaključiti da vrsta nema 
uticaj na organoleptičke karakteristike sira. 

Klјučne reči: Enterobacter gergoviae KGPMF 20, sir iz Srbije, enzimat-
ska aktivnost

INTRODUCTION

Cheese from Sokobanja (Southeastern Serbia) is made from unpasteur-
ized cow milk. Since potentially pathogenic bacteria are not eliminated by high 
temperatures during the pasteurization process, they may be found in cheese. 
Enterobacter gergoviae is a member of the Enterobacteriaceae family and it was 
isolated from the cheese originating from Sokobanja (Mladenovic et al., 2018). 
Enterobacter gergoviae can be isolated from fresh cow's milk (Wahyuni and 
Budiarso, 2009), and from traditional cheese as well (Ethiopian cottage cheese) 
(Melkamsew et al., 2012).

Based on its occurrence in dairy products, the objective of this study was 
to investigate E. gergoviae KGPMG 20 isolated from traditionally produced 
cheese from Sokobanja (Serbia). Th e ability of adhesion in the presence of sol-
vents, co-aggregation ability with Enterococcus faecalis KGPMF 49, and the 
potential to produce extracellular enzymes were examined.
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MATERIALS AND METHODS

Th e tested cheese was produced in a traditional way, in countryside house-
holds around Sokobanja (Southeastern Serbia). Th e methods of production, 
sampling, and analyses of chemical characteristics of cheese were described in 
Mladenović et al. (2018). E. gergoviae species KGPMG 20 was found in cheese. 
Biochemical characteristics and identifi cation of the species were described in 
Mladenović et al. (2018).

Th e adhesion to solvents

Th e adhesion to solvents of E. gergoviae KGPMG 20 was measured in ac-
cordance with the method described in Rosenberg (1980), with some modi-
fi cations (Bellon-Fontaine et al., 1996; Kos et al., 2003). Aft er incubating the 
bacteria in TSB for 24 h, the bacteria were centrifuged at 5000 rpm for 15 
minutes, and then washed twice and suspended in 0.1 M KNO3 (pH 6.2) to 
approximately 108 CFU mL-1. Th e absorbance of the bacterial suspension was 
measured at 600 nm (A0). 1 mL of solvent was added to 3 mL of bacterial sus-
pension. Aft er 10 minutes of incubation at room temperature, the two-phase 
system was mixed using a vortex for 2 minutes. Th e aqueous phase was re-
moved aft er 20 minutes of incubation at room temperature and its absorb-
ance was measured at 600 nm (A1). Th e percentage of bacterial adhesion in the 
presence of solvent was calculated as follows:

Adhesion % = (1-A1/A0) x 100

Th ree diff erent solvents were tested in this study: xylene (Sineks, Belgrade, 
Serbia), which is a polar solvent; chloroform (Alkaloid, Skoplje, Macedonia), 
a monopolar and acidic solvent, and ethyl acetate (Zorka, Sabac, Serbia), a 
monopolar and basic solvent. Only bacterial adhesion to xylene demonstrat-
ed cell surface hydrophobicity or hydrophilicity (Ocaña and Nader-Macías, 
2002). According to Ocaña and Nader-Macías (2002), the percentage of hy-
drophobicity is expressed as 0 - 35% - low hydrophobicity; 36 - 70% - medium 
hydrophobicity; 71 - 100% - high hydrophobicity.

Th e co-aggregation ability

Th e co-aggregation of E. gergoviae KGPMF 20 with Enterococcus faecalis 
KGPMF 49 isolated from the same Sokobanja cheese was examined. E. faecalis 
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KGPMF 49 was isolated from the same cheese (Muruzović et al., 2018). Th e co-
aggregation was monitored by using a modifi ed procedure described in Ocaña 
and Nader-Macías (2002). Overnight bacterial cultures were centrifuged at 
5000 rpm for 15 minutes, and then washed twice in PBS buff er (Alfa Aesar 
GmbH & Co, Karlsruhe, Germany) followed by resuspension in 4 mL of the 
same buff er and the cell number was approximately 108 CFU mL-1. 2 mL of each 
suspension of both bacteria whose coaggregation was monitored was mixed 
well on a vortex. Aft er mixing, 200 μL from the surface of the suspension was 
transferred to a microtube containing 1800 μL of PBS, and the absorbance 
values were read at 600 nm (A0). Th e same procedure was repeated aft er 2 
h (At). Th e percentage of coaggregation of the species was calculated in the 
following way:

Coaggregation % = (A0-At)/A0 x100

Th e preparation of fermentation liquid and detection of enzymatic 
activity

In order to investigate the enzymatic activity, it is necessary to obtain fer-
mentation liquids of the isolate. 100 μL of overnight bacterial culture was sepa-
rately inoculated in 10 mL of TSB (Torlak, Belgrade, Serbia) and MH (Torlak, 
Belgrade, Serbia). Inoculated broths were incubated for 24 h at 37°C. Aft er the 
incubation, the samples were centrifuged at 10.000 rpm/30 min/ 4°C. Th en, 
the supernatant, which represented the fermentation liquid, was separated. 
Fermentation liquid was kept in the refrigerator at 4°C until the experiment 
was performed. Two broths were used as they had a diff erent composition and 
there was a possibility that they could aff ect the enzymatic activity of bacteria.

Aft er the preparation of fermentation liquid, the enzymatic activity was 
evaluated. Th e acid and alkaline invertase activity, the activity of alkaline phos-
phatase, α-amylase activity, proteolytic activity and the total concentration of 
protein were all determined by the methods described in Jakovljević (2014).

RESULTS AND DISCUSSION

In this paper, the adhesion and co-aggregation ability, as well as the en-
zymatic activity of E. gergoviae KGPMF 20 were demonstrated for the fi rst 
time. Th e isolate originated from Sokobanja cheese which was produced in the 
households around Sokobanja (southeastern Serbia), from fresh and unpas-
teurized cow’s milk. According to the results from Mladenović et al. (2018), E. 
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gergoviae KGPMF 20 is a gram-negative, oxidase negative and catalase-pos-
itive bacteria. It showed the fermentation ability of glucose and lactose with 
production of acid and gas, while the ability of H2S production (hydrogen sul-
phide) form triple sugar was not detected. It formed a light pink colony on 
HiChrome coliform agar. Th e investigated isolate was sensitive to antibiotics 
(streptomycin, chloramphenicol and tetracycline).

