High prevalence of porcine circovirus 3 in Hungarian pig herds: results of a systematic sampling protocol
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Summary
Porcine circovirus type 3 (PCV3) is an emerging pathogen, that has been reported worldwide in all ages of healthy and clinically ill pigs. The presence of this virus in Hungary has been confirmed in a commercial farm experiencing reproductive failures, but there were no data on the circulation of PCV3 in the country. Here we report the prevalence and the genetic diversity of PCV3 in Hungarian herds. For the estimation of the prevalence altogether 1855 serum samples, 176 oral fluid and 97 processing fluid samples were collected in a systematic, cross-sectional method from 20 large scale swine herds, and tested by real-time qPCR. PCV3 was present in at least one type of diagnostic matrix in 19 out of the 20 (95%) pig farms. The highest detection rates were observed in the processing fluid samples (61%), but 41% of the oral fluid and 23% of the serum samples were also positive. The virus was found in all age groups and slightly more adult animals were infected than growing pigs, but the viral burden was lower amongst them. Phylogenetic analysis of nine full genomes, obtained from either the sampled herds or organ samples of PCV3 positive carcasses showed high nucleotide identity between the detected sequences, which all belonged to PCV3a genotype. Our results indicate that PCV3 is widespread in Hungary but in most cases the virus seems to circulate subclinically, infecting all age groups and production phases without the presence of apparent clinical disease.
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1. Introduction
Porcine circoviruses (PCVs) are small, non-enveloped single-stranded DNA viruses belonging to the Circovirus genus, in the family of Circoviridae. So far, four types of PCVs have been identified. The first described member of the genus, the PCV1 was first reported in 1974 as a porcine kidney cell culture contaminant and is considered non-pathogenic for pigs (Tischer et al., 1974, 1986). PCV2 however is responsible for significant economic losses worldwide. The virus was identified in the mid-90s in Canada, as the main pathogen responsible for PCV2 systemic disease (PCV2-SD), formerly called postweaning multisystemic wasting syndrome (PMWS) (Harding, 2004). Since its discovery, PCV2 infections were also linked with different clinical manifestations, including reproductive failure (West et al., 1999), porcine dermatitis and nephropathy syndrome (PDNS) (Rosell et al., 2000) and respiratory and enteric disease (Ticó et al. 2013; Baró et al. 2015). An emerging circovirus species, the PCV3 was identified in 2016 by next‐generation sequencing methods, in tissues of pigs suffering from PDNS, reproductive failure, myocarditis or multisystemic inflammation (Phan et al., 2016; Palinski et al., 2017). Recently, a novel, unclassified member of the genus was discovered and named PCV4. The newly described virus was detected with the aid of sequencing, in pigs with severe respiratory and enteric disease in China (Zhang et al., 2020), that has already been identified in Korea as well (Nguyen et al., 2021), but not in samples originating from Spain and Italy (Franzo et al. 2020).
Since the first description of PCV3 in the United States, the presence of the virus has been reported in different countries in Europe (Faccini et al., 2017; Stadejek et al., 2017; G. Franzo et al., 2018), Asia (Kim et al., 2018; Wen et al., 2018) and America (Tochetto et al., 2018; Serena et al., 2021) in different ages of healthy and clinically ill pigs. Even though PCV3 is widespread globally and retrospective studies showed that it was circulating in pig populations long before its discovery (Klaumann et al. 2018), the exact role of PCV3 as a pathogen is still not very well characterized. PCV3 infection has been linked with several clinical-pathological conditions, such as swine respiratory and digestive disease (Zhai et al., 2017; Qi et al., 2019), congenital tremors (Chen et al., 2017) or ear malformation and wasting disease (Alomar et al., 2021; Molossi et al., 2022),  but the most frequently detected ones are reproductive failures (Faccini et al., 2017; Arruda et al., 2019; Deim et al., 2019; Molossi et al., 2022) and multisystemic inflammation (Phan et al., 2016; Arruda et al., 2019; Alomar et al., 2021; Molossi et al., 2022). 
Further studies reported high loads of PCV3 within lesions of aborted fetuses and weak-born piglets, and from cases of PDNS, pneumonia, periarteritis, myocarditis or encephalitis using in situ hybridization methods (Phan et al., 2016; Arruda et al., 2019; Alomar et al., 2021; Saporiti, Valls et al., 2021; Vargas-Bermúdez et al., 2021; Molossi et al., 2022). Recently two major disease outcomes were proposed to standardize diagnostic criteria for PCV3 associated disorders: the PCV3 reproductive disease in fetuses and sows (PCV3-RD) and the PCV3 systemic disease in pre- and post-weaning pigs (PCV3-SD) (Saporiti, Franzo et al., 2021). 
In a recent study 6-week-old CD/CD piglets were inoculated with a PCV3 strain that was isolated from weak-born piglets or elevated stillborn and mummified fetuses. The animals were parallelly treated with keyhold limpet hemocyanin emulsified in incomplete Freund’s adjuvant for immune stimulation and 28 days after challenge they presented histological lesions consistent with multi-systemic inflammation characterized by myocarditis and systemic perivasculitis (Mora-Díaz et al., 2020).
The genomic organization of PCV3 is very similar to PCV2 and their approximately 2000 nucleotides long circular genome consists of two major open reading frames (ORFs). The ORF1 encodes for replication-associated proteins and the ORF2 encodes for the capsid protein. The amino acid identity of the PCV2 and PCV3 replicase proteins are only around 48% and although their capsid proteins share some structural similarities, at the genetic level there is only 27% amino acid identity (Palinski et al., 2017; Bi et al., 2020). Phylogenetic studies showed that PCV3 is distinct from PCV2 and it divides into two different clades (Clade 1 – PCV3a and Clade 2 – putative PCV3b genotype) based on the following criteria: bootstrap support higher than 90%, maximum genetic distance of 3% at the complete genome and 6% at the ORF2 levels (Franzo et al. 2020).
The presence of the PCV3 in Hungary has been confirmed in a commercial farm experiencing reproductive failures (Deim et al., 2019). We aimed to determine the prevalence and the genetic diversity of PCV3 in Hungarian large scale pig farms and to compare the presence of the viral nucleic acid in different diagnostic materials, such as serum, oral fluid and processing fluids assessing their utility in the diagnostics of PCV3.

