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Abstract: Aim: To present an overview and the specificities of the biology
and epidemiology, pathogenesis and diagnostics, public health aspects, vaccination and
control of brucellosis as a global zoonosis.

Methods: Of the various methods to control brucellosis in animals such as
vaccination, hygiene, and test and slaughter of infected animals, widespread vaccination
is the most rapid, efficient and effective procedure.

Results: Despite much progress in the control and sometimes eradication of
brucellosis in cattle in many countries, the situation with the disease in small ruminants
is proving to be much more difficult. Political and socioeconomic problems are deter-
rents to success. It is a veterinary responsibility to accept the challenge to control animal
brucellosis, which will then control the disease in humans. The success of the control
effects will be primarily measured by a decrease in human cases.

Conclusion: Effective control of brucellosis requires a long-term commitment
from many governmental agencies. Assistance from international animal and human
health organizations in resources and expertise is necessary in many developing coun-
tries. There are no easy solutions. Research on alternative strategies in vaccines and
their usage, diagnostic tests, and treatments should be encouraged.
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Introduction

Brucellosis is endemic in Asia, Sub-Saharan Africa, some countries of
Latin America, the Middle East and the Mediterranean and South Eastern Eu-
rope Region. The incidence is increasing in several of these. The disease has
widespread impacts on human and animal health including socioeconomics.
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Brucella are gram-negative coccibacilli, which are classified into spe-
cies by various techniques such as growth patterns on media and phage sus-
ceptibility. There are six “classical” species of the genus Brucella (B. abortus,
B. melitensis, B. suis, B. ovis, B. canis, and B. neotomae) [1, 2]. Recently four
new Brucella species have been recognized and classified (B. pinnipedialis, B.
ceti, B. microti, and B. inopinata [3-6]. Brucella are intracellular parasites where
they are largely protected from host defences and chemotherapeutic agents. This
characteristic is very important in issues such as the incubation period, relapses,
and treatment success.

There are Biblical references to abortions in animals, some of which
may have been brucellosis. In 1859, Marston described an illness whose symp-
toms resembled the disease. The causative agent of brucellosis, Brucella melite-
nis, was identified by Bruce in 1887 in Malta but it was not until 18 years later
that a zoonotic relationship was established by Zammit, a Maltese physician.
Bang, a Danish veterinarian, isolated Brucella abortus from cattle in 1897, and
in 1914 Traum isolated B. suis from swine. These 3 Brucella species cause ne-
arly all the cases of human infection. B. melitensis is responsible for over 90
percent of cases worldwide. It can be argued that there has been little progress
in the control of B. melitensis worldwide in over a century of efforts [1].

Pathogenesis

The ten currently classified species of the genus Brucella and some of
these and biovars have preferential hosts, with B. melitenis the least. They vary in
pathogenesis and clinical signs and symptoms. The principal effects of brucellosis
in livestock are abortion, infertility, decreased milk production and costs of
replacement animals, and in humans, medical care and loss of productivity. In
cattle, sheep and goats, there may be retained placentae, orchitis and epididymitis.

There are many technical aspects of brucellosis which frustrate control
efforts. Perhaps the most serious is the variable incubation period and inability
to identify animals which will later become seropositive. Approximately 15 per-
cent of cattle in infected herds may abort before seroconversion. An additional
problem is latency. Approximately 5 percent of the progenies of infected dams
will retain the infection and become seropositive only after their first parturi-
tion. The percentage of latency among sheep and goats in largely unknown.

Diagnosis

The diagnosis of brucellosis may be initiated from either herd/flock
surveillance such as the ring test on the milk of dairy cows, serological tests
based on Polymerase Chain Reaction (PCR) methods, on specimens collected at
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slaughterhouses, or diagnostic tests performed on other specimens such as abor-
ted foetuses. Isolation of Brucella spp. is still the gold standard for diagnosis.
While cultivation of Brucella bacteria is the most conclusive method, facilities
and expertise for these procedures are often not available. Accidental laboratory
infections are a serious risk. Therefore, serological tests are usually the only
diagnostic methods that are performed.

