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Preface

These Guidelines are designed as a concise, yet comprehensive, statement on
brucellosis for public health, veterinary and laboratory personnel without access to
specialized services. They are also to be a source of accessible and updated
information for such others as nurses, midwives and medical assistants who may
have to be involved with brucellosis in humans.
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1. introduction

1. Introduction

rucellosis, also known as “undulant fever”, “Mediterranean fever” or “Malta
fever” is a zoonosis and the infection is almost invariably transmitted by
direct or indirect contact with infected animals or their products. It affects
people of all age groups and of both sexes. Although there has been great
progress in controlling the disease in many countries, there still remain
regions where the infection persists in domestic animals and, consequently,
transmission to the human population frequently occurs. It is an important
human disease in many parts of the world especially in the Mediterranean
countries of Europe, north and east Africa, the Middle East, south and central
Asia and Central and South America and yet it is often unrecognized and
frequently goes unreported.! There are only a few countries in the world that
are officially free of the disease although cases still occur in people returning
from endemic countries.

It is a zoonosis and the infection is almost invariably transmitted to people
by direct or indirect contact with infected animals or their products. Although
there has been great progress in controlling the disease in many countries,
there still remain regions where the infection persists in domestic animals
and, consequently, transmission to the human population frequently occurs.

Expansion of animal industries and urbanization, and the lack of hygienic
measures in animal husbandry and in food handling partly account for
brucellosis remaining a public health hazard. Expansion of international travel
which stimulates the taste for exotic dairy goods such as fresh cheeses which
may be contaminated, and the importation of such foods into Brucella-free
regions, also contribute to the ever-increasing concern over human brucellosis.

The duration of the human illness and its long convalescence means that
brucellosis is an important economic as well as a medical problem for the
patient because of time lost from normal activities. Prompt diagnosis and
treatment with antibiotics has greatly reduced the time a patient may be
incapacitated. Nevertheless, there are many regions where effective diagnosis
or treatment is not available and/or where programmes for the detection and
prevention of the infection in humans and animals are not adequately carried
out. In these areas, the animal disease remains a constant threat to human
welfare, particularly for those in the most vulnerable socioeconomic sections of
the population.

1 World animal health data, including brucellosis in animals and humans, are contained in
Handistatus Il and are also available in a hardcopy publication entitled World Animal Health.
This information is collected from Veterinary Services of OIE, FAO and WHO Member Countries
by the OIE Central Bureau, Paris, France, using a joint annual questionnaire and can be accessed

though the following address: http://www.oie.int
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The disease can be insidious and may present in many atypical forms. In
many patients the symptoms are mild and, therefore, the diagnosis may not
be even considered. Indeed it should be noted that even in severe infections
differential diagnosis can still be difficult. The application of well-controlled
laboratory procedures and their careful interpretation can assist greatly in
this process.

While there is still a need for technical advances in some areas, it is important
to note that the basic scientific information and methods required for the
control of brucellosis in ruminants are at hand. Even where brucellosis in
animals is not under control there are measures that can be taken to prevent
human infection and to treat infected persons.

Intersectoral cooperation in support of primary health care approaches plays
an important role in the control of brucellosis and may contribute to the
development of appropriate infrastructures in areas of animal production,
food hygiene, and health care. On the other hand the prevention and control
of brucellosis needs supportive action from various sectors, including those
responsible for food safety and consumer education.

Emphasis in this document is placed on fundamental measures of environ-
mental and occupational hygiene in the community and in the household as
well as on the sequence of actions required to detect and treat patients.



2. clinical manifestation

2.

B

Clinical manifestation

rucellosis is essentially a disease of animals, especially domesticated livestock,

caused by bacteria of the Brucella group with humans as an accidental
host. In other words it is a zoonosis. On genetic grounds the Brucella group
can be regarded as variants of a single species which for historical reasons
is identified as Brucella melitensis. However, for practical purposes this
approach is considered unsatisfactory and six main “species” are distin-
guished: B. abortus, B. suis, B. melitensis, B. neotomae, B. ovis, B. canis.
Strains isolated from marine mammals fall into at least three groups distinct
from these and may be designated as new “nomen species”.

The differentiation of these variants is of practical importance as the
epidemiology and, to a lesser extent, the severity of the disease in humans,
is influenced by the type of organism and its source. Thus B. abortus is
normally associated with cattle, B. melitensis with sheep and goats, B.
suis with swine (although biovars 4 and 5 are specifically associated with
reindeer and rodents respectively). B. ovis causes an infection specific for
sheep and has not been conclusively implicated in human disease, B. suis
biovar 5 has only been isolated on a few occasions from rodents and B. canis
is usually associated with disease in dogs but occasionally causes human
brucellosis. B. neotomae has been isolated on few occasions and has never
been implicated in human disease.

The human disease usually manifests itself as an acute febrile illness which
may persist and progress to a chronically incapacitating disease with severe
complications. It is nearly always acquired directly or indirectly from animal
sources, of which cattle, sheep, goats and pigs are by far the most important.
In these natural hosts, the infection usually establishes itself in the reproductive
tract, often resulting in abortion. Excretion in genital discharges and milk is
common and is a major source of human infection.

The clinical picture is not specific in animals or humans and diagnosis needs
to be supported by laboratory tests. Effective treatment is available for the
human disease but prevention is the ideal, through control of the infection in
animals and by implementation of hygienic measures at the individual and
public health levels.
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2.1 The disease in humans

Brucellosis is an acute or sub-acute febrile illness usually marked by an inter-
mittent or remittent fever accompanied by malaise, anorexia and prostration,
and which, in the absence of specific treatment, may persist for weeks or
months. Typically, few objective signs are apparent but enlargement of the
liver, spleen and/or lymph nodes may occur, as may signs referable to almost
any other organ system. The acute phase may progress to a chronic one
with relapse, development of persistent localized infection or a non-specific
syndrome resembling the “chronic fatigue syndrome”. The disease is always
caused by infection with a Brucella strain and diagnosis must be supported
by laboratory tests which indicate the presence of the organism or a specific
immune response to its antigens.

Evidence in support of the diagnosis includes:

* A history of recent exposure to a known or probable source of Brucella spp.
This includes common host species, especially cattle, sheep, goats, pigs,
camels, yaks, buffaloes or dogs; consumption of raw or inadequately cooked
milk or milk products, and, to a lesser extent, meat and offal derived from
these animals. In addition, the resistance of the organism and its high infectivity
make environmental contamination a probable hazard, although this is always
difficult to prove. Occupational exposure and/or residence in an area in which
the infection is prevalent, also raise the probability of the diagnosis.

e |solation of Brucella spp. from the patient.

* Demonstration by validated polymerase chain reaction (PCR) of the presence
of Brucella genetic material in blood or other tissue sample.

* Demonstration by a validated serological method of Brucella antigen in blood
or other tissue sample.

* Demonstration of a rising antibody titre in any serological test for brucellosis
in the absence of exposure to any known source of cross-reacting antigens.

e Demonstration of a high sustained IgG antibody titre in the agglutination,
complement fixation or ELISA tests with standardized antigens.

Susceptibility to brucellosis in humans depends on various factors, including
the immune status, routes of infection, size of the inoculum and, to some
extent, the species of Brucella. In general, B. melitensis and B. suis are more
virulent for humans than B. abortus and B. canis, although serious complications
can occur with any species of Brucella.

Common routes of infection include direct inoculation through cuts and
abrasions in the skin, inoculation via the conjunctival sac of the eyes, inhalation
of infectious aerosols, and ingestion of infectious unpasteurized milk or other



2. clinical manifestation

dairy products. Blood transfusion, tissue transplantation and sexual transmission
are possible but rare routes of infection.

The disease is acute in about half the cases, with an incubation period of
two to three weeks. In the other half, the onset is insidious, with signs and
symptoms developing over a period of weeks to months from the infection.
The clinical manifestations are varied and nonspecific. They include fever,
sweats, fatigue, malaise, anorexia, weight loss, headache, arthralgia and
back pain. Commonly, patients feel better in the morning, with symptoms
worsening as the day progresses. The desire to rest can be profound, and
depression is pervasive. If untreated, the pattern of the fever waxes and
wanes over several days (“undulant fever”). Table 1 reports symptoms and
signs in 500 patients with brucellosis due to B. melitensis.

Table 1. Symptoms and signs in 500 patients with brucellosis due to B. melitensis.

Symptoms and signs Number of patients %
Fever 464 93
Chills 410 82
Sweats 437 87
Aches 457 91
Lack of energy 473 95
Jointand back pain 431 86
Arthritis 202 40
Spinal tenderness 241 48
Headache 403 81
Loss of appetite 388 78
Weight loss 326 65
Constipation 234 47
Abdominal pain 225 45
Diarrhoea 34 7
Cough 122 24
Testicular pain/epididymo-orchitis 62 212
Rash 72 14
Sleep disturbance 185 37
Il appearance 127 25
Pallor 110 22
Lymphadenopathy 160 32
Splenomegaly 125 25
Hepatomegaly 97 19
Jaundice 6 1
Central nervous system abnormalities 20 4
Cardiac murmur 17 3
Pneumonia 7 1

Adapted from MM Madkour. Brucellosis Overview. In: Madkour’s Brucellosis, 2nd edition. Springer, Berlin

¢ Among 290 males
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Brucella species are facultative intracellular pathogens that can survive and
multiply within phagocytic cells of the host. The mechanisms by which
Brucella evades intracellular killing are incompletely understood. Nevertheless,
Brucella organisms ultimately become sequestered within monocytes and
macrophages of the reticuloendothelial system (RES), such as lymph nodes,
liver, spleen and bone marrow. Brucellosis is a systemic infection that can
involve any organ or tissue of the body. When clinical symptoms related to a
specific organ predominate, the disease is termed “localized”. Commonly,
localization involves organs of the RES.

Although humoral antibodies appear to play some role in resistance to infection,
the principal mechanism of recovery from brucellosis is cell-mediated. Cellular
immunity involves the development of specific cytotoxic T lymphocytes and
activation of macrophages, enhancing their bactericidal activity, through the
release of cytokines (e.g. gamma interferon and tumour necrosis factor) from
specifically committed helper T lymphocytes. Coincident with the development
of cell-mediated immunity, the host usually demonstrates dermal delayed-
type hypersensitivity to antigens of Brucella.

