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Abstract

Background: Border disease virus (BDV) is a pestivirus responsible for significant economic losses in sheep industry.
The present study was conducted between 2015 and 2016 to determine the flock seroprevalence of the disease in
Algeria and to identify associated risk factors. 56 flocks from nine departments were visited and 689 blood samples
were collected from adult sheep between 6 and 24 months of age (n = 576) and from lambs younger than 6 months
(n=113). All samples were tested by RT-PCR as well as by Ag-ELISA, to detect Persistently Infected (Pl) animals. Serum

samples from adults were tested by Ab-ELISA (Enzyme Linked Immuno-Sorbent Assay), to detect specific antibodies
against pestivirus and 197 of them were further characterized by VNT (virus neutralization test) for the detection of
neutralizing antibodies specific for BDV and for Bovine virus diarrhea virus (BVDV-1 and BVDV-2).

Results: No Pl animals were found among the 689 sheep tested. 144/197 sera were positive in VNT for BDV, and 2 sera
were strongly positive BVDV-2. Fifty-five flocks (98%) had at least one seropositive animal and the apparent within-flock
seroprevalence was estimated to be 60.17% (95% C.l.. 52.96-66.96). The true seroprevalence based on estimated
sensitivity and specificity of the Ab-ELISA was 68.20% (95% C.I; 60.2—76.3). Several risk factors were identified as linked
to BDV such as climate, landscape, flock management and presence of other ruminant species in the farm.

Conclusion: These high seroprevalence rates suggest that BDV is widespread and is probably endemic all over the
country. Further studies are needed to detect and isolate the virus strains circulating in the country and understand the
distribution and impact of pestiviruses in the Algerian livestock.
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Background

In accordance with the ICTV (International Committee
on Taxonomy of Viruses), BDV (Border Disease Virus)
belongs to the Flaviviridae family which includes four
genera: Flavivirus, Hepacivirus, Pegivirus, and Pestivirus;
the latter previously included four species: bovine viral
diarrhea virus 1, (BVDV1), bovine viral diarrhea virus 2
(BVDV2), classical swine fever virus (CSFV), D and
border disease virus (BDV). Since 2017, these four
species have been renamed Pestivirus A, B, C, and D,
respectively. Seven other species have been added in the
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genus, namely Pestivirus E to K, including giraffe pesti-
virus (Pestivirus G), Hobi-like pestivirus (Pestivirus H)
and other atypical species isolated in wild and domestic
mammals. The 11 currently recognized pestivirus species
are now named in relation to molecular and antigenic re-
latedness in a host-independent scheme [1]. BVDV can in-
fect cattle, sheep, goats, pigs and other ungulate species [2]
and infection of sheep by BVDV-1 and BVDV-2 in natural
and experimental conditions was demonstrated [3]; in some
regions BVDV prevalence in sheep can be higher than BDV
[4]. CSFV seems to be restricted to pigs and wild boars [5].
Although BDV is generally considered as an agent for a
sheep disease, it is not strictly host specific and can cross
infect cattle, sheep, goats, pigs and non-domesticated spe-
cies [6]; transmission of BDV between small ruminants and

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12917-018-1666-y&domain=pdf
http://orcid.org/0000-0002-8579-4529
mailto:feknousnaouel33@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Feknous et al. BMC Veterinary Research (2018) 14:339

cattle has been described by several authors [7-9]. BDV in-
fection can cause significant economic losses to sheep in-
dustry due to its impact on reproduction and health.
Clinical signs in sheep are dominated by infertility, abor-
tions, stillbirths, or even the birth of lambs with hairy
fleeces called “hairy-shaker” or “blurred” or an abnormal
body conformation. BDV can also cause a condition similar
to mucosal disease [10]. The main source of infection in a
flock are the PI sheep, which are born infected and spread
the virus during their whole life. PI lambs result from trans-
placental infection of the fetus before the 60th day up to
the 80th day of gestation, when the immunological system
is still immature [6]. Border disease is present in several
continents and seroprevalence rates in sheep range from 5
to 50% depending on the country or the regions within a
same country [11]. However, prevalence of BDV in Algeria,
where vaccination is not practiced remains completely un-
known and there has been no scientific publication on the
topic so far to our knowledge. The purpose of this study
conducted between 2015 and 2016 was to estimate the BD
seroprevalence and shedding in Algerian sheep flocks and
to identify associated risk factors. Such epidemiological data
should contribute to improve the visibility of this neglected
disease and to develop a monitoring plan for the country.

Results

Flock and within-flock seroprevalence

A flock was considered positive for ruminant pestivirus
when at least one animal was positive in Ab-ELISA. All
flocks except one were seropositive, therefore the flock
seroprevalence was estimated to be 55/56 = 98.2% (95%
C.1. 90.5-99.6). The proportion of positive sheep in each
flock ranged between 1 and 100%. Out the 576 sera tested,
344 samples were considered as seropositive (304 positive
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+ 40 doubtful in Ab-ELISA). The apparent overall within-
flock seroprevalence, based on the GEE model was esti-
mated to be 60.17% (95% CI: 52.96—66.96). The true over-
all seroprevalence, taking into account our estimation of
Se (84.0%) and Sp (92.4%) of the Ab-ELISA (see below)
was calculated to be 68.20% (95% C.I. 60.2-76.3).

The within-flock seroprevalence by departments is
described in Table 1. There were marked regional differ-
ences in the flock prevalence, ranging from 18% in Chlef
(95% C.I. 5.1-30.9) to 100% in Setif. However, our sam-
pling design was built to estimate with a reasonable pre-
cision the overall within-flock seroprevalence but cannot
provide an accurate estimation at department level (this
would have required a larger number of flocks in each
department). This is the reason why the 95% CI at re-
gional level were large and the differences of within-
flock prevalence between regions were not statistically
significant except for the prevalence in Chlef which was
significantly lower (p <0.0001) than the prevalences in
Djelfa, Al Bayadh, Msila, Saida and Laghouat.

Comparison between ab-ELISA and VNT results

The number of positive, doubtful and negative samples
among the 576 sera tested by ELISA-Ab was 304, 40, and
232 respectively. A list of all samples with their respective
ADb-ELISA and VNT results is provided in Additional file 1:
Table S1.

To estimate the performances (Se and Sp) of the pesti-
virus Ab-ELISA compared to VNT, 197 sera were tested
in parallel by Ab-ELISA and by three different VNT
(BDV, BVDV-1 and BVDV-2). Table 2 gives the number of
positive, doubtful and negative samples when tested by
Ab-ELISA compared to the BDV-VNT titer. Table 3 gives
the number of positive, doubtful and negative samples in

Table 1 Ovine population (number of flocks), sampling performed and estimated (apparent) seroprevalence (with 95% Cl) of Border

disease, by department, according to GEE model

Department Ovine flocks N Fl N Lb N Ad N Pos Prev % 95% Cl

El Bord; 9000 3 0 30 15 50.00 [27.33; 72.67]
Setif 4230 1 0 10 10 100.00 nd.