The standard agglutination test (SAT) and buffered agglutination test
(BAT-Rose Bengal) are often the first tests on sera and followed by the comple-
ment fixation test (CFT) as a confirmatory test on positive sera with agglutina-
tion reactions [7]. In some countries the ELISA is used on sera and on pooled
milk samples. The latter has superseded the milk ring test in some countries be-
cause of easy automation and superiority over the wilk ring test (MRT) in poor
quality samples. Research is active on the development of other procedures with
special emphasis on simplicity and the differentiation of antibodies from pre-
vious vaccination and those of infection. Indirect ELISA tests (iIELISAs) and
competitive ELISA tests (CELISAs) have been shown to have a high performance
value because of high sensitivity and high specificity [8—10]. Use of the
complement fixation test presents many difficulties due to lack of standardized
reagents and expertise, the complexity of the test, prozones and poor quality sera.

Many papers have reported difficulties in the use of the SAT agglutina-
tion test such as delayed results and lack of sensitivity and specificity. These
may be from heterospecific antibodies or those from previous vaccination. The-
refore, the use of this procedure in animal sera has lessened in favour of more
rapid and accurate ones. It is still widely used in tests of human sera. New mole-
cular fingerprinting methods may be used as routine typing methods in the
coming years.

There are hundreds of papers on the efficiency and accuracy of serolo-
gical tests in cattle. However, there is a widespread opinion that the tests are
more sensitive and specific when used in cattle than when they are used in
sheep and goats.

Public Health

Brucellosis is a true zoonosis and nearly every human case has a direct
(contact) or indirect origin. Reduction in the incidence of human brucellosis is
largely successful only when veterinary efforts are successful.

The signs and symptoms of brucellosis in humans are well known but
diagnosis may be difficult since the syndrome is similar to that of many other
diseases. It is a multisystem disease whether acute or chronic. Fever, chills,
sweating, headache, malaise, arthralgia, myalgia, weight loss, splenomegaly and
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diffuse lymphadenopathy may be present. Fever is present in over 90 percent of
cases and dairy products are the sources of over 80 percent.

Brucella abortus and B. melitensis colonize the udder and are shed in
milk. The milking breeds of sheep are very susceptible to B. melitensis while
western or European breeds are quite resistant. Soft curd cheeses are often con-
sumed from unheated milk. It is estimated that over 85 percent of goat’s milk is
consumed unpasteurized. Camels become infected from commingling with in-
fected sheep and goats and their milk is often consumed without heating and is
a source of human infections. Also, there are several reports of B. melitensis in-
fection in large dairy herds. One or more human cases may be the initial evide-
nce of the disease.

Brucellosis is an occupational risk, especially among slaughterhouse
and laboratory workers, veterinarians, and livestock caretakers.

While cultures of selected specimens from suspected human cases may
be conclusive in the diagnosis, they may be unreliable. The diagnosis is usually
made on serological criteria. Tube agglutination, complement fixation, radioim-
mune assay and ELISA are some of the procedures. The Rose Bengal test, which
is widely used in animal sera as a screening test for diagnosis mainly of bovine
brucellosis, is simple, sensitive and of low cost [7].

Many treatment regimens have been proposed and studied such as the
antibiotics rifampicin, doxycycline, ciprofloxacin and aminoglycocides. A combi-
nation of tetracycline and streptomycin has proved to be superior to most others.
The primary goals of brucellosis therapy are to alleviate the patient’s suffering
and the symptoms of the disease, reduce complications and prevent relapses. The
currently recommended treatment regimens are based on the recommendations of
the World Health Organization in 1986, updated by experts in the field at the
Conference for Treatment of Human Brucellosis held in Ioannina 2006 (11-13).
Long-term compliance with the recommended regimen is often a problem and
relapses of 10 percent or greater are often reported. There appears to be little
evidence that Brucella species have developed drug resistance.

While the vaccine strains of B. abortus S19 and B. melitensis Rev 1
may cause brucellosis in humans if accidentally inoculated, and are sometimes
shed in the milk of recently vaccinated animals, this author is not aware of
public health risks via ingestion.

No vaccine exists that can be recommended for use in humans.
Control of brucellosis

The justifications for the control of brucellosis are public health and the
economics of food production [14]. Losses from the disease in food production
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include restrictions in commerce, slaughter and replacement of seropositive
animals and vaccination costs. It is difficult to measure economic losses due to
the disease in humans such as medical costs and reduced productivity. Roth et
al, 2003, reported an average benefit-cost ratio of 3.2 for society in a scenario of
52 percent reduction from mass vaccination of livestock [15].

