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During the period from November 2009 to January 2011, a cross-sectional
serological survey was carried out in three western provinces of Thailand. A total of 1,129
serum samples from 74 randomly selected goat farms were collected and
seroprevalence of antibodies to CAEV infection was determined using competitive
enzyme-linked immunosorbent assay (cELISA) test. Semi-structural questionnaires were
developed and presented to farm owners. Univariable analysis by Chi-square test was
employed to find out the association between CAEV infection and each exposed factor.
Multivariable logistic regression model was run to clarify the risk factors. A total of 67
goats (5.9%) were found seropositive with true prevalence of 5.5%. 23 farms out of 74
were found seropositve showing the prevalence of 31%. On herd prevalence, herd type
(p=0.034; OR=5.026; 95% CI=1.130-22.360), herd size (p=0.006; OR=24.065; 95% Cl=
2.466- 234.788), contact with goats from other herds (p=0.008; OR=8.526; 95% Cl=
1.762 - 41.25), and addition of new goats into herd (p=0.044, OR=4.396; 95% CI=1.044
- 18.51) were observed as risk factors to CAEV infection. On individual prevalence, age
of 3 years and above (p=0.001, OR=4.288, 95% CI=1.809 — 10.163), herd size (p<
0.001, OR=17.971, 95% CI=7.787 — 41.475), and addition of new goats into herd were
detected as risk factors. The results showed that CAEV infection prevailed among the
goat herds in the western part of Thailand, with some risk factors to be aware of.

A comparative study between two groups of animal, a seropositive and a
seronegative group, regarding their reproductive performance in response to CAEV
infection was performed in a CAEV seropositive dairy goat farm during the period from
January 2010 to February 2011. Average number of offspring born to each group was
higher in seronegative group as compared to seropositive group (1.63 vs 1.50). A
significantly low (p<0.05) first conception rate was observed in seropositive group, and
total conception rate was higher in seronegative group than in seropositve group (82.6%
vs 50.0%). Failure to conceive during two consecutive Al was more frequent in
seropositive group than in seronegative group (25% vs 13%). These findings suggested
some evidence of adverse effects of CAEV infection on reproductive performance of
goats and further in-depth studies with greater sample size are deemed necessary to
define the influencing effects of CAEV infection on reproduction in goats more precisely.
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Chapter |
INTRODUCTION

Goat farming, with its virtue of turning low quality forage into highly nutritious milk
and meat (Lombardi, 2005), has long been playing an important socio-economic role in
many countries all over the world (Ruiz et al., 2009; Castle et al., 2010). According to
FAO, total number of goats in the world, which was 590.1 million in 1990, had gradually
increased by about 1% to 4% each year, and reached 861.9 million in 2008 (FAOSTAT,
2008), showing the worldwide significance of goat farming (Morand-Fehr and Lebbie,
2004). However, despite its socio-economic importance in many countries, goat
farming, on the other hand, has not attained its optimum success partly due to many
infectious diseases, including caprine arthritis-encephalitis (CAE) (Greenwood, 19957

Lilenbaum et al., 2007; Leitner et al., 2010).

Caprine arthritis encephalitis, previously known as viral leukoencephalomyelitis
of goats (VLG) (Kusza et al., 2004), is an important viral disease of domestic goats,
which induces negative impacts on reproductive performance as well as on the
production efficiency of goats (Rodriguez et al., 2005; Leitner et al., 2010). The adverse
effects of CAE on the health of infected individuals (Al-Ani and Vestweber, 1984;
Greenwood, 1995%) cause substantial economic losses to goat industry (Peterhans et

al., 2004; Aslantas et al., 2005).

The disease was first reported by Cork and his associates in 1974 (Cork et al.,
1974; Elfahal et al., 2010) as a nervous disease that caused leucoencephalomyelitis in
young goats. Later on, it was found that arthritis could also result from the same disease
causing leucoencephalomyelitis in goats, and therefore it was named Caprine Arthritis-
Encephalitis (CAE) (Kusza et al.,, 2004). It is a slowly-progressive multi-systemic
inflammatory disease, of chronic in nature, characterized by insidious onset, long

incubation period, protracted clinical course and persistent infection with no apparent



recovery (Al-Ani and Vestweber, 1984). As the name implies, CAE is usually seen as
leukoencephalomyelitis in kids, especially in those younger than 6 months, and
polyarthritis in adult goats; however, other clinical manifestation such as indurative
mastitis, interstitial pneumonia, chronic weight loss and debilitation are also common

(Lamara et al., 2002; Rodriguez et al., 2005; Gregory et al., 2009).

CAE is also an economically significant disease (Aslantas et al., 2005; Le Jan et
al., 2005). It gives rise to several problems on reproductive performance and
productivity of affected herds (Reina et al., 2009). Economic losses due to CAE usually
come from reproductive failure, poor production efficiency and premature culling of the

goats (Peterhans et al., 2004; Aslantas et al., 2005).

Moreover, other inferior reproductive performances, such as decreased number
of offspring at each generation, increased mortality rate before weaning, reduced
conception rate in seropositive does, decreased birth weight and delayed weight gain in
kids, as well as reduced lactation period, retarded growth rate after weaning, and poor
survival of the kids are also found subsequent to CAE in affected herds (Greenwood,

1995°; Peterhans et al., 2004; Cruz et al., 2009; Reina et al., 2009).

In addition, the use of indirect indicator such as somatic cell counts can be
impaired in CAE-affected herds due to increased cellularity caused by infection
(Sanchez et al., 2001; Le Jan et al., 2005) and, furthermore, a long-term effects of
increasing health problems within the herd will result in poor milk quality and lower milk
yield (Le Jan et al., 2005; Gufler et al., 2007% Bandeira et al., 2009; Leitner et al., 2010).
There also will be an inferior genetic progress, followed by the premature culling of

goats, causing a considerable economic loss (East et al., 1993; Travassos et al., 1999).

From zoonotic point of view, although there is no evidence that CAE can develop

in human (MacDiarmid, 1983), it has been noticed that a strong cross reactivity exists



between the causative virus of CAE in goats and that of HIV in human (Tesoro-Cruz et
al.,, 2003; Kusza et al., 2004), as they are of the same kind of virus with different
serotypes coming from the same family (Bouzar et al., 2007; Denner, 2007), and
therefore false positive reactions to HIV in some people have been postulated as a result
of prior consumption on milk from the CAE-affected goats (Tesoro-Cruz et al., 2003),
suggesting that drinking unpasteurized goat milk should be avoided in order to reduce

zoonotic risk of CAE to human (Rowe et al., 1991).

Over the time, much attention has been paid to the control of CAE because of its
massive consequences on livestock productivity and negative impacts on the
economics of goat farming (Nord et al., 1998%; Peterhans et al., 2004). Several control
and eradication programs against CAE (Nord et al., 1998 Brinkhof et al., 2009; Reina et
al., 2009) including the restriction of live animal trading, a principal risk factor for the
spread of CAE (Blacklaws et al., 2004; Rodriguez et al., 2005; Elfahal et al., 2010), and
regular check testing and purchasing of goats only from CAE negative herds have been
implemented in many countries (MacDiarmid, 1983; Greenwood et al., 1995b; Cruz et al.,

2009).

Basically, CAE is considered not only risky to health of animals, but it is also
termed as animal welfare issue due to its significant impact on animal's well-being,
caused by lifelong pain and disability, mainly due to bilateral swelling of carpal joints
(deMaar et al., 1995; Peterhans et al., 2004; Leitner et al., 2010), and it is therefore

alternatively called big knee disease (MacDiarmid, 1983).

Although it is worldwide in distribution (Aslantas et al., 2005; Leitner et al., 2010),
prevalence is remarkably higher in those countries where dairy goat farming is highly
industrialized (East et al., 1993; Lamara et al., 2002; Ali Al Ahmad et al., 2008%). In some
countries, CAE has been found endemic to particular areas with high level of incidence

(Klevjer-Anderson and Anderson, 1982; Al-Ani and Vestweber, 1984).



Outbreaks of CAE reported from many countries have covered numerous parts
of the world, showing a wide range of variation over the prevalence rates. It ranged from
a very high percentage, as high as 82% in Australia, 73% in USA and 56% in Wales,
through some moderate levels of around 42% in Norway, 23% in Jordan and 14.1% in
Brazil, to a very low percentage of as low as 4.0% in Italy, 3.6% in Mexico and 1.9% in

Turkey (Nord et al., 1998”; Al-Qudah et al., 2006; Gufler and Baumgartner, 2007").

In Thailand, along with the increasing number of goats under the development of
small ruminant farming (Rukkwamsuk et al., 2008), presence of CAE has been reported
on occasions (Tantaswasdi et al., 1985), and prevalence from a fresh finding was found

to be standing at 12.4% (Ratanapob et al., 2009).

1.1 Research questions

® \What is the seroprevalence of CAEV infection among the goat population in the

Western part of Thailand?

® \What are the risk factors associated with the prevalence of CAEV infection in the

study area?

® \What are the effects of CAEV infection on reproductive performance of goats?

1.2 Research objectives

® To determine the seroprevalance of CAEV infection among the goat herds from
three Western provinces (Ratchaburi, Petchaburi and Kanchanaburi provinces)
of Thailand.

® To detect the potential risk factors associated with the prevalence of CAEV
infection in the study area.

® To study the effects of CAEV infection on the reproductive performance of goats.



1.3

Research hypothesis

Caprine arthritis encephalitis virus may have been spread over among the
population of goats in three Western provinces (Ratchaburi, Phetchaburi and
Kanchanaburi provinces) of Thailand, and there must be some potential risk
factors related to that occurrence of infection.

The presence of CAEV infection in herds will produce a negative impact on the
reproductive performance of the herds due to the adverse effects of infection,
and there must be some differences between seropositive and seronegative

does on their reproductive performances against CAEV infection.



Chapter I
LITERATURE REVIEW

21 Etiologic agent

CAE is caused by a virus called Caprine Arthritis-Encephalitis virus (CAEV)
(Klevjer-Anderson and Anderson, 1982; Al-Ani and Vestweber, 1984), which is closely
related to the maedi-visna virus (MVV) of sheep (Kwang et al., 1995; Plaza et al., 2009).
It is one of the only two lentiviruses currently known to be associated with infections in
sheep and goats (Denner, 2007; Ghanem et al., 2009). CAEV can be defined as a part
of small ruminant lentivirus (SRLV), which comprises a blend of maedi-visna virus (MVV)
in sheep and caprine arthritis-encephalitis virus (CAEV) in goats (de Andrés et al., 2005;
Gufler et al., 2007%; Brinkhof et al., 2009), both of which are considered genetically
similar (Kwang et al., 1995; Chebloune et al., 1996) having 60-70% nucleotide sequence
homology (Eltahir et al., 2006) and capable of producing evolving complex syndrome
(Narayan et al., 1980; Archambault et al., 1988) causing multisystemic inflammatory
diseases in sheep and goats (Blacklaws et al., 2004; Logan et al., 2004; Reina et al.,

2009).

