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Transmission of caprine arthritis encephalitis virus between sheep
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ABSTRACT: This study was conducted to evaluate caprine arthritis encephalitis virus (CAEV) transmission among sheep using 15 lambs that
were distributed in 2 experimental groups. The exposed group consisted of 10 lambs that remained with their mothers, who were experimentally
infected with CAEV. The non-exposed group was characterized as the control group and was comprised of 5 lambs that remained with their
CAEV-negative mothers. Blood samples were collected monthly from birth until 1 year of life. To evaluate the transmission, an agar gel
immunodiffusion test (AGID), enzyme immunoassay (ELISA), immunoblotting (IB), and nested polymerase chain reaction (nPCR) techniques
were used. The non-exposed group was negative in all of the tests throughout the whole experiment. In the exposed group, 2 individuals had
positive nPCR results. Positive nPCR samples were sequenced for comparison with the original goat strains and were shown to be similar to
the CAEV-Cork strain. Seroconversion was not detected, and clinical manifestations were not observed. Thus, after 1 year of observation, it was
verified that CAEV transmission among sheep is possible; however, with discreet frequency. This was an initial study, and other experiments are
needed to analyze the adaptive capacity of the CAEV to remain in an infected sheep flock and cause the disease.
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Transmissdo do virus da artrite encefalite caprina entre ovinos

RESUMO: O estudo foi conduzido para avaliar a transmissdo do virus da artrite encefalite caprina (CAEV) entre ovinos, utilizando 15
cordeiros, distribuidos em dois grupos experimentais. O grupo exposto foi constituido por 10 cordeiros, mantidos com suas mdes, que foram
infectadas, experimentalmente, com CAEV. O grupo ndo exposto caracterizou-se como grupo controle e foi formado por cinco cordeiros,
mantidos com suas matrizes, negativas para CAEV. Foram colhidas amostras de sangue mensalmente, do periodo que compreende o
nascimento até um ano de vida. Para avaliar a transmissdo, foram utilizadas as técnicas de imunodifusdo em gel de agarose (IDGA), ensaio
imunoenzimatico (ELISA), immunoblotting (IB) e reagdo em cadeia da polimerase do tipo nested (nPCR). O grupo ndo exposto se manteve
negativo aos testes durante todo o experimento. Ja no grupo exposto, dois individuos apresentaram resultados positivos na nPCR. As amostras
positivas na nPCR foram sequenciadas para serem comparadas com as cepas originais de caprinos, comprovando se tratar de lentivirus
semelhante a cepa CAEV-Cork. A soroconversdo ndo foi detectada e a manifestagdo clinica ndo foi observada. Sendo assim, apoés um ano de
observagao, verificou-se que a transmissdao do CAEV entre ovinos é possivel, entretanto, com discreta frequéncia. Este foi um estudo inicial,
e outros experimentos sdo necessarios para analisar a capacidade adaptativa do CAEV de permanecer em rebanho ovino infectado e, com
isso, causar doenga.

Palavras-chave: Lentiviroses, CAEV, LVPR, MVV, transmissdo intra-espécie.

INTRODUCTION

Lentiviruses are a group of marked
importance in human and veterinary medicine,
because they cause chronic and incurable degenerative
syndromes. This group includes the small ruminant
lentivirus (SRLV), etiologic agents of caprine arthritis
encephalitis (CAE) in goats, and maedi-visna (MV)

in sheep (LEROUX & MORNEX, 2008; LEROUX
et al., 2010; SOUZA et al., 2012).

Both goat and sheep lentiviruses have
multiple clinical manifestations, including articular,
neurological, respiratory, and mammary ones, in
addition to progressive weight loss (BLACKLAWS,
2012; HASEGAWA et al, 2016). Ingestion of
contaminated milk and colostrum and inhalation
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of respiratory secretions have been suggested as
the main routes of transmission. This transmission
can be both vertical, such as from the mother to the
offspring, and horizontal from direct contact between
animals (ALVAREZ et al., 2005; ALVAREZ et al.,
2006; VILLORIA et al., 2013; LIMA et al., 2017).

