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Bovine brucellosis

Synonyms: Contagious abortion; besmetlike misgeboorte (Afrik.)

] GODFROID, P P BOSMAN,* S HERR*¥ AND G C BISHOP*

Introduction

Bovine brucellosis is a highly contagious disease caused by
Brucella abortus, a bacterium which occurs intracellularly in its
mammalian host. Apart from causing characteristic mid- to
late-term abortion and infertility in cows, B. abortus also occa-
sionally causes orchitis and inflammation of the accessory sex
glands in bulls. Other livestock and wild animal species,
though of varying susceptibility, are sometimes infected,” Bo-
vine brucellosis is also an important zoonosis.? In some coun-
tries, particularly in southern Europe and western Asia, where
cattle are kept in close association with sheep or goats, infec-
tion and abortion can also be caused by Brucella melitensis.'>
Occasionally, Brucella suis may cause an infection in cattle but
has not been reported to cause abortion.%

By visiting the OIE (Office International des Epizooties)
website'?? information on the worldwide brucellosis situa-
tion, as well as those animal diseases that have been in-
cluded in the two official OIE lists of diseases due to their
implications for international trade or public health, can be
obtained. This information is regularly updated and is based
on the emergency of the situation and on monthly and an-
nual reports sent to the Central Bureau of the OIE by na-
tional veterinary administrations and other official sources.

In sub-Saharan Africa, brucellosis is an important dis-
ease in both humans and livestock. In general, the assess-
ment of the relative oecurrence of brucellosis is restricted to
few published studies based on serological surveys and it is
considered to be the highest in pastoral production systems
in arid and semi-arid areas.'® The surveillance and control
of brucellosis in sub-Saharan Africa is rarely implemented
outside southern Africa. The rate of infection in humans is
virtually unknown and public awareness is extremely low.
Hence, the impact of brucellosis in terms of public health
and social importance is rarely correctly addressed,'®!

It is suspected that bovine brucellosis was introduced
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into southern Africa with cattle imported from Europe,”” but
there is also a possibility that it was introduced into the sub-
continent much earlier during the migration of people and
their cattle herds from other African countries.!®! The first
reliable record of its existence in South Africa was that of
Gray in 1906 when he reported a serious outbreak of abor-
tion among cattle near Johannesburg.”” Its presence was
finally confirmed by Hall in 1913 when he isolated B. abortus
from the stomach of an aborted bovine foetus.”” Qutbreaks
of abortion thought to be bovine brucellosis were first ob-
served in Zimbabwe in 1906, and the presence of brucellosis
was confirmed in that country in 1914. According to an
obituary notice in The Veterinary Record of 1957, Bevan, in
Zimbabwe, was the first to show that B. abortus-infected
cattle could transmit the pathogen to humans and that goats
were not the source of the infection.’

The disease has a relatively high prevalence in southern
Africa, especially in intensively farmed areas, and it is the
most important bacterial cause of abortion on the subconti-
nent. It has an important economie impact on the beef and
dairy cattle industries, especially as in 1990, 14,7 per cent of
the herds in South Africa were known to be infected and the

losses to cattle farmers exceeded R300 million per annum.?

Aetiology

Brucella abortusis a small, Gram-negative, non-sporulating,
non-encapsulated coccus, coccobacillus or short rod, 0,6 to
1,5 pm in length and 0,5 to 0,7 pm in width.* % The organ-
ism is not acid-fast but does resist decolorization by weak
acids and thus stains red with Stamp’s modification of the
Ziehl-Neelsen stain.* 12

Most wild strains are fastidious and slow-growing, and
require carbon dioxide (5 to 10 per cent) supplementation
for primary isolation at an optimal growth temperature of 36
to 38 °C. Brucella abortus strain 19 is an attenuated strain of
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reduced virulence which is used for the production of a live
vaccine (see Control, below). It grows well in a normal at-
mosphere at 37 °C.* Complex media, containing serum, are
required for the growth of B. abortus and, although most
strains grow on sheep blood agar, the colonies may not be as
distinctive as when grown on serum dextrose agar. Growth,
on primary isolation, is seldom clearly visible before 48
hours of incubation at which stage the colonies are usually
0,5 to 1,0 mm in diameter. The use of selective media, such
as Farrell's medium, may substantially enhance the chances
of isolation by inhibiting the growth of contaminants.*’ The
growth rate of B. abortus may, however, be markedly re-
tarded by selective media and for this reason such cultures
should be incubated for five days or longer.* Smooth colo-
nies on a clear growth medium, such as serum-dextrose
agar, are convex, entire-edged, have a smooth, shiny sur-
face, and are pale yellowish-brown when viewed under
transmitted light.* '** Considerable variation in colour and
surface texture are found in the rough strains. Smooth forms
are often markedly pathogenic whereas the rough variants
are usually less so.

There is no single test by which B. abortus may be identi-
fied with absolute certainty, but a combination of growth
characteristics, colonial and cellular morphology, staining
properties, agglutinating antisera and biochemical reac-
tions will allow an accurate identification.® Eight biovars
{biotypes) are recognized ({biovars 1, 2, 3, 4, 5, 6, 7 and 9)
which may be differentiated by phage typing, mono-specific
antisera, biochemical reactions and growth inhibition
tests.* There are no proven differences in the pathogenicity
of field strain biovars.!!® Biovar 7 is reported to be a mixed
culture and, because no authentic isolate of it has been
made for many years, it is expected to be deleted from the
list? (see the introduction to Brucella spp. infections).
Ninety per cent of the isolates tvped in South Africa are bio-
var 1 and 10 per cent biovar 2.2! In Zimbabwe, B. abortus
biovar 1 has been isolated.'%3

Epidemiology

No accurate figures are available on the prevalence of
brucellosis in cattle in southern Africa, as most reports are
based on non-representative laboratory results,'%*

In South Africa, since 1968, when compulsory calfhood
vaccination was introduced, the control scheme has made a
considerable impact on the prevalence of the disease. The
prevalence has decreased on a national scale from 10,5 per
cent in 1976 to 6 per cent in 1979,%4 1,9 per cent in 1984/5,%*
and 1,4 per cent in 1988/9.8 The variation in prevalence is
demonstrated by a survey of 90 per cent of the dairy and beef
herds in the Eastern Cape Province and Karoo between 1985
and 1989, which revealed a prevalence of less than 0,3 per
cent.® The prevalence of brucellosis in about 5 000 adult
beef cows slaughtered at a large KwaZulu-Natal abattoir in
1981/2 was estimated to be less than 1,5 per cent.?® Al-
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though these cows were drawn from all the provinces of
South Africa, they originated mostly from KwaZulu-Natal.”
In 2001, South Africa reported 339 bovine brucellosis out-
breaks to the OIE and the destruction of 5 320 animals,
whereas in 2000, 323 bovine brucellosis outbreaks were re-
ported and 1443 infected animals were slaughtered.'2?

A prevalence of 4,5 per cent in dairy cattle and an overall
prevalence of 1,4 per cent in cattle herds tested in Zimbabwe
have been reported, even though generally, intensive manage-
ment systems employed in Zimbabwe seem to favour the
spread of bovine brucellosis.!%? Cattle in the communal areas
of Manicaland Province were free of brucellosis before 1985
while the prevalence was high in intensively managed herds in
the Midlands and Mashonaland. However, with the establish-
ment of dairy cooperatives in resettlement areas in Zimbabwe
in 1980, cattle of unknown disease status were mixed and often
grazed together on communal pastures. As a result of this prac-
tice the prevalence of brucellosis in one settlement scheme in
Manicaland Province rose from 0,7 per cent in 1986 to 3,3 per
cent in 1988. In Zimbabwe the prevalence of bovine brucellosis
in the communal areas also varies from province to province.
The prevalence is lowest in the Mashonaland provinces and
highest in those in Manicaland and Matebeleland. The patchy
distribution of brucellosis in the provinces (some herds are free
of the disease, while others have a high prevalence) may be ex-
plained by the fact that some communal herds have been kept
closed whereas other cattle owners have purchased infected
animals 1o upgrade their stock.'%? Zimbabwe reported 13 out-
breaks involving 42 animals in 2002. Vaccination is reported to
be implemented.'%?

The disease is reported to be widespread in Zambia®?
and Malawi,'*® but its prevalence in those countries is un-
known. In 2000, Malawi did not provide any information to
the OIE, whereas Zambia reported a small number of out-
breaks (ten outbreaks involving 34 animals) as well as the
vaccination of 617 animals.'?? The estimated prevalence of
brucellosis in the commercial farming areas of Namibia is
0,5 per cent.” No information on the number of brucellosis
cases in Namibia and Mozambique in 2001 is available.
However, vaccination of 96 389 animals in Namibia and 416
in Mozambique has been reported. In 2001, 12 outbreaks in-
volving 17 animals were reported in Botswana and 42 675
animals were vaccinated.??

Cattle usually become infected after ingesting contami-
nated feed or water or licking an infected placenta, calf or
foetus, or the genitalia of an infected cow soon after it has
aborted or calved, at which time very large numbers of B.
abortus are present, particularly in the placenta lochia.®
113 Animals may also become infected by inhaling organ-
isms or through the conjunctiva.''® Calves may acquire in-
fections in wtero or they may become infected after
ingesting infected colostrum or milk. Although some will
rid themselves of the infection within a few months, others
may remain infected for life!
at their first and subsequent parturitions.®

and may spread the disease
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Although infected animals usually abort only once, sub-
sequent calves are carried to full-term although they may be
infected. Approximately 2,5 to 9 per cent of heifers born of
seropositive cows may be latently infected but serologically
negative until the middle of their first gestation or even later,
when, for the first time, antibodies to B, abortis may be de-
tectable or abortion may occur.% 33 77, 93, 94, 113, 154

There appear to have been no controlled studies showing
that bulls are more resistant to B. abortus than heifers and
cows. Bulls may become infected in utero or during early
calfhood by the oral route and retain the infection into adult
life.!* In bulls, the testes and accessory sex glands may be
affected and reveal inflammatory changes. Infected bulls
may shed brucellae in their semen, seminal fluid and urine,
and therefore in infected herds they should always be
viewed with suspicion,'®” particularly if artificial insem-
ination using their semen is contemplated.!*® The risk of
introducing the disease into a herd through embryo
transplantation is probably not significant.3% 143

Brucella abortus is sensitive to pasteurization tempera-
tures and its survival outside the host is largely dependent
on environmental conditions. It may survive in an aborted
foetus in the shade for up to eight months, for two to three
months in wet soil, one to two months in dry soil, three to
four months in faeces, and for eight months in liquid ma-
nure stored in tanks.® '*? Generally, removal of infected ani-
mals from contaminated premises for one month is
sufficient to prevent infection, provided the facilities have
been properly disinfected.® Large nuinbers of organisms are
shed from the reproductive tract when infected cows abort.
In those cows that lactate following abortion, milk, includ-
ing colostrum, is an important source of infection, and bac-
teria may be excreted intermittently in milk throughout the
lactation period. Urine and faeces of infected cattle are less
important sources of the bacterium. The fluid in hygromas
caused by B. abortus infection, may contain large numbers
of organisms but, because they are restricted to the lesion,
they do not seem to be important in the spread of the dis-
ease.® ®® There is a reduction in the numbers of organisms
shed in the months following calving and abortion, and
cows usually eventually become non-infective until the next
pregnancy when there is again a rapid increase of brucellae
organisms in the reproductive tract.'#? During subsequent
pregnancies there is invasion of the gravid uterus and allan-
tochorion,® but abortion rarely recurs. Ninety per cent of
infected cows remain chronically infected; the infection
may persist for life during which the infection is confined to
the udder and lymph nodes.!'3

A contaminated environment or equipment used for
milking or artificial insemination are further sources of in-
fection. Permanent calving camps and lush pastures, par-
ticularly if they are wet and muddy, may play a very
important role in the spread of the disease.* !13

Although B. gbortus has been isolated from ixodid ticks
and their eggs in Brazil, ticks probably do not play an impor-

tant role in the transmission of the disease.” The transmis-
sion of brucellosis by ticks, fleas or mosquitoes from an
infected herd to a non-infected herd has never been proved.
Brucella abortusinfection in sheep and goats may occasion-
ally cause them to abort, but the infection does not spread in
these species and they are apparently not a real danger to
cattle unless there is close association between the spe-
cies.” Horses become infected particularly by ingestion of
B. abortus-contaminated feed. In this species the organisms
localize in bursae, tendons and joints and they are thus an
unlikely source of infection for cattle.

