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Abstract  

Since it was first discovered two decades ago, porcine reproductive and respiratory  syndrome 
virus (PRRSV) has been the subject of intensive research due to its huge impact on the worldwide swine 
breeding industry. Due to the phylogenetic analyses, much has been learned concerning the genetic 
diversity and evolution history of the virus. In this study, we determined two partial PRRSV of ORF7 
sequences, representing pathogenic field strains from Romania. One of the analyzed strains was similar 
to the vaccine strain and the second was almost identical with one of the Russian strain (EU071264). 
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1. Introduction 

 
The Porcine Reproductive and Respiratory Syndrome (PRRS), formerly called 

mystery swine disease, is caused by an arterivirus named Lelystad virus or PRRS-virus [6, 
27]. PRRSV was firstly isolated in Europe, for the first time in 1990 [27]. This disease was 
first reported in the United States in 1987 [14], when Keffaber described a reproductive 
failure of unknown etiology in the late 1980s. 

PRRSV is an enveloped single-stranded positive-sense RNA virus which possesses a 
~15 kb genome with nine open reading frames: ORF1a, ORF1b, ORF2a, ORF2b, ORF3, 
ORF4, ORF5, ORF6 and ORF7 [18, 28].  

Computational analysis has recently revealed the presence of a small ORF overlapping 
the arterivirus major glycoprotein GP5 gene [11, 26]. This gene, named ORF5a, was first 
detected in an alignment of PRRSV-NA sequences [9, 12], and it was hypothesized that 
additional ORFs are present in the PRRSV genome, which precedes the initiation site of the 
major envelope glycoprotein, GP5 [9, 13]. Firth et al. (2011) suggested that the ORF5a 
protein is the eighth structural protein of the arterivirus particle. 

The suspicion of a new outbreak of the syndrome in pig farms was based on the 
observation of reproductive failures and increased levels of neonatal mortality [1]. PRRS is 
still considered to be one of the diseases with great negative economic impact, which costs the 
swine industry 7-10$/kg finishing pig marketed or 250$ per inventoried sow [15, 29]. PRRS 
control measures are based on the implementation of biosecurity protocols, on the 
management of replacement gilts and vaccination. By these measures, the risk of PRRSV 
spreading within and between herds can be reduced [2]. The presence of PRRSV can be 
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diagnosed by several test method systems based on the identification of PRRSV genomic 
sequences, antigens and/or antibodies. Test results, obtained from animals undergoing 
extensive vaccination programs, can interfere with those obtained from animals infected with 
field strains of PRRSV. 

Several Romanian studies have previously revealed high levels of polymorphism in 
affected lungs from clinically affected piglets and growing pigs and a suspicion that 
pathological lesions due to PRRSV can differ if other secondary germs are present [3, 4]. 

The economic impact of PRRS has been minimized by a PRRSV control program 
based on general measures of control and vaccination [5]. In several Romanian farms, the 
surveillance/monitoring of PRRSV infections by using the ELISA technique improved health 
control programs. This method could be used to evaluate the quality of vaccination [3] but the 
results of the ELISA tests do not provide sufficient information regarding the type of PRRSV 
strains circulating in the herd.  

In the last two years, new PRRS outbreaks were reported in pig farms located in South-
Eastern Romania. Clinical and serological investigation of clinically affected gilts (101-120 
days) confirmed PRRS, but the epidemiological investigation did not result in the 
identification of the PRRSV source. 

The aim of the present study was to characterize the PRRSV strains, present in two 
Romanian outbreaks, based on the analyses of nucleoprotein gene (ORF7) sequence. Therefore, 
different tissues homogenates collected from non-vaccinated piglets and gilts were used. 

