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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. A total of 1,101 cattle serum samples, collected during the summer of 2017, were tested by 

virus neutralization test (VNT). Of the 1,101 samples analysed, 32.2% were found positive for anti-SBV 

antibodies.  

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. 
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Resumo 

O vírus Schmallenberg (SBV) é um vírus que afeta ruminantes incluindo bovinos, ovinos e 

caprinos. É um vírus que pertence ao serogrupo Simbu, do género Orthobunyaviridae, da família 

Peribunyaviridae. Foi descoberto na Alemanha em 2011 e rapidamente se tornou endémico na Europa.  

Clinicamente o vírus está associado a diminuição da produção de leite, diarreias e febre nos animais 

adultos. Nos recém-nascidos ou fetos, a sintomatologia é mais drástica, podendo ocorrer malformações 

congénitas e morte. 

 Com o objetivo de determinar a seroprevalência da infeção em Portugal, foram analisadas 

1101 amostras de sangue de bovinos, colhidas durante o verão de 2017, através do teste de 

seroneutralização (VNT). Os resultados indicaram uma prevalência de 32,2% de amostras positivas 

para o SBV. 

Os resultados do estudo evidenciam a importância que deve ser dada à exposição dos bovinos 

ao vírus Schmallenberg e contribuem para um melhor conhecimento dessa infeção em Portugal. 
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I. Aim of Studies 

Schmallenberg virus (SBV) is an Orthobunyavirus that is transmitted by some genus of 

Culicoides spp., which are present throughout Europe, including Portugal. These Culicoides have 

spread the disease all over Europe, including Portugal. 

SBV originates stillbirths, malformations and, even, death in ruminants. Additionally, in adults it 

is observed a decreased milk production and loss of appetite. Both conditions have correlated cost 

associated losses, not only due to the reduction in the number of animals, but also to the dairy industry. 

Due to the lack of information concerning the disease, Portuguese farmers and veterinarians 

are not really aware of the consequences of the infection and have not associated these symptoms and 

respective effects to this virus.  

The aim of this study is to evaluate the pattern of seroprevalence of SBV in the Portuguese 

mainland territory during the summer 2017. 

This study is important to increase awareness of veterinary authorities, farmers and assistant 

veterinarians to the circulation of this virus in the country.  
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II. Introduction 

 

II.1. Schmallenberg Virus 

Schmallenberg virus (SBV) is a newly emerged virus that has caused widespread infection in 

domestic (cattle, sheep and goats) and wild ruminants through  Europe.[1]  

 

II.1.1. Historical Context 

The virus was first detected in Germany in 2011 when unspecific clinical symptoms such as 

fever, diarrhoea and decreased milk production affected some ruminants.[2] In November 2011, an 

enzootic outbreak of abortions, stillbirths, and term births of lambs, kids, and calves that exhibited 

neurologic signs and/or musculoskeletal malformations emerged throughout northwestern Europe.[3–5] 

Both syndromes were associated with the presence in the blood (adults) or in the central nervous system 

(CNS) (newborns) of the genome of a new Orthobunyavirus, which was named Schmallenberg virus 

(SBV), due to region where the first positive samples were collected.[3–5] 

Actually, animals infected with SBV have been reported by most European countries as is 

demonstrated in Figure II-1.[6] 

 

Figure II-1- Distribution of Schmallenberg virus infection in Europe, until 2016.[6] 

Following the outbreak caused by BTV (Bluetongue virus) in Europe in 2004 confined to Iberian 

Peninsula and 2006 it spread all over Europe [7], this novel emerging pathogen is the second arbovirus 

(arthropod-borne virus) causing economic losses to European countries.[8,9] 
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II.1.2. Phylogenetic 

Schmallenberg virus belongs to Peribunyaviridae family, which is one of the largest families of 

RNA viruses and takes its name from the prototype of this group, Bunyawera virus (BUNV), which is a 

negative-sense single stranded enveloped RNA virus (ssRNA). [8,10,11]   

This family is divided in five genus: Phlebovirus, Naurovirus, Hantavirus, Tospovirus and 

Orthobunyavirus.[12] Schmallenberg virus belongs to the Simbu serogroup of the Orthobunyavirus 

genus, whose characteristic is the production of a syndrome in ruminants referred as arthrogryposis 

hydranencephaly syndrome (AHS), resulting in abortion and malformation in neonatal animals following 

infection during a specific critical gestation period.[13] In Europe, the Schmallenberg virus was the first 

virus belonging to Simbu serogroup reported.[14,15]  

The segmented genome of Peribunyavirus creates a potential for reassortment, which can lead 

to a rapid genetic change in the virus population.[13] Comparing the analyses of SBV genomic segments 

with other viruses from Simbu serogroup, it was found that the small and large segments display 

respectively 97% and 92% identity with Shamonda virus. The medium segment is 82% identical with 

Sathuperi virus. [15,16] The studies suggested that the three genomic segments of SBV could be the result 

of a reassortment between the medium segment of the Sathuperi virus and small and large segments 

of the Shamonda virus.[16]  

 

II.1.3. Molecular virology 

II.1.3.1. Genome and structure 

Similarly to other Peribunyavirus, the SBV virus particle is enveloped, spherical and has a 

diameter between 80 to 120 nm.[12] 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.[17] 

The original distinction between positive and negative strand RNA viruses is based on the fact 

that mRNAs of negative-strand viruses cannot initiate an infectious cycle after transfection of appropriate 

host cells. The negative-sense viral RNA is complementary to the mRNA and this RNA cannot be 

translated into protein directly, so it must be converted to a positive RNA (anti-genome) by viral RNA 

polymerase. The positive-sense viral RNA signifies that a particular viral RNA sequence may be directly 

translated into the desired viral proteins. The viral mRNA genome can be immediately translated by the 

host cell. When a genome is considered ambisense, it means that a single-stranded genome contains 

both positive-sense and negative-sense.[18] 

Structural proteins are translated from mRNAs transcribed from the genomic RNA while mRNA 

for the non-structural (NS) proteins are transcribed from either the genomic RNA or antigenomic RNA, 
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corresponding to the 5’ half of the genomic RNA. Therefore, viruses within the Peribunyaviridae family 

use either a negative-sense coding strategy only or a combination of negative sense and ambisense 

coding strategies.[11] 

The genome segment (both negative and positive sense genome) for being biologically active, 

the RNA must at least be encapsidated into a virus nucleoprotein (N) to form ribonucleoprotein complex 

(RNP).[18] This RNP is characterized by numerous copies of the N protein and it is associated with a few 

copies of the L protein.[19] 

The structure of the SBV is represented in Figure II-2. 

