
BRUCELLOSIS: 

DON'T LET IT GET YOUR GOAT! 

JUSTIN D. RADOLF, M.D. 
INTERNAL MEDICINE GRAND ROUNDS 

JULY 15, 1993 



2 

INTRODUCTION AND HISTORY 

Historical Background. It is not always appreciated that military necessity 
and medicine often have formed a partnership that has produced lasting benefits 
for all humankind. No better proof of this statement exists than the superb studies 
which defined the microbiology and epidemiology of brucellosis. To understand 
this, one must first look at a map of the Mediterranean Sea and find Malta (Fig. 1 ). 
Because of its commanding location at the mouth of the Strait of Sicily, this tiny 
archipelago, 17 and a half miles long and nine miles wide, enjoys a strategic 
importance vastly out of proportion to its physical size. 

Beginning with the Roman 
Empire, successive naval powers 
recognized that control of Malta was 
essential for control of the 
Mediterranean Sea. Malta became a 
part of the British Empire at the 
conclusion of the Napoleonic Wars. 
Throughout the nineteenth century and 
during both World Wars, Malta was a 
major base of operations for the British 
Mediterranean Fleet. The importance of 
Malta to the British Empire is embodied 
in the following quote by Sir Winston 
Churchill: "Since the days of Nelson, 
Malta has stood a faithful British 
sentinel guarding the narrow and vital 
sea corridor through the central 
Mediterranean" (1 ,2). 
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Figure 1. Malta (or Melita, the Honey Isle) 

Discovery of Brucellosis. It is doubtful that the British War Office would have 
taken an interest in brucellosis were it not for the fact that Malta Fever (also 
known as "undulant" or Mediterranean Fever) exacted a heavy toll among 
members of the Malta Garrison. In 1859, a physician in the Royal Army Medical 
Corps named Marston produced the first accurate description of brucellosis, based 
partly upon his first-hand experience, in which he differentiated the disease from 
typhoid fever. The etiologic agent of brucellosis was identified in 1887 when Col. 
David Bruce, a Royal Army Corps pathologist, isolated the microorganism from the 
spleens of patients dying with the infection. Incidentally, Bruce was no minor 
figure in the annals of infectious diseases or the Royal Army Medical Corps. 
Among his other accomplishments was the identification of the African 
trypanosome and its tse tse fly vector as the cause and the arthropod vector of 
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African sleeping sickness (1 ,2). 

Though designated Micrococcus melitensis by Bruce (Melita or the honey 
isle was the Roman name for Malta) the entire genus eventually was renamed 
Brucella in honor of its discoverer. Hughes's description of the clinical illness in 
1897 gave rise to the name "undulant fever". Between 1905 and 1907, the 
Mediterranean Fever Commission, organized by the Royal Society at the request 
of Mr. Alfred Lyttleton, Secretary of the Colonies and presided over by Bruce, filed 
a series of reports documenting the relationship between the ingestion of 
unpasteurized goat's milk, a Maltese 
dietary staple, and the transmission of 
brucellosis. Of particular importance 
was the observation that ostensibly 
healthy goats produced milk teeming 
with brucella. This finding, which 
proved to be the key to controlling the 
transmission of the disease, was made 
by Themistokles Zammit, a Maltese 
physician and member of the 
Commission, who noted agglutinating 
antibodies in ostensibly healthy goats 
about to be inoculated with B. 
melitensis. Brucellosis among British 
military personnel essentially 
disappeared when consumption of 
goat's milk was prohibited (Fig. 2) while 
it continued unabated among 
indigenous Maltese until compulsory 
pasteurization was instituted in the 
1950's ( 1 ,2). 

Identification of the remaining 
Brucella species pathogenic for 
humans, and appreciation of the global 
distribution of brucellosis, occurred 
during the twentieth century. In 1895, 
Bang in Copenhagen isolated B. 
abortus (originally called Bacillus 
abortus) from a gelatinous exudate 
between the uterine wall and the fetal 
membranes of an aborting cow. Bovine 
brucellosis is still often referred to as 
Bang's disease. In 1914, the third major 
member of the genus, B. suis, was 
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"Pre.,.lence of Malta Fenr in the Garrison, per 1,000 
Servicemen, 18991o 1905"; by David Bruce. 
Acknowledgement to Wellcome Institute Library, London. 
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isolated by Traum from aborting pigs on a farm in Indiana. In 1918, Alice Evans, 
an American veterinarian, recognized the similarities between the micrococcus of 
Bruce and the bacillus described by Bang (1). B. canis was discovered as a cause 
of infectious abortion in beagles in 1966 and found to cause human brucellosis in 
the early 1970's (3,4). Today brucellosis is recognized as a worldwide public 
health problem (zoonosis) and a cause of potentially devastating economic losses 
among livestock raised for meat and dairy products (1 ,5,6). 