Several species of wildlife -—— African (Cape) buffalo (Syn-
cerus caffer), hippopotamus (Hippopotamus amphibius),
zebra (Equus burchelli), eland (Taurotragus oryx) and
impala {Aepyceros melampus) — have tested serologically
positive for brucellosis (see Chapter 148: Brucellosis in
wildlife), but these species are probably not of great impor-
tance in the epidemiology of bovine brucellosis in southern
Africa. This is possibly because of the relatively infrequent
contact between cattle and wildlife.?® 4% 55 88 There are few
records of abortions in wildlife in southern Africa due to
brucellae, although B. abortus biovar 1 has been isolated
from the cotyledons of pregnant African buffalo at slaugh-
ter.”* Although serological surveys have revealed up to 23
per cent positive reactors in African buffalo in the Kruger
National Park in South Africa,” 7 these animals probably do
not constitute a significant source of infection for cattle be-
cause of the strict control measures to prevent the spread of
foot-and-mouth disease across the boundaries of the park
and from adjoining private nature reserves.'” In the USA
B. abortus has been isolated from bison (Bison bison) and
elk or wapitic (Cervus elaphus) and in Ttaly from chamois
(Rupicarpra rupicarpra) (see Chapter 148: Brucellosis in
wildlife).

The typing of B. abortus isolates may yield important epide-
miological information, as it allows sources of infection to
be traced, particularly in countries where a number of bio-
vars are present.*’

In humans brucellosis or undulant fever caused, among
other Brucella spp., by B. abortus is chiefly an occu-
pational disease, occurring most often in veterinarians,
stock inspectors, abattoir workers, laboratory personnel and
farmers who become infected by contamination of abraded
or intact skin or mucous membranes, or by inhalation dur-
ing contact with infected cattle, foetuses or foetal mem-
branes, and calves.® '3 Humans may also become infected
after ingesting unpasteurized dairy products containing
field strains of B. abortus or after inadvertent self-inocula-
tion with B.abortus strain 19 vaccine.® After an incubation
period of 5 to 30 days or longer, a mild, self-limiting or se-
vere, prolonged disease may follow. Patients typically expe-
rience a fever that may be intermittent or irregular, hence
the name undulant fever. Other common symptoms in-
clude chills, depression, weakness, headache, joint pain,

generalized aches and sweating.'%?



Papular to pustular skin rashes which are sometimes evi-
dent on the arms of veterinarians following obstetric proce-
dures have been attributed to allergy to brucellae, but
sensitivity to other pathogens including Salmonelia Dublin,
Salmonella Typhimurium and Listeria monocytogenes, have
also been incriminated.®

Pathogenesis

The establishment of infection is influenced by the size of the
infective dose, virulence of the bacteria, and the resistance,
age, sex and reproductive status of the animal >® ! 147

Brucella abortus readily penetrates mucous membranes,
such as those of the pharynx and alimentary tract, and sur-
vives and multiplies particularly in cells of the reticulo-
endothelial system.%" ¥7 After penetration, the organisms
are phagocytosed by neutrophils and macrophages which
carry them to the regional lymph nodes where they multiply
and induce a lymphadenitis which may persist for months.
Multiplication of the organism here may be followed by a
bacteraemia which may persist for several months, resolve
itself, or be recurrent for at least two years in 5 to 10 per cent
of animals. Recurrence occurs particularly during preg-
nancy. During the bacteraemic phase, organisms are carried
intracellularly in neutrophils and macrophages, or free in
the plasma and localize in various organs, especially the
gravid uterus, udder and supramammary lymph nodes.
Localization may also occur in other lymph nodes and the
spleen, and in bulls in the testes, and male accessory sex
glands.?™ 8% 113 Occasionally bacterial localization occurs in
synovial structures causing a purulent tendovaginitis,
arthritis or bursitis.*® 65 %7

Localization of the infection in the endometrium of the
gravid uterus and in foetal membranes of cattle appears to
be the result of the special affinity of the organism for eryth-
ritol, >+ 8% 147, 155 elevated levels of which occur in the pla-
centa and foetal fluids from about the fifth month of
gestation. The chorionic epithelium becomes parasitized
and infection extends to the placental stroma, blood vessels
and ultimately, to the foetus.®!* 147 There is considerable
variation in the uterine and placental lesions in both natural
and experimental B. abortus infections and foetuses thatbe-
come infected late in gestation may be aborted without any
grossly recognizable placental lesions. Depending on the
severity of the placentitis, abortion, premature birth or the
birth of a viable or non-viable calf may result.?" 87 113

The abundance of erythritol in the pregnant uterus re-
sults in the massive multiplication of Brucella organisms in
this organ. The growth of most strain 19 B. abortus organ-
isms, however, is generally inhibited by the presence of
erythritol,60 but tolerance to erythritol by some strain 19
variants may be the cause of occasional persistent infections
and abortions.*

In the pregnant animal brucellae replicate in the placen-
tal trophoblast during middle and late gestation after the

Bovine brucellosis 1513

cells have actively begun secreting steroids. The mechanism
leading to abortion after midgestation in brucellosis is not
known. Infected trophoblasts produce cortisol, a steroid
hormone not produced in the non-infected placenta. This
production, coupled with increased levels of oestrogen and
prostaglandin synthesis and decreased production of
progesterone, mimics the hormonal changes occurring at
term in non-brucella-infected cattle and leads to the initia-
tion of parturition.®!

Up to 35 per cent of cows may be resistant to infection
with B. abortus because their macrophages have a greater
ahility to kill B. abortus than that possessed by susceptible
cows. The level of macrophage function, which is reduced in
susceptible cows, plays a role in the establishment of
chronic infections.”® This enhanced macrophage-killing
activity is significantly greater in cows that are genetically
resistant to infection, including that caused by Mycobacte-
rium bovis, . Dublin and S. Typhimurium as well as B. abor-
tus.'3? The bovine nrampl gene, the homologue of the
murine tuberculosis resistance gene, has been identified as
a major candidate for controlling the in vivo resistant phe-
notype to Brucella infection. It has been demonstrated in a
murine macrophage cell line transfected with the resis-
tance- and susceptibility-associated alleles of the bovine
nramp]! gene, that these alleles critically affect the control
and replication of B. abortus.'®

Phagocytes have, on the one hand, developed antimicro-
bial defence mechanisms, such as oxidative burst, acidifica-
tion of phagosomes, or fusion of phagosomes with
lysosomes, to eliminate pathogens, while on the other,
facultative intracellular bacteria have developed strategies
counteracting the host cell defences, resulting in intra-
macrophagic survival. Recent studies have revealed that
caveolae or lipid rafts anchored in the membrane of macro-
phages are implicated in the entry of brucellae into murine
macrophages and mediate an endocytic pathway avoiding
fusion with lysosomes.!'! It has been shown that in human
macrophages phagosomes rapidly acidify to a pH of 4,0 to
4,5 following B. suis infection and that this early acidifica-
tion is crucial for intracellular replication as neutralization
results in bacterial elimination.'®! In addition, if the phago-
somal membrane is disrupted, then B. suis fails to multiply
intracellularly.?’ These results highlight the necessity of an
intact, acidic phagosome as a predominant replicative niche
for brucellae in macrophages; it is called the ‘brucello-
some’.?! A series of genes are involved in the adaptation of
brucellae to three major stress conditions within the phago-
some, i. e. acid stress, starvation and low oxygen tension.>?

Long-term residence of brucellae in the phagosomal
compartment of host macrophages is essential for their
ability to produce disease in both natural and experimental
hosts. Brucella infections inhibit spontaneously occurring
apoptosis in human monocytes, thus preventing host cell
elimination. This might represent a strategy for brucella
development in infected hosts.”® Studies with Brucella
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epithelial cells are necrotic and desquamate; large num-
bers of organisms are present in them while numerous
leukocytes, particularly neutrophils, and fibrin occur in the
affected tubuli and interstitial tissues. In the chronic stage,
spermatic granulomas develop in the testicular paren-
chyma and epididymis in response to dead sperm.®!- 87

In horses, infection may localize in the bursa between
the nuchal ligament, the atlas and axis, causing poll evil. Fis-
tulous withers caused by B. abortus is characterized by in-
flammation of the bursa between the nuchal ligament and
the dorsal spines of the thoracic vertebrae. Chronic draining
sinuses are formed in both conditions.?®

Brucellae in cattle may localize in the carpal and other
bursae and induce the formation of hygromas in which large
numbers of the pathogen may be found.® 64 87

Diagnosis

In order to develop sensitive and specific diagnostic tests and
more efficacious vaccines and to explore new therapeutic ap-
proaches in both human and animal brucellosis, it is impor-
tant to assess both innate and acquired specific immune
responses directed against brucellae, Because the replicative
niche of brucellae is the macrophage phagosome™ and the
non-phagocytic trophoblast of the pregnant uterus,’* 5% 128
antibodies, while contributing to the protection against bru-
cellae if present when infection occurs (for example after vac-
cination), are not as effective as that provided by mediated
immunity particularly in the case of virulent strains because of
their ability to survive intracellularly, !> 13

The humoral immune response is principally directed
against the O-PS moiety of the smooth lipopolysaccharide
(S-LPS).!'® The Brucella antiprotein antibody response is
often delayed when compared to the anti-S-LPS response
and is limited to animals that develop an active brucellosis
infection,*" Although there is evidence for a protective role
of humoral antibodies directed either against LPS,* % or
outer membrane proteins, % the antibody response of
cattle against B. abortus has been extensively used for the
serological diagnosis of bovine brucellosis.* '!: 118

Cellular immune responses contribute to the control of
virulent and attenuated (e.g. vaccine strains) brucellae, more
than the humoral response does.'® 13 It has been shown for
many intracellular bacteria and protozoa that IFN-y activates
the microbial killing activity of macrophages.!® 107 109, 164
Murine macrophages infected with brucellae produce cyto-
kines such as TNF-o. and I1.-12.1%% 167 [L-12 seems to be criti-
cal in the mouse model because its depletion induces an
exacerbation of the infection as well as an inhibition of the
IEN-y production.!®* %6 IEN-yis an important component of
the type 1 cellular responses referred nowadays as Thl or T1
cell responses.'?” These responses are principally character-
ized by the production of T1 cytokines, i.e. [FN-yand IL-2, by
CD4+ T helper cells and CD8+ T cytotoxic cells as well as
IgG,, secretion by plasmatocytes.'%” For extracellular bacte-

ria or toxins, a T2 or Th2 cell response will be induced. This
response is principally characterized by the production of T2
cytokines, i.e. IL-4, IL-5 and IL-10, by CD4+ T helper cells as
well as IgG, and IgE secretion by plasmatocytes.'®” According
to the triggering mechanism, a precursor T helper cell will dif-
ferentiate into either a Thl or a Th2 cell.! Live brucellosis
vaccines are more effective than inactivated vaccines because
the latter tend to induce a T2 response.!® 195 Therefore, it is
important to identify bacterial proteins that induce a T1
mediated response, and it is critical to determine how the
host first recognizes and then eliminates brucellae. However,
although inducing a cellular immune response, few of these
individual proteins induce host protection.!?

Although current knowledge emanating from immunity
studies in bovine brucellosis is incomplete, parallels be-
tween the bovine and murine immune systems allow for
some extrapolation of immunity to the disease in cattle.'®®

Other T lymphocyte subsets, such as y5 T lymphocytes,
may be important as mediator (secretion of IFN-y and IL-2)
or lytic effector cells in innate and acquired immunity. In
humans, a particular subset of y3 T cells impairs intracellu-
lar multiplication of B. suis in monocytes through soluble
factor release and contact-dependent cytotoxic effects.”
124 Bovine y8 T cells from cattle infected with Mycobacte-
rium bovis or vaccinated with a killed Leptospira borgpeters-
enii adjuvanted vaccine, recognize specific antigens and
produce IFN-y as part of an acquired immune response
which could play a role in protection.''® 144

Because of the variable incubation period and the often
subclinical nature of the disease in most animals, a defini-
tive diagnosis should be based on the isolation and identifi-
cation of B. abortus and on positive serological results based
on the detection of antibodies in blood, milk, whey, vaginal
mucus, or seminal plasma.* & 1!

The isolation of B. abortus is mandatory when dealing
with specific groups or herds of animals when there is doubt
about their infection status. When a herd is known to be in-
fected and where its environment is infected, serological re-
actors are viewed in a different light from those in a herd in
which reactions might be due to the use of strain 19 vaccine.
It is difficult to prescribe strict cut-oft points when assessing
serological results that will apply in all cases when strain 19
vaccine has been used. It is preferable to interpret serologi-
cal test results according to the known infection status of the
herd. As stated by Brinley Morgan:*®

I have found in my experience over the past twenty-five
years working with Brucella spp. that you are invariably
wearing at least two hats. One is where you are in a very
clean environment where you can take an awful lot of
chances, and the other hat is where you are working in
an infected environment where you cannot afford to
take any chances at all.