Msila 23,000 7 31 71 51 71.90 [60.36; 81.13]
Djelfa 21,000 6 5 60 35 5833 [43.12; 72.11]
Laghouat 23,000 8 24 80 39 51.07 [36.55; 65.41]
El Bayadh 25,000 7 0 70 57 8143 [64.40; 91.40]
Tizi Ouzou 18,000 5 1 50 23 46.00 [20.87; 73.34]
Chlef 17,230 5 30 50 9 18.00 [09.90; 30.50]
Saida 50,000 15 22 155 105 67.68 [55.81; 77.64]
Total 190,460 57 113 576 344 60.17 [52.96; 66.96]

N Fl: Number of sampled flocks

N Lb: Number of sampled lambs (animals < 6 months, plasma)
N Ad: number of sampled adults (serum + plasma)

N Pos: number of positive sera (adults)

Prev %: within-herd seroprevalence
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Ab-ELISA compared to the ratio [VNT titer for BDV /
VNT titer for BVDV], the latter being calculated com-
pared to the highest titer in BVDV, whether it was
BVDV-1 or BVDV-2. This ratio was split into three cat-
egories: (a) BDV titer = four folds the BVDV-1 or BVDV-2
titer, (b) BDV titer = two to three folds the BVDV-1 or
BVDV-2 titer, (c) BDV titer =less than two folds the
BVDV-1 or BVDV-2 titer. Samples from category (a) were
considered as specifically positive for BDV.

Among the 197 sera tested in parallel by Ab-ELISA and
VNT, 144 were positive in VNT for BDV (titer >1/8)
(Table 2) including 103 sera with a titer four folds higher
for BDV than for BVDV-1 or BVDV-2 (Table 3). Of these
BDV VNT positive samples, 89 were positive, 32 doubtful
and 23 negative in Ab-ELISA (Table 3). Out of the 36 sera
with a doubtful result in Ab-ELISA, 32 were positive in
VNT for BDV (Table 2) and most of these (31/32) had a
high VNT titer (1/32 up to 1/192) (Table 2) including 19
samples with a BDV titer four folds higher than for
BVDV-1 or BVDV-2 (Table 3). Based on this observation
we considered the sera with a doubtful result in
Ab-ELISA as seropositive samples for the rest of our ana-
lysis. Therefore, the relative sensitivity of the Ab-ELISA
compared to the BDV-VNT was estimated to be [(89 posi-
tive ELISA + 32 doubtful ELISA)/ 144 positive VNT] =
84.0% and the relative specificity to be [49 negative
ELISA/ 53 negative VNT] = 92.4% (Table 2). If only sam-
ples with a BDV titer four folds higher than the BDV titer,
then the sensitivity of the Ab-ELISA compared to BD
VNT = [(63 positive ELISA + 19 doubtful ELISA) / 118
positive BDV-VNT]=69.5.3% (Table 3). Some positive
sera with the BDV-VNT cross-reacted with BVDV-1 and
BVDV-2 VNT but the titers observed for BVDV were
generally low except for two samples from two different
flocks which had very high titers for BVDV-2 (titer =1/
480 and 1/640 respectively).

The agreement (Cohen’s kappa coefficient) between Ab-
ELISA and BDV-VNT test was 0.68 (95% C.I. 0.58-0.79).

Seroprevalence and risk factors
The differences in the proportion of seropositive animals
were not statistically significant for the following studied
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Table 3 Number of positive, doubtful and negative samples in
Ab ELISA compared to the ratio [VNT titer for BDV / VNT titer for
BVDV-1 or BVDV-2]

VNT Titre BDV/ Titre BVDV Total
>4 x 2-3 X < 2X Neg
ELISA Ab results
Doubt 19 7 6° 4 36
Pos 63 8 18 - 89
Neg 21 - 2° 49 72
Total 103 15 26 53 197

>4 x/2-3 x/<2x: VNT titer for BDV compared to VNT titer for BVDV-1 or
BVDV-2 more than fourfold higher / between two and threefold higher / less
than twofold higher

Pos: positive

Neg: negative

Doubt: doubtful

fincluding 1 sample with high BVDV-2 Titer

variables: flock size, sheep breed, presence of cattle in the
farm, purchase of breeding females, purchase of sheep for
fattening, abortion history, sharing breeding rams, and
vaccination for sheep pox and brucellosis and other dis-
eases. On the contrary, a significant difference in sero-
prevalence was found for the following variables: climate
(arid versus Mediterranean; OR = 4.04), landscape (moun-
tain versus plateau; OR = 0.49), flock management (seden-
tary versus transhumant; OR=0.59), presence of goat
versus no goat (OR =0.58), other clinical diseases (OR =
0.66). The detailed results including odds ratios for these
risk factors are presented in Table 4.

Ag-ELISA and RT-PCR
All 689 individual samples were tested negative by
Ag-ELISA and these negative results were confirmed by
the fact that all pools of plasma samples were tested
negative by RT-PCR.

Discussion

Seroprevalence study

After infection with a ruminant pestivirus, the detection of
antibodies against the highly conserved pestivirus-NS2—3
(p80) protein by competitive ELISA provides reliable results
to confirm seroconversion. Such assays have been used in

Table 2 Number of positive, doubtful and negative samples in Ab ELISA, according to the manufacturer's recommended cut-off,
compared to VNT titer for BDV, considering 1/8 titer as cut-off for VNT

ELSA  Neg VNT  Pos VNT (titer 1/8)

result g /8 112 116 124 1/32 1/48  1/64  1/96  1/128  1/192  1/256  Total Pos (VNT)  Total samples
Doubt 4 1 7 1 5 3 10 5 32 36

Pos 0 1 1 19 5 20 3 15 6 28 89 89

Neg 49 2 2 7 2 5 1 2 2 23 72

Total 53 3 13 123 s 30 7 27 1 30 144 197

Neg: negative
Pos: positive
Doubt: doubtful
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Table 4 Risk factors for being seropositive for Border Disease with corresponding number and proportion of positive samples
(apparent seroprevalence), number of negative samples and associated Odds-ratio (with 95% Cl)

Positive samples (%) Negative samples p value OR 95% Cl
Climate
arid 312 (65.5%) 164 0.0001 4.04 2.55-6.39
mediterranean 32 (32.0%) 68 !
Landscape
mountain 31 (44.3%) 39 0.005 049 0.29-0.80
plateau 313 (61.9%) 193 !
Flock management
sedentary 126 (52.5%) 114 0.0001 0.59 042-0.83
transhumant 218 (64.9%) 118 !
Herd Composition
mixed (goat or cattle)® 243 (59.1%) 168 0.644° 0.92° 063-1.33
sheep only 101 (61.2%) 64 !
sheep with cattle® 206 (60.6%) 134 0611° 1.09° 0.78-1.53
no cattle 138 (58.5%) 98 !
sheep with goat 143 (52.8%) 128 0.001 0.58 041-0.81
no goat 201 (65.9%) 104 !
Clinical diseases
yes 126 (59.0%) 108 0.017 0.66 047-0.93
no 218 (63.7%) 124 !

