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The effect of caprine arthritis encephalitis virus infection on production in goats
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Three consecutive years of monitoring 248 goats in the same flock, found that the first lactation milk yield
was significantly higher in seronegative (578 L) than in seropositive (447 L) animals but this difference
disappeared in the subsequent second to fourth lactations. No significant differences were found in the
proportions of seronegative and seropositive does in the flock, the percentage of animals culled, the num-
ber of offspring, or in the number of cases of udder bacterial infection, irrespective of age.

Removal of kids from their dams before suckling and the feeding of pasteurised colostrum resulted in
reduced numbers of seropositive animals. Nevertheless, by approximately 24 months of age, 76.9% of
these initially seronegative animals were seropositive, a factor that significantly contributed to flock sero-
positivity. This finding could be attributed to lateral virus transmission from seropositive to seronegative
kids because of lack of segregation within the flock.

� 2008 Elsevier Ltd. All rights reserved.
Introduction

Caprine arthritis encephalitis virus (CAEV) infection occurs
worldwide (Adams et al., 1984; Peterhans et al., 2004) and, like
other lentiviruses, it may cause persistent, lifelong infection,
resulting in subclinical inflammation in one or more organs such
as articular joints, brain, lungs and mammary gland (Nord and
Ådnøy, 1997; Blacklaws et al., 2004). The virus is transmitted to
kids primarily via colostrum, although transmission via aerosol,
animal-to-animal contact, and sexual activity can also occur
(Phelps and Smith, 1993; Rowe and East, 1997; Peterhans et al.,
2004; Le Jan et al., 2005).

Clinical signs of infection are frequently subtle and, in the small
number of goats that develop arthritis, may take years to develop
(Phelps and Smith, 1993). The high rate of viral transmission, the
difficulties associated with eradicating the virus, and the occa-
sional outbreaks of clinical disease are the reasons CAEV infection
causes substantial economic loss. This, in turn, accounts for the
considerable body of research into this disease (Greenwood,
1995; Nord and Ådnøy, 1997; Sanchez et al., 2001; Luengo et al.,
2004; Peterhans et al., 2004; Turin et al., 2005) that has resulted
in varying opinion regarding its economic importance and the
most effective control methods.

Preventing the spread of CAEV infection includes the pasteuri-
sation of colostrum and the segregation and culling of seropositive
animals (Rowe et al., 1992; Turin et al., 2005). Increased feed and
ll rights reserved.
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labour costs, combined with increased pressure to produce high
quality milk through bulk milk tank somatic cell count (SCC) mon-
itoring, has motivated the farming industry to reduce the incidence
of mastitis. This requires the application of effective preventive
management protocols. Recent studies indicate that under inten-
sive management systems, mastitis is the single most important
factor affecting milk production (Mavrogenis et al., 1999; Luengo
et al., 2004; Leitner et al., 2008). Given that CAEV infection has
the capacity to spread widely in intensively managed goat flocks,
its impact on milk production and animal culling rates merit
attention.

The present study was designed to assess the effect of CAEV
seropositivity on flock production parameters and in particular
on udder health. We also looked at the feeding of pasteurised
colostrum as a single measure aimed at reducing the spread of
CAEV infection within goat flocks.

Materials and methods

Animal selection

The study was conducted on 700 Alpine, Saanen and Shami crossbred goats
from a large dairy farm in Israel. The animals were housed in 4 m2 closed sheds,
with an additional 4 m2 of open space available to each animal. Feed, freely avail-
able in mangers, consisted of approximately 1.8 kg of 16% protein concentrates
and 1.0–1.2 kg of hay.

Replacement does were raised separately from the older goats, and were bred
by natural mating with CAEV-seronegative males at 12 months of age. All goats
were synchronised in groups for mating at scheduled periods to ensure continuous
milk supply. The average annual milk yield in the flock was approximately 510 L
with a 3.7% fat and 3.9% protein and an average bulk tank SCC of approximately
106 cells/mL. Goats were dried-off when their milk yield dropped to <0.5 L/day,
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Table 1
Details of how goat ‘cull status’ (‘present’ or ‘out’ of flock) related to CAEV infection
category Neg, Pos, or Inf, following two serological tests between 9 and 11 months
and at approximately 24 months of age. Animals were designated Neg (two negative
tests), Pos (two positive tests), or Inf (a negative followed by a positive test result).

