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Abstract

This study was conducted in order to evaluate the transmission of caprine lentivirus to sheep using
different experimental groups. The first one (colostrum group) was formed by nine lambs receiving
colostrum from goats positive for small ruminant lentiviruses (SRLV). The second group (milk
group) was established by nine lambs that received milk of these goats. Third was a control group,
consisting of lambs that suckled colostrum and milk of negative mothers. Another experimental
group (contact group) was formed by eight adult sheep, confined with two naturally infected goats.
The groups were monitored by immunoblotting (IB), enzyme-linked immunosorbent assay (ELISA),
agar gel immunodiffusion (AGID) and nested polymerase chain reaction (nPCR). All lambs that
suckled colostrum and milk of infected goats and six sheep of the contact group had positive results in
the nPCR, although seroconversion was detected only in three of the exposed animals, with no clini-
cal lentiviruses manifestation, in 720 days of observation. There was a close relationship between vi-
ral sequences obtained from infected animals and the prototype CAEV-Cork. Thus, it was concluded
that SRLV can be transmitted from goats to sheep, however, the degree of adaptation of the virus
strain to the host species probably interferes with the infection persistence and seroconversion rate.
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Introduction

Small ruminant lentiviruses (SRLV) are retroviruses
causing caprine arthritis-encephalitis (CAE) in goats and
maedi-visna (MV) in sheep (Blacklaws, 2012). Also be-
longing to the genus Lentivirus are the human (HIV), sim-
ian (SIV), feline (FIV), bovine (BIV) immunodeficiency
virus and the equine infectious anemia virus (EIAV) (Le-
roux et al., 2010).

CAE and MV are progressive diseases, with different
clinical manifestations. In goats, the arthritic form is more
common, occurring lameness and increasing the joints di-
ameter (Lara et al., 2005). The respiratory form is more

common in sheep, which have dyspnea and exercise intol-
erance (Angelopoulou et al., 2005). Besides, animals may
show progressive weight loss, indurative mastitis (Gregory
et al., 2009a) and encephalomyelitis can occur in lambs and
goatlings (Benavides et al., 2007).

For years, isolated lentiviruses in ovine were called
maedi-visna virus (MVV) and in caprine, caprine arthri-
tis-encephalitis virus (CAEV), being considered as specific
to each species. However, phylogenetic analyzes and find-
ings of cross-infection demonstrated that there are different
genotypes and lentiviral subtypes, able to infect both goats
and sheep (Shah et al., 2004a, 2004b; Angelopoulou et al.,
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2005; Reina et al., 2006; Gjerset et al., 2009; Leroux et al.,
2010; Pisoni et al., 2010; Kuhar et al., 2013).

Therefore, questions about the spreading and evolu-
tion of SRLV in their hosts remain to be answered, aiming
the implementation of health programs for goats and sheep,
which should also consider the possibility of interspecies
transmission (Gjerset et al., 2009). In this sense, the aim of
this study was to evaluate the transmission of caprine
lentivirus to sheep, under different exposure conditions.

Material and Methods

The study was conducted at the Brazilian Agricultural
Research Corporation - Goats and Sheep, in Sobral, Ceará,
Brazil, with the approval of the Ethics Committee on Ani-
mal Use of Acaraú Valley State University, under the num-
ber 001.12.

Aiming to evaluate the interspecies transmission of
the virus from colostrum and milk, three experimental
groups were composed of male and female lambs, cross-
breds of locally adapted breeds, predominantly Santa Inês
and Morada Nova, children of mothers and breeders of
sheep flock free of SRLV, monitored by agar gel immuno-
diffusion (AGID), enzyme-linked immunosorbent assay
(ELISA), immunoblotting (IB) and nested polymerase
chain reaction (nPCR), for two years at seven different
times.

The first group (colostrum) was established with nine
lambs subjected to artificial feeding of colostrum collected
from SRLV positive goats, during the first 24 hours of life.
The amount of colostrum fed was approximately 11% of
body weight in the first eight postpartum hours, seeking the
adequate transfer of passive immunity (Simões et al.,
2005). Additional feedings were still offered until 24 hours
after birth, after which the animals began to suckle directly
on their mothers. During this period of 24 hours after deliv-
ery, sheep were milked and teats insulated in order to pre-
vent natural suckling. The average volume of positive
colostrum intake to SRLV, by lamb, during the first
24 hours of life, was 537.78 mL, representing 19.36% of
the average weight at birth of 2777.78 g.