 

Figure II-2- Representation of an Orthobunyavirus virion. The surface is formed by two glycoproteins (Gc- dark blue; Gn- light 
blue) that are inserted into the viral envelop as dimers. The three segments of RNA (S,M and L) are presented and each one is 
encapsidated by the nucleocapsid protein (red) and associated with the polymerase (RdRp or L protein) (purple) (Adapted from 
Esteves F et al).[6] 

II.1.3.1.1. S segment 

The smallest negative sense ssRNA genome segment has 830 nucleotides and encodes the 

structural nucleoprotein N with 701 nucleotides and the non-structural protein NSs in an overlapping 

open reading frame  with 275 nucleotides, as can be observed in Figure II-3.[12,20]  

 

Figure II-3- Coding strategy of S segment of Bunyamwera virus (BUNV). Naked black line represents genomic RNA in 
the viral sense orientation (3’ to 5’) with the length in nucleotides given above. The thick black line represents mRNA and 
coloured boxes represent the protein products with their name and molecular weight in kDa (Adapted from Mazel-Sanchez 
B).[11,20] 
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II.1.3.1.1.1. Nucleoprotein (N) 

The N protein oligomerizes as a tetramer and has a molecular weight of 26kDa.[11][21][22] This 

segment is encoded by an open reading frame (ORF) between nucleotides 23 and 724 of the 

antigenome RNA.[20]  

The nucleoprotein interacts with viral genomic and antigenomic RNA species to form 

ribonucleoprotein complexes (RNP).[23,24] The RNP not only serves as a template for viral RNA 

replication and transcription by the cognate viral RNA-dependent polymerase (RdRp), but also protects 

the viral genome from ribonucleases and helps to avoid alerting the host immune responses 

mechanism.[23,25,26] 

This protein is the most conserved protein among Orthobunyaviruses and it is the most 

abundant protein in virus particles and infected cell, which makes it the main target in serological and 

molecular SBV diagnostics.[21,27,28] 

II.1.3.1.1.2. Non-structural protein (NSs) 

The non-structural protein of segment S (NSs) has a molecular weight of 11kDa and is encoded 

by an open reading frame (ORF) between nucleotides 48 and 323 of the antigenomic RNA as it can be 

seen in Figure II-3. [11,20]  

This non-structural protein counteracts the shutoff of host cell protein synthesis, acts as a 

interferon antagonist and contributes to viral pathogenesis. [17,21,27,29]  

When it acts as an interferon antagonist, the NSs protein inhibits the response of interferon 

(IFN), which is the protein responsible for the response of host proteins that interfere with other cells 

replication. This function turns the NSs protein into a major virulence factor of SBV. [20,27,30]  

When the protein contributes to viral pathogenesis, it inhibits to global cellular transcription, 

since it promotes the degradation of a subunit of the RNA polymerase II (Rpb1), which is essential for 

polymerase activity.[20,31] Furthermore, NSs is also involved in other functions like regulation of 

translation, apoptosis (process of programmed cell death) and viral polymerase activity.[27,31–34]   

This protein has a nucleolar localization signal that binds to nucleolus (subnuclear structure 

responsible for synthesis rRNA and nascent ribosome assembly) of infected cells and induces nucleolar 

disorganization. The nucleolar disruption occurs at an early stage of infection and it precedes Rpb1 

degradation. This signal performs the most important role in NSs because it can disturb the normal 

distribution of nucleolus-resident proteins.[20]  

II.1.3.1.2. M segment 

The medium segment (M) has 4415 nucleotides and encodes a precursor polyprotein which is 

posttranslationally processed to two glycoproteins Gn and Gc with 32 and 110 kDa respectively and a 

non-structural protein (NSm). This non-structural protein is situated between the two glycoproteins, as 

can be observed in Figure II-4. [6,11,13]  
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Figure II-4- Coding strategy of M segment of Bunyamwera virus (BUNV). Naked black line represents genomic RNA in the 
viral sense orientation (3’ to 5’) with the length in nucleotides given above. The thick black line represents mRNA and coloured 
boxes represent the protein products with their name and molecular weight in kDa (Adapted from Mazel-Sanchez B ).[11] 

Studying the SBV sequence variability, Coupeau et al. found that the M segment was the most 

variable one among the three, due to the detection of a hypervariable region (HVR) in the N-terminal 

region of Gc glycoprotein.[8]  

The HVR may play a key role in evasion of the immune response.[35,36] As shown previously for 

Bunyamwera virus, deletions in the N-terminal stretch within the Gc protein do not, for example, 

influence virus replication in cell culture, even though longer deletions in that part of the genome may 

lead to decreased virus assembly.[35,37] Nevertheless, the importance and biological relevance of the 

highly variable region for SBV replication, immunogenicity and host-cell infection remain unclear and 

need to be further investigated.[35] 

II.1.3.1.2.1. Gn and Gc proteins 

Gn and Gc proteins are two envelope glycoproteins. As shown in Figure II-2, these glycoproteins 

form a heterodimer, where Gc protein is bigger than Gn.[37] The major protein has a molecular weight of 

110 kDa and the minor protein has a molecular weight of 32 kDa.[38] Bunyavirus glycoproteins are type 

I integral transmembrane (TM) proteins, which implies that they span the membrane only once and have 

their amino terminus exposed at the virion surface.[38] 

These proteins have different functions. Gn plays a chaperone-like role to promote Gc folding 

and Golgi targeting and Gc induces a specific neutralizing antibody response in infected animals.[37,39, 

40] Besides forming spikes on the virus particle, they are also involved in viral attachment and cell 

fusion.[37]  

Shi et al. studied the role of predicted cytoplasmic tail (CT) in glycoproteins of Bunyawera and 

found that CT domains of both glycoproteins play crucial roles in BUNV-mediated membrane fusion, 

virus assembly and morphologenesis.[38]  

II.1.3.1.2.2. Non-structural protein (NSm) 

The non-structural protein of segment M (NSm), a small transmembrane protein, localized 

between the two viral glycoproteins Gn and Gc in the Golgi complex, has a molecular weight of 11kDa 

as it can be seen in Figure II-4. [11,27]  

The function of this non-structural protein has not been elucidated in detail until now, but it is 

known that the N-terminal of BUNV NSm is required for virus assembly, while the C-terminal 

hydrophobic domain probably functions as an internal signal sequence for the Gc glycoprotein.[27,41] 
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NSm is found inside specific Golgi- associated tubular structures within infected cells where virus 

morphogenesis takes place.[42] Furthermore, Kraatz F et al. showed that NSm could also be important 

for virulence in mammalian and insect host.[27,41] 

II.1.3.1.3. L segment 

The large segment (L) has 6865 nucleotides and encodes a RNA-dependent RNA polymerase 

(RdRp or L protein) with a molecular weight of 259kDa, what is possible to confirm in Figure II-5. [6,11,13] 

