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Abstract

Visna-maedi is a multisystemic and progressive inflammatory disease caused by a non-oncogenic retrovirus (Visna-maedi
virus, VMV). An outbreak of visna-maedi occurred in Southern Brazil in sheep with clinical signs of blindness and stumbling
gait. At post-mortem examination, all animals had similar lesions, including heavy non-collapsed lungs and multifocal yellow
areas in the cerebral white matter, affecting mainly the periventricular region. These lesions corresponded histologically to
lymphocytic interstitial pneumonia and histiocytic periventricular encephalitis surrounding areas of necrosis, in addition to
significant demyelination in the brain. Serology was performed in all the sheep from the flock and 14% were seropositive for
VMV. The presence of VMV was confirmed through PCR and partial sequencing of the 5'LTR. Sequencing demonstrated
that the virus had 89.7 to 90.0% of nucleotide identity with VMV strains reported in the USA. This is the first description
of clinical disease related to VMV in Brazil leading to economic losses. This study calls for the need to implement control
measures to prevent the spread of small ruminant lentiviruses in Brazil.
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Introduction

Small ruminant lentiviruses (SRLV) are non-oncogenic sin-
gle-stranded RNA retroviruses that infect sheep and goats,
leading to diseases known as visna-maedi (VM; also known
as ovine progressive pneumonia) and caprine arthritis and
encephalitis (CAE) [8]. Both diseases are multisystemic,
progressive, and degenerative, with the establishment of
persistent viral infection via viral genomic integration into
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the host’s genome [6, 14, 31]. The etiological agents of VM
and CAE are Visna-maedi virus (VMV) and caprine arthri-
tis encephalitis virus (family Retroviridae, genus Lentivi-
rus), respectively. These viruses present high mutation and
recombination potential, and five main genotypes (A-E),
with more than 28 subgroups characterized worldwide. The
phylogenetic diversity implies high genetic and antigenic
diversity, which interferes with serologic and molecular
diagnosis [24]. While Europe presents the highest indi-
vidual seroprevalence (40.9%), South and Central America
show the lowest individual SRLV prevalence (1.7%) [22].
In Brazil, there are reports of VMV seroprevalence in many
regions, as well as reports of phylogenetic analysis of sheep
isolates from some of the Southern States (Rio Grande do
Sul and Parand) [13, 25]; however, only subclinical disease
was reported [13].

VMV is immunopathogenic, leading to the infiltration of
tissues by mononuclear cells, including subsets of lympho-
cytes, macrophages, and plasma cells. This inflammatory
process ultimately causes the destruction of tissue architec-
ture and interferes in tissue function [8]. The four major tis-
sues affected by VMYV are the lungs, brain/spinal cord, artic-
ular cartilage, and mammary gland [8, 14]. The pulmonary
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disease (maedi) is the most commonly observed in sheep and
is characterized as lymphocytic interstitial pneumonia [6,
8, 14], while the neurologic syndrome (visna) is consistent
with meningoencephalitis. Both chronic progressive arthri-
tis and non-suppurative mastitis are less frequently caused
by SRLV in the ovine species [8]. This case report aims to
describe the pathological and molecular features of the first
outbreak of VMV-associated clinical disease in a flock of
sheep in Brazil.

Materials and methods

We investigated an outbreak of neurologic and respiratory
disease in a flock of 96 sheep located in the metropolitan
region of Porto Alegre, Brazil. Clinical and epidemiologi-
cal data from the outbreak were provided by the farm owner
and by the veterinarian. Blood samples were collected from
all sheep and submitted for serological testing, using a
modification of the method described by Castro [12]. Both
labeled avidin-biotin ELISAs (VMV, CAEYV, and p28 Rec)
and AGID were performed. The indirect ELISAs used VMV
and CAEV obtained through cell culture, concentrated by
polyethylene glycol, and treated with Triton X 100, and a
recombinant p28 antigen (ELISA p28 Rec — produced in
Escherichia coli). The AGID assay was performed using
100-mm Petri dishes containing 1.1% agar noble (Difco,
USA) in borate buffer (0.05 mol/L NaOH and 0.016 mol/L
H3BO3). The plates were incubated at room temperature
in a humidified chamber for 48 h. One or two lines show-
ing identity with the positive standard serum between a test
serum and the antigen were interpreted as a positive result.