“Non significant

different countries to conduct seroprevalence surveys for
pestivirus in small ruminants [4, 12, 13]. Our results indi-
cate an estimated flock prevalence of 98.20% and an appar-
ent within-flock prevalence of 60.17%. The true overall
prevalence was estimated to be 68.20%. In Tunisia, similar
results are reported, with 95% or 52/55 of positive flocks
and an animal seroprevalence of 54% + 4% [14]. Such high
levels of prevalence were also found in France, where a re-
cent study revealed that 38 sheep flocks tested in
Ab-ELISA were positive in Border disease and individual
seroprevalence reached 76.5% (95% CI = 74.2—-78.8%) [15].
Other serological surveys carried out in Spain, Ireland,
Austria, and India revealed a high seroprevalence of ru-
minant pestivirus at flock level with rates varying between
58 and 70% and at the individual level between 49.3 and
83% [13, 16-18].

Several factors may be in favor of the high rates observed
in Algerian flocks and thus may participate in the dissemin-
ation of the virus: keeping animals in poor housing condi-
tions, insufficient knowledge of livestock breeders about
biosecurity rules, common use of transhumance and mix-
ing flocks of different origins, lack of periodic laboratory in-
vestigations and illegal exchanges of animals from the
neighboring countries. Our results were potentially biased
by the fact that random selection was performed at the mu-
nicipality level and not at the flock level, as there was no
available sheep flock database. The selection of the sampled

flock in each municipality was done by private vets and
could be considered as a convenient sampling. To minimize
this bias the vets were asked to select flocks as much repre-
sentative as possible of the local context.

Regional differences in the seroprevalence

In this survey, we observed marked regional differences in
the within-flock seroprevalence of BD in sheep with esti-
mated rates between 18 and 100% depending on the de-
partment. However, our sampling design was calibrated to
estimate with a reasonable precision the overall within-
flock seroprevalence but cannot provide an accurate esti-
mation at department level (this would have required a
larger number of flocks in each department). Indeed, the
differences observed between departments were not statis-
tically significant except for Chlef (P = 18%; 95% CI 9.90—
30.50) which has a lower prevalence compared to five
other departments. The lower prevalence in this depart-
ment can be explained by the fact that most flocks over
there are sedentary, as grazing is available throughout the
year thanks to favorable environment and Mediterranean
climate. Such conditions can limit the contacts with po-
tentially infected flocks. It has been reported that the
transmission of the virus depends also on the degree of
contacts between animals and may be more important in
animals kept in buildings with nose-to-nose contact [19]
than in animals that remain in the open air. A study in
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Northern Ireland also reported significant regional varia-
tions in flock prevalence and attributed such differences
to the levels of movement, differences between the regions
in management practices, and the density of the popula-
tions of sheep in the flocks [13].

Virus circulation

The high seroprevalence rates observed in our study can
be considered as indicative of a recent infection in some
flocks given that only animals aged between 6 and
24 months were sampled. By this age, maternal anti-
bodies have waned and the presence of antibodies is due
to a recent exposure to a pestivirus [20]. Animals older
than 2 years were not sampled, to exclude a bias due to
the seropositivity in older animals which remain lifelong
seropositive after seroconversion.

Vaccination

Vaccination of ruminants against pestivirus can also in-
duce seroconversion but it is not practiced in Algeria.
There is no standard vaccine for BDV, but a commercial
killed whole-virus vaccine has been produced [21]. How-
ever, in Algeria there is extensive vaccination of small ru-
minants against sheep pox virus using a locally made
vaccine prepared with cellular lineage resulting from a
strain of sheep embryo. Isolation of pestivirus strains from
several batches of anti- sheep pox vaccines has been re-
ported in Tunisia [22], which could be at the origin of a
wide spread of the virus in this country. According to OIE
(World Organisation for Animal Health) [21], contamin-
ation of modified live virus vaccines by pestivirus have
been found to be a cause of serious disease following their
use in sheep (including sheep pox vaccine) and other live-
stock. However, in our study we did not observe a signifi-
cant increase of BD seroprevalence in vaccinated flocks
compared to unvaccinated ones.

Comparison between VNT and ab-ELISA

We used a BVDV-1 and BVDV-2 cattle isolate and a BDV
sheep isolate for cross neutralization study. Previous stud-
ies using a commercially available indirect ELISA (SVA-
NOVIR BD-Ab-ELISA; Svanova Biotech), comparing
Ab-ELISAs to VNT have reported a sensitivity of 94.3%
and 100% and a specificity of 93.7 and 100% for sheep and
goats respectively from BD virus [23, 24]. In our study,
197 samples from 20 different flocks were tested in paral-
lel with Ab-ELISA and VNT for BVDV-1, BVDV-2 and
BDV. We observed low performances of the Ab-ELISA es-
pecially for the sensitivity estimated to be 84%. A possible
explanation is that the commercial ELISA we used is more
adapted to European strains of pestivirus and may not de-
tect well BDV strains circulating in Algeria, as it is well
known that there is a large antigenic variability in BDV
strains generally [11].
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The majority of the positive samples (103/144) tested
in parallel by VNT for BDV, BVD-1 and BVD-2 had a
VNT titer for BDV four folds higher than the titer for
BVDV-1 or BVDV-2. We can therefore conclude that
the prevailing pestivirus circulating in the sheep popula-
tion in Algeria is Border disease virus rather than BVDV.
Surprisingly, two of the sera tested in parallel had high
titer for BVDV-2. These samples came from two differ-
ent farms in two separate departments (Chlef and Saida);
these flocks were sedentary but share grazing with cattle.
BVDV-2 is a pestivirus usually specific to cattle and
rarely identified in sheep. It was initially detected in cat-
tle of North America [25] and later in other countries.
In India, a cross neutralization study on sheep and goat
samples exhibited a titer more than fourfold higher to
BVDV-2 in one sheep and one goat [20]. Recently, a
study in Spain revealed that six of eight fetuses / lambs
were positive from BVDV-2 [26]. This virus may cause
abortions, and probably be highly virulent, in naturally
infected sheep. However, in most cases, the primary
source of BVDV in non-bovid species is unknown, al-
though direct contact with cattle appears to be the
source of initial contamination [27].