 

Figure II-5- Coding strategy of L segment of Bunyamwera virus (BUNV). Naked black line represents genomic RNA in the 
viral sense orientation (3’ to 5’) with the length in nucleotides given above. The thick black line represents mRNA and coloured 
boxes represent the protein products with their name and molecular weight in kDa (Adapted from Mazel-Sanchez B).[11] 

The L protein is capable of performing both transcriptase and replicase activities, thereby 

synthesising both genome and antigenome species from transfected RNPs.[11,43] To initiate mRNA 

transcription, this protein uses cap-snatching, which is the process that uses as primer a sequence of 

nucleotides from 5’ end of mRNA for the initiation of viral transcription.[11,43] 

This protein is located in the cytoplasm forming a punctuated pattern at the nuclear periphery, 

which suggests its association with intracellular membrane structure.[11] 

II.1.3.1.4. Untranslated regions 

The coding region of each segment is flanked by untranslated regions (UTRs) of varying length 

and sequence among genera but, usually, the 3’ UTR is shorter than the 5´UTR. The terminal 

nucleotides at both -3’ and 5’ UTRs are conserved in all three segments for viruses that belong to the 

same genus.[11]  

UTRs serve as promoters for transcription, contain transcriptional and translational termination 

signals, provide the encapsidation signal for the N protein and are involved in the packaging of 

ribonucleoproteins into virions.[23,44–46] Moreover, they are supposed to influence mRNA translation, 

which plays an important role in the virus life cycle.[11] 

II.1.3.2. Viral life cycle in mammalian cells 

The life cycle of peribunyaviruses can be divided in the next steps: attachment and entry of the 

virion, followed by release of the RNPs into the cytoplasm, primary transcription and translation, 

subsequently by the amplification of the viral genome and finally the step of assembly, budding and 

release of newly formed particles, as is shown in Figure II-6.[11]  
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Figure II-6- Replication cycle of viruses in the family peribunyaviridae. Steps in the replication cycle are numbered as follows: 
(1) attachment of virions to cell-surface receptors; (2) entry via endocytosis followed by membrane fusion; (3) passage of viral 
ribonucleocapsids and RNA-dependent RNA polymerase access to the cytoplam; (4) primary transcription; (5) translation of viral 
proteins; (6) replication of viral RNA via cRNA intermediate; (7) transport to Golgi complex, assembly and glycoprotein maturation; 
(8) migration of Golgi vesicles to membrane; (9) fusion of vesicle membrane with plasma membrane;(10) release of virus.[47] 

The replication cycle of peribunyaviruses starts with the recognition of the cellular receptor by 

the Gn/Gc heterodimers present on the virion membrane.[12,48,49] After attachment, virus is internalised 

through endocytosis by clathrin-dependant endocytosis pathway. Following endocytosis, the acidic 

environment of the endosome induces conformational changes of viral glycoproteins and these changes 

promote the fusion of the viral glycoproteins with the cellular membrane, with the subsequent releasing 

of ribonucleoprotein (RNP) into cytoplasm. [11,12,50]  

The primary transcription occurs in the cytoplasm by the catch-snatching mechanism producing 

viral mRNA.[12,51] The transcriptase activity of the viral L and N proteins are necessary and sufficient to 

perform transcription, and only RNPs but not naked RNA can serve as templates.[11,52] In order to 

replicate the negative sense genome, a positive sense antigenome must be synthesised first.[11] 

The maturation of the virus particles from assembly to budding happens at the Golgi smooth 

membrane. Infection induces the formation of a “viral factory” composed by units of Golgi stacks, 

mitochondria, and components of the rough endoplasmic reticulum that are linked together by tubular 

structures with a globular head at one end and open to the cytoplasm at the other end.[11,53] 

Replication occurs mainly within the globular head where viral proteins N and L are located and 

afterwards the RNPs will be transported along the tube to the assembly site. The RNPs travel along the 

tube until they reach the cytoplasm where they bind to the glycoproteins anchored in the nearby Golgi 

membrane. Following interaction of the RNPs, a virus particle is formed by budding into the Golgi 
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cisternae. Finally, the virus particle is transported to the cell surface via the exocytic pathway and it is 

then that virus particles mature.[11,41] 

II.1.4. Clinical signs 

Schmallenberg virus affects mainly domestic ruminants (cattle, sheep and goats), but infections 

have been reported in several other animals such as dogs, alpacas, buffalo, bison, deer, muntjac, 

chamois, European mouflon and wild boar.[14] The possibility of humans being infected after possible 

high exposure to an emerging vector-borne epizootic disease, through contact with infected animals and 

tissues or through insect bites, was also investigated by Ducomble et al..[54] No evidence of SBV infection 

among shepherds has been found.[54] 

Schmallenberg virus 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.[12,15,55,56] The genome of the virus can be 

found in its blood and it has a very short viraemic stage (1-6 days) and there is a full recovery within 2 

or 3 weeks.[15,56,57]  

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. [57] 

A study on SBV pathogenesis revealed that the virus is neurotropic in naturally in utero-infected 

lambs and calves.[30,57] Brain neurons are the major target for SBV viral replication in the developing 

feotus.[57] The high plasma load of the virus, allows the virus to cross the blood-brain barrier (BBB), 

membrane that separates the circulating blood from brain extracellular fluid in the central nervous 

system (CNS), through an unknown mechanism and cause severe encephalomyelitis and death.[58] 

The severity of the conditions depends on the formation and development of BBB.[57] When the 

virus infection happens before the formation of the membrane, atypical malformations leading most 

frequently to intra-uterine death or death immediately after birth, may occur.[12] When the infection 

happens during the development of BBB, the deformation of the brain, spinal cord and skeletal muscles 

have different degrees  of abnormality, depending on the stage of blood-brain barrier, which may 

originate both neuro-musculo-skeletal disorder (arthrogryposis, severe torticollis, ankylosis, kyphosis, 

lordosis scoliosis, brachygnathia inferior) and neurological disorder (amaurosis, ataxia and/or behavioral 

abnormalities). [2,12,57]  

In the above referred clinical conditions, the genetic material of SBV remains detectable for 4 

months, at least.[3] Although, all these animals have symptoms, the virus is not always present in the 

blood. The more plausible justification is linked to the gestation time, where one assumes that after 

infection, virus will be gradually eliminated.[2,59]  A proof of this statement is that it is much more frequent 

to detect the SBV-RNA in lambs than in calves whose gestation time is 4  months longer than sheep.[2,59] 
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The same does not occur with the other clinical conditions (in adult), whose genetic material is only 

detectable for a short period (maximum 1 week).[15,60] 

II.1.5. Transmission 

SBV is an arthropod-borne virus transmitted between ruminant hosts by biting midges of 