2.2 Virus morphology

CAEV is the single-stranded RNA Lentivirus belonging to the subfamily
Lentivirinae of the family Retroviridae (Klevjer-Anderson and Anderson, 1982;
Archambault et al., 1988; Tesoro-Cruz et al., 2003). It is magnesium-dependent and has
a RNA-dependent DNA polymerase (Al-Ani and Vestweber, 1984). Cross-reactivity
between CAEV and other lentiviruses, including HIV in human, have been reported
(Tesoro-Cruz et al., 2003). Similar to the other lentiviruses, CAEV is relatively resistant to
UV light and irradiation (Nord et al., 1998%), but not to drying, heating and sunshine

(Narayan et al., 1982). Just like other lentiviruses, CAEV cannot survive long, and does



not stay infectious, outside the host (Nord et al., 1998°). The virus has a particular
affection on leucocytes, especially with monocytes and tissue macrophages (Narayan et

al., 1983; Bouzar et al., 2007).

2.3.  Species affected

Goats of any age, sex and breed, including crossbreeds, are susceptible to
CAEV and can be readily infected (Al-Ani and Vestweber, 1984; Cortez-Moreira et al.,
2005), despite the fact there have been a few reports on the description of natural
resistance of some indigenous breeds to CAEV infection (Torres-Acosta et al., 2003;
Cruz et al., 2009). Another statement is that the CAEV infection is more prevalent with
imported goats (Peterhans et al., 2004; Elfahal et al., 2010), and also that it is more
common in dairy goats than in meat goats (MacDiarmid, 1983; deMaar et al., 1995;
Gufler et al., 2007°%; Ali Al Ahmad et al., 2008b). In terms of breeds, Saanen is the most

susceptible breed known to be infected by CAEV infection (Rodriguez et al., 2005).

Although CAEV infection is primarily confined to goats (Nord et al., 1998%,
cumulative findings have suggested that trans-species transmission between sheep and
goats (Torres-Acosta et al., 2003; Gufler et al., 2007"; Ghanem et al., 2009), which may
be bidirectional, either from goat to sheep or from sheep to goat (MacDiarmid, 1983;
Reina et al., 2009), may exist. Some reports say that Maedi-visna virus (MVV) of sheep
can transmit to goats, and, vice versa, CAEV of goats can transmit to sheep (Denner,

2007).



2.4 Transmission

Transmission of CAEV infection most commonly occurs via the ingestion of virus-
containing colostrums or milk (East et al., 1993; Peterhans et al., 2004), and therefore
transmission of infection from dam to kid through the colostrums is accepted as the
principal mode of transmission (Blacklaws et al., 2004; Le Jan et al., 2005). However,
since the CAEV has a particular tropism for monocytes, macrophages, fibroblasts and
endothelial cells (Le Jan et al.,, 2005; Bouzar et al., 2007), all bodily secretion and
excretion containing white blood cells can be considered as possible sources of
infection (Narayan et al., 1983; Kusza et al., 2004; Ali Al Ahmad et al., 2008b) and the
virus can therefore be transmitted through any other possible routes, other than
ingestion of virus-infected milk or colostrums, such as direct contact with infected
animals, in contact with urogenital secretion or saliva, and through the blood and
contaminated utensils such as milking machine and tattooing equipments (Al-Ani and

Vestweber, 1984; East et al., 1993; Travassos et al., 1999; Logan et al., 2004).

Although transmission primarily takes place by the ingestion of colostrums or
milk between dam and kid, vertical transmission through intrauterine infection or
transplacental transmission remains unclear (MacDiarmid, 1983; Peterhans et al., 2004;
Gufler et al., 2007%), nevertheless some suggest there is a possibility of vertical
transmission from dam to offspring (Nord et al., 1998°; Blacklaws et al., 2004).
Transmission through embryo transfer is considered unlikely to happen (Lamara et al.,
2002; Ali Al Ahmad et al., 2008%). Aerosol transmission can also exist between the
animals kept close to each other (Rowe et al., 1991; Blacklaws et al., 2004), and this
route of transmission may be significant over a distance of several meters within a herd,

particularly under intensive management systems (Peterhans et al., 2004).

Unlike other retroviruses, CAEV is not well defined for sexual transmission

(MacDiarmid, 1983; Travassos et al., 1999; Blacklaws et al., 2004). But then again, the



presence of CAEV proviral DNA in the semen of naturally infected bucks (Bandeira et
al., 2009) and the evidence of a positive correlation between the positivity of CAEV in
blood and its presence in the semen of infected bucks suggest that transmission
through semen is not unlikely (Rodriguez et al., 2005; Ali Al Ahmad et al., 2008b; Cruz et
al., 2009). It may depend on the presence of infected cells in the genital tracts of bucks
and release of infected cells through contaminated semen (Nord et al., 1998°: Rodriguez
et al., 2005; Ali Al Ahmad et al., 2008b). However, to date, very little information has been
available for such route of transmission (Rodriguez et al., 2005; Bandeira et al., 2009). In
general, males are considered as main reservoirs of CAEV infection and females, in turn,
are considered to be principal distributors of disease in a herd (Rodriguez et al., 2005;

Bandeira et al., 2009).

25 Pathogenesis

Once it invades the body, CAEV is absorbed by the gastrointestinal tract, from
where it continues the process of invasion, and finally reaches into the peripheral blood
mononuclear cells (Al-Ani and Vestweber, 1984; Logan et al., 2004). Like other
lentiviruses, CAE virus has a great affection to monocytes and macrophages
(Chebloune et al., 1996; Bouzar et al., 2007) and usually stays latent in them (Narayan et
al., 1983; Ali Al Ahmad et al., 2008b). It infects the targeted cells, attacking on the
monocyte-macrophage lineage (Chebloune et al., 1996; Logan et al., 2004), and a viral
infection is subsequently distributed throughout the body along with the dissemination of

infected macrophages via blood stream (Le Jan et al., 2005).

Following the dissemination CAEV-infected leucocytes, after the virus has
reached to other tissues, a variety of chronic inflammatory lesions are observed in the
brain, spinal cord, lungs (Storset et al., 1997), mammary glands and joints of the
infected animals (Al-Ani and Vestweber, 1984), resulting from the hyperplasia of

lymphoid follicles and progressive infiltration of mononuclear inflammatory cells into the
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parenchyma of targeted tissues in the affected organs (Karanikolaou et al., 2005;
Gregory et al., 2009). This is particularly happened to the tissue macrophages of central
nervous system, lungs, mammary glands and synovium because of the predilection of

virus to attack the mononuclear cells (Chebloune et al., 1996; Bouzar et al., 2007).

CAEV can replicate in the epithelial cells of mammary glands, genital tissues and
other several tissues, and also it can infect several endothelial cells (Le Jan et al., 2005;
Rodriguez et al., 2005; Ali Al Ahmad et al., 2008b). Both humoral and cell-mediated
immune response induced by animals after onset of the infection (Archambault et al.,
1988; de Andrés et al., 2005) are strong, but, not fully protective against the CAEV
infection and therefore, unable to stop the infection (Karanikolaou et al., 2005). Maternal
antibody in colostrums, as well, is not strong enough to protect the offspring from

infection (Logan et al., 2004).

2.6 Clinical signs

In general, goats usually get infected with CAEV early in their life (Karanikolaou
et al., 2005) through the ingestion of infected cells-containing colostrums or milk
(Lamara et al., 2002; Le Jan et al., 2005). However, due to the delayed seroconversion
rate (Eltahir et al., 2006; Ali Al Ahmad et al., 2008%), they become clinically evident only
after a long period of time (Archambault et al., 1988), which may be somewhere
between a few to several months after infection (de Andrés et al., 2005) or only after two

or three years of infection (MacDiarmid, 1983; Karanikolaou et al., 2005).

Major clinical signs colligated with CAEV infection are as polyarthritis, chronic
synovitis, chronic intestinal pneumonia, acute or chronic indurative mastitis, progressive
weight loss in adult goats, and leukoencephalitis in younger goats, especially in kids
between 2 to 6 months of age (Al-Ani and Vestweber, 1984; Lamara et al., 2002; Logan

et al., 2004; Gregory et al., 2009). Among these, arthritis form is the most common
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manifestation of disease and it is more frequently observed in adults older than 6
months of age, whereas encephalitis is more abundantly seen in younger animals, while
chronic progressive weight loss can co-exist with any other forms of the diseases at any

age interval (Cortez-Moreira et al., 2005; Bandeira et al., 2009).

In addition to these signs, other clinical features such as decreased birth
weights, delayed weight gain, and increased mortality before weaning are often seen in
offspring (Peterhans et al., 2004; Reina et al., 2009). However, severity of disease or
clinical signs may vary between individuals and some infected animals may not even

show any obvious signs of the disease (Archambault et al., 1988; Kusza et al., 2004).

Being asymptomatic, only 25 to 30% of infected total develop clinical illness,
mainly due to chronic infection of joints, and become incapacitated (Lamara et al., 2002;
Karanikolaou et al., 2005; Eltahir et al., 2006). With long incubation of virus and delay
seroconversion rate, clinical signs are usually subtle and it may take years to develop in
some (Gufler et al., 2007°; Leitner et al., 2010). However, despite the fact that only a few
of total infected animals develop clinical illness (Gufler et al., 2007°; Plaza et al., 2009),
all of them, once infected, become subclinical carriers, even if asymptomatic (Nord et
al., 1998°; Al-Qudah et al., 2006), and continue shedding the virus throughout their

lifetime, transmitting the infection to the others (East et al., 1993; Peterhans et al., 2004).
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2.7 Effect of CAEV on reproductive performance and productivity

CAEV produces several effects on reproductive performance and productivity of
infected animals, thereby affecting the production efficiency of an entire herd
(Greenwood, 1995% Cruz et al., 2009). One of the most obvious effects seen is
decreased milk yield in affected goats with increased somatic cell counts and recurrent
udder infection (Sanchez et al.,, 2001; Gregory et al., 2009; Leitner et al., 2010).
Indurative mastitis due to CAEV has been reported and subclinical intramammary
bacterial infection with reduced lactation length and lower milk fat content has also been
recorded in CAE affected herds (Al-Ani and Vestweber, 1984; Sanchez et al., 2001; Le

Jan et al., 2005; Ali Al Ahmad et al., 2008°%).