The second group (milk) was formed with nine lambs
subjected to artificial feeding of milk collected from posi-
tive goats, during 15 days, from the second week of life.
The animals remained with their mothers since birth, natu-
rally suckling colostrum and milk and, during artificial
feeding, they were set apart in the morning for individual
supply (ad libitum). The average volume of SRLV positive
milk ingestion, by lamb, was 1532.78 mL. The third group
was the control one, consisting of ten lambs, which suckled
colostrum and milk naturally in their negative mothers.

Colostrum and milk fed to animals where delivered
from goats naturally infected for SRLV, belonging to Saa-

nen and Anglo-Nubian breeds, tested by IB, ELISA, AGID
and nPCR. At 90 days of age, the weaning of lambs hap-
pened and after 330 days of experiment, males were re-
moved from groups (three animals from colostrum group,
two from milk group and five from control group) due to
scarcity of forage caused by a prolonged drought.

In order to analyze the virus horizontal transmission
from goats to sheep, another experimental group (contact
group) was established by eight adult sheep, originated
from the same herd of sheep initially reported, free from
SRLV. These animals were confined with two naturally in-
fected goats, positive in the AGID, ELISA, IB and nPCR
tests, having arthritis.

Each group remained in isolated stalls, under inten-
sive system and clinical monitoring. Blood samples with
and without anticoagulant were performed before the start
of the experiment (day 0), and after 1, 7, 15, 30, 50, 70, 90,
120, 150, 180, 210, 240, 270, 300, 330, 390, 480, 520, 570,
630, and 720 days of monitoring to obtain peripheral blood
leukocytes (PBL) and serum stored at -20 °C until the time
of diagnostic tests. No samples were collected at 24 hours
for milk group. Regarding the contact group, the first four
samples were collected before the start of the experiment
(day 0) and after 30, 60 and 90 days.

The leukocytes were obtained from the processing of
blood samples with solution of ammonium chloride at
0.84% (Feitosa et al., 2011). Subsequently, DNA was ex-
tracted (Grimberg et al., 1989). The proviral DNA detec-
tion was carried out by applying the nPCR (Barlough et al.,
1994 modified by Andrioli et al., 2006).

Aiming to confirm infection of sheep by caprine
lentivirus strain, PCR amplification products were se-
quenced on Applied Biosystems® 3500 Genetic Analyzer
platform. The sequences obtained were aligned with
BR/CNPC-G1, BR/CNPC-G2, BR/CNPC-G3,
BR/CNPC-G4 and CAEV-Cork sequence (available in
GenBank, numbered in EU300976, EU300977,
EU300978, EU300979 and M33677 respectively), using
the Clustal W algorithm (Thompson et al., 1994), from the
BioEdit Sequence Alignment Editor® (Hall, 1999).

In order to investigate anti-SRLV antibodies, AGID,
ELISA and IB tests were applied, considering the method-
ologies described by Pinheiro et al. (2010), Lima et al.

(2013) and Pinheiro et al. (2011), respectively. To this end,
antigen was produced from cell culture of caprine synovial
membrane, inoculated with standard strain CAEV-Cork
(Pinheiro et al., 2006). In the AGID test, the antigen con-
centrated by ultrafiltration and treated with ethyl ether
(Pinheiro et al., 2010) was used. For ELISA, the antigen
used was obtained from the pellet of cells treated with so-
dium dodecyl sulphate, according to the methodology de-
scribed by Torres et al. (2009). In the IB technique, the
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antigen produced by ultracentrifugation at sucrose was
used (Pinheiro et al., 2006).

Results

All animals in the control group had negative results
in nPCR, from birth to 720 days of life. On the other hand, a
significant positivity (p < 0.05) was observed in animals
exposed to SRLV when compared to unexposed ones (Ta-
ble 1).