MICROBIOLOGY AND MOLECULAR BIOLOGY 

General Microbiology. Brucellae are small (0.5 to 0.7 pm by 0.6 to 1.5 pm), 
nonmotile, aerobic, gram-negative coccobacilli or short rods that stain poorly by 
conventional gram-stain. Many strains of B. abortus require supplementary C02 , 

particularly for primary isolation, and, compared with other conventional bacterial 
pathogens, are relatively slow-growers. They produce catalase and are oxidase
positive (7). Interestingly, textbooks often emphasize the need to culture 
specimens on enriched media (most notably the biphasic Ruiz-Castaneda media). 
However, media (especially blood culture media) currently used in clinical 
laboratories are sufficiently enriched that specimens suspected of containing 
brucella no longer require such highly specialized handling (personal 
communication, Ms. Linda Byrd and Dr. Rita Gander). Nevertheless, it is important 
to notify the clinical microbiology laboratory whenever brucellosis is suspected 
to ensure that specimens are incubated for sufficient periods of time and to 
forewarn laboratory personnel in order to avoid accidental self-inoculation 
(personal communication, Ms. Linda Byrd and Dr. Rita Gander)(8). 

Species Differentiation. The organisms of the genus Brucella maintain a 
close taxonomic relationship. All species share a greater than 95% DNA homology 
and have highly conserved 165 rRNA sequences (9, 1 0). This close genetic 
relationship has, at times, generated controversy as to whether members of the 
genus should be classified as separate species or biovars within the single 
species B. melitensis. In the clinical microbiology laboratory, differentiation of B. 
abortus, B. melitensis, and B. suis is based on quantitative differences in (1) 
requirement for increased C02 for growth, (2) H2S production, and (3) growth in the 
presence of the dyes basic fuchsin and thionin (7,9). Within each of these three 
species, a number of strains or biovars are distinguished on the basis of 
additional biochemical properties (7 ,9, 1 0). 

More recently, differentiation of brucella species also has been 
accomplished by fingerprint analysis (digestion of chromosomal DNAs with 
enzymes, such as Xbal, that cut at infrequently occurring sequences and 



Diatribution of Br. abortus in the Tia8'Uea of an Infected Pregnant Cow 
when Abortion waa Imminent 

Tiaue 
FodlJJ tU..r.u or fluid 

Cotyledon (placenta) 
Allantoic fluid} 
Amniotic fluid 
Chorion 
Oedema fluid 
Spleen 1 
~~ey . J 
Lung 
Stomach contents 
Brain 

Atlull tiuus 
C.otyledon (placenta)• 
Uterine mucoea 
Spleen 
Kidney 
Liver 
Lung 
Iliac lymph gland 
Thoracic lymph gland 
Udder 
MW1Cie 

Approx. total numbor ( x I ou) of 
Br. aborlu• per tissue in cows 

I II III IV v 

63 90 140 23 :!7 

0·4 O•!l 3 · 7 7· 9 1·2 

5·6 2 · 1 9·9 0·6 3·3 
0·9 1·4 

In no eow did the contents of Br. aborlu4 in 
coach of the1te foetal tiaues exceed 0 · I x I 011• 

II 13 
3·0 

In no cow did the content.ll of Br. ahorlu. in 
each of theao maternal ti.s&ues exceed 
0 · 1 X 1011• 

• It waa impoe~~ible to ~teparate completely aU the foetal tiBIIue from the maternal cotyledon11. 