Th e adhesion ability of E. gergoviae KGPMF 20 was detected in the pres-
ence  of chloroform (13.85%), and ethyl acetate (13.89%). Th e species demon-
strated no ability of adhesion in the presence of xylene. 

Adequate hydrophobic/hydrophilic properties of microorganisms can 
contribute to benefi cial processes such as degradation of hydrocarbons or bio-
degradable polyesters during milk fermentation (Obuekwe et al., 2009). Hy-
drophobic microorganisms may have the ability to form a biofi lm to various 
abiotic and biotic surfaces (Krasowska and Karel, 2014). According to Tresse 
et al. (2006), cellular hydrophobicity is crucial for biofi lm formation. Del Re et 
al. (2000) and Giaouris et al. (2009) indicated that bacteria with a hydrophobic 
surface have a higher binding affi  nity for epithelial cells and solid surfaces. 
Bacterial biofi lm can lead to bacterial resistance to antibiotics and thus con-
tributes to the pathogenicity of one species. Bacterial adhesion in the presence 
of xylene is an indicator of hydrophobicity or hydrophilicity of cell surface. Th e 
ability to adhere in the presence of two other solvents, chloroform and ethyl 
acetate is an indicator of the ability of bacterial cell as a donor of base or acid 
electron acceptors (Bellon-Fontaine et al., 1996). Based on the results, it can be 
concluded that E. gergoviae KGPMF 20 had low hydrophobicity. It showed no 
ability of adhesion to xylene, meaning that it had a low potential to attach and 
form biofi lm in abiotic surfaces.

Th e co-aggregation of E. gergoviae KGPMF 20 and E. faecalis KGPMF 49 
was investigated for the fi rst time in this study. Th e percentage of co-aggrega-
tion between these bacteria was 14.2%. Enterobacteria and enterococci are a 
member of the normal fl ora of the human gastrointestinal tract (Silva et al., 
2012; Pugin et al., 2017) and of the dairy products made from unpasteurized 
cow's milk (Muruzović et al., 2018; Mladenović et al., 2018). Th erefore, their 
interaction needs to be investigated and evaluated. 

Th e enzymatic activity of E. gergoviae KGPMF 20 was investigated in two 
diff erent broths and the results are shown in Table 1. Th e results indicated that 
small activity of amylase and alkaline phosphatase was observed, while the ac-
tivity of acid and alkaline invertase was not detected (except for the very small 
activity of acid invertase in MH). Th e protease activity was observed only in 
TSB.
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Table 1. Th e enzymatic activity of E. gergoviae KGPMF 20

E. gergoviae KGPMF 20

Proteins and enzymes Type of media Absorbance

Protease (IU/mL) TSB 7.6
MH /

Total proteins (mg/mL) TSB 0.13
MH 0.04

Acid invertase (IU/mL) TSB /
MH 0.05

Alkaline invertase (IU/mL) TSB /
MH /

Amylase (IU/mL) TSB 0.05
MH /

Alkaline phosphatase (IU/mL) TSB 0.11
MH 0.06

/ - not detected

According to the results of the screening method, E. gergoviae KGPMF 20 
does not have the proteolytic or lipolytic activity (Mladenović et al., 2018). Ac-
cording to a study by Kamaladevi et al. (2014), E. gergoviae isolated from the 
areas of Vaippar, Th oothukudi District and Tamil Nadu in India demonstrated 
the ability to produce lipase. In this paper, it was shown that E. gergoviae KGP-
MF 20 had a very low or no enzymatic activity, so it had no role in sensory 
properties of cheese.

In the Sokobanja cheese, the presence of the Enterobacter genus with only 
E. gergoviae KGPMF 20, was determined (Mladenović et al., 2018). Based on 
the available literature, it was found that the appearance and description of 
Enterobacter sp. is scarce compared to the description and presence of other 
members of the Enterobacteriaceae family (Tabla et al., 2016; Mladenović et 
al., 2018).

CONCLUSION

Based on the results from this study, E. gergoviae KGPMF 20 can interact 
with other species isolated from cheese. Th e species had a low hydrophobicity 
and showed no adhesion ability in the presence of xylene. It produces a very 
low concentration of extracellular enzymes, so it had no eff ect on the sensory 
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characteristics of cheese. Previous results on this isolate showed its sensitivity 
to antibiotics. Th erefore, the appearance of E. gergoviae in cheese is probably 
the result of a spontaneous transfer from an animal to fresh milk.

ACKNOWLEDGMENTS

Th is work was supported by the Serbian Ministry of Education, Science 
and Technological Development (No. 451-03-68/2020-14/200122).

Authors’ contributions

KM made substantial contributions to basic idea, conception and design, 
acquisition of samples and data, analysis of the data and interpretation of re-
sults; MG was involved in draft ing of the manuscript, revising it critically for 
important intellectual content, and LjČ gave the fi nal approval of the manu-
script to be published.

Competing interests

Th e authors declare that they have no competing interests.

REFERENCES

1. Bellon-Fontaine M.N., Rault J., van Oss C.J. 1996. Microbial adhesion to 
solvents: a novel method to determine the electron donor/electron-accep-
tor or Lewis acid-base properties of microbial cells. Colloids and Surfaces, 
7, 1-2, 47–53. doi:10.1016/0927-7765(96)01272-6.

2. Del Re B., Sgorbati B., Miglioli M., Palenzona D. 2000. Adhesion, auto-
aggregation and hydrophobicity of 13 strains of Bifi dobacterium lon-
gum. Letters in Applied Microbiology, 31, 438–442. doi:10.1046/j.1365-
2672.2000.00845.x.

3. Giaouris E., Chapot-Chartier M.P., Briandet R. 2009. Surface physicoche-
mical analysis of natural Lactococcus lactis strains reveals the existence of 
hydrophobic and low charged strains with altered adhesive properties. In-
ternational Journal of Food Microbiology, 131, 1, 2–9. doi:10.1016/j.ijfo-
odmicro.2008.09.006.

4. Jakovljevi ć D.V. 2014. Biochemical characteristics of selected fungal speci-
es as a function of detergent biodegradation. Doctoral dissertation, Faculty 
of Science, Kragujevac, Serbia (in Serbian).



Arhiv veterinarske medicine, Vol. 13, No. 1, 101 - 109, 2020 
Mladenović, K. … et al.: Contribution to the knowledge about the presence... 

108

5. Kamaladevi B., Prabhavathi P., Sankareswaran M., Anbalagan S., Radha-
krishnan N., Prabhu D. 2014. Screening and medium optimization of li-
pase producing bacteria from saltpan. Research Journal of Chemical and 
Environmental Sciences, 2, 72–77.