2. Materials and methods 
2.1. Sample collection
Samples analyzed in this study were collected from 20 Hungarian large scale pig herds in 2020 and 2021 as a part of an active surveillance sampling (ethical permission number: PE/EA/544-5/2018) (Figure 1.). The farms varied in sow herd size (from 520 to 2200), genetics and basic production parameters, but vaccination against PCV2 was performed in all of them. The participation of the different farms in the sampling campaign was voluntary regardless of their overall health status. It can be stated though, that no overt clinical disease was reported in the herds during the period of the samplings. On each farm 10–10 blood samples were drawn from 2-, 4-, 6-, 8-, 10-, 14- and 18-week-old pigs, gilts, and sows of 2 and 4 parities. On six farms we could not collect the full sample spectrum as not all age groups were present at the time of sampling. 5–5 pen-based oral fluid samples were collected from weaned pigs (8–12 weeks of age, WOA) and fatteners (18–20 WOA), as well as 5 processing fluid samples were obtained from each sow farm. The number of oral- and processing fluid samples also varied in some cases (Table 1.). For oral fluid sample collection, a piece of cotton rope was hung in each pen for the pigs to chew on them. After 15–20 minutes the ropes were removed and put in separate plastic bags, then the liquid from each piece was squeezed out into plastic tubes. Processing fluid samples were obtained during piglet castration. The testicles of the piglets were collected in plastic bags and the liquid accumulated at the bottom was poured into plastic tubes. One plastic bag contained testicles and fluids from 10 litters approximately. Altogether 1855 serum samples, 176 oral fluid and 97 processing fluid samples were collected, and all were stored at –80 °C until further use. For the sake of full-length genome analysis, organ samples were obtained from carcasses in which the lesions were consistent with previously described PCV3 pathologies.

2.2. Sample processing and DNA extraction 
Before DNA extraction equal volumes (100–100 µl) of serum samples were pooled by 5, so two pools corresponded to each age group. The processing and oral fluid samples were tested individually, and oral fluid samples were centrifuged shortly before extraction. The organ samples collected during the necropsies were homogenized by the use of Tissuelyzer II (Qiagen, Hilden, Germany) and centrifuged at 900 ×g for 3 min.
The DNA was extracted from 200–200 µl of pooled serum, oral fluid, processing fluid and tissue homogenate supernatants by QIAcube automatic nucleic acid extractor (Qiagen, Hilden, Germany) using the QIAmp cador Pathogen Mini Kit according to the manufacturer’s protocol. Nucleic acids were stored at –80°C until further analysis.

2.3. Real-time PCR detection of PCV3
Real-time PCR (qPCR) was used to detect the presence of the viral DNA in the examined samples. The PCR assays were run on Q qPCR Machine (Quantabio, Beverly, MA, USA) and each reaction contained 10 µl PerfeCTa qPCR ToughMix (Quantabio Beverly, MA, USA), 2 µl extracted DNA, 900 nM and 250 nM previously published primers and probe respectively (Franzo et al. 2017) in a 20 µl final volume. We used the following temperature profile: 95°C for 3 min followed by 45 cycles of 95°C for 10 sec and 60°C for 30 sec. Samples with Ct (cycle threshold) values higher than 38 were considered negative. 
The statistical analysis of the qPCR results was performed using GraphPad Prism 8. The Ct values of different age groups and sample types were investigated using Mann–Whitney test by pairwise comparison.

2.4. PCV3 full-genome sequencing and phylogenetic analysis
Serum samples from PCV3-positive pools were extracted and tested individually. Full genome sequencing was attempted on samples with Ct values less than 30. The whole genome was amplified as 3 overlapping amplicons using 3 sets of previously described primers and thermal conditions (Franzo et al. 2017). 5 µl extracted DNA was added to a mix of 5× PhusionTM GC Buffer (Thermo ScientificTM), 200 µM dNTPs, 1 µM of each primer and 0,5 units of PhusionTM High-Fidelity DNA Polymerase. The reactions were run in a Genesy 96T gradient PCR machine (Tianlong, China) and the PCR products were visualized by agarose gel electrophoresis. The amplicons with the correct length were manually cut and purified using QIAquick Gel Extraction Kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocols. To directly sequence the amplicons in both directions the BigDyeTM Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Ljubljana, Slovenia) was used. Capillary electrophoresis was performed in a commercial sequencing laboratory at the Hungarian Natural History Museum.
All chromatograms were visualized and trimmed by Chromas 2.6.6  (Technelysium Pty Ltd, South Brisbane, Australia). The sequences were assembled and aligned using E-INS-I method of the online software MAFFT version 7 (Katoh and Toh, 2008). The phylogenetic trees were constructed using MEGAX (Tamura et al., 2013) with the Maximum Likelihood method performing 1000 replicates of bootstrap analysis. 41 reference sequences with different origins were downloaded from GenBank, aligned against our sequences and classified based on the method proposed by Franzo et al. 2020.

3. Results
3.1. Detection rates of PCV3 in serum, oral- and processing fluid samples in different pig farms
PCV3 was detected in 19 of the 20 (95%) examined herds in at least one type of diagnostic matrix (Figure 1.). On 9 farms the viral DNA was identified in all three sample types. On the other farms, the virus was detected in either two types of sample materials or just in oral fluid samples. The different diagnostic matrices showed different prevalence rates in the positive farms: 5% to 71% PCV3 positivity was observed in the serum pools, 10–90% in the oral fluid samples, and 20–100% prevalence in the processing fluid samples (Table 1.). The highest detection rates were observed in the processing fluid samples as the overall proportion of PCV3 positive samples were 61% in the positive farms. In the oral fluid samples, the detection frequencies were significantly lower, as the virus was detected in 40% of the samples. The lowest PCV3 detection rate was observed in the serum pools as the viral DNA was found only in 23% of the samples (Table 1). 
Considering the viral quantities, Ct values of the positive serum pools and oral fluid samples were relatively high. Of the 84 positive serum pools and 70 oral fluid samples only 3 pools and 5 oral fluid samples had Ct values less than 30. The mean Ct value of the positive samples were 34.02 ± 2.56 in the case of the serum samples and 34.60 ± 2.42 in the oral fluids. 
The Ct values of the processing fluid samples were significantly lower than the other two diagnostic materials with a mean value of 30.18 ± 5.09 (Figure 2.). Of the 56 positive processing fluid samples, 27 had Ct values between 20 and 30. 