Table 1 
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resolution of the fragments by pulse-field electrophoresis) (11 ). Interestingly, while 
fingerprinting can distinguish Brucella species, it often fails to distinguish among 
biovars or isolates within a species (11 ). The genome size of Brucella species, 2.6 
x 106 base pairs, is significantly smaller than that of E. coli (4 x 106 bp) (10). 
Despite numerous attempts, no extrachromosomal genetic elements have been 
found in any members of the genus, nor have any naturally occurring mechanisms 
for transfer of DNA been identified. DNA methylation systems also do not appear 
to be present (10). 

Physiology. One aspect of Brucella physiology is particularly worthy of 
comment because of its relevance to disease pathogenesis. B. abortus is among 
the few prokaryotes capable of metabolizing erythritol, a four carbon polyhydric 
alcohol (HOCH2-CHOH-CHOH-CH20H), present in the fetal placental tissues of 
some ungulates (12, 13). Quantitation of the tissue distribution of organisms in 
infected cows determined that 60 to 85% of the total body burden of bacteria are 
present in fetal cotyledons (Table 1) (13). Based upon such data, it has been 
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stated that the growth stimulating effect of erythritol accounts for the remarkable 
predilection ("viscerotropism") of B. abortus for bovine placental tissues (9, 1 0). 
However, it seems more likely that other factors underlie the tropism of these 
bacteria for placental tissues but that, once within placental cells, their growth is 
fostered by the availability of erythritol. In addition to cattle, erythritol is found in 
the placentae of sheep, goats, and pigs, all of which are subject to the extremely 
heavy brucella infection of fetal and placental tissues that results in contagious 
abortion (10,13). Erythritol is not found in the placenta of humans, rats, rabbits, 
and guinea pigs, animals in which B. abortus infection does not result in abortion 
(10,13). 

Antigenic Structure. Brucella were among the first bacteria recognized to 
undergo the phenomenon known as "antigenic variation". Serial in vitro 
propagation of B. abortus, B. suis, and B. melitensis, results in a visible change 
from smooth to rough colony 
morphology (originally called 
"dissociation") that correlates with the 
attenuation of virulence (1, 1 0). 
Reversible, intermediate colonial 
morphologies also are recognized (Fig. 
3) Once the complete transition from 
smooth to rough colony type has 
occurred, the organism cannot go back 

Figure 3 
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again. Loss of the smooth colony phenotype is accompanied by diminished 
agglutinability with Brucella-specific antisera as well as loss of virulence. It is riow 
known that dissociation results from the loss of expression of genes that encode 
enzymes which catalyze the addition of sugar moieties to the polysaccharide 
chains of brucella lipopolysaccharide (10,14). 

The distribution, de
tennined by serological analy
•ia, of aborttu antigen (A) and 
mditei>N antigen (M) in Br. 
aborttU, Br . .W., and Br. meli
ten.N. (After Topley and Wil
.on, Prineipl~ of Bacteriology 

and Immunity, Vol. I. 
p. 8i,, Fig. 175.) 

Figure 4 

The smooth to rough dissociation 
also results in the inability of brucella
specific antibodies to agglutinate the 
bacteria (1,7). This observation 
eventually led to the recognition that 
constituents in the a-polysaccharide 
chains of the LPS contain the 
bacterium's two major antigenic 
determinants, designated A (for 
abortus) and M (for melitensis) (Fig. 4) 
(1,10). The M and A determinants are 

created by repeating pentasaccharide and monosaccharides, respectively (Fig. 5) 
(15). The presence of both determinants in B. abortus, B. suis, and B. melitensis, 
although in different quantities, accounts for the extensive cross-reactions among 
these three species (1,7,10). In fact, current data indicate that not only are A and 



M epitopes expressed (though to 
varying degrees) in the same cell, but 
they also are both expressed on the 
same LPS molecule (16). B. canis, on 
the other hand, is a naturally rough 
strain, does not possess A or M 
epitopes, and does not react with 
conventional anti-Brucella antibodies 
(7,10). Clinically, this is important since 
specialized serological tests are 
required to diagnose B. canis infection 
(3,4, 17). 

Virulence Determinants. Very 
little is known about virulence 
determinants of brucella other than 
LPS. Virulent (i.e., smooth) strains are 
more resistant to intracellular killing by 
PMNs than are avirulent (i.e., rough) 

A B 

Chcmi<:al srrucrurcs of the Bmn•/1., prorutypc A (A I and 
M (8) antagcns. 

