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Seroprevalence and risk factors for the presence of ruminant pestiviruses in the Dutch swine population
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Swine can be infected with classical swine fever (CSF) virus, as well as ruminant pestiviruses: bovine viral diarrhoea (BVD) virus, and Border disease (BD) virus. Crossreactions between pestiviruses occur, both regarding protective immunity and in diagnostic tests. The presence of BVDV and BDV in a swine population may thus affect the transmission of CSFV, but also the diagnosis of a CSFV infection. In this study, the seroprevalence against BVDV and BDV in two categories of swine, sows and finishing pigs, in the Netherlands was determined. Furthermore, several risk factors, associated with the presence of swine and ruminants on the same farm or in the immediate surroundings, were evaluated. In sows, the seroprevalence against BVDV was 2.5% on the animal level, and 11.0% on herd level. In finishing pigs these prevalences were 0.42% and 3.2% respectively.

Antibodies against BDV were found in 3 sows only. Risk factors, associated with a BVDVseropositive status in breeding pigs, were the presence of cattle on the same premises and a high density of sheep and/or goats herds in a radius of 3 kilometres. While BVDV and BDV hardly pose any threat to the swine population themselves, knowledge, and therefore regular monitoring, on the presence of these viruses in the swine population is important with respect to CSF eradication. It will allow for a better interpretation of diagnostic test results, both in terms of possible false positives and false negatives, but may also bring about additional measures or surveillance protocols in times of CSF outbreaks to avoid surprises caused by cross-reactivity with ruminant pestiviruses.

are closely related to classical swine fever (CSF) virus and all belong to the genus of pestiviruses [START_REF] Van Rijn | Subdivision of the pestivirus genus based on envelope glycoprotein E2[END_REF][START_REF] Becher | Genetic and antigenic characterization of novel pestivirus genotypes: implications for classification[END_REF]. Natural hosts for BVDV and BDV are cattle and small ruminants respectively, but both are able to infect swine as well [START_REF] Wrathall | Effects of experimental border disease infection in the pregnant sow[END_REF][START_REF] Terpstra | Natural infections of pigs with bovine viral diarrhoea virus associated with signs resembling swine fever[END_REF][START_REF] Walz | Experimental inoculation of pregnant swine with type 1 bovine viral diarrhoea virus[END_REF][START_REF] Wieringa-Jelsma | Limited BVDV transmission and full protection against CSFV transmission in pigs experimentally infected with BVDV type 1b[END_REF]. In swine, only CSF is notifiable to the OIE and can cause massive economic damages as was shown in recent outbreaks in Western Europe, in the Netherlands in 1997-1998 [START_REF] Elbers | The classical swine fever epidemic 1997-1998 in The Netherlands: descriptive epidemiology[END_REF], the UK in 2000 [START_REF] Sandvik | CSF virus in East Anglia: where from?[END_REF], and Germany in 2006.

Cross-reactions between pestiviruses occur, both regarding protective immunity and in diagnostic tests [START_REF] Liess | Ruminant pestivirus infection in pigs[END_REF]Dahle et al., 1993b;[START_REF] Wieringa-Jelsma | Limited BVDV transmission and full protection against CSFV transmission in pigs experimentally infected with BVDV type 1b[END_REF]. The presence of ruminant pestiviruses in a swine population may thus affect the transmission of CSFV, but also the diagnosis of a CSFV infection. During the 1997/98 outbreak of CSF in the Netherlands, the presence of BVDV and BDV in the swine population caused considerable problems in the serological diagnosis of CSF [START_REF] De Smit | Laboratory decision-making during the classical swine fever epidemic of 1997-1998 in The Netherlands[END_REF].

A new development in the past decade has been the introduction of the first generation of marker vaccines against CSF. These marker vaccines are E2-subunit vaccines, generating only antibodies against E2 after vaccination ( [START_REF] Van Rijn | An experimental marker vaccine and accompanying serological diagnostic test both based on envelope glycoprotein E2 of classical swine fever virus (CSFV)[END_REF]. Detection of infected animals in a vaccinated population is based on detection of antibodies against E rns .