2.1.1 Osteoarticular complications

Bone and joint involvement are the most frequent complications of brucellosis,
occurring in up to 40% of cases. A variety of syndromes have been reported,
including sacroiliitis, spondylitis, peripheral arthritis, osteomyelitis, bursitis,
and tenosynovitis. Brucella sacroiliitis is especially common. Patients present
with fever and back pain, often radiating down the legs (sciatica). Children may
refuse to walk and bear weight on an extremity. Early in the disease,
radiographs and bone scintigrams can appear normal, but, in time, computed
tomography (CT) or nuclear magnetic resonance (NMR) scans may show
narrowing of the intervertebral disc space. Vertebral osteomyelitis is readily
apparent through radionucleide scans showing destruction of the vertebral
bodies. The lumbar vertebrae are involved more often than the thoracic and
cervical spine. Paravertebral abscesses are less common in brucellosis than
in spinal tuberculosis. A post-infectious spondyloarthropathy involving multiple
joints has been described, and is believed to be caused by circulating immune
complexes.

2.1.2 Gastrointestinal complications

Brucellosis, especially when due to B. melitensis, is often foodborne, and
unpasteurized milk or dairy products, such as cheese, are common vehicles
of transmission. Foodborne brucellosis resembles typhoid fever, in that systemic
symptoms predominate over gastrointestinal complaints. Nevertheless, some
patients with the disease experience nausea, vomiting, and abdominal
discomfort. Rare cases of ileitis, colitis and spontaneous bacterial peritonitis
have been reported.
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2.1.3 Hepatobiliary complications

The liver is commonly involved in brucellosis, although liver function tests can
be normal or only mildly elevated. The histological changes in the liver are
variable, but disease caused by B. abortus may show epithelioid granulomas
that are indistinguishable from sarcoidosis lesions. A spectrum of hepatic
lesions has been described in cases due to B. melitensis, including scattered
small foci of inflammation resembling viral hepatitis. Occasionally larger
aggregates of inflammatory cells are found within the liver parenchyma with
areas of hepatocellular necrosis. In other cases, small, loosely formed epithelioid
granulomas with giant cells can be found.

Despite the extent of hepatic involvement, post-necrotic cirrhosis is extremely
rare. Hepatic abscesses and chronic suppurative lesions of the liver and
other organs have been described in cases due to B. suis. Acute and chronic
cholecystitis have been reported in association with brucellosis.

2.1.4 Respiratory tract complications

Aerosol inhalation is a recognized route of transmission of brucellosis, espe-
cially common in abattoirs where infected animals are slaughtered. A variety
of pulmonary complications have been reported, including hilar and para-
tracheal lymphadenopathy, interstitial pneumonitis, bronchopneumonia, lung
nodules, pleural effusions, and empyema. Brucella organisms are rarely
isolated from expectorated sputum.

2.1.5 Genitourinary complications

Orchitis and epididymitis are the most frequent genitourinary complications
of brucellosis in men. Usually unilateral, Brucella orchitis can mimic testicular
cancer or tuberculosis. Although Brucella organisms have been recovered
from banked human spermatozoa, there have been a few reports implicating
sexual transmission. Renal involvement in brucellosis is rare, but it too can
resemble renal tuberculosis. In women, rare cases of pelvic abscesses and
salpingitis have been reported.

2.1.6 Pregnancy and breastfeeding

Brucellosis during the course of pregnancy carries the risk of spontaneous
abortion or intrauterine transmission to the infant. Abortion is a frequent
complication of brucellosis in animals, where placental localization is believed
to be associated with erythritol, a growth stimulant for B. abortus. Although
erythritol is not present in human placental tissue, Brucella bacteremia can
result in abortion, especially during the early trimesters. Whether the rate of
abortions from brucellosis exceeds rates associated with bacteremia from
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other bacterial causes is unclear. In any event, prompt diagnosis and treatment
of brucellosis during pregnancy can be lifesaving for the fetus.

Very rare human-to-human transmission from lactating mothers to their
breastfed infants has been reported.

2.1.7 Cardiovascular complications

Infective endocarditis is the most common cardiovascular manifestation, and
it is said to be the most common cause of death from brucellosis. Endocarditis
is reported in about 2% of cases, and can involve both native and prosthetic
heart valves. The aortic valve is involved more often than the mitral valve.
Aneurysms of the sinus of Valsalva and other vascular structures appear to
be most common when infection is caused by B. suis. Mycotic aneurysms,
usually involving the middle cerebral artery, can be a neurological compli-
cation of infective endocarditis. Treatment of endocarditis caused by Brucella
species usually requires a combination of antimicrobial therapy and valve
replacement surgery.

2.1.8 Neurological complications

Neurobrucellosis refers to a variety of neurological complications associated
with brucellosis. Direct invasion of the central nervous system occurs in
about 5% of cases of B. melitensis infection, and meningitis or meningo-
encephalitis are the most common manifestations. Brucella meningitis can
be acute or chronic. It often occurs late in the course of disease, but it can
be the presenting manifestation. Analysis of cerebrospinal fluid (CSF) usually
reveals an elevated protein content, normal or low glucose concentration,
and a lymphocytic pleocytosis. Brucella organisms are rarely isolated from
CSF, but specific antibodies can be demonstrated in the CSF and serum.
Other CNS manifestations of brucellosis include cerebral vasculitis, mycotic
aneurysms, brain and epidural abscesses, infarcts, haemorrhage, and
cerebellar ataxia. Peripheral nerve complications include neuropathy/radiculo-
pathy, Guillain-Barré syndrome, and a poliomyelitis-like syndrome.

Brain scans (e.g. CT, magnetic resonance imaging) are usually normal in
meningitis, but can be useful for detecting space-occupying lesions and the
integrity of the epidural space. Basal ganglia calcification has been reported
in some patients with neuro-brucellosis.

2.1.9 Cutaneous complications

A variety of skin lesions have been reported in patients with brucellosis,
including rashes, nodules, papules, erythema nodosum, petechiae, and purpura.
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Cutaneous ulcers, abscesses, and suppurative lymphangitis appear to be
more common with B. suis. Occasionally, epistaxis, gingivorrhea, haematuria,
and cutaneous purpura occur in association with severe thrombocytopenia,
which has been ascribed to hypersplenism, bone marrow haemaphagocytosis,
and/or anti-platelet antibodies.

2.1.10  Opthalmic complications

Although uncommon, a variety of ocular lesions have been reported in patients
with brucellosis. Uveitis is the most frequent manifestation, and can present
as chronic iridocyclitis, nummular keratitis, multifocal choroiditis or optic
neuritis. Since Brucella organisms have not been isolated from the structures
of the eye in humans, many of these lesions are considered to be late
complications, possibly immunologically mediated. Consequently, the usual
treatment for ocular complications is steroids.

2.1.11 Chronic brucellosis

Perhaps no aspect of the disease elicits more controversy than chronic
brucellosis. This is due, in part, to the lack of a universally accepted definition.
Most authorities agree that the term “chronic brucellosis” should be reserved
for patients whose clinical symptoms persist for 12 months or more from the
time of the diagnosis. Using this criterion, patients fall into three categories:
(1) relapse, (2) chronic localized infection, and (3) delayed convalescence.

Relapse is defined as the recurrence of characteristic signs and symptoms
(with or without a positive culture) occurring at some time after the completion
of a course of treatment. Patients with relapse characteristically have objective
signs of infection, such as fever, and persistently elevated titres of IgG antibodies
in their serum. Most relapses occur within six months after therapy is discontinued,
and relapse is not usually due to the emergence of antibiotic resistant strains,
although this has been seen after monotherapy with rifampicin or strepto-
mycin. Therefore, relapse can usually be treated by repeating the course of
therapy with the same drugs.

Chronic localized infection is defined as the recurrence of characteristic signs
and symptoms (with or without a positive blood culture) caused by the
failure to eliminate a deep focus of infection, such as osteomyelitis, or deep
tissue abscesses. Patients with localized infection have also objective signs
of infection, such as fever, although symptoms may recur intermittently over
long periods of time. As is the case with patients with relapse, localized
infection is characterized by persistent elevation of IgG antibodies in the
serum. Unlike relapse, chronic localized brucellosis may require surgical
intervention to drain foci of infection in addition to antimicrobial therapy.
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Delayed convalescence is defined as the persistence of symptoms, without
objective signs of infection, such as fever, in patients who have completed a
course of therapy, and in whom titres of antibodies have declined or even
disappeared. The etiology of delayed convalescence is unknown, but psychological
studies of some patients suggest a high incidence of personality disorders, often
predating the onset of brucellosis. In any case, patients with delayed convales-
cence do not appear to benefit from repeated courses of antimicrobial therapy.

2.1.12 Childhood brucellosis

Once considered rare in children, it is now recognized that brucellosis can affect
persons of all ages, especially in areas where B. melitensis is the predominant
species. The course of infection and the incidence of complications appear to
be similar regardless of the age of the patients.

KEY POINTS ON THE DISEASE IN HUMANS

* Human brucellosis usually presents as an acute febrile illness.
* Most cases are caused by B. melitensis.

* All age groups are affected.

* Complications may affect any organ system.

* The disease may persist as relapse, chronic localized infection
or delayed convalescence.

The disease in animals

Brucellosis is a sub-acute or chronic disease which may affect many species
of animals. In cattle, sheep, goats, other ruminants and pigs the initial phase
following infection is often not apparent. In sexually mature animals the
infection localizes in the reproductive system and typically produces placentitis
followed by abortion in the pregnant female, usually during the last third of
pregnancy, and epididymitis and orchitis in the male (Fig. 1 and 2). Clinical
signs are not pathognomonic and diagnosis is dependent upon demonstration
of the presence of Brucella spp. either by isolation of the bacteria or detection
of their antigens or genetic material, or by demonstration of specific antibody
or cell-mediated immune responses.