6. Kos B., Šušković J., Vuković S., Simpraga M., Frece J., Matošić S. 2003. 
Adhesion and aggregation ability of probiotic strain Lactobacillus acido-
philus M92. Journal of Applied Microbiology, 94, 981–987. doi:10.1046/
j.1365-2672.2003.01915.x.

7. Krasowska A. and Karel S. 2014. How microorganisms use hydrophobicity 
and what does this mean for human needs? Frontiers in Cellular and Infec-
tion Microbiology 4, Article 112. doi: 10.3389/fcimb.2014.00112.

8. Melkamsew A.T., Pal M., Beda H.A. 2012. Bacteriological study on coli-
form organisms from Ethiopian traditional cheese west show zone. Afri-
can Journal of Microbiology Research, 3, 3, 188–191. doi:10.5829/idosi.
ijmr.2012.3.3.64213.

9. Mladenović K., Muruzov ić M., Žugić Petrović T., Stefanović O. Čomić Lj. 
2018. Isolation and identifi cation of Enterobacteriaceae from traditional 
Serbian cheese and their physiological characteristics. Journal of Food Sa-
fety, 38, 1, Article ID e12387. doi:10.1111/jfs.12387.

10. Muruzović M., Mladenović K., Žugić Petrović T., Čomić Lj. 2018. Charac-
terization of lactic acid bacteria isolated from traditionally made Serbian 
cheese and evaluation of their antagonistic potential against Enterobac-
teriaceae. Journal of Food Processing and Preservation, 42, 4, Article ID 
e13577. doi:10.1111/jfpp.13577.

11. Obuekwe C., Al-Jadi Z.K., Al-Saleh E. 2009. Hydrocarbon degradation in 
relation to cell-surface hydrophobicity among bacterial hydrocarbon de-
graders from petroleum-contaminated Kuwait desert environment. Inter-
national Biodeterioration and Biodegradation, 63, 273–279. doi:10.1016/j.
ibiod.2008.10.004.

12. Ocaña V. and Nader-Macías M.E. 2002. Vaginal lactobacilli: self- and co-
aggregation ability. British Journal of Biomedical Science, 59, 4, 183–190. 
doi: 10.1080/09674845.2002.11783657.

13. Pugin B., Barcik W., Westermann P., Heider A., Wawrzyniak M., Hellings 
P. 2017. A wide diversity of bacteria from the human gut produces and 
degrades biogenic amines. Microbial Ecology in Health and Disease, 28, 
Article ID 1353881. doi:10.1080/16512235.2017.1353881.

14. Rosenberg M., Gutnick D., Rosenberg E. 1980. Adherence of bacteria to 
hydrocarbons: a simple method for measuring cell-surface hydrophobicity. 
FEMS Microbiology Letters, 9, 1, 29–33. doi:10.1111/j.1574-6968.1980.
tb05599.x.



Arhiv veterinarske medicine, Vol. 13, No. 1, 101 - 109, 2020 
Mladenović, K. … et al.: Contribution to the knowledge about the presence... 

109

15. Silva N., Igrejas G., Gonçalves A., Poeta P. 2012. Commensal gut bacte-
ria: distribution of Enterococcus species and prevalence of Escherichia coli 
phylogenetic groups in animals and humans in Portugal. Annals of Micro-
biology, 62, 449–459. doi:10.1007/s13213-011-0308-4.

16. Tabla R., Gómez A., Simancas A., Rebollo J.E., Molina F., Roa I. 2016. En-
terobacteriaceae species during manufacturing and ripening of semi–hard 
and soft  raw ewe’s milk cheese: Gas production capacity. Small Ruminant 
Research, 145, 123–129. doi:10.1016/j.smallrumres.2016.11.008.

17. Tresse O., Lebret V., Benezech T., Faille C. 2006. Comparative evaluati-
on of adhesion, surface properties, and surface protein composition of 
Listeria monocytogenes strains aft er cultivation at constant pH of 5 and 
7. Journal of Applied Microbiology, 101, 1, 53–62. doi:10.1111/j.1365-
2672.2006.02968.x.

18. Wahyuni A.E.T.H. and Budiarso T.Y. 2009. Detection of Enterobacter saka-
zakii and another Enterobacter sp. from Dairy Cow’s Milk in Boyolali and 
Sleman. Animal production, 74–77.

Submitted: 23.04.2020.
Accepted: 28.06.2020.





Arhiv veterinarske medicine, Vol. 13, No. 1, 111 - 119, 2020
Apić J. … et al.: Accidental fi nding of Dirofi laria repens in dog... 

111

Case report UDC 636.7:591.463.1
https://doi.org/10.46784/e-avm.v13i1.54

ACCIDENTAL FINDING OF DIROFILARIA 
REPENS IN DOG DURING THE QUALITY 
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Abstract

A nine-year-old male dog of Doberman breed was taken to the labora-
tory for animal reproduction of the Scientifi c Veterinary Institute „Novi 
Sad“ for semen quality control. Th e sample of the ejaculate was taken with-
out diffi  culty; however, the sample contained a signifi cant amount of fresh 
blood (total ejaculate volume was 5 ml). Th e assessment of semen qual-
ity from such sample was not possible because blood components mask 
the spermatozoa. Nevertheless, the sample of ejaculate drop was placed 
for microscopic observation and analysis. In the semen, a lot of blood cells 
and only a few spermatozoids (mostly not moving) were found; however, 
something else was observed - the presence of a live motile organism, long-
shaped, looking very much like a larval stage of a parasite Dirofi laria sp. 
Next day, the blood sample was taken for the analysis for dirofi lariosis. Th e 
result of the ELISA test for Dirofi laria immitis antigen was negative indicat-
ing the absence of adult worms of Dirofi laria immitis. Th e result of modifi ed 
Knott test showed the presence of larval stages of Dirofi laria repens.