In 2003 a serological test to detect antibodies against E rns was evaluated by 15 national reference laboratories for CSF in the EU, under the guidance of the community reference laboratory in Hanover, Germany. This test was approved, thus allowing for the first time the use of marker vaccines in Europe [START_REF] Blome | Assessment of classical swine fever diagnostics and vaccine performance[END_REF]. A setback of this test is, however, that it also detects antibodies against E rns from ruminant pestiviruses. New generations of marker vaccines may still rely on the detection of E rns -antibodies and will therefore face the same problem of cross-reactivity in diagnostic tests [START_REF] Van Gennip | Chimeric classical swine fever viruses containing envelope protein E(RNS) or E2 of bovine viral diarrhoea virus protect pigs against challenge with CSFV and induce a distinguishable antibody response[END_REF][START_REF] Koenig | CP7_E2alf: a safe and efficient marker vaccine strain for oral immunisation of wild boar against Classical swine fever virus (CSFV)[END_REF]. In this study, the seroprevalence of ruminant pestiviruses in sows and finishing pigs in the Netherlands was determined. Furthermore, several risk factors, associated with the presence of swine and ruminants on the same farm or in the immediate surroundings, were evaluated.

MATERIALS AND METHODS

Sampling

In order to estimate the seroprevalence against BVDV and BDV in sows and finishing pigs in the Netherlands with reasonable precision, the following preconditions were used: an a priori expected herd prevalence of 2% (finishing pigs) to 5% (sows), a maximum allowable error in the prevalence estimate of approximately 2%, a 95% confidence in the estimate, and a population size of approximately 3000 finishing herds and 6000 sow herds. A random sample size of at least 178 finishing herds and 424 sow herds are required to meet these criteria [START_REF] Thrusfield | WIN EPISCOPE 2.0: improved epidemiological software for veterinary medicine[END_REF]. Samples for the prevalence study were collected in the framework of the Dutch swine vesicular disease (SVD) surveillance program. This surveillance program, part of the Animal Disease Farm Inspection Regulation (ADFIR), ran under government supervision between 1993 and 2004 and after that under the supervision of farmers organisations. Every farmer with more than four pigs was obliged to submit between 5 and 12 samples every four months, depending on herd size [START_REF] Hunneman | Serological surveillance programme on Swine Vesicular Disease in the Netherlands[END_REF]. Blood sampling was carried out by the general practitioner. A total of 6020 serum samples taken from 616 sow herds and 1890 serum samples from 189 finishing herds were selected by a stratified (by region) random process out of this daily pool of samples and used for detection of antibodies against ruminant pestiviruses. BVDV-1a strain, and Osloss, a BVDV-1b strain) and two BDV strains (Frijters and Moredun).

The NS3-ELISA contains two monoclonal antibodies directed against different highly conserved epitopes on the non-structural protein NS3 of pestiviruses. The test has a relative sensitivity and specificity of approximately 98%, respectively 99%, compared to a virus neutralisation test (VNT) [START_REF] Kramps | A simple, rapid and reliable enzyme-linked immunosorbent assay for the detection of bovine virus diarrhoea virus (BVDV) specific antibodies in cattle serum, plasma and bulk milk[END_REF]. The test was considered positive if the inhibition percentage was above 50%.

The E rns -ELISA was originally developed as a companion test to E2-subunit vaccines against classical swine fever, but also detects antibodies directed against E rns from BVDV and BDV [START_REF] Floegel-Niesmann | Classical swine fever (CSF) marker vaccine. Trial III. Evaluation of discriminatory ELISAs[END_REF]. The test was considered positive if the inhibition percentage was above 40%.