Brucellosis is a disease of many animal species but especially of those that
produce food: sheep (especially milk-producing), goats, cattle and pigs and,
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on a more localized scale, camels, buffaloes, yaks and reindeer. Five of the
six currently recognized Brucella species cause infection and clinical signs
in one or more animal hosts (see Table 2). Four of these also cause human
disease: B. melitensis, B. suis, B. abortus and B. canis in descending order
of pathogenicity. The recently recognized types associated with marine animals
may also have the capacity to cause human disease.

The Brucellae are somewhat host-specific but cross-species infections occur,
especially with B. melitensis. Infections in many wildlife species have been
reported but those that obviously affect population fecundity and result in
human infections are quite rare. B. melitensis infections in dairy herds, however,
have severe economic and public health implications.

Infections in sheep and goats are highly contagious because of the patho-
genicity of B. melitensis and because of close contact caused by the density
of the flocks or herds, the commingling of those of different owners and heavy
exposure in housing. Animal-to-animal transmission occurs as a result of
the large number of organisms shed in the environment.

Humans are often infected due to direct animal contact or ingestion of
contaminated dairy products. Human cases may be a useful indicator of the
presence of disease in animal populations and may be the only source of
information for surveillance. It is important, however, to determine if the
infection was acquired locally or elsewhere, and, if food products are
implicated, to establish whether these were locally produced or imported
(see Section 8).

Characteristic but not specific signs of brucellosis in most animal hosts are
abortion or premature births and retained placenta. In some areas, abortion
is relatively uncommon. In some parts of Africa, hygromas and abscesses
are the major clinical signs in nomadic or semi-nomadic cattle herds infected
with B. arbortus biovar 3. There is lowered milk production due to premature
births. Interference with fertility is usually temporary and most infected
animals will abort only once and some are unaffected. The udder is often
permanently infected, especially in the case of cows and goats. Shedding of
organisms in milk is frequent. Localized infections in sheep result in orchitis
or epididymitis in the case of B. melitensis and B. ovis. In goats, cattle,
swine and dogs similar complications may follow infection with B. melitensis,
B. abortus, B. suis and B. canis respectively. Arthritis may also be a rare
sign in B. melitensis-infected sheep and goats. In horses, local abscess
formation in bursae may be the only clinical sign and infection in this
species is often asymptomatic. Camels infected with B. melitensis shed the
organisms in milk and in some countries this is a serious public health
problem. Clinical signs of brucellosis in camels appear to be very rare.

The severity of the disease depends upon many factors such as previous
vaccination, age, sex and management such as herd or flock size and density.
Abortions are more prevalent in unvaccinated animals and numbers of
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organisms shed are much greater. The bacteria are found in tissues and
fluids associated with pregnhancy, the udder and the lymph nodes which
drain the relevant areas.

Most infections result from ingestion of bacteria either from diseased animals
or contaminated feedstuffs. However, infection may also be acquired by
respiratory exposure and by contamination of abraded skin and mucosal
surfaces. Natural breeding transmits infection in swine and dogs and, to a
lesser extent, sheep and goats. Persistent bacteraemias are also more common
in the first two species. Bacteraemia occurs during the course of infection in
other species but is usually intermittent and of short duration.

KEY POINTS ON THE DISEASE IN ANIMALS

* Brucellosis infects many species, especially cattle, sheep, goats, pigs.
 Different Brucella types infect different species preferentially.
* Brucellosis presents typically as abortion in animals.

* Diagnosis can only be confirmed by laboratory tests.

Table 2. Animals affected by Brucella spp.

HOST B. abortus  B. melitensis  B. suis B.canis  B.ovis
Cattle + + +(rare) - -
Buffaloes + + - - -
Bison + - - - -
Sheep +(rare) + + (possible) - +
Goats +(rare) + - - -
Swine +(rare) +(rare) + - -
Dogs + + +(rare) + -
Camels +(rare) + - - -
Caribou/Reindeer - - + (biovar 4) - -
Elk + - - - -
Horses + +(rare) +(rare) - -

Rodents +(rare) +(rare) + (biovar 5) - -
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3. Epidemiology

3.1 Epidemiology of brucellosis in humans

3.1.1 Reservoirs of infection

Brucellosis is a zoonotic disease, hence the ultimate sources of infection are
infected animals. The key species are the major food-producing animals: cattle,
sheep, goats, pigs. Others, including bison, buffalo, camels, dogs, horses,
reindeer and yaks are less important, but they can be very significant local
sources of infection in some regions. Recently, the infection has also been
identified in marine mammals, including dolphins, porpoises and seals, and
these may present an emerging hazard to persons occupationally exposed to
infected tissues from them.

The risk of disease and its severity is to a significant extent determined by
the type of Brucella to which an individual is exposed. This will be influenced
by the species of host animal acting as source of infection.

B. melitensis is the type most frequently reported as a cause of human
disease and the most frequently isolated from cases. It is the most virulent
type and associated with severe acute disease. It is recorded as endemic in
several countries and accounts for a disproportionate amount of human
brucellosis. The organism is normally associated with infection in sheep and
goats, but other species, including dogs, cattle and camels can be infected.
In some countries, particularly in the Middle East, B. melitensis infection of
cattle has emerged as an important problem. Contrary to some traditional
views, B. melitensis remains fully virulent for man after infecting cattle. The
bovine infection presents a particularly serious problem because of the large
volume of infected milk that can be produced by an individual animal and
because of the extensive environmental contamination that even single
abortions or infected births can produce.

B. abortus is the most widespread cause of infection, but associated with much
less human disease. Infection in man is often sub-clinical and, where disease
does occur, it is usually less severe than that caused by B. melitensis or B.
suis. Cattle are by far the most common source of B. abortus but bison,
buffalo, camels, dogs and yaks are important in some areas.

B. suis has a much more restricted occurrence than B. melitensis and
B. abortus. It is locally important as a source of human infection which can
be as severe as that produced by B. melitensis. The sources and virulence
of the organism vary with its biovar (subtype defined by laboratory tests).
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Biovars 1, 2, and 3 are associated with pigs and also, in the case of biovar 2,
with hares. This variant has a low pathogenicity for humans but biovars 1
and 3 are highly virulent and can cause severe disease. Biovar 4 is associated
with infection of caribou and reindeer in Alaska, Canada and Northern Russia.
It is infrequently reported as a cause of human disease. Naturally acquired
human cases of biovar 5 infection have not been reported.

B. canis is a widespread infection of dogs in many countries. It is infrequently
associated with human disease. Reported cases have usually been mild.

Brucella infection occurs in many species of wild animals but these are
rarely implicated as sources of human disease.

3.1.2 Transmission of brucellosis to humans

The possible means of acquisition of brucellosis include: person-to-person
transmission, infection from a contaminated environment, occupational
exposure usually resulting from direct contact with infected animals, and
foodborne transmission.

3.1.2.1 Person-to-person transmission

This is extremely rare. Occasional cases have been reported in which circum-
stantial evidence suggests close personal or sexual contact as the route of
transmission.

Of more potential significance is transmission through blood donation or tissue
transplantation. Bone marrow transfer in particular carries a significant risk.
It is advisable that blood and tissue donors be screened for evidence of
brucellosis and positive reactors with a history of recent infection be excluded.
Transmission to attendants of brucellosis patients is most unlikely but basic
precautions should be taken. Laboratory workers processing samples from
patients run a much greater risk.

3.1.2.2 Infection from a contaminated environment

This is difficult to document but probably occurs more frequently than is rec-
ognized. Infected animals passing through populated areas or kept in close
proximity to housing may produce heavy contamination of streets, yards
and market places, especially if abortions occur. Inhalation brucellosis may
then result from exposure to contaminated dust, dried dung etc. Contact
infection may also result from contamination of skin or conjunctivae from
soiled surfaces. Water sources, such as wells, may also be contaminated by
recently aborted animals or by run-off of rain water from contaminated areas.

Brucella spp. can survive for long periods in dust, dung, water, slurry,
aborted fetuses, soil, meat and dairy products. The precise duration of
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survival is dependent on many variables such as the nature of the substrate,
number of organisms, temperature, pH, sunlight, the presence of other mi-
crobial contaminants. Some examples are given in Table 3.

3.1.2.3  Occupational exposure

Certain occupations are associated with a high risk of infection with brucel-
losis. These include people who work with farm animals, especially cattle,
sheep, goats and pigs: farmers, farm labourers, animal attendants, stockmen,
shepherds, sheep shearers, goatherds, pig keepers, veterinarians and inseminators
are at risk through direct contact with infected animals or through exposure to a
heavily contaminated environment. Infection may occur by inhalation, conjunctival
contamination, accidental ingestion, skin contamination especially via cuts or
abrasions, and accidental self-inoculation with live vaccines.

The families of farmers and animal breeders may also be at risk as domestic
exposure may be inseparable from occupational exposure when animals are
kept in close proximity to living accommodation. In some areas, the animals
are kept in the yards of houses and may even be brought inside, especially
in severe weather. In the case of recently aborted animals, this has resulted
in infection of entire households. The use of dried dung as a fuel may also
import infection into households. It should be noted that brucellosis often
presents as clusters of cases in a family or tribal group, usually relating to a
common infected food source, and often follows an outbreak in animals.

Children can be particularly at risk as they may adopt newborn or sick
animals as pets. In some areas they may be the only group presenting with
acute symptoms, as older members of the community are likely to be immune
or chronically infected.

Persons involved in the processing of animal products may be at high risk of
exposure to brucellosis. These include slaughtermen, butchers, meat packers,
collectors of fetal calf serum, processors of hides, skins and wool, renderers
and dairy workers. Direct and environmental contamination may present
hazards through inhalation, ingestion, mucous contamination and skin contact
or penetration.

Staff employed in the maintenance of farm premises, factories or plants used
for processing animal products are often overlooked as occupationally exposed
groups but may be at considerable risk from environmental contamination.

Laboratory staff involved in culturing Brucella are at particular risk. In some
countries in which brucellosis is no longer endemic, this potential hazard
may be overlooked or considered no longer relevant. Nevertheless, the
performance of diagnostic procedures on patients with unsuspected imported
disease may lead to culture of organisms which are not correctly identified
until laboratory-acquired infection raises the level of suspicion. The use of
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rapid identification gallery test systems has caused Brucella strains to be
misidentified as Moraxella spp, with serious consequences for the staff.
Inhalation of aerosols generated by manipulation of cultures presents the
greatest hazard, especially if breakage of containers occurs during such
processes as centrifugation.

