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SUMMARY

The objective of this study was to demonstrate
iatrogenic  transmission of small ruminant
lentivirus (SRLV) from goats to sheep and
horizontal transmission between sheep. The study
was conducted on a farm with separate goat and
sheep rearing, and animals were monitored for
lentivirus occurrence by clinical examination and
testing by immunoblotting (IB), agar gel
immunodiffusion (AGID), and nested polymerase
chain reaction (nPCR). Positive results had not
been observed in the sheep flock until this study.
Conversely, virus positive dairy goats were
known. For this reason, the farm performed the
caprine  arthritis-encephalitis (CAE) control
program. The study was designed with a sheep
group that presented positive animals for SRLV by
nPCR. It was verified that three newborn animals
in this group were rejected by their mothers and
consequently received milk from the goat herd.
These three animals remained with another 20
sheep of the same age, totaling 23 animals. After
one year, during monitoring, 11 of the 23 animals
in the group presented positive results in the nPCR
and three demonstrated seroconversion by IB. Of
the animals that had received goat milk, two had

positive results in the nPCR and IB. The 11
animals positive in the nPCR were followed and it
was verified that five animals did not present
further positive results in the nPCR, nor
seroconversion; two continued presenting positive
results in the nPCR but were negative in the IB
and AGID and four were positive in the nPCR, 1B,
and AGID. Thus, it was possible to demonstrate
iatrogenic  interspecific  infection and the
occurrence of horizontal caprine lentivirus
transmission among sheep.

Keywords: CAE, Maedi-Visna, SRLV,
transmission

RESUMO

O objetivo foi demonstrar a transmissdo
iatrogénica de lentivirus de pequenos ruminantes
(LVPR) de caprinos para ovinos € a transmissao
horizontal entre ovinos. O estudo foi conduzido
em propriedade com criagdo ndo consorciada de
caprinos € ovinos, monitorada para ocorréncia de
lentiviroses, a partir de acompanhamento clinico e
testes de immunoblotting (IB), imunodifusdo em
gel de agarose (IDGA) e reacdo em cadeia da
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polimerase do tipo nested (nPCR). Resultados
positivos no rebanho ovino ndo haviam sido
observados até entdo. Por outro lado, sabia-se que
o rebanho caprino leiteiro era positivo. Por este
motivo, a propriedade realizava programa de
controle da artrite-encefalite caprina (CAE). O
estudo foi delineado em um lote de ovinos que
apresentou animais positivos para LVPR na nPCR.
Verificou-se que trés animais neonatos deste lote
foram rejeitados por suas mades e por isso
receberam leite do rebanho caprino. Estes trés
animais permaneceram com outros 20 ovinos de
mesma faixa etaria, totalizando 23 animais. Apos
um ano, durante a realizacdo do monitoramento,
dos 23 animais do lote, 11 apresentaram resultados
positivos na nPCR e trés demonstraram
soroconversdo por IB. Dos animais que haviam
recebido leite do rebanho caprino, dois tiveram
resultados positivos na nPCR e no IB. Os 11
animais positivos na nPCR foram acompanhados,
verificando-se que cinco animais ndo apresentaram
mais resultados positivos na nPCR, nem
soroconverteram; dois continuaram apresentando
resultados positivos na nPCR, mas negativos no IB
e IDGA e quatro apresentaram-se positivos na
nPCR, no IB e no IDGA. Dessa forma, foi
possivel demonstrar a infeccao interespecifica de
forma iatrogénica e a ocorréncia de transmissao
horizontal do lentivirus caprino entre ovinos.

Palavras-chave: CAE, Maedi-Visna, LVPR,
transmissao

INTRODUCTION

The genus Lentivirus consists of
pathogens of relevance to human and
animal health, such as the human
immunodeficiency virus (HIV), feline
immunodeficiency virus (FIV), equine
infectious anemia virus (EIAV), caprine
arthritis encephalitis virus (CAEV), and
maedi-visna virus (MVV). These last two
viruses are grouped as the small ruminant
lentivirus  (SRLV) (BLACKLAWS &
HARKISS, 2010; LEROUX et al., 2010).
The SRLV causes caprine arthritis
encephalitis (CAE) in goats and maedi-
visna (MV) in sheep. These are chronic,
degenerative, and multi-systemic
diseases, characterized by progressive
immune-mediated lesions, including five

pathological conditions: arthritis,
pneumonia, mastitis, encephalitis, and
weight loss (LARA et al, 2005;
BENAVIDES et al., 2007; GREGORY et
al., 2009a; PEREZ et al., 2015).

Goats and sheep are infected through the
mucosa, especially the gastrointestinal
and the respiratory tracts. The monocyte-
phagocyte line cells are the main targets
(BLACKLAWS, 2012). Thus, ingesting
milk and colostrum contaminated by the
virus is an important form of transmission
(PREZIUSO et al., 2004; RAVAZZOLO
et al., 2006; GREGORY et al., 2009b;
SOUZA et al., 2015), as is prolonged
contact between infected and susceptible
animals (VILLORIA et al, 2013;
SOUZA et al., 2015).