 
2. Materials and methods 

 
2.1. Herds and animals 
One hundred and twenty pigs [60 piglets (farm I) and 60 gilts (farm II)] were selected 

from two farms located in South-Eastern of Romania, having PRRS outbreaks.  
Samples used for analysis were collected post-mortem and consisted from fresh 

tissues (Table 1) from all selected pigs. The piglets and gilts weren’t vaccinated, but piglets 
originated from vaccinated sows (Porcilis PRRS vaccine, Intervet, The Netherlands). 

 

Table 1. Type of tissues used for PRRSV-RNA extraction 

Group No of 
pigs Age 

Tissues used for 
PRRSV-RNA 

extraction 
Status 

Piglets 
(farm I) 60 < 14 

days 

tonsil, lung, mediastinal 
lymph node, liver, 
spleen, kidney, gut 

Field 
samples 

Gilts 
(farm II) 60 

between 
101-120 

days 

tonsil, lung, mediastinal 
lymph node, liver, 
spleen, kidney, gut 

Field 
samples 

RN-ase 
free water  - - - Negative 

control 

European 
strain DV  - - 

Porcilis PRRS vaccine 
(Intervet, The 
Netherlands) 

Positive 
control 

 
The detection of PRRSV-RNA in clinical materials highly depends on a proper collection 
regime and handling of specimens [1]. Taking into account this, all specimens were collected 
as early as possible after exitus, and clinical specimens were collected aseptically, kept fresh 
(4°C) and transported immediately to the molecular biology laboratory. 
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2.2. Extraction of total RNA 
The total RNA was extracted using the RNeasy Mini Kit (Qiagen), according to the 

manufacturer instructions . 
The selection of organs and tissues for the extraction of total RNA preceded the RNA 

extraction. 
Pooled tissue samples (lung, mediastinal lymph node, liver, spleen, kidney and gut) 

from each piglet were placed in a separate sterile whirl-pack bag. Two milliliters of sterile 
Hanks buffer per gram of tissue composite was added, and the tissues were homogenized for 
120 sec in a stomacher.  

For the RNA extraction we used a mixture made by 35 µl of each homogenate. 
A volume of 200 µl of pooled extracts was treated by 400 µl of lysis buffer and the total RNA 
was extracted using the RNeasy Mini Kit (Qiagen). 

In case of positive PRRSV PCR results for pooled samples, a volume of 200µl 
homogenate was used of each tissue sample (Table 1), as sources for the next PRRSV-RNA 
extraction.  

2.3 RT-PCR analysis  
Primers P2 - forward primer (5’GCGAATCAGGCGCACWGTATG3’ TibMolBiol, 

Germany) and P4 - reverse primer (5’AGAAAAGTACAGC TCCGATGG3’; TibMolBiol, 
Germany) were used for detecting PRRSV ORF7-RNA in all tissue samples. These two 
primers are some of the most used ones for the diagnosis of PRRSV European-type strains. 
They were designed in accordance with the Lelystad virus sequence [18], the European-type 
strain that is used as a reference. 

RT-PCR analysis for the PRRSV ORF7 RNA amplification was set up in a volume of 
23µl of PCR mix and 3µl RNA extract. The PCR mix contained 40 U/μl RNasin (Promega) 
(0,1 µl), 5µM of forward primer, 5µM of reverse primer, and 2µl OneStep RT-PCR Enzyme 
mix (Qiagen). 

The thermal cycling program included: 30 min at 48°C - 1 cycle; 10 min at 95°C - 1 
cycle; 15s at 95°C, 2 min at 60°C - 40 cycles;  a final extension step of 7 min at 72°C. The 
program was run on an iCycler (Thermal Cycler Bio-Rad, USA). 

2.4 Agarose gel electrophoresis 
PCR products (5µl) were separated on a 2% agarose gel (85V for 45min) containing 

ethidium bromide in TBE buffer (10mM Tris, 2.75g boric acid/l, 1mM Na2 EDTA). 
Visualization was performed using a UV-transilluminator and the images were captured with 
a Polaroid camera and video documentation system (Bioprofil-Vilber Lourmat, France). The 
expected length of the PRRSV ORF7 amplified fragment was 319pb [18]. 