The preparation and use of live vaccines is also hazardous as strains such
as B. abortus S19 and B. melitensis Rev 1 are not completely avirulent for
humans. The rough vaccine strain B. abortus RB 51 appears to be of low
pathogenicity but still presents a potential hazard through accidental injection
and is rifampicin-resistant. The use of virulent strains to prepare diagnostic
antigens should also be avoided where possible.

3.1.2.4 Foodborne transmission

This is usually the main source of brucellosis for urban populations. Ingestion
of fresh milk or dairy products prepared from unheated milk is the main
source of infection for most populations. Cow, sheep, goat or camel milk
contaminated with B. melitensis is particularly hazardous as it is drunk in
fairly large volume and may contain large numbers of organisms. Butter,
cream or ice-cream prepared from such milk also presents a high risk. Soft
cheeses prepared from sheep or goats milk by addition of rennet are a
particularly common source of infection in Mediterranean and Middle Eastern
countries. The cheese-making process may actually concentrate the Brucella
organisms, which can survive for up to several months in this type of product.
Such cheeses should be stored in cool conditions for at least six months
before consumption. Hard cheeses prepared by lactic and propionic
fermentation present a much smaller risk. Similarly, yoghurt and sour milk
are less hazardous. Brucella dies off fairly rapidly when the acidity drops
below pH 4, and very rapidly below pH 3.5. Equipment used in the transport
or processing of infected milk or other raw material may contaminate
uninfected products unless good hygienic practice is observed.

Meat products are less frequently associated with infection, mainly because
they are not usually eaten raw. However, this is a not unknown practice
among butchers and abattoir workers. Muscle tissue usually contains low
concentrations of Brucella organisms but liver, kidney, spleen, udder and
testis may contain much higher concentrations. In some countries, dishes
prepared from these organs may be eaten raw or undercooked. Fresh blood,
either alone or mixed with fresh milk, may also be drunk and presents an
obvious potential hazard.

In many countries, the consumption of “health foods” has become fashionable.
These often include unpasteurized milk or milk products and may pose a
particular risk. There is often considerable resistance to accepting that such
“healthy” products can be dangerous. Raw vegetables may be contaminated
by infected animals and present a hazard. In endemic areas, tourists consuming
“ethnic” food products may be particularly at risk.
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Persons with achlorhydria resulting from disease or through consumption of
antacids or H2 antagonists may have an increased risk of acquiring brucellosis
through ingestion of contaminated foods.

Individuals with immunodeficiency states resulting from disease or treatment
with immunosuppressive agents may also be at increased risk of severe
brucellosis, although this is difficult to quantify.

3.1.3 Seasonal factors

In countries with temperate or cold climates there is a marked seasonal
variation in the incidence of acute brucellosis, with most cases occurring in
the spring and summer. This coincides with the peak period for abortions
and parturitions among farm animals and hence for the highest level of
exposure of those attending the animals and consuming their milk. The
seasonal effect is more obvious for ovine/caprine brucellosis than for bovine
brucellosis, possibly because of the longer lactation period in cattle.

In tropical and subtropical areas, where animal breeding extends throughout
the year, there is no seasonal influence on the incidence of brucellosis.

3.14 Age and sex distribution

In industrialized countries and in those others in which food hygiene prevents
foodborne brucellosis, the disease is very largely occupational and the majority
of cases are males between the ages of 20 and 45 years. In these situations,
the disease is usually caused by B. abortus or B. suis. In countries or areas
where B. melitensis is prevalent, the practices followed in marketing and
distributing sheep and goat milk products in particular make the enforcement
of hygienic measures very difficult. In this situation the whole population is
at risk and many cases occur in women and children. In nomadic societies,
the adults have often been exposed to infection at an early age and do not
manifest acute disease, although many may have sequelae from chronic
infection. Under such conditions children account for a high proportion of
acute cases and brucellosis is largely a paediatric problem.

3.1.5 Travel-acquired brucellosis

Tourists or business travellers to endemic areas may acquire brucellosis,
usually by consumption of unpasteurized milk or other dairy products.
Travellers may also import infected cheeses or other dairy products into
their own countries and infect their families or social contacts by this means.
Imported cases now account for most of the acute brucellosis cases seen in
North America and Northern Europe.
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3.1.6 Bio-terrorism
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B. melitensis and B.suis have been developed experimentally as biological
weapons by state sponsored programmes. Their relative stability in aerosol
form, combined with low infectious dose make them suitable agents for this
purpose. Brucella could be used to attack human and/or animal populations.
The impact is likely to be greatest in those areas in which the disease is not
endemic. The organism can be obtained from natural sources in many parts
of the world. Health and veterinary authorities should be aware of this
potential source of infection.

Table 3. Survival periods of B. abortus or B. melitensis in various substrates.

Medium Temperature or environment Survival

B. abortus
Solid surfaces <31 °C, sunlight 4-5 hours
Tap water —4°C 114 days
Lake water 37°C,pH 7.5 <1day
Lake water 8°C,pH 6.5 >57 days
Soil — dried ~20°C <4 days
Soil — wet <10°C 66 days
Manure summer 1 day
Manure winter 53 days
Farm slurry animal waste ambient-temperature tank 7 weeks
Farm slurry animal waste 12 °C tank >8 months

B. melitensis
Broth pH>5.5 >4 weeks
Broth pH5 <3 weeks
Broth pH 4 1 day
Broth pH <4 <1day
Soft cheese 37°C 48-72 hours
Yoghurt 37°C 48-72 hours
Milk 37°C 7-24 hours
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KEY POINTS ON THE EPIDEMIOLOGY OF BRUCELLOSIS IN HUMANS

» Cattle, sheep, goats and pigs are the main reservoirs of Brucella.

* Transmission to humans occurs through occupational or environmental
contact with infected animals or their products.

* Foodborne transmission is a major source of infection, with cheese
made from raw milk and unpasteurized milk presenting a high risk.

* Brucellosis can be a travel-associated disease.
* Blood or organ/tissue transfer are possible sources of infection.

* Person-to-person transmission is extremely rare.

3.2 Epidemiology of brucellosis in animals

This will vary with the host species affected. For cattle, infection is usually
caused by B. abortus. However, B. melitensis and rarely B. suis can also
establish themselves in cattle and the mode of transmission is then similar
to that for B. abortus. These infections are particularly dangerous to humans
because of the high virulence of most B. melitensis and B. suis strains and
of the large numbers of bacteria that are excreted by these animals.

In cattle and other Bovidae, Brucella is usually transmitted from animal to
animal by contact following an abortion. Pasture or animal barn may be
contaminated and the organisms are probably most frequently acquired by
ingestion but inhalation, conjunctival inoculation, skin contamination and
udder inoculation from infected milking cups are other possibilities. The use
of pooled colostrums for feeding newborn calves may also transmit infection.
Sexual transmission usually plays little role in the epidemiology of bovine
brucellosis. However, artificial insemination can transmit the disease and
semen must only be collected from animals known to be free of infection.

In sheep and goats, B. melitensis is nearly always the infecting species. B.
ovis can also infect sheep but is of little significance in relation to human
disease. The mode of transmission of B. melitensis in sheep and goats is
similar to that in cattle but sexual transmission probably plays a greater
role. The transmission of disease is facilitated by commingling of flocks and
herds belonging to different owners and by purchasing animals from
unscreened sources. The sharing of male breeding stock also promotes transfer
of infection between farms. Transhumance of summer grazing is a significant
promoting factor in some areas as is the mingling of animals at markets or
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fairs. In cold climates, it can be the custom to house animals in close space
and this also facilitates transmission of infection.

Swine brucellosis is transmitted by direct contact with recently aborted sows,
by ingestion of contaminated food or exposure to a contaminated environment.
However, sexual transmission is particularly important. Brucellosis may be
introduced on to farms through the communal use of boars or by purchase
of infected animals.

For all species, embryo transfer is safe provided that recommended procedures
are followed.

B. canis can be a major problem in dog breeding kennels. Transmission is by
contact with recently aborted animals or with food or environment contami-
nated by abortions or excreta. Sexual transmission is also an important
means of spread and males can excrete the organisms in large numbers in
their semen. Urinary excretion also occurs and is a potential hazard to humans.
However, in some countries where B. canis is present in the dog population,
overt human disease caused by this organism seems to occur infrequently.

It should be remembered that dogs can acquire infection with B. abortus, B.
melitensis or B. suis from aborted ruminants or swine, usually by ingesting
fetal or placental material. They can then excrete these bacteria and may
present a serious hazard to humans and domestic livestock.

B. suis biovar 4 causes brucellosis in caribou and reindeer. The epidemiology is
similar to that of bovine brucellosis. Transmission to people can occur through
the usual routes. However, ingestion of raw or undercooked reindeer bone
marrow has also been implicated as a source of human infection.

In cattle, sheep, goats and swine, susceptibility to brucellosis is greatest in
sexually mature animals. Young animals are often resistant, although it should
be noted that latent infections can occur and such animals may present a
hazard when mature.

Breed may also affect susceptibility, particularly in sheep. The milking breeds
seem to be the most susceptible to B. melitensis. Breed differences in sus-
ceptibility have not been clearly documented in cattle although genetically
determined differences in susceptibility of individual animals have been
demonstrated. Polymorphism of the natural resistance associated monocyte
protein (NRAMP) gene has been shown to influence substantially susceptibility
to brucellosis in cattle and pigs. However, management practices are far
more important in determining the risk of infection. Latent or inapparent
infections can occur in all farm animal species. These usually result from
infection in utero or in the early post-natal period. Such animals can retain
the infection for life and may remain serologically negative until after the
first abortion or parturition. Latent infection has been estimated to occur in
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the progeny of about 5% of infected cows. The extent of the problem in other
species is not known, but latency has been documented in sheep.