Moreover, decreased birth weight, delayed weight gain and increased mortality
rate before weaning are more frequently observed in CAE affected goat herds, where
overall conception rate is relatively low in infected dams (Aslantas et al., 2005; Reina et
al., 2009). In addition, average number of offspring born in each gestation is lower in
CAE affected herds, with which the average lifespan of infected individuals become
shorter due to premature culling that affects the productivity of the herd (Peterhans et

al., 2004).

2.8 Diagnosis

Diagnosis can be achieved through a combination of history, clinical signs,
histopathological lesions and serology test, for example: examination of the
mononuclear cell counts in synovial fluid and measuring of the metacarpal diameter or
joint enlargement in the animals with arthritis form of disease (Al-Ani and Vestweber,
1984, Lilenbaum et al., 2007), immunohistochemistry of tissue sections from the synovial
membrane and connective tissue surrounding the joints (Storset et al., 1997; Bouzar et

al., 2007), radiography of the lungs in animals with respiratory form (Al-Ani and
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Vestweber, 1984; Logan et al., 2004), and mammary gland evaluation in the animals

with indurative mastitis (Sanchez et al., 2001; Gregory et al., 2009).

However, since most of the infected goats remain asymptomatic and antibodies
titer indicating the evidence of the virus are higher in blood (East et al., 1993; Plaza et
al., 2009), diagnosis of CAEV is preferably based on serology (Lilenbaum et al., 2007)
and usually performed by such serological tests as agarose gel immunodiffusion
(AGID), immunoprecipitation test (IP), and enzyme-linked immunosorbent assay (ELISA)

(Cortez-Moreira et al., 2005; Ghanem et al., 2009).

From several experiments, it was observed that the sensitivity value of ELISA to
CAEV is higher than that of AGID to CAEV, suggesting that (ELISA) is more sensitive
and can give greater accuracy than (AGID) (Cortez-Moreira et al., 2005). Therefore
ELISA is favourably used for the detection of antibodies against CAEV in serum and milk
(Plaza et al., 2009). Nowadays, competitive ELISA (cELISA) that provide higher
sensitivity and can detect lower titers of CAEV antibodies more precisely than indirect
ELISA, thereby rendering more accurate diagnosis, has been widely used for detection
of antibodies to CAEV in serum (Aslantas et al., 2005; Ghanem et al., 2009). However,
there are times when antibodies may fail to develop in some infected animals due to
delayed seroconversion, and in kids younger than 6 months of age (Lamara et al., 2002;

Rodriguez et al., 2005; Elfahal et al., 2010).

Virus isolation from synovial membrane, brain and genital tract tissues is also an
alternative to diagnosis, but with little chance of success during infection (Lamara et al.,
2002; Le Jan et al.,, 2005; Rodriguez et al., 2005; Ali Al Ahmad et al., 2008b). PCR
(Polymerase chain reaction) detection of proviral DNA in blood mononuclear cells and
targeted tissues is also possible, but sensitivity may be slighter lower than that of ELISA

(Karanikolaou et al., 2005; Eltahir et al., 2006).
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2.9 Treatment

To date, there has been no successful treatment or vaccination available for
CAEV infection (Al-Ani and Vestweber, 1984; Cruz et al., 2009). Only symptomatic and
supportive therapies, such as foot trimming, good pasture management, administration
of anti-inflammatory drugs and antibiotic therapy for secondary bacterial infection, have
been applied to CAEV infected animals (Logan et al., 2004). However, most of the
infected animals are eventually culled since the infection is unstoppable and clinical

signs usually become more exaggerated over time (Nord et al., 1998%).

2.10 Control and prevention

Without any treatment of choice, control and prevention with early diagnosis of
disease become essential to eradication of CAE (Cruz et al., 2009). Control measure of
CAE is mainly based on reduction of possible sources of infection (Rodriguez et al.,
2005), such as restriction of live animal trading and introduction of new animals into
herds, early diagnosis of disease by performing serological tests at regular period of
time (Nord et al., 1998” Aslantas et al., 2005), segregation of seropositive animals from
seronegative individuals, quarantine and regular culling of infected animals (Al-Ani and
Vestweber, 1984), isolation of newborn kids from seropositive dams before suckling and
feeding them on heat-treated colostrums or pasteurized milk or milk replacer until
weaning. (Rowe et al., 1991; Aslantas et al., 2005; Leitner et al., 2010), and reducing

stocking density in the herds (Rowe et al., 1991; Blacklaws et al., 2004).

But, delayed seroconversion is sometimes a problem to control of CAE since the
control program is usually based on early diagnosis of disease using serological tests.
Segregation and culling of seropositive animals are essential to eradication of CAE from
a seropositive herd (Al-Ani and Vestweber, 1984, East et al., 1993; Aslantas et al., 2005;
Ghanem et al., 2009).
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2.11 CAE in Thailand

Thailand has a large population of goats, around 390,000 heads and 36,000
herds, as of year 2010, stated by DLD (Department of Livestock Development,
Thailand). Among these, more than 80% of the total population of goat is raised in
western and southern parts of Thailand, mainly raised by small-holder farmers. This
population comprises of several breeds, a variety of Thai native breeds and cross-
breeds, raised either for meat or milk (DLD, unpublished data). In regard to outbreaks of
CAE, two articles have been published to date, from which the prevalence of CAEV
infection was reported to be around 12.0% (Tantaswasdi et al., 1985; Ratanapob et al.,
2009). However, there was no study focusing in-depth on the potential risk factors for
the prevalence of CAE in Thailand and also on the effect of CAEV infection on the

reproductive performance of an affected herd.

In this study, it was tried to elucidate the potential risk factors associated with the
seroprevalence of CAEV infection in goat herds in the western part of Thailand, as well
as the effects of CAEV infection on the reproductive performance of goats in an affected

herd.



Chapter Il
MATERIALS AND METHODS

This study consisted of two different parts, the first part investigating over the
seroprevalence of, and risk factors associated with, CAEV infection among the goat
herds from three Western provinces of Thailand, namely Ratchaburi, Petchaburi, and
Kanchanaburi, and the second part studying the effects of CAEV infection on
reproductive performance of goats by comparing the differences between seropositive

and seronegative does within a CAEV seropositive goat herd.

3.1 Study design

This study was based on two study designs. The first one was a cross-sectional
study investigating the seroprevalence of CAEV infection and risk factors associated
with the infection at a specific point of time. The second one was a comparative study
between a seropositive and seronegative group of animals in a CAEV seropositive goat

herd, in which reproductive performance of does from each group were compared.

3.2 Study area

Goat farms from Ratchaburi, Petchaburi and Kanchanaburi provinces (Figure 1),
were included in this study. These three provinces were particularly chosen for the
surveillance because there is a big population of goats raised in this area, and also that
these provinces are situated on the outermost part of the country, closely adjacent to the
borderline, and, passing through which a great flow of goat transport from the North to
the Southern parts of country has been taking place for years. Therefore, thinking in

terms of possibility, goat population in this area, three provinces as a whole part, is more
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likely to be risk-affected, compared to other provinces which are far more inland.

»Y
93

Figure 1: The study area (Coloured), a combination of Ratchaburi (Red), Petchaburi

(Blue) and Kanchanaburi (Black) provinces of Thailand
3.3 Goat population in study area
Goat population in these three provinces, as of 2009, was around 42,000 heads,

which comprised of approximately 850 farms (DLD, unpublished data).

Table 1: Total number of goats in Ratchaburi, Petchaburi and Kanchanaburi provinces

Province Head Herd
Ratchaburi 7652 253
Petchaburi 9441 280
Kanchanaburi 24529 314

Total 41622 847
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19

3.4 Serological survey

3.4.1  Sample size calculation

Determination of sample size was performed in two stage sampling designs.

First, number of animals to be sampled from the targeted population was calculated

using the following formula:

n= (Thrusfield, 2005)

where,
n = number of animals to be sampled
Z = value for selected alpha level of 0.025 in each tail= 1.96
p = estimate of prevalence

d = margin of error

Therefore, by assuming the seroprevalence of CAEV infection in goats as
12.40% (Ratanapob et al., 2009), with an error of margin and confidence level
respectively set at 0.02 and 95%, the required sample size of 1044, better adjusted as

1,100, was calculated.

Following the estimation of sample size, number of animals to be sampled from
each herd to detect at least one positive animal was calculated using the formula for
detecting the presence of disease (Al-Majali, 2005).

n="[1-(1-p,) " 1IN - d/2] + 1 (Thrusfield, 2005)
where,

n= number of animals to be sampled
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N = herd size
d = within herd prevalence of infected animals

p, = probability of finding an infected animal in the herd

Therefore, as the herd size in this study area ranged from 5 to 200, by fixing the
herd size to be 200 at its maximum, with the estimated within herd prevalence set as
15% and the probability of 95% confidence level, the minimum number of animals to be

sampled from each herd was obtained; it was 18.

3.4.2 Classification of herd size

Because the herd size in the study area ranges from 5 to 200 animals, all farms
were categorized into three groups; small (less than 50 animals), medium (51-100

animals) and large (above 100 animals).

3.4.3 Selection of farms and animals

All farms were chosen in random, and from each selected farm, 18 animals were
sampled for blood. However, in those farms whose herd sizes were equal to or less than
18, all animals were sampled. Regardless of age, sex and breed, goats in every

selected farm were chosen at random for blood sampling.

3.4.4 Blood (serum) sample collection

A total of 1,129 blood samples, randomly taken from 74 randomly selected
herds, were collected during the period from November 2009 to January 2011. From
each sampled animal, 5 ml of blood (serum sample) was collected from jugular vein
using vacutainer tubes. Afterwards, all samples were centrifuged at 1000 g for 10 min

and stored at -20°C until analysis.
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3.4.5 Questionnaire survey

Semi-structural questionnaires (Appendix 1 and 2) were developed and asked to
farm owners, shortly before or after collection of blood, to obtain necessary information
relating to the background history and management practice of the farms, such as
previous outbreaks of infectious diseases in the herd, breeding management and import

of animals, control measure against infectious diseases and so on.

3.4.6 Laboratory analysis of collected serum samples

All collected sera were run for analysis to detect the presence of CAEV
antibodies using a commercially available competitive enzyme-linked immunosorbent
assay (c-ELISA) test kits (Caprine Arthritis Encephalitis Virus Anti-body Test Kit, CELISA,
VMRD, Inc., Pullman, WA, USA). Specificity and sensitivity of VMRD cELISA kit are 100%
and 99.6% respectively. It contains 96-well plates coated with CAEV antigen. The test kit

also provides positive and negative control of the goat sera that come with the set.

3.4.6.1 Test preparation and procedures
Test preparation and procedures were carried out according to manufacturer’s

instruction (Appendix C).

3.4.6.2 Interpreting the results

Based on the optical density (O.D.) value of the samples obtained from
microplate reader, the percent inhibitions of antibodies to the antigens were
calculated as follow.