Culicoides spp.[12] The transmission by Culicoides spp. may explain the rapid spread of Schmallenberg 

virus. The epidemiology of SBV infectious is closely related to the biology of the vector. Virus 

transmission begins in the early spring with the onset of insect flight activity and continued until the first 

hard frosts.[6]  

Culicoides infected with SBV have been detected to have viral RNA in their hemolymph for 

several days, indicating that biting insects may acquire the virus and pass it on to other susceptible 

animals during blood feeding.[57,61] 

Schmallenberg also transmits vertically from females to their offspring by transplacental 

infection but direct horizontal transmission of SBV by contact seems highly unlikely.[2,57,62]  

II.1.6. Diagnostic methods 

In general, 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 both by virus isolation and 

RT-qPCR (real-time reverse transcription polymerase chain reaction).[12] The above referred tests are 

the most suitable ones to confirm SBV clinical cases; however these techniques lead to a serious 

underestimation of the number of infections, due to the short viraemic phase. Indeed, to determine the 

true occurrence and extend of the SBV infection, serological tests are needed.[28] 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).[12,28,63] 

The preferred sample material for both virus and antibody detection in adult ruminants is serum, 

while for RT-qPCR of malformed newborn animals the suitable samples include brain, blood, spleen 

placenta, meconium and hair swabs.[2,13] 

II.1.6.1. Viral isolation 

Despite being determinant for the diagnostic of the virus, the virus isolation in cellular culture, is 

a time-consuming technique that may take more than 4 days to be concluded.  Furthermore, a 

deployment and maintenance of cellular cultivation is required.[28]  

For virus isolation, Vero cells (African green monkey kidney epithelial), BHK-21 (baby hamster 

kidney fibroblast) or KC (Culicoides variipennis larvae) cells are used.[12] 

II.1.6.2. RT-qPCR 

All viruses can be detected by RT-qPCR, which, on account of its extreme sensitivity are able 

to detect small quantities of viral nucleic acids in blood or tissue samples.[12] 
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Primers amplifying a part of the L gene segment were first used as a template for the detection 

of the SBV genome. A protocol targeting the S segment was then optimised and showed higher 

sensitivity.[12,64] This protocol was implemented in most laboratories in Europe.[12] 

Schmallenberg virus is more likely to be detected in foetus than in adult ruminants since the 

time of permanence of virus in the body is four months and one week, respectively.[3,60] 

II.1.6.3. Virus neutralization test 

The antibody response is of the utmost importance in the prevention of many viral infections 

and may also contribute to overcome the infection. When a vertebrate is infected with a virus, antibodies 

against many epitopes on multiple virus proteins are produced. Virus infection can be blocked by a 

subset of these antibodies through a process that is called neutralization.[65] 

However, not all SBV antibodies have a neutralizing activity. Although N represents the 

immunodominant protein in several members of the peribunyaviridae family, it has been shown, Wernike 

K et al. [21], that anti-N- antibodies usually do not have neutralizing activity. In contrast, almost all 

neutralizing antibodies are directed against the glycoproteins.[21,66–69] 

Antibodies can neutralize viral infectivity in a number of ways: they may interfere with virion 

binding to receptors, block uptake into cells, prevent uncoating of the genomes in endosomes, or cause 

aggregation of virus particles.[65] 

The basis of this test is to grow cells (Vero E6, BHK-21 or KC) with virus and serum. If the serum 

has specific antibodies against the studied virus, it will neutralize the virus and the cells will grow 

normally. Otherwise, the cells will grow with the virus and the virus will act, causing cell lysis.  

In Figure II-7, it is possible to observe the BHK-21 cells without infection (a) and when they are 

infected with Schmallenberg virus, where the CPE is visible (b). 

a)  b)  

Figure II-7- a) BHK-21 non-infected cells, 40x2 magnification. b) BHK-21 cells infected with 100TCID50 SBV, where the CPE is 
observed, 40x magnification 

In order to lose infectivity, the serum has to be kept at high temperatures (50-60ºC) for at least 

30 minutes.[70] Then, 100 TCID50 (50% Tissue Culture Infectious Dose) of virus are added. To allow 

neutralization of the virus, both serum and virus undergo an hour pre-incubation period followed by an 
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addition of cells and a 3 to 5 days incubation period at 37ºC and under 5% CO2. The results are read 

using an inverted microscope.[63] 

VNTs are highly specific and sensitive, however these tests require live viruses, are quite 

lengthy, laborious and technically demanding.[71] Microscopic reading of the plates turned out to be 

arduous and quite difficult to standardizer between observers who were reading the test.[63] 

In the case of Schmallenberg, a false-positive result may occur, since evidence suggests that 

SBV is the product of a reassortment event between two other similar viruses, and that the M segment 

encoding the structural glycoproteins (and hence epitopes for neutralizing antibodies) is closely related 

between SBV and Sathuperi virus.[72]  

II.1.6.4. ELISA 

ELISA allows high-throughput screening and is a rapid assay.[73] It is based on antigen/antibody 

reactivity and measures antibodies that bind viral proteins, but these antibodies do not necessarily 

neutralize virus infectivity.[73] 

The common feature of all SBV-ELISAs presently available is the detection of antibodies 

targeting epitopes on the viral nucleoprotein. Thus, their specificity is reduced in comparison to the VNT 

because nucleoprotein structure is much more conserved between Simbu serogroup viruses than the 

one of the surface protein.[74–76] Furthermore, a cross-reactivity might occur with the secondary antibody 

in the indirect ELISA format.[73] 

In spite of being less specific, ELISA combined with VNT  constitute an effective diagnostic 

toolbox for providing confirmation of exposure to SBV.[72] 

II.1.6.5. Immunofluorescence test  

The last method to detect virus antibodies is the immunofluorescence test. As ELISA, this test 

is based on antigen/antibody reactivity. The detection is done by a fluorescence marker and the results 

are observed under fluorescence microscope. The pattern of fluorescence viewed, confirms the 

specificity of the reaction.[77]   

II.1.7. Prevention 

To prevent the spread of the infection, it is necessary to vaccinate the animals against the virus 

and control the vector population of biting midges.[78] Additional measures could be an intelligent 

breeding system e.g. minimizing the number of pregnant animals in autumn and spring, when the activity 

of the insect vectors reaches its maximum. 