Nevertheless, failure to isolate B. aborfus in a herd may
result in difficulty in interpreting serological results.



When detecting rare events, such as the occurrence of
brucellosis at the end of an eradication programme, the em-
phasis is no longer put on intrinsic values of a test, but its
positive predictive value, which relates to the clinical utility
of the result.’® The aim of an eradication programme is not a
‘zero seropositivity’ situation, but the absence of infection,
even if seropositivity is encountered. Indeed, the actual epi-
demiological situation (true incidence and prevalence rates)
has to be taken into consideration: when tests are applied it
must be borne in mind that the predictive values of tests
vary according to the progress of the eradication pro-
gramme and that criteria other than positive serology are
important in an eradication programme.’!

Diagnostic tests for bovine brucellosis are subdivided
into three groups — tests for the demonstration of B, abortus
organisms, those which detect immunoglobulins, and those
dependent on allergic reactions to B. abortus.* © The ‘ideal’
diagnostic test should detect infection early, during the long
and variable incubation period; not be influenced by the
presence of ‘non-specific’ antibodies; detect carriers; and
differentiate between responses to vaccination and those
due to field infection.?® There is no single available test that
completely covers all these requirements, %!

The tests described below are standard tests that are ap-
plied worldwide. Minimal requirements to ensure quality
control of the reagents for the demonstration of B. abortus,
the methods employed for the serological and allergic diag-
nosis of bovine brucellosis can be found in standard labora-
tory textbooks.* ® A technical description of these tests can
also be found in an OIE publication.'??

Tests for the demonstration of B. aboertus

Microscopic examination Using Stamp’s modification of
the Ziehl-Neelsen stain,'** B. abortus stains red against a
blue background in tissue sections and smears (Figure
144.2). However, this colour reaction is not specific for Bru-
cella spp. as Coxiella burnetii, Chlamydophila abortus and
Nocardia spp. are also weakly acid-fast. Nocardia spp. can
be differentiated from these organisms on morphological
grounds, butit is extremely difficult to differentiate C. abor-
tus and C. burnetii from Brucella spp. beyond any doubt.®

Culture and typing The specimens of choice include foe-
tal membranes, lungs, stomach content, liver and spleen of
aborted foetuses and full-term calves; and from live cows
uterine discharge, milk or colostrum.*

The supramammary lymph node is the most suitable
specimen from carcasses of adult animals, but the retropha-
ryngeal, mandibular, iliac, or the prescapular and parotid
Iymph nodes may also be collected. Other specimens which
may be submitted include uterus, milk, udder tissue, fluid
aspirated from hygromas, male accessory sex glands and
testes,*6 8% 113 [golation may also be attempted from the
semen or seminal plasma of infected bulls,*®

The supramammary lymph nodes are preferred for isola-
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tion of B. abortus from animals that have been slaughtered
and a 90 per cent recovery rate from infected animals may
be achieved. Recovery of B. abortus on culture from infected
adult cows may approach 100 per cent using the supramam-
mary, parotid, mandibular and sub-iliac nodes.*® Recovery
of the pathogen from infected heifers is best achieved by the
culture of the mandibular lymph nodes, and this probably
reflects the primary route of infection through the conjunc-
tiva or the nasal or oral mucosa.?® When specimens of large
groups of cows (five or more) must be cultured, collection of
supramammary lymph nodes should be sufficient.®

In order to get valuable epidemiological information,
isolated brucellae have to be typed (species and biovar) ac-
cording to the standard methods described in textbooks.? ®

Polymerase chain reaction Numerous polymerase chain
reaction (PCR)-based assays have been developed for the
identification of members of the genus Bruceila.>” Other cir-
cumstances require the identification of the Brucella spp.
involved. For epidemiological trace-back, strain-specific
identification is helpful. Several strategies have been ex-
plored to differentiate between Brucella spp. and biovars,
including locus specific multiplexing, e.g. AMOS-PCR based
on IS71! insertion sequence, allowing the differentiation of
the vaccine strain 19 and RB51,%° and PCR-RFLP at the omp2
locus.*” Unfortunatelly, up to the present, no reproductible
and robust technique allows for the differentiation between
strains belonging to the same biovar.?’

Initially, these assays were performed on purified DNA
obtained from cultured organisins. As far as the identifica-
tion of brucellae from field samples and food products,
namely milk and cheese, is concerned, advancement in
sample processing by removing polymerase inhibitors is
needed before implementation of such techniques in diag-

nostic laboratories.??

Tests for the detection of specific immunoglobulins

The serological diagnosis of brucellosis began in 1897 with
the development of an agglutination test by Wright.!*¥ Prob-
lems such as positive serological reactions resulting from, for
example, exposure to cross-reacting micro-organisms, were
encountered. Improvements of existing tests and develop-
ment of new serological tests have since then taken place.'?!
At present, several serological tests are used worldwide. The
outer membrane of smooth Brucella spp. strains is composed
of phospholipids, proteins and S-LPS. Most of the serological
tests, particularly those using whole-cell suspensions as anti-
gen, such as the slow (tube) agglutination test (SAT), the Rose
Bengal test (RBT), the complement fixation test (CFT), most
enzyme-linked immunosorbent assays (ELISA) and the milk
ring test (MRT) have been developed to detect antibodies
directed against the O-PS moiety of the S-LPS.* & 11

These tests are suitable for use in surveys, large-scale
campaighs and in control/eradication programmes of the
disease as well as for trading purposes.® '' Inexpensive,
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rapid and simple screening tests with high sensitivity
followed by more specific confirmatory test(s) in case of
positivity in the screening test, are used in control pro-
grammes. If two or more tests are used, the interpretation
(parallel or serial) of the results has to be done according to
the epidemiological context and issues, such as the country,
region and herd disease status and the demonstration of the
presence of B. abortus. An epidemiological inquiry and a risk
factor analysis also need to be addressed.”!

The worldwide use of strain 19 vaccine, which induces a
persisting antibody response, led to the development of tests
that could solve or atleast reduce the problem of the interfer-
ence of vaccination in order to differentiate vaccinated ani-
mals from infected ones.!'® 12! This problem has led to the
development of the RB51 vaccine that shows negligible inter-
ference in classical serological brucellosis tests.'*?

Reliance on serological tests alone for the diagnosis of
brucellosis can be misleading and thus other tests, such as
the brucellosis skin test, and a sound proficient epidemio-
logical inquiry have to be implemented. % 37

In acute bovine brucellosis an increase in the level of IgM
in the serum is the first evidence of antibody response. IgG
soon becomes the predominant antibody and usually per-
sists for as long as the animal remains infected while the IgM
levels wane. Of the two subclasses of IgG in the serum, IgG,
is the most abundant and predominant agglutinating and
complement-fixing antibody.% !*

In South Africa serum samples are screened with the
RBT, while the CFT is used as the confirmatory test. The SAT
is sometimes used as a supplementary test and has some
value in detecting IgM, the persistent and often predomi-
nant immunoglobulin resulting from vaccination with
strain 19 vaccine.® 2% 117 The MRT is also used to screen and
monitor bulk milk samples.

Rose Bengal test The RBT is a modification of the plate
agglutination test. The antigen, which has been stained with
Rose Bengal stain, is buffered at a pH of 3,65.% © At this level
of activity, ‘non-specific’ agglutinins are destroyed and IgG,
normally the most abundant antibody in the serum of
infected animals, agglutinates strongly.® *® Equal volumes
(30 p) of test serumn and antigen are mixed, shaken for four
minutes and viewed over an X-ray viewer and any degree of
agglutination is recorded as positive.*

The test is inexpensive and easy to perform. False
negative results are rare and are usually ohbtained during
the more chronic stages of the disease. Despite improved
specificity at an acid pH, a high percentage of false positive
reactions occur usually due to the presence of IgM as a result
of strain 19 vaccination.! This test is prescribed for interna-
tional trade in cattle by the QIE.!!

Complement fixation test  This test is regarded through-
out the world as being the confirmatory test for the sero-
logical detection of infected animals. It has been modified,

standardized and adapted to a microtitre system.* ' Un-
like the SAT, the titres do not wane as the disease becomes
chronic.® 137, Results are expressed in International Units
(IU) and a cut-off point of 20 IU has been defined'' which is
rigorously applied where strain 19 vaccine has not been
used for several years, as is the case in most of the Euro-
pean Union (EU), the USA and Australia. Its strict applica-
tion
vaccination (such as South Africa) may often be problem-
atic and sometimes leads to unacceptably large numbers of
false positives, because vaccination induces serological
titres. As a consequence, considerable expertise and expe-
rience are needed to certify herds or individual animals
free of brucellosis when they are classified as positive by
the test. As a rule, vaccine titres tend to decline faster than
those due to infection with wild strains.The decline in titres
is also dependent on the vaccine dose. Although the CFT is
useful when differentiating calfhood vaccination titres
from those due to wild-strain infections, there may be dif-
ficulty in distinguishing vaccine reactions from those
caused by wild strains when animals have repeatedly been
vaccinated (although calfhood vaccination alone is consid-

in countries enforcing compulsory strain 19

ered to be adequate) or after they have become sexually
mature.!® Haphazard vaccination of heifers and vaccina-
tion of adult animals may result in much confusion in
the interpretation of laboratory results, and it is therefore
essential that accurate records of vaccination and birth
dates be kept to allow correct interpretation of the results
of the CFT. In the UK persistent reactors in brucellosis-free
herds occurred in less than 0,5 per cent of vaccinated
heifers,“® but 16 per cent of cows in brucellosis-free herds
in New Zealand have been shown to develop CFT titres
which persisted for at least 12 months after strain 19 vacci-
nation.'® In South Africa, the use of low-dose vaccination
of sexually mature heifers causes few persistent titres.”!
This test is prescribed for international trade in cattle by
the OIE.!

Slow (tube) agglutination test In a number of countries
the SAT was and still is used as a screening test for eradica-
tion purposes, It is considered to lack specificity and some
authors discourage its use, at least for trading purposes.'?!
Non-specific agglutination in sera is decreased by the addi-
tion of EDTA with no reduction in B. abortus agglutination
titres of sera from infected cattle.5” 1°° The SAT-EDTA is a
very specific test and particularly useful in detecting new
infections as early as two weeks after infection, as demon-
strated in experimental conditions,’® but its usefulness in
herds that are chronically infected is more limited because
some infected animals will be classified as negative by this
test because the infection is in a chronic phase.'*” In South
Africa the SAT is still very usefully employed as a supple-
mentary test for indicating the levels of serum IgM, the
predominant immunoglobulin after vaccination with strain

19 vaccine.?%-84



Indirect enzyme-linked immunoabsorbent assay Indi-
rect enzyme-linked immunoabsorbent assay (iELISA) is
more sensitive for detecting antibodies to Brucella spp. than
are the RBT, SAT and CFT, but great care must be exercised
in animals vaccinated with strain 19 vaccine.?!’ 121: 1% Re.
cently, an iELISA test has been developed and validated in
South Africa. It has been suggested that this test could re-
place not only the currently used confirmatory CFT test, but
also the two in-use screening tests, namely the RBT and
SAT.'?” The iELISA has been used successfully throughout
Europe in strategies aimed to substantiate and to maintain
the status of ‘brucellosis-free countries’.”® 7! This test is pre-
scribed for international trade in cattle by the OIE.!!

Competitive enzyme-linked immunoabsorbent assay

The basis of this test is the use of a selected monoclonal an-
tibody (MAb) that competes with low affinity antibody. The
competitive enzyme-linked assay
(cELISA) using a MAb specific for one of the epitopes of the
B. abortus O-PS has been shown to have higher specificity
than the iELISA.!!% 136 145 The ¢ELISA was reported to be
able to eliminate cross-reaction problems in serological
tests, induced by strain 19 vaccination or infection with
cross-reactive bacteria. Unfortunately, the cELISA only par-

immunoabsorbent

tially solves the problem. Indeed, persistent competing an-
tibodies have been observed after Y. enterocolitica 0:9
infections,”" 18 and vaccination with strain 19.! However,
residual antibody activity due to vaccination or cross-reac-
tive infection was less persistent than with the other tests.!
This test is prescribed as an alternative test for international
trade in cattle by the OIE,!!