Figure 5 
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strains (10,18,19). Paradoxically, smooth LPS also inhibits PMN degranulation and 
activation of the respiratory burst (18,19). Canning and co-workers (20) showed 
that 5'-guanosine monophosphate (GMP) and adenine released by a smooth strain 
of B. abortus inhibited neutrophil degranulation. However, they did not determine 
if secretion of these inhibitory substances was retained by avirulent strains. While 
outer membrane proteins, including one with porin-like activity, have been 
identified (10), none of these molecules have a defined contribution to bacterial 
virulence. Analysis of brucella virulence determinants undoubtedly is hampered 
by the unavailability of genetic exchange and mutagenesis systems. 

EPIDEMIOLOGY 

A Zoonotic Infection of Domesticated Animals. Brucellosis is primarily a 
disease of animals (i.e., a "zoonosis"). Unlike most zoonoses, in which wild 
animals provide the reservoir of infection, domesticated animals are the primary 
reservoir for brucellosis. A very small proportion of brucellosis cases result from 
contact with hares, feral swine, reindeer and bison. Infection of animals, is an 
important factor in the ecology of brucella, for the infected animals readily infect 
one another, their illness tends to be chronic, and they shed the organism into the 
environment for prolonged periods. Infection of humans is more or less 
incidental, resulting from contact with live, infected animals or contaminated 
tissues. Humans rarely, if ever, transmit the disease to other persons. By herding 
together infected and uninfected animals, man unwittingly creates the optimal 
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conditions for perpetuation of the disorder and transmission of it to other humans 
(21). 

MtJ, N• I. World diatribudoa and prcva&cac. oi bnaccUolil in mao ( 1911) 

Figure 6 

Geographic and Socioeconomic Patterns. Brucellosis occurs worldwide and 
affects approximately 500,000 persons annually (Fig. 6). Despite its having been 
largely or completely eradicated from most industrialized countries, it remains 
endemic in developing countries in which domestic livestock are an important 
source of livelihood. To understand the conditions that foster transmission of 
brucellosis to humans in underdeveloped countries (and to appreciate the 
extraordinary difficulty associated with its eradication in such regions), one must 
understand the close relationship between herders and livestock in nomadic 
societies such as those of the Middle East. As prosaically described by Christie 
(21 ): "In primitive forms of animal husbandry contact between man and animals 
is intimate. The goat-herd or shepherd spends days and nights with his animals, 
seeing to their needs, attending to them in parturition, taking his meals, and often 
sleeping alongside them. He is constantly exposed to infection, usually to B. 
melitensis ... " Highest prevalence rates are found in the Middle East. One 
seroprevalence survey in Saudi Arabia found that between 5% and 11%. of 
asymptomatic adults had significantly elevated brucella titers (22). 

In underdeveloped countries, the economic importance of brucellosis 
derives both from its effect on people and the drop it causes in the production of 
meat, milk, wool, and other animal products. Not surprisingly, the distribution of 
individual Brucella species reflects the distribution patterns of the predominant 
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animal hosts for B. melitensis (i.e., goats), B. abortus (cattle), and B. suis (hogs). 
It is important for physicians to warn travelers that they put themselves at risk for 
acquisition of brucellosis should their yen to sample local cuisine include 
unpasteurized dairy products when they visit such endemic countries. A number 
of cases of B. melitensis infection have been described among such travelers 
(23,24). 

In most industrialized countries brucellosis is predominantly an 
occupational disease offarmers, veterinarians, and abattoir workers resulting from 
infection with B. abortus or B. suis. Farmers and veterinarians frequently acquire 
B. abortus infection while helping pregnant cows to calve or as a result of 
accidental self-inoculation with the attenuated 819 vaccine strain (25,26). Abattoir
associated cases (mainly due to B. suis) are usually contracted by workers in "kill" 
areas where carcasses are dismembered, although ingestion of contaminated 
meats and inhalation of aerosols ventilated to adjacent areas also may transmit the 
disease (27). In some industrialized countries, brucellosis has been eradicated 
(26). 