Acquired immunity has a substantial effect on susceptibility. Vaccination of
cattle with B. abortus strain 19 or RB 51, or sheep and goats with
B. melitensis Rev 1 can reduce susceptibility a thousand fold or more to the
homologous species. B. abortus strain 19 does not protect cattle against
B. melitensis. However, there is little information on the use of Rev 1
vaccine in cattle. The efficacy of this vaccine against the B. melitensis
strains prevalent in some areas has also been questioned. Vaccines must be
obtained from a reliable, internationally approved source. It is possible that
strains of B. melitensis exist which can circumvent the immunity induced by
this vaccine. However, it is at least as probable that variations in vaccine
quality have affected protection rates. For the present, Rev 1 vaccine is the
most effective vaccine available against B. melitensis and in many countries
has given very good results. Its use is recommended when uncontrolled B.
melitensis infection exists in ruminant populations.

KEY POINTS ON THE EPIDEMIOLOGY OF BRUCELLOSIS IN ANIMALS

B. abortus causes most brucellosis in cattle, but B. melitensis and
B. suis can also cause bovine infection.

B. melitensis is the main cause of brucellosis in sheep and goats and
B. suis in swine.

Transmission occurs by direct contact and environmental
contamination following abortion.

Sexual transmission and/or artificial insemination are also important.

Seronegative latent infections can occur.
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4. Diagnosis

he isolation and identification of Brucella offers a definitive diagnosis of
brucellosis and may be useful for epidemiological purposes and to monitor
the progress of a vaccination programme in animals. Brucella represents a
risk to personnel handling it in the laboratory. Attention must be paid to the
local legal requirements for handling Brucella and it is essential that certain
minimum standards of laboratory safety are adhered to. These are specified
in Section 6. For information on the international standards of diagnostic
tests, please also refer to the Manual of diagnostic tests and vaccines for
terrestrial animals, OIE, 2004

4.1 Diagnosis in humans

The diagnosis of human brucellosis cannot be made solely on clinical grounds
due to the wide variety of clinical manifestations of this disease, and it is
essential to perform bacteriological and serological tests. However, all
physicians dealing with a febrile patient living in an endemic area or recently
travelled to a country where brucellosis is endemic (“travel-associated
disease”) must be aware of the possibility that the patient could be infected
with Brucella. For this reason, correct clinical history taking is essential to
orientate the diagnosis, and the need for some very basic questions
(profession, food ingested, contact with animals and travel to endemic areas)
must be emphasized. Moreover, a rapid screening test must be performed.
The Rose Bengal plate test can be used as a sensitive rapid screening test
but the results should be confirmed by bacteriological and other serological
tests. Should the screening test prove negative in the face of a history and
clinical presentation, it is advisable to check the result using additional
tests. Careful observance of these practices will help to avoid delayed
diagnosis.

4.1.1 Bacteriological diagnosis

The only conclusive evidence of Brucella infection is the recovery of the
bacteria from the patient. Although Brucella can be isolated from bone
marrow, cerebrospinal fluid, wounds, pus, etc., blood is the material most
frequently used for bacteriological culture. Concentrating and lysing the
leukocyte fraction before culture is reported to improve the isolation rate.
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The system of blood culture that is recommended is the biphasic method of
Castaneda which uses both solid and liquid medium in the same container.
This limits the need for subculture and thus reduces the risk of laboratory-
acquired infection. Serum dextrose broth with corresponding solid phase is
often recommended but Brucella will grow on most high quality peptone
based media used for blood culture. Selective medium is not necessary for
culture of human blood samples taken with aseptic precautions. Incubation
should be performed in air supplemented with 5% CO,. The newer semi-
automatic methods (BACTEC 9204 and Bac/Alert) shorten considerably the
time taken for detection; the presence of Brucella can be detected with these
methods by the third day of incubation. However, limited published data
exist for a significant number of blood cultures that would permit comparison
of these and traditional methods. It should be noted that earlier systems
(BACTEC NR 730) failed to detect an appreciable number of samples which
were positive by conventional blood culture systems.

Conventional Castaneda blood cultures are seldom positive before the fourth
day of incubation. The majority of blood cultures are positive between the
seventh and 21st day, and only 2% are positive after the 27th day. For this
reason, incubations should be carried out for at least 45 days before rejecting
a blood culture as negative for Brucella. Periodic tipping of the broth-blood
mixture in Castaneda bottles over the solid phase should minimise the need
for subculture. However, if no growth has appeared after one week it is
recommended that the liquid be subcultured on to a solid medium, and that
smears be prepared and stained with the modified Ziehl-Neelsen method of
Stamp. This process can distinguish Brucella from the possible Gram positive
cocci and bacilli skin contaminants, and from artifacts present in media
inoculated with blood.

In Mediterranean countries, for unknown reasons, B. abortus is rarely isolated
from human cases. In Spain, for example, over 98% of 2107 isolates from
humans examined in one study were B. melitensis. The percentage of positive
blood cultures in patients with fever can be as high as 86.5%. In patients
either with low fever or without fever, the percentages fall to 75% and
28.5% respectively. This also holds true for relapsed patients. However, it
has been shown in two extensive studies that 31.8% and 41.9% isolations
of B. melitensis were from patients without fever.

A presumptive identification of Brucella isolates at genus level can be made
on the basis of colonial morphology, appearance of smears stained with the
methods of Gram and Stamp, and the results of oxidase and slide agglutination
tests with Brucella-specific antisera. Alternatively, if a validated molecular
identification method is available, such as PCR with primers for the genus-
specific insertion sequences IS 711 or IS650, or sections of the 16S-23S
rRNA, BCPS31 and omp 2a genes, this may be used. The presumptive
Brucella isolate should be submitted to a reference laboratory for a precise
identification at species and biovar level, as this can provide very valuable
epidemiological information.
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Recently, some authors have proposed PCR-based assays for the direct
detection of Brucella organisms in blood. However, more experience is needed
before deciding whether this can replace the traditional blood cultures. Before
any such assay is introduced into the routine laboratory tests, it must be
validated for sensitivity, specificity and reproducibility. Before implementing
any such procedures, it is essential to institute efficient containment procedures
to prevent contamination of samples with bacterial DNA or amplified replicons
from the laboratory environment.

4.1.2 Serological diagnosis

4.1.2.1  Antigens and immunoglobulins of diagnostic significance

The major Brucella antigens that are useful for diagnosing human brucellosis
are the smooth (S) lipopolysaccharide (LPS) of the outer cell membrane and
the internal (cytosolic) proteins. As in the case of other Gram-negative bacteria
in the S-phase, the surface of Brucella is an outer membrane containing S-
LPS which is exposed to the environment. The LPS is the immunodominant
antigen but is also the molecule carrying the epitopes that may cross-react
with other Gram-negative bacteria including Yersinia enterocolitica 0:9,
Escherichia coli 0:157, Francisella tularensis, Salmonella urbana 0:30,
Vibrio cholerae, and others.

The serum (tube) agglutination test (SAT), or micro-titre plate variants of this,
using heat/phenol-killed whole S-cells, detects antibodies to the S-LPS.
Antibodies reacting against S-LPS can also be detected by other tests — e.g.
enzyme-linked immunosorbent assay (ELISA) — when they are adapted to
use extracts which contain S-LPS. Since this is the immunodominant antigen,
antibodies to proteins are detected using S-LPS-free cytosolic protein
preparations. An important point in the use of the cytosolic proteins is that
a significant serological cross-reactivity with the above mentioned bacteria
has never been found (although cross-reactivity with bacteria such as
Ochrobactrum that are closely related genetically to Brucella is possible).
Therefore, these proteins can be used to distinguish infections caused by
Brucella from those caused by bacteria cross-reacting at S-LPS level.

The human immune response to Brucella is characterized by an initial
production of IgM isotype antibodies followed after a longer period by the
secretion of 1gG isotype antibodies. The ELISA using S-LPS can be used to
measure the evolution of immunoglobulin isotypes following infection and
after treatment. A good correlation has been found between ELISA-IgM and
serum agglutination titres. In one study, after treatment the titre of IgM
antibodies appeared to decline faster than that of IgG antibodies. However,
between 25% and 50% of patients with acute brucellosis presented IgM
antibodies one year after treatment. Among these patients, 85% had high
titres of 1gG 18 months after clinical recovery, and in patients suffering a
relapse, there was a concomitant increase in IgG but not IgM. IgA titres
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roughly paralleled IgG titres. In contrast, in a different study using SAT and
2-mercaptoethanol (2-ME) or dithiothreitol (DTT) agglutination, patients
successfully treated for brucellosis had a rapid decline in 2-ME resistant
(IgG) and sensitive (IgM) agglutinins. However, low levels of 2-ME sensitive
(IgM or IgA) agglutinins, as measured by SAT, could remain in the serum for
long periods of time. It should be noted that reduction tests are not totally
specific for IgM as they can degrade IgA as well. Therefore their results must
be interpreted with caution. ELISA is to be preferred for detecting specific
isotypes. The apparently different results of the 2-ME and ELISA-1gG are
partly due to this effect and partly to the detection in the latter test of small
amounts of antibodies of the IgG class that do not agglutinate. Since it is
important to correlate the titres of antibody to Brucella with the clinical
course of infection, one must be aware of the antibody class that is measured
by the individual tests.

Theoretically, in acute brucellosis, the first and principal immunoglobulin
isotype is IgM. Subsequently there is a switch to IgG isotype synthesis in
patients who have not received treatment. The initial IgM response may not
be seen in patients with a slow insidious onset of disease, in those seen late
in the course of the disease or in those with relapses. The titres of agglutinins
(IgM, IgA and IgQ), should decline after successful treatment; if they do not,
it is necessary to evaluate the patient for the possibility of a relapse or
chronic focal disease. IgG and IgA titres increase in relapses.

4.1.2.2  Serological tests that detect antibodies against S-LPS

The RBT is currently the recommended rapid screening test, but the results
should always be confirmed by other tests detecting agglutinating and non-
agglutinating antibody and by bacteriological culture, particularly in areas
where there is a high incidence of animal brucellosis. The sensitivity of RBT
is over 99%, but it can give false positive reactions with sera from patients
infected with Y. enterocolitica 0:9 or other cross reactive organisms and
from healthy individuals that have had contact with S-Brucella without
developing disease.