Fluorescence polarization assay The fluorescent polar-
ization assay (FPA) is a simple and rapid technique for mea-
suring antigen/antibody interaction and may be performed
in a laboratory setting or in the field.'?° The mechanism of
the assay is based on random rotation of molecules in solu-
tion. A fluorochrome-labelled antigen of small molecular
weight (a fragment of the O-polysaccharide (O-PS) of B.
abortusS-LPS, for example), is added to serum or other fluid
to be tested. If antibody is present, attachment to the la-
belled antigen will cause its rotational rate to decrease and
this decrease can be measured. The FPA has received very
promising reports.!?” This test is prescribed as an alterna-
tive test for international trade in cattle by the OIE.!!

Milk ring test The milk ring test (MRT) is used to detect
antibodies in milk. The development of a positive reaction is
dependent on two reactions; (i) fat globules in the milk are
aggregated by milk antibodies (fat-globule agglutinnins);
and (ii) stained Brucella cells (antigen), which are added to
the milk, are agglutinated by the Brucella antibody/fat gloh-
ule complexes which rise to form a coloured cream layer at
the top.* © This is a sensitive screening test used on bulk
milk samples either to detect infected animals on a herd
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basis or to monitor clean herds. It should be carried out at
least quarterly to ensure that all animals that come into lac-
tation are screened. The sensitivity of the MRT is somewhat
reduced when it is applied to large herds with few reactors
but this loss in sensitivity in large herds of 150 or more ani-
mals can be counteracted to some extent by decreasing the
ratio of antigen to milk in the test.* Despite its reduced sen-
sitivity in large herds, the MRT has been very successfully
used to monitor the brucellosis-free status of dairy herds.®
* In the EU, after a positive MRT performed on a bulk milk
sample has been obtained, the cows which had supplied the
milk are individually tested by serology in order to detect
those that are infected.

Factors that may cause false positive results include a high
prevalence of mastitis; a high proportion of cows in early or late
lactation; recent (within three to four months) vaccination
with strain 19 vaccine; and souring of milk. Milk samples may
be preserved for testing by adding 0,5 ml of a formalin solution
(prepared by mixing 7,5 ml of 37 per cent formaldehyde with
one litre of distilled water) to a 10 ml milk sample. The duration
and temperature at which samples are stored (in particular ex-
cessive heating such as storing for longer than five minutes at
45 °C) may cause false negatives. Pasteurized milk cannot be
effectively tested by the MRT.*

Several countries have replaced the MRT by a milk
iELISA. Although this technique has not been standardized,
it is prescribed for international trade in cattle by the OIE.!!

Test to demonstrate an allergic reaction to
B. abortus
A skin test for the diagnosis of brucellosis has been used in
extensively managed herds in New Zealand.”® The sensitiv-
ity of the test was considered to be low at the animal level
and its specificity exceeded 99 per cent, and thus it was
claimed that this test is a useful low-cost method of identify-
ing infected herds rather than individual animals.* This test
has recently been re-evaluated in the EU because of the
emergence of ‘False Positive Serological Reactions’ (FPSR),
i. e. non-specific reactions in all serological tests, that have
emerged throughout Europe.”! These have been docu-
mented in Belgium and France since 1990, affecting up to 15
per cent of the herds tested in some regions that are free of
brucellosis. Yersinia enterocolitica O:9 infections have been
shown to be responsible for these FPSR.”" 157 Experimental
studies have shown that the brucellosis skin test is the only
test that is able to discriminate between Y. enterocolitica O:9
and B. abortus infections, beyond any doubt.”" 137 It is now
arecommended herd test for brucellosis by the OIE ! and as
an official test in the EU (Directive 64/432), particularly
when monitoring is made difficult due to aspecific brucello-
sis serological reactions. Calfhood vaccination using strain
19 may complicate interpretation of the brucellin test by in-
ducing prolonged sensitivity to brucellae allergens.!¥

A diagnosis of bovine brucellosis based on in vitro anti-
gen-specific IFN-y production, which can be regarded as an
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in vitro correlate of the brucellosis skin test, has been devel-
oped.'®S Unfortunately, this test has been shown to be less

specific than the brucellosis skin test,”!

Differential diagnosis

Numerous infectious agents may cause foetal loss and abor-
tion in cattle. A multidisciplinary approach in terms of diag-
nostic tests is necessary to make a definitive diagnosis.”
Microscopic examination of smears or histopathological
sections, particularly of the placenta, stained by the modi-
fied Ziehl-Neelsen method, may present difficultes in dif-
ferentiating B. abortus morphologically from Coxiella
burnetii or Chlamydophila abortus. Brucella abortus can be
distinguished from C. burnetii and C. abortus by fluorescent
antibody techniques and serological tests.*?

Brucella ahortus may cross-react serologically with
Escherichia coli serogroup 0:157, Y. enterocolitica serovar
0:9, Salmonella serotypes of the Kaufmann-White group N,
Francisella tularensis, Pseudomonas maltophilia, and Vibria
cholera®® because the immunodominant O-chain of $-LPS
of these bacteria contains antigenic motives (epitopes) that
may be detected in serological tests for brucellosis using
whole B. abortus cells or S-LPS extracts.”® Such FPSR in-
duced by these organisms are probably not of great signifi-
cance in the early phase of eradication campaigns but when
the prevalence of the disease has been reduced to a very low
level, then this phenomenon may jeopardize the success of

71

the eradication programme.

Control

Treatment

Cattle suffering from bovine brucellosis are generally not
treated. Brucella spp. may undergo L-transformation when
exposed to certain antibiotics, such as penicillin and oxy-
tetracycline.® !> The effect that such cell wall deficient
forms have in preventing serological detection and the re-
sultant creation of carrier animals requires further investi-
gation.'®

Vaccination
In 1906 Bang observed that cattle could be protected against
brucellosis by vaccinating them with live cultures. Since then
three strains of B. abortus have been used for the preparation
of vaccines and have been studied extensively: strain 19, a
smooth strain, used as a live attenuated vaccine;*® 6 strain
45/20, as a rough killed vaccine;!%® and, more recently, strain
RB51, as a rough live attenuated vaccine,'4°

The minimal requirements for vaccine production have
to be followed and each batch of live vaccine must conform
to the minimum standards set by the OIE.'#* These include
viability, pathogenicity and ability to immunize guinea pigs
and/or mice against challenge with a virulent strain of
B. abortus."!

Strain 19 Because of its relative safety, potency, practical-
ity of production and convenience of use in cattle, strain 19
remains the most acceptable and the most widely used vac-
cine against bovine brucellosis.!® It was first described by
Buck in 1930. After being kept one year in the laboratory
after primary isolation from the milk of a Jersey cow, the
strain was attenuated in guinea pigs.>*

Strain 19 differs from other B. abortus biovar 1 strains in
its requirement for carbon dioxide and sensitivity to thion-
ine blue, penicillin and Safranin O. It is the only Brucella
sp. strain that is inhibited by erythritol.* ® The mutation in
the erythritol catabolism genes has been determinated.'*®

Vaccination with strain 19 vaccine increases resistance
to B. abortus but does not induce absolute immunity, and
vaccination with it is not curative, i.e. if an animal is
infected, vaccination will not cure the infection.!'® The
increase in resistance following vaccination has been
termed ‘relative immunity’ since it is estimated to be only
about 70 per cent effective against field challenge by
preventing unrestricted multiplication of B. abortus in the
uterus and mammary glands.% 116

The main disadvantage of strain 19 vaccination is the
induction of post-vaccinal antibodies that are detected in
serological tests. At present, there is no single individual
test that can be used to discriminate between antibodies
induced by vaccination and those induced by infection,
although newer tests (or combinations of tests) have been
developed to reduce this problem.'*!

Strain 19 vaccine must be stored correctly and the cold
chain maintained to retain its full potency. Lyophilization,
however, has proved successful in the preservation of the
vaccine.® On reconstitution, lyophilized vaccine should be
used on the same day, preferably within three hours.

Strain 19 and RB51 are the only brucellosis vaccines cur-
rently allowed for use in South Africa. Traditionally, the dose
of strain 19 vaccine administered subcutaneously to heifer
calves at four to eight months of age contains 5 x 10! viable
Brucella cells.® '1° The calfhood strain 19 vaccine produced
by Onderstepoort Biological Products in South Africa con-
tains 4-12 x 10'° viable cells per dose, and a single dose of
this vaccine administered to heifess at the age of five months
generally provides a life-long relative immunity, although
virtually all of them will have lost their serum antibody titres
by the age of 16 to 18 months.? % The vaccination of heifers
practically eliminates the occurrence of abortions in a
herd.!'® A gradual reduction in the prevalence of bovine
brucellosis may be expected when 80 per cent of the female
population has been vaccinated and this vaccination pres-
sure (‘herd immunity’) must be maintained for optimal
results, 16

A policy of using a reduced-dose vaccine containing
3 x 10%9 organisms/dose in heifers of 4 to 12 months of age,
has been shown to provide the same degree of protection as
the classical dose and has therefore been the only vaccine
available in the USA and in Europe.® "' Its use in the USA,



however, has been prohibited since 1996 when the RB51
vaccine was approved for use.!
Administration of strain 19 vaccine into the conjunctival
sac (one or two doses of 5-10 x 109 at four and eight months
of age, respectively) results in good protection and the
almost complete elimination of serological reactions in
heifers and adults,!1% 115 130
In the event of an outbreak, the vaccination of adult
cattle with strain 19 vaccine may be advantageous, particu-
larly in large dairy herds and in herds where a large propor-
tion of the animals have not previously been vaccinated.'®
Mature cows inoculated with a 3-10 x 10® organisms/dose
are protected for at least 12 months, although most (90 to 95
per cent) of the vaccinated animals lose their CFT titres
within six months. Five to ten per cent of animals may, how-
ever, remain serologically positive for 8 to 12 months or
longer and strain 19 organisms may be isolated from their
milk.* ¥ % It has been shown that the removal of infected
cows and the stage of gestation at vaccination will affect the
efficacy of strain 19 in cows vaccinated with a low dose; this
may explain the variation in strain 19-induced protection.*®
50 The disadvantages of vaccinating adult cows include the
development of vaccine reactions, a positive MRT, and the
stigma attached to vaccinated adult animals because of their
association with positive herds.
In South Africa adult vaccination is restricted by law to
individual farms and may only be given when written per-
mission by the State to do so has been given. However, this
practice may complicate the interpretation of serological
results for a considerable period.'®
In order to be able to determine infected animals from
vaccinated ones, besides use of the CFT, the following epi-
demiological criteria are taken into account:
® the herd is closed and has been closed for at least two
years;
® the herd is closed except for introductions from herds
certified free of brucellosis;

® there is no evidence of spread of infection within the
herd;

® all cows that aborted were bacteriology negative for

B. aboartus;
¢ the lymph nodes of animals with high titres, and which

have been slaughtered, are negative for wild strains of

B. abortus and/or have yielded strain 19 on culture;
® the foetal membranes and uterine discharges of cows

exhibiting high titres are negative on culture;
¢ milk samples from reactors yielded strain 19 and/or are

negative for the wild strain of B. abortus; and
® the possibility of infection having been introduced from a
neighbouring infected herd or infected wildlife is ruled out.

Strain 19 vaccination may occasionally cause orchitis in
bulls.?% 130 Because it has also been found in the semen of
vaccinated bulls, its use in males has been restricted or pro-
hibited.!'® Uni- or bilateral hygromas, especially of the car-
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pal joints may occasionally follow inoculation of heifers
with strain 19 vaccine.'®! A progressive, erosive, non-suppu-
rative arthritis of the stifle joints has been reported in voung
cattle in brucellosis-free herds that had been vaccinated
with strain 19 vaccine.** Systemic reactions following vacci-
nation are rare and temperature reactions varying from 40,5
to 42 °C, lasting for two to three days, may occur in addition
to swelling at the injection site.?* Abortion in less than 1 per
cent of vaccinated cows in late pregnancy has also been re-
ported.!'® There is no evidence of the spread of strain 19 to
unvaccinated cattle, although the organism can be excreted
in milk for two to three months in vaccinated cows after
calving or abortion.!'® Erythritol-tolerant isolates of strain
19 have been isolated from milk and aborted foetuses in
New Zealand and South Africa.!® 2!

