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ABSTRACT 

Schmallenberg virus (SBV) affects ruminants including cattle, sheep and goats. SBV is a member 

of the Simbu serogroup within the genus Orthobunyavirus, family Peribunyaviridae. The virus was 

discovered in 2011 in Germany and quickly became endemic throughout Europe. SBV has been 

associated with clinical signs of decreased milk production, watery diarrhoea and fever in those 

adult ruminants. In newborns or foetuses, the symptoms are more drastic and congenital 

malformations or death may occur.  

To detect exposure to SBV among dairy cattle in Portugal, a seroprevalence study was 

undertaken in the summer of 2017. A total of 1,101 cattle serum samples were collected and 

tested by virus neutralization test (VNT). 32.2% positive results for anti-SBV antibodies were 

found.  

Results of the current study highlighted the importance of awareness creation for cattle exposure 

to SBV and contribute to increase information on SBV infection in the country. 

Keywords: Schmallenberg virus; Orthobunyavirus; Seroprevalence; SBV infection; Cattle 

disease 

 

INTRODUCTION 

A new virus was identified in Germany in 

2011, which was named Schmallenberg 

virus (SBV), due to region where the first 

positive samples were collected.[1–3] The 

causative agent is a negative-sense ssRNA 

virus belonging to the genus 

Orthobunyavirus of the family 

Peribunyaviridae. Similarly to other 

peribunyavirus, the SBV virus particle is 

enveloped, spherical and has a diameter 

between 80 to 120 nm.[4] Peribunyaviruses 

are characterized by the possession of a 

tripartite negative-sense ssRNA genome 

that encodes four structural proteins. The 

large (L) segment encodes the viral RNA-

dependent RNA polymerase (RdRp) or L 

protein, the medium (M) segment encodes 

the virion glycoproteins Gn and Gc, and the 

small (S) segment encodes the 

nucleoprotein (N). Non-structural proteins 

are encoded by some viruses on the M 

(NSm protein) and by some on the S (NSs 

protein) segments.[5] 

Schmallenberg virus affects ruminants 

including cattle, sheep and goats.[6] SBV 

infection can be observed in two different 

clinical conditions. Adult ruminants may 

remain asymptomatic or show unspecific 

mild clinical sign, such as, loss of appetite, 

hyperthermia, diarrhea, fever and reduction 

in milk production.[4][7–9] Another 

manifestation of SBV infection is associated 

with arthrogryposis hydranencephaly 

syndrome (AHS) causing abnormalities in 

animals born alive or dead at term, stillbirths 

or aborted following infection of the dam, 

affecting mainly sheep but also cattle and 

goats. [10] 

SBV infection can be diagnosed either by the 

detection of the virus itself or by the 

presence of SBV specific antibodies. The 

virus detection can be done by virus isolation 

or RT-PCR (real-time reverse transcription 

polymerase chain reaction), while the 

specific detection of SBV antibodies can be 

performed by VNT (virus neutralization test), 

by ELISA (enzyme-linked immunosorbent 

assay) and by IF (immunofluorescence 

test).[4,11,12]  

SBV is an arthropod-borne virus transmitted 

between ruminant hosts by biting midges of 

Culicoides spp.[4] Schmallenberg also 

transmits vertically from females to their 

offspring by transplacental infection.[10,13,14] 
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The first SBV confirmed cases were in cattle: 

infected adult animals were detected during 

the first week of September 2011 in 

Germany. In 2011, SBV was also detected 

in the Netherlands and in Belgium, followed 

by Italy, France, Luxembourg and the United 

Kingdom in the beginning of 2012. In spring 

and summer of 2012, Denmark and Spain 

were likewise infected. In the last semester 

of the same year (July to December), SBV 

infected ruminants were diagnosed in 

Ireland, Switzerland, Austria, Czech 

Republic, Poland, Latvia, Estonia, Sweden, 

Finland and Slovenia. In 2013 were detected 

cases in Norway, Hungary and Croatia[15] 

and in 2014 in Portugal.[16] More recently 

data suggested that, SBV has continued to 

circulate at a low level in Europe, with 

reported cases being detected in Germany 

in 2015, Belgium and the United Kingdom in 

2016.[17–19]  