II.1.7.1. Vector control 

This method of prevention is unlikely to be effective given that midges are extremely 

widespread. It is possible to control the Culicoides vectors by applying insecticides and pathogens 

(bacteria and fungus) to habitats where larvae develop. Another way to control the vector is the 
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application of insecticides to the individual host animal and provision of insect proof housing for livestock 

in order to prevent contact between vector and host.[57,78,79] 

II.1.7.2. Vaccination 

Vaccination is considered as the most cost-effective way to control pathogens and prevent 

diseases in animals, being a preventive measure that could reduce the impact of SBV.[11–13]  

There are different types of vaccines, the classical vaccine technology, which includes 

inactivated and attenuated vaccines, and an alternative type of vaccines that are DNA and recombinant 

virus vector based. While the first type uses the virus particle, the last one uses only gene coding for 

desired antigen, which makes these vaccines a safer alternative, although they are not yet available in 

a market for SBV. [78]  

The two available types of inactivated vaccines, SBVvax and ZULVAC SBV, only protect cattle 

and sheep species.[80,81] Inactivated vaccines are produced by using inactivated virus particles, which 

induce humoral immune responses but do not offer protection against viruses or bacteria that require a 

more complex cell-mediated immune response. This type of vaccine is relatively inexpensive to produce, 

but there are potential safety concerns associated with incomplete inactivation of the virus that can then 

lead to the spreading of the disease that the vaccine was originally intended to prevent.[82]  

Besides the available vaccines, other types of SBV vaccines, such as live attenuated and DNA 

vaccines, are being developed.[27,83] 

Kraatz et al. tested different recombinant SBV mutants, that lacked NSs or NSm genes or double 

mutants lacking both NSs and NSm genes. These viruses that did not have NSs gene were completely 

attenuated and no viral RNA was observed in the natural host, confirming the safety of these vaccine 

candidates. Despite the reduction in viral virulence, the mutant viruses maintained their immunogenicity 

which is one of the major challenge in the development of modified live vaccines.[27]  

Boshra et al. studied different components of SBV in DNA vaccines and concluded that Gc-ecto 

1 domain and nucleocapsid N protein represent viable candidates for DNA vaccination.[83] 

II.2. Prevalence of Schmallenberg virus in Europe 

The first SBV confirmed cases were in cattle; infected adult animals were detected during the 

first week of September 2011 in Germany. By November of the same year, the first SBV infection in 

foetus was confirmed. The number of SBV infected herds and AHS (arthrogryposis hydranencephaly 

syndrome) cases started to increase in December all over Europe and a peak was observed in May of 

2012. Confirmed SBV infected-herds continued to be reported during 2012-2013.[84] 

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, 
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Estonia, Sweden, Finland and Slovenia. In 2013 were detected cases in Norway, Hungary and 

Croatia[84] and in 2014 in Portugal.[85]  

In Figure II-8, it is possible to observe the spread of SBV in Europe, distributed by regions 

according to Nomenclature of Territorial Units for statistical purposes (NUTS), after being discovered 

(2011) until 2013.  

 

Figure II-8- SBV spread evolution in Europe from its discovery (2011) until 2013. Regions (NUTS II) with at least one SBV 
herd confirmed by direct detection by period of first report.[84] 

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.[86–88] 

The virus has been reported in different climate ranges from the Mediterranean basin (Italy and 

Spain) to more than latitude 60° north (Norway).[88–91] Spread of the virus has tended to be from an 

infected region to a nearby region, rarely exceeding 200 km at a time.[84,88] 

Diaz J.M. et al. conducted a study in Spain on the exposure of roe deer to the virus during 2013 

and 2014, and a total seroprevalence of 53.3% was obtained.[92] The authors divide Spain in 3 regions, 

as can be observed in Figure II-9.  In region 1, the total prevalence was higher 60.0%, than in region 2 

with 52.9% and in region 3 the obtained prevalence was 43.7%.[92]  
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Figure II-9- Map of the sampling sites (black dots) and defined areas in Diaz JM et al. study. [92] 

II.3. Prevalence of Schmallenberg virus in Portugal 

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.[85] 

Furthermore, a prevalence of 8.1% for north region, 14.2% for centre region, 31.6% for Lisbon 

and Vale do Tejo region, 12.7% for Alentejo and 20.8% for Algarve was obtained.[85] 

 

II.4. Culicoides spp. distribution in Europe 

There are over 1000 species of Culicoides in the world.[93] The abundance and distribution of 

each species depends on the climate and agrarian conditions.[94] 

Culicoides imicola and Culicoides species of obsoletus group are considered important vectors 

in Europe for the transmission of bluetongue and Sc  hmallenberg virus.[94] These species have different 

adaptations to climate, being C.imicola more adaptable to dry regions and high temperatures, while 

C.obsoletus to low medium temperatures regions,[94] as represented in Figure II-10 and Figure II-11. 
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Figure II-10- Abundances of Culicoides imicola in Europe.[94,95] 

 

Figure II-11- Abundances of the Culicoides obsoletus complex in Europe.[94,95]  

In Europe, it is established that C.obsoletus is the main vector of Schmallenberg virus, being 

more abundant in north Europe. The prevalence of C.obsoletus in Europe (Figure II-11) correlates with 

the SBV prevalence (Figure II-8). [94,95] 

The C.imicola is more frequently found in the south of Europe and in Mediterranean basin 

(Figure II-10). As the virus is found mostly in the North and Central Europe (Figure II-8), C.imicola cannot 

be considered as being the main vector of the virus, although it may be one of the SBV vectors in the 

predominant regions, since SBV RNA has been found in this species. [94] 

 



18 
 

Ramilo D. et al. studied the geographic distribution of Culicoides in Portugal and found that 

predominant species are C.imicola, Culicoides of Obsoletus group, C.punctatus, C.pulicaries and 

C.newsteadi.[96] 

C.imicola is found in dry regions with high temperatures. In Portugal, this specie is located in 

regions below Centre region and in Beira Baixa. Between Alentejo Litoral, Baixo Alentejo and Algarve, 

the probability to find this specie of Culicoides is low, due to the dryness and extreme hot temperatures 

in summer. In autumn, C.imicola has tendency to disperse to north of the country (Alto Minho and 

Douro).[96] 

C.obsoletus has better adaptation to low temperatures in both wet and dry quarters of the year. 

This group of Culicoides prefer North and Centre mainland Portugal regions, being almost absent in 

Alentejo during autumn and winter.[96] Although C.imicola and Obsoletus group species have some 

overlapping or common areas of occurrence, they show different preferences in autumn and winter 

seasons.[96] 

The distribution of these two species in Portugal are schematized in Figure II-12. 