% inhibition = (100 — [Sample O.D. x100) + (mean negative control O.D.)]
Samples producing the values = 35% inhibition are defined positive

while those producing < 35% are defined negative.
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3.4.7 Adjustment for true seroprevalence

Based on the results obtained from serological analysis, true individual
seroprevalence was calculated from overall apparent prevalence using the following

formula:

__ Ap+Sp—-1

TP =
Se+Sp—1

(Thrusfield, 2005)

where,
TP = true prevalence
AP = apparent prevalence
Se = sensitivity of the test

Sp = specificity of the test

3.4.8 Risk factors analysis

Using the serological results obtained from laboratory analysis of serum samples
and information received from questionnaire survey, risk factors analysis was carried out
in two-fold process. First, presence of association between serological status of animals
and each hypothesized risk factor, on both herd and individual levels, was examined in
case-control design, where seropositive and seronegative groups were compared in
terms of exposure to hypothesized risk factors (Abo-Shehada and Abu-Halaweh, 2010)

by using Chi-square test.

All hypothesized risk factors that showed significant association with the
seropositivity of CAEV infection on univariate analysis, at two-tailed level (p<0.05), were
then advanced to multivariable logistic regression model for further analysis of risk
factors. Hosmer and Lemeshow’s goodness of fit test was applied, and backward-

stepwise elimination process was performed to filter the variables. Variables significant
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(p<0.05) in final logistic regression model were defined as risk factors associated with

CAEV infection in the study population.

3.5 Comparative study on the effects of CAEV infection on reproductive
performance of goats between seropositve and seronegative groups in a CAEV infected

herd

3.5.1 Selection of one seropositve farm

One CAEV seropositive dairy goat farm in Suan Phueng district, Ratchburi
province was selected for this part of study, out of the several seropositive farms
detected seropositive to CAEV infection during the year 2009. This farm was selected
because it was a dairy farm, where the prevalence was usually higher in dairy goat than
in meat goat (deMaar et al., 1995), and all breeds in this farm were Saneen crossbreed,
the most susceptible breed to CAEV infection among various goat breeds (Rodriguez et
al., 2005). In addition, it was a close type farm, into which no new goats had been
added for years. Again, this farm has been established for almost ten years, and,
previous cases of CAEV seropositivity have been reported in the farm from time to time.
Furthermore, this farm practiced artificial insemination and therefore previous records of
the reproductive performance for recent years were most available compared to other
farms that performed natural mating. The study on the reproductive performances of
goats between two groups in the herd was carried out from January 2010 to February

2011.

3.5.2 Separation of animals into two groups

Blood samples were collected from all adult females, older than one year of age,

and, run for laboratory analysis using the same test kit (VMRD cELISA test kit) and

laboratory procedure as it was performed in seroprevalence study. Eight adult female
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goats were found seropositive to CAEV infection, while seronegative group contained

twenty three adult females.

3.5.3 Collection of secondary data

General information of the farm, such as farm management practice,
reproductive problems and previous cases of CAEV infection within the herd, were

collected.

3.5.4 Observation over reproductive performance of animals

Date of each Atrtificial insemination was documented with each animal from both
groups, and, following that, every animal in each group were watched over for any
differences in reproductive performance. Herd prolificacy rate, first service conception
rate, total conception rate, gestation period, and failure to conceive during two
consecutive Al, frequency of abortion, neonatal mortality and other reproductive

problems with each group were accordingly recorded.

3.5.4.1 The prolificacy of each goat herd was determined by the total number of kids

born over the total number of does kidded during the period of study multiplied by 100.

Number of kids born

Herd prolificacy rate = x 100

Number of does kidded
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3.5.4.2 The first service conception rate was determined by the number of does
becoming pregnant from the first Al over the total number of does inseminated during

the period of study multiplied by 100.

Number of does pregnant from first Al

First service conception rate = x 100

Number of does inseminated for first time Al

3.5.4.3 The total conception rate was determined by the number of does becoming
pregnant over the total number of does inseminated during the period of study

multiplied by 100.

Number of does becoming pregnant

Total conception rate = x 100

Numbers of does inseminated

3.5.4.4 Gestation period of each doe was determined by the period starting from the

date of Al to the date of delivery.

3.5.5 Comparison of the results obtained from two groups

Recorded data on reproductive performance obtained from two different groups
were then analyzed. The numbers of kids born per doe per parturition and gestation
length from each group were compared using two-tailed Student’s t-test. First service
conception rate, total conception rate, failure to conceive during two consecutive Al,
frequency of abortion and neonatal mortality rate from each group were analyzed using

Chi-square test.
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3.6 Statistical analysis and softwares used in this study

Microsoft office excel 2007 and statistic program for social science (SPSS for
windows) version 16.0 (SPSS Inc., Chicago, USA) were used for data analysis in this

study.

In seroprevalence study, univariate analysis using Chi-square test was applied
to find out the association between the CAEV seropositivity and each hypothesized risk
factors. Fisher's exact test was employed where the number of observation in one cell
was less than 5. Confidence level was set at 95%. With variables showing pvalue less
than 0.05 (P<0.05, two-tailed) on univariate analysis, multivariable logistic regression
model was used for determination of significant risk factors associated with CAEV
infection. Hosmer and Lemeshow’s goodness of fit test, with confidence level of 95%,
was applied, and least significant variables were filtered out by backward-stepwise

elimination process.

In comparative study, Chi-square test was used for comparison of categorical
variables, and two tailed student’s t-test for continuous variables. Presence of any
significant difference between two groups of animal regarding their reproductive

performance was determined by pvalue (p<0.05) with confidence level set at 95%.



Chapter IV
RESULTS

4.1 Serological survey

4.1.1 Individual and herd level seroprevalence of CAEV infection

From serological analysis, 67 out of the total of 1,129 goats were found
seropositive to CAEV infection, showing the apparent seroprevalence of 5.9% and true
individual seroprevalence of 5.52%. On herd level analysis, 23 farms out of 74 in total

were found seropositive (Table 2).

Table 2: Individual and herd seroprevalence of CAEV infection in goats

Prevalence level Positive Negative Total
Individual 67 (5.9%) 1,062 (94.1%) 1,129 (100%)
Herd 23 (31%) 51 (69%) 74 (100%)

4.2 Univariate analysis

4.2.1 Seroprevalence of CAEV infection with sex and age

It was observed that seroprevalence was higher in male, with 16 positive cases

(9.4%) from 171 total, compared to female showing 51 positive cases (5.3%) from 958

total samples tested.

Regarding age, seroprevalence was found highest (10.1%) in the oldest group,

3 years and above, with which 34 seropositives were detected from 336 total samples
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tested, and, becoming decreased with age, it was found lowest (3.2%) in the youngest
group, less than 1 year of age, in which 7 out of 218 goats were found seropositive to
CAE virus infection. With different levels of age, seroprevalence ranged from 3.2% to

10.1%.

Table 3: Seroprevalence of CAEV infection with sex

Sex Positive Negative Total
Male 16 (9.4%) 155 (90.6%) 171 (100%)
Female 51 (5.3%) 907 (94.7%) 958 (100%)

Table 4: Seroprevalence of CAEV infection with age

Age Positive Negative Total

Less than 1 year 7 (3.2%) 211 (96.8%) 218 (100%)
11to 2 years 11 (3.4%) 308 (96.6%) 319 (100%)
2 to 3 years 15 (5.9%) 241 (94.1%) 256 (100%)
3 years and above 34 (10.1%) 302 (89.9%) 336 (100%)

Both sex and various levels of age showed significant association with the
seroprevalence of CAEV infection on univariate analysis by Chi-square test, with

(p=0.04) and (p=0.001) respectively.

4.2.2 Seroprevalence of CAEV infection with herd type

In regards to herd type, higher seroprevalence was detected in dairy goats, on
both herd and individual levels, where 27 (9.3%) out of 291 goats as individual and 10
(55.6%) out of 18 as herd level prevalence, were found seropositive to CAEV infection.
In meat type goats, seroprevalence was 4.8%, 40 out of 838, on individual level and

23.2%, 13 out of 56, on herd level prevalence.
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Table 5: Seroprevalence of CAEV infection with herd type

Individual prevalence Herd prevalence

Herd type

Positive  Negative  Total Positive  Negative  Total

40 798 838 13 43 56
Meat

(4.8%) (95.2%) (100%) (23.2%) (76.8%) (100%)

27 264 291 10 8 18
Dairy

(9.3%)  (90.7%) (100%) (55.6%) (44.4%) (100%)

Herd type showed a significant association with the seroprevalence of CAEV

infection, at both herd (p=0.01) and individual (p=0.005) levels of prevalence.

4.2.3 Presence of other animals in the farm

Sheep, cattle and dogs were observed in some farms. Among them presence of

sheep and cattle were documented.

4.2.3.1 Presence of sheep in the farm

Of 74 goat farms surveyed, 3 farms had sheep raised together with goats in the
herd. But, none of them were found seropositive to CAEV infection. And no significant
association was observed between the presence of sheep and seroprevalence of CAEV

infection.

4.2.3.2 Presence of cattle in the farm

Cattle were present in 26 farms and, from them, 8 farms were found seropositive
to CAEV infection, while with the rest 48 farms, which did not have cattle in them, 15
farms were found seropositive. There was no significant association observed between

the presence of cattle and seroprevalence of CAEV infection.
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4.2.4  Seroprevalence of CAEV infection with different breeds of goat

On herd level prevalence, 1 farm out of 8 (12.5%) in native breed, 11 out of 49
(22.4%) in crossbreed and 11 out of 17 (64.7%) in Saanen crossbreed were seropositive
to CAEV infection. On individual level, seroprevalence was observed as 1.4% (1 out of
69) in native breed, 4.9% (38 out of 777) in crossbreed and 9.9% (28 out of 283) in
Saanen crossbreed. With different breeds of goats, seroprevalence ranged from 12.5%

to 64.9% on herd level and from 1.4% to 9.9% on individual level.

Table 6: Seroprevalence of CAEV infection with different breeds of goat

Individual prevalence Herd prevalence
Breeds
Positive Negative Total Positive Negative Total
1 68 69 1 7 8

Native breed
(1.4%) (98.6%) (100%) (12.5%) (87.5%) (100%)

38 739 777 11 38 49
Crossbreed
(4.9%) (95.1%) (100%) (22.4%) (77.6%) (100%)

28 255 283 11 6 17
Saanen crossbreed
(9.9%) (90.1%) (100%) (64.7%) (35.3%) (100%)

It was observed that difference in breed of goats was significantly associated
with the seroprevalence of CAEV infection, on both herd (p=0.003) and individual
(p=0.003) levels.