Key words: male dog, semen quality, Dirofi laria repens, Knott test
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SLUČAJAN NALAZ DIROFILARIA REPENS TOKOM 
KONTROLE KVALITETA SEMENA PSA – PRIKAZ SLUČAJA
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Kratak sadržaj

Mužjak, rase Doberman, starosti devet godina, doveden je u laborator-
iju za reprodukciju životinja, Naučnog instituta za veterinarstvo „Novi Sad“, 
radi redovne kontrole kvaliteta nativnog ejakulata. Procedura uzimanja 
ejakulata protekla je bez poteškoća. Međutim, dobijeni uzorak obilovao je 
znatnom količinom sveže krvi (ukupna količina ejakulata je bila 5 ml). Iz 
takvog uzorka nije moguće utvrditi validan kvalitet spermatozoida/ejakula-
ta, jer krvne ćelije maskiraju spermatozoide. Ipak, iz znatiželje, uzorak kapi 
ejakulata je postavljen na mikroskopsku predmetnicu i mikroskopiran. 
U uzorku je pronađeno mnoštvo krvnih ćelija i tek po koji spermatozoid 
(uglavnom statičan), ali primećeno je nešto drugo – prisustvo žive forme, 
duguljastog oblika, veoma slično larvalnoj formi parazita Dirofi laria sp. 
Narednog dana, od istog psa je uzet uzorak periferne krvi radi analize na 
prisustvo diorfi larioze. Rezultati ELISA testa za antigen Dirofi laria immi-
tis su bili negativni, što znači da adultnih formi parazita nema. Međutim, 
Knott testom utvrđeno je prisustvo larve Dirofi laria repens.

Ključne reči: mužjak, pas, kvalitet semena, Dirofi laria repens, Knott 
test

INTRODUCTION

Today, there is a growing demand for dogs of diff erent breeds with supe-
rior genetic traits meaning the good exterior traits (constitution, color, tem-
per, etc.) and health status in order to obtain a better off spring. Th is especially 
means the exclusion of hereditary diseases in these animals, such as dysplasia, 
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blood coagulation disorders, diseases of the eye and the heart and other health 
problems that can cause a lot of pain to dogs and their owners / breeders, a lot 
of worry and economic costs.

Quality control of the semen in dogs has been showing increasing tenden-
cy among the dog keepers and breeders. More oft en, dog owners or breeders 
decide to test the semen of males before natural mating or artifi cial insemina-
tion of bitches. Over the time, dog breeding has become a lucrative business. 
Th erefore, before the purchase of the male dog, some customers require from 
the breeder/owner to provide the semen analysis results obtained in accredited 
laboratories. Since 2016, Scientifi c Veterinary Institute  „Novi Sad“ (NIV-NS), 
laboratory for domestic animal reproduction, is accredited for the assessment 
of animal semen quality, using CASA - Computer Assisted Sperm Analysis. 
On this occasion, the owner brought a dog to determine the quality of the se-
men and received a result on dirofi lariosis.

Dirofi lariosis is a vector borne disease, transmitted by a mosquito bite. 
Disease reservoirs are dogs and wild canids but the disease can also be trans-
mitted to humans. Climatic, ecological, and many other factors have an infl u-
ence on Dirofi laria sp. transmission. Dogs and wild canids can be defi nitive 
hosts for both types of Dirofi laria sp. On the other side, less well adapted or 
“aberrant” hosts are cats, wild felids and other mammalians (Potkonjak et al., 
2020). Th ere are two forms of dirofi lariosis. One is caused by Dirofi laria immi-
tis (Heartworm disease) where the adult worms migrate into the heart of a dog 
and cause serious problems, very oft en leading to the death of a dog. Th e other 
form caused by Dirofi laria repens is much milder form of the disease yet much 
more diffi  cult to identify (Capelli et al., 2018). Th e disease caused by D. repens 
has almost no symptoms in dogs. Adult worms are imbedded under the skin 
and can persist there for a long time producing new larvae. Dogs can express 
nervousness or itchy feeling, if anything at all. Rarely, some cutaneous mani-
festations such as pruritus, dermal swelling and subcutaneous nodules can oc-
cur, or ocular conjunctivitis can be observed depending on the site where adult 
Dirofi laria are imbedded. It is important to emphasize that D. repens infection 
can be transmitted to people causing a zoonotic form of dirofi lariosis (Genchi 
and Kramer, 2017).

Both forms of dirofi lariosis have been identifi ed and reported by many au-
thors in Serbia (Tasić et al., 2003; Savić-Jevđenić et al., 2004; Savić et al., 2012; 
Spasojević Kosić et al., 2012; Krstić et al., 2017). Human cases of dirofi lariosis 
have also been detected and reported in Serbia (Džamic et al., 2004; Krstić et 
al., 2017).
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CASE PRESENTATION

Male dog of Doberman breed, 9 years old, was brought in for semen col-
lection and quality control. By observing the general condition of the dog, the 
weakness of posterior legs was noticed. Th e dog had a strong libido and the 
process of taking ejaculate passed without diffi  culty. However, the ejaculate 
was full of substantial amount of fresh blood (total ejaculate volume was 5 
ml). Th e assumption was that a small blood vessel was hurt during the process 
of semen intake. It was explained to the dog owner that it is not possible to 
assess the semen quality from that sample because the blood cells mask the 
spermatozoa and white blood cells weaken the sperm. Th ey release substances, 
which destroy microorganisms that cause infection but also aff ect the sperm 
by destroying the sperm membrane, impair sperm movement, and damage 
sperm DNA. Th e result obtained from such kind of sample would not be valid. 
Nevertheless, the sample of ejaculate drop was placed under the microscope 
for observation and analysis (USB 200i light microscope at 100× magnifi cation 
- Proiser, Paterna, Spain).

On the next day, blood sample was taken from the dog for analysis to di-
rofi lariosis using modifi ed Knott test and ELISA antigen test for Dirofi laria 
immitis. Modifi ed Knott test was used for the detection of Dirofi laria sp. cir-
culating microfi lariae (Bazzocchi et al., 2008). Morphological characteristics 
of microfi lariae (cephalic and caudal ends) were used in order to diff erentiate 
D.immitis and D.repens microfi lariae of the two Dirofi laria species (Genchi et 
al., 2007). ELISA test was used for the detection of Dirofi laria immitis female 
adults’ antigen.

Th e semen contained a lot of blood cells and just a few spermatozoids 
(mostly not moving). Th e whole semen sample was of dark red color result-
ing from excess blood in the sample. In the same semen sample, something 
else was seen - a live motile organism, long-shaped, looking very much like a 
larval stage of a parasite Dirofi laria sp. (Figure 1). Th e owner was immediately 
notifi ed that his dog is suspected for dirofi lariosis and that it would be rec-
ommendable to bring the animal for additional testing. Th e very next day, a 
blood sample was taken and analysed in the laboratory of Scientifi c Veterinary 
Institute „Novi Sad“. Th e result of the analysis performed using ELISA test for 
Dirofi laria immitis antigen was negative, indicating that there were no Dirofi -
laria immitis adult worms present. Th e result of modifi ed Knott test revealed 
the presence of larval stages of Dirofi laria repens (Figure 2) moving in blood 
drop under the microscope.