The SAT is a very useful test for the diagnosis of human brucellosis when it
is performed with a standardized antigen preparation, and titres which can
be expressed in International Units (IU) can be correlated well with clinical
stages of infection. To make this test more informative, an agglutination in
parallel should be performed using as diluent phosphate buffer containing
2-ME at a final concentration of 0.05 M or DTT at a final concentration of
0.005 M, which destroys the agglutinating activity of IgM (and IgA).

The problem of defining an SAT titre indicative of active infection has yet to
be solved. In general, each patient produces an individual response and it is
not possible to predict the behaviour of this in each case, nor to explain why
some patients develop high agglutinin titres, while others have only low
values during the disease. For example, in a study of 238 brucellosis patients,
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it was found that, if a titre of 1/80 (100 IU) was to be considered as
diagnostic, 29.2% of the patients would be considered negative; furthermore,
in the same study it was found that 3.4% of the sera had a titre of 1/10
(12 IU) or below. As a guide, titres of 160 (200 IU) or more have a clear
diagnostic value as long as the patient presents signs and symptoms of the
disease. Some authors consider that in areas with a high incidence of animal
brucellosis the diagnostic titre should be higher than this as many
asymptomatic individuals will have titres at this level. In these circumstances
the value of the SAT is severely limited. Although seroconversion is highly
indicative of infection it is seldom seen in practice, because serum samples
are rarely taken at a sufficiently early stage of infection.

A good correlation between the results of 1gG ELISA and Coombs tests has
been reported. However, the Coombs test (and IgG ELISA) remains positive
longer than other agglutination tests. The titres of Coombs tests are usually
very high when infection with Brucella has been present for a long time
before the diagnosis is made. This may be summarized as follows: in acute
brucellosis, Coombs titres are usually 4 to 16 times higher than SAT titres,
whereas in patients with a long period of evolution without treatment the
titres are 16 to 256 times higher.

Although immunofluorescence and radioimmunoassay have also been used
in the past, the most suitable method for studying the immunoglobulin isotype
distribution is the indirect ELISA. The analysis of data shows that ELISA is
useful for measuring IgG antibodies and that it is possible to replace the
Coombs test by an indirect ELISA with S-LPS and anti-lgG conjugates.
However, although ELISA with S-LPS is a very promising test, several
problems, including standardization, variable quality of commercial reagents
and interpretation of results, particularly when based on optical density
readings alone, cause problems of inter-laboratory comparability and need
to be resolved by the establishment of standard reference materials.

The routine use of the complement fixation test (CF) is not recommended in
small laboratories because of its technical complexity (much greater than
that of SAT and ELISA) and because of the problems encountered in its
standardization. However, this test is useful. Experience has shown that:
(i) the CF and SAT are positive in 91.7% of cases; (ii) CF titres are higher
than SAT titres after the 4th or 5th month of illness; (iii) a negative CF result
with a significant SAT titre occurs in approximately 4.6% of patients, generally
in the initial days or weeks of illness; and (iv) a negative SAT result with
high CF titres occurs in approximately 3.7% of cases, generally corresponding
to chronic illness or to patients who have recovered.

4.1.2.3  Serological tests that detect antibodies against cytosolic proteins
Antibodies to cytosolic protein antigens of Brucella have been studied by

counter-immunoelectrophoresis (CIEP), ELISA and western blotting. By CIEP
it has been found that sera of those patients with 2-ME resistant antibodies
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and high Coombs titres also produce a greater number of precipitation lines
and higher titres of antibodies to proteins. Obviously, the responses of those
patients had longer evolution times and this is interpreted to mean that the
number of precipitation lines increases as the disease evolves without diagnosis
and treatment. The ELISA studies have shown that, while antibodies to
S-LPS may appear in persons that have had contact with S-Brucella but
have not developed clinical disease, the antibodies to selected proteins are
indicative of an active infection. In a series of patients with persistent infection
or relapse it was found that titres of anti-protein antibodies remained elevated,
whereas in patients who recovered anti-protein antibodies disappeared.
Qualitatively similar results have been obtained with western blotting. The
shortcomings of these methods include their non-quantitative and rather
subjective interpretation, the lack of validation data, and the non-availability
of reference reagents.

4.1.3 Diagnosis of Brucella meningitis and meningoencephalitis

In such cases, ideally, Brucella should be cultured from CSF. However, bearing
in mind that in most cases the routine cultures give negative results, it is
mandatory to perform serological tests on CSF. In brucellosis that is not
affecting the central nervous system, patients do not develop antibodies in
the CSF. In contrast, in those patients in whom neurobrucellosis develops,
the CFS contains low titres of antibodies against S-LPS and cytosolic proteins.
These antibodies can be easily detected by RBT and CIEP tests respectively.
The CSF is usually clear and its analysis reveals an increase of IgG and a
lymphocytic pleocytosis.

4.1.4 Intradermal tests

The development of delayed hypersensitivity to intradermally administered
Brucella-specific antigens is an indication of past exposure to infection but
does not indicate its current significance. Although used in the past in some
countries, the intradermal test is not recommended for diagnosis. The use of
undefined and unstandardized antigen preparations may also provoke
antibodies which interfere with subsequent serological tests.

4.1.5 Conclusion

A correct serological diagnosis of human brucellosis can be made with a
test that uses S phase, whole cells. Recommended tests are RBT, SAT alone
or with 2-ME or DTT reduction, Coombs antiglobulin, CFT and ELISA. The
results of a combination of tests such as SAT and Coombs antiglobulin can
be used to assess the stage of evolution of the disease at the time of
diagnosis. The ELISA, with a conjugate of the appropriate IgM or 1gG specificity
and S-LPS, could replace established tests but requires further standardization
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and validation. Other methods can be useful but are less specific and have
not been adequately evaluated.

KEY POINTS ON THE DIAGNOSIS OF BRUCELLOSIS IN HUMANS

In acute brucellosis, isolation of Brucella from blood or other tissues
is definitive.

Culture is often negative, especially in long-standing disease.
Serology is the most generally useful diagnostic procedure approach.
The RBT, tube agglutination and ELISA procedures are recommended.

Methods which differentiate IgM and IgG can distinguish active and
past infection.

False positive serological reactions may occur.

Skin test reactions indicate past exposure not active infection.

4.2 Diagnosis in animals

Diagnosis and control of the disease in animals must be carried out on a herd
basis. There may be a very long incubation period in some infected animals
and individuals may remain serologically negative for a considerable period
following infection. The identification of one or more infected animals is
sufficient evidence that infection is present in the herd, and that other sero-
logically negative animals may be incubating the disease and present a risk.

Diagnostic tests fall into two categories: those that demonstrate the presence
of the organisms and those that detect an immune response to its antigens.
The isolation of Brucella is definitive proof that the animal is infected, but not
all infected animals give a positive culture and the methods and facilities that
must be employed are not always readily available. The detection of antibody
or a hypersensitivity reaction provides only a provisional diagnosis, but in
practice is the most feasible and economic means of diagnosis. False positive
reactions to serological tests can occur through a number of factors, including
vaccination, and this must be borne in mind when interpreting results. Similarly,
dermal hypersensitivity only indicates previous exposure to the organism, not
necessarily active infection, and may also result from vaccination.
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Vaccination is an extremely important and effective facet of most control
strategies but has the disadvantage that its use may confuse diagnosis by
stimulating the production of hypersensitivity or antibodies detectable by
serological tests. Antibody titres may persist for a prolonged period in a small
proportion of vaccinated animals and this proportion increases with age at
vaccination. To reduce this problem, in cattle vaccination is usually employed
in young animals below the age of six months, but may be used in adults if
a reduced dose is given, especially by the intraconjunctival route. There is
currently no widely available test that is able to distinguish vaccinated from
infected animals, although some tests are under evaluation.

It is of utmost importance that the use of vaccination is strictly controlled,
that it is used at the correct age, that vaccine of sufficient quality is used
and that vaccinated animals are correctly identified. If this is not the case,
correct serological diagnosis is confused. The vaccination programme can
be suspended when the prevalence of the disease reaches a very low level,
when the disadvantages of vaccination outweigh any benefit that it may
bring on the basis of cost-benefit and cost-effectiveness analysis.

4.2.1 Bacteriological methods

The isolation and identification of Brucella offers a definitive diagnosis of
brucellosis and may be useful for epidemiological purposes and to monitor
the progress of a vaccination programme. It should be noted that all infected
materials present a serious hazard, and they must be handled with adequate
precautions during collection, transport and processing.

4.2.1.1 Stained smears

Smears of placental cotyledon, vaginal discharge or fetal stomach contents
may be stained using modified Ziehl-Neelsen (Stamp) or Kosters’ methods.
The presence of large aggregates of intracellular, weakly acid-fast organisms
with Brucella morphology is presumptive evidence of brucellosis. Care must
be taken as other infectious agents such as Coxiella burnetii or Chlamydia
may superficially resemble Brucella (Fig. 6).

4.2.1.1 Culture

Brucella may most readily be isolated in the period following an infected
abortion or calving, but isolation can also be attempted post-mortem.

Brucella are excreted in large numbers at parturition and can be cultured from
a range of material including vaginal mucus, placenta, fetal stomach contents
and milk using suitable selective culture media. It is of the utmost importance
that faecal and environmental contamination of the material is kept to a
minimum to give the greatest chance of successfully isolating Brucella. If
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other material is unavailable or grossly contaminated, the contents of the
fetal stomach will usually be otherwise sterile and are an excellent source of
Brucella.

In some circumstances it may be appropriate to attempt the isolation of
Brucella post-mortem. Suitable material includes supramammary, internal
iliac and retropharyngeal lymph nodes, udder tissue, testes and gravid uterus.