As a result of 
various control 
measures instituted 
since the 1930's, the 
incidence of brucellosis 
in the United States has 
declined from more 
than 6,000 cases in 
1947 to approximately 
200 annually (Fig. 7) 
(5). Though clearly a 
relatively rare disease at 
present, underreporting 
of brucellosis is 
believed to be 
widespread (perhaps 
less than one case of 
every 26 is 
reported)(26). By the 
1960's aggressive 
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Figure 7 

federally sponsored measures dramatically decreased the incidence of bovine 
brucellosis and brucellosis overall (not surprisingly, given the large proportion of 
cases due to B. abortus during that period) (26). The upturn in brucellosis cases 
in the mid 1970's was due almost exclusively to abattoir-associated B. suis 
infections (26,27). In fact, this increase finally forced the pork industry to adopt 
measures that eventually controlled swine brucellosis in the United States (26). 
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Sporadic outbreaks of B. melitensis infection associated with unpasteurized sheep 
or goat's milk also occur (26,28,29). As discussed below, during the past decade, 
importation of B. melitensis infection from Mexico contributes substantially to new 
cases. Laboratory-acquired brucellosis also accounts for a small number of cases 
in industrialized countries. A small proportion of cases are caused by B. canis 
(canine brucellosis). Accidental inoculation and inhalation of contaminated 
aerosols have been major sources of laboratory-acquired infections (8). 

Texas perennially accounts for a 
large proportion of brucellosis cases in 
the United States. In 1975, with 37.5% 
of the nation's brucella-infected cattle 
herds, the Department of Agriculture 
placed Texas under Federal quarantine 
(which was never strongly enforced)! 
Even with the control of bovine and 
swine brucellosis during the past 
decade, Texas has not forfeited an 
important role among states reporting 
brucellosis cases. During this period, a 
majority of cases have been B. 
melitensis infections in Hispanics and 
involved the ingestion of unpasteurized 
goat's milk cheese from Mexico (29). 
Unlike cases associated with 
occupational exposure to cattle or 
swine, at least one-half of these cases 
have occurred in persons less than 20 
years old and in females (Table 2) (29). 

Number of brucellosis cases by age, seJ:, and race 
groups for J9i7-1981 and 1982-1986, TeJ:as 

Race/ethnic group• 
Hispanic 
White 
Black 

Sex 
Male 
Female 

Age group (years)t 
<10 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 

i!:70 

19i7- 1981 

n 

43 37.2 
70 54.3 
10 7.8 

106 82.2 
23 17.8 

2 1.6 
7 5.4 

35 27.1 
28 21.7 
20 15.5 
IS 14.0 
13 10.1 
5 3.9 

1982- 1986 

n 

145 71.8 
49 24.3 

7 3.5 

112 55.4 
90 44.6 

15 7.4 
28 13.9 
3S 18.8 
39 19.3 
30 14.9 

8.9 18 
19 
15 

9.4 
7.4 

• Race/ ethnic group not reported for twu cases. 
t A~:e not reported for one cnse. 

Table 2 

Of the 22 cases reported in 1991 to the Texas Department of Health for which 
exposure histories were obtained, 19 were associated with ingestion of Mexican 
dairy products. Brucellosis cases in Parkland Memorial Hospital clearly 
epitomized this epidemiological phenomenon. Seven of the eight patients 
diagnosed with brucellosis at PMH in the past ten years for whom charts were 
obtained were Hispanic and had definite or probable B. melitensis infection. 

PATHOGENESIS 

Brucella as Intracellular Parasites. Early in the study of brucellosis it was 
recognized that brucella are facultative intracellular parasites. In 1912 Fabyan 
described brucella within the tissues of infected guinea pigs (30). Seven years 
later, Theobold Smith identified B. abortus within chorionic epithelial cells in the 
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placentae of aborting cows. Smith clearly was impressed with the ability of 
brucella to multiply intracellularly and his writings indicate that he grasped the 
strategic relevance of this phenomenon to disease pathogenesis. "Once in the 
cytoplasm", he wrote, "the bacteria find it a favorable medium for multiplication 
and a protection against phagocytosis" (30). Interestingly, a recent electron 
microscopic study of caprine placentae infected with B. abortus revealed that 
these bacteria replicate within a most unusual location--within the rough 
endoplasmic reticulum (31). 