Arhiv veterinarske medicine, Vol. 13, No. 1, 111 - 119, 2020
Apić J. … et al.: Accidental fi nding of Dirofi laria repens in dog... 

115

Figure 1. Photo of dog semen quality testing on CASA instrument.

Figure 2. Photo of microscopic examination of dog blood – Knott test,
100× magnifi cation 
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DISCUSSION

Previous study on the prevalence of dirofi lariosis in pet dogs in Novi Sad 
has shown the increase of Dirofi laria immitis infection and a decrease of infec-
tion with Dirofi laria repens (Spasojević Kosić et al., 2012, 2014) as compared 
to the fi rst report on the prevalence of Dirofi laria repens infection (Tasić et 
al., 2008) and mixed infection with both parasites in dogs (Spasojević Kosić 
et al., 2014). Epidemiological importance of dirofi lariosis in dogs caused by 
Dirofi laria repens lays in the zoonotic potential of the disease. Th e study of 
Spasojevic et al has shown that seroprevalence of Dirofi laria repens was drop-
ping during the period from 2010 to 2016, while that of Dirofi laria immitis was 
rising in the same period (Spasojević Kosić et al., 2016).

A group of authors (Savić-Jevđenić et al., 2004) detected dirofi lariosis 
caused by D. immitis in dogs in the region of Novi Sad, while another group 
of authors (Tasić et al., 2003) established dirofi lariosis caused by D. repens, D. 
immitis and Dipetalonema reconditum in dogs in the same region. Th ere is no 
doubt that the region from which the dog from our case study originates is 
endemic for dirofi lariosis. Dirofi laria repens in dogs is pretty oft en neglected. 
A lot of the owners have only heard about Dirofi laria immitis as the causative 
agent of a heartworm disease because of its „deadly nature“ for dogs. As com-
pared with the disease caused by Dirofi laria immitis, dirofi lariosis caused by 
Dirofi laria repens is most frequently asymptomatic and remains undiagnosed 
because the dog-owners do not recognize that there is something wrong.  An-
other problem is the lack of commercial test for testing the dogs for the pres-
ence of Dirofi laria repens. Th ere are no ELISA or fast/snap tests that can be 
used for Dirofi laria repens. Most commonly, the diagnosis is established un-
intentionally and the only option is to perform modifi ed Knott test on blood 
sample for the identifi cation or (when possible) a PCR for defi nite confi rma-
tion of the pathogen.

Th e reports of human ocular and subcutaneous dirofi lariosis in Serbia 
published so far (Džamić et al., 2004) have confi rmed the importance of diro-
fi lariosis caused by Dirofi laria repens in human medicine in our country. Some 
of the authors identifi ed adult D. repens worms in peritoneal location, that is, 
in the scrotum of dogs. During castration procedure, they were found pro-
truding out from incised tunica vaginalis. Th e worm infected dogs had veins 
congestions, widening of the cavernous spaces of testes and epididymis, as well 
as thickened and enlarged epididymis along with interductal fi brosis. No sig-
nifi cant eff ects on the process of spermatogenesis were observed (Ravindran 
et al., 2016). In a dog from our case study, there were no clinical symptoms of 
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the same kind. However, the general condition of the dog was changed; the 
dog was nervous, uncomfortable, with week posterior legs. Th e semen sample 
showed very few spermatozoids with a very low, almost none activity. At this 
point, it cannot be stated whether the clinical status of the dog is a conse-
quence of Dirofi laria repens infection. Th e dog will be subjected to therapy and 
observed during next several months in order to confi rm the clinical status. 

AKNOWLEDGEMENT

Th is work was supported by the Ministry of Science and Technological 
Development of the Republic of Serbia, grants TR 31084.

Authors’ contributions

JA, SS, BL and AP made contributions to conception and design of the 
study, involved in data collection and draft ing the manuscript. MŽ, AM and 
TB carried out the acquisition of sample, microscopic and serological tests and 
data analysis. SS revised the manuscript critically and together with JA pre-
pared the fi nal draft  of the manuscript. All authors read and approved the fi nal 
manuscript.

Competing interests

Th e author(s) declare that they have no competing interests.

REFERENCES

1. Bazzocchi C., Mortarino M., Grandi G., Kramer L.H., Genchi C., Bandi 
C., Genchi M., Sacchi L., McCall J.W. 2008. Combined ivermectin and 
doxycycline treatment has microfi laricidal and adulticidal activity against 
Dirofi laria immitis in experimantally infected dogs. International Journal 
of Parasitology, 38, 12, 1401-1410. doi: 10.1016/j.ijpara.2008.03.002.

2. Capelli G., Genchi C., Baneth G., Bourdeau P., Brianti E., Cardoso, Danesi P., 
Fuehrer H.P., Giannelli A., Ionică AM., Carla M., Modrý D., Montarsi F., Krüc-
ken J., Papadopoulos E., Petrić D., Pfeff er M., Savić S., Otranto D., Poppert S., 
Silaghi C. 2018. Recent advances on Dirofi laria repens in dogs and humans in 
Europe. Parasites Vectors, 11, 663. doi: 10.1186/s13071-018-3205-x.

3. Džamić A.M., Arsić-Arsenijević V., Radonjić I., Mitrović S., Marty P., 
Kranjčić-Zec I.F. 2004. Subcutaneous Dirofi laria repens infection of the 
eyelid in Serbia and Montenegro. Parasite, 11, 2, 239-40.



Arhiv veterinarske medicine, Vol. 13, No. 1, 111 - 119, 2020
Apić J. … et al.: Accidental fi nding of Dirofi laria repens in dog... 

118

4. Genchi C. and Kramer L. 2017. Subcutaneous dirofi lariosis (Dirofi laria re-
pens): an infection spreading throughout the old world. Parasites Vectors, 
10, 2, 517. doi: 10.1186/s13071-017-2434-8.

5. Genchi C., Venco, L., Genchi M. 2007. Guideline for the laboratory dia-
gnosis of canine and feline Dirofi laria infections. In Mappe Parassitolo-
giche 8. Eds. C. Genchi, L. Rinaldi, G. Cringoli, Rolando Editore, Naples, 
137-144.

6. Krstić M., Gabrielli S., Ignjatović M., Savić S., Cancrini G., Ranđelović G., 
Momčilović S., Stojnev S., Otašević S. 2017. An appraisal of canine and 
human cases reveals an endemic status of dirofi lariosis in parts of Serbia. 
Molecular and Cellular Probes, 31, 37-41. doi:10.1016/j.mcp.2016.08.005.