The animals of colostrum group had at least two posi-
tive results by nPCR. Seven of the nine (77.78%) animals
were positive on the seventh day of life and the other two
remaining animals (22.22%) had the first positive result on
day 15. There was intermittence between positive and neg-
ative tests for the same animal, in different time points,
throughout the experiment (Figure 1). From the nine ani-
mals in colostrum group, two were twice nPCR positive;
three were three times nPCR positive; three were four times
and one was ten times. It was not possible to demonstrate
significant correlation (p > 0.05) between the amount of
colostrum ingested and the number of times the animals ob-
tained positive results in PCR, using Spearman’s correla-
tion coefficient (Table 2).

As for the milk group, the first positive results of each
animal were observed between 7 and 150 days after the first
intake of positive goats’ collected milk. All nine animals of
the milk group had at least one positive result in nPCR, also
with intermittency between positivity and negativity (Fig-
ure 2). From the nine animals, one showed a positive result
once; four, twice; two, three times; one, four times and one,
five times. Also it was not possible to demonstrate the exis-
tence of significant relationship (p > 0.05) between the
amount of provided milk and the number of times the ani-
mals were nPCR positive, using Spearman’s correlation co-
efficient (Table 3).

For contact group, from the eight sheep confined with
infected goats, six (75%) were positive in nPCR at least
twice and the two remaining (25%) had negative results in
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Table 1 - Number of positive and negative results obtained in nPCR for
small ruminant lentiviruses in different experimental groups.

Experimental groups Number of results until 720 days of
experiment

Positive* Negative* Total

Lambs Colostrum 35a 145b 180

Milk 24ab 153b 177

Control 0c 190a 190

Adults Contact 15b 121b 136

Total 74 609 683

*Different letters in the same column indicate significant different values
greater or smaller by t-test for proportions (one-tailed test and p < 0.05).

Figure 1 - Results of nPCR for small ruminant lentiviruses, in peripheral blood leukocytes from nine lambs that received colostrum from infected goats
within the first 24 hours of life.

Table 2 - Correlation between the amounts of colostrum ingested by lamb
and the number of positive results in nPCR for small ruminant lentiviruses
during 720 days of experiment.

Animals Colostrum ingested
volume (mL)

Number of positive
results

1 600 2

2 330 3

4 530 3

6 420 3

7 530 4

8 345 2

9 795 4

10 740 4

11 550 10

Average 537.78 3.89

Spearman’s correlation coefficient = 0.470 (p > 0.05).



all evaluated time points. In five animals (62.5%), proviral
DNA was detected at 30 days of confinement and the other
positive animal was found after 90 days of experiment.
From the sixth month of observation, positive results were
no longer obtained (Figure 3).

Sequences obtained from PCR amplified products
showed that animals of colostrum, milk and contact groups
acquired viruses highly related with the caprine lentiviral
prototype CAEV-Cork and BR/CNPC sequences
(BR/CNPC-G1, BR/CNPC-G2, BR/CNPC-G3 and
BR/CNPC-G4). These BR/CNPC sequences represent the
circulating strain in flocks of goats used as the sources of
infection for sheep.

Concerning seroconversion detection, for lambs of
the colostrum group, the results obtained between 1 and
120 days of age were disregarded, due to the occurrence of
colostral anti-SRLV antibodies, detected by IB, ELISA and
AGID, in the period from 1 to 70 days after birth. At 90 and
120 days, there were no more positive results. The IB tech-
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Figure 2 - Results of nPCR for small ruminant lentiviruses, in the peripheral blood leukocytes of nine lambs that received milk from infected goats during
15 days.

Table 3 - Correlation between the amount of ingested milk by the lamb
and the number of positive results in nPCR for small ruminant lentiviruses
during 720 days of experiment.

Animals Amount of ingested
milk (mL)

Number of positive
results

21 1,450 3

22 1,690 2

23 1,260 3

24 2,990 5

25 1,810 4

27 1,785 2

28 1,190 1

29 880 2

30 740 2

Average 1,532.78 2.67

Spearman’s correlation coefficient = 0.656 (p > 0.05).