Detection of Pl animals by ag-ELISA and RT-PCR
Ag-ELISA and RT-PCR were performed in our study in
order to detect PI animals but no viral antigen could be
detected among the 689 samples tested, despite sero-
logical findings that showed the presence of recent in-
fection in the flocks. There are several hypotheses to
explain why we were not able to detect PI BDV among
the tested sheep. First, only a limited number of ani-
mals younger than 6 months were tested in each flock
(n =113), which is the age category in which there is a
greater chance to detect a PI. Given the low prevalence
of PI sheep commonly observed and reported in previ-
ous studies, the probability to detect PI animals in a
small sample size is low: in Austria, the PI prevalence
was only 0.32% in sheep, and in Spain, it has been de-
scribed a prevalence of 0.3; 0.6 and 0.24% [15, 28]. In
addition, many lambs are slaughtered at a young age
for economic purposes, decreasing the chance to detect
young PI animals at the time of sampling. Finally, we
did not observe typical clinical signs of BD such as ner-
vous signs, paralysis and muscle tremor on the lambs
sampled so we cannot exclude that most PI animals
were dead or culled at the time of the sampling. With
blood samples taken from young animals younger than
six months, one could expect false negative Ag-ELISA
results due to the presence of maternal antibodies de-
rived from colostrum intake. However, these samples
were tested in parallel by RT-PCR, a method which is
not influenced by maternal antibodies when performed
on full blood.
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Risks factors

Several significant risk factors for high BDV seropreva-
lence were identified in our study. Due to the limited
number of flocks and animals tested and the limited
study zone, these risk factors should be considered as
specific to the Algerian context and generalized cau-
tiously to other endemic countries.

The seroprevalence (P) was significantly higher in in-
land areas with cold and arid climate characteristics (P
=65.5%; OR =4.04) than in the coastal zone with Medi-
terranean climate (P =32.0%). A similar observation was
made in a seroprevalence study in Turkey [29]. Although
pestiviruses are endemic in many countries with very
different climatic conditions, one cannot exclude that
climatic factors such as outside temperature or hygrom-
etry could influence the survival and dissemination of
the virus in the environment (feces, fomites) and have in
impact on virus transmission. In our study, a significant
lower seroprevalence was observed for sheep flocks
raised in the mountainous regions (P = 44.3%; OR = 0.49)
compared to flocks raised in the plateaus (P=61.9%).
Our results could be explained by the fact that flocks
from the coastal zone are predominantly sedentary and
therefore are rarely in contact with other flocks while in
inland regions, flock movements are more intense,
resulting in a higher infection rate.

Indeed, a significant lower seroprevalence was observed
in flocks managed in a sedentary system (P = 52.5%; OR =
0.59) compared to transhumant flocks (P = 64.9%). Trans-
humance is a system widely practiced in Algeria, it con-
cerns flocks located in the steppe region, where shepherds
carry their flocks in the north of the country during sum-
mer season (May to September) for more pasture and re-
turn in autumn (October) to their farms. Another
movement of transhumance is observed at the beginning
of winter (second half of December) a little towards the
south because of the enormous temperature decreases in
the steppe region.

Transhumance has already been identified as a risk
factor by previous studies. The seasonal migration of
flocks and the use of communal pastures for grazing
make the direct or indirect exposure to other species
possible, including free-living ruminants [4, 15]. In an-
other study carried out in Syria, it has been reported
that transhumant flocks, especially those travelling long
distances, have a significantly higher seroprevalence with
an increase of 14% compared to sedentary flocks or
those moving on short distances [30].

We examined in our study the possible impact of mix-
ing sheep with other ruminant species (cattle and/or
goat). Natural cases of pestiviruses transmission from
cattle to sheep and vice versa have been reported [31]
and the presence of sheep is a recognized as a risk factor
for the introduction of BVDV into cattle herds [32, 33]
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and vice-versa [4]. However, the higher seroprevalence
of seropositive beef and dairy herds in Northern Ireland
(> 85%) suggests that the infection pressure is more im-
portant from cattle to sheep than from sheep to cattle
[34]. A Swiss serological study confirms the fact that
housing sheep and cattle separately significantly reduces
the seroprevalence of BVDV infection in sheep but not
of BDV [35]. In our study, there was no statistically sig-
nificant association between serological status at the in-
dividual level and the presence or absence of cattle on
farms. On the other hand, our study revealed a signifi-
cantly lower seroprevalence in flocks where sheep were
mixed with goats (P=52.8%; OR=0.58) compared to
flocks without goats (P =65.9%). Although PI goats in-
fected with BDV have rarely been reported [36], this
does not explain the apparent protecting factor of the
presence of goat observed in our study. Other confusing
factors, linked to the presence of goats, could explain
this observation such as flock management or environ-
mental conditions. Surprisingly, a significant lower sero-
prevalence was observed in flocks where other clinical
diseases were reported by the owner (diarrhea, respira-
tory problems, weak lambs) (P =63.7%; OR = 0.66) com-
pared to flocks without clinical signs. However, the
presence of other disease in our survey was based on the
declarations of the breeders and not on clinical observa-
tions leading to possible bias. Moreover, in flocks with
high BDV seroprevalence the disease can be considered
as endemic and not in acute phase so that the immune
status of animals will make the disease circulate at low
noise compared to flocks that have more naive animals.
We did not find any statistical association between the
occurrence of abortion cases and the BDV seropreva-
lence, but again this was based on the declarations of
the breeders which could be biased. In Northern Ireland
it is reported that among 186 fetuses serologically tested;
only one was positive for BD, concluding that pesti-
viruses are not an important cause of sheep abortion in
in this country [13]. A similar result was drawn from a
study in Tunisia [14] which concludes that despite the
high prevalence of BD, it is only implicated in the abor-
tion syndrome of a single flock out of 20 tested.

Conclusion

This work is the first epidemiological study estimating the
BDV seroprevalence in sheep flocks in Algeria. Our results
provide serological evidence of widespread BDV infection
in Algerian sheep population but also the presence of
BVDV-2 infection. As a consequence, we can propose the
following recommendations for the Algerian context: (i) a
control program of pestivirus infections should be consid-
ered in sheep and other ruminant species; (ii) diagnostic
tests to differentiate between BVDV-1, BVDV-2 and BDV
need to be available as second line, since this can have an
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impact on disease control measures; (iii) locally produced
live vaccine batches against other diseases should be con-
trolled for the risk of pestivirus contamination even
though vaccination did not appear as a risk factor in our
study. This survey also shows the impact of some risk fac-
tors on the spread and maintenance of BDV infection,
such as climate, landscape, flock management, flock com-
position and other concurrent diseases. On the other
hand, this survey did not reveal any significant effect of
the flock size, the presence of cattle, the introduction of
new animals into flocks and the occurrence of abortions.
Further studies aiming at the isolation of the circulating
strains of Border Disease virus in Algerian sheep will help
to better understand the origin and dynamics of pestivirus
infections in the country.