Due to the proximity of Portugal with Spain, 

it was worth knowing the SBV prevalence in 

that country. According to Diaz J.M. et al., 

who conducted a study in Spain on the 

exposure of roe deer to the virus during 2013 

and 2014, the total seroprevalence was 

53.3% and the highest prevalence found 

was in the northern region in the border of 

Portugal. [20] 

The first study concerning SBV 

seroprevalence in Portugal was performed 

by Esteves F. et al. in 2014. The authors 

conducted the study between late Autumn 

and early Winter and found a 

seroprevalence in sheep of 12.8% and 

proved that SBV was indeed in the 

country.[16]  

The aim of this study is to evaluate the 

pattern of seroprevalence of SBV in dairy 

cattle in mainland Portugal using a Virus 

Neutralization Test (VNT). 

MATERIALS AND METHODS 

Medium 

The Glasgow medium was prepared with 

Glasgow medium (Gibco) supplemented 

with 5% of Tryptose Phosphate Broth (TPB) 

(Gibco) and with 1/1000 of gentamicin 

50mg/mL (Gibco). This medium was used 

for maintenance of cells and for dilution of 

serum samples and virus. 

Cell Culture 

BHK-21 fibroblast cell line was derived from 

baby hamster kidneys of five unsexed, 1-

day-old hamsters. Hamsters used to 

generate BHK 21 cells were of the 

species Mesocricetus auratus, commonly 

known as Syrian golden hamsters.[21] 

BHK-21 cells were grown in a static system 

using 75 cm2 T-flask containing the Glasgow 

medium, supplemented with 10% of foetal 

bovine serum (FBS) (Gibco), which was 

inactivated at 56ºC for 30 minutes prior to 

use. Cells were incubated at 37ºC, in an 

atmosphere of 5% CO2. Cells’ passaging 

was done when a confluent monolayer was 

reached, which normally corresponds to a 

dilution of 1:4 every 2 days. Cells culture 

were washed with 10 ml of 

phosphate-buffered saline (PBS) and were 

detached enzymatically with 5 ml of 

trypsin-EDTA (Gibco) for 5 minutes at 37ºC. 

Cells were collected in a Falcon tube and 

centrifuged for 10 minutes at 900 rpm. The 

supernatant was discarded, and the cells 

were resuspended in 4 ml of Glasgow 

medium. 1 ml of this resuspension was 

transferred into a 75 cm2 T-flask containing 

20 ml of Glasgow medium supplemented 

with 10% of FBS and incubated as 

previously. The remaining resuspended 

cells were used in the virus neutralization 

test, what normally corresponds to 0.5ml of 

resuspended cells with 10ml of Glasgow 

medium supplemented with 10% FBS per 

plate, to obtain a final concentration of 2x105 

cells/ml per well. 

Virus 

The SBV virus (SBV Strain BH80/11-4) for 

VNT was made available by the 

Friedrich-Loeffle-Institute (FLI) in Germany. 

When more stock of virus is necessary, virus 

is grown in BHK-21 cells and the new virus 

stock, after titration, is stored at -80ºC. 
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Control Samples 

For negative control, serum sample from 

foetal bovine (FBS) was used, which does 

not have specific antibodies against SBV. As 

a positive control sample for VNT, serum 

from an experimental infected chicken was 

used. This serum is stored at -25ºC until it is 

used. These control samples were included 

in each run of the test. 

Animal samples collection and study 

area 

1101 asymptomatic dairy cattle serum 

samples from 69 herds from 15 out of the 18 

administrative regions (districts) of mainland 

Portugal were analysed. In  

Table 1 is showcased the distribution of the 

number of cattle sampled, adult cattle and 

calf, the number of herds analysed and the 

districts from which they were collected. The 

age was available for 25.1% of cattle tested.  

The blood samples were received in 

National Institute of Agrarian and 

Veterinarian Research (INIAV) for 

Bluetongue virus diagnosis between June 

and September of 2017. 

