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Abstract

Schmallenberg virus (SBV—Orthobunyavirus serogroup Simbu) is an emerging RNA vector-borne virus which has an
important impact in animal health within Europe, and some Asian and African countries. It is mainly reported in ruminants,
causing congenital malformations and stillbirths. However, there are no studies regarding the occurrence, diagnosis, or
surveillance of SBV in Brazil, due to the lack of diagnostic techniques available so far. This study aimed to implement a
reliable diagnostic technique able to detect the SBV in Brazil and also to investigate occurrence of the virus in this country.
A molecular technique, quantitative reverse transcription polymerase chain reaction (RT-qPCR), was used to analyze 1665
bovine blood samples and 313 aborted fetuses, as well as 596 serum samples were analyzed by serological analysis. None of
the blood and fetus samples analyzed was positive for SBV, and neither serum samples were reactive for antibodies anti-SBV.
Thus, although Brazil presents suitable conditions for the dissemination of the SBV, results of the present study suggest that

SBV did not propagate in the analyzed bovine population.
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Introduction

Schmallenberg virus (SBV) is an RNA virus member of
the order Bunyavirales, family Peribunyaviridae, genus
Orthobunyavirus, species Schmallenberg orthobunyavirus,
and Simbu serogroup. It was first reported in North Rhine-
Westphalia (Germany) in November 2011 and rapidly dis-
seminated through all European continent [1]. Since then,
the virus has emerged and re-emerged in several European
countries, and has also been detected in other regions,
including Asian and African countries [2—10].

The SBV is an enveloped virus and the genome includes
three segments of negative-sense single-stranded RNA. Des-
ignated as small (S), medium (M), and large (L), they encode
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four structural proteins: nucleocapsid (N), two glycoproteins
(Gn and Gc), and viral polymerase. They also encode two
nonstructural proteins: NSs and NSm [11].

This virus infects predominantly ruminants, wild and
domestics, causing a short period of viremia (2-6 days),
seroconverting within approximately 1-3 weeks after infec-
tion [3, 12—-15]. In adult animals, it is associated with a
mild and transient disease characterized by fever, diarrhea,
and decrease in milk production [16-18]. When a cow or a
sheep gets infected during the period of gestation, SBV may
cross the placental barrier and infect the fetus, leading to
abortions, stillbirths, and severe congenital malformations
(arthrogryposis-hydranencephaly syndrome) [3, 19]. SBV is
mainly transmitted by Culicoides sp. biting midges [20, 21],
but can also be transmitted vertically through the placenta of
infected pregnant animals. Moreover, viral RNA was already
detected in the semen of naturally infected bulls [22].

Knowing how the virus can disseminate between the pop-
ulation, Brazil has promising conditions for dissemination of
SBV (climatic conditions, presence of the potential compe-
tent vector, and high density of susceptible animals). How-
ever, in Brazil, there is still a lack of diagnostic resources
available so far. There are no studies regarding the occur-
rence, diagnosis, research, and neither surveillance of SBV
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in this territory. The present study aimed to implement a
satisfactory laboratory diagnostic method able to detect SBV
in Brazil and to investigate whether there is a circulation of
the virus in this country.

Materials and methods
Sample selection

Whole blood

A total 1665 blood samples from bovine, aged 0—12 months,
were analyzed. Within these samples, 543 were collected in
November 2016, from the county of Barretos, state of Sao
Paulo; 162 were collected between April and May 2017 and
960 collected in June 2017, from the county of Abaetetuba,
state of Para. The samples were previously sent to the Bio-
logical Institute for detection of Bluetongue virus (BTV)
and stored at—20 °C.

Aborted fetuses

A total of 313 samples of aborted fetuses were retrospec-
tively analyzed, including 283 bovine, 5 caprine, 23 ovine,
and 2 buffalo from 255 farms in different Brazilians states.
All of those samples were collected during SBV emergen-
cies and re-emergencies in Europe and Asia (from January
2011 to December 2018, Fig. 1). With the fetus’s samples, a
pool of body organs was made and analyzed by RT-qPCR.
All the pools were composed of the central nervous system,
heart, liver, spleen, and kidney. Blood and serum samples of
the fetuses were not available for antibody anti-SBV detec-
tion and research RNA SBV.

