
Ðîçä³ë 3. Âåòåðèíàðíà ì³êðîá³îëîã³ÿ òà â³ðóñîëîã³ÿ

141

GENETIC DIVERSITY OF PESTIVIRUSES: CONSEQUENCES FOR TAXONOMY, DETECTION AND MOLECULAR 
EPIDEMIOLOGY

Vilcek S., Jackova A., Vlasakova M., Leskova V.
University of Veterinary Medicine and Pharmacy, Kosice, Slovakia 

The pestivirus genus of the family Flaviviridae comprises four species and a number of additional viruses. Bovine viral diarrhoea virus 
type 1 (BVDV-1) mainly infects cattle but also sheep, pig, roe deer, deer, alpaca and buffalo. Abortion, birth of persistently infected animals 
and in some special cases highly fatal mucosal disease may appear in infected cattle. BVDV type 2 (BVDV-2) infects cattle and sheep 
in which infection is characterised by similar clinical signs as infection with  BVDV-1, but some highly virulent BVDV-2 strains may cause 
haemorrhagic syndrome. Classical Swine Fever Virus (CSFV) infects only pigs. Infected animals may develop a lethal haemorrhagic 
fever which results in signifi cant economic losses for the pig industry. Border Disease Virus (BDV) mainly infects sheep but virus was also 
detected in goat, pig, cattle, reindeer, and chamois. Clinical manifestations in infected sheep are abortion, stillbirths, barren ewes and 
the birth of small weak lambs. In addition to these four established species, the Pestivirus genus contains a number of “unconventional” 
representatives, including the giraffe, Bungowannah, antelope and HoBi-like pestiviruses. 

The pestivirus genome is composed of a single-strand positive oriented RNA of about 12.5 kb size. The 5’ and 3’-ends of the genome 
fl ank an ORF encoding a polyprotein composed of around 4000 amino acids. This polyprotein is cleaved by viral and cellular proteases into 
four structural (C, Erns, E1, E2) and 7-8 nonstructural (Npro, p7, NS2-3, NS4A, NS4B, NS5A, NS5B) proteins (Meyers and Thiel, 1996). The 
most conserved part of the genome is the 5’-untranslated region (5’-UTR), the most variable one is the immunodominant E2 region. 

The rapid development of molecular-genetic techniques, especially the polymerase chain reaction (PCR), sequencing of DNA and 
computer-assisted phylogenetic analysis signifi cantly improved typing of pestiviruses. The 5’-UTR, Npro and E2 form the basis for typing 
pestiviruses at the genetic level. Methodologically, DNA fragments prepared by RT-PCR from these genomic regions are sequenced, the 
nucleotide sequences are compared with other sequences deposited in international databases (GenBank) using computer programs, 
such as Clustal W. Phylogenetic trees are constructed using computer programs such as MegAlign, Phylip, Mega. A phylogenetic tree 
represents a graphical presentation of the evolutionary distances between nucleotide sequences analysed and shows the relationship 
between pestivirus strains involved in the study.

Genetic analysis improved the taxonomy of pestivirus species and revealed new pestiviruses. In the early stages of pestivirus research, 
three pestivirus species, namely BVDV, CSFV and BDV were recognised. When an additional pestivirus infecting cattle was detected in 
Canada and the USA around 1990, the original BVDV was renamed BVDV-1 to differentiate it from the new BVDV-2 strains (Ridpath et al, 
1994, Pellerin et al., 1994). To date, four additional pestiviruses are referred as “atypical”, without a status as species: Giraffe pestivirus 
(Avalos-Ramirez, et al., 2001), originally isolated from a Giraffe in Africa; Ho_Bi-like pestivirus isolates detected in some foetal calf sera 
used for the cultivation of cells (Schirrmeier et al., 2004) and recently also detected in naturally infected cattle in Thailand (Stahl et al., 
2007) and Italy (Decaro et al., 2011); a pestivirus isolate from pronghorn antelope (Vilcek et al., 2005), and Bungowannah virus isolated in 
Australia from pigs suffering from myocarditis (Kirkland et al., 2007).  

At present, a new nomenclature of pestiviruses is being discussed among specialists working in the pestivirus fi eld. The main problems 
are the taxonomic names for atypical pestiviruses, namely for Ho_Bi-like viruses, giraffe pestivirus, Bungowannah pestivirus. For example, 
one suggestion is to name Ho_Bi-like pestiviruses as Brazil virus (virus for the fi rst time found in foetal calf serum originating from Brazil) 
or BVDV type 3 (BVDV-3). Another suggestion is to name pestiviruses as pestivirus-1, pestivirus-2, etc. There is also suggestion to divide 
pestiviruses into ruminant and porcine groups and call them as ruminant or porcine pestivirus 1, pestivirus 2, etc. replacing old names as 
BVDV, CSFV and BDV. The fi nal agreement is not achieved yet.