2.5 Sequencing and phylogenetic analysis 
PCR reaction products obtained from one hundred and twenty pooled tissue samples 

supplied by two PRRSV contaminated farms (60 samples/farm) were purified using the 
Wizard® PCR Preps DNA Purification System (Promega, Madison, WI, USA). The 
concentration and purity of the products were evaluated using the spectrophotometric method 
(Eppendorf BioPhotometer, Hamburg, Germany). The DNA sequencing reactions were done 
by using BigDye Terminator Kit v3.1 (Applied Biosystems, Foster City, CA, USA). The 
precipitation of DNA sequencing products was performed by BigDye XTerminator® 
Purification Kit, (Applied Biosystems, Foster City, CA, USA). The primers used for 
sequencing were the same as those used for the PCR amplification. 

The sequencing of the 120 samples was performed on the 3130 Genetic Analyzer 
(Applied Biosystems) and the resulted sequences were edited using BioEdit software. The 
obtained sequences were compared to reference ones from GenBank, which were selected to 
represent a full range of genetic diversity and geographic locations (Table 2).  
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Table 2. PRRSV ORF7 sequence summary of European Genotype 
Nr. 
crt. 

GenBank 
accession 
number  

Country Year Strain 

1. AY035967 Germany 1993 ST 2.46 
2. Z92529 France 1997 IX 
3. AY035965 France 1993 SDRPV4A 
4. Z92707 France 1997 VI 
5. AY035964 Denmark 1992 SDRPIV4A 
6. DQ324710 The Netherlands  Porcilis PRRS 
7. M96262 The Netherlands  Lelystad 
8. - Romania 2010 Rom1 
9. AY366525 SUA 1999 EuroPRRS 
10. GU930370 Hungary 2009 Hun10 
11. GU930375 Germany 2009 GER2 
12. GU930380 Germany 2009 GER8 
13. GU930378 Germany 2009 GER6 
14. GU930379 Germany 2009 GER7 
15. AY035957 Denmark 1998 28639/98 
16. AY035979 Spain 1991 L56/2/91 
17. AY035973 Italy 1997 2029/97 
18. GU930381 Serbia 2008 SRB4 
19. AY035960 Denmark 1994 361-4 
20. DQ324705 Poland 2005 Dzi-62 
21. EU071225 Poland 2007 Dob 
22. GU930368 Hungary 2009 Hun08 
23. EU076704 Hong Kong 2007 HKEU16 
24. GU930367 Hungary 2009 Hun05 
25. AY035976 Italy 1996 2567/96 
26. GU930382 Serbia 2009 SRB6 
27. DQ324712 Spain 2005 Pyrsvac-187 
28. DQ324703 Poland 2005 Che-46 
29. DQ324711 Poland 2005 Prz-87 
30. EU071263 Russia 2007 RV 
31. EU071264 Russia 2007 VR 
32. HQ877676 Romania 2010 Rom2 
33. EU071260 Russia 2007 FR 
34. EU071285 Russia 2007 PMP 
35. EU071275 Russia 2007 KZ-2 
36. EU071257 Russia 2007 RS 
37. DQ324709 Belarus 2005 Okt-47 
38. DQ324702 Belarus 2005 Bor-54 
39. AF438363 Lithuania 2000 Sid 
40. AF438362 Lithuania 2000 Aus 
41. DQ324714 Belarus 2005 Sno-6 
42. DQ324722 Belarus 2005 Vas-2 
43. EU071265 Russia 2007 KM 
44. DQ324699 Belarus 2005 Bel-42 
45. DQ324728 Belarus 2005 Yuz-48 
46. EU909693 Belarus 2008 Lena 
47. DQ324730 Belarus 2005 Zad-13 
48. DQ324733 Belarus 2005 Zad-39 

 
Sequence alignment was performed using CLUSTAL W software. The neighbor-

joining phylogenetic tree was constructed with MEGA4 software [25] using the Tamura-Nei 
substitution model [24]. The variation rate among sites was calculated with a gamma 
distribution program (shape parameter = 0.32), as it was determined by Modeltest analysis. 
The bootstrap consensus tree was inferred from 1000 replicates.  