 

 

Table 1- Details of the number of cattle sampled (total, adult and calf), number of herds analysed and the districts from 
which they were collected 

District Total of cattle Adult cattle* Calf* Herds 

Viana do Castelo 8 8 - 1 

Braga 29 19 - 4 

Porto 2 - - 1 

Bragança 28 17 11 2 

Guarda 7 - - 1 

Viseu 37 25 12 2 

Aveiro 1 - - 1 

Castelo Branco 69 14 - 3 

Leiria 15 - 15 1 

Santarém 57 8 3 4 

Setúbal 286 19 10 6 

Portalegre 71 13 - 6 

Évora 100 3 10 6 

Beja 213 47 27  19 

Faro 178 8 7 12 

Total 1101 181 95 69 

*Only some of the cattle ages were available 

Virus Titration 

For TCID50 (50% Tissue Culture Infective 

Dose per well) determination a successive 

dilution of virus was done (from 1/500 to 

1/64000) and 20 000 of BHK-21 cells in a 

volume of 100μl were infected with 100μl of 

each virus dilution in 96-well plates. The 

plates were incubated for 3-5 days at 37ºC, 

in an atmosphere of 5% CO2. Cell 

monolayers were examined with an inverted 

microscope to detect cytopathic effect (CPE) 

and the TCID50 was 2.4x104 TCID50 

calculated according to Spearman-Kärber’s 

formula. [22] 

 

Seroneutralization test 

VNT was performed as described previously 

for Bluetongue virus at the National Institute 

for Agrarian and Veterinary Research 

(INIAV, I.P., Portugal).[23] 

Serum samples were heat inactivated at 

56ºC for 30 minutes. Serum samples were 

diluted in flat-bottomed, 96-well microtiter 

plates, starting from 1:2, followed by 2-fold 

dilutions up to 1:256 in volumes of 50μl. 

Virus (100TCID50) was added to each well, 

also in a volume of 50μl. A 100TCID50 was 

obtained by a 1/200 dilution of virus stock. 

After preincubation at 37°C for 1 hour, 

20,000 BHK-21 cells per well were added in 
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a volume of 100μL. Plates were incubated 

for 3 days at 37°C in an atmosphere of 5% 

CO2. The presence of infectious (non-

neutralized) virus was assessed by 

microscopic evaluation of cytopathic effects. 

Based on a previous study a cut-off value 

was set at a titre of 8.[12] Lack of cytopathic 

effect at titers ≥8 was interpreted as positive, 

indicating the presence of specific 

neutralizing antibodies preventing the 

infection of BHK-21 cells. 

For each test, it was verified the virus titre, 

using 10-fold dilutions, starting with the work 

dilution (WD), 100TCID50, and finishing with 

10-4WD. The remaining rows of the titration 

plate were used to control sera and cells. 

RESULTS AND DISCUSSION 

The statistic results were based on the 

asymptotic Gaussian approximation (single 

asymptotic method without continuity 

correction) was used. [24] 

Seroprevalence in Mainland Portugal 

Using the Virus Neutralization Test, SBV 

antibodies were detected in 32.2% (95% CI 

29.4-35.0%). The number of samples was 

1101, which represents 0.1% of the 

population of cattle: 1,381,743  according to 

data from IFAP 2016.[25] The associated 

error of prevalence in the mainland Portugal 

was 2.8%, which is under the maximum 

allowable error accepted (3%) in similar 

studies.[16] This error indicates that the 

number of samples (1101) was adequate.  

NUTS II 

The seroprevalence of SBV was estimated 

by 5 regions according to NUTS II. The 

Figure 1 shows the geographic distribution of 

cattle population and the seropositive dairy 

herds. 

The obtained seroprevalence by herds is 

78.0% (95% CI 68.5-88.0%), with a 100.0% 

prevalence in the Norte region and in Área 

Metropolitana de Lisboa. In Algarve, the 

seropositive prevalence is 75.0%, followed 

by 74.0 and 73.0% in Alentejo and in Centro 

region, respectively. No correlation between 

seropositivity of herds and herds distribution 

was observed.  

Having into account the individual cattle 

seropositivity, Table 2, the Norte region is 

the highest SBV seropositive region with 

67.2%, followed by Algarve with 61.2%. The 

Centro region has a prevalence of 38.5% 

and Alentejo has a prevalence of 27.4%. The 

region with the lowest prevalence is Área 

Metropolitana de Lisboa with 6.0%. 

The seroprevalence in cattle is the highest in 

the north as achieved by herd analysis. In 

Área Metropolitana de Lisboa, the cattle 

seroprevalence is the lowest (6.0%), while 

herd seroprevalence is 100.0%. The 

difference of results between cattle and 

herds concerning the Área Metropolitana de 

Lisboa may be related with the number of 

tested cattle within herd: 3 herds with 222, 

18 and 11 tested animals. 