CAEV infection category Cull status (%)

Present Out

Neg (61) 48 (78.7%) 13 (21.3%)
Inf (71) 59 (83.1%) 12 (16.9%)
Pos (116) 89 (76.7%) 27 (23.8%)

Total (248) 196 (79.0%) 52 (21.0%)
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or 60 days before their next parturition. On average, goats produced 1.9 kids/year.
Does were machine-milked daily (at 06.00 and 17.00 h), and an automatic identifi-
cation system was used for milk recording. Goats were culled as a result of mastitis,
low milk yield, or infertility.

Before study commencement, kids were given untreated colostrum and approx-
imately 80% of the animals >12 months of age were CAEV seropositive. During the
study, kids were removed from their mothers immediately after birth and were
artificially reared using ‘pasteurised’ colostrum, before being permitted to suckle
their dams. The colostrum was ‘pasteurised’ by heating to 55 �C for 60 min.

Study design

Two studies were carried out over a 3 year period on a total of 248 goats divided
into three groups. The study assessing the effect of CAEV seropositivity on produc-
tion parameters included the three groups. The first group comprised 118 does, and
parameters were recorded over at least their first three lactations. The second and
third groups comprised 85 and 45 does and parameters were recorded over their
first and second and over their first lactation, respectively.

Kids in groups 2 and 3 were given pasteurised colostrum and served as the
‘treatment’ groups in assessing the transfer of the virus via the colostral route.
The kids from the first group were given untreated colostrum and acted as controls.
Serological assessment of CAEV infection was carried out on two occasions in each
goat, between 9 and 11 months and at approximately 24 months of age, and ani-
mals were then designated as negative, negative (Neg); positive, positive (Pos); or
negative, positive (Inf), based on these two test results.

Sampling and analyses

The number of offspring produced by each doe was recorded as was the com-
posite daily milk yield from parturition until ‘drying off’. Bacteriological culture,
the California mastitis test (CMT), the SCC and an assessment of milk composition
(Leitner et al., 2004), testing was carried on every udder-half, right and left side, be-
tween three and five times during each lactation, from approximately 30 days post-
partum to the end of lactation. Cases of clinical mastitis and dates of culling were
recorded by the owner.

Milk samples (a 2 mL sterile sample plus an additional 100 mL sample) were ta-
ken during morning milking following teat cleaning and disinfection. Samples used
to determine the SCC and milk composition were preserved using Broad Spectrum
Microtabs II (D and F control systems) and dispatched to the Central Laboratory of
the Israeli Cattle Breeders Association at Caesarea for analysis. The milk fat, protein
and lactose content were analysed using a Milkoscan FT6000 (Foss electric) and the
SCC was carried out using the Fossomatic 360 (Foss electric). Both instruments were
calibrated for goat’s milk.

Bacteriological culture was performed according to the US National Mastitis
Council’s guidelines (Oliver et al., 2004). A 0.01 mL aliquot of each sample was pla-
ted onto blood agar (Bacto-Agar, Difco Laboratory, Becton Dickinson), containing 5%
washed sheep red blood cells, and onto MacConkey plates. All plates were incu-
Table 2
Details of how ‘numbers of offspring’ and lactation number related to CAEV infection categ
approximately 24 months of age. Animals were designated Neg (two negative tests), Pos

1st Lactation 2nd Lactation

Mean (number of goats)
Neg 1.7 (88) 2.0
Inf 1.5 (40) 2.0
Pos 1.7 (116) 2.0

P value
CAEV category 0.3541 0.9710

n 231 137

R2 0.009 0.000
bated at 37 �C and examined for bacterial growth after 18 and 42 h. Suspect Staph-
ylococcal spp. were further investigated using the ID-32-API STAPH test
(BioMérieux). Udder ‘halves’ were then categorised as having no bacterial infection,
or as being infected, during lactation. Serological evidence of CAEV infection was as-
sessed using a CAEV antibody cELISA Test Kit (VMRD), according to the manufac-
turer’s instructions.