 
3. Results 

 
3.1 Viral RNA detection and differentiation 
Samples obtained from the two affected farms had serological PRRSV profiles and 

clinical features indicating recent infections of PRRSV. In the first step of this study, we 



ZAULET MIHAELA, IULIANA NICOLAE, TOANA ANDREEA,  
BARAITAREANU STELIAN, OTELEA MARIA RODICA, TOMASZ STADEJEK 

 

6804  Romanian Biotechnological Letters, Vol. 16, No. 6, 2011 

analyzed one hundred and twenty pooled tissue samples by RT-PCR (one pooled sample for 
each pig). Amplification with the P2-P4 specific primer pair yielded PCR products of the 
expected size (319 bp) both for the European strain DV (positive control) and field samples 
(Figure 1). 

However, an exception was noted in fifty piglets for all gut samples and for gilts gut 
samples which were negative by RT-PCR. For ten piglets of 6 day old, gut samples were 
positive for PRRSV RNA detection. 

 

 
NC – negative control; PC – Positive control; MK – 
100pb DNA ladder; from 1 to 5 – pooled tissue 
samples 
(a) 

 
NC – negative control; PC – Positive control; MK 
– 100pb DNA ladder; 1- liver sample, 2 – kidney 
sample, 3 – gut sample, 4 – spleen sample, 5 - 
mediastinal lymph node sample 

(b) 

 
NC – negative control; PC – Positive control; MK – 100pb DNA 
ladder; 1- liver sample, 2 – kidney sample, 3 – lung sample, 4 – 
spleen sample, 5 - mediastinal lymph node sample.  
(c) 

Figure 1. Agarose gel electrophoresis of RT-PCR products showed a single band of around 319 bp. (a) Five 
pooled tissue samples were used for the ORF7 RNA amplification: all samples were positive; (b) Samples from 
one piglet (farm I) used for the amplification of PRRSV ORF7 RNA; (c) samples from one gilt (farm II) used for 
the amplification of PRRSV ORF7 RNA. 

 
3.2 Sequencing and phylogenetic analysis 
The sequences resulted for nucleocapsid protein (ORF 7) were compared and aligned 

with available sequences in the GenBank database. Thus, Rom1 was highly conserved and was 
99.7% similar to Lelystad virus (M96262), while Rom2 (HQ877676) exhibited the highest 
similarity (89.62%) with PRRSV VR strain isolated from Russia (EU071264) (Figure 2).  
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Figure 2. Alignment between nucleocapsid protein (ORF 7) gene sequences in PRRSV strain Rom1 and Rom2  
(GenBank accession number HQ877676 ) (Romania),  PRRSV VR strain (Russia) (GenBank accession number 
EU071264) and Lelystad virus, one of the European reference strains (GenBank accession number M96262). 

 
Our phylogenetic analysis was based on 59 ORF 7 gene sequences, 2 of which were 

obtained from viral isolates in Braila County Romanian pig farm and 57 represented 
homologous sequences from the Genbank database. 

The NJ phylogenetic tree based on the ORF7 sequence is shown in Figure 3. The 
phylogenetic analysis recovered two main monophyletic clades corresponding to North 
American and European PRRSV strains. In 2008, PRRSV genotype-1 EU strains were 
divided based on ORF7 sequences, into 3 subtypes; a pan-EU subtype 1 and the East EU 
subtypes 2 and 3 [10, 20, 21].  