Three general methods of control of brucellosis in animals are often
given. These are: 1) test and slaughter, 2) hygienic measures and 3) vaccination.
These are most effective when they are combined.

Test and slaughter of seropositive animals is usually a part of organized
governmental programmes where the goal is eradication. These programmes are
preceded by surveys to determine the prevalence in humans and animal species
which may be of public health or economic importance. Data from the surveys
are used in evaluations of the feasibility of subsequent efforts. Eradication is
often the goal but may not be realistic. While much progress has been made in
several countries in control or eradication of brucellosis, this progress has lar-
gely been with B. abortus in cattle. Few countries have eliminated B. melitensis
if it has become established in small ruminants. An exception is France, which
has recently achieved success. Where there is a reduction of brucellosis in lives-
tock, there is a concurrent reduction of brucellosis in humans [15]. Few coun-
tries can afford the high costs of test and slaughter. In addition there may be a
lack of skilled workers, diagnostic facilities and enforcible legislation. Other
negative factors may be nomadism, commingling of flocks, and reservoirs in
other species. Compensation for slaughter of animals is often absent, leading to
livestock-owner resistance to cooperation.

The purpose of hygienic practices such as isolation of animals which
have aborted is to reduce or prevent exposure of susceptibles. Premovement
tests at local or international levels are parts of control efforts. These procedures
are often difficult to administer and to gain acceptance for. Livestock owners
are reluctant to accept controls for long periods, and usually only for emergency
diseases. Contamination of areas requiring disinfection is a factor which may
have limited impact on reducing exposure. Many studies have shown variables
in survival rates of Brucella spp.

Vaccination/Immunization

There is wide agreement that vaccination is the most effective and prac-
tical method of reducing the incidence of many diseases including brucellosis in
livestock. Vaccination against diseases is widely accepted since it is commonly
used. The live vaccines B. abortus S19 and the B. melitensis Rev 1 have proved
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to be the most effective agents in cattle and in sheep/goats respectively. Strain
RB51 has replaced S19 in some countries. There is some controversy about its
effectiveness.

S19 and Rev 1 are relatively inexpensive to produce and are highly im-
munogenic. They may sometimes cause abortions but, in my opinion, this may
be practically eliminated by reducing the dose of the vaccines (Table 1). It is ne-
cessary to keep the vaccine refrigerated and postvaccinal antibodies may inter-
fere with the interpretation of diagnostic test results. Although immunity may
not be complete in some animals, vaccination practically eliminates clinical bru-
cellosis and, in cattle, the herd immunity exceeds 90 percent.

Table 1 — Tabema 1

Selected reports on effects of a reduced dose of Rev 1 vaccine on abortion
in small ruminants
Ceaekitiupanu uzsewiiau 3a egpexiiiuitie Ha peoyyupara 0osa Rev 1 sakyuna
Ha abopiuycuilie Kaj maauitie upexcusapu

Authors No. Animals Dose Abortions
Al-Khalaf, S. et al. (1992) 350,000 10’ No increase
Alton, G. (1970) 24 5x10* None
Blasco, J. et al. (1984) 500 5 x10° 5
Blasco, J. (1997) > 1 million 10° Thousands
Delgado, S. et al. (1995) 461 23 x10°—3 x 10’ None
Henriques, H. et al. (1992) 85 10°— 10’ None
Polydorou, K. (1975 90 10°— 107 11
Scharp, D. et al. (1999) 1.7 million 5x 107 Minimal
Zundel, E. (1992) 21 1-3 x 10° 14

Brucellosis appears to be the only disease in which vaccines are used in
non-susceptible animals (sexually immature) and restricted or forbidden in
susceptibles. Historically, this is largely because of the diagnostic problem of
postvaccinal antibodies. The concept that immunity is directly related to dose of
vaccine is not true. Indeed, Parish (1972) has suggested that antibody formation
and cell-mediated immunity may be opposing immunogenic processes in adult
animals [16]. It is my opinion that we have been “over-vaccinating” and “unde-
rimmunizing” with the use of large amounts of antigen (Brucella cells). Field
and experimental studies have shown no relationship between levels of postvac-
cinal antibodies and immunity. It is important that the maximum and minimum
doses of brucellosis vaccines have not been established.
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The recommendation to restrict Brucella vaccines to young animals is
not consistent with epidemiological principles of rapid herd immunity. Diagnos-
tic difficulties from ‘whole herd’ vaccination can largely be resolved by redu-
cing the dose of vaccine and the use of selected diagnostic tests. Programme
control costs are greatly decreased.