Genetic analysis of pestiviruses revealed their high genetic variability and grouping of viral isolates below the species level (Avalos-
Ramirez, et al., 2001; Becher et al., 1999; Becher et al, 2003). When CSFV isolates collected from different parts of world were analyzed, 
they clustered into four main phylogenetic groups (1, 2, 3, 4) with several clusters (1.1, 1.2., 2.1., 2.2., 2.3. etc) (Paton et al., 2000). The 
BDV isolates were divided into 7-8 genotypes (De Mia et al., 2005; Oguzoglu et al., 2009).

In the beginning of genetic analysis of BVDV-1 isolates two subgroups (BVDV-1a and BVDV-1b) were identifi ed only. When more 
isolates were analysed, 12 phylogenetic subgroups (subgenotypes, subtypes) were recognised, namely BVDV-1a to BVDV-1k and l 
(Jackova et al., 2008; Vilcek et al., 2001) and additional subgroups were described, now to BVDV-1p.  Some of BVDV-1 isolates were found 
in many countries around the world (BVDV-1a, BVDV-1b) others are predominant or unique to some countries (BVDV-1i for UK, BVDV-1k 
for Switzerland). The BVDV-2 isolates which mainly circulate in cattle farms in USA and Canada but also in South America and Asia, and 
occasionally found in Europe (for example in Germany, France, Austria, Belgium, Slovakia) were grouped into 2-4 subgroups (Flores et 
al., 2002). Any of BVDV-1 or BVDV-2 subgroups can be specifi cally recognised by antigenic analysis. There is no clear evidence that the 
isolates belonging to the particular phylogenetic subgroup develop special clinical signs in infected cattle.

High genetic variability of BVDV isolates complicates the development of specifi c molecular-genetic assays based on RT-PCR or 
real-time RT-PCR for diagnostic laboratories. The primers for PCR assays were usually selected from the evolutionary highly conserved 
5ґ-untranslated region of the pestivirus genome (Hoffmann et al., 2006; Letellier et al., 2003; Vilcek et al., 1994).

Rapid sequencing of PCR prepared DNA fragments and phylogenetic analysis of nucleotide sequences is useful for the establishment of 
molecular epidemiology. In combination with classical epidemiological investigation, molecular epidemiology provides useful information for 
the identifi cation of sources of infection and to study the spread of infection between farms. Molecular epidemiology was successfully used in 
the BVDV eradication program in Sweden (Stahl et al., 2005) and Austria (Hornberg et al., 2009). In Switzerland, where a BVDV eradication 
program is being implemented, large collection of pestivirus isolates detected in infected cattle are analysed at the genetic level. 

There is no doubt that the classical (epidemiological investigation on farms, detection of BVDV antibodies and antigen) and molecular-
genetic approach (detection of BVDV by RT-PCR, real-time RT-PCR, sequencing of PCR products and phylogenetic analysis) which 
started in Ukraine with the introduction of common Swiss-Ukrainian-Slovak SCOPES project can help to fi ght BVD and to improve the 
economic performance of cattle farming. 
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ГЕНЕТИЧНЕ РІЗНОМАЇТТЯ ПЕСТІВІРУСІВ: НАСЛІДКИ ДЛЯ ТАКСОНОМІЇ, ВИЯВЛЕННЯ ТА МОЛЕКУЛЯРНОЇ ЕПІДЕМІОЛОГІЇ
Вілсек С., Яскова А., Власакова М., Лєскова В.

Университет ветеринарної медицини і фармації, Косіче, Словаччина
Рід пестівірусів сімейства Flaviviridae включає в себе чотири види вірусів та декілька додаткових вірусів. Бурхливий розвиток молекуляр-

но-генетичних методів, зокрема, полімеразної ланцюгової реакції (ПЛР), секвенування ДНК і комп‘ютерний філогенетичний аналіз, значно 
покращив можливості для типування пестивірусів. Немає сумнівів, що класичний підхід (епідеміологічне дослідження на фермах, виявлення 
антитіл і антигенів BVDV) і молекулярно-генетичний підхід (визначення BVDV за допомогою ПЦР в режимі реального часу RT-PCR, секвену-
вання продуктів ПЛР та філогенетичного аналіз), що розпочалися в Україні в рамках спільного швейцарсько - українсько-словацького проекту 
можуть допомогти в боротьбі з вірусною діареєю ВРХ і підвищити економічну ефективності сільськогосподарської худоби.