Methods

Study site

The study was carried out in nine departments (regions)
of Algeria, covering the geographical and climatic diver-
sity of the country (Al Bayedh, Saida, Laghouat, Djelfa,
Msila, El Bordj, Setif, Chlef and Tizi Ouzou). These de-
partments were selected because of their relatively high
density of small ruminants (Fig. 1). The sheep popula-
tion in Algeria accounts for 80% of the total number of
ruminants; it increased by more than 25%, from 21 mil-
lion heads to 28 million between 2010 and 2014 [37], of
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which 57% is present in the area investigated. This type
of sheep production is more concentrated in the steppe
zone (in the north-central part of the country). During
warm season, the transhumance and nomadic activities
are necessary especially from May to September when
pastures can no longer satisfy the food requirements of
the flocks.

Sampling

Sampling design

A two-stage cluster sampling was performed with a total
of 576 animals (6-24 months) sampled from 56 sheep
flocks originating from 56 different municipalities spread
over 9 departments (Fig. 1). The sample size was calcu-
lated based on an estimated within-flock prevalence of
54% taking into account the prevalence found in a simi-
lar study in Tunisia [14] and a desired relative precision
of 5%. The initial sample size (n = 382) was increased to
554 animals to take into account the design effect due to
the cluster sampling with the following parameters:
number of clusters (flocks) =56; number of sampling
units (animals) in each cluster = 10; intra-class correl-
ation (ICC or p) =0.05. We chose an ICC of 0.05 which
is an intermediate value for a range of values (0.01-0.36)
mentioned for BVDV in [38]. The number of flocks sam-
pled in each department was proportionate to the num-
ber of ovine flocks estimated by department (based on
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data from regional agricultural services). As there was
no detailed list of sheep flocks in Algeria we used in-
stead the list of all municipalities from the studied re-
gions (n=342) as a sampling frame and performed a
proportionate random sampling of 56 municipalities
with SAS 9.2 (procsurveyselect, strata =region); one
flock, supposed to be representative of the municipality,
was then selected in each of the 56 municipalities by the
private veterinarians working there.

Sampling collection

In each flock, at least 10 apparently healthy adult animals,
aged between 6 and 24 months, were randomly selected
by the veterinarians for blood collection to detect BD anti-
bodies and virus, in addition to some young animals (less
than 6 months), depending on the owner’s cooperation,
which were sampled for virus detection only. In total, 689
animals were sampled, 576 adults (serum and plasma),
and 113 lambs (plasma only). The distribution and num-
ber of samples taken in each department are given in
Table 1. Each sample (5 ml) was taken from the jugular
vein using a vacutainer EDTA tube to collect plasma and
a simple vacutainer tube to collect serum. Sera and
plasmas were separated from the clotted blood by centri-
fugation at 1500 g for 15 min, aliquoted into sterile eppen-
dorf tubes of 1 ml. The storage was realized in — 80 °C
freezer. Each specimen was marked with a code compris-
ing an individual sample number with the flock identity.

Survey

A questionnaire was conducted and discussed directly
with the sheep owners, during the same visit as the blood
sampling, to provide information concerning flocks’ char-
acteristics and epidemiological data: flock size and com-
position, animal movements and contacts, reproductive
management, sanitary situation (abortion, other diseases,
and vaccination). All answers were recorded on paper and
later on registered in an Excel data base. The number and pro-
portion of flocks according to the main investigated character-
istics and management practices are summarized in Table 5.

Laboratory testing

ELISA for the detection of antibodies to ruminant pestivirus
(ab enzyme linked Immuno sorbent assay)

The specific anti-pestivirus antibodies were measured in
576 sera from adult sheep using a commercially available
ELISA kit (SERELISA® BVD NS2-3 (p80) Ab Mono
Blocking, Synbiotics (Zoetis) according to the manufac-
turer’s instructions. This kit allows the detection of
anti-BVDV and anti-BDV antibodies in ruminants. Op-
tical density (OD) was measured in bichromatism at 450
and 630 nm. Results are expressed as competition percent-
age resulting from the difference of OD between the nega-
tive control and the sample reported to the difference of
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Table 5 Distribution of the investigated flocks (n = 56)
according to the main investigated characteristics (number and
percentage)

Parameter Category N Flocks (%)
Climate Arid 46 (82%)
Mediterranean 10 (18%)
Landscape Mountain 7 (12.5%)
Plateau 49 (87.5%)
Breed El Hamra + other 27 (48%)
OuledDjellal + other 22 (39%)
Local breed 2 (4%)
Rimbi 5 (9%)
Herd size <50 8 (14%)
51-100 19 (34%)
101-200 20 (36%)
> 200 9 (16%)
Management Sedentary 24 (43%)
Transhumant 32 (57%)
Herd species Mixed (sheep/goat/cattle) 40 (71%)
Ovine only 16 (29%)

OD between the negative control and the positive control.
According to the manufacturer’s instructions, a sample was
considered positive if the competition percentage was su-
perior or equal to 40%, negative below 20% and doubtful
between 20 and 40%.

Virus neutralization test

Among the 576 sera tested in Ab ELISA, 197 samples
(including positive, doubtful and negative samples in Ab
ELISA) were tested in parallel for the presence of neu-
tralizing antibodies against BVDV-1, BVDV-2 and BDV
using two strains of BVDV (BVDV-1 strain NADL [39],
BVDV-2 strain 3534 [40] and the BDV strain AV [41].
The samples were inactivated at 56 °C for 30 min before
testing. The inactivated sera were then diluted in mini-
mum essential medium (MEM) in a two two-fold dilu-
tion series starting from 1:5 dilution for BVDV-1 and
BVDV-2 and from 1:2 for BDV. A fixed virus dose con-
taining 100 TCID50/50 pl (between 30 and 300 TCID50)
was incubated for 2 h at 37 °C with each dilution in an
antibiotic enriched growth medium (i.e. penicillin, genta-
micin and amphotericin B). MDBK cells (ATCC Number
CCL-22) (3x10E7 cells/100 pl) were added and the cul-
tures were grown for 72H at 37 °C in a CO2 incubator.
All sera were tested in duplicate. Viruses were titrated in all
assays. After incubation the cell cultures were evaluated dir-
ectly for cytopathogenic effects by optical microscopy
(BVDV-1) or after immunolabelling with an anti-pestivirus
polyclonal serum (BVDV-2 and BDV). The virus neutraliz-
ing titers were calculated according to the Reed-Muench
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method [42]. Titers were expressed as the reciprocal of the
highest serum dilution yielding virus growth neutralization
and considered as positive for BVDV and for BDV when
greater than or equal to 1/10 or 1/8 respectively.