According to the official sample’s form data, the fetuses
received in the lab were in different gestational stages, and
the age of the pregnant cows ranged from <36 months to
9 years. Most of the studied properties that had pregnancy
loss had an abortion prevalence above 3% (52%—76/147)
and reports of increased abortions over the past 3 months
(Fig. 1). It is important to notice that most of these animals
were vaccinated against the most common causes of abor-
tion in bovine, including brucellosis, rabies, leptospirosis,
foot-and-mouth disease, carbuncle, bovine viral diarrhea
(BVD), botulism, clostridiums, and infectious bovine rhi-
notracheitis (IBR). These samples were previously sent to
the Biological Institute for differential diagnosis of abortion
and stored at— 20 °C.

Serum

The serum bank, provided by the Agency for Agriculture and
Livestock and Forestry Defense of the State of Amazonas
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(ADAF), was used to evaluate the presence of antibodies
against SBV.

A total of 596 bovine serum samples from Humait4, state
of Amazonas/Brazil were analyzed. Nellore and Girolando
dairy cows are between 13 and 36 months, from 26 differ-
ent farms which cattle, goats, sheep, pigs, horses, and mules
were grown together.

Samples were collected from October 2017 to March
2018 according to a previously study designed for other viral
diseases in different parts of the state of Amazonas, sent to
the Biological Institute, and stored at—20 °C. The studied
properties had mixed cattle production systems, dairy, or
beef and were defined as family or commercial agriculture
(online Supplementary Information) and were selected by
drawing lots from the ADAF register.

Molecular diagnosis of SBV in Brazil
Standard curve

For biosafety reasons, a standard positive control in the
molecular diagnosis of SBV, a gBlocks® Gene Fragments
(Integrated DNA Technologies-IDT), was built. Highly
conserved, the S segment of the SBV genome (strain
BHS80/11-4, GenBank accession number HE649914.1)
was used as a reference. The gBlocks® sequence was com-
posed by the entire S segment that include the primer and
probe hybridization region, coupled with EcoRI and BamHI
restriction site at 5" and 3’ end, respectively (Table 1). After
the restriction enzyme sequences, 5 thymines were added at
each end to avoid nonspecificities.

The gBlocks® was cloned into plasmid pTZ57R/T control
included in InsTAclone PCR Cloning Kit (Thermo Fisher
Scientific) after double digestion with EcoRI and BamHI
enzymes, according to the manufacturer’s instructions. The
plasmid was propagated in Escherichia coli (JM109), puri-
fied with kit GeneJET Plasmid Miniprep (Thermo Fisher
Scientific) also according to the manufacturer’s instruc-
tions, and linearized by EcoRI digestion. The presence and
identity of the insert were confirmed by genetic sequencing.
The plasmid was subsequently used as the template for the
synthesis of the SBV S segment RNA standard using the
MEGA cript® Transcription Kit (Thermo Fisher Scientific)
according to the manufacturer’s instructions. The RNA was
quantified by NanoDrop (Thermo Fisher Scientific) and
QuantiFluor® RNA System (Promega) according to the
manufacturer’s instructions. The number of RNA standard
copies was calculated, and standard curve was constructed
using a log,, dilution series ranging from 10° to 10° RNA
copies/pL, to determine the analytical sensitivity, limit of
detection (LOD), and RT-qPCR assay performance (effi-
ciency [E=107'°° _ 1] and /* value) [23].
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Fig. 1 Data on samples, properties, and herds, taken from the referral forms for samples of aborted fetuses

Table 1 Primers and probes

. Name Sequence Ampli-
used in this study [19] fication
(nt)
SBV-S-382F 5" TCA GAT TGT CAT GCC CCT TGC 3’ 88