The first reports of CAE demonstrated the
similarity of the disease in goats and sheep (ADAMS
& CRAWFORD, 1980; DAWSON, 1987). In addition,
previous studies have verified the possibility for the
cross-infection of lambs and kids by caprine arthritis
encephalitis virus (CAEV) and maedi-visna virus
(MVV), respectively (OLIVER et al., 1982; BANKS et
al., 1983; OLIVER et al., 1984). Later, genomic studies
of SRLYV indicated a heterogeneous group of virological
agents, encompassing goats and sheep, with a variation
in pathogenicity that led to its characterization as a
viral quasispecies (PASICK, 1998; SHAH et al., 2004;
LEROUX et al., 2010; RACHID et al., 2013).

In the classification of SRLV based on
genomic sequences, group A contains isolated strains
that are related to MVYV, and group B has isolated
strains that are related to CAEV. Strains with high
divergences from groups A and B were classified as
C, D, and E. Group A has at least 15 subtypes, and
group B has at least 3 subtypes. Strains homologous
to the prototype of the goat virus (the CAEV-Cork
strain) were classified as subtype Bl, and strains
homologous to the prototype of the virus in sheep
(the MVV-K1514 strain) were classified as subtype
Al (SHAH et al., 2004; SOUZA et al., 2012).

A study showing the transmission of
CAEYV from goat to sheep was performed (SOUZA
et al., 2015); however, the capacity for transmission
of this infection between sheep was not determined.
Therefore, the research in the present study examined
the transmission of CAEV among sheep.

MATERIALS AND METHODS

This research was conducted with 3 isolated
experimental spaces with distinct populations; the first
consisted of dairy goats infected with a subtype Bl
CAEV strain, as described in the study by FEITOSA
et al. (2010), from which milk and colostrum were
obtained to give to the second population. The second
flock was comprised of female sheep experimentally
infected with CAEV during the neonatal stage,
by ingesting colostrum and milk from dairy goats
(SOUZA et al., 2015; LIMA et al., 2017). The third
flock consisted of 10 lambs, the offspring of the second
flock, from which one of the experimental units (the
exposed group) in this study was obtained.

Two experimental groups were established:
the exposed group, composed of 10 lambs that
remained with their CAEV-infected mothers, and the
non-exposed group, which was also called the control
group, comprised of 5 lambs that remained with their
mothers, who were negative for CAEV. The 2 groups
were kept isolated in 2 separate locations, in an
intensive breeding system, specific for experiments
with SRLV. Ewes were kept with their lambs until
120 days of birth, when weaning was executed.

Infection status of the mothers was
evaluated by an agar gel immunodiffusion
test (AGID), enzyme immunoassay (ELISA),
immunoblotting (IB), and nested polymerase chain
reaction (nPCR). The 10 mothers of the exposed
group were positive based on the nPCR results for
the blood; although, without clinical signs, and 2
of them had seroconversion (SOUZA et al., 2015).
Milk samples from 2 of the 10 ewes were positive in
nPCR (LIMA et al., 2017). The 5 mothers of the non-
exposed group had negative results from the nPCR
and serological tests.

In order to verify the transmission of
CAEYV among sheep, these 15 lambs were evaluated
from birth until one year of life. The times of
collection were: the first through the fifth day of life,
and then monthly until 12 months of life, totaling 13
samples for each animal. Two samples of blood were
obtained by venipuncture of the jugular in a vacuum
system: the first sample consisted of SmL in tubes
without anticoagulant in order to obtain the blood
serum, which was used for the serological techniques
AGID, ELISA, and IB; and the second sample
contained 10mL of blood with anticoagulant (EDTA)
to obtain the peripheral blood leukocytes (PBL) for
DNA extraction.

The PBL were obtained by centrifugation
of'the total blood and treated with ammonium chloride,
according to the protocol suggested by FEITOSA et
al. (2011). From this material, the extraction of DNA
was performed using lithium chloride (GRIMBERG
et al.,, 1989). PCR was performed following the
methodology described by BARLOUGH et al. (1994)
and modified by ANDRIOLI et al. (20006).