7. Potkonjak A., Rojas A., Gutierezz R., Nachum-Biala Y., Kleinerman G., 
Savić S., Polaček V., Pušić I., Haruss S., Baneth G. 2020. Molecular survey 
of Dirofi laria species in stray dogs, red foxes and golden jackals from Voj-
vodina, Serbia. Comparative Immunology, Microbiology and Infectious 
Diseases, 68, 101409. doi: 10.1016/j.cimid.2019.101409.

8. Ravindran R., Julie B., Swapna S.A., Jerin F., Lenka D., Nandakumar S., 
Sabu S.M. 2016. Research Note Dirofi laria repens in scrotum of dogs. Tro-
pical biomedicine, 33, 4, 842-846.

9. Savić S., Vidić B., Grgić Ž., Jurišić A., Ćurčić V., Ruzić M., Lolić Z. 2012. 
Vektorske zoonoze pasa u Vojvodini. Archives of Veterinary Medicine, 5, 
1, 77-87. doi:10.46784/e-avm.v5i1.164.

10. Savić-Jevđenić S., Vidić B., Grgić Ž., Milovanović A. 2004. Brza dijagnostika 
dirofi larioze pasa u regionu Novog Sada. Veterinarski glasnik, 58, 5-6, 693-8.

11. Spasojević Kosić Lj., Lalošević V., Lalošević D., Simin S., Vasić I., Kuruca 
Lj. 2012. Prevalence of dirofi lariosis in pet dogs in Novi Sad. Contempo-
rary agriculture, 61, 3-4, 247-254.

12. Spasojević Kosić Lj., Simin S., Lalošević V., Lalošević D., Kuruca Lj., Ni-
kolić S., Nerac D. 2014: Updating the prevalence of dirofi lariosis in pet 
dogs in Novi Sad, Vojvodina, Serbia, Contemporary agriculture, 63, 4-5, 
487-493.

13. Spasojević Kosić Lj., Lalošević V., Simin S., Kuruca Lj. 2016. Dirofi lariosis 
and Angiostrongilosis in pet and hunting dogs in Novi Sad, Vojvodina, 
Serbia. Archives of Veterinary Medicine, 9, 2, 53-62. doi: 10.46784/e-avm.
v9i2.89.

14. Tasić A., Katić Radivojević S., Klun I., Mišić Z., Ilić T., Dimitrijević S. 2003. 
Prevalencija fi larioza pasa u nekim područjima Vojvodine. U Zbornik ra-
dova i kratkih sadržaja, 15. Savetovanje veterinara Srbije. Zlatibor, Srpsko 
veterinarsko društvo, 172.



Arhiv veterinarske medicine, Vol. 13, No. 1, 111 - 119, 2020
Apić J. … et al.: Accidental fi nding of Dirofi laria repens in dog... 

119

15. Tasić A., Rossi L., Tasić S., Miladinović-Tasić N., Ilić T., Dimitrijević S. 
2008. Survey of canine dirofi lariasis in Vojvodina, Serbia. Parasitology Re-
search, 103, 1297-1302. doi: 10.1007/s00436-008-1132-z.

Submitted: 16.01.2020.
Accepted: 16.06.2020.





121

Note for Contributors

ARCHIVES OF VETERINARY MEDICINE (AVM) is a journal of the Scientifi c 
Veterinary Institute “Novi Sad” in Novi Sad. Th e journal publishes original research 
papers and review articles, short communications and case reports. Th e journal is 
devoted to the advancement and dissemination of scientifi c knowledge concerning 
veterinary sciences, biotehnology and related academic disciplines. Th e journal is pub-
lished in the English language, with an abstract in English and Serbian language. All 
manuscripts are sent for a review and evaluation. In the case the reviewer suggests 
additional changes, the manuscript will be sent to the fi rst author with a kind request 
to change the manuscript. In the case the author does not want to change, appropriate 
argumentation should be given. Final decision on accepting the manuscript is given by 
the Editor in Chief or Deputy Editor. 

By submitting a manuscript, Authors warrant that their contribution to the Jour-
nal is their original work, that it has not been published before, that it is not under 
consideration for publication elsewhere, and that its publication has been approved 
by all co-authors, if any, and tacitly or explicitly by the responsible authorities at the 
institution where the work was carried out. Authors are exclusively responsible for the 
contents of their submissions, the validity of the experimental results and must make 
sure they have permission from all involved parties to make the data public. Authors 
wishing to include fi gures or text passages that have already been published elsewhere 
are required to obtain permission from the copyright holder(s) and to include evi-
dence that such permission has been granted when submitting their papers. Any ma-
terial received without such evidence will be assumed to originate from the Authors. 
Authors must make sure that only contributors who have signifi cantly contributed to 
the submission are listed as authors and, conversely, that all contributors who have 
signifi cantly contributed to the submission are listed as authors.

Peer review process is managed electronically. Authors have the possibility to pro-
vide the contact details of one or two potential peer reviewers, but the fi nal decision 
on the choice of reviewers is on Editor decision without any obligation to contact any 
of the Author-recommended peer reviewers. Th e Editor nominates peer reviewers (at 
least two). Th e submitted manuscripts are sent to the reviewers together with the in-
structions for reviewers and accompanying reviewers’ evaluation form. Acceptance 
of the manuscript is based on the reviews and on the fi nal decisions of the reviewers 
regarding the acceptability of the manuscript. A reviewer’s decision is one of following: 
“Accepted as it is”, “Accepted aft er minor revision”, “Accepted aft er major compulsatory 
revision” or “Rejected”. If there is marked discrepancy in the decisions between the 
reviewers, the Editor can send the manuscript to another reviewer for additional com-
ments and further decision, or make the decision based on the existing information. 



122

Names of the reviewers are not transmitted to the author (single blind review). Th e 
peer review process is expected, in general, to start within two weeks aft er the submis-
sion of the manuscript. Th e Corresponding Author must indicate clearly in a separate 
letter what corrections have been made in response to the reviewers’ comments point 
by point, and giving the relevant new line numbers using Final show markup view un-
der Track Changes in MS Word Review ribbon. Corrected manuscripts are expected 
to be returned within three weeks. Accepted manuscripts are published on https://niv.
ns.ac.rs/e-avm/index.php/e-avm/issue/current and then selected for a subsequent 
print issue.