31

4.2.5 Seroprevalence of CAEV infection with difference in herd size

Of 74 farms, 55 were farms with less than or equal to 50 goats in them, 13 were
those having between 50 to 100 goats, and the other 6 containing more than 100.
Serological findings showed that 13 farms out of 55 in small herd size group, 6 farms
from the total of 13 in medium herd size group and 4 farms out of 6 in large herd size
group were seropositive to CAEV infection on herd level prevalence.

On individual level, 22 goats were found seropositive from the total
number of 787 goats included in small herd size group, while 28 out of 234 goats in
medium herd size group and 17 out of 108 goats in large herd size group were
seropositive to CAEV infection. With differences in herd size, herd level seroprevalence
ranged from 23.6% to 66.7%, while individual seroprevalence lied within the range of

2.8% t0 15.7%.

Table 7: Seroprevalence of CAEV infection with difference in herd size

Individual prevalence Herd prevalence
Herd size
Positive  Negative Total Positive  Negative Total
22 765 787 13 42 55
Small (1 - 50)

(2.8%) (97.2%)  (100%)  (23.6%) (76.4%) (100%)

28 206 234 6 7 13
Medium (51 - 100)
(12.0%) (88.0%) (100%)  (46.2%) (53.8%) (100%)

17 91 108 4 2 6
Large ( > 100)
(15.7%) (84.3%) (100%) (66.7%) (33.3%) (100%)

A significant association between the seroprevalence of CAEV infection and
variation in herd size was discovered, on both levels of prevalence, with (p=0.042) and

(p=0.001) respectively.
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4.2.6 Association between farm management system and seroprevalence of CAEV

infection

Relationship between seroprevalence of CAEV infection and farm management
system, which included rearing system, use of pasture, contact with goats from other
herds, separation of male and female, addition of new goats into herd, farm replacement
policy, use of disinfectants, use of vaccines, presence of veterinary services and
breeding methods, as well as relationship between seroprevalence of CAEV infection
and other hypothesized risk factors, such as previous cases of CAE, knowledge of farm
owner towards CAE and presence of other goat farms within 1km distance, were
evaluated, both on herd and individual levels. These variables were compared as binary

data, having only two categories, with “Yes” or “No” outcomes.

4.2.6.1 Rearing system (intensive vs. semi-intensive)

Higher seroprevalence was detected in goats raised on intensive rearing system
on both herd (38.5% vs. 29.5%) and individual (9.0% vs. 5.1%) prevalence levels, but a
significant association between rearing system and seropositivity of CAEV infection was

observed only on individual prevalence level (p=0.027).

4.2.6.2 Use of pasture (used vs. not used)

On herd level, seroprevalence was higher in those farms that practiced use of
pasture or grazing outside, but not significant (37.0% vs. 27.7%). However, in contrast,
on individual level, higher seroprevalence, significantly associated with the seropositivity
of CAEV infection, was seen in those farms that do not use pasture (4.1% vs. 7.3%,

p=0.026).
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4.2.6.3 Contact with goats from other herds (in contact vs. not in contact)

On individual level, goats that do not have contact with goats from other herds
showed higher seroprevalence, but no significant association was observed (6.1 % vs.
5.5%). However, on herd level, seroprevalence was almost double in those farms that
were in contact with goats from other herds, with a significant association to

seropositivity of CAEV infection (53.3% vs. 25.4%, p=0.037).

4.2.6.4 Presence of other goat herds within 1km distance (present vs. absent)

On herd level, higher seroprevalence was observed with those farms which have
other goat herds within 1 km distance from them (34.5% vs. 28.9%). But, on individual
level, it was reversely seen, as higher seroprevalence was detected with farms that do
not have any other goat herds within 1 km distance (4.5% vs. 6.9%). On either level of

prevalence, a significant association to CAEV infection was not present.

4.2.6.5 Male-female separation (separated vs. not separated)

With those farms that separate male and female apart, lower seroprevalence was
observed on both herd (28.6% vs. 32.1%) and individual (4.2% vs. 6.7%) levels, but no

significant association to CAEV infection was produced on either level.

4.2.6.6 Addition of new goats into herd (added vs. not added)

Higher seroprevalence was observed in those farms that practiced addition of
new goats into herd on both herd (47.8% vs.23.5%, p=0.037)) and individual (8.3% vs.
5.0%, p= 0.036)) levels, where adding new goats into herd was found to be significantly
associated with the seropositivity of CAEV infection on both levels of prevalence.

4.2.6.7 Replacement policy (all-in-all-out vs. not all-in-all-out)
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Out of 74 farms included in this study, there were only four farms that practiced
all-in-all-out replacement policy, with which lower seroprevalence was detected on both
herd (25.0% vs. 31.4%) and individual (1.7% vs. 6.2%) levels, but not significantly

associated with CAEV infection.

4.2.6.8 Use of disinfectants (used vs. not used)

With those farms that regularly used disinfectants, seroprevalence was found
lower on herd level (30.4% vs. 33.3%). However, on individual level, it was contrarily
lower in those farms that do not regularly use disinfectants (5.3% vs. 6.1%). On either
level of prevalence, no significant association existed regarding the use of disinfectants

and seropositivity of CAEV infection.

4.2.6.9 Practice of FMD vaccination (vaccinated vs. not vaccinated)

On herd level, seroprevalence was lower with those farms that practice
vaccination against FMD (30.2% vs. 32.3%). However, on the other hand,
seroprevalence was found higher in vaccinated farms on individual level (6.3% vs.
5.2%). But, neither of the differences on both levels was significantly associated with

CAEV infection.

4.2.6.10 Presence of veterinary service (presence vs. absence)

On herd level, seroprevalence was lower in those farms with which veterinary
service was present (22.2% vs. 33.9%). But, on individual level, seroprevalence was
found lower with those where veterinary service was not provided (6.5% vs. 5.7%). No
significant association between practice of veterinary service and seropositivity of CAEV

infection was observed on either level of prevalence.
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4.2.6.11 Method of breeding (Al vs. Natural mating)

On both levels, seroprevalence was found lower in those farms that practiced
Al, where it was detected as (28.6% vs. 31.3%) on herd level prevalence and (2.5% vs.
6.3%) on individual level prevalence. But, no significant association was observed
between the method of breeding and seropositivity of CAEV infection on both levels of

prevalence.

4.2.6.12 Previous case of CAE (previous outbreak vs. no previous outbreak)

On both levels, higher seroprevalence, seen as 8.0% vs. 5.0% on individual
level and 47.8% vs. 23.5% on herd level, was observed with those farms in which CAEV
infection had taken place in the past. It was also noticed that previous occurrence of
CAEV infection was significantly associated with the seropositivity of CAEV infection on

both herd (p=0.037) and individual (p=0.042) levels of prevalence.

4.2.6.13 Knowledge of farm owner towards CAE (without knowledge vs. with knowledge)

Knowledge of farm owner towards CAE did not show any significant association
with the seropositivity of CAEV infection in goats. However, with those farms whose
owners have no knowledge towards CAE, seroprevalence was found higher, where it

was detected as 6.3% vs. 5.0% on individual level and 32.1% vs. 27.8% on herd level.
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Table 8: Association between seroprevalence of CAEV infection and different exposed

factors on individual level prevalence univariate analysis (n=1,129)

Category Total Positive (%)  Negative (%) pvalue

Rearing system

Intensive 234 21 (9) 213 (91) 0.027*
Semi-intensive 895 46 (5.1) 849 (94.9)

Use of pasture

Yes 467 19 (4.1) 448 (95.9) 0.026*
No 662 48 (7.3) 614 (92.7)

Contact with goats from

other herds

Yes 254 14 (5.5) 240 (94.5) 0.746
No 875 53 (6.1) 822 (93.9)

Presence of other goat
herds within 1 km distance

Yes 443 20 (4.5) 423 (95.5) 0.105
No 686 47 (6.9) 639 (93.1)
Male-female separation

Yes 356 15 (4.2) 341 (95.8) 0.097
No 773 52 (6.7) 721 (93.3)

Addition of new goats into

herd
Yes 324 27 (8.3) 297 (91.7) 0.03*
No 805 40 (5.0) 765 (95.0)

Replacement policy

All-in-all-out 60 1(1.7) 59 (98.3) 0.254

Not all-in-all-out 1069 66 (6.2) 1003 (93.8)
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Table 8 (continued): Association between seroprevalence of CAEV infection and different

exposed factors on individual level prevalence univariate analysis (n=1,129)

Use of disinfectants

Yes 923 56 (6.1) 867 (93.9) 0.686
No 206 11 (5.3) 195 (94.7)

Practice of FMD vaccination

Yes 726 46 (6.3) 680 (93.7) 0.443
No 403 21 (5.2) 382 (94.8)
Veterinary service

Yes 306 20 (6.5) 286 (93.5) 0.602
No 823 47 (5.7) 776 (94.3)

Breeding methods

Al 121 3(2.5) 118 (97.5) 0.089
Natural mating 1008 64 (6.3) 944 (93.7)

Previous case of CAE

Yes 362 29 (8.0) 333 (92.0) 0.042
No 767 38.0 (5.0) 729 (95.0)

Knowledge of owner

towards CAE
With knowledge 319 16 (5.0) 303 (95.0) 0.412

Without knowledge 810 51 (6.3) 759 (93.7)

*pvalue significant
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Table 9: Association between seroprevalence of CAEV infection and different exposed

factors on herd level prevalence univariate analysis (n=74)

Category Number Positive Negative pvalue

Rearing system

Intensive 13 5(38.5) 8 (61.5) 0.527
Semi-intensive 61 18 (29.5) 43 (70.5)

Use of pasture

Yes 27 10 (37.0) 17 (63.0) 0.401
No 47 13 (27.7) 34 (72.3)

Contact with goats from

other herds

Yes 15 8 (563.3) 7 (46.7) 0.037*
No 59 15 (25.4) 44 (74.6)

Presence of other goat
herds within 1 km distance

Yes 29 10 (34.5) 19 (65.5) 0.612
No 45 13 (28.9) 32 (71.1)
Male-female separation

Yes 21 6 (28.6) 15(71.4) 0.769
No 53 17 (32.1) 36 (67.9)

Addition of new goats into

herd
Yes 23 11 (47.8) 12 (52.2) 0.037*
No 51 12 (23.5) 39 (76.5)

Replacement policy

All-in-all-out 4 1(25.0) 3 (75.0) 0.787

Not all-in-all-out 70 22 (31.4) 48 (68.6)
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Table 9 (continued): Association between seroprevalence of CAEV infection and different

exposed factors on herd level prevalence univariate analysis (n=74)

Use of disinfectants

Yes 56 17 (30.4) 39 (69.6) 0.812
No 18 6 (33.3) 12 (66.7)

Practice of FMD vaccination

Yes 43 13 (30.2) 30 (69.8) 0.853
No 31 10 (32.3) 21 (67.7)

Veterinary service

Yes 18 4(22.2) 14 (77.8) 0.351
No 56 19 (33.9) 37 (66.1)

Breeding methods

Al 7 2 (28.6) 5(71.4) 0.879
Natural mating 67 21 (31.3) 46 (68.7)

Previous case of CAE

Yes 23 11 (47.8) 12 (52.2) 0.037*
No 51 12 (23.5) 39 (76.5)

Knowledge of owner

towards CAE
With knowledge 18 5(27.8) 13 (72.2) 0.728

Without knowledge 56 18 (32.1) 38 (67.9)

*pvalue significant
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4.3 Multivariable analysis

From univariate analysis, nine variables (age, sex, herd type, herd size, breed,
rearing system, use of pasture, addition of new animals into herd, and previous outbreak
of CAE) showed significant association (p<0.05) with seropositivity of CAEV infection on
individual level, whereas on herd level analysis, six variables (herd type, herd size,
breed, contact with goats from other herds, addition of new animals into herd, and
previous outbreak of CAE) were found to be significantly associated (p<0.05)with
seropositivity of CAEV infection. All significant variables from univariate analysis were

therefore transferred to multivariable logistic regression model.