ELISA for the detection of ruminant pestivirus antigens (ag
enzyme linked Immuno sorbent assay)

Plasma collected from the 689 blood samples were tested
for the presence of pestivirus antigen using the SERELISA®
Kit BVD NS2-3 (p80) Ag Indirect Mono, Synbiotics
(Zoetis). This kit allows the detection of BVDV and BDV
antigens in individual samples from PI animals, using a
monocupule indirect immuno-enzymatic technique for
antigen detection (non-structural protein NS2-3 (p80)/
125 common to all strains of BVD and BD viruses). OD
was measured in bichromatism at 450 and 630 nm. Re-
sults are expressed as an index = 0.5 x OD sample — OD
Positive control (P). Any plasma sample having an index >
(0.15 x OD P) was considered positive. Any plasma sample
with an index < (0.3 x OD P) was considered negative.
Any plasma sample with an index between (0.15 x OD P)
and (0.3 x OD P) was considered doubtful according to
the manufacturer’s instructions.

RT-PCR (real time-polymerase chain reaction)

RT-PCR were performed on pools of plasma samples from
10 different animals which were constituted by mixing to-
gether 100 pl of each individual sample. RNA (Ribonucleic
acid) was extracted from each pool using a volume of
100 pl. Extraction was performed with the QIAamp Viral
RNA Mini Kit (Qiagen GmbH, Hilden, Germany) accord-
ing to the manufacturer’s instructions. Four pl of the total
extracted RNA were used for the reverse transcription in
the presence of hexanucleotides [43]. For real-time PCR
amplification, 5 pl of the resulting cDNAs were included in
the reaction mix. The primers (F2: CTCGAGATGCCATG
TGGAC and PESTR: CTCCATGTGCCATGTACAGCA)
and TagMan probes used in this study targeted the 5'UTR
conserved regions of BD and BVDV genotype 1 (probe
BVDV-1: ® FAM-CAGCCTGATAGGGTGCTGCAGAGG
C-TAMRA *) and of BVDV genotype 2 (probe BVDV-2: *
VIC-CACAGCCTGATAGGGTGTAGCAGAGACCT
G-TAMRA ?') [44]. PCR reaction was run in 25 ul contain-
ing 2X FastStart DNA Tagman probe Master Mix (Life-
Science), 450 nM of both primers and 50 nM of both
fluorescent probes. The PCR conditions were as followed:
10 min at 95 °C and 45 cycles with 15 s at 95 °C and 45 s at
60 °C. Fluorescent measurements were carried out during
the elongation step.

Statistical analysis

Seroprevalence estimation

In order to take into account the clustering effect (~ 10
animals were sampled in each flock), the within-flock
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seroprevalence was estimated at the overall level and at
department level with a generalized estimating equation
model (GEE) using SAS 9.2 software (“proc genmod”). In
this model, the flock was taken as repeated subject, the de-
partment as an independent variable and the prevalence
was estimated as the predictive probability to be seroposi-
tive; an exchangeable correlation matrix was assumed.
Doubtful Ab-ELISA results, based on the cut-off recom-
mended by the kit manufacturer, were considered in our
analysis as positive, given that we found that most samples
that were doubtful in Ab-ELISA were positive with the
VNT (see results section). These prevalence rates were
apparent prevalence (Pa), not taking into account the sen-
sitivity (Se) and specificity (Sp) of the Ab-ELISA. The
overall true seroprevalence (Pt) was then calculated taking
into account the Se and Sp that we estimated relatively to
the VNT (see results section). The true overall prevalence
and 95% CI (Rogan and Gladen method) were calculated
using the on-line epidemiological calculator EpiTools
(Estimated true prevalence and predictive values from sur-
vey testing, [45]).

Comparison between ab-ELISA and VNT results

A comparative study was performed on part of the
serum samples (196/576) to estimate the performances
of the AD-ELISA compared to the VNT for BDY,
BVDV-1 and BVDV-2. These samples included negative,
doubtful and positive sera in Ab ELISA originating from
20 different flocks and 8 different departments. The rela-
tive sensitivity and specificity of the ELISA were calcu-
lated as the number of positive or negative samples in
ELISA divided by the number of positive or negative
samples in VNT, respectively. The Cohen’s kappa coeffi-
cient test was used to measure the agreement between
ADb-ELISA and the VNT and was calculated using the
on-line epidemiological calculator EpiTools [45]. Doubt-
ful Ab-ELISA results were considered as positive in the
calculations mentioned above.

Descriptive statistics and risk factors

Descriptive statistics were performed to establish the
proportion of flocks according to the different character-
istics studied through the survey and the corresponding
proportion of seropositive animals. Doubtful Ab-ELISA
results were considered as positive as explained above.
The following parameters, considered as potential risk
factors, were compared in terms of seroprevalence: cli-
mate (arid vs/ Mediterranean), landscape (mountain vs/
plateau) flock management (sedentary vs/transhumant),
flock size (< 100 vs > 100), flock composition (sheep/cattle/
goats), sheep breed, purchase of breeding females (yes/no),
purchase of fattening lambs (yes/no), origin of breeding
rams (external vs/own ram), contacts with other flocks at
pasture, contacts with wild animals, number of abortions,
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clinical diseases, vaccination. A chi-squared test was used
to detect significant differences in seroprevalence for the
studied characteristics; a probability of less than 5% was
considered as statistically significant. The odds ratio (OR)
and chi-square were calculated with the software XLSTAT
version 2014 to quantify the association between positive
Ab-ELISA and the identified risk factors. The 95% CI were
calculated using the Miettinen method.

Additional file

Additional file 1: List of all samples with their respective Ab-ELISA and
VNT results. (XLSX 44 kb)

Abbreviations

Ab-ELISA: Antibody enzyme-linked immunosorbent assay; Ag-ELISA: Antigen
enzyme-linked immunosorbent assay; BD: Border Disease; BDV: Border
Disease Virus; BVDV: Bovine Viral Diarrhea virus; C.l: Confidence interval;
CSFV: Classical Swine Fever virus; GEE: Generalized estimating equation
model; ICC: Intra-class correlation; MDBK cells: Madin-Darby Bovine Kidney
cells; MEM: Minimum essential medium; OD: Optical Density; OIE: World
Organisation for Animal Health; OR: Odds ratio; P: Seroprevalence;

Pa: Apparent seroprevalence; Pl: Persistently Infected; Pt: True seroprevalence;
RNA: Ribonucleic acid; RT-PCR: Real Time-polymerase chain reaction;

Se: Sensitivity; Sp: specificity; TCID: Tissue culture infectious dose 50%;

VNT: Virus neutralization test

Acknowledgements

We are most grateful to the staff of the laboratory of virology at Sciensano
for their precious help and support, in particular: Celia Thoraval, Muriel
Verhoeven, Laurent Rosar, and Annebel De Vleeschauwer. We would like to
thank Dr. Bekara Amine for her advice in the sampling plan.