Although strain 19 organisms may be intermittently
present in the milk of vaccinated cows, there is no evidence of
infection in humans who have ingested milk containing
them. However, undulant fever in humans has been reported

after accidentally being injected with the vaccine.® 163

Strain 45/20 In order to avoid post-vaccinal antibodies,
rough vaccine strains have been developed and tested. Bru-
cella abortus smooth strain 45/0 was isolated in 1922, and
after 20 passages in guinea pigs a rough derivative named
strain 45/20 was obtained. Strain 45/20, when first used as a
live vaccine, was inclined to lose its rough characteristics
and revert to the smooth form and therefore it has only been
further used as a killed vaccine.!*® Strain 45/20 has been
used with success in an inactivated vaccine incorporating
an oil adjuvant,® but this, however, is not as protective as
strain 19 vaccine in animals inoculated when less than nine
months of age. Two consecutive vaccinations, 6 to 12
months apart, with strain 45/20 vaccine, are usually recom-
mended. Large unsightly granulomas may develop at the
site of injection following inoculation of some batches of
strain 45/20.5! This vaccine is no longer used.'*!

Strain RB51 Since 1996, B. abortus rough strain RB51 has
been the official vaccine used in the USA for the prevention of
brucellosis in cattle.!*! Certain other countries, mainly in
Latin America, have officially approved the vaccine, but their
vaccination protocols differ.!®® In 2002 Spain and Portugal re-
ceived limited approval to conduct field trials with it before its
possible approval in all the EU member states. RB51 was ap-
proved for use in South Africa in 2002.

This vaccine strain is a rough rifampicin-resistant mu-
tant of B. abortus strain 2308, a smooth virulent B. abortus
biovar 1 strain.!*” It is very stable and no reversion to
smoothness has been described in vivo or in vitro. The ge-
netic mutations that are responsible for the roughness and
the attenuation of strain RB51 have been identified!5? in
the whoA gene encoding a glycosyltransferase, an enzyme
essential for the synthesis of O antigen.®®

The organism behaves as an attenuated strain in a variety
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of animals including guinea pigs in which it is rapidly
cleared from the tissues and does not induce abortions. It is
efficient in preventing Brucella infections in mice.!*! Al-
though producing low levels of O-chain,?” strain RB51 does
not usually induce the production of O-chain antibodies in
cattle that can be detected in the classical brucellosis sero-
logical tests regardless of their age, the dose they received
and the frequency of injections,"'

More than five million heifers have been vaccinated sub-
cutaneously with a dose of 1-3,4 x 1019 cells without notice-
able side-effects.!*! This vaccine has been found to have
reduced abortifacient effects in cows, but placentitis was re-
ported when used at a full dose.'?> 5! However, pregnant
cows can usually be safely vaccinated with a reduced dose of
107 cells.'2®

Few experimental studies have been conducted in cattle
to compare the vaccine potency of strain RB51 with that of
strain 19. Strain RB51 vaccine has not been reported to in-
duce a higher degree of protection than strain 19 vaccine.**
Although, under field conditions, strain RB51 vaccine has
been reported to be superior to strain 19 vaccine,”” more in-
formation is needed in order to assess the intrinsic value of
different strain RB51 vaccination protocols in cattle. An ad-
vantage of RB51 vaccination is that antibodies induced by it
are not detected by the currently prescribed serological tests
for brucellosis. Non-pregnant adult animals can therefore
be vaccinated annually, thus boosting the individual and
herd immunity.

BS2 vaccine A smooth strain of B. suis, biovar 1 (strain 2)
has been in use as an oral vaccine to contro! brucellosis in
cattle, sheep, goats and pigs in China since 1971.'%? This
vaccine protects cattle against B. abortus, is safe if adminis-
tered orally, does not induce persistent antibody titres and
can be administered without having to restrain the ani-
mal.'®? Although it has been used widely in China for more
than 20 years, its use is not recommended by the OIE."'

Management of control programmes

The planning and management of control or eradication
programmes for brucellosis have been investigated in many
countries, and by the World Health Organization.® In the
EU, a task force for monitoring disease eradication in the
member states was created in 2000 with the objective, as far
as bovine brucellosis is concerned, of expanding eradication
schemes and improving the cost-benefit ratio of eradication
programmes co-financed by the EU (Council Decision 90/
424/EEC). Strategies based on the prevention of the spread
of the disease between animals, the monitoring of brucello-
sis-free herds and zones, the elimination of infected animals
by test and slaughter, strict ‘one-way’ movement of infected
and suspect cattle, mass immunization to reduce the infec-
tion rate, and supporting specific education and training
programmes, have all received attention.® 49

In South Africa, bovine brucellosis is listed as a State-

controlled disease, and its control and eradication are given
high priority by the Directorate of Animal Health. The con-
trol and eradication of bovine brucellosis in South Africa is
broadly based on a test-and-slaughter policy, the vaccina-
tion of heifer calves, and the prohibition of the sale and
movement of infected cattle. All sera are first screened with
the RBT and those that are negative are usually not tested
further. All sera that test positive are subjected to the CFT. In
order for a herd to qualify for accreditation in the official
South African Bovine Brucellosis Scheme, all animals must
be C¥T-negative in the final two tests. Herds with a preva-
lence of 10 to 20 per cent have been cleared of the disease
while incurring losses that were still economically accept-
able.®! Good progress towards achieving eradication has
been made in some regions in South Africa; in 1975 the
prevalence in KwaZulu-Natal was estimated at 9,0 per cent
and this was reduced to 0,6 per cent by 1988.% In 2001 South
Africa reported 339 bovine brucellosis outbreaks to the OIE
and the destruction of 5 320 animals.'*?

It is not appropriate to be prescriptive when recom-
mending a strategy for the control or eradication of brucel-
losis that will be applicable or practical in all circumstances.
Broadlybased national strategies and policies will invariably
differ in time according to the situation in each instance.
The approaches to be adopted when attempting to eradicate
the disease will vary markedly according to whether one is
dealing with an infected herd or an uninfected (vaccine re-
actions) herd. Application of control measures on individual
farms are also frequently affected by a variety of other fac-
tors. These include the infection rate in the herd; duration of
infection, the abortion rate, whether an extensive or inten-
sive farming system is being practised, rainfall, whether it is
a heef or dairy herd, vaccine cover, the availability of, or
necessity for, replacement stock, the financial situation of
the producer, his proximity to a veterinary laboratory,
neighbourhood cooperation, milk and slaughter quotas,
slaughter prices of dairy cows, the availability of camps and
suitable calving facilities, availability of veterinary guidance,
and the handling facilities necessary to collect blood
samples from large groups of cattle 5 19

The following principles have been found to be crucial to
the successful control or eradication of brucellosis:*?
® reliable veterinary services,
® reliable diagnostic techniques,
® close cooperation and joint effort by the owner,

laboratory, veterinary services and veterinarian,

good records,
® education of the farming cormmmunity and public

awareness,

established procedures for handling the disease,

controlled movement of cattle, and

permanent marking of infected and vaccinated animals.

Vaccination in conjunction with other measures can be
used effectively in the control or eradication of brucellosis



and, in general, it is recommended that all heifer calves be
immunized where the prevalence of brucellosis in an area,
region, province or country is high, and that cessation of
immunization with strain 19 vaccine only be considered
when the prevalence of the infection is reduced to 0,2 per
cent or less.® 150 At that time, a test-and-slaughter, manage-
ment and hygiene programme should be implemented.

The reduction in numbers and the rapid elimination of
all infected animals are essential in the control or eradica-
tion of brucellosis.® All calves in infected herds should be re-
garded as potential sources of infection. The ‘two-year
breakdown syndrome’ (that is those previously infected
herds which have apparently been clear for about two years
and in which a ‘breakdown’ occurs after this period) has
been ascribed to latently infected calves which remain sero-
logically negative until at least mid-gestation or later during
their first pregnancy.”’

Cows should calve in an environment which can be thor-
oughly cleaned and disinfected with 2,5 per cent formalin.
Wet and well-grassed calving camps should be avoided, and
vehicles used for transporting infected animals should be
disinfected after use. Isolation of cows prior to and after par-
turition contributes significantly to the control of brucello-
sis,® and, in addition, cows that abort should be isolated
immediately and tested serclogically soon after they
aborted. If negative, they should be retested two to three
weeks later. Animals testing positive should be culled.
Foetuses, placentas and discharges must be disposed of,
preferably by incineration.

It is important to maintain regular blood testing in
infected herds.*® Serological tests at intervals of two to three
months and bacteriological examination of aborted foet-
uses, placentas, lochia and milk are often of great benefit.
Milk from negative animals should be tested regularly and at
short intervals by the MRT. All bulls from infected herds
should be viewed with suspicion and the diagnosis should
be based on clinical examination (including palpation of the
seminal vesicles and ampullae), serological and allergic

References

1 AGUIRRE, N.P., VANZINL, V.R., TORIONI DE ECHAIDE, S., VALENTINL, B.S., DE
LUCCA, G., AUFRANC, C., CANAL, A., VIGLIOCCO, A. & NTELSEN, K., 2002.
Antibody dynamics in holstein friesian heifers vaccinated with Brucella
abortus strain 19, using seven serological tests. journal of Immunoassay
and Immunochemistry, 23, 471-478.

2 ALEXANDER, B., SCHNURRENBERGER, P.R. & BROWN, R.R., 1981, Numbers of
Brucella abortus in the placenta, umbilicus and foetal fluid of two
naturally infected cows. The Vererinary Record. 108, 500.

3 ALTON, G.G., CORNER, L.A. & PLACKETT, P., 1980. Vaccination of pregnant
cows with low doses of Brucella abortus strain 19 vaccine. Austrafian
Veterinary Journal, 56, 369-372.

4  ALTON, G.G., JONES, L.M., ANGUS, R.D). & VERGER, .M., 1988. Techniques for
the Brucellosis Laboratory. Ist edn. Paris: Institut National de la
Recherche Agronomique.

ANON., 1957. Obituary notice: L.E. Bevan, The Veterinary Record, 69,
421-422.

wr

Bovine brucellosis 1523

tests, and on bacteriological examination of semen.'2% 137

It is important to prevent, or, in outbreaks, at least limit
the spread of the disease. Depending on circumstances on a
farm, the availability of spare camps can be advantageous,
particularly where it is deemed necessary to split the herd
into two or more groups. The two-herd system, based on the
segregation of weaner heifers and adults, can be highly ef-
fective in extensive farming operations. It is often not pos-
sible to cull all infected animals at the outset of an
eradication campaign, but it is vitally important to separate
them from the ‘negative’ herd. The creation of another ‘sus-
pect’ group of animals, and the effective separation of cows
from four months’ gestation onwards, may be beneficial.
Replacement stock should be purchased from herds certi-
fied free of brucellosis.*

Whatever strategy is to be adopted, the owner must be
fully aware of the implications of the proposed control pro-
gramme. The cooperation of neighbouring farmers may be
of assistance in this respect. In dealing with an infected
herd, the need for decisive action is important. The ‘nega-
tive’ herd must be maintained as such and any contact with
infected animals avoided. All bacteriologically or serologi-
cally positive animals must be permanently identified. Un-
doubtedly an element of ‘over-kill” is built into a somewhat
uncompromising and apparently ruthless approach in these
programmes, but the long-term benefits will far out-weigh
this short-term disadvantage. The economic implications of
a test-and-slaughter eradication policy must also be taken
into account.®

If brucellosis is present in wildlife (see Chapter 148:
Brucellosis in wildlife), the concern of the livestock owner is
to prevent the reintroduction of the infection into his or her
livestock, particularly in regions or states that are ‘officially
brucellosis free’ because of the implications for pre-
movement testing for domestic animals.'®

Decision-making to determine the importance of
brucellosis control relative to other public and animal

health concerns also needs to be addressed.'??

6 ANON., 1988. Joint FAO/WHQ Expert Committee on Brucellosis. World
Health Organization Technical Report Series, 740, WHO, Geneva.

ANON., 1987, Directorate of Veterinary Services, South West Africa.
Annual Report.

“1

8  ANON., 1988/89. Director of Animal Health, Directorate of Veterinary
Services, Private Bag X138, Pretoria, South Africa. Annual Report.

9 ANON.,1909/g0. State Veterinarian, Skukuza. P.O. Box 12, Skukuza,
South Africa. Annual Report.

10 ANON., 1990. Brucellosis in Cattle (Contagiaus Abartion). Director of
Animal Health, Directorate of Veterinary Services, Private Bag X138,
Pretoria, South Africa.

11 ANON., 2000. Manual of Standards for Diagnostic Tests and Vaccines. 3rd
edn. Paris: Office International des Epizooties. Web address: http://
wwiw.oie.int/ eng/normes/ mmanual/A—00048.htm.