 

Figure 1- Geographic distribution of cattle population 
and dairy herds sampled. Green dots- positive results 
(at least 1 animal seropositive); red dots- negative 
results (all animals seronegative). Data from IFAP 
2016.[25]Figure produced with open-access software 
QGIS. 
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Table 2-Summary of the SBV seroprevalence results with the respective 95% confidence interval in each NUTS II 
region 

Districts 

The 1101 tested samples are concerning to 

15 out of 18 districts of mainland Portugal. In   

Table 3, the results of each districts are 

presented.  

The seroprevalence is still visible in the 

North, where Viana do Castelo and Porto 

have a seroprevalence of 87.5 and 100.0%, 

respectively. The Viseu district has also a 

high prevalence (97.3%), which is located in 

Centro region, however a similar behaviour 

is found given to the geographic proximity of 

Norte region. 

The interpretation of these results must 

consider the significance of sampling (the 

result of Porto and Aveiro, e.g., are obtained 

from only 2 and 1 sample, respectively). The 

sampling conditions must be taken into 

account, once the sampling plan was not 

previously defined and statistically 

supported.  

  

Table 3- Summary of the SBV seroprevalence results with the respective confidence interval in each district 

Herds 

The herds present a great seroprevalence 

heterogeneity among herds in the same 

municipality as the case of Ponte de Sor with 

7.7 and 84.6%, Alcácer do Sal with 0.0 and 

72.2% and Tavira with 14.3 and 90.0%. 

Once the cattle share common 

characteristics such as nutrition, housing, 

and exposure to disease pathogens, a 

common serological status within each herd 

would be expected.[26,27] However, this is 

only verified in Norte and Algarve regions. 

The pattern of the other regions may be 

associated to the time of infection or/and the 

practise of prevention of the vector of the 

disease. 

SBV Transmission 

The high prevalence in the Portuguese 

Northern region may be related to the 

prevalence in Europe, being more 

predominant in the Northern Europe. The 

main vector in these European countries is 

Regions 
Number of 

tested 
herds 

Number of 
cattle sampled 

Number of 
positive cattle 

Seroprevalence (%) 
95% Confidence 
Interval (CI) (%) 

Norte 8 67 45 67.2 55.9-78.4 
Centro 11 174 67 38.5 31.3-45.7 

Área Metropolitana 
de Lisboa 

3 252 15 6.0 3.0-8.9 

Alentejo 35 430 118 27.4 23.2-31.7 
Algarve 12 178 109 61.2 54.1-68.4 

Total 69 1101 354 32.2 29.4-34.9 

      

District 
Number of 

tested herds 
Number of cattle 

sampled 
Number of positive 

cattle 
Seroprevalence 

(%) 
95% Confidence 
Interval (CI) (%) 

Viana do Castelo 1 8 7 87.5 64.6-100.0 
Braga 4 29 20 69.0 52.1-85.8 
Porto 1 2 2 100.0 - 

Bragança 2 28 16 57.1 38.8-75.5 
Guarda 1 7 0 0.0 - 
Viseu 2 37 36 97.3 92.1-100.0 
Aveiro 1 1 0 0.0 - 

Castelo Branco 3 69 20 29.0 18.3-39.7 
Leiria 1 15 0 0.0 - 

Santarém 4 57 22 38.6 26.0-51.2 
Setúbal 6 286 28 9.8 6.3-13.2 

Portalegre 6 71 15 21.1 11.6-30.6 
Évora 6 100 19 19.0 11.3-26.7 
Beja 19 213 60 28.2 22.1-34.2 
Faro 12 178 109 61.2 54.1-68.4 

Total 69 1101 354 32.2 29.4-34.9 



6 
 

C.obsoletus, what may be in accordance 

with the main vector in Portugal, due to the 

similarities of SBV prevalence and the 

distribution of this species in the country.  

Notwithstanding, C.obsoletus being the 

main vector of SBV other existing species, 

such as C.imicola, C.pulicaris and 

C.newsteadi are present in Portugal and 

cannot be excluded.[28]  

Time of infection 

Of the tested seropositive animals whose 

age was available, 31% of them were under 

1 year old.  Concerning under 1 year old 

seropositive animals, 44% of them belonged 

to the age group with 7 months to 1 year old.  