Figure 3 - Results of nPCR for small ruminant lentiviruses, in peripheral blood leukocytes from eight sheep raised confined together with infected goats,
during 720 days.



nique detected the seroconversion of three animals, two
from the colostrum group and one from the milk group.
From these, two were also positive for ELISA tests and one
for AGID (Table 4). There was no clinical manifestation of
small ruminant lentiviruses during the evaluated period.

Discussion

The positivity in nPCR for SRLV characterizes the
cell-associated viremia, from the observation of proviral
DNA (Alvarez et al., 2006). Therefore, the results obtained
in this study showed interspecific transmission of goats’
lentivirus to sheep. Previous studies have already demon-
strated the occurrence of virus spreading through secre-
tions, even identifying it in the water and in the air,
allowing the infection of susceptible animals after pro-
longed contact with infected animals (Villoria et al., 2013).
It is known, also, that colostrum and milk are important
means of SRLV elimination, allowing infection of neonates
and young animals (Lara et al., 2003; Alvarez et al., 2005;
Ravazzolo et al., 2006; Gregory et al., 2009b; Sardi et al.,
2012). However, this work emphasizes the importance of
these transmission forms to the occurrence of cross-
infection.

Comparing data from colostrum, milk and contact
groups, there is a cumulative proportion of 100% positive
nPCR lambs within 15 days after suckling colostrum from
infected goats, while for the group receiving milk, this pro-
portion only reached 100% at 150 days and in the case of
horizontal transmission, the maximum 75% of positivity
was obtained within 90 days of exposure. This reflects the
greater potential for transmission of the infectious agent
from the colostrum, since in newborn lamb, due to in-
creased intestinal permeability during the first 48 hours of
life, a virus derived of the colostrum reaches the intestine

and is able to cross the epithelium infecting macrophages
and increasing the lymphatic route (Preziuso et al., 2004).

It is noteworthy that the transfer of colostral passive
immunity does not prevent infection. As can be observed in
this study, lambs acquiring colostral anti-SRLV immuno-
globulins became infected by lentivirus precisely by inges-
tion of positive goats’ colostrum. This is due to the fact that
the cell-associated virus can also be transmitted (Preziuso
et al., 2004; Hermann-Hoesing et al., 2007) and, also, to
other viral scape mechanisms from the immune system , re-
lated to the antigenic variability as a result of transcription
errors of viral RNA and gene recombination (Pisoni et al.,
2007, 2010; L’Homme et al., 2011).

After the first proviral DNA detection, animals from
the colostrum, milk and contact groups did not have contin-
uous positive results in PCR. Alvarez et al. (2006) have re-
ported intermittency when verifying that most lambs which
received colostrum from positive sheep did not obtained
positive results in blood samples continuously. Similarly,
Paula et al. (2009) observed intermittency of positivity in
blood and semen samples of goats inoculated with CAEV-
Cork strain.

The intermittency can be justified by the lower num-
ber of infected SRLV blood cells (Blacklaws, 2012).
Larger quantities are observed, for example, in lymph
nodes, reservoirs for the virus and in the mammary gland,
the main site of replication (Ravazzolo et al., 2006). Thus,
negative results may happen due to the absence of the
provirus or to the insufficient number of infected cells in
the blood sample at any given moment.

It must also be considered that in normal range counts
of sheep leukocytes, the absolute values of monocytes, tar-
gets of SRLV, may vary from 0 to 750 cells/�L, which is
equivalent in relative values, to the range between 0 and 6%
(Pugh, 2002). Therefore, there is a variation in the number
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Table 4 - Immunoblotting (IB), enzyme-linked immunosorbent assay (ELISA) and agar gel immunodiffusion (AGID), of three lambs infected with small
ruminants lentiviruses, from colostrum (animals 2 and 11) and milk (animal 24) from positive goats.

Animals Tests Time points (in days)

90 to 210 240 270 300 330 390 480 520 570 630 720

2 IB - - - - - - + - - - -

ELISA - - - - - - - - - + +

AGID - - - - - - - - - - -

11 IB - + + + + + + + + + +

ELISA - + + + + + + + + + +

AGID - - - - - + + + + + -

24 IB - - - - + + - - - - -

ELISA - - - - - - - - - - -

AGID - - - - - - - - - - -

(-) negative; (+) positive.



of circulating cells from animals and even for the same ani-
mal at different times.