Many SRLV genotypes and subtypes
have been characterized and the viruses
displayed  heterogeneity and  the
possibility of transmission between goats
and sheep (SHAH et al., 2004; SOUZA et
al., 2012; SOUZA et al., 2015). The
genetic variability occurred because of
genetic mutations and recombination
(PISONI et al, 2007; LEROUX &
MORNEX, 2008; OLECH et al., 2012;
FRAS et al., 2013), giving rise to viral
quasispecies  (PASICK, 1998) and
making the SRLV skilled in adapting to
its hosts (GJERSET et al., 2007, GREGO
et al., 2007; PISONI et al., 2007).

Thus, based on the above, the objectives
of the present study was to confirm
iatrogenic lentivirus transmission from
goats to sheep and demonstrate
seroconversion of animals and viral
circulation among sheep.

MATERIAL AND METHODS

The study was approved by the
Commission of Ethics in the use of
animals of the State University of Vale
do Acarau, State of Ceara, Brazil,
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number 001/12. The research was
conducted on a sheep- and goat-rearing
farm and animals were monitored for
lentivirus  occurrence by observing
clinical signs and conducting the
following tests: immunoblotting (IB),
agar gel immunodiffusion (AGID), and
nested polymerase chain reaction
(nPCR). The farm was formed by
different properties, which had specific
animal shelters and workers. Thus,
goats and sheep were raised separately
on the different properties.

The goat herd was positive for SRLV
and tests were performed two or three
times a year. Conversely, the sheep
flock was tested annually and positive
results for SRLV were not observed
until this study. This study was
conducted with a herd of 23 sheep, of
which 11 presented positive results for
SRLYV in the nPCR.

These 11 animals were the study subjects
and were monitored for six years on the
farm to determine the source of the
infection and assess the occurrence of
clinical signs and seroconversion of the
animals. In addition, the herd history was
searched.

To investigate the presence of
seropositive animals, 10mL blood was
collected in a sterile vacuum tube without
anticoagulant, by puncturing the jugular
vein, after antisepsia. The blood serum
was then obtained by centrifuging at
1.500g for 10 minutes, and the serum was
packed in micro-tubes and stored at -
20°C. The AGID and IB tests were
performed following the methodology
described by Pinheiro et al. (2010) and
Rodrigues et al. (2014), respectively.
Antigens used were produced from the
secondary cultivation of goat synovial
membrane (GSM), inoculated with goat
standard strain CAEV-Cork (PINHEIRO
et al., 2006; PINHEIRO et al., 2010).

To determine the occurrence of proviral
DNA in the animals, 10mL blood
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was  collected in  tubes  with
ethylenediaminetetraacetic acid (EDTA).
Next, the leukocyte layer was obtained by
treating the total blood with ammonium
chloride solution at 0.84% (FEITOSA et
al., 2011). The leukocyte DNA was
extracted using the protocol described by
Grimberg et al. (1989) and the nPCR
technique was performed following the
method of Barlough et al. (1994)
modified by Andrioli et al. (2006).

Two rounds of PCR amplification were
used to detect the 187bp proviral DNA
fragment, corresponding to the leader
gag sequence of the caprine
lentivirus genome. Two pairs of primers
were  selected based on  the
published sequence of the
CAEV-Cork  strain  (SALTARELLI
et al, 1990). The primers P; (5-
CAAGCAGCAGGAGGGAGAAGCTG-
3" and P, (5-
TCCTACCCCCATAATTTGATCCAC-
3) were used for the first
amplification (BARLOUGH et al., 1994)

and the primers P; (5'-
GTTCCAGCAACTGCAAACAGTAGC
AATG-3") and P, (5-

ACCTTTCTGCTTCTTCATTTAATTT
CCC-3") were used for the second
amplification (RIMSTAD et al., 1993). A
negative control was used, constituted
by autoclaved ultrapure water and a
positive control came from the culture
of cells from the GSM-infected with the
CAEV-Cork strain.

To compare three positive DNA
fragments from the nPCR with the
sequences of the goat standard strain
CAEV-Cork and sheep standard strain
MVV-K1514, available in GenBank
under accession numbers M33677 and
M60610, respectively, the samples were
sequenced in a platform with an
Applied Biosystems® 3500 Genetic
Analyzer. The sequences were aligned
using Clustal W (THOMPSON et al.,
1994) with the BioEdit Sequence

270



Rev. Bras. Satde Prod. Anim., Salvador, v.19, n.3, p.268-276 jul./set., 2018
http://dx.doi.org/10.1590/S1519-99402018000300004

Alignment Editor® (HALL, 1999) and
BLASTN 2.8.0 (ZHANG et al., 2000).