The VNT was carried out as described by [START_REF] Terpstra | The neutralizing peroxidase-linked assay for detection of antibody against swine fever virus[END_REF]. VNT's were validated by back-titration of the virus stock used in the test and titration of two control sera per virus species of known titre and variation. Results of the test were only valid if all were within range. If there was a response against more than one strain in the VNT, the sample was categorised as having antibodies against the strain with the highest antibody titre. The other titres were regarded as a result of cross-reaction and therefore neglected. For BVDV only BVDV-1-strains of two different subgroups were included in the VNT, as BVDV-2 appears to be highly prevalent only in North America [START_REF] Fulton | Bovine viral diarrhea virus cytopathic and noncytopathic biotypes and type 1 and 2 genotypes in diagnostic laboratory accessions: clinical and necropsy samples from cattle[END_REF][START_REF] Evermann | Clinical and epidemiologic observations of bovine viral diarrhea virus in the northwestern United States[END_REF] and seems relatively rare in other continents [START_REF] Wolfmeyer | Genomic (5'UTR) and serological differences among German BVDV field isolates[END_REF][START_REF] Sakoda | Genetic heterogeneity of porcine and ruminant pestiviruses mainly isolated in Japan[END_REF].

Within each species and subgroup, the strains should be representative enough to detect antibodies against most or all strains within that subgroup, be it that the height of titres may vary [START_REF] Wensvoort | Characterization of porcine and some ruminant pestiviruses by cross-neutralization[END_REF][START_REF] Dekker | Six antigenic groups within the genus pestivirus as identified by cross neutralization assays[END_REF][START_REF] Patel | Variation in immunogenicity of ruminant pestiviruses as determined by the neutralisation assay[END_REF].

A c c e p t e d M a n u s c r i p t 6

Risk factors

From the herds in the study population, the following information was obtained:

-herd size of the pig herd;

-number of goats, sheep and cattle housed on the same premises as the pig herd -number of goats, sheep and cattle housed within a radius of 3 kilometres from the pig herd;

-number of herds with pigs, goats, sheep or cattle within a radius of 3 kilometres of the pig farm;

-nearest distance to herds with pigs, goats, sheep or cattle in the neighbourhood.

Statistical analysis

95% confidence intervals for proportions were calculated according to the efficient-score method (corrected for continuity) described by [START_REF] Newcombe | Two-sided confidence intervals for the single proportion: comparison of seven methods[END_REF].

Statistical Analysis System (SAS/STAT, version 8, 1999) was used for frequency counts and univariate analysis. Differences in presence of risk factors between pig herds with or without antibodies against BVDV were analyzed with multivariate linear logistic regression (PROC LOGISTIC, SAS 1999). Summary Odds Ratios (sOR), adjusted for other risk factors in the model, with accessory 95% confidence limits (CI) were calculated to measure the strength of the association. In terms of disease causation, an OR=1 indicates no relationship, whereas an OR>1 or OR<1 are indicative of increased or reduced risk (protection) risk, respectively [START_REF] Dohoo | Measures of Association[END_REF].

RESULTS

In sows, 309 out of 6020 samples were positive in the NS3-ELISA. From these 309 samples, 126 were positive in the Erns-ELISA and 152 in at least one of the VNT's, mainly those samples that has inhibition percentages of >80% in the NS3-ELISA (table 1, figure 1).

From these 152 positive samples in the VNT, 151 had titres against strain Osloss, 124

A c c e p t e d M a n u s c r i p t 7 against NADL, 60 against Moredun, 67 against Frijters and 32 against Brescia. In 142 of these cases the titres against Osloss were the highest (ranging from 10 to 15360) and in 7 samples titres against NADL were the highest (ranging from 15 to 1280). All the other titres against NADL (ranging from 10 to 2560) were lower than the titre against Osloss in the same sample (on average almost 7 times as low). Except for 2 highest titres against strain Moredun (titres of 15 and 20) and 1 against Frijters (titre of 10), all titres against these strains and against strain Brescia were considered the result of cross-reaction. Titres against Osloss were on average 50, 61 and 130 times higher than against strains Frijters, Moredun and Brescia respectively. In sows, the seroprevalence against BVDV was therefore estimated to be 2.5% on the animal level, and 11% on the herd level (table 2), mainly against BVDV-1b. In only 3 of the samples low titres against BDV were found that could not be attributed to cross-reaction with BVDV.