In 1937, Goodpasture and Anderson (32) successfully inoculated chick 
embryos with brucella and noted that the bacteria multiplied within ectodermal and 
mesodermal cells of the embryo. Of seminal importance was the observation, also 
made in the chick embryo model, that brucella were capable of multiplying within 
polymorphonuclear leukocytes and monocytelmacrophages, professional 
phagocytes normally expected to degrade phagocytosed bacteria (33). 
Subsequently, it was discovered that brucella could be passaged indefinitely 
through guinea pig or mouse macrophages (10). Partly from his studies of 
brucellosis, Goodpasture concluded in a remarkable essay that pathogens can be 
divided into three distinct classes " ... on the basis of their vegetative relation with 
living host cells, namely extracellular parasites, facultative intracellular parasites, 
and obligate intracellular parasites" (34). He included brucella among the 
facultative intracellular parasites because of their ability to exist in both 
extracellular and intracellular environments. This group also includes other 
"classical" intracellular pathogens such as Mycobacterium tuberculosis, 
Salmonella typhimurium, and Listeria monocytogenes. 

The biological relevance of these pioneering in vitro studies findings was 
borne out by studies in which viable bacteria were demonstrated within 
macrophages of mice and guinea pigs inoculated with B. abortus or B. melitensis 
(35). In a landmark study published in 1951, Braude (36) traced the evolution of 
brucellosis in mice inoculated with B. abortus. Within hours of intracardiac or 
intraperitoneal inoculation, nearly all brucella detectable in the peripheral blood 
were within neutrophils. Brucella-infected neutrophils then appeared in hepatic 
sinusoids where they become surrounded by Kupffer cells. Within 24 hours, the 
Kupffer cells become engorged with bacteria. Development of the granulomas 
over the next several days coincided with a rapid diminution in the number of 
bacteria visualizable within resident monocytelmacrophages. Gradually over 
months the hepatic granulomas disappear. In a companion study, Braude (37) 
noted that guinea pigs inoculated with the more virulent B. melitensis and B. suis 
failed to mount a granulomatous response and instead developed visceral 
microabscesses. Interestingly, the identical dichotomy (i.e., granuloma versus 
microabscesses) in histopathological responses has been found in liver biopsies 
of humans infected with B. abortus and B. melitensis (38,39). 
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Importance of Activated Macrophages. Since the 1950's, a number of 
studies have refined our understanding of the cellular events described above. 
In the aggregate, these studies showed that macrophages become resistant to 
intracellular replication of the bacteria as brucellosis proceeds and that it 
correlates well with the development of dermal hypersensitivity (40-43). We now 
recognize that this phenomenon, macrophage activation, is due to the action of 
cytokines (e.g., interferon-y, TNFa) elaborated by sensitized T-lymphocytes and 
that it is a hallmark of cellular immunity. It is also noteworthy that, in most 
studies, macrophage activation could not be produced by immunization with 
nonviable bacteria and that brucella-specific antibodies modestly, at most, 
enhanced the ability of activated macrophages to control replication of 
intracellular bacteria (10,40). 

Contribution of Cellular Immune Mechanisms to Clinical Manifestations. 
Evidence exists that cellular immune mechanisms contribute to the development 
of clinical manifestations in addition to mediating protective immunity. In studies 
in which human volunteers were inoculated with brucella endotoxin, more severe 
systemic reactions occurred in treated brucellosis patients with skin test reactivity 
than in individuals without prior exposure to the bacterium (44). Moreover, there 
are many instances in which individuals with a clinical history or serological 
evidence of infection developed marked local reactions following accidental 
inoculation with the B. abortus 19 vaccine strain (1). Jarisch-Herxheimer-like 
reactions also have been observed 
shortly after the institution of 
antimicrobial therapy (1). 