Special thanks are due to farmers and veterinary practitioners for their
cooperation and their valuable help during samples collection. Feknous
Naouel was supported by Institute of Veterinary Sciences of Blida, Algeria
and Sciensano in Brussels, Belgium.

Funding

Sciensano, Infectious animal diseases directorate, Service of enzootic, vector-
borne and bee diseases,

Groeselenberg 99, 1180 Brussels, Belgium.

LBRA, Institute of Veterinary Sciences, University Blida 1, Algeria.

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Authors’ contributions

FN and HJB designed the study and contributed equally under the
supervision of CAB an BA. KH facilitated the use of specimens collected. TM
and FN performed the laboratory analyses. HJB performed the data analyses.
FN and HJB wrote the manuscript. CAB, TM, KH and BA were involved in
some sections of the draft manuscript and revised it critically. All co-authors
read and approved the final manuscript.

Ethics approval and consent to participate

The collection of blood samples and the recording of herd data was carried
out with the verbal consent of the owners of the animals, who were
assisting to hold their animals during sampling. Samples were taken by
qualified private and state veterinarians, in a professional manner and
respecting animal welfare. No animals were euthanized and the study was
approved by the ethical review board of the Institute of veterinary medicine
of the University of Blida in Algeria.

Consent for publication
Not Applicable.

Page 10 of 11

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'LBRA, Institute of Veterinary Sciences, Saad Dahlab University, Sournaa Road,
BP 270, 09000 Blida, Algeria. 2Sciensano, Infectious animal diseases
directorate, Service of enzootic, vector-borne and bee diseases,
Groeselenberg 99, 1180 Brussels, Belgium. 3ENSV, National superior veterinary
school, Bab ezzouar, El allia, Algeria.

Received: 12 March 2018 Accepted: 23 October 2018
Published online: 12 November 2018

References

1. Simmonds P, Becher P, Bukh J, Gould EA, Meyers G, Monath T, et al. ICTV
report consortium. J Gen Virol. 2017,98:2-3.

2. Becher P, Orlich M, Kosmidou A, Konig M, Baroth M, Thiel MJ. Genetic
diversity of pestiviruses: identification of novel groups and implications for
classification. Virology. 1999,262:64-71.

3. Sullivan DG, Akkina RK. A nested polymerase chain reaction assay to
differentiate pestiviruses. Virus Res. 1995;38:231-9.

4. Krametter-Froetscher R, Loitsch A, Kohler H, Schleiner A, Schiefer P, Mostl K,
et al. Serological survey for antibodies against pestiviruses in sheep in
Austria. Vet Rec. 2007;160:726-30.

5. Vilcek S, Nettleton PF. Pestiviruses in wild animals. Vet Microbiol. 2006;116:
1-12.

6.  Nettelton PF, Entrican G. Ruminant pestiviruses. Br Vet J. 1995;151:615-42.

7. Paton DJ, Carlsson U, Lowings JP, Sands JJ, Vilcek S, Alenius S. Identification
of herd-specific bovine viral diarrhoea virus isolates from infected cattle and
sheep. Vet Microbiol. 1995;43:283-94.

8. Braun U, Reichle SF, Reichert C, Hassig M, Stalder HP, Bachofen C, et al.
Sheep persistently infected with border disease readily transmit virus to
calves seronegative to BVD virus. Vet Microbiol. 2014;168(1):98-104.

9. Braun U, Hilbe M, Janett F, Hassig M, Zanoni R, Frei S, et al. Transmission of
border disease virus from a persistently infected calf to seronegative heifers
in early pregnancy. BMC Vet Res. 2015;11:43.

10.  Monies RJ, Paton DJ, Vilcek S. Mucosal disease-like lesions in sheep infected
with border disease virus. Vet Rec. 2004;155:765-9.

11, Nettleton PF, Gilary AJ, Russo P. Delissi E; border disease of sheep and
goats. Vet Res. 1998,29:327-240.

12. Mishra N, Rajukumar K, Tiwari A, Nema RK, Behera SP, Satav JS, et al.
Prevalence of bovine viral diarrhoea virus (BVDV) antibodies among sheep
and goats in India. Trop Anim Health Prod. 2009;41:1231-9. https://doi.org/
10.1007/511250-009-9305-z.

13. Graham DA, Calvert V, German A, McCullough SJ. Pestiviral infections in
sheep and pigs in Northern Ireland. Vet Rec. 2001;148:69-72.

14.  Rekiki A, Thabti F, Dlissi |, Russo P, Sanchis R, Pepin M, et al. Enquéte
sérologique sur les principales causes D'avortements infectieux chez les
petits ruminants en Tunisie. Rev Méd Vét. 2005;156:7,395-401.

15. Martin C, Duquesne V, Adam G, Belleau E, Gauthier D, Champion JL, et al.
Pestiviruses infections at the wild and domestic ruminants interface in the
French southern Alps. Vet Microbiol. 2015;175:341-8.

16. Valdazo-Gonzdlez B, Alvarez-Martinez M, Greiser-Wilke I. Genetic typing and
prevalence of border disease virus (BDV) in small ruminant flocks in Spain.
Vet Microbiol. 2006;117:141-53.

17. Krametter-Froetscher R, Duenser M, Preyler B, Theiner A, Benetka V,
Moestl K, et al. Pestivirus infection in sheep and goats in West Austria.
Vet J. 2010;186:342-6.

18. Mishra N, Rajukumara K, Vilcek S, Kalaiyarasua S, Beheraa SP, Dubeya P, et al.
Identification and molecular characterization of border disease virus (BDV)
from sheep in India. Comp Immunol Microbiol Infect Dis. 2016;44:1-7.

19.  Nettleton PF, Gilmour JS, Herring AJ, Sinclair AJ. The production and survival
of lambs persistently infected with border disease virus. Comp Immunol
Microbiol Infect Dis. 1992;15(3):179-88.

20. Mishra N, Rajukumar K, Vilcek S, Tiwari A, Satav JS, Dubey SC. Molecular
characterization of bovine viral diarrhea virus type 2 isolate originating from
a native Indian sheep (Oviesaries). Vet Microbiol. 2008;130:88-98.


https://doi.org/10.1186/s12917-018-1666-y
https://doi.org/10.1007/s11250-009-9305-z
https://doi.org/10.1007/s11250-009-9305-z

Feknous et al. BMC Veterinary Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45,

(2018) 14:339

World organisation for animal health (OIE). Ovidae and caprinae. Border
disease. OIE terrestrial manual. 2017. Section 2.7. Chapter 2.7.1. 1-13.
Available at: http://www.oie.nt.