Blasco (1997) concluded that Brucella melitensis Rev 1 strain is consi-
dered the best available for the prophylaxis of brucellosis in small ruminants
and that whole flock vaccination is the only feasible alternative to control bru-
cellosis under the extensive management conditions characteristic of many
countries [17]. However, he found vaccination of pregnant animals may be fol-
lowed by abortion. He further concluded that a reduced dose of Rev 1 should
not be recommended as an alternative to full standard doses [18]. Administra-
tion of the vaccine via the conjunctival route reduced antibody production in
young animals [19].

Differences in residual violence and immunogenicity have been demon-
strated between the different Rev 1 vaccines produced worldwide and could ac-
count for the discrepancies in safety results obtained in mass vaccination trails.
Other factors could be breed susceptibility and method of administration [20—
24].

Sharp (1999) used a 1/50™ dose of Rev 1 in Kuwait and observed a re-
duced incidence among a large population of sheep and goats [25]. He observed
no problems with postvaccinal antibodies and no adverse effects on gestation.
This field study followed one by Al-Khalaf (1992) with similar findings and a
large reduction of human cases following widespread vaccination of livestock
[26].

Reports of the use of Rev 1 in dairy cattle in herds infected with B. me-
litensis have been somewhat limited. Conclusions differ on the effectiveness of
S19. Most studies have reported that Rev 1 is superior to S19 in protection, with
no adverse effects.

Brucella vaccines may be administered by a variety of methods and do-
ses. Most studies have been with S19 in cattle. The author compared a reduced
(approx 1/25™) dose with a standard dose and found few differences in apparent
protection on a herd basis.

There are hundreds of papers on cross-species and reservoir infections
of Brucella spp. These include many species of wildlife such as bison, hares,
elk and swine. In general, these reservoirs have not been a major factor in the
control of brucellosis.

In summary, the successful control of brucellosis will depend upon
many factors: prevalence, type of animal husbandry, surveillance identification,
availability and quality of vaccines, available resources (money, personnel), le-
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gal authority, intersectoral cooperation, and many others. Control of human
infections depends almost wholly upon control in animals, which is mostly a ve-
terinary responsibility.

Prevalence

It can be debated whether there has been much success in the control of
worldwide brucellosis in many decades. Franco (2007) reported that brucellosis
remains the most common bacterial zoonosis in the world, with over half a
million new cases annually and prevalence rates in some countries exceeding
ten cases per 100,000 population [27]. It is a class B bioterrorist agent and
underdiagnosed and underreported. There is a re-emergence of the disease in
many countries.

Clearly there has been much progress in the control and eradication of
B. abortus in cattle, with many countries now free of this infection. However,
the control of B. melitensis has proved to be much more difficult.

Taleski V. et al. (2002) reported a very large increase in human and ani-
mal brucellosis in Macedonia from 1980-2001 compared with previous years
[28]. They concluded that despite implemental measures of test and slaughter,
the situation has not changed in many years. Data from many regional countries
were included.

Data from OIE/World Annual Health Reports show that among 19
Mediterranean and Middle East countries, there is an increase of reported cases
over a 10-year period. Seven out of 19 countries had as much as a 4-fold inc-
rease [29]. Pappas, G. et al. (2005) concluded that eradication of brucellosis had
eluded even the most developed countries and that international travel results in
many new cases [30]. They presented a table showing annual reported human
cases over an 8-year (1996-2003) period. Few countries reported much succes-
sful reduction, with many showing dramatic increases or high prevalences.
Corbel (1997) published a list of countries claiming eradication of B. abortus,
B. melitensis and B. suis and prevalence of these in other countries. Few stati-
stics were given on prevalence [1].