Milk samples should be allowed to stand overnight at 4 °C before lightly
centrifuging. The cream and the deposit are spread on to the surface of at
least three plates of solid selective medium. Placental samples should be
prepared in the field by selecting the least contaminated portion and cutting
off pieces of cotyledon. In the laboratory, the portions should be immersed
in alcohol which should be flamed off before cutting with scissors or scalpel
and smearing the cut surface on three plates of selective medium. Other
solid tissues can be treated in a similar manner, or, ideally, they should be
macerated mechanically following flaming before plating out. The tissues
may be ground manually or homogenised in a blender or stomacher with a
small proportion of sterile water. Fetal stomach contents are collected, after
opening the abdomen, by searing the surface of the stomach with a hot spatula
and aspirating the liquid contents with a Pasteur pipette or syringe.

Bacterial colonies may be provisionally identified as Brucella on the basis
of their cultural properties and appearance, Gram staining, and agglutination
with positive antiserum (Fig. 4 and 5). If available, a PCR-based molecular
identification method may be used. Definitive identification of suspect colonies
can only be made using techniques available at Brucella Reference Centres.

4.2.2 Serological methods

The detection of specific antibody in serum or milk remains the most practical
means of diagnosis of brucellosis. The most efficient and cost-effective method
is usually screening all samples using a cheap and rapid test which is
sensitive enough to detect a high proportion of infected animals. Samples
positive to screening are then tested using more sophisticated, specific
confirmatory tests for the final diagnosis to be made (Fig. 5 and 6).

It is absolutely essential that only internationally recognized tests using
antigens standardized against the 2nd International anti-B. abortus Serum
are used. Appropriate quality control sera should be included with each
batch of tests, and tests should be repeated if the quality control criteria are
not met.

Serological results must be interpreted against the background of disease
incidence, use of vaccination and the occurrence of false positive reactions
due to infection with other organisms. As with all laboratory based diagnosis,
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it is imperative to correctly identify the “audit trail” of individual animal
identity, sample number and test result so that there is complete certainty of
the linkage between animal and result.

4.2.2.1  Rose Bengal plate test (RBT)

The RBT is one of a group of tests known as the buffered Brucella antigen
tests which rely on the principle that the ability of IgM antibodies to bind to
antigen is markedly reduced at a low pH. The RBT and other tests such as
the buffered plate agglutination tests and the card test play a major role in
the serological diagnosis of brucellosis worldwide (Fig. 7).

The RBT is a simple spot agglutination test where drops of stained antigen
and serum are mixed on a plate and any resulting agglutination signifies a
positive reaction. The test is an excellent screening test but may be over-
sensitive for diagnosis in individual animals, particularly vaccinated ones.
The procedure can be automated but this requires custom-made equipment.

4.2.2.2  ELISA tests

The ELISA tests offer excellent sensitivity and specificity whilst being robust,
fairly simple to perform with a minimum of equipment and readily available
from a number of commercial sources in kit form. They are more suitable
than the CFT for use in smaller laboratories and ELISA technology is now
used for diagnosis of a wide range of animal and human diseases. Although
in principle ELISAs can be used for the tests of serum from all species of
animal and man, results may vary between laboratories depending on the
exact methodology used. Not all standardization issues have yet been fully
addressed. For screening, the test is generally carried out at a single dilution.
It should be noted, however, that although the ELISAs are more sensitive
than the RBT, sometimes they do not detect infected animals which are RBT
positive. It is also important to note that ELISAs are only marginally more
specific than RBT or CFT.

4.2.2.3  Serum agglutination test (SAT)

The SAT has been used extensively for brucellosis diagnosis and, although
simple and cheap to perform, its lack of sensitivity and specificity mean that
it should only be used in the absence of alternative techniques.

4.2.2.4  Complement fixation test (CFT)

The sensitivity and specificity of the CFT is good, but it is a complex method
to perform requiring good laboratory facilities and trained staff. If these are
available and the test is carried out regularly with good attention to quality
assurance, then it can be very satisfactory.
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It is essential to titrate each serum sample because of the occurrence of the
prozone phenomenon whereby low dilutions of some sera from infected
animals do not fix complement. This is due to the presence of high levels of
non-complement fixing antibody isotypes competing for binding to the antigen.
At higher dilutions these are diluted out and complement is fixed. Such
positive samples will be missed if they are only screened at a single dilution.

In other cases, contaminating bacteria or other factors in serum samples fix
or destroy complement causing a positive reaction in the test, even in the
absence of antigen. Such “anti-complementary” reactions make the test void
and a CFT result cannot be obtained.

4.2.3 Supplementary tests

Many other serological tests have been employed. Some, such as the Rivanol
or 2-ME test, are variations of the SAT and, although more specific, share
many of its disadvantages. At present, the use of such procedures in the
place of the standard test is not advised.

4.2.3.1  Milk testing

In dairy herds, milk is an ideal medium to test as it is readily and cheaply
obtained, tests can be repeated regularly and give a good reflection of serum
antibody. Milk from churns or the bulk tank can be screened to detect the
presence of infected animals within the herd which can then be identified by
blood testing. This method of screening is extremely effective and is usually
the method of choice in dairy herds.

4.2.3.2  Milk ring test

The milk ring test (MRT) is a simple and effective method, but can only be
used with cow’s milk. A drop of haematoxylin-stained antigen is mixed with
a small volume of milk in a glass or plastic tube. If specific antibody is
present in the milk it will bind to the antigen and rise with the cream to form
a blue ring at the top of the column of milk. The test is reasonably sensitive
but may fail to detect a small number of infected animals within a large herd.
Non-specific reactions are common with this test, especially in brucellosis-
free areas. The milk ELISA is far more specific than the MRT.

4.2.3.3  Milk ELISA
The ELISA may be used to test bulk milk and is extremely sensitive and

specific, enabling the detection of single infected animals in large herds in
most circumstances.
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4.2.3.4  Fluorescence polarization assay

This technique, which requires special reagents and reading equipment, is
claimed to have advantages in sensitivity and specificity over other methods.
Evaluation has been limited however, and the procedure is not widely available.
Further information is required before its overall value can be assessed.

4.2.3.5 Intradermal test

This procedure, using a standardized antigen preparation such as Brucellin
INRA or Brucellergene OCB, can be used for monitoring the status of herds
in brucellosis-free areas. It is sensitive and specific but false positive reactions
can occur in vaccinated animals.

4.3 Remarks on the diagnosis of brucellosis other than cattle

The procedures described above are primarily intended for the diagnosis of
brucellosis in cattle. However, the bacteriological methods are also applicable
to the diagnosis in all other species. The serological procedures require some
modification for individual species as follows:

4.3.1 Sheep and goats

The RBT is useful for screening sheep and goat sera for antibodies to
B. melitensis. An antigen suspension adjusted for highest sensitivity against
a panel of control sera is recommended. The test is less sensitive than in
cattle, however, and may not detect some infected animals. It is best used
in combination with the complement fixation test.

The SAT using 5% sodium chloride as diluent has been widely used but has
low sensitivity and specifity.

The micro-agglutination variant has higher sensitivity and specificity. It is
only recommended in situations when more sophisticated tests are not
available. The antigen is standardized to give 50% agglutination with a
1:650 dilution of the second International Standard for B. abortus antiserum.

It should be noted that agglutination methods are particularly sensitive to
non-specific agglutinins and cross-reacting antibodies. They tend to be more
sensitive in the acute phases of infection and are severely affected by
vaccination. They should only be used if no alternative is available. The CFT
is superior to agglutination methods but its sensitivity and specificity are
limited and it should be regarded as a complementary rather than confirmatory
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test. It may be used for screening if automated methods are available. Sera
should be inactivated at 62 °C for 30 min. Vaccination produces seroconversion
in the CFT but, in that case, antibody titres decline much more rapidly than
those resulting from infection. ELISA is reported to give superior results to
other tests in sensitivity and specificity, but experience is limited. The MRT
is not suitable for use on sheep or goat milk but ELISA can be used. The CFT
is also usable on whey samples but is technically demanding and no longer
recommended. It should be understood that no currently available serological
test can be considered reliable for the detection of ovine or caprine brucellosis
at the level of individual animals. Diagnosis and control should be applied
at the herd/flock level.

The intradermal test for delayed hypersensitivity to Brucella antigens is
useful as a flock or herd test. However, it is affected by vaccination. A purified
antigen preparation which contains a mixture of Brucella proteins free of
smooth LPS, should be used to avoid compromising serological tests. It is
useful for monitoring the status of brucellosis-free flocks, especially if
vaccination is not practised.

4.3.2 Pigs

Serological tests are much less satisfactory for detecting pigs with brucellosis
than for diagnosis of the disease in cattle, sheep and goats. Testing should
be done on a herd basis. Non-specific agglutinins and cross-reacting
antibodies engendered by intercurrent infections with Escherichia coli 0157,
Salmonella, Yersinia enterocolitica 09 and other organisms are common.
The RBT is useful for screening large numbers of sera. The SAT is not recom-
mended. The CFT gives results comparable with the RBT. ELISA offers the
highest sensitivity and specificity of all currently available serological tests.

The intradermal test, using a defined antigen preparation is the most reliable
diagnostic procedure for pigs on both an individual or herd basis. When
infection is detected, it should be dealt with by slaughter of the herd as
many infected animals are likely to remain undetected.

4.3.3 Camels, buffalo, reindeer, yaks

The serological tests used for cattle are applicable to these species. Camel
sera for testing in the CFT should be inactivated at 60-62 °C for 30 min.
The Rivanol test has been recommended for examining buffalo sera. The
ELISA has not been widely evaluated for most of these species but is
potentially useful subject to adequate standardization.
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4.3.4 Dogs

B. abortus, B. melitensis, and B. suis infection in dogs can be diagnosed
using the procedures described for cattle, except for ELISA, which has not
been widely assessed in dogs. For B. canis infection the most reliable
procedure is isolation of the organisms. As persistent bacteraemia is common,
blood culture is a useful procedure. Serological tests are less satisfactory.
They must use antigens prepared from B. canis or B. ovis strains as the
surface antigens of smooth Brucella spp. do not cross-react with these.
ELISA is probably the most useful procedure but is not widely available.

KEY POINTS ON THE DIAGNOSIS IN ANIMALS

Culture of Brucella from abortion material, milk or tissues collected at
autopsy provides a definitive diagnosis.

Serology is usually the most practicable method.