From multivariable analysis, final regression model revealed three variables (age
of three years and above, herd size, and addition of new animals into herd) as
significant risk factors (p<0.05) associated with the seropositivity of CAEV infection on
individual prevalence level (Table 9). It was seen that keeping animals older than three
years of age in herd would increase the chances for occurrence of CAEV infection to 4.2
times that of others, younger than three years of age, would do. With herd size of the
farm, which was another risk factor, it was observed that an increase in herd size would
increase the likelihood of CAEV infection to take place, where, as shown in the table 9,
the possibility of CAEV infection to occur was 8.6 times higher in medium herd size
farms and 17.9 times higher in large herd size farms, compared to those of small herd
size containing less than 50 animals. Another finding was that the addition of new
animals into herd, revealed as a risk factor, would intensify the possibility of occurrence
of CAEV infection 5.5 times higher than that of a close herd, into which no new animals

were added.



Table 10: Risk factors associated with seroprevalence of CAEV infection on individual

level prevalence multivariable analysis

Risk factor B SE Wald  95% Cl Odds  pvalue
Age (3 years and above) 1.456 0.440 10.935 1.809-10.163 4.288 0.001
Herd size

Small (1-50) 1

Medium (51-100) 2.153 0.337 40.814  4.448-16.671 8.612 < 0.001
Large (> 100) 2.889 0.427 45.832 7.787-41.475 17.971 < 0.001
Addition of new goats 1.715 0.337 25935  2.873-10.758 5.559 < 0.001

B = regression coefficient
SE= standard error

Wald= Wald’s statistical value

On herd level analysis, multivariable final model showed that four variables (herd
type, herd size, addition of new animals into herd, and contact with goats from other
herds) were significant risk factors (p<0.05) associated with the seropositivity of CAEV
infection (Table 10). From the following table, it was seen that CAEV infection was 5.026
times more likely to take place in dairy goat herds than in meat goat herds. Concerning
herd size, the chance of infection to occur was 5.186 times higher in medium herd size
farms and 24.065 times higher in large herd size farms, compared to small herd size
farms. With those farms that were in contact with goats from other herds, occurrence of
CAEV infection would increase 8.526 times as much as that of isolated farms. With those

farms that added new goats into herd, the chance of getting infected by CAEV infection

was 4.396 times higher compared with that of a closed herd.
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Table 11: Risk factors associated with seroprevalence of CAEV infection on herd level

prevalence multivariable analysis

Risk factor B SE Wald  95% Cl Odds  pvalue
Herd type 1.615 0.762 4.496 1.130-22.360 5.026 0.034
Herd size
Small (1-50) 1
Medium (51-100) 1.646 0.823 4.001 1.034-26.021 5.186 0.045
Large (> 100) 3.181 1.162 7.490 2.466-234.788 24.065 0.006
Contact with goats from

2.143 0.804 7.100 1.762-41.250 8.526 0.008
other goat herds
Addition of new goats 1.481 0.734 4.074 1.044-18.510 4.396 0.044

B = regression coefficient
SE= standard error

Wald= Wald’s statistical value
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4.4 Comparative study on the effects of CAEV infection on reproductive

performance of goats between seropositve and seronegative groups in a CAEV infected

herd

4.4.1 Herd prolificacy rate

Of the whole herd, the number of kids born per doe kidded was 1.63 (163%), 39
offspring from 24 dams. The number of kids born per doe kidded did not significantly
differ between two groups. It was 1.65 in seronegative group and 1.50 in seropositive

group, showing the respective herd prolificacy rates of 163% and 150% (Table 11).

Table 12: Comparison of herd prolificacy rate between seropositive and seronegative

groups
Number of kids born T test
Groups

Single Twin Triplet mean tvalue pvalue

Seronegative does 9 9 2 1.65
0.416 0.583

Seropositive does 2 2 0 1.50

Overall (entire herd) 10 12 2 1.65

4.4.2 First conception rate

First conception rate of the herd was 58.1%, with 18 does conceived from first Al
from the total of 31 does serviced. Between two groups, first conception rate was higher
in seronegative group, in which 16 does from the total of 23 became conceived from
their first time Al, whereas in seropositive group, only two does from the total of eight
became conceived from first time Al (69.6% vs 25%). A significant association was
observed between the seropositivity of CAEV infection and first conception rate in does

(p<0.05) (Table 12).



44

Table 13: Comparison of first conception rate between seropositive and seronegative

groups

Conception at first Al Fisher's exact test

Groups
Conceived Failed Total pvalue

Seronegative does 16 (69.6%) 7 (30.4%) 23 (100%)
0.043
Seropositive does 2 (25%) 6 (75%) 8 (100%)

Overall (entire herd) 18 (58.1%) 13 (41.9%) 31 (100%)

4.4.3 Total conception rate

Total conception rate of the herd was 77.4%, with 24 does becoming pregnant
from the total of 31 does Al-serviced over 14 months period. Between two groups, total
conception rate was higher in seronegative group, which was 87.0%, with 20 does
becoming pregnant from the total of 23 does Al-serviced, whereas in seropositive
group, it was 50%, with four does becoming pregnant from the total of eight does Al-
serviced. However, two groups did not significantly differ from each other on total
conception rate, and no significant association was observed between the seropositivity

of CAEV infection and total conception rate in does (Table 13).

Table 14: Comparison of total conception rate between seropositive and seronegative

groups
Total conception rate Fisher's exact test
Groups
Conceived Failed Total pvalue
Seronegative does 20 (87.0%) 3(13.0%) 23 (100%)
0.053
Seropositive does 4 (50.0%) 4 (50%) 8 (100%)

Overall (entire herd) 24 (77.4%) 7 (25.8%) 31 (100%)
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4.4.4 Failure to conceive during two consecutive Al

Of 31 does serviced over 14 months period, 13 (41.9%) failed to conceive at
their first service with Al. Ten of them were serviced again and six of them became
pregnant on second Al while the other four still failed to conceive. Failure to conceive
through two consecutive Al was therefore 40% in the herd. Between two groups, the
percentage of failure to conceive through two consecutive Al was lower in seronegative
group (33.3%), with only two does from the total of six failed to conceive on the second
time Al. In seropositive group, it was as high as 50%, in which two does from the total of
four that had been serviced for two consecutive Al failed to get conception. No
significant association was observed between the seropositivity of CAEV infection and

failure to get conception during two consecutive Al.

445 Gestation length

Average gestation length of the herd was 149.67 days, ranging from 147 to 152
days. It was 149.7 days in seronegative group and 149.5 days in seropositive group,
where the range lied between 147 to 152 days in both groups. There was no significant

association between the seropositivity of the does and length of gestation (Table 14).

Table15: Comparison of gestation length between seropositive and seronegative groups

Gestation length in days T test
Groups
<150 150 <150 mean tvalue pvalue
Seronegative does 8 6 6 149.70
0.244 0.433
Seropositive does 2 0 2 149.50

Overall (entire herd) 10 6 8 149.67




Chapter V
DISCUSSION

5.1. Serological survey

Overall seroprevalence of CAEV infection in the western part of Thailand from
this study, 5.9%, was relatively low, compared to the previous finding by Ratanapob et
al (2009), in which seroprevalence rose up to 12.4%. This can be possibly due to the
fact that the number of infected animals within the herds has been annually reduced by
eradication programs carried out by DLD (Department of Livestock Development,
Thailand) and achievement of success with the control measure against animal

smuggling and live animal trading in this area.

However, similar to that previous study, seroprevalence in this study was
significantly higher in dairy goats than in meat goats (9.3% vs. 4.8%). Although it has
been generally accepted that infection rate is much higher in dairy goats (deMaar et al.,
1995), findings from this study suggested that farm management practice and
replacement policy could also be a reason to the higher seroprevalence rate in dairy
goats. It was observed that a vast population of meat goats is seasonally sold out while
dairy goats are usually kept for longer-term purposes, increasing the chance of
transmission among the goats within the herds. Moreover, the fact that the majority of
dairy farms included in this study practiced intensive rearing system and
seroprevalence rate was found higher with those farms that practiced intensive rearing
system is also a reason to be considered. Therefore, rearing system could be a

confounding factor to the higher prevalence of CAEV infection in goats.

Compared to some others reports of CAE from other countries around the world,
individual true prevalence in this study, 5.52%, was lower than those reported in Somalia

(6.0%) (Ghanem et al., 2009), Jordan (8.9%) (Al-Qudah et al., 2006), Brazil (14.1% and
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8.2% respectively) (Lilenbaum et al., 2007; Bandeira et al., 2009), America (31%) (Cutlip
et al., 1992) and Norway (42%) (Nord et al., 1998b). However, on the other hand, it was
higher than those reported in Mexico (0.4%) (Tesoro-Cruz et al., 2003), Saudi Arabia
(0.08%) (Alluwaimi et al., 1990), Turkey (1.03% and 1.9% respectively) (Burgu et al.,
1994, Aslantas et al., 2005) and lItaly (4.0%) (Gufler and Baumgartner, 2007b).

Across the world, on herd level, seroprevalence from this study, 31%, was
relatively high, compared to that of 3.6% in Mexico (Torres-Acosta et al., 2003), 10.3% in
Great Britain (Dawson and Wilesmith, 1985), and 23.3% in Jordan (Al-Qudah et al.,
2006). However, in contrast, it was much lower than those reported in Somalia (71%)
(Ghanem et al., 2009), USA (73%) (Cutlip et al., 1992), and Norway (86%) (Nord et al.,
1998b). Therefore, seroprevalence seems to vary depending on the geographical

distribution of different countries and different regions of the world.