Future

The title of this presentation includes the word future. After decades of
work with this frustrating disease, I have no magical suggestions for its elimi-
nation. I am pleased that two concepts that I promote — whole herd vaccination
and fewer concerns about postvaccinal antibodies — are advancing. Efforts to
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develop new vaccines have largely eluded scientists and live whole cell produ-
cts will surely be the cornerstone products for many years. I would suggest that
more studies be performed on oral administration of vaccines. Many aspects
would need attention but it could possibly result in more animal immunizations.
Clearly, the development of a vaccine for humans has not been successful and I
question if this procedure would have much impact on human cases. Control of
the disease in animals is by far the most effective.

A more effective treatment, whether prophylactic or in clinical cases, is
needed. More studies should be performed on antibiotics targeted at infected
cells such as those with carriers such as liposomes.
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Pezume
BPYIHEJIO3A: MUHATO, CETAIIHOCT U UTHUHA
Huxoneru I1.

Koaeuy 3a settiepunapra meouyuna, Yrnusepsuitieii @aopuoa, Gainesville, FL, USA

Ilea: Ja ce HampaBu mperjief] U ja ce MpUKaxkaT CHelu(pUuYHOCTUTE Ha
6mosorujaTa, eMUAEeMHOIOTHjaTa, TaTOreHe3aTa U AWjarHOCTHKAaTa, jaBHO-3/[paB-
CTBEHUTE acCIeKTH, BaKIMHAIMjaTa W KOHTpojaTa Ha Opyleio3aTa Kako TJIO-
0ajnHa 300HO3a.

Meitioou: TTomery pa3nuiHUTE METOAM 32 KOHTPOJIA Ha Opyleno3ara Kaj
SKUBOTHHUTE KaKO BaKIWHANMja, XWTHEHA, TECTHpame M KOoJeHhe Ha MH(HUIHpa-
HUTE KUBOTHH, IIMPOKO paclHpocTpaHeTaTa BaKIWHANMja IpeTcTaByBa Hajop3,
HajeuKaceH U Haje(PeKTUBEH METO].

Pesyamiaitiu: Y1 mokpaj roJeMHOT HampefgoK BO KOHTpPONIATa, a IOHe-
Koraiml ¥ BO epajuKanyjaTa Ha Opyleno3ara Kaj KpyImHHOT JOOHTOK BO MOBEKe
3eMjH, cocToj6aTa co 3a00IyBambEeTO Kaj CATHUTE MPEKUBAPH CE TIOKAKyBa ieKa €
MHOry noTtemika. [TonTuTHYKITE U COMOEKOHOMCKUTE MPOOIeMH IpeTcTaByBaaT
nmpedka 3a ycrexoT. OfroBopHocTa 3a npudakame Ha MPEAN3BUKOT 3a KOHTPOJIA
Ha OpyIeno3aTa Kaj JKUBOTHHATE Ipumnafa Ha BeTepUHApHUTE, a Toa MMOHATaMy O
MIOMOT'HAJIO BO KOHTpOJIaTa Ha 3a00JyBamkeTO Kaj IyfeTo. Y cnexoT Ha e(DeKTHTe
O]l KOHTpOJIaTa MPUMapHO Ke ce MEpHU cO HamallyBame Ha OpOjoT Ha 3a00JICHH Kaj
nyreTo.

3axayuok: EdexTrBHaTa KOHTpOJIa Ha Opyleno3aTa 6apa JOJITOTPajHO
3anmarame Off CTpaHa Ha MHOTY BiajmHM areHuud. Ilopgpgpmikara Bo cpejcTsa n
eKcrepTu3a ojf Mef'yHapOJHUTE OpraHU3aliy 3a 3[]paBje Ha JXUBOTHUTE M JIYFeTO
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€ HeOoNxoJHa BO MHOTY 3eMju BO pa3Boj. He nocrojat necHu pemenuja. [ToTpeGHO
e Jla ce oxpabpyBaar UCTpaXyBamaTa 3a alTepHATUBHU CTPAaTEr'nd 32 BAaKIUHUTE
1 HUBHATa ynoTpeba, ANjarHOCTHYKY TECTOBU U TPETMAHOT.

Kayunn 36opoBu: Gomnect Kaj XMBOTHHTE, Opyleso3a, 300HO3M, CTpAaTErnd 3a
KOHTpOJIa/epafiuKanyja.
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