Two rounds of PCR amplification (nested
PCR) were used to detect the 187bp proviral DNA
fragment, which corresponded to the gag leader sequence
of the CAEV 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
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(BARLOUGH et al, 1994), and the primers P,
(5-GTTCCAGCAACTGCAAACAGTAGCAATG-3")
andP,(5-ACCTTTCTGCTTCTTCATTTAATTTCCC-
3") were used for the second amplification (RIMSTAD
etal., 1993). A negative control, consisting of autoclaved
ultrapure water, and a positive control, obtained from
the cell culture of a goat synovial membrane (GSM)
infected with the CAEV-Cork strain, were used.

In order to compare the positive DNA
fragments from nPCR, the samples were sequenced
in platform with an Applied Biosystems® 3500
Genetic Analyzer. The sequences were then aligned
using Clustal W (THOMPSON et al., 1994) with
the BioEdit Sequence Alignment Editor® (HALL,
1999) program and compared with the sequences of
the standard CAEV-Cork and MVV-K1514 strains,
available in GenBank under accession numbers
M33677 and M60610, respectively, in addition to the
sequence obtained from the circulating strain in the
flock of goats used as the source of infection for the
sheep (BR/CNPC-G1), which had been classified as
subtype B1 (FEITOSA et al., 2010).

To verify the immune response of the
lambs to CAEYV, 3 serological tests were used to test
their feasibility as a diagnostic tool: AGID, as it is the
technique used and regulated in the country; ELISA, in
order to increase the detection capability of the immune
response, because this technique is more sensitive
than the previous one (LIMA et al., 2013); and IB as
a confirmatory technique, as it has the best diagnostic
performance of the 3 (RODRIGUES et al., 2014).

Antigens were produced from the secondary
cultivation of GSM, which had been inoculated with the
CAEV-Cork standard strain (PINHEIRO et al., 2006;
PINHEIRO et al., 2010). For AGID, an ultrafiltration
antigen was used (PINHEIRO et al., 2010). In ELISA,
an antigen obtained from a pellet of cells treated with
sodium dodecyl sulfate (SDS) was used, according to
the method of TORRES et al. (2009). For IB, the antigen
produced from ultracentrifugation with a sucrose
cushion was used (PINHEIRO et al., 2006). The AGID
tests were performed according to method of PINHEIRO
et al. (2010). The ELISA was validated following the
methodology described by LIMA et al. (2013). The IB
tests were performed according to RODRIGUES et al.
(2014). For all of the serological tests, a positive control
from the animals infected with CAEV and a negative
control from a healthy animal were used.

RESULTS AND DISCUSSION

Two animals from the exposed group had
a positive nPCR result: one in the first 5 days of life

(lamb 54), and the other at 180 days of age (lamb
52). A positive nPCR result indicated proviral DNA
detection (ALVAREZ et al., 2006). Therefore, results
suggestedthe possibility of CAEV transmission
between sheep. All of the tests performed for the
control group were negative, showing that there was
no other source of infection, aside from the infected
ewes in the exposed group.

It was not possible to determine if the
transmission route was vertical from feeding with
milk and colostrum or horizontal from -contact.
However, the detection of proviral DNA in the
first 5 days of life for lamb 54 suggested vertical
transmission, and the detection at 180 days of age for
lamb 52 suggests horizontal transmission. SOUZA et
al. (2015) demonstrated positive results with nPCR
in lambs at 7 days of age, by suckling colostrum and
milk from goats infected with CAEV. These authors
also detected horizontal transmission of the virus
from goats infected with CAEV to healthy sheep
within the first 30 days of contact.

Only 1 animal (lamb 73) from the exposed
group had positive results from IB, ELISA, and AGID
during the first 5 days of life. The mother of this lamb
was 1 of the 2 sheep that seroconverted to exhibit
positive results in IDGA, ELISA, and IB. Therefore,
the positive detection was associated with the transfer
of maternal immunoglobulins, as antibodies from
passive immunity may be detected by IB until 70
days of age, and by ELISA and AGID until 50 days
(SOUZA et al., 2014). Another animal (lamb 56)
from the exposed group demonstrated a positive
result with ELISA at 300 days. However, this result
was attributed to a nonspecific reaction, constituting
a false positive, as no positivity was observed with
the IB test.