In finishing pigs only 8 out of 1890 samples were positive in the NS3-ELISA. All 8 tested positive in the VNT, with titres against strain Osloss being consistently the highest (ranging from 15 to 3840). Some cross-reactivity was seen in all other VNT's (5 positive against NADL, range 30-160; 4 positive against Frijters, range 10-15; 2 positive against Moredun, both 10; and 1 positive against Brescia, titre of 10). The seroprevalence against BVDV was estimated at 0.42% on the animal level, and 3.2% on the herd level (table 2), all against BVDV-1b. It was concluded that none of the samples contained BDV specific antibodies.

Univariate analysis revealed several risk factors to be associated (P < 0.20) with a BVDV-seropositive status of sow herds and finishing herds (table 3). In the final multivariate logistic regression model two risk factors were significantly (P < 0.05) associated with a BVDV-seropositive status of sow herds (table 4), but no risk factors were significantly (P < 0.05) associated with a BVDV-seropositive status of finishing herds. Sow herds with cattle present on the premises had a 3.4 higher odds of having a BVDV-seropositive status compared to sow herds without cattle present on the premises. Furthermore, if the number of sheep and/or goats herds in a radius of 3 kilometre of the sow herds was higher than 60,
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DISCUSSION

The seroprevalence of ruminant pestiviruses in swine is currently very low in the Netherlands, especially in finishing pigs. Because on average only 10 samples per herd were tested, herds with a low intra-herd prevalence may be missed. Thus, the seroprevalence on a herd level may be somewhat higher in reality. Risk factors suggest that direct introduction from mainly cattle, but possibly also small ruminants occurs. Further transmission among pigs and spread through live pig transports between pig farms can not be ruled out based on our results. However, a recent transmission experiment in pigs [START_REF] Wieringa-Jelsma | Limited BVDV transmission and full protection against CSFV transmission in pigs experimentally infected with BVDV type 1b[END_REF], using a recent Dutch BVDV isolate originating from a pig, showed a very limited transmission of BVDV among pigs. The results from that transmission experiment suggested that BVDV would become extinct from the pig population if no repeated introductions from outside the pig population would occur.

The NS3-ELISA seemed to have a somewhat lower specificity in sows than what was previously determined for cattle [START_REF] Kramps | A simple, rapid and reliable enzyme-linked immunosorbent assay for the detection of bovine virus diarrhoea virus (BVDV) specific antibodies in cattle serum, plasma and bulk milk[END_REF]. With a cut-of value of 50% inhibition, we ultimately ended up with 157 false positive results, or a specificity of 97.3% compared to the VNT. Especially in the range of 50-70% inhibition, few NS3-positives could be confirmed by VNT. Neither could they by an E rns -ELISA, that, in itself, was able to detect 126 out of 149 sows seropositive against BVDV in the VNT. Because of this, it is not expected that a relevant number of BVDV-infected sows was missed in the VNT because of the selection of strains that were used.

Prevalence studies of ruminant pestiviruses in swine are relatively rare and difficult to compare because of different sampling schemes, different age categories of tested animals, and different tests being used. In wild boar seroprevalences of 0% to 8% against ruminant pestiviruses were found in several countries over the last few decades (Dahle et al., 1993a;[START_REF] New | A serologic survey of selected viral and bacterial diseases of European wild hogs, Great Smoky Mountains National Park, USA[END_REF][START_REF] Schmitt | Study on the prevalence of BVD infection in free living cervids, chamois and wild boar in Bavaria[END_REF][START_REF] Zupancic | Prevalence of antibodies to classical swine fever, Aujeszky's disease, porcine reproductive and respiratory syndrome, and bovine viral diarrhoea viruses in wild boars in Croatia[END_REF][START_REF] Roic | Serum antibodies directed against classical swine fever virus and other pestiviruses in wild boar (Sus scrofa) in the Republic of Croatia[END_REF]. In domestic pigs