3.2. PCV3 detection in different age groups 
PCV3 was found in every age group examined, and the average prevalence of the virus in the serum sample pools of the different age groups ranged from 11% to 33% (Figure 3.). The lowest detection rate was observed in 2-week-old pigs, whereas one third (33%) of the sample pools of sows of 2 parities were positive. On average, the presence of the viral DNA was detected in 17% of the suckling piglets (11% of 2 WOA, 23% of 4 WOA) serum samples, 20% of the weaned pigs (27%, 22% and 13% of 6, 8 and 10 WOA, respectively) samples and 25% of the fatteners’ (26% and 24% of the 14 and 18 WOA) serum samples, 25% of the gilts’ samples and 30% of the sows’ (33% of 2 parities, 26% of 4 parities) samples. Mean Ct values of the PCV3 positive serum samples of different age groups are ranged from 31.69 ± 4.42 (2 weeks old piglets) to 35.91 ± 1.17 (sows of four parities). Low Ct values indicating higher viral DNA copy amounts were more frequent in younger pigs and a slight increase was observed in the mean Ct values towards the older age groups (Figure 4.). Besides the serum samples of the suckling piglets, the lowest Ct values were found in the processing fluid samples representing the youngest age group, the newborn piglets. Pen-based oral fluid samples represented groups of weaned piglets of 10–12 WOA and fatteners of 18–20 WOA where the PCV3 detection rates were 50.63% and 35.44%, respectively. 

3.3. PCV3 circulation patterns in three different farms with high PCV3 prevalence 
As the within-herd, cross-sectional prevalence rates of the sampled herds were quite different, we chose three farms – with relatively high prevalence rates and all examined age groups available – to examine samples of positive serum pools individually. We found several differences in the patterns of PCV3 circulation on these farms (Figure 5.). On Farm K the virus already appeared in 2-week-old piglets and amongst all age groups the detection rate was the highest in the 4-week-old piglets (80%), but half of the 8- and 18-week-old pigs’ samples were also positive (Figure 5. A, D). On the other hand, on Farm JA older age groups showed higher prevalence, especially the 18 weeks old pigs and sows of 2 parities where 40% of the serum samples were positive (Figure 5. C, E). On Farm SZ the virus appeared in 6-week-old piglets, and a relatively high detection rate (50%) was observed in the 6- and 8-week-old age groups. The prevalence on this farm seemed to decrease towards the older age groups (Figure 5. C, F). Interestingly, the detection rates in processing fluid samples were equally high on Farm K and SZ, as all samples were positive, and Farm JA also showed high (80%) PCR positivity rates. The percentage of PCV3 positive oral fluid samples on Fam K, JA and SZ were 50%, 89% and 70% respectively. 

3.4. Genetic analysis
For genome sequencing, individual samples with the lowest Ct values were selected from positive serum pools as well as organ samples obtained from PCV3 positive clinical cases. Altogether we were able to obtain the full genome in nine cases (GenBank accession numbers: ON015882 – ON015890). The length of the genomes was 2000 nt long, as expected, and comparative nucleotide sequence analysis revealed 98.8–99.85% identity between them. 
The classification of these strains was based on a comparison with 41 PCV3 reference sequences. According to the genotypic classification method proposed by Franzo et al. (2020), all PCV3 strains can be clustered into two clades. All nine of our sequences belonged to Clade I (PCV3a genotype) and their homology with the previously described sequences ranged from 89.95% to 99.95% (Figure 6.). The position of the strains on the phylogenetic tree did not reflect the geographical relations of the different herds of origin.