 
Figure II-12- Predicted spatial overlap of estimated high and very high abundance classes for Culicoides imicola and the 
Culicoides obsoletus group in Iberian Peninsula.[97] 

C.pulicaris seems to be less adaptable to the Portuguese environmental conditions when 

compared to the other species existing in Portugal. C.pulicaris prefers dry regions with low temperatures, 

being preferentially for northern areas, having more probably found at coastal regions and also at higher 

altitude zones.[96] Furthermore, this species preference for human made structures, may partially justify 

its occurrence near urban areas, that may use for larval and pupal development or to make a human 

blood meal.[96] 

C.punctatus is the most well adapted species to Portuguese environment. Unlike C.pulicaris, 

the human presence is not its favourite. C.punctatus is dispersed around Portugal mainland, being the 

probability of occurrence at any part of the Portuguese mainland higher than 50%.[96] 
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Finally, the C.newsteadi is influenced by higher temperatures at the wettest quarter of the year. 

This species mimics C.imicola species distribution patterns, that is, in regions below Centre region and 

in Beira Baixa.[96] 

The aim of this study is to evaluate the pattern of seroprevalence of SBV in the Portuguese 

mainland territory during the summer 2017. 
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III. Materials and Methods 
 

III.1. Medium 

The Glasgow medium was prepared with Glasgow medium (Gibco), whose complete 

formulation of this medium is presented in Table VIII-1 (Attachment 1) and supplemented with 5% of 

Tryptose Phosphate Broth (TPB) (Gibco), whose composition is detailed in Table III-1 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. 

Table III-1- Composition of tryptose phosphate broth [98] 

Component Concentration (g/L) 

Tryptose 20 

Dextrose 2 

NaCl 5 

Disodium Phosphate 2.5 

III.2. 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.[99] 

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. 
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III.3. 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. 

III.4. 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. 

III.5. 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 III-2 is showcased the 

distribution of the number of cattle sampled divided in adult cattle and in calf, the number of herds 

analysed and the districts from which they were collected. The age was available for only 25.1% of cattle 

tested.  

Table III-2- 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 

All blood samples were received in National Institute of Agrarian and Veterinarian Research 

(INIAV) for Bluetongue virus diagnosis between June and September of 2017. 

III.6. Virus titration 

For TCID50 (50% Tissue Culture Infective Dose per well) determination a successive dilution of 

virus was done (starting at 1/500 and finishing at 1/64000) and 20 000 of BHK-21 cells in a volume of 
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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 (1): [100] 

𝑇𝐶𝐼𝐷50 = log10(𝑙𝑜𝑤𝑒𝑠𝑡 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛) + log10(𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟) × [(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛𝑠 − 1) +
1

2
−

∑ 𝑖𝑛𝑡𝑎𝑐𝑡 𝑤𝑒𝑙𝑙𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 𝑟𝑜𝑤
] [1] 

III.7. Virus neutralization test 

VNT was performed as described previously for Bluetongue virus at the National Institute for 

Agrarian and Veterinary Research (INIAV, I.P., Portugal).[101] 

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 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.[63] 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. For controlling the sera, the serum explained in Section III.4 was used and for 

controlling the cells were used BHK-21 cells with Glasgow medium supplemented with 10% of FBS. 
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IV. Results and Discussion 

The statistic results were based on the asymptotic Gaussian approximation (single asymptotic 

method without continuity correction) was used and it is represented in formula 2, where n represents 

the sample size, p is the obtained prevalence, q is (1-p) and z denotes the standard Normal deviate 

associated with a two-tailed probability α. A confidence interval of 95% (z=1.96) was used.[102] 

𝑝 ± 𝑧√
𝑝𝑞

𝑛
  [2] 

The overall arithmetic mean of the virus titter was 98.3 TCID50 (95% Confidence Interval (CI) 

93.5-103.0 TCID50).  

IV.1. Seroprevalence in Mainland Portugal 

Using the Virus Neutralization Test, SBV antibodies were detected in 32.2% of samples (95% 

CI 29.4-35.0%).  

The number of samples was 1101, which represents 0.1% of the mainland Portugal population 

of cattle: 1,381,743  according to Instituto de Financiamento da Agricultura e Pescas [IFAP] 2016.[103] 

The associated error of prevalence in the mainland Portugal was 2.8%, which is under the 

maximum allowable error accepted (3%) in similar studies.[85] This error indicates that the number of 

samples (1101) was adequate. 

IV.1.1. NUTS II 

The dairy cattle population is not distributed homogenously and a seroprevalence of SBV was 

estimated by 5 regions according to NUTS II, according to Figure IV-1. 
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Figure IV-1-  Geographic distribution of dairy cattle according NUTS II. Data taken from Instituto de Financiamento da 
Agricultura e Pescas [IFAP] 2016.[103] Figure produced with open-access software QGIS 

The highest populated region is Alentejo with 778,249 dairy cattle, followed by the Norte region 

with 319,958. The Centro region comes next with 160,244 dairy cattle and Área Metropolitana de Lisboa 

with 160,344. The lowest region is Algarve with 10,215 dairy cattle.[103] 

The Figure IV-2 shows the geographic distribution of tested herds and Figure IV-3 shows the 

geographic distribution of seropositive dairy herds, where a seropositive herd is considered a herd with 

at least one seropositive cattle and a seronegative herd, where all analysed cattle were seronegative.  
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Figure IV-2- Geographic distribution of tested dairy herds (blue dots). Figure produced with open-access software 
QGIS 
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Figure IV-3- Geographic distribution of dairy herds sampled with positive results (at least 1 animal sampled tested 
seropositive; green dots) and negative results (all animals sampled tested seronegative; red dots). Figure produced with 
open-access software QGIS 

The obtained seropositive prevalence by herds is 78.3% (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 74.3 and 72.7% in Alentejo and in Centro region, respectively. 

This data indicates no correlation between seropositivity of herds and herds distribution all over 

the country.  

Having into account the individual cattle seropositivity, Table IV-1 and Figure IV-4, the Norte 

region is the highest SBV seropositive region of the country 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%. 

Table IV-1-Summary of the SBV seroprevalence results with the respective 95% confidence interval in each NUTS II 
region  

Regions 
Number of cattle 

sampled 
Number of 

positive cattle 
Seroprevalence 

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

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

Metropolitana 
de Lisboa 

252 15 6.0 3.0-8.9 

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

Total 1101 354 32.2 29.4-34.9 
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Figure IV-4- Seroprevalence of SBV in the NUTS II regions of Portugal. Figure produced with open-access software QGIS 

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, 19 and 11 tested animals. 

IV.1.2. Districts 

The 1101 tested samples are concerning to 15 out of 18 districts of mainland Portugal. In Table 

VIII-2 (Attachment 2) and Figure IV-5, the results of each districts are presented.  
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Figure IV-5-Seroprevalence of Schmallenberg virus in Portuguese districts. The number of samples is represented below 
each district name (positive samples/ total samples tested). Figure produced with open-access software QGIS 

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%). 

The results concerning this district are referent to municipalities (Oliveira de Frades and Tondela), which 

are located in Centro region, however a similar behaviour is found given to the geographic proximity of 

Norte region. The municipality prevalence results are represented in Table VIII-3 (Attachment 3). 