The seropositivity in age group between 7 

months and 1 year old suggested an 

infection occurrence this year (2017). The 

seropositivity in age group between 0 to 6 

months can be associated to a recent 

infection or acquired passively by ingestion 

and absorption of antibodies present in 

colostrum for their dams.[29] If antibodies had 

been transmitted from mother to child, 

infection could only have occurred out of the 

critical period of pregnancy, since there were 

no congenital malformations.[26] For 

understanding the maternal antibodies 

permanence in the body, Elbers A. et al. 

studied the decay of maternal antibodies in 

calves over time and concluded that calves 

lose maternally derived SBV antibodies at 

approximately 6 months of age.[29] The 

above information makes it quite obvious 

that the year of infection can only be found 

in over six months calves. 

Based on results concerning adult cattle 

(over 1 year) it is not possible to determine 

the time of infection, once according to 

Elbers A et al., the SBV antibody persistence 

in adult cattle after natural infection lasts for 

at least 2 years.[30] 

The present study has only 25.1% of tested 

samples with available age information, 

what limits the correlation between age 

cattle and time of infection.  

Comparation of titers 

The distribution of titers in different regions 

is schematized in Figure 2. In Área 

Metropolitana de Lisboa, there is a more 

predominance of the lowest titer (8). In Norte 

and in Algarve, there is a difference in the 

predominant titers, being the higher titers, 

the more predominant in Norte, while in 

Algarve are the lower titers. Furthermore, in 

these two regions, the two more 

predominant titers are 32 and 64, which 

represent the same frequency in each region 

(24 and 27%, respectively). The regions of 

Centro and Alentejo have the similar 

distribution among most titers. 

 

Figure 2- Distribution of titers in the different regions of Portugal for 354 samples  

Comparison of SBV prevalence studies 

in Portugal 

The presence of SBV antibodies in Portugal 

was first reported by Esteves et al. in 2014 

in sheep, who find a seroprevalence of 

12.8%.[16] The incidence of seroprevalence 

in 2014 is different from the incidence in the 

present study which can also be associated 
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to the host, diagnostic method used and to 

the sampling defined.  

The host difference was observed by Gache 

K. et al. in prevalence study in France with 

cattle and sheep and concluded that the 

highest prevalence was in cattle.[31]  

CONCLUSION AND FUTURE WORK 

This study provides the first published 

information on the prevalence of SBV 

antibodies in dairy cattle in Portugal. SBV 

antibodies were detected in 32.2% of 1101 

samples collected in the summer of 2017 

from fifteen districts of mainland Portugal. 

The obtained SBV seroprevalence in 

Portugal shows that the northern and 

southern regions of mainland Portugal have 

higher prevalence than the other regions. 

Norte and Algarve are the regions where the 

prevalence is above of 50% with 67.2 and 

62.2%, respectively. The remaining regions 

have a low prevalence with 38.5, 27.4 and 

6.0% in Centro, Alentejo and Área 

Metropolitana de Lisboa, respectively. 

Based on the seropositive calves aged 

between 7 months to 1 year old, it was 

possible to conclude that SBV was in 

Portugal during this year (2017). Besides the 

virus being still active in Portugal, the 

seroprevalence increases when compared 

with a previous study carried out in 2014, 

although the host are different. 

This study meant to enhance the importance 

of providing further information on the virus 

and of its effects to farmers, veterinarians or 

other animal related entities. 

In order to improve the Schmallenberg virus 

prevalence, a future work must be based on 

a statistical analyses plan and a better 

information of clinical signs of animals, such 

as particular symptomology or unreported 

stillbirth, abortion and congenital 

malformation occurrences. It is important to 

correlate the seropositive calves to its dam 

in order to ascertain the time of infection. 

In order to understand the dispersion of 

infection in herds, it can be important to 

know which practices are followed in farms, 

to prevent Culicoides bitings. 

For a better knowledge of SBV infection, it 

would be relevant to investigate the 

seroprevalence in different kinds of animals 

and the evolution of antibodies in them.   

For a thorough knowledge of the 

Schmallenberg virus, it is essential to study 

the different species of Culicoides in order to 

ascertain which of them are SBV vectors in 

Portugal by the identification of SBV-RNA in 

their genome. 
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