Th e Journal Archives of Veterinary Medicine (AVM) uses open-source soft ware 
for the management of peer-reviewed academic journals, the Open Journal System 
(OJS), created by the Public Knowledge Project (PKP), released under the GNU Gen-
eral Public License. Instructions for the submission using OJS 3.0 are available on the 
Open Journal Systems web page (OJS 3.0 User Guide” © by PKP https://openjournal-
systems.com/ojs-3-user-guide/).

General notes
Th e manuscript must be written in clear and concise English, and should be 

checked by a native-English speaker or certifi ed English instructor with a good un-
derstanding of scientifi c terminology. Th e complete manuscript must be prepared ac-
cording to instructions given in this section. Please read all instructions carefully. A 
manuscript that has not been prepared in accordance with the Journal’s instructions 
for authors will not be considered for review. 

All manuscripts submitted to Archives of Veterinary Medicine, must be accom-
panied by a Cover letter (see below). Also, authors are required to submit a scanned 
copy of the signed original, Competing interests, Authors contribution, and License to 
Publish which can be downloaded from the Journal homepage (see below).

Approval of the ethics committee must be obtained prior to the start of the study 
and be available upon request. Authors report this approval in their manuscript in the 
fi rst paragraph of the Materials and Methods section, including the name of the regu-
latory group, reference number and date of the approval. 
Examples: 

Ethical approval: Th e research related to animal use complied with all the relevant 
national regulations and institutional policies for the care and use of animals (name of 
regulatory group, number and date). 

Ethical approval: No ethical approval was obtained because this study did not in-
volve laboratory animals and only involved non-invasive procedures (e.g. collection of 
waste tissue aft er surgery, fecal samples, voided urine etc.)



123

Registration and/or Login are required to submit items online and to check the 
status of current submissions. Please note that by signing up and submitting your 
manuscript to Archives of Veterinary Medicine you agree to the Journal’s terms and 
conditions. All correspondence, including notifi cation of the Editor’s decision and 
requests for revision, is done by e-mail. Th e Journal submission system guides you 
stepwise through the process of entering your article details and uploading your fi les. 
Editable fi les (Microsoft  Word, .doc, or .docx format) are required to typeset your 
article for fi nal publication. Th e text of the submitted manuscript should be written in 
good English language. Th e Editor reserves the right to amend submitted manuscripts 
to a suitable standard of formal, written English. Manuscripts are pre-evaluated at the 
Editorial Offi  ce in order to check whether they meet the basic publishing requirements 
and quality standards, and authors will be notifi ed by email upon receiving their sub-
mission. Only those contributions which conform to the following instructions can be 
accepted for peer-review. Otherwise, the manuscripts will be returned to the authors 
with comments / suggestions.

Online submission (https://niv.ns.ac.rs/e-avm/index.php/e-avm) 
 - If you already have a username and password for Archives of Veterinary Medicine 

continue to Login Page (https://niv.ns.ac.rs/e-avm/index.php/e-avm/login). 
 - If you are not registered with this site, you need to fi ll in and submit the form ava-

lable on Registration Page (https://niv.ns.ac.rs/e-avm/index.php/e-avm/user/
register).

Layout of the manuscript, Style and Form
Th e paper should be in Word program, Latin characters, size 12 pt., Times New 

Roman with justifi ed alignment, double spaced. Left  and right margins 20 mm, top 
and foot margins 30 mm, paper size A4. Th e journal requires continuous line num-
bering in submitted manuscripts. Number the pages consecutively with the title page 
being page 1. If special symbols are used, use font Symbol. Th e manuscript should be 
submitted on paper size A4 in electronic form. Pagination on the right side, starting 
from the title page. 

Th e journal publishes the following types of articles: Original research articles, 
Review articles, Short communications and Case reports.

Original research articles describe the original research, previously unpublished 
and includes the following sections: Title Page, Abstract with Key words, Introduction, 
Materials and Methods, Results, Discussion, Conclusion, Acknowledgments, Refer-
ences, Tables/Figures (with legends). Th e writing style should be concise but clear 
enough to enable readers to reproduce the experimental methodology as described. 
Th e article must present a clear hypothesis and data expressed according to an ap-
propriate experimental design. Th e Original research article should not contain more 
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than 40 references, and usually have no more than 5000 words.
Review articles represent analysed and discussed summaries of diff erent topics in 

the area of veterinary medicine, biotechnology and related scientifi c disciplines which 
are of broad interest to the target audience of Archives of Veterinary Medicine. Th e au-
thors of a Review articles should be experts on the subject of the review, as proven by 
their own published peer-reviewed papers and by citations of these papers in the sub-
mitted review. It is essential that the authors of a review article are cited as authors of 
at least fi ve other articles, published in Journals from the SCI list, addressing the same 
subject as the review article submitted. A review contains: Title Page, Abstract with Key 
words, Main Text, Conclusion, Acknowledgements, References, Tables/Figures/ Illus-
trations (with legends). Th e main text in reviews preferably has less than 6000 words.

Short communications represent the concise but complete descriptions of lim-
ited investigations, which will not be included in a later full research article. A short 
communication usually contains the following sections: Title Page, Abstract with Key 
words, Introduction, Materials and Methods, Results and Discussion, Conclusion, Ac-
knowledgments, References, Tables/Figures/Illustrations (with legends). A short com-
munication should not contain more than 15 references and preferably has less than 
3000 words.

Case Reports are reports describing a novel case (or set of cases) with detailed 
documentation and diagnostic investigation. Authors are encouraged to describe how 
the subject of the Case report is novel or unusual in the covering letter that will accom-
pany the submission of the Case report. Case reports usually contain the following sec-
tions: Title page, Abstract with Key words, Case presentation, Discussion, Acknowl-
edgements, References, Tables/Figures/Illustrations (with Legends). Case reports usu-
ally have no more than 2500 words, and should not contain more than 15 references.

Title page 
On the title page the following should be written:

 - Th e title of the paper in capital letters, without underlining and abbreviations
 - Th e names of the authors (fi rst name and surname, followed by a comma).
 - Above the surname place a number in superscript (1,2,3) that denotes the institu-

tion where the author works (affi  liation).
 - Full name of the institutions should be given below the list of authors (the following 

order should be considered: university or organization/institution, department, 
city, and country for all authors).