The interpretation of these results must consider the significance of sampling. The result of 

Porto and Aveiro, for example, are obtained from only 2 and 1 sample, respectively.  

In this study, the sampling conditions must be taken into account, once the sampling plan was 

not previously defined and statistically supported. As above referred, the serum samples collection was 

carried out taking advantage of a prior BTV diagnose received in INIAV.  

IV.1.3. Herds 

The samples were collected from 69 herds (Figure IV-2) and the results by NUTS II had the 

following distribution: Norte with 8 herds, Centro with 11, Área Metropolitana de Lisboa with 3 herds, 

Alentejo with 35 and Algarve with 12 herds. 

The results concerning the prevalence by herds are in Table VIII-4 (Attachment 4). 
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In the Norte region, the infection situation in herds seems to be a clustering event as each herd 

presents more than 40% positive results. Similar behaviour occurred in the Algarve region, more 

specifically in the Centre and in West.  

In the Centro, Área Metropolitana de Lisboa and Alentejo, besides the difference of the 

prevalence among herds there are differences in prevalence among animals within herds. Most of the 

herds analysed presented a prevalence below 50%, contrary to the herd characteristics in the Norte and 

Algarve regions.[104]  

Due to the differences in prevalence among herds in the same municipality, such as in Ponte 

de Sor, Alcácer do Sal and Tavira, with a great heterogeneity among herds, it would be more accurate 

to have more samples of herds instead of high number of samples per herd.  

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.[104,105] However, 

this is only verified in Norte and Algarve regions. The pattern of the other regions may be associated to 

the time of infection, the practise of prevention of the vector of the disease, animal age and its 

immunologic status. 

IV.2. 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 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.[96] 

Another arbovirus presents in Portugal, BTV, has a different distribution of prevalence, being 

distributed below Centro region and in Beira Baixa. Despite being transmitted by Culicoides spp., these 

viruses can be transmitted by different species of Culicoides, being C.imicola the main vector of BTV in 

Portugal.[106] Once C.imicola is present only in southern region and SBV circulates all over Europe, the 

possibility that BTV and SBV are transmitted by different species of Culicoides can be considered. 

IV.3. Time of infection 

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.[107] 

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.  
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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.[108] 

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.[104] 

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.[108] The above information makes it quite obvious that the 

year of infection can only be found in over six months calves. 

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.  

IV.4. Comparation of titers 

Figure IV-6 shows the distribution of VNT antibody titers against SBV of seropositive samples 

from dairy cattle. Titers bellow 64 are predominant in mainland Portugal. 

 

Figure IV-6- Frequency distribution of titers in mainland Portugal, for serum samples (n=354) positive for 
Schmallenberg virus antibodies by virus neutralization test (VNT) 

The distribution of titers in different regions is schematized in Figure IV-7. 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. 
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Figure IV-7- Frequency distribution of titers in the different regions of Portugal, for serum samples (n=354) positive for 
Schmallenberg virus antibodies by virus neutralization test (VNT) 

 

IV.5. Comparation of SBV prevalence studies in Portugal 

The presence of SBV antibodies in Portugal was first reported by Esteves et al. in 2014, who 

find a seroprevalence of 12.8% with the highest seroprevalence in Área Metropolitana de Lisboa 

(31.6%), followed by Algarve (20.8%), Centro (14.2%), Alentejo (12.7%) and Norte with the lowest value 

(8.1%).[85] 

The incidence of seroprevalence in sheep in 2014 is different from the incidence in the present 

study which can also be associated to the host, diagnostic method used and to the sampling defined.  

Esteves et al. used ovine as a host in his study, while in this work, dairy cattle were used.[85] 

Gache K. et al. studied the prevalence in France in cattle and in sheep and concluded that in the first 

one the prevalence is higher.[109] As reported by Helmer C et al. cattle seem to be more exposed to biting 

midges than small ruminants even when they are kept permanently indoors. One of the reasons is the 

fact that Culicoides biting prefer to feed on cattle due to the thick fleece of sheep.[110] 
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V. Conclusions 

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. 
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VI. Future work 

In order to improve the Schmallenberg virus prevalence, a future work must be based on a 

statistical analyses plan. 

For a better study of SBV infection, farmers or entities whose animals were tested positive 

should be contacted in order to investigate if there had been any 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, it can be important to know which ways have 

been used in farms, to prevent Culicoides bitings. 

A study among other kind of animals should be carried out to investigate the possible prevalence 

differences. 

It is relevant to have a better knowledge about the decay of antibodies in seropositive animals.   

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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VIII. Attachments 

Attachment 1 

Table VIII-1- Complete formulation for Glasgow medium.[111] 

 

  

Component Concentration  
(mg/L) 

Component Concentration 
 (mg/L) 

Inorganic salts 

Calcium chloride (anhyd.) 200.00 Sodium dihydrogen 
phosphate x H2O 

124.00 

Ferric nitrate x 9H2O 0.10 Sodium chloride 6400.00 
Potassium chloride 400.00 Magnesium sulfate 

x7H2O 
97.67 

Amino acids 

L-Arginine x HCl 42.00 L-Methionine 15.00 
L-Cystine x 2HCl 31.00 L-Phenylalanine 33.00 
L-Glutamine 292.00 L-Threonine 47.60 
L-Histidine x HCl x H2O 21.00 L-Tryptophan 8.00 
L-Isoleucine 52.00 L-Tyrosine 52.00 
L-Leucine 52.00 L-Valine 46.80 
L-Lysine x HCl 73.00   

Vitamins 

D-Calcium pantothenate 2.00 Niacinamide 2.00 
Choline chloride 2.00 Pyridoxal x HCl 2.00 
Folic acid 2.00 Riboflavin 0.20 
i-Inositol 3.60 Thiamine x HCl 2.00 

 Other components  

D-Glucose  4500.00 Phenol red 15.00 
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Attachment 2 

Table VIII-2- Summary of the SBV seroprevalence results with the respective 95% confidence interval in each district 

 

 

 

 

 

 

District Number of cattle 
sampled 

Number of 
positive cattle 

Seroprevalence 
(%) 

95% Confidence 
Interval (CI) (%) 

Viana do 
Castelo 

8 7 87.5 64.6-100.0 

Braga 29 20 69.0 52.1-85.8 
Porto 2 2 100.0 - 

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

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

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

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

Total 1101 354 32.2 29.4-34.9 
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Attachment 3 

Table VIII-3-Summary of the SBV seroprevalence results with the respective 95% confidence interval in each municipality 

 

 
District Municipality 

Number of 
cattle 

sampled 

Number of 
positive 
cattle 

Seroprevalence 
(%) 