Pathogenesis of Brucellosis in 
Humans. One may extrapolate from the 
above studies to develop a scenario for 
the pathogenesis of brucellosis in 
humans (Fig. 8). Brucella enter the 
body via mucous membranes (topically 
or following ingestion), abraded skin, 
or, less commonly, inhalation. Studies 
comparing different routes of 
inoculation in guinea pigs and human 
volunteers indicate that the dermal 
route is the most efficient (21 ,27). 
Though ingested by neutrophils at the 
site of inoculation, many bacteria 
manage to survive intracellularly and 
replicate. Ironically, by promoting 
phagocytosis, human serum actually 
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A diagrammatic representation of the 
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Figure 8 
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may abet this process (45). PMNs containing viable bacteria circulate 
hematogenously and are taken up by the reticuloendothelial system (liver, spleen, 
and bone marrow). Bacteria from degenerating neutrophils are taken up 
monocyte/macrophages in which they undergo repeat cycles of replication and 
release upon cell death until the process is brought under control by recruitment 
of an effective cellular immune response. It has been theorized that the distinctive 
"undulant" fever results from the periodic release of toxic bacterial components, 
predominantly LPS (1 ,44). The more virulent B. melitensis and B. suis are prone 
to repeated bouts of hematogenous dissemination and production of metastatic, 
suppurative complications. Even with these latter two brucella species, a balance 
between defenses and bacterial replication is achieved that almost certainly 
involves cellular immune mechanisms (1 ,46-48). 

CLINICAL MANIFESTATIONS 

Please note that illustrative cases are appended to the protocol and will be 
referred to during the oral presentation. 

Systemic Brucellosis 
(see Cases I and II). The 
incubation period for 
brucellosis ranges from 
several days to several 
months with an average of 
two weeks (5). In one large 
series of patients with 
abattoir-acquired disease 
(predominantly B. suis), two
thirds of patients described a 
gradual onset of symptoms 
over one or more weeks (49). 
In Spink's (1) series from the 
University of Minnesota, 
approximately one-half of B. 
abortus cases had an abrupt 

Symptoms of Brucellosis in 121 Bacteriologically Proved Cases and in 10/i 
Bacteriologic:Uiy Negative Ca.ses 

Symptom 
Bacteriologically Proved Cases Bacteriologically Negative C..... 

Number Percentage Number Percentage 

WealmeM ............. . . lli 
Chills . . . . . . . • . .. . . . • . . . . 06 
Sweat.. . . . . . . . . . . . . . . . . . . 93 
Anorezia . . . . . . . . . . . . . . . . 88 
Generalized aches .. .•. , . . 82 
Headache .. . . . .. . . . . . .. . 78 
NervousneSI . . . . . . . . . . • . . 5!l 
Bacltache .. . .. . . . . . .. .. .. 50 
Join~ pain . .... .•. . .•. , . . 45 
Insomnia . .. .. .. . .. .. .. .. ol4 
Depre•ion . . .. . . . . . . . . . . . 41 
PAin back of neck . . . . . . .. oiO 
Cough ...... . ........... . 38 
Abdominal pain . . . . . . . . . . 23 
Constipation . . . . . . . . . . . . . 10 
Diarrhea . . . . . . . . • . . . . . . . 1!! 
Visuai disturbances . . . . . . . D 
Na~ and. vomiting . . . . . 7 
Neunt1c p&lll . , • . . . . • • . . • 7 
GU disturbances . . . . . . . . . . o 

92.5 
79 .3 
76.8 
72.7 
67.7 
64 .4 
43.0 
oiO.O 
37.1 
36.3 
34.7 
33.0 
31.4 
19.0 
15.7 
10.7 

7.4 
5.1 
5.7 

0 

Table 3 

90 
87 
86 
62 
53 
56 
41 
51 
29 
38 
24 

15 
6 

16 
5 
3 
I 

85.7 
82.8 
8l.U 
59.0 
50.4 
53.3 
39.0 
48.5 
27.6 
36.1 
22.8 
36.1 
u.s 
22.8 
14.2 
5.7 

15.2 
4.7 
2.8 
0.9 

onset. All series emphasize that brucellosis may have an extraordinarily insidious 
onset. 

Brucellosis in humans is extraordinarily pleomorphic. In patients with acute 
illness, substantial toxicity and symptoms related to multiple organ systems often 



are noted. As a subacute or chronic 
disease of the reticuloendothelial 
system, it typically presents with 
myriad constitutional symptoms but 
without definite localizing signs; true 
suppurative foci nevertheless, may 
exist with extremely protracted 
forms of brucellosis (50). As stated 
by Spink: "The distinctive feature of 
the course of brucellosis is that the 
patients present themselves with a 
multitude of complaints but 
examination reveals only meager 
evidence of physical abnormalities" 
(1 ). In his extensive survey of 