A c c e p t e d M a n u s c r i p t 9 seroprevalences were reported of 2.2% (BVDV strain NADL) in Norway [START_REF] Loken | Pestivirus infections in Norway. Serological investigations in cattle, sheep and pigs[END_REF], 6.4% (BVDV strain Ug59) in Denmark [START_REF] Holm Jensen | Screening for neutralizing antibodies against hog cholera and/or bovine viral diarrhea virus in Danish pigs[END_REF] and 3.2% (BVDV strain NADL), 0.2% (BVDV strain NADL) and 0% (BDV strain 137/4) in Ireland [START_REF] O'connor | Pestivirus antibodies in pigs in Ireland[END_REF][START_REF] Graham | Pestiviral infections in sheep and pigs in Northern Ireland[END_REF]. Seroprevalences of up to 40% in breeding pigs are however mentioned as well [START_REF] Terpstra | Natural infections of pigs with bovine viral diarrhoea virus associated with signs resembling swine fever[END_REF][START_REF] Liess | Ruminant pestivirus infection in pigs[END_REF].

BVDV-and BDV-seroprevalences in the Netherlands used to be much higher in the past than the ones found in the current study. In the late 1980's a seroprevalence of 20% (BVDVstrain Oregon) was found in Dutch sows and boars, testing more than 700 samples from the slaughterhouse [START_REF] Terpstra | Bovine viral diarrhoea virus infections in pigs [Bovine virus diarrhea virus infections in swine[END_REF]. Ten years later, BDV/BVDV antibody seroprevalence of 11% was found when testing 12,000 sows [START_REF] De Smit | Laboratory decision-making during the classical swine fever epidemic of 1997-1998 in The Netherlands[END_REF]. This seroprevalence was determined by ELISA, and it was estimated that approximately two-third of these were BDV-seropositive and one-third BVDV-seropositive.

The presence of cattle on the same premises as a risk factor for BVDV infections in swine was reported before [START_REF] Liess | Ruminant pestivirus infection in pigs[END_REF]. With a high BVDV-seroprevalence in cattle in the Netherlands, results of 82% [START_REF] Kramps | A simple, rapid and reliable enzyme-linked immunosorbent assay for the detection of bovine virus diarrhoea virus (BVDV) specific antibodies in cattle serum, plasma and bulk milk[END_REF] and 46% [START_REF] Mars | Diagnostic assays applied in BVDV control in The Netherlands[END_REF] of seropositive herds were published, this is not unexpected. The current low seroprevalence in swine in the Netherlands is likely caused by a continued specialisation of farms. In former times, farms used to have all kind of production animals on the same premises: cattle, poultry, pigs, small ruminants, etcetera. In the past few decades however, more and more farms specialized in only one type of production animal. Furthermore, in those cases where more than one species is present on one farm, housing became such that the possibilities for direct contact became less and less. Mixed farms, where different species live in close contact with each other, exchanging infectious agents, have become rare.

The presence of small ruminants in the neighbourhood of swine herds has not been reported before as a possible risk factor for BVDV infections in swine. Knowledge of seroprevalences against BVDV in sheep is relatively scarce, but infections do occur.

Seroprevalences of 6.7% [START_REF] Bechmann | Serological investigations in the diagnosis of viral infections derived from cattle in sheep[END_REF] and 4.5% [START_REF] Loken | Pestivirus infections in Norway. Serological investigations in cattle, sheep and pigs[END_REF] were reported in A c c e p t e d M a n u s c r i p t 10 Germany and Norway respectively. As such, they may therefore be a possible source for BVDV infections in swine as well and represent a risk factor if many herds are present in the neighbourhood. Whether small ruminants also pose a possible risk factor for BDV in swine, could not be determined, as almost no titres against BDV were found. This means that either BDV is not present in the small ruminant populations either or that transmission of BDV from small ruminants to swine is more difficult than transmission of BVDV. For both hypotheses there is currently insufficient evidence.