Three sheep (ewe 1, 2, and 3) with worsening neuro-
logic signs were euthanized with an intravenous overdose
of sodium thiopental. Immediately after euthanasia, a
complete post-mortem examination and sample collec-
tion were performed on all sheep, and gross lesions were
recorded. Formalin-fixed samples including the brain,
lungs, mammary gland, synovial capsule, and other main
organs were routinely processed, sectioned (3-pum thick),
and stained with hematoxylin and eosin (H&E) for histo-
pathological examination. Representative sections of the
brain and the spinal cord, in addition to sections of the
brain from a sheep without neurological signs (control),
were also stained following the Luxol Fast Blue method. In
addition, immunohistochemical (IHC) analyses were per-
formed on representative serial sections of the lung, brain,
and spinal cord of all three sheep using the peroxidase-
labeled universal polymer method (MACH 4, Universal
HRP-Polymer, Biocare Medical, Pacheco, CA, USA) for
the following antibodies: CD3 (ready-to-use; Dako) and
CD79a (1:100; Dako). The chromogen used for visualiza-
tion was 3,3-diaminobenzidine (DAB, Sigma, St Louis,
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MO, USA). Iba-1 immunostaining was performed at Lou-
isiana Animal Disease Diagnostic Laboratory using the
Leica BOND-MAX automated platform and the Polymer
Refine Detection kit (Leica Biosystems, Buffalo Grove,
IL, USA). Briefly, sections were automatically depar-
affinized and subjected to heat-induced antigen retrieval
using the ER1 solution (Leica Biosystems) for 20 min at
100 °C. Sections were incubated with anti-Iba-1 antibody
(1:2,000, Wako Chemicals, Richmond, VA, USA) for 30
min followed by a polymer-labeled goat anti-rabbit con-
jugated with horseradish peroxidase (8 min) and DAB as
the chromogen (10 min). Positive controls consisted of
feline pulmonary Langerhans cell histiocytosis (Iba-1) and
canine and sheep lymph nodes (CD3 and CD79«). For the
negative reagent control, a universal negative control for
mouse and rabbit antibodies (Biocare) was used instead
of the primary antibody. Immunohistochemistry sections
were counterstained with Harris hematoxylin.

During post-mortem examination, we collected a swab
of the abscesses of the mammary gland of ewe 2 and sub-
mitted it for bacteriological culture. Samples were cultured
aerobically at 37 °C for 72 h on Blood Agar (5% sheep
blood Mueller Hinton, Kasvi®, Brazil) and MacConkey
Agar plates (Kasvi ®, Brazil). Isolated colonies were iden-
tified through morphology and conventional biochemical
tests.

Fresh samples of the brain and lungs of the euthanized
sheep were utilized for nested PCR analysis as described
by Ryan [28]. Briefly, the brain and lungs were macer-
ated and diluted to 20% (w/v) in phosphate-buffered saline
(PBS) (pH 7.2), centrifuged at low speed (1800 xg for
30 min), filtered through a 0.45-um filter for removal of
small debris, and stored at —80 °C for subsequent analy-
sis. The macerated brain and lungs of each animal were
pooled, proviral DNA was isolated using a standard phe-
nol-chloroform protocol [29], and the nested PCR was per-
formed using a protocol that amplifies a 460-bp fragment
from the proviral 5" LTR resulting in a 400-bp sequence
after deleting the primer sequences and sequences with a
low quality close to the primers [28]. The resultant PCR
products were purified using the PureLink™ Quick PCR
Purification Kit (Invitrogen, Carlsbad, CA, USA). Both
DNA strands were sequenced with an ABI PRISM 3100
Genetic Analyzer using a BigDye Terminator v.3.1 cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,
USA). Overlapping fragments were aligned and assem-
bled using Geneious software [16]. A total of 11 SRLV 5’
LTR sequences comprising genotypes A, B, and C were
retrieved from GenBank and aligned using the MUSCLE
algorithm available in the MEGA 6 software [32]. The
phylogenetic tree was constructed using neighbor-joining
inference and Kimura-2 substitution model in 1000 boot-
strap replicates using the MEGA 6 software [32].
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Results
Epidemiological and clinical findings