There were no clinical manifestations of
small ruminant lentiviruses in the exposed group.
It is known; however, that the time required for
seroconversion and manifestation of the disease in
animals infected with CAEV is variable, and some
animals do not seroconvert nor present with a clinical
manifestation (LARA et al., 2003; ALVAREZ et al.,
2005; PAULA et al., 2009; RACHID et al., 2013).

Goats infected with subtype B1 CAEV
have chronic arthritis, chronic interstitial pneumonia,
and interstitial indurative mastitis (HASEGAWA et
al., 2016). In this study, the strain transmitted among
the sheep was derived from dairy goats infected
with CAEV of subtype B1 (FEITOSA et al., 2010).
Therefore, it is possible to explain the discreet
detection of positive nPCR results, the lack of
clinical signs, and the absence of seroconversion by
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the change in species, for which the Lentivirus strain
is adapted (RACHID et al., 2013). The interspecies
transmission of CAEV from goats to sheep was
confirmed by SOUZA et al. (2015), and the intra-
species transmission of CAEV among sheep was
demonstrated in this report. However, it is possible
that the infection was transient (HERRMANN-
HOESING et al., 2007).

Conversely, these results can also be
explained by viral intermittence in blood, as identified
by other authors during the follow-up of infected
animals (ALVAREZ et al.,, 2005; PAULA et al.,
2009), which does not mean a lack of infection. The
behavior of the virus in the intracellular environment
is variable, because it can remain in a state called
quiescence, when the proviral DNA, even if integrated
with the cellular DNA, has not been activated and is;
therefore, not multiplying, or the DNA can be inside
the cell but not integrated (CAVALCANTE et al.,
2013; BLACKLAWS, 2012; CRUZ et al., 2013).

The lack of wviral replication reduces
the ability to detect its genetic material in tissues
(BARQUERO et al., 2013). In addition, the detection
capability of the serological techniques is directly
related to the level of viral replication that can
generate a humoral immune response (TORRES et
al., 2009). This diagnostic limitation may be reduced

by combining different methods (BARQUERO et al.
2013); however, viral intermittence must be considered
(RAVAZZOLO et al., 2006; RACHID et al., 2013).

The samples with positive nPCR results
were purified and sequenced, in order to compare
them with the original goat strains (Figure 1). While
observing the obtained sequences, it was possible to
verify a difference of 2% in the sequence from lamb
52, compared to the CAEV standard strains CAEV-
Cork and BR/CNPC-Gl, indicating a variation. Lamb
54 had 100% homology with CAEV-Cork and BR/
CNPC-Gl1. Regarding the similarity with the MVV
standard strain MVV-K1514, lamb 52 had 89%
homology, and lamb 54 had 90% homology.

The modification observed for animal
52 may be a mutation (BARQUERO et al., 2013);
however, additional detailed studies are needed to
confirm this hypothesis, mainly because lamb 54
did not manifest this. The low similarity with strain
MVV-K1514 indicated the differences between the
sequences reported in the lambs compared to the
ovine lentivirus.

These data demonstrate that the transmission
and dissemination of lentiviruses are more complex
than the hypothesis of them being species-specific
(GERMAIN & VALAS, 2006; REINA et al., 20006).
The occurrence of quasispecies is closely linked to

Figure 1 - Partial sequences of the gag gene of the small ruminant lentivirus. Results were obtained from nested PCR
of ovine infected with CAEV (Lamb 52 and Lamb 54: sequences were obtained from the lambs in the group exposed
to CAEV; BR/CNPC-G1: sequences were obtained from the goats that served as the sources of infection for the mother
sheep; and CAEV-Cork: the standard CAEV strain). Arrows indicate changes between sequences.
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avoidance schemes of the immune response, which are
mainly related to errors in the transcription of viral RNA
by reverse transcriptase (PASICK, 1998; LEROUX &
MORNEX, 2008; BLACKLAWS, 2012). However, this
fact does not contradict the possibility that some strains
are more adapted to goats and others to sheep, and that the
interaction between these species happens in a different
way (SHAH et al., 2004; RACHID et al., 2013).

CONCLUSION

The occurrence of CAEV transmission
among sheep is possible; however, with discreet
frequency. Further studies are needed to evaluate the
ability of the goat virus to persist in sheep.
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