SBV-S-469R 5" TTC GGC CCC AGG TGC AAATC 3’

SBV-S-408FAM 5' FAM-TTA AGG GAT GCA CCT GGG CCG ATG GT (ZEN-Iowa BQ) 3’
ACT-1005F 5" CAG CAC AAT GAA GAT CAA GAT CATC 3’ 130
ACT-1135R 5'CGG ACT CAT CGT ACT CCT GCT T 3’

ACT-1081HEX 5" HEX-TCG CTG TCC ACC TTC CAG CAG ATG T (ZEN-Iowa BQ) 3’
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The intra-assay variation was assessed with each viral dilu-
tion of the standard curve tested in triplicate. The inter-run
variation was determined by three runs independent of the
standard curve, in triplicate.

Specificity of primes and probes was tested against sam-
ples which showed positive results for other agents that cause
abortion and stillbirth (BVDV, BTV, and Neopora caninum).

RNA extraction and real-time RT-PCR assays

Genetic material was extracted with the QIAcube HT (Qiagen)
using the cador® Pathogen 96 QIAcube® HT Kit (Qiagen)
according to the manufacturer’s recommendations.

The genetic material from the whole blood samples and
aborted fetuses were extracted and amplified. The total reac-
tion volume was 20 pL, containing 10 uL of GoTaq® Probe
gPCR Master Mix (2x) (Promega), 0.4 uL. of GoScript™
RT Mix for 1-Step RT-qPCR (50x) (Promega), 700 nM of
SBV-S-382F primer, 800 nM of SBV-S-469R primer, 90 nM
of SBV-S-408 probe, 200 nM of each actin-f primers and
100 nM of beta-actin probe, 2 uL of extracted RNA, and
nuclease free water to complete the volume. The following
thermal program was applied: 1 cycle of 45 °C for 15 min
and 95 °C for 2 min, followed by 40 cycles of 95 °C for 15 s,
60 °C for 1 min, and 40 °C for 10 s.

All negative samples for SBV, in addition to the use of
endogenous control (actin-f), were contaminated with the
standard control in such a way that the sample had a final
concentration of 10° copies of RNA/uL and submitted again
to RT-qPCR, for evaluation of PCR inhibitors. Then, the G,
of the standard curve of 10° copies of RNA/uL was compared
with the C; of the contaminated samples and the variation
of the C, obtained, as well as the non-amplification, was
evaluated.

Serological analysis

All serum samples were analyzed to detect antibody anti-SBV
IgG, using ELISA Kit ID Screen® Schmallenberg virus Indi-
rect Multi-species (IDvet), according to the manufacturer’s
instructions.

From the total serum samples analyzed, one sample from
each property was randomly selected, totaling 26 samples, for
detection of antibodies against BTV. The competitive ELISA
was performed using the commercial Bluetongue Virus Anti-
body Test Kit, cELISA v2 (VMRD) according to the manu-
facturer’s manual.
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Results and discussion

Based on current literature, there are no studies related
to the occurrence of SBV in Brazil, as well as there is no
reliable laboratory diagnosis for the virus in the country.
Thus, so far no study exists regarding the diagnosis and
surveillance of SBV in Brazil, and at our knowledge, this
is the first study that was performed in Brazilian animals
on the behalf.

The design and cloning of the synthetic positive control
of the S segment SBV genome, non-infective and without
a biological risk, were successfully performed. RT-qPCR
was used for direct detection of SBV.

The standard curve with 10° to 10° copies of RNA/uL
showed C, values ranging from 15 to 36. The efficiency of
SBV RT-qPCR was 1.98, with slope of —3.365 and error
of 0.01.

The analytical sensitivity of the reaction was 1 copy of
RNA per microliter (LOD) and mean of Cqy 36.03 +£0.27
(standard deviation 0.41) that is, the last dilution in tripli-
cate in which a positive result was obtained.