Animal 11, from colostrum group, was the one with
more positive results in nPCR, the first one who sero-
converted and the only one with positive results also in
AGID test, corroborating with Alvarez et al. (2006) who
observed a positive correlation between the number of
times the animal was nPCR positive with seroconversion.
On the other hand, in this study, while 24 sheep have shown
positive results in nPCR, only three seroconverted and clin-
ical signs were not observed. It is known, however, that the
time required for seroconversion after SRLV infection is
variable (Lara et al., 2003; Paula et al., 2009; Rachid et al.,
2013) and that some animals simply do not seroconvert
(Alvarez et al., 2005).

One of the factors related with the lack of sero-
conversion or late seroconversion concerns the infectious
agent pathogenicity. This involves the restriction of repli-
cation and the viral latency in monocytes and progenitor
cells in the bone marrow, in the form of proviral DNA inte-
grated into the cellular genome. Thus, the virus remains
hidden (Blacklaws, 2012) and the infection persists without
the immune system activation (Brellou et al., 2007; Ravaz-
zolo et al., 2006).

Other authors also suggest the possibility of transient
virus acquisition occurring due to unknown viral and im-
munological determinants that can lead to the non-per-
sistence of the infection. In this case, over time, the animals
fail to show positive results in nPCR and in serological tests
(Herman-Hoesing et al., 2007). Considering these informa-
tion, it is possible to state that data obtained in this study
demonstrated the occurrence of occult and/or transient in-
fection in ovine infected by caprine lentivirus.

Alvarez et al. (2005) verified, using ELISA, sero-
positivity of 55% (29/53) for lambs at 300 days of age
which received colostrum of positive sheep. Also, these au-
thors pointed out the positive and significant association
between positivity percentage and the volume of ingested
colostrum that was 200 mL/kg. However, the serocon-
version rate observed in this study was lower, though the
average amount of colostrum intake was near
(193.45 mL/kg). This difference between results can be re-
lated to different methodologies of diagnosis, viral load of
inocula and adaptation to the host species, since Alvarez et

al. (2005) used colostrum from infected sheep while in this
study colostrum and milk from infected goats was offered.

This is another question to be discussed regarding the
virus and host interaction. It was already found the inter-
species transmission and the SRLV heterogeneity in sev-
eral studies (Shah et al., 2004a, 2004b; Angelopoulou et al.,
2005; Pisoni et al., 2005; Gjerset et al., 2009; Leroux et al.,
2010; Kuhar et al., 2013), but these studies do not deny that

some strains are better adapted to goats and other to sheep
(Reina et al., 2006).

The high genetic diversity of SRLV is associated with
pathogenicity variation and even when infected with the
same virus strain, goats and sheep respond differently to in-
fection, affecting the results of serological and molecular
diagnosis (Rachid et al., 2013), and also on clinical findings
(Angelopoulou et al., 2005).

In Spain, Pérez et al. (2014) reported an outbreak of
arthritis in sheep infected with subtype B2 related to the
prototype CAEV. These authors pointed out the transmis-
sion of the virus from goats to sheep in a natural way, prob-
ably through respiratory route or milk, allowing adaptation
to the new host and consequently the development of the
pathology. According to Glaría et al. (2009), this adapta-
tion relates with the acquisition of genetic properties that
confer changes in viral phenotype.

In this sense, it is possible to justify the low rate of
seroconversion observed also by the fact that sheep have
been infected with a viral strain poorly adapted to this spe-
cies, derived from dairy goat herd. Feitosa et al. (2010)
characterized this strain as as belonging to subtype B1. Fur-
thermore, the infected sheep are crossbreds of locally
adapted breeds, predominantly Santa Inês and Morada
Nova, which may also have influenced the results, espe-
cially considering the heterosis and individual susceptibil-
ity of these animals to infection.

Conclusions

SRLV can be transmitted to sheep from the contact
with infected goats and also by ingestion of colostrum and
milk from infected goats. However, the tropism to the host
species of the viral strain probably interferes in the persis-
tency of the infection and in the seroconversion rate.
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