Statistical analysis

All statistical analyses were carried out using JMP software (SAS Institute,
2002). According to their serological CAEV infection status, goats were divided into
the three categories Neg, Pos or Inf (see above) and analysed in relation to their ‘cull
status’, number of offspring, evidence of udder bacterial infection, milk production
and milk quality. For ‘cull status’ each doe was defined as ‘present’ or ‘out’, accord-
ing to whether or not the animal was in the flock at the end of the lactation. The
effect of CAEV infection on this parameter was analysed using the Pearson chi-
square (v2) test. The effect of CAEV infection status on number of offspring was
tested using a one-way ANOVA model in a random design, with the CAEV infection
category (Neg, Pos or Inf) as the main effect as represented by the equation

Model½1� : Y ij ¼ lþ ai þ eij

where Y is the dependent variable, l the overall mean, ai the difference between the
mean of CAEV category i and the trial mean and eij the residual variance between
measurements (random error).

The effect of CAEV infection on udder bacterial infection was assessed using
Pearson’s chi-square (v2) test, for the first lactation and the effect on milk produc-
tion was determined separately for each lactation, by applying a one-way ANOVA
model in a random design with CAEV infection category Neg, Pos or Inf as the main
effect (model [1]).

The effect of CAEV infection on milk quality (based on the CMT and SCC) was
determined separately for each lactation by applying a three-way ANOVA model
in a ‘split plot’ design, with CAEV infection, bacterial infection, and lactation stage
(lactating or dry) as the main effects. Two experimental units were used: a goat
(for the CAEV infection effect); and an udder half (for the bacterial infection and lac-
tation stage effects) and was represented by the equation

Model½2� : Y ij ¼ lþ ai þ e1
ij þ bk þ abki þ cl þ e2

ijklm

where Y is the dependent variable, l the overall mean, ai the difference between the
mean of CAEV infection category i and the trial mean, e1

ij the variance between goats
(error1), bk the difference between the mean of bacterial infection k and the trial
mean, abki the interaction between CAEV infection group and bacterial infection, cl

the difference between the mean of lactation stage l and the trial mean, and e2
ijklm

the residual variance between measurements (error 2).
In this model, the effects of CAEV infection categories were tested against the

variance between goats, and the other sources were tested against the residual
error.
Results

Effect of CAEV infection on production

Of the 248 goats used in the trial, 116 were CAEV positive and
132 CAEV negative at the first test. Of the latter, 61 remained neg-
ative and 71 had serological evidence of infection by the second
test. As a result the goats were divided into the three CAEV infec-
tion categories as follows: Neg (61 goats); Inf (71 goats); and Pos
(116 goats) (Table 1).

Over the 3 three years of the study, 21% of the does were culled.
No significant differences were found in culling rate between the
ory Neg, Pos, or Inf, following two serological tests between 9 and 11 months and at
(two positive tests), or Inf (a negative followed by a positive test result).

3rd Lactation 4th Lactation

(29) 2.3 (7) 2.5 (2)
(11) – (0) – (0)
(101) 1.9 (42) 1.9 (11)

0.2220 0.2964
46 13

0.034 0.098



Table 3
Details of how ‘udder bacterial infection’ in first lactation related to CAEV infection
category Neg, Pos, or Inf, following two serological tests between 9 and 11 months
and at approximately 24 months of age. Animals were designated Neg (two negative
tests), Pos (two positive tests), or Inf (a negative followed by a positive test result).