12 ARAYA, L,N., ELZER, P.H., ROWE, G.E., ENRIGHT, F.M. & WINTER, A.J., 1989.



1524

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

secTioN Five:  Bacterial diseases

Temporal development of protective cell-mediated and humoral
immunity in BALB/c mice infected with Brucella abortus. Journal of
Immunology, 143, 3330-3337.

ARAYA, L.N. & WINTER, A.J., 1990. Comparative protection of mice against
virulent and attenuated strains of Brucella abortus by passive transfer of
immune T cells or serum. Infection and Immunity, 58, 254-256.

BALDWIN, C.L. & PARENT, M., 2002. Fundamentals of host immune
response against Brucella abortus: What the mouse model has revealed
about control of infection. Veterinary Microbiology, 90, 367-382.

BANAI M., ADAMS, L.G., FREY, M., PUGH, R. & FICHT, T.A., 2002. The myth of
Brucella L-forms and possible involvement of Brucella penicillin-
binding proteins (PBPs) in pathogenicity. Veterinary Microbiology, 90,
263-279.

BARTHEL, R., FENG, J., PIEDRAHITA, J.A., MCMURRAY, D.N., TEMPLETON, J.W. &
ADAMS L.G., 2001, Stable transfection of the bovine NRAMP1 gene into
murine RAW264.7 Cells: Effect on Brucella abortus Survival. Infection
and Immunity, 69, 3110-3119.

BARTON, C.E. & LOMME, J.R., 1980. Reduced-dose whole herd vaccination
against brucellosis: A review of recent experience. Journal of the
American Veterinary Medical Association, 177, 1218-1220.

BECKETT, F.W. & MACDIARMID, 5.C., 1985. The effect of reduced-dose
Brucella abortus strain 19 vaccination in accredited dairy herds. British
Veterinary Journal, 141, 507-514.

BENGIS, R.G., KOCK, R.A. & FISCHER, J., 2002. Infectious animal diseases:
the wildlife/livestock interface. Revue Scientifique et Technique de
U'Office International des Epizooties, 21, 53-65.

BISHOP, G.C., 1984. A brucellosis serological survey of beef cattle
slaughtered at Cato Ridge Abattoir. Journal of the South African
Veterinary Association, 55, 185-186.

BISHOP, G.C., 1990. Allerton Veterinary Laboratory, Pietermaritzburg,
South Africa. Unpublished data.

BISHOP, D.C., BOSMAN, P.P. & HERR, ., 1994. Bovine brucellosis. In: COETZER,
J.A.W., THOMSON, G.R. & TUSTIN, R.C., (eds). Infectious Diseases of Livestock
with Special Reference to Southern Africa. Cape Town: Oxford University
Press Southern Africa.

BLOOD, D.C., RADOSTITS, 0.M. & HENDERSON, J.A., (eds), 1983. Veterinary
Medicine. 6th edn. London: Bailliere Tindall.

BOSMAN, P.P., 1980. Scheme for the control and eradication of bovine
brucellosis. Journal of the South African Veterinary Association, 51,
75-79.

BRAUDE, A.L, 1951. Studies in the pathogenesis of experimental
brucellosis. II. The formation of the hepatic granuloma and its
evolution. Journal of Infectious Diseases, 89, 87-94.

BRICKER, B.]. & HALLING, $.M., 1995. Enhancement of the Brucella AMOS
PCR assay for differentiation of Brucella abortus vaccine strains §19 and
RB51. Journal of Clinical Microbiology, 33, 1640-1642.

BRICKER, B.]., 2002. PCR as a diagnostic tool for brucellosis. Veterinary
Microbiology, 90, 435-446.

BRINLEY MORGAN, W.]., 1977. The diagnosis of Brucella abortus infection
in Britain. In: CRAWFORD, R.P. & HIDALGO, R.}., (eds). Bovine Brucellosis.
An International Symposium. College Station, London: Texas A&M
University Press.

BUCK, J.M., 1930. Studies of vaccination during calfhood to prevent
bovine infectious abortion. Journal of Agricultural Research, 41, 667—
689.

CAMPO, L.R., TAMAYO, R. & CAMPO, C.H., 1987. Embryo transfer from
brucellosis-positive donors: A field trial. Theriogenology, 27, 221.

CARGILL, C., LEE, K. & CLARKE, 1, 1985. Use of an enzyme-linked
immunoabsorbent assay in a bovine brucellosis eradication
programme. Australian Veterinary Journal, 62, 49-52.

CARON, E., GROSS, A., LIAUTARD, J.P. & DORNAND, J., 1996. Brucella species
release a specific, protease-sensitive, inhibitor of TNF-alpha expression,
active on human macrophage-like cells. Journal of Immunology, 156,
2885-2893.

CATLIN, J.E. & SHEEHAN, E.J., 1986. Transmission of bovine brucellosis

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

from dam to offspring. Journal of the American Veterinary Medical
Association, 188, 867-869.

CHEVILLE, N., OLSEN, S., JENSEN A., STEVENS, M., PALMER, M, & FLORANCE, A.,
1996. Effects of age at vaccination on efficacy of Brucella abortus RB51 to
protect cattle against brucellosis. American Journal of Veterinary
Research, 57, 1153-1156.

CLOECKAERT, A., JACQUES, 1., BOSSERAY, N., LIMET, ].N., BOWDEN, R.,
DUBRAY, G. & PLOMMET, M., 1991. Protection conferred on mice by

monoclonal antibodies directed against outer-membrane-protein
antigens of Brucella. Journal of Medical Microbiology, 34, 175-180.

CLOECKAERT, A., JACQUES, 1., DE WERGIFOSSE, P., DUBRAY, G. & LIMET, J.N.,
1992. Protection against Brucella melitensis or Brucella abortus in mice
with immunoglobulin G (IgG), IgA, and IgM monoclonal antibodies
specific for a common epitope shared by the Brucella A and M smooth
lipopolysaccharides. Infection and Immunity, 60, 312-315.

CLOECKAERT, A., VERGER, J.M., GRAYON, M. & GREPINET, 0., 1995. Restriction
site polymorphism of the genes encoding the major 25 kDa and 36 kDa
outer-membrane proteins of Brucella. Microbiology, 141, 2111-2121.

CLOECKAERT, A., ZYGMUNT, M.S. & GUILLOTEAU, L.A., 2002. Brucella abortus
vaccine strain RB51 produces low levels of M-like O-antigen. Vaccine,
20, 1820-1822.

CONDY, J.B. & VICKERS, D.B., 1972. Brucellosis in Rhodesian wildlife.
Journal of the South African Veterinary Medical Association, 43, 175-179.

CONDY, L.B. & VICKERS, D.B,, 1976. Brucellosis in buffalo (Syncerus caffer)
in Wankie National Park. Rhodesian Veterinary Journal, 7, 58-60.

CONSTANT, S.L. & BOTTOMLY. K., 1997. Induction of Th1 and Th2 CD4+ T
cell responses: the alternative approaches. Annual Review of
Immunology, 15, 297-322.

CORBEL, M.]J. & BRINLEY MORGAN, W.]., 1984. Genus Brucella Meyer and
Shaw 1920. In: KRIEG, N.R. & HOLT, 1.G., (eds). Bergey’s Manual of
Systematic Bacteriology. Baltimore, London: Williams & Wilkins.

CORBEL, M.]., 1985. Recent advances in the study of Brucella antigens and
their serological cross-reactions. Veterinary Bulletin, 55, 927-942.

CORBEL, M.J., STUART, F.A., BREWER, R.A., JEFFREY, M. & BRADLEY, R., 1989.
Arthropathy associated with Brucella abortus strain 19 vaccination in
cattle. I. Examination of field cases. British Veterinary Journal, 145,
337-346.

CORNER, L.A. & ALTON, G.G., 1981. Persistence of Brucella abortus strain 19
infection in adult cattle vaccinated with reduced doses. Research in
Veterinary Science, 31, 342-344.

CORNER, L.A., ALTON, G.G. & IYER, 1., 1987. Distribution of Brucella abortus
in infected cattle. Australian Veterinary Journal, 64, 241-244.

CRAWFORD, R.P., WILLIAMS, J.D., HUBER ].D. & CHILDERS, A.B., 1979. Biotypes
of Brucella abortus and their value in epidemiologic studies of infected
cattle herds. Journal of the American Veterinary Medical Association,
175, 1274-1277.

CRAWFORD, R.P., SANDERS, R.B. & ADAMS, L.G., 1988. Early removal of cows
with brucellosis and the effect in strain 19 vaccinated cattle herds.
Preventive Veterinary Medicine, 5, 191-195.

CRAWFORD, R.P., HUBER, ].D. & ADAMS, L.G., 1990. Epidemiology and
surveillance. In: NIELSEN, K. & DUNCAN, B., (eds). Animal Brucellosis.
Ortando: CRC Press. pp. 131-151.

CRAWFORD, R.P., ADAMS, L.G., FICHT, T.A. & WILLIAMS, ].D., 1991. Effects of
stage of gestation and breed on bovine responses to vaccination with
Brucella abortus strain 19. J. American Journal of Veterinary Research,
199, 887-891.

CUNNINGHAM, B., 1977. A difficult disease called brucellosis. In: CRAWFORD,
R.P. & HIDALGO, R.J., (eds). Bovine Brucellosis. An International
Symposium. College Station, London: Texas A&M University Press.

DA COSTA, M., GUILLOU, J.P., GARIN-BASTUJI, B., THIEBAUD, M. & DUBRAY, G.,
1996. Specificity of six gene sequences for the detection of the genus
Brucella by DNA amplification. Journal of Applied Bacteriology, 81.
267-275.

D'CRUZ, $., 1987. Zambia. Brucellosis in cattle and small ruminants:



54

56

59

60

61

62

63

64

65

67

68

69

720

7

72

diagnosis, control and vaccination. Technical Series, Office International
des Epizooties, 6, 74-79.

DETILLEUX, P.G., DEYOE, B,L. & CHEVILLE, N.F., 1990. Entry and intracellular
localization of Brucella spp. in Vero cells: Fluorescence and electron
microscopy. Veterinary Pathalogy, 27, 317-328.

DETILLEUX, P.G., DEYOE, B.L. & CHEVILLE, N.F., 1990. Penetration and
intracellular growth of Brucella abortus in nonphagocytic cells in vitro.
Infection and Immunity, 58, 2320-2328.

DE VOS, V. & VAN NIEKERK, C.A.W.J., 1969. Brucellosis in the Kruger
National Park. Journal of the South African Veterinary Medical
Associarion, 40, 331-334,

DOLAN, L.A., 1980. Latent carriers of brucellosis. The Veterinary Record,
106, 241-243.

DOMENECH, J., LUCET, P., VALLAT, B., STEWART, C., BONNET, 1.B. &
BERTAUDIERE, L., 1380. La brucellose bovine en Afrique centrale. 1. Etude
clinique et épidémiologique: particularités régionales et problemes de
I'élevage semi-intensif. Revue d'Elevage et de Médecine Vétérinaire des
Pays Tropicaux, 33, 277-284.

DORNANT, ., GROSS, A., LAFONT, V., LIAUTARD, J., OLIARO, J. & LIAUTARD, J.P.,
2002. The innate immune response against Brucelia in humans.
Veterinary Micrabiology, 90, 383-394.

DUFEIELD, B.J., STREETEN, T.A. & SPINKS, G.A., 1984. Isolation of Brucella
abortus from supramammary lymph nodes of cattle from infected herds
vaccinated with low dose strain 19. Australian Veterinary Journal, 61,
411412.

ENRIGHT, E.M., 1990. The pathogenesis and pathobiclogy of Brucella
infection in domestic animals. fn: NIELSEN, K. & DUNCAN, B., {(eds).
Animal brucellosis. Orlando: CRC Press. pp. 301-320.

EWALT, D.R., PAYEUR, ].P., KHYAN, [.C. & GEER, P.L,, 1997. Brucella suis
biovar 1 in naturally infected cattle: a bacteriolagical. serological and
histolagical study. Journal of Veterinary Diagnostic Investigation, 9,
417-420.

FARRELL, L.D., 1974. The development of a new selective medium for the
isolation of Bruceila aborius from contaminated sources. Research in
Veterinary Science, 16, 280-286.

FAUL, A. & BOSMAN, P.P., 1987. South Africa. Bovine brucellosis and
brucellosis of small ruminants. Technical Series, Office International des
Epizooties, 6, 60-64.

FENSTERBANK, R., 1978. Congenital brucellosis in cattle associated with
Iocalization in a hygroma. The Veterinary Record, 103, 283-284.