 - One of the authors must be designated as the Corresponding Author (add an aste-
risk next to the Author’s surname). Full contact details including postal address, 
and e-mail address for the corresponding author must be provided at the bottom 
of the Title page.
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Abstract
An Abstract not exceeding 300 words must be provided with and three to eight 

key words. It should contain and summarize the most important facts from the sub-
mitted manuscript. For Original research articles, Short Communications and Case 
reports the material and techniques used must be mentioned without going into meth-
odological detail, and the most important fi ndings must be summarized. An Abstract 
for a Review paper should contained background, key fi ndings and/or conclusions. 
Citations, tables and specialist abbreviations are not included in any Abstract. 

Authors from Serbia must also submit an Abstract and Key words in Serbian, in-
cluding the title of the paper, list of authors and their affi  liations on a separate page 
aft er References. Translation of the Abstract and Key words from English to Serbian 
language will be performed by the Editorial Offi  ce for Authors who are not fl uent in 
Serbian.

Th e main Text
All the text headings should be typed in bold capital letters, and the subheadings, 

where necessary should be in bold italic with only an initial capital letter. Use short and 
concise sentences. Name the drugs as their International Nonproprietary Names (so 
called generic names). If the name of a specifi c drug is to be stressed, name it together 
with the producer (in brackets). Th e names of devices write as used in trade (name 
of the producer in brackets). When using an abbreviation for the fi rst time, write the 
words that stand for. Abbreviations cannot be used in the title and summary. Text 
should not be longer than 8 pages. Avoid long enclosures.

Tables and Figures
Tables and Figures (graphs, images, schemes etc.) must not be integrated into the 

main text. Instead, they must be submitted as separate, supplementary fi les. Tables and 
Figures are numbered consecutively using Arabic numerals (Figure 1, Figure 2, Figure 
3, Table 1, Table 2, Table 3, etc.). Results which can be described as short statements 
within the text must not be presented as Figures or Tables. Data must not be replicated 
in Tables and Figures. Th e titles and legends help make the tables and fi gures under-
standable without the reader having to refer to the main text. However, they must also 
be concise and are not used to re-describe the methodology. Appropriate numbers 
and titles for tables and numbers and legends (including titles and explanations of 
markings) for fi gures are typed single line spaced using Times New Roman, 12 pt, in 
the main text and placed next to the relevant text in the article to enable the Editors to 
place them properly.

Tables are submitted as one document, with one table per page. Tables should be 
submitted as editable text and not as images. Each table is prepared on a separate page 
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and is appropriately numbered with a short, descriptive table title placed above. Tables 
can include footnotes, which are placed below the table and explain any abbreviations. 
Use superscript Arabic numbers (1, 2, 3 etc., in the correct order of reading the table, 
from top left  to bottom right) to link each footnote to the appropriate item in the table 
requiring explanation. 

Each Figure (graphs, images, schemes etc.) is submitted as a separate fi le. Upper-
case letters A, B, C, etc. should be used to identify parts of multipart fi gure. Images 
must be at resolution 300 dpi or higher and allowable formats – JPG, TIFF. For micro-
photographs, scale bars with appropriate units must be provided. Symbols, arrows or 
letters used in photographs should contrast with the background. Legends for fi gures 
do not appear in the fi gures. However, when uploading the fi gures in the submission 
procedures, please ensure that the fi les are appropriately identifi ed as Figure 1, Figure 
2, etc. Legends for fi gures include both the fi gure number and title and explanations of 
any symbol, line or marking used in the fi gure and are placed at the appropriate loca-
tion within the main text.

Headings
Headings in the paper are: INTRODUCTION, MATERIAL and METHODS, 

RESULTS, DISCUSSION (or RESULTS and DISCUSSION for Short Communi-
cations), CONCLUSION and REFERENCES. For Review articles instead M&M, 
Results and Discussion section, the Main text section should subdivided by diff er-
ent subheadings describing topics presented/discussed/analysed. For Case studies this 
part could be the same or replaced by Case presentation part with or without diff erent 
subheadings.

INTRODUCTION points on the most important, i.e. most recent data regard-
ing the topic with a short presentation of the aims of this research. Th e essence of the 
problem and the purpose of the study should be pointed to in this section. Th e key as-
pects of the published literature and research should be reviewed. A detailed literature 
survey or a summary of the results should be avoided. Th e last part of the Introduction 
must contain the specifi c aim(s) of the study.

MATERIAL and METHODS. Here describe the conditions in the experiment, 
name the used methods, material and animals. Th e Ethical statement (or description 
why ethical statement is not applicable) should be provided at the beginning of the sec-
tion. Th is section includes, as appropriate, a description of study design, experimental 
animals or data about the samples used, analytical methods and statistical analyses. 
Identify the methods and procedures in suffi  cient details to allow others to reproduce 
the study. If methods are widely known, they are not described, but appropriate refer-
ences must be cited. For new methods, the detailed protocols for the method should 
be included. Authors must provide references for established methods including sta-
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tistical methods. Specify any general computer program used. Identify all drugs and 
chemicals used with generic or chemical names, doses and route of administration. 
For diagnostic kits/reagents and instruments used in the study provide manufacturer, 
product number, city and country where applicable. 

RESULTS. Results are presented in a logical order and in parallel with the Meth-
ods (for every Method, there should be a Result), using text descriptions and Tables 
and/or Figures without duplicating the results between these formats. To enhance clar-
ity, this section can be divided into subsections, each with a concise subheading in ital-
ics and which provides details of fi ndings that are required to support the conclusions 
made in the manuscript.

DISCUSSION. Here give analyses of the obtained results comparing to the results 
and opinions of other authors, pointing the importance of this research, without giv-
ing a conclusion. Th e Discussion section is not used to summarize current knowledge. 
Th e Discussion should clearly identify the main Conclusions of the study. Authors 
are to provide a clear explanation of the importance and relevance of these Conclu-
sions. Any new information should be distinguished from the previous fi ndings, and 
relevant hypotheses can be generated.

CONCLUSION.  Here the authors gives his fi nal conclusions. Th is part consists 
of a short integration of Results that refer directly to the stated aim(s) of the study and 
a statement on the practical implications of the results. Th e statements and conclu-
sions not supported by data in the presented research should be avoided. Th is section 
should not exceed one short paragraph. Do not summarize the Discussion or current 
knowledge in this section.

ACKNOWLEDGEMENT. Th e source of funding for the study should be stated 
in this section. Also, those who have made a substantial contribution to the study in 
terms of design, execution, analysis or manuscript draft ing/revision but do not fi t the 
criteria for authorship should be mentioned in this section. It is the responsibility of 
the Authors to ensure that those being acknowledged have agreed to being named in 
this part.
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In the list of REFERENCES, references should be numbered with Arabic numer-
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