Homology evaluation and phylogenetic analyses indicated that the Romanian 
sequences (Rom 1 and Rom 2) belong to the European (EU) type I (Figure 3). However, Rom 
1 is not in the same cluster with Rom 2.  
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Figure 3. Neighbor-joining phylogenetic tree based on ORF7 PRRSV sequences, including the Rom 1 and Rom 
2 isolates. All reference sequences were indicated by GenBank accession numbers. 
  
4. Discussion 

 
This study reiterates previously found data that PRRSV infection affects both piglets 

and gilts [8, 15, 29]. Our finding is that despite the use of live vaccines in one farm included 
in our experiment, infection of piglets with PRRSV was still present. It appears that the use of 
attenuated strains vaccines is not always efficient against different genetically mutated 
PRRSV strains [17]. In this context we considered that in this situation it is useful to 
determine the types and subtypes of PRRSV strains in Romania in order to identify new 
possible strains. By using one pair of primers designed in accordance with the Lelystad virus 
sequence [18] two new strains of PRSSV were identified. Moreover, the two different strains 
(Rom1 and Rom2) identified in one pig farm located in South-Eastern Romania would 
suggest that the number of new different strains in Romanian farms could be more important. 
This preliminary identification of two new PRRSV strains should be followed by more 
extensive studies in the future in order to evaluate the real background of disease in Romania. 

The second purpose of this study was to assess the PRRS diagnostic value of different 
tissue samples by RT-PCR. For this experiment, several tissue samples (tonsil, lung, 
mediastinal lymph node, liver, spleen, kidney, gut) were collected from the piglets or gilts and 
tested using the same RT-PCR method. Only 10 samples out of 60 were tested positive for all 
analysed tissue samples by RT-PCR and all were collected from piglets under six days of age. 
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Negative RT-PCR results were obtained in 100% of gilt gut samples (60/60) and 
83.33% of piglet gut samples (50/60). The possible reason for false-negative results in PCR 
assays could be determined by an inefficient amplification, due to a very low viral load or 
presence of inhibitory compounds from feces. By using a positive control we could eliminate 
the first hypothesis. For this reason, we do not recommend the use of intestinal specimens for 
PRRSV RNA detection.  

For the phylogenetic analysis, we used a set of sequences of reference representing the 
global diversity of EU genotype PRRSV to examine the relation of the Romanian PRRSV 
types with other PRRSV types. The phylogenetic analysis showed that Romanian ORF7 
PRRSV sequences are included in two different subgroups of the European genotype.  

According to our results, Rom1 is a pan-European subtype, closely related to the 
Lelystad strain (M96262) and the Porcilis PRRSV vaccine strain (DQ324710.1) [18, 22], 
while Rom2 belongs to Eastern European subgroup, closely related to Russian PRRV VR 
strain (EU071264).  

The fact that Rom1 is over 99% identical to Porcillis PRRS Vaccine strain suggests 
that the strain may be strongly related to the vaccine virus. However, the pathogenicity of 
these isolates is questionable because field isolates are almost genetically indistinguishable 
from vaccine strains. Piglets infected with vaccine-like virus strain Rom1 were bred from 
sows vaccinated with a PRRSV – MLV vaccine during pregnancy. Our opinion is that the 
Rom 1 PRRSV could have its origin in the vaccine virus which was probably transmitted 
through the placenta from vaccinated sows to the fetuses. Our results are in accordance with 
similar situations reported in previous studies [7, 16, 19, 23]. 

 

5. Conclusions 
 

Our results confirm the presence of type I PRRSV as a common source of infections 
in some Romanian pig farms. This study is the first report to demonstrate the existence of 
diverse variants of PRSSV in Romania based on ORF7 sequence for field isolates. In this 
context, we consider it is necessary to continue the monitoring process of PRRSV in our 
farms and to perform further analyses to genetically characterize Romanian strains based on 
other genes, such as ORF5. Thus, the obtained results might be useful for future studies 
regarding the origin and the genetic diversity of PRRSV strains from Romania and the 
development of vaccine candidates. 
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