4. Discussion 
PCV3 is an emerging pathogen that has been reported from many countries all over the world. The exact pathogenic role of the virus is still under debate. PCV3 infection has been connected with different clinical-pathological conditions, but several studies reported that the virus also circulates in clinically healthy farms (Kwon et al., 2017; Stadejek et al., 2017; G. Franzo et al., 2018; Saporiti, Huerta et al., 2020; Saporiti, Martorell et al., 2020). In 2019, Deim et al. reported the presence of the virus in a Hungarian pig farm suffering from reproductive disorders (Deim et al., 2019). Besides this case, there were no data about the presence of the PCV3 in other parts of the country. Our study aimed to assess the prevalence of PCV3 in the Hungarian pig population.
Our results showed that PCV3 is widespread in Hungary, as its nucleic acid was detected in 19 of the 20 farms involved in our study. Altogether 23% of the serum pools (85/371), 40% of the oral fluid samples (71/176) and 61% of the processing fluid samples (59/97) were positive for PCV3. The detection rates in serum pools are similar to those observed in Poland (25%) (Stadejek et al., 2017) and Denmark (30%), but slightly higher than the values reported in Italy (18.18%), Spain (14.89%) (Franzo et al. 2018) or Slovenia (13.1%) (Plut et al., 2020).
PCV3 detection in oral fluid samples has been reported in several studies. This non-invasive sampling method is quick, easy, cost-efficient and the samples are reliable representations of a whole pen. Similarly to our results (40%), a Korean study reported PCV3 prevalence of 44.2% in oral fluid samples (Kwon et al., 2017) and Woźniak et al. detected the virus in 37.3% of the oral fluid samples gathered from different Polish herds (Woźniak et al. 2020). On the other hand, Chinese researchers described lower PCV3 prevalence (12.3%) (Guo et al., 2019), while a study from Slovenia reported a very high detection rate (73%) in this type of sample (Plut et al., 2020).
Using processing fluids to monitor the presence of different infectious agents has a lot of well-known advantages and it had been used for the detection of various porcine pathogens, including PRRSV (Lopez et al., 2018), APPV (Dénes et al., 2021) or Mycoplasma hyopneumoniae (Vilalta et al., 2019). A retrospective study from the USA commonly detected PCV3 in clinical cases of PDNS and PMWS and tissue samples from aborted fetuses. Several different sample types including serum, oral fluids and processing fluids were tested for PCV3 by PCR and the proportions of positive samples (14% of serum, 39% of oral fluid and 60% of processing fluid samples) were similar to what we detected in this study (Pablo et al., 2018). To our knowledge this is the first prospective study in a peer-reviewed paper where processing fluid samples were used for PCV3 detection and prevalence estimation by comparing them to other diagnostic matrixes. The high detection rates observed suggest that using processing fluids is a convenient way to verify the presence of PCV3 in a given herd and to monitor PCV3 infection in newborn piglets, where the virus is reported to be involved in various pathologies including respiratory disorders, diarrhea, abortions, early deaths and myocarditis as well as neurological disorders (Saporiti et al 2021). Presence in this age group also suggest active virus circulation among sows and gilts as well as transplacental infection.
Recently published studies have shown the presence of PCV3 in pigs of all ages. A longitudinal study from 2019 also concluded that the virus infects pigs from all production phases and seems to cause a long-term infection (Klaumann et al. 2019). Several reports from different countries examined the within-herd dynamics of the infection, but it’s not easy to compare them as the sampling methods and the age or health status of the examined animals are different. In Japan, the authors found the highest PCV3 prevalence in suckling piglets (13.3%), followed by fatteners (9.4%) and weaned pigs (9%) (Hayashi et al., 2018). On the other hand, in a Polish study PCV3 was reported in more than one-quarter of samples obtained from weaners, fatteners or sows (26.1%, 28% and 29% respectively), while the samples obtained from suckling piglets only showed 5% PCV3 prevalence (Stadejek et al., 2017). Franzo et al. also reported an increasing PCV3 detection frequency from piglets to weaners, but it seemed to decline in older animals (Franzo et al. 2018).
Our study focused mainly on monitoring the presence of PCV3 in every age group of the examined herds. The sampling method used here covers almost all age groups and sow parities. Pooling the individual serum samples and using a pen- and litter-representative oral- and processing fluid samples allows us to gain information on the viral burden of numbers of animals at once in a rather cost-effective way. Our results show that PCV3 can be found in all age groups and there are no significant differences in the prevalence of the virus among them, except in the comparison of the 2-week-old piglets and the sows of 2 parities. Altogether 17% of the suckling piglets (11% of 2-week-old, 23% of 4-week-old pigs) and 20% of the weaned pigs (27% of 6-week-old, 22% of 8-week-old, 13% of 10-week-old pigs) serum sample pools were positive for PCV3. The low detection rate in the 2-week-old age group might be linked with the protective role of maternal immunity, then the slight increase in the 4- and 6-week-old animals might relate to the waning of the protection. Moreover, it is well-known that the process of weaning is a dramatic stress factor for the piglets, and leads to immunological, intestinal or behavioral changes (Boudry et al., 2004; Pié et al., 2004). Therefore, it is possible that during the first weeks after weaning the pigs are more susceptible to infections, as they also encounter increased amounts of pathogens while co-mingling with non-littermate piglets (Campbell et al., 2013). The decreasing proportions of PCR positive samples in the 8- and 10-weeks old pigs might suggest that the sampled animals mount protective adaptive immunity and overcome the infection. In the older age groups 25–25% of the fatteners (26% of the 14-week-old and 24% of the 18-week-old pigs) and gilts’, and 30% of the sows’ (33% of sows of 2 parities, 26% of sows of 4 parities) serum samples pools were PCV3 PCR positive. The increased detection rates in the 14-week-old pigs could be related to the regrouping and mixing of the animals in the fattening pens. 
Interestingly, the Ct values of the positive samples of the different age groups seemed to have an increasing trend towards the older animals indicating decreasing amounts of viral copies. Pairwise statistical comparisons showed that the Ct values of the samples obtained from sows were significantly higher than those of the suckling piglets, weaners or fatteners. Based on our data it seems like there are more adult animals infected than growing pigs, but the viral burden is lower in this age group. We found no significant difference between the Ct values of the PCV3 positive serum pools and the oral fluid samples, but the Ct values of the processing fluid samples were significantly lower than the other two materials. Although the Ct values of the serum sample pools of the 2 weeks old pigs were the lowest among the serum samples, the PCV3 prevalence in this age group is relatively low (11%), suggesting that there are just a few animals born with relatively high levels of viraemia. It is important to mention that according to our protocol the serum samples were representing 10 animals per age group in the given farms, the processing fluid samples however corresponded to approximately 10–15 litters with the male piglets only (tail docking was not used in most of the farms) resulting in 35–50 times more newborn animals sampled on farm level compared to one age group of serum samples. The high prevalence and the relatively low Ct values might be related to the vertical transmission and/or the colostral shedding of the virus as has already been described (Kedkovid et al., 2018; Vargas-Bermúdez et al., 2021). On the other hand, our results also corroborate the protective role of maternally derived immunity, considering that the highest prevalence was observed among the serum samples of the sows, and the lowest among the suckling (2–4-week-old) piglets. Even though there are no data available for PCV3, it worth mentioning the important role of maternal immunity in the case of PCV2, as it has been extensively studied for the development of effective vaccination strategies against this virus. Moreover, the very first PCV2 vaccine was developed for sows and gilts to provide passive protection against PCV2-SD (formerly called PMWS) for the piglets through maternally derived antibodies (MDAs). Several serological studies showed high levels of MDAs in suckling piglets which decreased moderately during the nursery period and reached their minimum after weaning (Rodriguez-Arrioja et al., 2002; Sibila et al., 2004; McKeown et al., 2005; Grau-Roma et al., 2009). For example, a Swiss study detected a 90% decrease in MDA titers within the first 9 weeks in sera obtained from piglets born to vaccinated dams. The antibody titers in the samples collected from the offspring of unvaccinated dams decreased gradually by almost 98% in the same period (Kurmann et al., 2011). Similarly to PCV2, there might be an age-dependent susceptibility (Shen et al., 2012) to PCV3 infection and/or within-host replication linked to the declining levels of MDAs, but further virological and serological studies are needed to understand the role of passive immunity and seroconversion in the case of PCV3 infections.
To gain more information on the viral circulation on pig farms, individual serum samples from three different herds were analyzed. Our results showed that PCV3 infects every age group, but some interesting differences were observed comparing the patterns detected on each farm (Figure 4.). On farm K the prevalence of the virus in sows and gilts was lower than in the other two farms: altogether 13.3% of sampled gilts and sows were PCV3 positive, and the Ct values of the positive samples were relatively high, indicating low levels of viraemia and minimal virus circulation in the reproductive herd. Even though antibody levels were not measured in our study it can be speculated that seroprevalence was similarly low in sows and gilts resulting in the transfer of inadequate levels of maternal antibodies to piglets, which allows the virus to spread quickly among the suckling piglets. The latter could have resulted in the high percentage (80%) of 4-week-old viremic pigs (all processing fluid samples were also positive on this farm). On farm JA and SZ the virus was absent from suckling piglets and only appeared in 6-week-old weaned pigs. On both farms the prevalence of PCV3 positive samples in gilts and sows were higher than on farm K (26.7% on farm JA and 23.3% on farm SZ). It is plausible, that on farm JA the piglets got high levels of MDAs, and the virus could only circulate in pigs after they reached 18 WOA. On farm SZ the maternally derived immunity seemed to protect the animals until weaning. 50–50% of the 6- and 8-week-old pigs had PCV3 DNA in their serum samples, and all older age groups were positive for the virus with prevalence ranging from 10% to 30%. Interestingly, the processing fluid samples collected from both farms were positive for PCV3 (80% on farm JA and 100% on farm SZ). 
Based on these data the main question is, is there increased pre-weaning mortality if the piglets are PCV3 infected? That would mean that some of those infected piglets die before reaching 2 weeks of age when the serum samples for this study were taken. Further studies are needed to confirm whether PCV3 positivity at birth indicates a correlation with early deaths of newborn animals. Our further goal is to investigate dead suckling piglets for the presence of PCV3 and for pathologies that are already connected with the infection.
Since the discovery of PCV3 different classification methods had been proposed. Recently Franzo et al. defined two different PCV3 clades after analyzing the broadest dataset of the available PCV3 genomes (Franzo et al. 2020). According to their method, all nine of our sequences clustered within the PCV3a genotype, with high nucleotide identity between each other and the corresponding reference sequences as well. This close phylogenetic relation suggests a much slower mutation rate compared with PCV2. The long-lasting worldwide PCV3 circulation reported by retrospective studies also suggest a fairly high viral stability (Rodrigues et al. 2020; Klaumann et al. 2018; Franzo et al. 2019).
The limitation of our research is that there was no differentiation between apparently healthy and diseased farms/animal groups as the samples were not submitted as diagnostic material, rather as a part of an active, intentional survey performed to evaluate overall prevalence and within-herd infection dynamics of PCV3. No evidence of significant disease outbreak was reported from the participating farms during the sampling campaign. Our further research will focus on the connection between various pathologies and the presence/infectious burden of the virus.
In summary, this study confirms that PCV3 infection is widespread in the Hungarian pig population. By comparing the different diagnostic matrixes, the viral DNA is more commonly detected in processing fluid samples, than in serum or oral fluids. Although the virus seems to infect all age groups and circulate subclinically in the sampled herds, there were important differences in the detection rates and circulation patterns between farms. Further studies on PCV3 positive farms are warranted to determine the role of PCV3 infection in the proposed disease outcomes. 