Thus, the values obtained in this study were within the
expected standard (slope of approximately — 3.3, efficiency
of approximately 2.0, and error > 0.02).

For the inter-assay and intra-assay precision, the coef-
ficient of variation of the C, obtained for each standard
dilution was evaluated, and tested in three independent
reactions and in triplicate. As there was no noteworthy
variation of the Cq, it is concluded that these are precise
reactions, as well as the reactions showed repeatability and
reproducibility, as there was no variation in the standard
curve in the three independent runs, in triplicate.

All samples were positive for p-actin gene. Those man-
ually contaminated with the standard control 103 copies
of RNA/uL were positive for SBV and without significant
Cq variation (Cq 24.8 +0.7), indicating that there are no
PCR inhibitors, as well as the quality of sample extraction
and RNA integrity.

Specificity of primes and probes was tested against
samples which showed positive results for other agents
that cause abortion and stillbirth (BVDYV, BTV, and Neo-
pora caninum) and no sample was positive.

SBV was first reported in the summer and fall of 2011
in North Rhine-Westphalia (Germany) and the Nether-
lands. After the first reports in 2011 and 2012, there was a
period of absence of clinical disease and a decline in sero-
positivity in the population of ruminants residing in the
affected countries. But despite circulating at a low level
and with little occurrence in Europe in 2013, the SBV
continued its expansion to other countries. There was evi-
dence of increased circulation in the UK in 2016. In 2017
and 2018 in Germany, the level of circulation of the SBV



Brazilian Journal of Microbiology (2022) 53:377-383

381

remained low, but in 2019 again cases were reported to a
greater extent, indicating that the SBV circulated again
in German territory, genetically stable over 9 years [24].

This alternation between low-level circulation and resur-
gence to a greater extent in endemic regions occurs from
time to time due to a combination of the number of suscep-
tible animals reaching a critical level (the herd replacement
rate strongly influences the number of susceptible animals),
favorable conditions for the vectors, and presence of wild
and/or domestic reservoir host. Therefore, it should be
anticipated that the SBV has established an enzootic status
in Europe and will reappear on a larger scale and at regular
intervals in the future with emergencies and re-emergencies
(every 3-5 years in European countries) [25, 26].

SBV continues to spread and is willing to cross borders.
If susceptible vectors and susceptible hosts are available, it
will continue to spread to new territories and could become
endemic [24, 25].

Assuming that Brazilian animals are immunologically
naive to the SBV and Brazil has a several species of Culi-
coides sp. in the territory, a potential vector, if SBV were
introduced in Brazil, it would rapidly disseminate through
the country and would be difficult to control the disease,
reinforcing the importance of the present study.

The Oropouche virus, which also belongs to the Orthobu-
nyavirus of the Simbu serogroup as well as SBV, causes out-
breaks of acute febrile illnesses similar to dengue, including
some cases of meningitis in Brazil. The first urban outbreak
of OROV fever was reported in Belém (state of Para/Brazil)
in 1961. It causes large and explosive outbreaks in cities and
towns in the Amazon and Central Plateau regions (where the
serum and blood samples for this study come from). OROV
became the second most frequent arbovirus in the number
of reported cases in Brazil, being surpassed only by dengue
[27-29].

Bluetongue virus (BTV) and SBV are different viruses
that present similar epidemiological characteristics and
clinical manifestations. Both arboviruses are transmitted by
midges Culicoides sp. and can cause congenital malforma-
tions, abortion, and stillbirths. After the unexpected appear-
ance of bluetongue serotype 8 (BTV-8) in northern Europe
in 2006 and then different new serotypes, BT V-6, and BT V-
11 in the same region, the SBV virus emerged in 2011 caus-
ing a new economically important disease in ruminants [30].