Thabti F, Fronzaroli L, Dlissi E, Guibert JM, Hammami S, Pepin M, et al. Experimental
model of border disease virus infection in lambs: comparative pathogenicity of
pestiviruses isolated in France and Tunisia. Vet Res. 2002;33:35-45.
Krametter-Froetscher R, Loitsch A, Moestl K, Sommerfeld-Stur |, Baumgartner
W. Seropravalenz von Border Disease und Boviner Virus diarrhdbeiSchafen
und Ziegen in ausgewahlten Region en Osterreich. Wien Tierérztl
Monatsschr. 2005;92:238-44.

Mohammadi A, Ghane M, Kadivar E, Ansari-Lari M. Seroepidemiology of
border disease and risk factors in small ruminants of shiraz suburb, Fars
Province. South of Iran Global Veterinaria. 2011;6:383-8.

Pellerin C, Van den Hurk J, Lecomte J, Tijssen P. Identification of a new
group of bovine viral diarrhea virus strains associated with severe outbreaks
and high mortalities. Virology. 1994;203:260-8.

Elvira Partida L, Fernandez M, Gutiérrez J, Esnal A, Benavides J, Pérez V, de la
Torre A, Alvarez M, Esperon F. Detection of bovine viral Diarrhoea virus 2as
the cause of Abotion outbreaks on commercial sheep flocks. Transbound
Emerg Dis. 2017,64:19-26.

Nelson DD, Duprau JL, Wolff PL, Evermann JF. Persistent bovine viral diarrhea
virus infection in domestic and wild small ruminants and camelids including
the mountain goat (Oreamnosamericanus). Front Microbiol. 2016;6:1415.
Valdazo-Gonzélez B, Alvarez-Martinez M, Sandvik T. Prevalence of border
disease virus in Spanish lambs. Vet Microbiol. 2008;128:269-78.
Okur-Gumusova S, Yazici Z, Albayarakl H. Pestivirus seroprevalence in sheep
populations from inland and coastal zones of Turkey. Revue Méd Vét. 2006;
157:595-8.

Tabbaa D, Giangaspero M, Nishikawa H. Seroepidemiological survey of
border disease (BD) in Syrian Awassi sheep. Small Rumin Res. 1995;15:273-7.
Paton DJ, Sands JJ, Lowings JP, Smith JE, Ibata G, Edwards S. A proposed
division of the pestivirus genus using monoclonal antibodies, supported by
cross-neutralisation assays and genetic sequencing. Vet Res. 1995;26:92-109.
Lindberg ALE, Alenius S. Principles for eradication of bovine viral diarrhea
virus (BVDV) infections in cattle populations. Vet Microbiol. 1999,64:197-222.
Kaiser V, Nebel L, Schiipbach-Regula G, Zanoni RG, Schweizer M. Influence of
border disease virus (BDV) on serological surveillance within the bovine virus
diarrhea (BVD) eradication program in Switzerland. BMC Vet Res. 2017;13:21.
McCullough SJ, Adair MB, McKillop ER. A survey of serum antibodies to
respiratory viruses in cattle in Northern Ireland. Ir Vet J. 1987,41:342-4.
Braun U, Bachofen C, Schenk B, Hassig M, Peterhans E. Investigation of border
disease and bovine virus diarrhoea in sheep from 76 mixed cattle and sheep
farms in eastern Switzerland. Schweiz Arch Tierheilkd. 2013;155:293-8.
Rosamilia A, Grattarola C, Caruso C, Peletto S, Gobbi E, Tarello V, et al.
Detection of border disease virus (BDV) genotype 3 in Italian goat herds.
Vet J. 2014;199:446-50.

FAO. FAOSTAT database collections. Food and Agriculture Organization of the
United Nations. Rome; 2014. Accessed 03 July 2017 URL: http//faostatfao.org
McDermott JJ, Schukken YH. A review of methods used to adjust for cluster
effects in explanatory epidemiological studies of animal populations. Prev
Vet Med. 1994;18:155-73.

Gutekunst DE, Malmquist WA. Separation of a soluble antigen and
infectious particles of bovine viral diarrhea viruses and their relationship to
hog cholera. Can J Comp Med Vet Sci. 1963;27(5):121-3.

Letellier C, Pardon B, Van der Heyden S, Deprez P. Circulation in Belgium of
a bovine viral diarrhoea virus type 2 closely related to north American
hypervirulent viruses. Vet Rec. 2010;166(20):625-6.

Dubois E, Russo P, Prigent M, Thiéry R. Genetic characterization of ovine
pestiviruses isolated in France, between 1985 and 2006. Vet Microbiol. 2008;
130(1-2):69-79.

Reed L, Muench H. A simple method of estimating fifty per cent endpoints.
Am J Hyg. 1938,27:493-7.

Letellier C, Kerkhofs P, Wellemans G, Vanopdenbosch E. Detection and
genotyping of bovine diarrhea virus by reverse transcription-polymerase chain
amplification of the 5" untranslated region. Vet Microbiol. 1999,64(2-3):155-67.
Letellier C, Kerkhofs P. Real-time PCR for simultaneous detection and
genotyping of bovine viral diarrhea virus. J Virol Methods. 2003;114:21-7.
Sergeant ESG. Epitools epidemiological calculators: Ausvet Pty Ltd; 2017.
Available at: http://epitools.ausvet.com.au

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.oie.int
http://faostat.fao.org/
http://epitools.ausvet.com.au

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Flock and within-flock seroprevalence
	Comparison between ab-ELISA and VNT results
	Seroprevalence and risk factors
	Ag-ELISA and RT-PCR

	Discussion
	Seroprevalence study
	Regional differences in the seroprevalence
	Virus circulation
	Vaccination

	Comparison between VNT and ab-ELISA
	Detection of PI animals by ag-ELISA and RT-PCR
	Risks factors

	Conclusion
	Methods
	Study site
	Sampling
	Sampling design
	Sampling collection

	Survey
	Laboratory testing
	ELISA for the detection of antibodies to ruminant pestivirus (ab enzyme linked Immuno sorbent assay)
	Virus neutralization test
	ELISA for the detection of ruminant pestivirus antigens (ag enzyme linked Immuno sorbent assay)
	RT-PCR (real time-polymerase chain reaction)

	Statistical analysis
	Seroprevalence estimation
	Comparison between ab-ELISA and VNT results
	Descriptive statistics and risk factors


	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