Acknowledgements
Project no. TKP2020-NKA-01 has been implemented with the support provided by the National Research, Development and Innovation Fund of Hungary, financed under the Tématerületi Kiválósági Program 2020 (2020-4.1.1-TKP2020) funding scheme. Gyula Balka was supported by the János Bolyai Research Scholarship of the Hungarian Academy of Sciences and by the Bolyai + Fellowship (ÚNKP-20-5-ÁTE-2) of the New National Excellence Program of the Hungarian Ministry of Innovation and Technology. The funding sources had no role in study design, data collection and analysis or the decision to publish the work.
Conflict of Interest
The authors declare no conflict of interest.

References:
Alomar, J., V. Saporiti, M. Pérez, D. Gonçalvez, M. Sibila, and J. Segalés, 2021: Multisystemic lymphoplasmacytic inflammation associated with PCV‐3 in wasting pigs. Transbound. Emerg. Dis. 68, 2969–2974, DOI: 10.1111/tbed.14260.
Arruda, B., P. Piñeyro, R. Derscheid, B. Hause, E. Byers, K. Dion, D. Long, C. Sievers, J. Tangen, T. Williams, and K. Schwartz, 2019: PCV3-associated disease in the United States swine herd. Emerg. Microbes Infect. 8, 684–698, DOI: 10.1080/22221751.2019.1613176.
Baró, J., J. Segalés, and J. Martínez, 2015: Porcine circovirus type 2 (PCV2) enteric disease: An independent condition or part of the systemic disease? Vet. Microbiol. 176, 83–87, DOI: 10.1016/j.vetmic.2015.01.006.
Bi, M., X. Li, W. Zhai, B. Yin, K. Tian, and X. Mo, 2020: Structural insight into the type-specific epitope of porcine circovirus type 3. Biosci. Rep. 40, BSR20201109, DOI: 10.1042/BSR20201109.
Boudry, G., V. Péron, I. Le Huërou-Luron, J.P. Lallès, and B. Sève, 2004: Weaning Induces Both Transient and Long-Lasting Modifications of Absorptive, Secretory, and Barrier Properties of Piglet Intestine. J. Nutr. 134, 2256–2262, DOI: 10.1093/jn/134.9.2256.
Campbell, J.M., J.D. Crenshaw, and J. Polo, 2013: The biological stress of early weaned piglets. J. Anim. Sci. Biotechnol. 4, 19, DOI: 10.1186/2049-1891-4-19.
Chen, G.H., K.J. Mai, L. Zhou, R.T. Wu, X.Y. Tang, J.L. Wu, L.L. He, T. Lan, Q.M. Xie, Y. Sun, and J.Y. Ma, 2017: Detection and genome sequencing of porcine circovirus 3 in neonatal pigs with congenital tremors in South China. Transbound. Emerg. Dis. 64, 1650–1654, DOI: 10.1111/tbed.12702.
Deim, Z., L. Dencső, I. Erdélyi, S.K. Valappil, C. Varga, A. Pósa, L. Makrai, and G. Rákhely, 2019: Porcine circovirus type 3 detection in a Hungarian pig farm experiencing reproductive failures. Vet. Rec. 185, 84–84, DOI: 10.1136/vr.104784.
Dénes, L., I. Ruedas‐Torres, A. Szilasi, and G. Balka, 2021: Detection and localization of atypical porcine pestivirus in the testicles of naturally infected, congenital tremor affected piglets. Transbound. Emerg. Dis.1–9, DOI: 10.1111/tbed.14355.
Faccini, S., I. Barbieri, A. Gilioli, G. Sala, L.R. Gibelli, A. Moreno, C. Sacchi, C. Rosignoli, G. Franzini, and A. Nigrelli, 2017: Detection and genetic characterization of Porcine circovirus type 3 in Italy. Transbound. Emerg. Dis. 64, 1661–1664, DOI: 10.1111/tbed.12714.
Franzo, G., M. Legnardi, C.K. Hjulsager, F. Klaumann, L.E. Larsen, J. Segales, and M. Drigo, 2018: Full-genome sequencing of porcine circovirus 3 field strains from Denmark, Italy and Spain demonstrates a high within-Europe genetic heterogeneity. Transbound. Emerg. Dis. 65, 602–606, DOI: 10.1111/tbed.12836.
Franzo, Giovanni, E. Delwart, R. Fux, B. Hause, S. Su, J. Zhou, and J. Segalés, 2020: Genotyping Porcine Circovirus 3 (PCV-3) Nowadays: Does It Make Sense? Viruses 12, 265, DOI: 10.3390/v12030265.
Franzo, Giovanni, W. He, F. Correa‐Fiz, G. Li, M. Legnardi, S. Su, and J. Segalés, 2019: A Shift in Porcine Circovirus 3 (PCV‐3) History Paradigm: Phylodynamic Analyses Reveal an Ancient Origin and Prolonged Undetected Circulation in the Worldwide Swine Population. Adv. Sci. 6, 1901004, DOI: 10.1002/advs.201901004.
Franzo, Giovanni, M. Legnardi, C.M. Tucciarone, M. Drigo, F. Klaumann, M. Sohrmann, and J. Segalés, 2018: Porcine circovirus type 3: a threat to the pig industry? Vet. Rec. 182, 83–83, DOI: 10.1136/vr.k91.
Franzo, Giovanni, A. Ruiz, L. Grassi, M. Sibila, M. Drigo, and J. Segalés, 2020: Lack of Porcine circovirus 4 Genome Detection in Pig Samples from Italy and Spain. Pathogens 9, 433, DOI: 10.3390/pathogens9060433.
Grau-Roma, L., C.K. Hjulsager, M. Sibila, C.S. Kristensen, S. López-Soria, C. Enøe, J. Casal, A. Bøtner, M. Nofrarías, V. Bille-Hansen, L. Fraile, P. Baekbo, J. Segalés, and L.E. Larsen, 2009: Infection, excretion and seroconversion dynamics of porcine circovirus type 2 (PCV2) in pigs from post-weaning multisystemic wasting syndrome (PMWS) affected farms in Spain and Denmark. Vet. Microbiol. 135, 272–282, DOI: 10.1016/j.vetmic.2008.10.007.
Guo, Z., X. Li, R. Deng, and G. Zhang, 2019: Detection and genetic characteristics of porcine circovirus 3 based on oral fluids from asymptomatic pigs in central China. BMC Vet. Res. 15, 200, DOI: 10.1186/s12917-019-1952-3.
Harding, J., 2004: The clinical expression and emergence of porcine circovirus 2. Vet. Microbiol. 98, 131–135, DOI: 10.1016/j.vetmic.2003.10.013.
Hayashi, S., Y. Ohshima, Y. Furuya, A. Nagao, K. Oroku, N. Tsutsumi, C. Sasakawa, and T. Sato, 2018: First detection of porcine circovirus type 3 in Japan. J. Vet. Med. Sci. 80, 1468–1472, DOI: 10.1292/jvms.18-0079.