CAEV category Udder bacterial infection

Absent Present

Neg (160) 90 (56.3%) 70 (43.7%)
Inf (64) 44 (68.8%) 20 (31.2%)
Pos (192) 111 (57.8%) 81 (42.3%)

Total (420) 245 (58.3%) 171 (40.7%)
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three CAEV infection categories. The average number of offspring
produced at first gestation was approximately 1.7. This increased
to approximately 2.0 in the 2nd–4th gestations. Viral infection
did not significantly affect the number of offspring regardless of
lactation number (Table 2). In the first lactation, on average
41.7% of udder ‘halves’ were infected with bacteria, mostly subclin-
ically (Table 3). Most bacterial isolates were the coagulase-nega-
tive staphylococci (CNS) Staphylococcus epidermidis, S. caperae, S.
simulans, S. xylosus and S. chromogenes. Infection with CAEV did
not significantly affect the incidence of bacterial udder infection.
Of the does with subclinical infections, approximately 80% became
infected at the beginning of the lactation period, the rest becoming
infected during lactation. Approximately 90% of infected udders re-
mained infected throughout subsequent lactations and approxi-
mately 10% of un-infected udders became infected between
lactations. The number of infections that resulted in clinical masti-
tis was negligible.

During their first lactation, goats in both the Neg and Inf CAEV
infection categories had significantly (P < 0.0001) higher milk
yields than those in the Pos group (Table 4). It should be noted that
Table 4
Details of how mean milk production related to CAEV infection category Neg, Pos, or Inf
months of age. Animals were designated Neg (two negative tests), Pos (two positive tests

1st Lactation 2nd Lactation

Mean (number of goats)
Neg 578a (80) 619
Inf 707a (32) 494
Pos 447b (97) 534

P value
CAEV category <0.0001 0.3351

n 758 275
R2 0.996 0.999

a,b Means within a column with no common superscript differ significantly (P < 0.05).

Table 5
Details of how CAEV infection category, udder bacterial infection, udder bacterial infection
cell count (SCC) results over the 1st and 2nd–4th lactations.

CMT

1st Lactation

P value
CAEV category 0.2459
Goat (e1) <0.0001
Udder bacterial infection <0.0001
Combined udder bacterial and CAEV infection 0.2649
Lactation stage <0.0001

n 1261
R2 0.497
Variance between goats 19.4%

Goat (e1) – variance between goats (error 1).
during first lactation, most of the Inf group goats were seronega-
tive. No differences in milk yield were found in the three infection
categories in pluriparous animals. During all lactations, the SCC
and CMT were significantly affected by bacterial udder infection
and by lactation number, but not by CAEV infection category (Table
5). Variation between does was highly significant and accounted
for approximately 20% of the variation in the results of the SCC
and CMT.

Effect of feeding pasteurised colostrum

Of the kids in group 1 which received untreated colostrum, 61%
(72/118) were CAEV seropositive at 9–11 months of age. Removal
of kids from their dams before suckling, and the feeding of pasteur-
ised colostrum, decreased to approximately 35% (45/130) the num-
ber of seropositive goats at that age. In contrast, at the second
serological test at approximately 24 months of age, approximately
65% of kids previously seronegative, were now seropositive.

Discussion

Although 3 years of monitoring revealed that the first lactation
milk yield was significantly higher in seronegative goats than in
seropositive goats, this difference was not observed in subsequent
lactations. No significant differences were found in the proportions
of seronegative and seropositive does in the flock, the percentage
of animals culled, the number of offspring or in the number of
cases of udder bacterial infection, irrespective of age. Removal of
kids from their dams before suckling and the feeding of pasteurised
colostrum resulted in reduced numbers of seropositive animals.
However, by approximately 24 months of age, 76.9% of these ini-
tially seronegative animals were seropositive, a factor that signifi-
cantly contributed to flock seropositivity. This finding was
, following two serological tests between 9 and 11 months and at approximately 24
), or Inf (a negative followed by a positive test result).