In this study, seroprevalence of CAEV infection tended to increase with the age,
where it gradually increased in goats from less than one year (3.2%) to 3 years of age
(5.9%). However, in goats with the age of 3 years onwards, seroprevalence rose up to
almost double (10.1%), and it was significantly higher (p= 0.001; OR= 4.288; Cl 95%=
1.809-10.163) than that of others less than 3 years of age. This finding was similar to the
previous report from Somalia (Ghanem et al., 2009) which described that goats of 3
years and above were more likely to be seropositive. Other studies also indicated that
seroprevalence of CAEV infection increased with the age (Cutlip et al., 1992), and it was
significantly higher in goats older than 3 years of age (Al-Qudah et al., 2006). This can
be explained by the fact that CAEV infection is prone to infect any age of goats (Al-Ani
and Vestweber, 1984) and older animals, with higher possibility of exposure to risk
factors, are therefore more likely to be at risk, get infected and remain infected for life
since CAEV is persistent and can produce lifelong infection in host (Knight and Jokinen,
1982). However, this finding was contradictory to another study (Dawson and Wilesmith,

1985) that said the prevalence was highest in yearlings. As in Thailand, a previous study
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by Ratanapob et al (2009) stated that the seroprevalence was significantly higher in

adult goats.

With reference to sex, seroprevalence was remarkably higher in male. Higher
prevalence in male has also been reported in some other studies as well (Aslantas et al.,
2005; Bandeira et al., 2009). However, the difference was sometimes not significant
(Gufler et al., 2007%). In the previous study in Thailand by Ratanapob et al (2009), higher
prevalence was observed in female. In this study, higher seroprevalence in male might
have been reflected by the male-female ratio in the herds, from which comparatively few
numbers of male were available to be included in this study. A larger number of male

animals, if included, might have changed the seroprevalence ratio.

Regarding breeds, similar to previous findings (Rodriguez et al., 2005; Gufler et
al., 2007%), higher seroprevalence was observed in crossbreed goats, especially in
Saanen crossbreed. In this study, most of the dairy goat farms were raised on Saanen
crossbreed and, vice versa, all native breeds in this study were kept for meat purposes.
Therefore it can be said that higher prevalence in dairy farms may be partly due to the

breeds they raised on.

Herd size was found to be a risk factor to seroprevalence of CAEV infection.
From this study, it was observed that an increase in herd size was directly proportional
to an increase in odds ratio. A similar finding was reported in previous studies (Ghanem
et al., 2009). This can be mainly due to the stocking density of the herd, which could
increase the likelihood of transmission within herd (Greenwood et al., 1995b; Aslantas et
al., 2005). But, this finding was not in agreement with a previous study which reported
that herd size could have no effect on serological status of the herd (Al-Qudah et al.,
2006). Most of the farmers in this study were small-holders and therefore majority of the

farms were of small size containing less than 50 animals in them. However, relatively low
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seroprevalence was observed with them and this was in contrast to a previous study

that said seroprevalence was higher in small-sized farms (Cutlip et al., 1992).

Not similar to previous reports that described intensive rearing as a risk factor for
CAEYV infection (Aslantas et al., 2005; Gufler et al., 2007%), rearing system did not show
any significant association with seropositivity of CAEV infection on risk factor analysis.
However, though not significant in multivariable analysis, higher seroprevalence was
detected in goats raised on intensive management on both herd and individual levels,
and a significant association on univariate analysis was also observed between the
rearing system and seropositivity of goats on individual level analysis. Therefore,
intensive rearing should be taken into account in the consideration of farm management

practice against CAEV infection.

Addition of new goats into herds, with significant association in multivariable
analysis, was found to be a risk factor to CAEV infection. Similar findings had been
published in others studies as well (Al-Qudah et al., 2006; Bandeira et al., 2009).
However, it may not be appropriate to say addition of new goats into herd will always be
a potential risk factor to CAEV infection unless the farm management practice is being
thought about. In some commercial farms, where serological diagnosis is regularly
performed and intake of new animals into herd is based on prior investigation and
purchasing only from CAE-negative herds, addition of new goat may not involve this
much in the prevalence of CAE. But, in this study, since the maijority of farms belonged
to small holders, who paid little attention towards regular testing of CAE, with low
tendency to check the serological status of animal before taking it into herd, addition of

new goats was promptly seen as a potential risk factor to CAEV infection.

Use of pasture was not a risky issue to CAEV infection. This can be because
most of the farms that used pasture in this study were of meat type with low

seroprevalence rate, where dairy goats were usually kept intensive. Another reason was
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that not all farms that used pasture had their goats in contact with goats from other

herds because many of the farms were not close to each other.

However, contact with goats from other herds, including the use of common
bucks, which was previously described as a risk factor in some studies (Torres-Acosta
et al., 2003; Al-Qudah et al., 2006), was found significant in this study, too. But, the
presence of two or more farms within one kilometer area has no effect on
seroprevalence results. This affirmed the statement that CAEV infection through aerosol
transmission could take place only over a close distance within herd (Rowe et al., 1991;

Blacklaws et al., 2004) .

Presence of sheep in the farms, which had been described as a risk factor in a
previous study (Ghanem et al., 2009), did not have any significant association on risk
factor analysis. However, the number of farms that raised sheep and goats together
included in this study was only three and also that sheep in this study were not checked
for serological status. Therefore, another in-depth study focusing on such relationship

between sheep and goats towards CAEV infection should be conducted.

Regarding preventive measures, use of disinfectants, practice of FMD
vaccination and presence of veterinary service showed no significant relationship with
seroprevalence of CAEV infection. Majority of the farms used disinfectants, but infection
rate was not much different from those that did not use disinfectants, nevertheless
prevalence rate was slightly lower in disinfected farms. This is because route of
transmission for CAEV infection is primarily from dams to kids and other routes of
transmission such as through the utensils and contaminated feed trough are less

efficient. Therefore, sanitation may not involve much in transmission of CAEV infection.

With vaccination, since no vaccine against CAEV has been available yet (Al-Ani

and Vestweber, 1984; Logan et al., 2004), use of vaccination against FMD was studied
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instead. With FMD vaccination, farms with or without the practice of vaccination were not
much different from each other in regards to the prevalence of CAEV infection. However,
on individual prevalence, FMD vaccinated animals were found more common to CAEV
infection. This suggested that transmission of disease within herd is possible through the

use of contaminated syringe and needle.

Although not significant, a relatively low rate of infection was observed with those
farms that had veterinary service with them. However, in proportion, only a few farms
had veterinary service with them. This may be mainly because the majority of farmers in
this area are small holders, not willingly to spend extra money for health care issue, and
in many farms, it was observed that farmers did every medication process, for example

vaccination against FMD and deworming, by themselves.

With breeding methods, a slight reduction in seroprevalence was observed in
the farms that used Al. However, a firm conclusion cannot be drawn since the difference
was not significant and, in addition, not many of the bucks from seropositive farms using
natural mating were seropositive to CAEV infection. In some farms, there were no bucks
for breeding purposes. They just shared a common buck or hire one when needed.
Therefore, more detailed focus on male involvement would be necessary for further
evaluation of breeding methods in regards to CAEV infection. However, according to
this study, though not significant, with reduced seroprevalence of infection observed
and its exclusion of the male involvement, Al seemed to be more appropriate for

minimizing CAEV infection in farms.

It was interesting that seroprevalence was significantly higher on univariate
analysis with those farms in which CAEV infection had taken place in the past. This
suggested that infection could be recurrent or persistent in the herds unless a proper
eradication program is introduced. But, on the other hand, this association was no

longer significant in multivariable analysis and so it could not be defined as a risk factor.
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However, a significant difference in seroprevalence rate reminded that a particular

attention should be paid with the history of CAEV infection in the herds.

Knowledge of farm owner towards CAE, supposedly helpful for better health
status of the herds, did not relate much with the seroprevalence of CAEV, where
infection rate were more or less the same in two different groups of owner. Having
knowledge provides better condition was observed in this study, with lower
seroprevalence in those farms whose owners have knowledge of CAE. But knowledge

alone could not solve the problem was also seen.

To sum up with risk analysis, age of three years and above, large herd size,
addition of new animals into herd, contact with other goats from other herds and herd

type were found as significant risk factors to CAEV infection from this study.

However, in this study, relationship between seropositivity of CAEV infection and
some hypothesized risk factors were unable to be judged. For example, feeding system,
drinking system, deworming practice of the farms were not analyzed since all farms
practiced shared feeding, shared drinking and regular deworming scheme.
Furthermore, feeding the kids on pasteurized milk or milk replacer was also not analyzed
since rearing on pasteurized milk was not practiced in studied farms. This is because
most of the farms herein studied are small farms with low economic status. A detailed

study with these criteria in some commercial farms should be further conducted.
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5.2. Comparative study on the effects of CAEV infection on reproductive
performance of goats between seropositve and seronegative groups in a CAEV infected

herd

Regarding the comparative study between two groups of animals in a selected
seropositive farm, not much significant difference was observed between seropositive
and seronegative does during the study period of 14 months. It may be partly because
limited numbers of animals, particularly adult female goats, were included in this study
since it was undertaken in a semi-commercial farm having a moderate herd size, from
which relatively small sample size was available, compared to other studies carried out

in big commercial farms (Greenwood, 1995°: Leitner et al., 2010)

From this study it was seen that the first conception rate was significantly lower
in seropositive group than in seronegative group. A similar finding was reported in
previous studies saying that reduced conception rate was observed in seropositive
does (Peterhans et al., 2004; Reina et al., 2009). It could be explained by the fact that
CAEV infection is immunosuppressive to infected goats. With a great affection to
leucocytes, CAEV infects monocytes and tissue macrophage and, as a consequence of
which, metabolic processes may become impaired as the time goes on. With altered
macrophage function and acquired immunodeficiency (Klevjer-Anderson and Anderson,
1982; Narayan et al., 1983), nutrient intake by goats will not become fully useable for
reproductive performance, being partitioned by body mechanism for the compensatory
function processed for other impaired systems, and it could result in poor reproductive
performance with a decrease in conception rate. The viral infection activates a massive
immune response, as a result of which arrays of inflammatory mediators are generated
and that leads to viral arthropathy. This inflammatory condition activates self-reactive
lymphocytes where autoimmune response is released and immune system starts to
attack itself by mistake (Suhrbier and Mahalingam, 2009). A similar suggestion was

presented in a previous study describing that longer-term consequence of CAEV
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infection may partition the nutrients, taking them away from normal metabolic usage

(Greenwood, 19957%).