Kedkovid, R., Y. Woonwong, J. Arunorat, C. Sirisereewan, N. Sangpratum, S. Kesdangsakonwut, P. Tummaruk, K. Teankum, P. Assavacheep, S. Jittimanee, and R. Thanawongnuwech, 2018: Porcine circovirus type 3 (PCV3) shedding in sow colostrum. Vet. Microbiol. 220, 12–17, DOI: 10.1016/j.vetmic.2018.04.032.
Kim, S.-C., S. Nazki, S. Kwon, J.-H. Juhng, K.-H. Mun, D.-Y. Jeon, C.-G. Jeong, A. Khatun, S.-J. Kang, and W.-I. Kim, 2018: The prevalence and genetic characteristics of porcine circovirus type 2 and 3 in Korea. BMC Vet. Res. 14, 294, DOI: 10.1186/s12917-018-1614-x.
Klaumann, F., G. Franzo, M. Sohrmann, F. Correa-Fiz, M. Drigo, J.I. Núñez, M. Sibila, and J. Segalés, 2018: Retrospective detection of Porcine circovirus 3 (PCV-3) in pig serum samples from Spain. Transbound. Emerg. Dis. 65, 1290–1296, DOI: 10.1111/tbed.12876.
Klaumann, Francini, F. Correa-Fiz, M. Sibila, J.I. Núñez, and J. Segalés, 2019: Infection dynamics of porcine circovirus type 3 in longitudinally sampled pigs from four Spanish farms. Vet. Rec. 184, 619–619, DOI: 10.1136/vr.105219.
Kurmann, J., T. Sydler, E. Brugnera, E. Buergi, M. Haessig, M. Suter, and X. Sidler, 2011: Vaccination of Dams Increases Antibody Titer and Improves Growth Parameters in Finisher Pigs Subclinically Infected with Porcine Circovirus Type 2. Clin. Vaccine Immunol. 18, 1644–1649, DOI: 10.1128/CVI.05183-11.
Kwon, T., S.J. Yoo, C.-K. Park, and Y.S. Lyoo, 2017: Prevalence of novel porcine circovirus 3 in Korean pig populations. Vet. Microbiol. 207, 178–180, DOI: 10.1016/j.vetmic.2017.06.013.
Lopez, W.A., J. Angulo, J.J. Zimmerman, and D.C.L. Linhares, 2018: Porcine reproductive and respiratory syndrome monitoring in breeding herds using processing fluids. J. Swine Health Prod. 26, 5.
McKeown, N.E., T. Opriessnig, P. Thomas, D.K. Guenette, F. Elvinger, M. Fenaux, P.G. Halbur, and X.J. Meng, 2005: Effects of Porcine Circovirus Type 2 (PCV2) Maternal Antibodies on Experimental Infection of Piglets with PCV2. Clin. Vaccine Immunol. 12, 1347–1351, DOI: 10.1128/CDLI.12.11.1347-1351.2005.
Molossi, F.A., B.A. de Almeida, B.S. de Cecco, M.S. da Silva, A.C.S. Mósena, L. Brandalise, G.M.R. Simão, C.W. Canal, F. Vanucci, S.P. Pavarini, and D. Driemeier, 2022: A putative PCV3-associated disease in piglets from Southern Brazil. Braz. J. Microbiol. 53, 491–498, DOI: 10.1007/s42770-021-00644-7.
Mora-Díaz, J., P. Piñeyro, H. Shen, K. Schwartz, F. Vannucci, G. Li, B. Arruda, and L. Giménez-Lirola, 2020: Isolation of PCV3 from Perinatal and Reproductive Cases of PCV3-Associated Disease and In Vivo Characterization of PCV3 Replication in CD/CD Growing Pigs. Viruses 12, 219, DOI: 10.3390/v12020219.
Nguyen, V., H. Do, T. Huynh, Y. Park, B. Park, and H. Chung, 2021: Molecular‐based detection, genetic characterization and phylogenetic analysis of porcine circovirus 4 from Korean domestic swine farms. Transbound. Emerg. Dis. 00, 1–11, DOI: 10.1111/tbed.14017.
Pablo, P., B.L. Arruda, E.R. Burrough, P. Gauger, and R.G. Main, 2018 (3. July): National Hog Farmer, Current diagnostic tests are capable of detecting PCV3 in tissues but more information is necessary to understand the specific role of the virus in these clinical syndromes. [Online] Available at https://www.nationalhogfarmer.com/animal-health/porcine-circovirus-3-new-member-pcvad-complex.
Palinski, R., P. Piñeyro, P. Shang, F. Yuan, R. Guo, Y. Fang, E. Byers, and B.M. Hause, 2017: A Novel Porcine Circovirus Distantly Related to Known Circoviruses Is Associated with Porcine Dermatitis and Nephropathy Syndrome and Reproductive Failure. J. Virol. 91, e01879-16, DOI: 10.1128/JVI.01879-16.
Phan, T.G., F. Giannitti, S. Rossow, D. Marthaler, T.P. Knutson, L. Li, X. Deng, T. Resende, F. Vannucci, and E. Delwart, 2016: Detection of a novel circovirus PCV3 in pigs with cardiac and multi-systemic inflammation. Virol. J. 13, 184, DOI: 10.1186/s12985-016-0642-z.
Pié, S., J.P. Lallès, F. Blazy, J. Laffitte, B. Sève, and I.P. Oswald, 2004: Weaning Is Associated with an Upregulation of Expression of Inflammatory Cytokines in the Intestine of Piglets. J. Nutr. 134, 641–647, DOI: 10.1093/jn/134.3.641.
Plut, J., U. Jamnikar-Ciglenecki, I. Golinar-Oven, T. Knific, and M. Stukelj, 2020: A molecular survey and phylogenetic analysis of porcine circovirus type 3 using oral fluid, faeces and serum. BMC Vet. Res. 16, 281, DOI: 10.1186/s12917-020-02489-y.
Qi, S., M. Su, D. Guo, C. Li, S. Wei, L. Feng, and D. Sun, 2019: Molecular detection and phylogenetic analysis of porcine circovirus type 3 in 21 Provinces of China during 2015–2017. Transbound. Emerg. Dis. 66, 1004–1015, DOI: 10.1111/tbed.13125.
Rodrigues, I.L.F., A.C.M. Cruz, A.E. Souza, F.B. Knackfuss, C.H.C. Costa, R.L. Silveira, and T.X. Castro, 2020: Retrospective study of porcine circovirus 3 (PCV3) in swine tissue from Brazil (1967–2018). Braz. J. Microbiol. 51, 1391–1397, DOI: 10.1007/s42770-020-00281-6.
Rodriguez-Arrioja, G.M., J. Segales, M. Calsamiglia, A.R. Resendes, M. Balasch, J. Plana-Duran, J. Casal, and M. Domingo, 2002: Dynamics of porcine circovirus type 2 infection in a herd of pigs with postweaning multisystemic wasting syndrome. Am. J. Vet. Res. 63, 354–357, DOI: 10.2460/ajvr.2002.63.354.