The outbreak occurred in January 2018 in a flock of sheep
in Salvador do Sul, Rio Grande do Sul, Southern Brazil
(29°26' 12" S, 51° 29 27" W). The sheep were raised in
a semi-intensive grazing system for lamb production. The
sheep grazed in a Tifton pasture during daylight hours and
were gathered indoors at night. For reproduction, artificial
insemination was performed using commercially avail-
able semen. Sheep from different origins were purchased
and introduced into the flock without testing for SRLV,
approximately 2.5 years before the outbreak occurred. The
flock consisted of 96 female Texel sheep, ranging from 5
months to 7 years old. Of the 96 sheep, 55 were adults,
and 41 were lambs. Lambs were raised by their dams until
2-3 months of age. Fourteen adult sheep (average age of
3 years) were serologically positive for VMV. The mor-
bidity rate was 14.5%. No lambs were seropositive. All
seropositive sheep had mild respiratory signs character-
ized by cough and dyspnea and were eventually separated
from the flock and later eliminated. Three seropositive
ewes, which were 4, 7, and 4 years old, were blind, with
stumbling gait, head tilt, anorexia, and progressive weight
loss of 2-month duration. Due to poor prognosis, these
three sheep, designated ewes 1, 2, and 3, respectively, were
humanely euthanized.

Pathological findings

At gross examination, the three euthanized ewes were in
poor body condition. The cerebrum of one of the sheep (ewe
1) had multifocal to coalescing, irregular, yellow to brown,
soft areas delimiting the periventricular region (Fig. 1a).
Similar gross alterations were noted in the other two sheep
but of less severity. In all animals examined, the lungs were
heavy and non-collapsed, with rib impressions. The affected
lungs were pale gray to pink, with a diffusely rubbery texture
(Fig. 2a) and, on the cut surface, multiple white and firm foci,
measuring 0.1 to 0.5 cm in diameter were observed, mainly
around bronchi (Fig. 2a inset). The mammary gland of ewe 2
had multifocal abscesses with caseous exudate. The mammary
glands of the other two ewes were mildly hardened. No
significant lesions were observed in other organs, including
multiple joints (stifle, carpi, and tarsi).

Microscopically, all cases exhibited similar changes. In the
cerebrum, the periventricular yellowish areas observed grossly
consisted of extensive necrosis (Fig. 1b—d), mainly on the white
matter, with numerous macrophages, strongly Iba-1* (Fig. 1e),
and fewer lymphocytes, predominantly CD3™" (T) cells and less

frequently CD79a* (B) cells, cholesterol clefts, hemorrhage,
and mineral deposits (necrotizing leukoencephalitis). The
remaining white matter had moderate rarefaction, also
demonstrated by the markedly reduced myelin staining on the
Luxol Fast Blue-stained sections, and multifocal moderate
perivascular cuffing composed of macrophages and fewer
lymphocytes. The choroid plexuses of the lateral ventricles
were multifocally expanded by abundant fibrin and a moderate
infiltrate mainly composed of lymphocytic aggregates forming
lymphoid follicle-like structures, and a small number of
macrophages (choroid plexitis) (Fig. 1f). In the brainstem, the
leptomeninges were moderately expanded by similar areas of
perivascular infiltrate. The lesions in the spinal cord, mainly
in the lumbar and thoracic segments, consisted of multifocal
areas of necrosis with interstitial and perivascular macrophages
and fewer lymphocytes and plasma cells (necrotizing myelitis).
In the Luxol Fast Blue-stained sections of the spinal cord,
there is moderately reduced myelin staining in the white
matter of the cervical and lumbar spinal cord segments
and markedly reduced staining in the white matter of the
thoracic spinal cord. The lungs had interstitial pneumonia
with multiple lymphocytic aggregates forming lymphoid
follicle-like structures surrounding bronchi, bronchioles,
and vessels (Fig. 2b). The alveolar septa were moderately
thickened by smooth muscle hypertrophy, type I pneumocyte
hyperplasia, and moderate infiltration of lymphocytes and
few macrophages, strongly CD3* (T) lymphocytes, and low
to moderate numbers of Iba-17 cells. The mammary gland
of all ewes had multifocal interstitial lymphocytic aggregates
and, in ewe 2, we also observed multifocal areas of necrosis
with degenerate neutrophils surrounded by connective tissue
proliferation (abscesses). Culture of the swab of the mammary
gland abscesses yielded mixed growth of Trueperella pyogenes
and Staphylococcus sp. The synovial membrane was also
evaluated histologically; however, no lesions were observed.