Cattle: the RBT is recommended for screening; ELISA or complement
fixation are recommended for confirmation of infection in individual
animals. Screening of milk samples by milk ring test or ELISA is useful
for surveillance.

Sheep, goats and pigs: no single serological test is reliable for
confirmation of infection in individual animals. Serological tests should
be used on a herd or flock basis. Similarly, the skin test is useful for
screening at the herd or flock level, especially if vaccination is not used.

A “rough-specific” antigen must be used for B. canis serology.
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5.

brucellosis in humans and animals

Treatment of human brucellosis

he essential element in the treatment of all forms of human brucellosis is the

5.1

administration of effective antibiotics for an adequate length of time. This
should be within the context of general medical supervision and, for severely
ill patients, is best carried out in hospital if circumstances permit. Antibiotic
treatment should be implemented at as early a stage as possible, even in
patients who appear to be showing a spontaneous improvement. In those
patients with complications, additional treatment, including in some cases
surgical intervention, will be necessary.

Uncomplicated acute brucellosis almost invariably responds well to appro-
priate antibiotic treatment. Patients and their families should be reassured
that full clinical and bacteriological recovery is usual in human brucellosis.

A variety of antimicrobial drugs have activity in vitro against Brucella species;
however, the results of routine susceptibility tests do not always correlate
with clinical efficacy. Consequently, beta-lactam antibiotics, such as penicillins
and cephalosporins, and macrolide antibiotics, such as erythromycin, are
associated with unacceptably high rates of relapse when used to treat patients
with brucellosis. Although newer macrolides, such as azithromycin and
clarithromycin are more active in vitro than erythromycin, they have not
shown superiority over current regimens for treatment of patients with
brucellosis, and their role in therapy remains to be determined.

Treatment of uncomplicated brucellosis in adults
and children eight years of age and older

5.1.1 Tetracyclines

Tetracycline (500 mg every six hours orally) administered for at least six
weeks has long been the standard treatment of human brucellosis. Doxycycline
(a long acting tetracycline analogue) is now the preferred drug because it
can be given once or twice daily, and is associated with fewer gastrointestinal
side effects than tetracycline. Doxycycline is given in a dose of 100 mg every
12 hours orally and is administered for a period of six weeks.
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5.1.2 Aminoglycosides

Because the rate of relapse when tetracycline or doxycycline are given alone
remains between 10-20%, most authorities recommend an amino-glycoside
to be given in addition to the tetracyclines for the first two to three weeks of
therapy.

Streptomycin (1 g/day intramuscularly) administered for two to three weeks
has long been the aminoglycoside of choice when used in combination with
tetracycline or doxycycline. Although synergy between the two drugs is difficult
to prove using routine in vitro assays, bacterial killing studies have shown
that Brucella species undergo a more rapid rate of killing by the combination
than by either drug alone.

Gentamicin is more active in vitro against Brucella species than streptomycin
and, when administered as a single daily dose, is associated with few adverse
side-effects. Although gentamicin, in a dose of bmg/kg/day intravenously or
intramuscularly, administered for 7 to 10 days in combination with doxycycline
administered for six weeks, yielded good results in one study, experience with
this regimen is too limited to justify its use over doxycycline plus streptomycin.
Unfortunately, no direct study comparing the results of doxycycline plus
streptomycin versus doxycycline plus gentamicin has yet been published.
Until additional experience is gained using gentamicin in place of streptomycin,
the optimal dose and duration of therapy remain unknown.

5.2 Principal alternative therapy

Rifampicin is active in vitro against Brucella species, is remarkably lipid
soluble, and it accumulates within eukaryotic cells. In order to provide a
completely oral regimen with which to treat brucellosis, the combination of
doxycycline (200 mg/day orally) plus rifampicin (600-900 mg/day orally),
with both drugs administered for six weeks, was recommended by the WHO
Expert Committee in 1986. This regimen has generally been found to be of
similar efficacy to doxycycline plus streptomycin for patients with uncom-
plicated brucellosis. Caution is advised when considering this regimen for
patients with complications, such as spondylitis. An analysis of various
treatment regimens concluded that overall the regimen of doxycycline plus
streptomycin was likely to be the most effective. In addition, some data
have been reported indicating that rifampicin might enhance the plasma
clearance of doxycycline, thus yielding subtherapeutic levels — a possible
explanation of treatment failures with this regimen.
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5.3 Secondary alternative therapy

Fluoroquinolones. Fluoroquinolone antibiotics have greater activity in vitro
against Brucella species than the parent drug nalidixic acid. In addition,
they are well absorbed after oral administration, and they achieve high
concentrations within phagocytic cells. Although the minimum bactericidal
concentration of quinolones is reported to be approximately four times the
minimum inhibitory concentration, a lack of bactericidal activity was found
at pH levels comparable to those found within cells. In addition, when
quinolones were used as monotherapy in experimental animals and humans
infected with Brucella, the rates of relapse were unacceptably high. Therefore,
quinolones should always be used in combination with other drugs, such as
doxycycline or rifampicin.

Trimethoprim/sulfamethoxazole (TMP/SMZ, co-trimoxazole). TMP/SMZ in a
fixed ratio of 1:5 (80 mg TMP/400 mg SMZ) is more active in vitro against
Brucella species than either drug alone. Although initial studies with TMP/
SMZ reported good results, prospective, controlled, comparative trials
demonstrated that the drug was associated with an unacceptably high rate
of relapse. Consequently, TMP/SMZ should always be used in combination
with another agent, such as doxycycline, rifampicin or streptomycin.

5.4 Treatment of complications of brucellosis

5.4.1 Spondylitis

Osteo-articular complications of brucellosis are common, occurring in up to
40% of cases in some series of patients. Some manifestations, such as
sacroiliitis, do not appear to require special treatment. In contrast, spondylitis
and osteomyelitis with related complications, such as para-vertebral and
epidural abscesses, may require prolonged therapy, such as the continuation
of doxycycline for eight weeks or more. Surgical drainage is rarely necessary.

5.4.2 Neurobrucellosis

The treatment of central nervous system complications of brucellosis poses
a special problem because of the need to achieve high concentrations of
drugs in the CSF. Since tetracyclines and aminoglycosides do not penetrate
the blood/brain barrier well, it is recommended that drugs which achieve
this, such as rifampicin or co-trimoxazole, be added to the standard regi-
men of doxycycline plus streptomycin. The optimal duration of treatment for
neurobrucellosis has not been determined, however, most authorities recom-
mend a minimum of six to eight weeks, and possibly longer, depending on
the clinical response.
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5.4.3 Brucella endocarditis

Although death from brucellosis occurs in less than 1% of cases, the complication
most frequently leading to a fatal outcome is infective endocarditis. The
treatment of Brucella endocarditis poses special problems because of the
need to achieve bactericidal concentrations of drugs within the valvular
vegetations. In addition, delays in making the diagnosis often result in
progressive valve damage. For these reasons, both antimicrobial chemo-
therapy and surgical replacement of the damaged valve are often necessary.
The combination of doxycycline plus an aminoglycoside results in rapid killing
of the bacteria, and rifampicin or co-trimoxazole are used for their ability to
penetrate cell membranes. Prolonged therapy is recommended (at least eight
weeks), and therapy should be continued for several weeks after surgery
when valve replacement is necessary.

5.5 Treatment of brucellosis during pregnancy

If promptly diagnosed, antimicrobial therapy of pregnant women with
brucellosis can be life-saving for the fetus. Pregnant women and nursing
mothers pose special problems with regard to the selection of appropriate
drugs. All drugs cross the placenta in varying degrees, thus exposing the
fetus to potential adverse drug effects. Tetracyclines are contraindicated in
pregnancy owing to the potential for permanent staining of fetal dentition,
and the susceptibility of pregnant women to drug-induced fatty necrosis of
the liver and pancreatitis. The teratogenic potential of many drugs, such as
the fluoroquinolones, rifampicin, and co-trimoxazole, are simply unknown.
Fetal toxicity has been reported in pregnant women treated with streptomycin;
however, there are no reports of toxicity with gentamicin. Consequently, the
optimal therapy for brucellosis during pregnancy has not been determined
with certainty. Co-trimoxazole has been used in individual cases with reported
success. Another alternative is rifampicin therapy for at least 45 days depending
on the clinical outcome.

5.6 Treatment of brucellosis in children less than eight
years of age

The optimal treatment for brucellosis in neonates and children less than
eight years of age has not been definitively determined. Tetracyclines are
contraindicated because of the potential for permanent staining of deciduous
teeth and inhibition of bone growth. Doxycycline binds less to calcium than
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other tetracyclines, and may pose less of a risk, however, there are no
studies to confirm this with certainty. Consequently, aminoglycosides,
co-trimoxazole, and rifampicin are the drugs generally recommended. Co-
trimoxazole and rifampicin are not recommended by the manufacturers for
use in young children, and the rates of relapse are high when either agent is
used alone. Satisfactory results have been reported with TMP/SMZ (8/40 mg/
kg/day twice daily orally) administered for six weeks plus streptomycin (30
mg/kg/day once daily intramuscularly) administered for three weeks or
gentamicin (5 mg/kg/day once daily intravenously or intramuscularly)
administered for 7 to 10 days. Alternatives include TMP/SMZ plus rifampicin
(15 mg/kg/day orally) each administered for six weeks, or rifampicin plus an
aminoglycoside. Until additional experience is obtained with these regimens,
it is not possible to define the therapy of choice.

5.7 Post-exposure prophylaxis

With increasing use of live Brucella vaccines to immunize cattle (B. abortus
strain 19 and RB 51) and sheep and goats (B. melitensis strain Rev 1), the
problem of accidental self-inoculation by veterinarians is widespread. The
majority of vaccine needle-stick injuries cause puncture wounds, but usually
little vaccine is injected. However, a potential risk of infection remains and
it is advisable to supplement local wound care and tetanus toxoid (when
indicated) with a six-week course of doxycycline. It should be noted that B.
abortus RB b1 is resistant to rifampicin. In contrast, splashing the eyes
(conjunctival inoculation) with live Brucella vaccines is a very effective
method for transmitting brucellosis. Consequently, for vaccin