Another reason for the current low BVDV-seroprevalences may be that BVDV contaminations of vaccines, which was also considered an important cause for BVDV infections in swine [START_REF] Vannier | Contamination of a live virus vaccine against pseudorabies (Aujeszky's disease) by an ovine pestivirus pathogen for the pig[END_REF][START_REF] Wensvoort | Bovine viral diarrhoea virus infections in piglets born to sows vaccinated against swine fever with contaminated vaccine[END_REF][START_REF] Liess | Ruminant pestivirus infection in pigs[END_REF], is becoming less of an issue due to increased quality control systems. This is, however, still not a route of introduction to be fully neglected, as shown by an incident in the Netherlands several years ago with a bovine herpes virus vaccine in cattle [START_REF] Barkema | Outbreak of bovine virus diarrhea on Dutch dairy farms induced by a bovine herpesvirus 1 marker vaccine contaminated with bovine virus diarrhea virus type 2[END_REF].

The presence of BVDV and BDV antibodies in pigs at the time of a CSFV infection may affect the transmission of CSFV in and between infected herds [START_REF] Wieringa-Jelsma | Limited BVDV transmission and full protection against CSFV transmission in pigs experimentally infected with BVDV type 1b[END_REF]. Transmission of CSFV within a herd may be reduced, to a level that an introduction of CSFV in a swine herd may result in a very small and self-limiting outbreak. Such an outbreak may go unnoticed and doesn't necessarily pose a threat for any other herd. However, CSFV infections will also result in less noticeable clinical symptoms, and in case transmission of CSFV still occurs, such herds would be detected with a certain delay, in the mean time posing a threat for other herds in direct or indirect contact.

More important is probably how ruminant pestiviruses may affect serological CSF where the E rns -test is being used, which is primarily after vaccination with a marker vaccine.

Serological confirmation of the CSF-result, and differentiation with ruminant pestiviruses is so far not possible. The presence of antibodies against ruminant pestiviruses in a population may therefore seriously hamper any eradication strategy that involves vaccination with marker vaccines, especially during the phase where freedom of disease needs to be proven again.

Based on this study, diagnostic procedures for the serological surveillance of CSF were adapted in the Netherlands. BDV is no longer routinely used in the virus neutralisation test, lowering the costs and increasing the efficiency of the diagnostic procedure. Furthermore, emergency vaccination plans for CSF in the Netherlands were adapted. In the current plan sows, who have a much higher seroprevalence than finishing pigs, will not be vaccinated against CSF, amongst others to avoid diagnostic problems due to the presence of antibodies against BVDV in breeding pigs. As such, these are good examples on how knowledge of seroprevalence of ruminant pestiviruses affects the diagnostic procedure and may affect intervention measures during a future CSF outbreak. A c c e p t e d M a n u s c r i p t 
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Table 1 : NS3-ELISA results of 6020 blood samples from sows, grouped in categories according to inhibition percentage and compared to results in an E rns -ELISA and a VNT against 5 different pestivirus strains (samples are considered positive if they are positive in at least one of these VNT's).

 1 

	Table 1					
	NS3-ELISA		E rns -ELISA		VNT	
	% Inhibition	n	Positive	%	Positive	%
	≤50	5711	nd	nd	nd	nd
	>50	309	126	40.8	152	49.2
	50-60	57	1	1.8	4	7.0
	60-70	69	2	2.9	6	9.5
	70-80	41	5	12.2	10	24.4
	80-90	16	4	25.0	8	50.0
	>90	126	114	90.5	124	98.4

Table 2 : Seroprevalence against BVDV and BDV in Dutch swine herds, on animal level and herd level (with 95% confidence interval).
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		n	BVD	BD
	Sows			
	Herd level	616	11% (8.7-14)	0.49% (0.13-1.5)
	Animal level	6020	2.5% (2.1-2.9)	0.050% (0.013-0.16)
	Finishing pigs			
	Herd level	189	3.2% (1.3-7.1)	0% (0-2.5)
	Animal level	1890	0.42% (0.20-0.87)	0% (0-0.25)

Table 2

 2 

Table 3 : Univariate analysis of risk factors associated (p<0.20) with a positive BVDV-status of sow herds (with 95% range or percentage within brackets).
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