Molecular analysis

The nested PCR for VMV was positive on the tissue pool
(brain and lung) of all three analyzed sheep. Sequencing of the
460-bp fragment amplified from the proviral 5' LTR resulted
in a 400-bp sequence that showed 90.0% and 89.7% of identity
with SRLV strains detected in sheep in the USA (GenBank
accession numbers AY101611.1 and HM053008.1). The par-
tial 5'LTR nucleotide phylogenetic tree (Fig. 3) represented
the three different clades of the SRLV genotypes A, B, and C.
The genotype A clade also included the subtypes A1, A2, and
A3. Phylogenetic analysis of the sequences generated in the
present outbreak grouped with the genotype A, subtype A2
(GenBank accession number MZ126603.1) and were deter-
mined to be closely related to SRLVs detected in sheep in the
USA (GenBank accession numbers AY101611.1, AF012296,
L19199, and U39826).
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Fig. 1 Visna-maedi virus-infected sheep. a Ewe 1: Grossly, the cer-
ebrum has multifocal to coalescing, irregular, yellow to brown, soft,
periventricular areas (arrow). b—f Histologic findings. b Periventricu-
lar areas of the brain with necrosis, severe inflammatory infiltrate,
cholesterol clefts, and deposition of mineral (arrow). H&E, 600 pm.
¢ Higher magnification of the periventricular areas with deposition
of mineral material (arrow), cholesterol clefts, and mononuclear
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infiltrate. H&E, 100 pm. d Marked infiltrate of macrophages and a
smaller number of lymphocytes. H&E, 100 pm. e Numerous strongly
immunolabeled macrophages infiltrate the white matter. IHC anti-
Ibal, 100 pm. f The choroid plexus is expanded by multifocal infil-
tration of lymphocytes in the form of follicles-like structures (arrow).
H&E, 600 pm
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Fig.2 Visna-maedi virus-infected sheep. a Grossly, the lungs of all
examined sheep were pale gray to pink and non-collapsed, with rib
impressions and a diffusely rubbery texture. Inset. On the cut surface,
multifocal white areas were present throughout the pulmonary paren-
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Fig.3 Partial 5'LTR nucleotide phylogenetic tree of small ruminant
lentiviruses. The nucleotide sequences were analyzed by the neigh-
bor-joining method with the Kimura-2 model and 1000 bootstrap
replicates. The percentage of replicate trees in which the sequences
clustered together are shown next to the branches if >50%. GenBank
accession numbers are represented, and the sequence detected in the
present study has been highlighted with @ (GenBank accession num-
ber MZ126603.1)

Discussion

Sheep infected with VMV develop a chronic wasting syn-
drome characterized by persistent infection in several organs,
including lungs, central nervous system, mammary gland,
and joints [6, 31]. The respiratory form (maedi) is character-
ized by interstitial pneumonia and is the most common form
of the disease. Clinical signs consist of progressive weight
loss and dyspnea [6, 14]. The neurologic form of the disease

chyma, mainly surrounding bronchi (arrow). b Histologic findings.
The lungs had interstitial pneumonia with distinct large lymphoid
follicle-like structures (arrow) around bronchi, bronchioles, and ves-
sels. H&E, 600 pm

(visna) is sporadic and was first described in Iceland as non-
suppurative demyelinating encephalitis clinically character-
ized by a chronic progressive paralytic disease of adult sheep
[31]. Studies demonstrated the low seroprevalence of VMV
on the Brazilian sheep flock; however, clinical disease was
never reported. In the current outbreak, although the neu-
rological signs were the main reason for the investigation,
interstitial pneumonia was still prominent. The lesions in
the spinal cord are thought to have developed by extension
from the brain; however, some sheep have demyelinating
mononuclear inflammatory lesions limited to the spinal cord
[6, 7]. In the sheep in the current outbreak, the spinal cord
lesions were most severe in the thoracic segments as also
described in the literature [5, 34].

Clinical signs of visna are not pathognomonic; therefore,
pathological and ancillary laboratory testing is necessary
to differentiate this condition from those caused by other
pathogens. Differential diagnoses for neurological disease
in sheep include listeriosis, Border disease, rabies, louping-
ill, polioencephalomalacia, coenurosis, and scrapie [15, 26,
27]. Of these diseases, rabies is common in ruminants in
Rio Grande do Sul, although it is rarely reported in sheep [4,
27]. Rabies in sheep is a paralytic disease, with stumbling
gait and hindlimb paresis/paralysis [27]. This clinical fea-
ture of rabies can be mistaken with the neurologic form of
SRLYV, as described in our cases, in which the sheep demon-
strated similar neurologic signs. Nonetheless, the time lapse
between the onset of clinical signs and death significantly
differs between the two diseases. Rabies has acute clini-
cal progression (approximately 5 days); visna is instead a
chronic and progressive disease that can last for weeks or
months [6, 27].