RESULTS AND DISCUSSION

The history of the sheep flock showed
that three newborn animals had been
rejected by their mothers and
consequently had received milk from the
dairy goats known to be CAE positive.
Artificial feeding was ad libitum.

It is emphasized that the handlers did not
know about the possibility of interspecies
SRLV transmission, because the MV and
CAE etiological agents were considered
species-specific for a long time. Only
recent phylogenetic analysis of wviral
isolates has confirmed the existence of
different SRLV genotypes and subtypes
that can infect both goats and sheep
(SHAH et al. 2004; LEROUX et al.,
2010; SOUZA et al., 2012).

The three animals that received goat
milk remained with another 20 sheep in
the same age group, totaling a group of
23 animals. After one year, while
conducting the annual monitoring of the
farm, 11 of the 23 animals presented
positive results in the nPCR and three
showed seroconversion detected by IB.
Of the three animals that had received
goat milk, only two (animals 26 and 35)
had positive results in the nPCR and IB.
Thus, these two animals showed
iatrogenic infection resulting from
suckling and became sources of
infection for the other nine animals.
Ingestion of milk and colostrum from
infected goats by sheep is an important
transmission pathway of the SRLV,
enabling the occurrence of interspecific
infection (PEREZ et al., 2015; SOUZA et
al., 2015; LIMA et al, 2017).
Additionally, the contact between the
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animals also facilitated horizontal
transmission (PETERHANS et al., 2004;
SOUZA et al, 2015) from virus
dissemination by secretion (VILLORIA
etal., 2013).

During observations, three periods were
established according to the results
obtained in the IDGA, 1B, and nPCR tests
(Table 1). Five of the 11 animals that had
positive results in the nPCR did not
present further positive results in the
nPCR and did not seroconvert (animals
01, 05, 14, 42, and 48). Regarding the
other six animals, two continued to
present positive results in the nPCR but
were negative according to the IB and
AGID (animals 52 and 53), and four were
positive in the nPCR, IB, and AGID
(animals 26, 35, 51, and 54). Three DNA
samples sequenced (animals 26, 51, and
53) showed 98 to 100% identity to the
CAEV-Cork sequence and 90% identity
to the MVV-K1514 sequence.

Absence of seroconversion may have
occurred because of the viral pathogen
itself that involves a period of latency
during which it hides the infectious
agent from the immune system
(BLACKLAWS & HARKISS et al.,
2010; BLACKLAWS, 2012;
RAVAZZOLO et al., 2006; BRELLOU
et al,, 2007; LEROUX & MORNEX,
2008). Regarding the animals that no
longer presented positive results in the
nPCR, this may have occurred because
of the absence of proviral DNA in
monocytes of the peripheral circulation
(BLACKLAWS, 2012; RAVAZZOLO
et al., 2006; SOUZA et al., 2015).
Furthermore, some authors have also
suggested the possibility of transient
infection occurring, when the virus, for
reasons unknown, does not persist in the
organism (HERRMANN-HOESING et
al., 2007, BARQUERO et al., 2013).
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Table 1. Results obtained by agar gel immunodiffusion (AGID), immunoblotting
(IB), and nested polymerase chain reaction (nPCR) for 11 sheep infected

with small ruminant lentivirus

Animals

Periods? Tests

01

[\
[o))
o

W
9]
o

42 48 51

AGID - - -
I 1B - - -
nPCR + + +

1
+ o+

1

1

AGID - - -
II 1B - - -
nPCR - - -

AGID - - -
B - -
nPCR - -

I

+ o+ + |+

+

+ o+ + |+
1

1

+ o+ [+ +
1

+ o+ [+

+ - -

4 Period I: 2008 to 2009; Period II: 2009 to 2012; Period III: as of 2012.
°Two of the three animals that received milk from positive goats.

Clinical signs of infection were not
observed in sheep, although the goat flock
contained sick animals, including those
with arthritis, mastitis, weight loss,
paresis, and paralysis. This may have
occurred because some strains are more
adapted to goats and others to sheep
(REINA et al.,, 2006; GLARIA et al.,
2009; PEREZ et al, 2015). The
heterogeneity of the SRLV implies
variation in pathogenicity, with different
responses to the infection that occurs
upon the clinical manifestation presented
by the animals and also on the results of
serological and molecular tests (RACHID
etal., 2013; SOUZA et al., 2015).

Thus, it was possible to show
interspecific iatrogenic infection and the
occurrence of horizontal goat lentivirus
transmission among sheep. Because of
this and considering that many small
ruminant rearing systems in the Brazilian
Northeast are integrated, proposals for
sanitary measures to control or even
prevent SRLV should be researched and
applied, including the producers in the
knowledge chain. The universities have a
decisive role in this process, constructing
continued discussion environments and

provoking the development of technical
and scientific knowledge.
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