95% Confidence 
Interval (CI) (%) 

Viana do 
Castelo 

Ponte de 
Lima 

8 7 87.5 64.6-100.0 

Braga 
Guimarães 

Braga 
25 16 64.0 45.2-82.8 

4 4 100.0 - 

Porto Penafiel 2 2 100.0 - 

Bragança Vinhais 28 16 57.1 38.8-75.5 

Guarda Guarda 7 0 0.0 - 

Viseu 
Oliveira de 

Frades 
Tondela 

2 2 100.0 - 

35 34 97.1 91.6-100.0 

Aveiro Ovar 1 0 0.0 - 

Castelo 
Branco 

Idanha-a-
Nova 

Fundão 

54 11 20.4 9.6-31.1 

15 9 60.0 35.2-84.8 

Leiria Nazaré 15 0 0.0 - 

Santarém 
Tomar 

Benavente 

45 11 24.4 11.9-37.0 

12 11 91.7 76.0-100.0 

Setúbal 

Montijo 
Palmela 

Moita 
Alcácer do 

Sal 
Santiago 

do Cacém 

222 11 5.0 2.1-7.8 

11 4 36.4 7.9-64.8 

19 0 0.0 - 

31 13 41.9 24.6-59.3 

3 0 0.0 - 

Portalegre 

Ponte de 
Sor 

Portalegre 
Fronteira 
Alter do 
Chão 

26 12 46.2 27.0-65.3 

2 2 100.0 - 

15 0 0.0 - 

13 1 7.7 0.0-22.2 

Évora 
Redondo 

Évora 
Alandroal 

75 7 9.3 2.7-15.9 

15 6 40.0 15.2-64.8 

10 6 60.0 29.6-90.4 

Beja 

Ferreira do 
Alentejo 
Castro 
Verde 

Aljustrel 
Ourique 
Mértola 

Almodôvar 

41 23 56.1 40.9-71.3 

71 9 12.7 4.9-20.4 

11 5 45.5 16.0-74.9 

48 15 31.3 18.1-44.4 

11 3 27.3 1.0-53.6 

31 5 16.1 3.2-29.1 

Faro 

Aljezur 24 17 70.8 52.6-89.0 

Vila Real 
de Santo 
António 

3 2 66.7 13.3-100.0 

Tavira 24 11 45.8 25.9-65.8 

Castro 
Marim 

15 0 0.0 - 

Portimão 13 4 30.8 5.7-55.9 

Faro 14 0 0.0 - 

Silves 85 75 88.2 81.4-95.1 

Total 1101 354 32.2 29.4-34.9 
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Attachment 4 

Table VIII-4- Summary of the SBV seroprevalence results with the respective 95% confidence interval in each herd 

District Municipality 
Number of 

cattle 
sampled 

Number of 
positive 
cattle 

Seroprevalence 
(%) 

95% 
Confidence 
Interval (CI) 

(%) 

Viana do 
Castelo 

Ponte de 
Lima 

8 7 87.5 63.0-100-0 

Braga 
Guimarães 

5 2 40.0 0.0-100.0 
6 6 100.0 - 
14 8 57.1 22.9-91.4 

Braga 4 4 100.0 - 

Porto Penafiel 2 2 100.0 - 

Bragança Vinhais 28 16 57.1 32.9-81.4 

Guarda Guarda 7 0 0.0 - 

Viseu 

Tondela 35 34 97.1 91.5-100.0 

Oliveira de 
Frades 

2 2 100.0 - 

Aveiro Ovar 1 0 0.0 - 

Castelo 
Branco 

Idanha-a-
Nova 

44 8 18.2 0.0-44.9 
10 3 30.0 0.0-81.9 

Fundão 15 9 60.0 28.0-92.0 

Leiria Nazaré 15 0 0.0 - 

Santarém 
Tomar 

15 4 26.7 0.0-70.0 
15 2 13.3 0.0-60.4 
15 5 33.3 0.0-74.7 

Benavente 12 11 91.7 75.3-100.0 

Setúbal 

Alcácer do 
Sal 

18 13 72.2 47.9-96.6 
13 0 0.0 - 

Montijo 222 11 5.0 0.0-17.8 

Palmela 11 4 36.4 0.0-83.5 

Moita 19 0 0.0 - 

Santiago 
do Cacém 

3 0 0.0 - 

Portalegre 

Ponte de 
Sor 

13 11 84.6 63.3-100.0 
13 1 7.7 0.0-59.9 

Portalegre 2 2 100.0 - 

Fronteira 15 0 0.0 - 

Avis 15 0 0.0 - 

Alter do 
Chão 

13 1 7.7 0.0-59.9 

Évora 

Redondo 

29 1 3.4 0.0-39.2 
2 0 0.0 - 
30 5 16.7 0.0-49.3 
14 1 7.1 0.0-57.6 

Évora 
3 1 33.3 0.0-100.0 
12 5 41.7 0.0-84.9 

Alandroal 10 6 60.0 20.8-99.2 

     (Cont.) 

 

 

 

 



48 
 

 

 

District Municipality 
Number of 

cattle 
sampled 

Number of 
positive 
cattle 

Seroprevalence 
(%) 

95% 
Confidence 
Interval (CI) 

(%) 

Beja 

Ferreira do 
Alentejo 

13 12 92.3 77.2-100.0 
20 8 40.0 6.1-73.9 
8 3 37.5 0.0-92.3 

Castro 
Verde 

3 1 33.3 0.0-100.0 
5 1 20.0 0.0-98.4 
6 0 0.0 - 
31 4 12.9 0.0-45.8 
14 3 21.4 0.0-67.9 
4 0 0.0 - 
8 0 0.0 - 

Aljustrel 11 5 45.5 1,8-89.1 

Ourique 

15 1 6.7 0.0-55.6 
4 1 25.0 0.0-100.0 
14 7 50.0 13.0-87.0 
15 6 40.0 0.8-79.2 

Mértola 11 3 27.3 0.0-77.7 

Aldomôvar 
13 5 38.5 0.0-81.1 
18 0 0.0 - 

Faro 

Aljezur 
7 7 100.0 - 
17 10 58.8 28.3-89.3 

Vila Real 
de Santo 
António 

3 2 66.7 1.3-100.0 

Tavira 
14 2 14.3 0.0-62.8 
10 9 90.0 70.4-100.0 

Portimão 13 4 30.8 0.0-76.0 

Castro 
Marim 

15 0 0.0 - 

Faro 14 0 0.0 - 

Silves 

12 9 75.0 46.7-100.0 
2 0 0.0 - 
67 65 97.0 92.9-100.0 
4 1 25.0 0.0-100.0 

Total 1101 354 32.2 29.4-34.9 

 