Rosell, C., J. Segalés, J.A. Ramos-Vara, J.M. Folch, G.M. Rodriguez-Arrioja, C.O. Duran, M. Balasch, J. Plana-Durán, and M. Domingo, 2000: Identification of porcine circovirus in tissues of pigs with porcine dermatitis and nephropathy syndrome. Vet. Rec. 146, 40–43, DOI: 10.1136/vr.146.2.40.
Saporiti, V., G. Franzo, M. Sibila, and J. Segalés, 2021: Porcine circovirus 3 (PCV‐3) as a causal agent of disease in swine and a proposal of PCV‐3 associated disease case definition. Transbound. Emerg. Dis. 68, 2936–2948, DOI: 10.1111/tbed.14204.
Saporiti, V., E. Huerta, F. Correa‐Fiz, B. Grosse Liesner, O. Duran, J. Segalés, and M. Sibila, 2020: Detection and genotyping of Porcine circovirus 2 (PCV‐2) and detection of Porcine circovirus 3 (PCV‐3) in sera from fattening pigs of different European countries. Transbound. Emerg. Dis. 67, 2521–2531, DOI: 10.1111/tbed.13596.
Saporiti, V., S. Martorell, T.F. Cruz, F. Klaumann, F. Correa-Fiz, M. Balasch, M. Sibila, and J. Segalés, 2020: Frequency of Detection and Phylogenetic Analysis of Porcine circovirus 3 (PCV-3) in Healthy Primiparous and Multiparous Sows and Their Mummified Fetuses and Stillborn. Pathogens 9, 533, DOI: 10.3390/pathogens9070533.
Saporiti, V., L. Valls, J. Maldonado, M. Perez, F. Correa-Fiz, J. Segalés, and M. Sibila, 2021: Porcine Circovirus 3 Detection in Aborted Fetuses and Stillborn Piglets from Swine Reproductive Failure Cases. Viruses 13, 264, DOI: 10.3390/v13020264.
Serena, M.S., J.A. Cappuccio, H. Barrales, G.E. Metz, C.G. Aspitia, I. Lozada, C.J. Perfumo, M.A. Quiroga, P. Piñeyro, and M.G. Echeverría, 2021: First detection and genetic characterization of porcine circovirus type 3 (PCV3) in Argentina and its association with reproductive failure. Transbound. Emerg. Dis. 68, 1761–1766, DOI: 10.1111/tbed.13893.
Shen, H.-G., C.M. Loiacono, P.G. Halbur, and T. Opriessnig, 2012: Age-dependent susceptibility to porcine circovirus type 2 infections is likely associated with declining levels of maternal antibodies. J. Swine Health Prod. 20, 17–24.
Sibila, M., M. Calsamiglia, J. Segales, P. Blanchard, L. Badiella, M. Le Dimna, A. Jestin, and M. Domingo, 2004: Use of a polymerase chain reaction assay and an ELISA to monitor porcine circovirus type 2 infection in pigs from farms with and without postweaning multisystemic wasting syndrome. Am. J. Vet. Res. 65, 88–92, DOI: 10.2460/ajvr.2004.65.88.
Stadejek, T., A. Woźniak, D. Miłek, and K. Biernacka, 2017: First detection of porcine circovirus type 3 on commercial pig farms in Poland. Transbound. Emerg. Dis. 64, 1350–1353, DOI: 10.1111/tbed.12672.
Ticó, G., J. Segalés, and J. Martínez, 2013: The blurred border between porcine circovirus type 2-systemic disease and porcine respiratory disease complex. Vet. Microbiol. 163, 242–247, DOI: 10.1016/j.vetmic.2013.01.001.
Tischer, I., W. Mields, D. Wolff, M. Vagt, and W. Griem, 1986: Studies on epidemiology and pathogenicity of porcine circovirus. Arch. Virol. 91, 271–276, DOI: 10.1007/BF01314286.
Tischer, I., R. Rasch, and G. Tochtermann, 1974: Characterization of papovavirus and picornavirus-like particles in permanent pig kidney cell lines. Zentralblatt Für Bakteriol. Parasitenkd. Infekt. Hyg. 226, 153–167.
Tochetto, C., D.A. Lima, A.P.M. Varela, M.R. Loiko, W.P. Paim, C.M. Scheffer, J.I. Herpich, C. Cerva, C. Schmitd, S.P. Cibulski, A.C. Santos, F.Q. Mayer, and P.M. Roehe, 2018: Full-Genome Sequence of Porcine Circovirus type 3 recovered from serum of sows with stillbirths in Brazil. Transbound. Emerg. Dis. 65, 5–9, DOI: 10.1111/tbed.12735.
Vargas-Bermúdez, D.S., M.A. Vargas-Pinto, J.D. Mogollón, and J. Jaime, 2021: Field infection of a gilt and its litter demonstrates vertical transmission and effect on reproductive failure caused by porcine circovirus type 3 (PCV3). BMC Vet. Res. 17, 150, DOI: 10.1186/s12917-021-02862-5.
Vilalta, C., J.M. Sanhueza, D. Murray, L. Johnson, and M. Pieters, 2019: Detection of Mycoplasma hyopneumoniae in piglet processing fluids. Vet. Rec. 185, 510–510, DOI: 10.1136/vr.105475.
Wen, S., W. Sun, Z. Li, X. Zhuang, G. Zhao, C. Xie, M. Zheng, J. Jing, P. Xiao, M. Wang, J. Han, J. Ren, H. Liu, H. Lu, and N. Jin, 2018: The detection of porcine circovirus 3 in Guangxi, China. Transbound. Emerg. Dis. 65, 27–31, DOI: 10.1111/tbed.12754.
West, K.H., J.M. Bystrom, C. Wojnarowicz, N. Shantz, M. Jacobson, G.M. Allan, D.M. Haines, E.G. Clark, S. Krakowka, F. McNeilly, C. Konoby, K. Martin, and J.A. Ellis, 1999: Myocarditis and Abortion Associated with Intrauterine Infection of Sows with Porcine Circovirus 2. J. Vet. Diagn. Invest. 11, 530–532, DOI: 10.1177/104063879901100608.
Woźniak, A., D. Miłek, and T. Stadejek, 2020: Wide Range of the Prevalence and Viral Loads of Porcine Circovirus Type 3 (PCV3) in Different Clinical Materials from 21 Polish Pig Farms. Pathogens 9, 411, DOI: 10.3390/pathogens9050411.
Zhai, S.-L., X. Zhou, H. Zhang, B.M. Hause, T. Lin, R. Liu, Q.-L. Chen, W.-K. Wei, D.-H. Lv, X.-H. Wen, F. Li, and D. Wang, 2017: Comparative epidemiology of porcine circovirus type 3 in pigs with different clinical presentations. Virol. J. 14, 222, DOI: 10.1186/s12985-017-0892-4.
Zhang, H., W. Hu, J. Li, T. Liu, J. Zhou, T. Opriessnig, and C. Xiao, 2020: Novel circovirus species identified in farmed pigs designated as Porcine circovirus 4, Hunan province, China. Transbound. Emerg. Dis. 67, 1057–1061, DOI: 10.1111/tbed.13446.