The blood samples analyzed in this study were col-
lected for certification of animals free from BTV, and
some animal samples were positive for BTV in RT-qPCR
(about 2%). The presence of RNA of SBV was investigated
in these samples, due to the epidemiological similarity
between BTV and SBV in Europe (same vector and occur-
rence regions). BTV positivity in blood samples indicates
recent circulation and activity of the vector in the region
(age of animals 0—12 months), in addition to the regions

of origin of the samples (Abaetetuba/PA and Barretos/SP),
being favorable for spread of the SBV (climatic conditions,
presence of the potential competent vector, and high den-
sity of susceptible animals). However, there were no SBV
positive blood samples (0/1665).

The pool of organs from aborted and stillborn were not
positive for SBV by RT-qPCR. Most of the aborted fetuses
were obtained from southeastern Brazil (states of Sdo
Paulo and Minas Gerais) for logistical and non-epidemio-
logical reasons. The samples belonged to the convenience
bank of the Biological Institute of Sdo Paulo. This does
not exclude the importance and reliability of investigating
the occurrence of SBV in samples from this bank, because
samples from all Brazilian regions were analyzed (Fig. 2).

The fetal samples analyzed were collected from Janu-
ary 2011—when the first SBV occurrence was reported
in Europe—until December 2018, because of the possi-
ble risk of SBV introduction in Brazil at any time. These
samples represented various gestational stages, but the
vast majority were collected in the 3rd trimester of preg-
nancy (37%—115/313), as well as stillbirths or 1 day after
birth, and were collected from cows of various ages (under
36 months to 9 years). Previous studies showed no correla-
tion between maternal age and the gestational period of the
fetus to the occurrence of abortion due to SBV. However,
it is known that teratogenic defects and their severity are
associated with the gestational stage when the infection
occurred [5, 31].

The serum samples analyzed in this study corresponded
to 20% of the bovine herd in the county of Humaita (sec-
ond largest herd in the Brazil), registered with the ADAF in
2017. Antibodies against SBV were not detected by ELISA
(0/596).

One sample from each property was randomly selected
for detection of antibodies anti-BTV. All of them were reac-
tive and with high antibody titers by ELISA (26/26), indi-
cating vector circulation in the region. This is an important
result, since BTV and SBV are transmitted by the same
vector and present similar epidemiological characteristics
in Europe.

The clinical manifestations of SBV infection are nonspe-
cific and can be confused with BVD, IBR, BTV, and Cache
Valley (in sheep), among others.

Serology for IBR and BVD was performed on the sera
analyzed and shows positive samples in 100% of the proper-
ties analyzed for IBR and 42% for BVD (the animals were
not vaccinated). Molecular diagnosis has also been car-
ried out previously in some of the aborted and stillborn,
for differential abortion diagnosis. The main infectious
agent associated with the abortion was Neospora caninum
(11%—27/256), and followed by BVD (2%—6/290). No
positive fetuses were found for IBR (0/286) or for BTV
(0/309). None of the samples was positive for Leptospira
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sp. (0/146). All of these results were kindly provided by the
Biological Institute.

In early 2012, regulations regarding the importation of
live animals and germplasm from the European Union, and
other countries that have notified the disease, were made to
mitigate the introduction of SBV in Brazil. According to the
results found in this study, these measures were efficient,
since no molecular or serological evidence of the presence
of SBV was found in the samples analyzed.

This approach resulted in important knowledge about
SBYV for the scientific community, veterinary authorities, and
decision makers. It also should be considered to continue the
surveillance studies with SBV in Brazil in the future and in
the countries that had already reported the virus circulation.

Conclusion

A standard positive control, innocuous and safe, was devel-
oped for molecular diagnosis of SBV in Brazil. SBV was not
detected in the analyzed samples of whole blood, aborted
fetuses, and stillbirths of Brazilian ruminants. Therefore,
viremia and transplacental transmission of SBV was not
evidenced in the analyzed samples. No anti-SBV antibod-
ies were detected in the bovine serum samples analyzed;
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thus, SBV infection and subsequent seroconversion of the
analyzed animals were not evidenced. Although the samples
belonged to a convenience bank, the data obtained suggest
that the SBV did not circulate in the bovine population stud-
ied in the Brazilian territory.
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