3rd Lactation 4th Lactation

(28) 510 (7) –
(10) – –
(94) 536 (32) 686 (9)

0.5021
63
0.926

and CAEV infection and lactation stage affect California milk test (CMT) and somatic

SCC

2nd–4th Lactation 1st Lactation 2nd–4th Lactation

0.4301 0.9466 0.8648
<0.0001 <0.0001 0.0002

0.032 0.0006 0.1254
0.8010 0.9338 0.9655

<0.0001 0.0052 0.0312
467 713 234

0.464 0.346 0.421
20.6% 16.9% 21.8%
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probably due to lateral transmission from seropositive to seroneg-
ative kids because of lack of segregation within the flock.

The findings of this study suggest that CAEV infection has an
influence on overall milk yield as has been previously suggested
(Peterhans et al., 2004; Turin et al., 2005). However, given that
our study refers to a single flock, caution must be exercised in mak-
ing broad generalisations, and further studies involving more
farms, different goat breeds and older animals would be required
to substantiate our findings.

The key consequence of CAEV infection in the goat is the poten-
tial increased risk to health and welfare, and in particular to the
development of mastitis. It is well established that subclinical mas-
titis impairs production performance in terms of the quantity and
quality of meat and milk produced (Leitner et al., 2004). Clinical
mastitis is found mostly in older goats, and in intensive dairy flocks
an average of around 35% of animals are replaced each year, as a
result of disease, death, infertility, udder health and low milk yield
(Malher et al., 2001; Bergonier et al., 2003). Thus, the typical life-
span of a goat in such systems is about 2.5 lactations.

Given that a number of the steps required to eradicate CAEV
infection from a flock are costly, the reduced income due to the
infection must be weighed against the expense of eradication.

Conclusions

Despite the finding that CAEV infection had only a minor effect
on flock performance parameters, we suggest that goat breeders, in
cooperation with government and private agencies, should develop
systems to control the infection. In the current study, colostrum
‘pasteurisation’ proved an effective preventive measure, reducing
the number of new cases of infection in kids. However, lack of seg-
regation of the seronegative kids facilitated virus transmission as
the animals grew older. Thus, in isolation, this procedure is only
of minor benefit in eradicating CAEV infection and needs to be
combined with effective isolation procedures. Such an approach
would also require the ongoing serological assessment of animals
in the flock.

Conflict of interest statement

None of the authors of this paper has a financial or personal
relationship with other people or organisations that could inappro-
priately influence or bias the content of the paper.

Acknowledgements

This work was partially supported by the USAID Middle East
Regional Cooperation (MERC) program, project number PCE-
G-00-00-00026, entitled ‘Multinational approaches to enhance
goat production in the Middle East’ with participants from the
USA (E [Kika] de la Garza American Institute for Goat Research,
Langston University), Egypt (Desert Research Center), Israel
(Agricultural Research Organization, The Volcani Center), Jordan
(Jordan University of Science and Technology), and the Palestinian
Authority (Al-Quds University).
References

Adams, D.S., Oliver, R.E., Ameghino, E., DeMartini, J.C., Verwoerd, D.W., Houwers,
D.J., Waghela, S., Gorham, J.R., Hyllseth, B., Dawson, M., Trigo, F.C., McGuire, T.C.,
1984. Serological evidence of caprine arthritis-encephalitis infection in eleven
of fourteen countries tested. Veterinary Record 115, 493–495.

Bergonier, D., De Cremoux, R., Rupp, R., Lagriffoul, G., Berthelot, X., 2003. Mastitis of
dairy small ruminants. Veterinary Research 34, 689–716.

Blacklaws, B.A., Berriatua, E., Torsteinsdottir, S., Watt, N.J., de Andres, D., Klein, D.,
Harkiss, G.D., 2004. Transmission of small ruminant lentiviruses. Veterinary
Microbiology 101, 199–208.

Greenwood, P.L., 1995. Effects of caprine arthritis-encephalitis virus on productivity
and health of dairy goats in New-South-Wales, Australia. Preventive Veterinary
Medicine 22, 71–87.

Le Jan, C., Bellaton, C., Greenland, T., Mornex, J.-F., 2005. Mammary transmission of
caprine arthritis encephalitis virus: a 3D model for in vitro study. Reproduction
Nutrition Development 45, 513–523.