GARDNER, [.A., HEITALA, S, & BOYCE, W.M., 1956. Validity of using
serological tests for diagnosis of diseases in wild animals. Revue
Scientifique et Technique de 'Office International des Epizooties, 15,
323-33b.

GARIN, B., TRAP, D. & GAUMONT, ., 1985. Assessment of the EDTA
sernagglutination test for the diagnosis of hovine brucellosis. The
Veterinary Record, 117, 444-445.

GODFROID, E., CLAVAREAU, C., TAMINIAU, B., DANESE, I, FIBUR, A.,
WEYNANTS, V., MERTENS, P., DE BOLLE, X., GODFROID, J. & LETESSON, 1.].,
1998. ldentification of the perosamine synthetase gene of Brucella
melitensis 16M and the involvement of the lipopolysaccharide O-side
chain in Brucella survival in mice and in macrophages. Infection and
Immunity, 66, 5485-5493.

GODFROID, J., 2002. Brucellosis in wildlife, Revue Scientifique et
Technique de I'Office International des Epizooties, 21, 277-286.

GUDFROLD, ]. & KASBOHRER, A., 2002. Brucellosis in the European Union
and Norway at the turn of the twenty-first century, Veterinary
Microbiology, 90, 135-145.

GODFROID, J., SAEGERMAN, C., WELLEMANS, V., WALRAVENS, K., LETESSON,
1.J., TIBOR, A., MCMILLAN, A., SPENCER, S., SANNA, M., BAKKER, D., POUILLOT,
R. & GARIN-BASTUJI, B., 2002. How to substantiate eradication of bovine
brucellosis when aspecific serological reactions occur in the course of
brucellosis testing. Veterinary Microbialogy, 90, 461--477.

GODOY, AM., PERES, |.N., BARG, L., CO$T4, .0, & DE GODOY, A.M., 1985.
Ixodidae as a reservoir of animal brucellosis. Arquivo Brasileiro de

74

75

77

79

80

81

82

83

84

86

88

89

90

g1

g2

Bovine brucellosis 1525

Medicina Veterinaria e Zootecnia, 37, 369-375.

GORVEL, J.P. & MORENO, E., 2002. Brucella intracellular life: from invasion
to intracellular replication. Veterinary Microbialogy, 90, 281-297.

GRADWELL, D.V., SCHUTTE, A.P., VAN NIEKERK, C.A.W.]. & ROUX, I.]., 1977.
The isolation of Bruceila abortus biotype 1 from African buffalo in the
Kruger National Park. Journal of the South African Veterinary
Association, 48, 41-43.

GROSS, A., TERRAZA, A., CUAHRANI-BETTACHE, S., LIAUTARD, J.P. & DORNAND,
1., 2000. In vitro Brucella suis infection prevents the programmed cell
death of human monaocytic cells. Infecrion and Immunity, 68, 342-351.

HARMON, B.G., ADAMS, L.G., TEMPLETON, J.W. & SMITH, R., 1989.
Macrophage function in mammary glands of Brucella abortus-infected
cows and cows that resisted infection after inoculation of Brucella
abortus. American Journal of Veterinary Research, 50, 459-463.

HENNING, M.W., 1956. Animal Diseases in South Africa. 3rd edn. Pretoria:
Central News Agency, Ltd.

HERR, 5., 1989, Causes of foetal death in catde. Zimbabwe Veteripury
Journal, 20, 167-168.

HERR, S. & MARSHALL, C., 1981. Brucellosis in free-living African buffalo
(Syncerus cajfer): A serological survey. Onderstepoort Journal of
Veterinary Research, 48, 133-134.

HERR, S. & ROUX, D., 1381. The efficacy of bacteriological precedures for
the isolation of Brucella abortus from abattoir material. Onderstepoort
Journal of Veterinary Research, 48, 7-12.

HERR, §. & TE BRUGGE, L.A., 1984, Experience with reduced dose Brucella
abortus strain 19 vaccination of adult cattle in infected herds in South
Africa. Proceedings of the Thirteenth World Congress on Diseases of
Cattle, 1, 359-365.

I1IERR, §. & TE BRUGGE, L.A., 1985. Profiles of serological reactions
following adult cow inoculation with standard dose Brucella abortus
strain 19 vaccine. Journal of the South African Veterinary Association, 56,
93-96.

HERR, S, TE BRUGGE, L.A. & GUINEY, M.C.M., 1982. The value of the
microtitre serum agglutination test as a second screening test in bovine
brucellosis. Onderstepoort Journal of Veterinary Research, 49, 23-28.

HERR, S., WILLIAMSON, C.C., PRIGGE, R.E. & VAN WYK, A, 1986. The
relationship between the microtitration serum agglutination test and
complement fixation tests in bovine brucellosis serology. Onderstepoort
Journal of Veterinary Research, 53, 199-200.

JAGQUES, 1., CLOECKAERT, A., LIMET, J.N. & DUBRAY, G., 1992. Protection
conferred on mice by combinations of monoclonal antibodies directed
against outer-membrane proteins or smooth lipopolysaccharide of
Brucella. Journal of Medical Microbiology, 37, 100~103.

JONKER, J. 1988. Directorate of Animal Health, Eastern Cape Province
and Karoo, Private Bag X12999, Centrahill. Personal communication.

JUBB, K.V.F., KENNEDY, P.C. & PALMER, N., 1993. Pathology of Domestic
Animals. 4th edn. San Diego, California: Academic Press.

KEEP, M.E. & BISHOP, G.C., 1385. A brucellosis survey in Natal wildlife.
Larnmergeyer, 35, 47-48.

KEPPIE, J., WILLIAMS, A.E., WITT, K. & SMITH, H., 1965. The role of erythritol
in the tissue localization of the brucellae. British Journal of
Experimental Pathology, 46, 104-108.

KOHLER, 8., LAYSSAC, M., NAROENI, A., GENTSCHEY, 1, RITTIG, M, & LIAUTARD,
J.P., 2001. Secretion of listeriolysin by Brucella suis inhibits its
intramacrophagic replication. Infection and Immunity, 69, 2753-2756.

KOHLER, $., FOULONGNE, V., OUAHRANI-BETTACHE, §., BOURG, G., TEYSSIER,
J., RAMUZ, M. & LIAUTARD, J.P., 2002. The analysis of the intramacrophagic
virulome of Brucella suis deciphers the environment encountered by
the pathogen inside the macrophage host cell. Proceedings of the
National Academy of Sciences of the USA, 99, 15711-15716.

KOHLER, §., PORTE, F,, JUBIER-MAURIN, V., OUAHRANI-BEITACHE, 5.,
TEYSSIER, J. & LIAUTARD, 1.P., 2002. The intramacrophagic environment of
Brucella suis and bacterial tesponse. Veterinary Microbiology, 90,
299-309.



1526

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

1o

11

12

secnion Five: - Bacterial diseases

LA PRAIK, H.I[). & MOFFAT, R., 1982, Latent bovine brucellosis. The
Veterinary Record, 111, 578-579.

LA PRAIK, R.D, BROWN, D.D., MANN, H. & BRAND, T., 1975. Brucellosis; A
study of five calves from reactor dams. The Veterinary Record, 97, 52-54.

LETESSON, J.J., TIBOR, A., VAN EYNDE, G,, WANSARD, V., WEYNANTS, V.,
DENOEL, P. & SAMAN, E., 1997. Hurnoral immune responses of
Brucella-infected cattle, sheep, and goats to eight purified recombinant
Brucella proteins in an indirect enzyme-linked immunosorbent assay.
Clinical and Diagnostic Laboratory Immunology, 4, 556-564.

LEVIER, K., PHILLIPS, R.W,, GRIPPE, V.K., ROOP, R.M. & WALKER, G.C., 2000.
Similar requirernents of a plant symbiont and a mamimalian pathogen
for prolonged intracellular survival. Science, 287, 2492-2493.

LORD, V.R., SCHURIG, G,G., CHERWONOGRODZKY, J.W., MARCANO, M.J. &
MELENDEZ, G.E., 1998. Field study of vaccination of cattle with Brucelia
abortus strains RB51 and 19 under high and low disease prevalence.
American Journal of Veterinary Research, 59, 1016-1020.

LUCHSINGER, D.W. & ANDERSON, R.K., 1979. Longitudinal studies of
naturally acquired Brucella abertus infection in sheep. American
Journal of Veterinary Research, 40, 1307-1312,

MACDIARMID, §.C. & HELLSTROM, ].8.,1987. An intradermal test for the
diagnosis of brucellosis in extensively managed herds. Preventive
Veterinary Medicine, 4, 361-369.

MACMILLAN, A.P. & COCKREM, D.S., 1985. Reduction of non-specific
reactions to the Brucella abortus serum agglutination test by the
addition of EDTA. Research in Veterinary Science, 38, 288-291.

MADSEN, M., 1989. The current state of bruceliosis in Zimbabwe.
Zimbabwe Veterinary Journal, 20, 133-148.

MADZINA, W.M., 1987. Zimbabwe. Bovine brucellosis and brucellosis of
small ruminants: diagnosis, control and vaccination. Techrnical Series,
Office de U'lnternational des Epizooties, 75017 Paris, France, 6, 80-82.

MANTHEI, C.A., DETRAY, D.E. & GOODE, E.R., 1950. Brucella infection in hulls
and the spread of brucellosis in cattle by artificial insemination.
Proceedings of the 87th Annual Meeting of the American Veterinary
Medical Association, 87, 177.

MCDERMOTT, 1.J. & ARIMI, .M., 2002. Brucellosis in sub-Saharan Africa:
epidemiology, control and impact. Veterinary Micrebiology, 90, 111-
134.

MCEWAN, A.D., 1937. Experiinents on contagious abortion, 11, Field
immunization experinients with a vaccine prepared from strain 45. The
Veterinary Record, 49, 1585.

MEADOR, V.P., DEYUE, B.L. & CHEVILLE, N.F., 1989. Pathogenesis ol Brucella
abortus infection of the mammary gland and supramammary lymph
node of the goat. Veterinary Pathology, 26, 357368,

MOSMANN, T. R, & 5aD, 8., 1996. The expanding universe of T-cell subsets:
Thl, Th2 and more. fImmunology Today, 17, 138-146.

MOHAN, K., MAKAYA, P.V., MUVAVARIRWA, P., MATOPE, G., MAHEMBE, E. &
PAWANDIWA, A., 1996. Brucellosis surveillance and control in Zimbabwe:
bacteriological and serological investigation in dairy herds.
Onderstepoort Journal of Veterinary Research, 48, 63, 47-51.

MURPHY, E.A., SATHIVASEELAN, J., PARENT, M.A., ZOU, B. & BALDWIN, C.L.,
2001 Interferon-gamma is crucial for surviving a Brucella abortus
infection in both resistant C57BL/6 and susceptible BALB/c mice,
Immunology, 103, 511-518.

NAIMAN, B.M., BLUMERMAN, §., ALT, D, BOLIN, C.A., BROWN, R., ZUERNER, R.
& BALDWIN, C.L., 2002. Evaluation of type 1 imrnune response in naive
and vaccinated animals following challenge with Leptospira
borgpetersenii serovar hardje: involvement of WC1{+} gammadelta and
CD4 T cells. Infection and Immunity, 70, 61476157,

NAROENI, A. & PORTE, F., 2002. Role of cholesterol and the ganglioside
GM({1} in entry and short-term survival of Brucella suis in murine
macrophages. Infection and Immunity, 70, 1640-1644.

NICOLETTI, P., JONES, L.M. & BERMAN, D.T., 1978. Comparison of the
subcutaneous and conjunctival route of vaccination with Brucella
abortus strain 19 vaccine in adult cattle. Journal of the American
Veterinary Medical Association, 173, 1450-1456.

1u3

114

115

16

ny

118

19

120

121

122

123

125

126

127

128

129

130

131

132

NICOLETT}, P., 1980. The epidemiology of bovine brucellosis. Advances in
Veterinary Science and Comparative Medicine, 24, 69-98.

NICOLETTL P., 1981. Prevalence and persistance of Brucella aborrus strain
19 infections and prevalence of other biotypes in vaccinated adult dairy
cattle. Journal of the American Veterinary Medical Association, 178,
143-145.

NICOLELTY, F., 1984. Vaccination of cattle with Brucella abortus strain 19
administered by different routes and doses. Vaccine, 2, 133-135.

NICOLETTI, P., 1990. Vaccination. In: NIELSEN, K. & DUNCAN, B., {eds).
Animal brucellosis. Orlando: CRC Press. pp. 283-296.