In this study, seropositive does seemed less efficient in converting nutrient
intake into energy and looked more susceptible to any extrinsic factor as their body
condition scores on average were relatively lower compared to those of seropositive
individuals. It was more clearly seen when any change in ration was made. A similar
assumption had been described in a study which reported that the impact of reduction
in supplementary feed was found larger in seropositive does than in seronegative does

(Greenwood, 19957%).

However, with total conception rate, no significant difference was observed
between two groups. Some does, which failed to conceive at the first Al, became
pregnant on the following Al. Therefore total conception rate between each group was
not significantly different, but it was still noticeably lower in seropositive group. This may
be due to the fact that seropositive does, being suffered from immunodeficiency, could
be more easily affected by any change in ration or climate as it was found that
conception rate elevated more perceptibly in seropositive does in winter time, and, vice

versa, more drastically in summer.

There were also few cases in which does failed to become pregnant over two
consecutive Al in both groups. The rate was higher in seropositive group (50% vs.
33.3%), but not significant. A similar finding was reported in a previous study which said
there was no significant difference between seropositive and seronegative does in
regards to reproductive failure rate, but it was found higher in seropositive does
(Greenwood, 1995a). Again, it added that reproductive failure was more common in
multiparous does. However, in this study, the differences between multiparous and

primiparous does were unable to analyze since all animals studied were multiparae.
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Those goats that failed to conceive during two consecutive Al should not be
assumed infertile as the study period was confined to 14 months. Perhaps, they may
become pregnant if time and frequency extended, for example, to the third time Al. It
was observed that even with the same animals of the same herd, pregnancy rate widely
varied from time to time according to previous records of the farm. It was sometimes
merely 40% or lesser, and sometimes almost up to 90%, being different at times. Many
other factors such as age of animal, nutrition provided, change in climate and skill of the
practitioner should be taken into account. Therefore, a more detailed study should be

conducted to determine the relationship between infertility and CAEV infection.

Average number of kids born to each doe was higher in seronegative group, but
very slightly (1.65 vs.1.50). This was similar to previous findings which stated that there
was no significant difference between seropositive and seronegative does in terms of
the number of kids born (Greenwood, 1995°; Leitner et al., 2010). Though not significant,
this finding also agreed with a previous statement that said the average number of
offspring born to each gestation was lower in seropositive does (Peterhans et al., 2004).
But, in this study, since the difference was very slight, it could be deduced that CAEV

infection has no interference with the number of offspring born.

Average gestation lengths from two groups were not significantly different. It was
149.7 days in seronegative group and 149.5 in seropositive group. Greenwood (1995
also found that gestation length was not significantly different between seropositive and
seronegative groups. From this study, a conclusion can be drawn that CAEV infection
has no influencing effect over the length of gestation. This finding, however, was
contradictory to a previous statement which said that CAEV infection could have
influenced length of gestation (Zink et al., 1987). However, there was one thing to be
considered that gestation length could vary depending on the sex and number of

offspring.
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In this study, no abortion cases were observed since all of the goats that
became pregnant were able to carry their pregnancy to full term. But then, tracing back
to the history of the farm, it was realized that abortion cases were also rare in the past.
This could be because good management was practiced and pregnant does were well

looked after by farm owners in their antenatal period.

One more interesting thing from this study was that kids born from seropositive
dams were found seronegative to CAEV infection on subsequent serological tests.
Because, in this farm, seropositive does were kept alive for their reproductive
performance and milk production, while newborn kids were separated from their dams
shortly after delivery and raised on other seronegative goats’ milk. This finding
suggested that a proper management could be a way to eradication of CAEV infection
in seropositive herds. However, a similar strategy had been previously reported that total
segregation of seronegative and seropositive individuals was of vital importance in the

control of CAEV infection (Nord et al., 1998%).

5.3 Conclusion and suggestion

This study was conducted to elucidate risk factors for the seroprevalence of
CAEV infection in goat herds in the Western parts of Thailand and to study the effects of
CAEV infection on reproductive performances of goats in a CAE affected herd.
Following the study designs, a cross-sectional serological survey with questionnaire

interview and a case-control study over 14 month’s period were performed.

Results showed that seroprevalence was higher in the case of herd prevalence
than that of individual. Age of three years and above, herd size of greater than 50
animals, addition of new goats into herds, and contact with goats from other herds were
found as significant risk factors for the prevalence of CAEV infection in studied goat

population.
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With significant reduction in first conception, lower total conception rate and
fewer numbers of kids born to each doe in seropositive does, the comparative study
suggested that CAEV infection may have influenced the reproductive performance of

infected goats in some way.

Findings from this study provided additional information concerning the
prevalence of CAEV infection and risk factors associated with it, as well as the effects of
CAEYV infection on reproductive performance and health of dairy goats. However, due to
some constraints and unfavourable situations, some farms in the study area had not
been explored into detail and some parts of the comparative study were unable to be
analyzed more precisely. Further epidemiological studies with more in-depth
investigation of CAEV infection and its effects on reproductive performance of goats are
therefore deemed necessary for a better understanding of the nature of CAEV infection,
as well as its involvement in reproductive performance and physiology of goats, and risk

factors associated with the prevalence of CAEV infection in goats in Thailand.
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APPENDIX A

Questionnaire
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APPENDIX B

Questionnaire

Investigation of risk factors associated with the prevalence of CAEV infection and the

effects of CAEV infection on reproductive performance and health status of goat herds

10.
1.

12.
13.

Herd Owner
Education of Herd Owner Primary school |:| High school |:| Diploma|:|
Graduate |:| None of them |:|

Herd Code

Address

Number of Workers

Herd Type: Dairy [ ] Meat [ ] Mixed [ ]

If dairy, please specify daily milk yield of the farm

Number of Goats

Male

Breeder male

Female

Lactating does

Neonatal kids

Breed or Breeds

Rearing system: Intensive |:| Semi-intensive l:l Extensive l:l
Separation of male and female YES l:l NO l:l
Presence of neighborhood farms within 1 km: YES |:| NO |:|

IT YES, please specify the estimated distance

Presence of sheep: YES I:I NO I:I
Addition of new goats: YES [ ] NO [ ]



14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
25.

72

If yes, please specify the source and breed of new goats,

Replacement policy: All in all out system: YES[ ] NO[ ]
Drinking system: Shared drinking |:|

Separated drinking |:|
Supply for Drinking: Water only YES |:| NO|:|
If NO, please describe what the additives are:
Supply for feeding:
Feeding system: Shared feeding I:I

Separated feeding l:l
Colostrum feeding (within 24 hrs after birth) YES I:I NO |:|
If YES, Natural colostrumsl:l Avrtificial colostrums I:I
Milk Feeding to kids: (A) By Mother I:I (B) Individual l:l
By Bottle Shared [ ] []
Both Both [] []
Utilization of pasture: YES I:I NO I:I
If YES, is there contact with goats from other farms (Common pasture):

ves[]  NO []

Method of breeding: Artificial Insemination I:I
IT Al, please specify the source of frozen semen,

Natural Mating I:I
Methods of milking:  Hand Milking |:|

Machine Milking I:I
Utilization of disinfectants: YES I:I NO I:I
Presence of veterinary services: YES I:I NO I:I
Vaccination against FMD YES I:I NO I:I

If YES - When it was started

- How often and

- When it was last performed




26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Other Vaccinations
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Vaccinator Farmer |:| Veterinarian |:| Othersl:l

Deworming:

ves []

If YES, please specify - the list of deworming drugs

- the interval of deworming

no L]

Are there other routine supportive treatment (Antibiotics, Vitamins etc.)

If YES, please describe what they are.

Have your herd ever been tested on CAE:

If YES, when and what was the result?
Previous cases of lameness:

If YES, please specify when.

Previous cases of mastitis:

If YES, please specify when.

Previous cases of other diseases:

If YES, please specify when and what.
Previous cases of Brucellosis:

IT YES, please specify when.
Presence of other animals in the farm:
IT YES, please specify what they are.

Presence of cattle in the farm:

Have you ever tested Brucellosis - in cattle:

- in goats:

If YES, when and what was the result?

Vaccination against Brucellosis - in cattle:

YES [ ]

No|:|

ves L]

no [

ves [

no ]

YES [ ]

NO[ ]

ves L

NO[ ]

ves [ ]

NO[ ]

YES I:I

Nol:l

YES [ ]
YES [ ]
YES [ ]

NO [ ]
NO [ ]
NO [ ]

ves [

- ingoats:  YES I:I

If YES - when it was started
- how often and

- when it was last performed:

no ]
NO [ ]




37.

38.

39.

40.

41.

42.

Failure to conceive:

If YES, when and how often.

Any cases of abortion in the herd:

If YES, when and how often.
Any cases of neonatal mortality:

If YES, when and how often.

Any other reproductive problems:

If YES, please enumerate.
Any other health problems:
If YES, please enumerate.

Comments and suggestions:

No [
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No ]

no [




75

APPENDIX C

Test preparation and procedure

1. Test preparation

< First, serum samples, reagents and 96 well CAEV antigen-coated plates were all
brought to room temperature before analysis.

% After that, both the positive and negative controls were run in duplicate on every
plate.

%* And then, the CAEV antigen-coated plate was removed from the foil pouch.

< Following that, IX antibody-peroxidase conjugate was prepared by diluting 100X
antibody-peroxidase conjugate with 99 parts of conjugate diluting buffer.

< Then, IX wash solution was prepared by diluting one part of the 10X wash
solution concentrate with 9 parts of distilled water.

J . .
** Finally, undiluted serum samples were tested.

2. Test procedure

$* 100 ul of each serum sample as well as positive and negative controls (2 wells
each) were placed in the transferred plate containing 96 wells.

< Afterwards, 50 ul of each serum sample and control were transferred to CAEV
antigen-coated plate by using multichannel micropipette.

< The plate was covered with tape and then incubated for 1 hour at room
temperature (21-25°C).

$* After 1 hour of incubation, the plate was struck against a clean paper towel to
make sure the remaining sera and controls were removed from the inverted
plate. Then the plate was washed with washing solution and struck again onto a

clean paper towel. This washing procedure was repeated for three times.
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%* And then, 50 pl of diluted antibody-peroxidase conjugate was added to each
well and the plate was incubated again for 30 min at room temperature (21-
25°C).

\/

** After 30 min incubation, the plate was washed for three times using the same

washing procedure described above.

D)

* Following that, 50 ul of substrate solution was added to each well and the plate
was incubated at room temperature (21-25°C) for another 20 min.
\/

** After incubation, 50 ul of stop solution was added to each well, and the plate

was tapped several times to make the well contents properly mix.

4

** Immediately after the adding of stop solution, the plate was read on microplate

reader, set at the optical density (O.D.) reading wavelength of 650 nm.
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