VMV infection of sheep in Brazil was previously deter-
mined based on serological studies (Table 1). Even if serol-
ogy demonstrates that the prevalence of visna-maedi is
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Table 1 Seroprevalence of SRLV in sheep in the Brazilian territory

Region State Number Prevalence (%) Reference
of sheep
tested
North
Amazonas 122 8.2 [36]
Tocantins 369 1.62 [19]
Northeast
Bahia 200 0.3 [18]
(Juazeiro)
Ceara 1.001 0 [1]
Paraiba 459 0 [1]
Pernambuco 383 0.26 [20]
Rio Grande do 931 0 [1]
Norte
Sergipe 941/931 0.11/0 [1,21]
Maranhio 1,495 0.5;0.7; 1.0 [33]
Southeast
Sdo Paulo 444 2.7 [17]
Espirito Santo 150 7.33 [3]
South

Rio Grande do 267
Sul

10.48 [13]

low or absent, epidemiological surveillance is necessary
to ensure an adequate health status of the flock, since the
disease can lead to severe losses in sheep production [17,
18]. SRLV-positive animals can be determined with mul-
tiple serological and molecular tests, including ELISA and
PCR. In the current outbreak, we performed ELISA to obtain
the seroprevalence and identify positive sheep in order to
eliminate the virus. PCR was performed on lung and brain
collected at necropsy to confirm and characterize the virus.
In our study, the amplified segment of the genome (5'LTR)
had 90.0% and 89.7% of identity with VMYV strains reported
in the USA. Our analyses, therefore, suggest that the present
isolate may be related to the North American viral strains.
It is also significantly different from the other VMV strains
previously identified in Southern Brazil [25]. Small rumi-
nant lentiviruses have been classified into five genetic groups
(A-E), which differ from each other in 25-37% of their
nucleotide sequences. Genotypes A, B, and E, originally
described in sheep (A) or goats (B and E), are distributed
into different subtypes (A1-A15, B1-B3, E1-E2) [24]. The
SRLYV detected in the present outbreak was classified phy-
logenetically as subtype A2, which is commonly associated
with infections in sheep [30]. The time and tissue in which
lesions develop depend on the strain of the virus and the
genetic background of the host [8]. One study determined
that the neurovirulence of VMV can be linked to duplication
of CAAAT sequences in the viral long terminal repeat (LTR)
[23]. A specific deletion located inside LTRs could also be
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associated with the low pathogenicity of some strains of
SRLV [2]. This difference in the strains may be the reason
why in Brazil no clinical disease has been reported despite
several serologic studies demonstrating the presence of
SRLYV in the sheep population.

The spread of the disease is related to uncontrolled
movement of animals without previous testing, as
demonstrated for instance in Costa Rica [35]. This also
occurred with the flock of this outbreak, in which sheep
from different regions were introduced without any type
of testing for SRLV; therefore, our hypothesis is that an
asymptomatic animal was responsible for introducing
the agent to the affected flock. Several management
practices are useful to control the spread of VMYV, such as
separation and elimination of positive animals, testing of
genetic material (e.g., semen), and quarantine and testing
of imported animals [10]. In this outbreak, the positive
sheep in the affected flock were identified and eliminated.
No disease recurrence was reported. As for other diseases,
such as scrapie and Border disease, active surveillance
for SRLV can be performed on third eyelid biopsy [11];
however, this practice has yet to be adopted in Brazil. No
effective vaccines are currently available against SRLV
[8]; therefore, testing and removal of positive animals are
essential for disease control. Another recommendation for
disease control is the removal of the lambs, as soon as they
are born, from the ewes, to prevent the infection through
milk and colostrum ingestion [9].

In conclusion, this outbreak illustrates the occurrence of
clinical disease associated with VMV, especially the neuro-
logic form, in a flock of sheep in Southern Brazil. Perform-
ing routine serologic testing in Brazilian flocks for VMV is
essential to determine the need for control measures that will
prevent the spread of the disease.
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