Leitner, G., Merin, U., Silanikove, N., 2004. Changes in milk composition as affected
by subclinical mastitis in goats. Journal of Dairy Science 87, 1719–1726.

Leitner, G., Silanikove, N., Merin, U., 2008. Estimate of milk and curd yield loss of
sheep and goats with intramammary infection and its relation to somatic cell
count. Small Ruminant Research 74, 221–225.

Luengo, C., Sanchez, A., Corrales, J.C., Fernandez, C., Contreras, A., 2004. Influence of
intramammary infection and non-infection factors on somatic cell counts in
dairy goats. Journal of Dairy Research 71, 169–174.

Malher, X., Seegers, H., Beaudeau, F., 2001. Culling and mortality in large dairy goat
herds managed under intensive conditions in western France. Livestock
Production Science 71, 75–86.

Mavrogenis, A.P., Koumas, A., Gavrielidis, G., 1999. The inheritance of somatic cell
counts (index of mastitis) in Chios sheep. In: Barillet, F., Zervas, N.P. (Eds.),
Milking and Milk Production of Dairy Sheep and Goats. EAAP Publications,
Wageningen University Press, Wageningen, The Netherlands, pp.
389–392.

Nord, K., Ådnøy, T.A., 1997. Effects of infection by caprine arthritis-encephalitis
virus on milk production of goats. Journal of Dairy Science 80, 2391–2397.

Oliver, S.P., Gonzalez, R.N., Hogan, J.S., Jayarao, B.M., Owens, W.E., 2004.
Microbiological Procedures for the Diagnosis of Bovine Udder Infection and
Determination of Milk Quality, fourth Edition. The National Mastitis Council,
Inc., Verona, WI, USA.

Peterhans, E., Greenland, T., Badiola, J., Harkiss, G., Bertoni, G., Amorena, B.,
Eliaszewicz, M., Juste, R.A., Krassnig, R., Lafont, J.P., Lenihan, P., Petursson, G.,
Pritchard, G., Thorley, J., Vitu, C., Mornex, J.F., Pepin, M., 2004. Routes of
transmission and consequences of small ruminant lentiviruses (SRLVs)
infection and eradication schemes. Veterinary Research 35, 257–274.

Phelps, S.L., Smith, M.C., 1993. Caprine arthritis-encephalitis virus-infection. Journal
of the American Veterinary Medical Association 203, 1663–1666.

Rowe, J.D., East, N.E., 1997. Risk factors for transmission and methods for control of
caprine arthritis-encephalitis virus infection. Veterinary Clinics of North
America: Food Animal Practice 13, 35–53.

Rowe, J.D., East, N.E., Thurmond, M.C., Franti, C.E., Pedersen, N.C., 1992. Cohort study
of natural transmission and two methods for control of caprine arthritis-
encephalitis virus infection in goats on a California dairy. American Journal of
Veterinary Research 53, 2386–2395.

Sanchez, A., Contreras, A., Corrales, J.C., Marco, J.C., 2001. Relationships between
infection with caprine arthritis encephalitis virus, intramammary bacterial
infection and somatic cell counts in dairy goats. Veterinary Record 148, 711–
714.

SAS Institute, 2002. JMPs User’s Guide. SAS Institute Inc., Cary, NC, USA.
Turin, L., Pisoni, G., Giannino, M.L., Antonini, M., Rosati, S., Ruffo, G., Moroni, P., 2005.

Correlation between milk parameters in CAEV seropositive and negative
primiparous goats during an eradication program in Italian farm. Small
Ruminant Research 57, 73–79.


	The effect of caprine arthritis encephalitis virus infection on production in goats
	Introduction
	Materials and methods
	Animal selection
	Study design
	Sampling and analyses
	Statistical analysis

	Results
	Effect of CAEV infection on production
	Effect of feeding pasteurised colostrum

	Discussion
	Conclusions
	Conflict of interest statement
	Acknowledgements
	References