NIELSEN, K. & DUNCAN, 1.K., 1988. Antibody Isotype Response in Adult
Cattle Vaccinated with Brucella abortus S19. Veterinary Immunology
and Immunopathology, 19, 205-214.

NIELSEN, K., 1990. The serological response of cattle immunized with
Yersinia enterocolitica 0:9 or 0O:16 to Yersinia and Brucella abortus
antigens in enzyme immunoassays. Veterinary Immunology and
Immunopathology, 24: 373-382.

NIELSEN, K., KELLY, 1., GALL, D., NICOLETTI, P. & KELLY, W., 1995. Improved
competitive enzyme immunoassay for the diagnosis of bovine
brucellosis. Veterinary Immunology and Immunopathology, 46, 285
291.

NIELSEN, K. & GALL, D., 2001. Fluorescence polarization assay for the
diagnosis of brucellosis: A review. Journal of Irnmunoassay and
Impunochemitry, 22, 183-201.

NIELSEN, K., 2002. Diagnosis of brucellosis by serology. Veterinary
Microbiology, 90, 447-459.

o011, 2002. Website address http://www.oie.int/hs2/ using Handistatus 2
web application.

OLIVEIRA, $.C., SOGURT, N. & SPLITTER, G., 2002, Molecular and cellular
interactions between Brucelln abortus antigens and host immune
responses. Veterinary Microhiclogy, 90, 417-424.

OTTONES, F., DORNAND, |., NAROENI, A., LIAUTARD, 1.F. & FAVERO, J., 2000, V
gamma 9V delta 2 T cells impair intracellular multiplication of Brucella
suds in autologous monocytes through soluble factor release and
contact-dependent cytotoxic effect. Journal of Immunology, 165,
7133-7139.

PALMER M.V., CHEVILLE N.F. & JENSEN A.E., 1996. Experimental infection of
pregnant cattle with the vaccine candidate Brucella abortus strain RB31:
pathologic, bacteriologic, and serologic findings. Veterinary Pathology,
33, 682-691.

PALMER, M.V., OLSEN, S. & CHEVILLE, N.F, 1997. Safety and immunogenicity
of Brucella abortus RB51 vaccine in pregnant cattle. American Journal of
Veterinary Research, 5, 472,

PAWESKA, J.T., POTTS, A.D., HARRIS, H.]., SMITH, 5.]., VILJOEN, G.]., DUNGU,
B., BRETT, O.L., BUBB, M. & PROZESKY, I, 2002, Validation of an indirect
enzyme-linked immunosorbent assay for the detection of antibody
against Brucellg abortus in cattle sera using an automated ELISA
workstation. Onderstepoort Journal of Veterinary Research, 69, 61-77.

PIZARRO-CERDA, |., MERESSE, S., PARTON, R.G., VAN RIER GOOY, G.,
SOLA-LANDA, A., LOPEZ-GONI, £, MOREND, E. & GORVEL, }.P., 1998, Brucella
abortus transits through the autophagic pathway and replicates in the
endoplasmic reticulum of nonprofessional phagocytes. Infection and
Immunity, 66, 5711-5724,

PLANT, J.W., CLAXTON, P,D., JAKOVLJEVIC, M.B. & DE SARAM, W., 1976.
Brucella abortus infection in the bull. Australian Veterinary Journal, 52,
17-200

PLOMMET, M. & FENSTERBANK, H. 1483. La vaccination antibrucellique
administrée par voie conjonctivale. Developments in Biological
Standardisation, 56, 681.

PORTE, F., LIAUTARD, J.P. & KOHLER, §., 1999, Early acidification of
phagosomes containing Brucella sufs is essential for intraceltular
survival in murine macrophages. Infection and Immunity, 67, 4041
4047.

QURESHI, T., TEMPLETON, }.W. & ADAMS, 1.G., 1996. Intracellular survival of
Brucella abortus, Mycobacterium bovis BCG, Salmonella dublin, and



133

135

136

138

140

-

14

142

143

144

145

146

147

148

149

Salmonella typhimurium in macrophages from cattle genetically
resistant to Brucella abortus. Veterinary Immunology and
Immunopathology, 50, 55-65.

RANKIN, J.E.F., 1965. Brucella abortus in bulls: A study of twelve naturally
infected cases. The Veterinary Record, 77, 132-135.

RHODES, §.G., HEWINSON, R.G. & VORDERMEIER, H.M., 2001. Antigen
recognition and immunomodulation by gamma delta T cells in bovine
tuberculosis. fournal of Immunology 166, 5604-5610.

ROOP, R.M., ROBERTSON, G.T., FERGUSON, G.P., MILFORD, 1.E., WINKLER, M.E.
& WALKER, G.C., 2002, Seeking a niche: Putative contributions of the hfq
and bacA gene products to the successful adaptation of the brucellae to
their intracellular home. Veterinary Microbiology, 90, 349-363.

RYLATT, D.B., WYATT, D.M, & BUNDESEN, P.G., 1985. A competitive enzyme
immuncassay for the detection of bovine antibodies to Brucella abortus
using monoclonal antibodies. Veterinary Immurnology and
Immunopathology, 8, 261-271.

SAEGERMAN, C., VO, T.K., DE WAELE, L., GILSON, D., BASTIN, A., DUBRAY, G.,
FLANAGAN, P., LIMET, J.N., LETESSON, [.]. & GODFROID, ., 1999. Diagnosis of
bovine brucellosis by skin test: Conditions for the test and evaluation of
its performance. The Veterinary Record, 145, 214-218.

SAMARTING, L.E., FORT, M., GREGORET, R. & SCHURIG, G.G., 2000, Use of
Brucella abortus vaccine strain RB51 in pregnant cows after calthood
vaccination with strain 19 in Argentina. Preventive Veterinary Medicine,
45, 193-199.

SANGARI, F.J,, AGUERO, ]. & GARCIA-LOBO, .M., 2000, The genes for
erythritol catabolism are organized as an inducihle operon in Brucellz
abortus. Microbiology, 146, 487-495,

SCHURIG, G.G., ROOP, R.M., BAGCHI, T., BOYLE, S., BUHRMAN, D. &
SRIRANGANATHAN, N., 1991. Biological properties of RB51; a stable rough
strain of Brucella abortus. Veterinary Microbiology, 28, 171-188.

SCHURIG, G.G., SRIRANGANATHAN, N. & CORBEL, M.1,, 2002. Brucellosis
vaccines: past, present and future. Veterinary Microbiology, 90, 479-496.

STAMP, .T., MCEWAN, A.D., WATT, J.A.A. & NISBETT, D.1., 1950. Enzootic
abortion in ewes. The Veterinary Record, 62, 251-254.

STRINGFELLOW, D.A., WOLFE, D.F., MCGUIRE, |.A., LAUERMAN, L.A., GRAY, B.W,
& SPARLING, P.M., 1986. Effects of ermbryo-freezing and thawing
techniques on the survivability of Brucella abortus. Theriogenology, 26,
553-560.

SUTHERLAND, $.5., 1984, Evaluation of the enzyme-linked
immunosorbent assay in the detection of cattle infected with Brucella
abortus. Veterinary Microbiology, 10, 23-32,

SUTHERLAND, §.5., 1985. An enzyme-linked immunosorbent assay for the
detection of Brucella abortus in cattle using monoclonal antibodies.
Austratian Veterinary fournal, 62, 264-268.

TAYLOR, A.W. & MACDIARMID, A., 1949. The stability of the avirulent
characters of Brucellg abortus strain 19 and 45/20 in lactating and
pregnant cows. The Veterinary Record, 61, 317-318.

THOEN, C.0. & ENRIGHT, F., 1986. Brucella. In: GyLESs, C.L. & THQEN, C.0.,
(eds). Pathogenesis of Bacterial Infections in Animals. 1st edn. Ames,
Towa: Iowa State University Press.

THOMSON, 4., 1950. Experimental studies on the incubation period of
infectious abortion in cattie. British Veterinary Journal, 108, 41-54.

THYANGATHYANGA, G.A.A., 1987. Malawi, Bovine brucellosis and
brucellosis of small ruminants: Diagnosis, control and vaccination,
Technical Series, Office International des Epizooties, 6, 50-55.

TRICHARD, C.J.V., HERR, ., BASTIANELLO, §.5. & ROUX, D., 1982. Unilateral
orchitis in a bull caused by Brucella abortus Biotype 1. Journal of the

151

152

153

154

156

157

159

160

161

162

163

164

166

167

Bovine brucellosis 1527

South African Veterinary Association, 53, 60-62.

VAN METRE, D.C., KENNEDY, G.A., OLSEN, S5.C., HANSEN, G.K. & EWALT, D.R.,
1999. Brucellosis induced by RB51 vaccine in a pregnant heifer. Journal
of the American Veterinary Medical Association, 215, 14911493,

VERGER, J.M., GARIN-BASTUJI, B., GRAYON, M. & MAHE, A.M., 1989, [.a
brucellose bovine & Brucella melitensis en France. Annales de Recherche
Vérérinaire, 20, 93-102.

VEMULAPALLL, R,, MCQUISTON, T.K., SCIHURIG, G.G., SRIRANGANATHAN, N.,
HALLING, §.M. & BOYLE, .M., 1999. Identification of an 15711 element
interrupting the wbhoA gene of Brucella abortus vaccine strain RBS1 and
a PCR assay to distinguish strain RB51 from other Brucella species and
strains. Clinical and Diagnostic Laboratory Immunology, 6, 760-764.

WILESMITH, J.W., 1978. The persistence of Brucella aborrus infection in
calves: A retrospective study of heavily infected herds. The Veterinary
Record, 103, 149-153.

WILLIAMS, A.E., KEPPIE, I. & SMITH, H., 1962. The chemical basis of the
virulence of Brucella abortus. 111, Foetal erythritol, a cause of the
localization of Brucella abortus in pregnant cows. British fournal of
Experimental Pathology, 43, 530-537.

WEYNANTS, V., GODFROID, }., LIMBOURG, B., SAEGERMAN, C. & LETESSON, J.J.,
1995. Specific hovine brucellosis diagnosis based on an in vitro
antigeno-specific IFN-gamma production. Journal of Clinical
Microbiology 33, 706-712.

WEYNANTS, V., TIBOR., A, DENDEL, P.A., SAEGERMAN, C., GODFROID, ].,
THIANGE, P. & LETESSON, J.]., 1996. Infection of cattle with Yersinia
enterocolitica 0.9 a cause of the false positive serological reactions in
bovine brucellosis diagnostic tests. Veterinary Microbiology, 48, 101-
112.

WEYNANTS, V., GILSON, D,, CLOECKAERT, A., TIBOR, A., DENDEL, P.A,,
GODFROLD, F., LIMET, .N. & LETESSON, I}, 1997. Characterization of
smoath-lipopolysaccharide and O polysaccharides of Brucella species
by commpetition binding assays with monoclonal antibodies. Infection
and Immunity, 65, 1939-1943.

WRIGHT, A.E. & SMITH, [, 1897. On the application of the serum test to
differential diagnosis of thyphoid and Malta fever. Lancet 1, 656-659.

WYCKOFF, 1.H., 2002, Bovine T lymphocyte responses to Brucella abortus.
Vererinary Microbiology, 90, 395-415.

WYNN-JONES, G., BAKER, [.I. & JOHNSON, P.M., 1980. A clinical and
immunopathological study of Brucella abortus strain 19-induced
arthritis in cattle. The Vererinary Record, 107, 5-9.

XIE XIN, 1966. Orally administrable hrucellosis vaccine: Brucella suis
strain 2 vaccine. Vaccine, 4, 212-216.

YOUNG, E.J., 1995. An overview of human brucellosis. Clinical Infectious
Diseases, 21, 283~290,

ZHAN, Y, & CHEERS, C., 1993. Endogenous gamma interferon mediates
resistance to Brucella abortus infection. [nfection and Immunity, 61,
4899-4901.

5 ZHAN, Y. & CHEERS, C., 1995. Differential induction of macrophage-

derived cytokines by live and dead intracellular bacteria in vitro,
Infection and Immunity, 63, 720-723.

ZHAN, Y. & CHEERS, C., 1995. Endogenous interleukin-12 is involved in
resistance to Brucella abortus infection. Infection and Immunity, 63,
1387-1390.

ZHAN, Y., LIU, Z, & CHEERS, C., 1996, Tumor necrosis factor alpha and
interleukin-12 contribute to resistance to the intracellular bacterium
Brucella abortus by different mechanisms. Infection and Immuniry, 64,
2782-2786.