Table legend
Table 1. Summary of the examined Hungarian farms, sample types and sample sizes. The number and proportion of the PCV3 positive samples are also included in the table. The grey cells corresponds to sample types that were not collected.
Figure legends
Figure 1. Map of Hungary showing the geographic location of the sampled farms (red/green) and the origin of PCV3 positive cases (blue) used for genome sequencing.

Figure 2. Boxplots representing the Ct values of the PCV3 positive samples of the three different sample types.  The whiskers show the minimum and the maximum, and the „+” signs represents the average. The horizontal lines of the box show the first quartile, the median and the third quartile. The statistical comparison of the Ct values was performed using the Mann–Whitney test. The asterisks above the boxes represent the statistically significant differences (***: P<0.001).  

Figure 3. Percentages of PCV3 positive processing fluids and serum sample pools of different age groups. The statistical comparison of the PCV3 prevalence of each age group was performed by Fisher’s exact test. The asterisk above the columns represents the statistically significant difference (*: P<0.05).

Figure 4. Boxplots representing the Ct values of the PCV3 positive processing fluids and serum sample pools of different age groups. The whiskers show the minimum and the maximum, and the „+” signs represent the average. The horizontal lines of the box show the first quartile, the median and the third quartile. The statistical comparison of the Ct values was performed using the Mann–Whitney test. The asterisks above the boxes represent the statistically significant differences (*: P<0.05; **: P<0.01; ***: P<0.001).

Figure 5. A-C Percentages of PCV3 positive processing fluid and serum samples of different age groups from Farm K (A), Farm JA (B) and Farm SZ (C). D–F Boxplots representing the Ct values of the PCV3 positive processing fluid and serum samples of different age groups from Farm K (D), Farm JA (E) and Farm SZ (F). The whiskers show the minimum and the maximum, and the „+” signs represent the average. The horizontal lines of the box show the first quartile, the median and the third quartile.

Figure 6. Phylogenetic analysis of PCV3 full genome sequences. The phylogenetic tree was constructed using MEGAX (Tamura et al., 2013) with Maximum Likelihood method performing 1000 replicates of bootstrap analysis. 41 reference sequences listed by Franzo et al. 2020 were aligned against the sequences detected in this study. The sequences obtained from serum samples collected on the examined farms are presented by red dots.  The blue dots mark the sequences obtained from PCV3 positive clinical cases.
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