Signa o{ Bruceiloai.J in 121 Boct.eriologicaily Proved Cues aod in 105 
BocteriologicaUy Negative c....,. 
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Signa 
Bacteriologically Proved c ... s Bacteriologically Negative Case>J 

Number Pe"""'~ Number Pe..,.nta~e 

Fever ... .. . . • . . .. . . ... .• 118 
Sple1!omegaly . . . . . . . . . . . • 49 
Lymphadenopathy . . . . . . . 47 
He~megaly . . . . . . . . . . . 2.5 
Abdominal tendemeu . . . . . 18 
Cardiac abnormalities . . . . . 7 
Neurological changes ... . . 
Tendernea over spine .. . . 
Skiu UOIUI . • • • • • . . . . . . . . ~ 
Funduacopic changes . . . . . 2 
Orcbitia . .. . .. .. . . .. . .. .. 2 
Jaundice .... ... .. .. .. .. . 
P~ over hip '.'.' . .. .... .. 
Pam oTer ...,.,iliac . . . . .. . 

97.5 
40 .5 
38.8 
20.8 
IU 
6.7 
4.0 
4.0 
3.3 
1.6 
1.6 
1.6 
0.8 
0.8 

Table 4 

8 
0 
0 
s 
6 
I 
I 
I 

. 0 
0 
0 

88..S 
19.0 
2.~ .7 

7.6 
0 
0 

!!.8 
6.7 
o,g 
0.9 
o,g 

0 
0 
0 

brucellosis due to B. abortus in Minnesota, Spink (1) noted the paucity of 
localizing symptoms and signs (Tables 3 and 4, respectively). Similarly, Buchanan 
(49) found that less than 20% of patients with B. suis infection had abnormalities 
on physical examination (e.g, lymphadenopathy, splenomegaly, epididymitis, or 
soft tissue abscess). Colmenero et al. (51) found that, except for a significantly 
greater incidence of splenomegaly in young patients, the signs and symptoms of 
brucellosis were no different among younger patients and those 65 or more years 
of age. Neuropsychiatric changes (e.g., depression), even in the absence of actual 
CN.S involvement, may be a prominent (1 ,52). Brucellosis is a well-recognized 
cause of fever of unknown origin (FUO) (53). 

The clinical findings in B. canis infection are similar to those seen in 
brucellosis caused by B. abortus. The onset is usually insidious and 
constitutional symptoms tend to be relatively mild. B. canis rarely causes 
endocarditis or suppurative complications such as arthritis or spondylitis 
(3,4,17,54). 

In true "undulant fever" (which is far more characteristic of B. melitensis 
infection than other causes of brucellosis) (1 )), the temperature curve runs a 
characteristic course with subfebrile temperatures early in the day and highest 
temperatures in the evening (Fig. 9). Maximal body temperatures wax and then 
wane over one to thre~ weeks following which is a brief (i.e., days) period of 
afebrility. Another round of waxing and waning temperatures then follows. Cases 
have been recorded in which undulant fever persisted more than two years. Spink 
(1) noted that with B. abortus infection, the typical temperature curve was a diurnal 
variation with the temperature normal or slightly elevated in the morning and then 
rising in late afternoon or evening, a curve indistinguishable from many other 
causes of fever or sepsis). 



A variety of 
hematological 
changes have been 
attributed to 
brucellosis (55-57). 
Crosby et al. (55) 
prospectively 
evaluated 
hematological 
parameters in 38 
Peruvian patients 
with B. melitensis 
infection. Not 
surprisingly, a 
majority (75%) had 
anemia. 
Leukopenia, 
lymphopenia, and 
neutropenia also 
were common 

40' 

41' 
a. 

b. 

Temperature curves of two pcnons suffering from brucellosis (undulant 
fever). 

Figure 9 
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(45%, 82%, and 41%, respectively). Interestingly, no patients had leukocytosis, a 
finding which helps to rule out more conventional bacterial infections. 
Thrombocytopenia occurred in 40% of patients. Eight patients (21%) were 
pancytopenic. In fact, the triad of acute onset of fever, pancytopenia, and 
hepatosplenomegaly in a previously well person is highly suggestive of 
brucellosis. Bleeding diatheses attributable to abnormalities in platelet count, 
fibrinogen level, and/or thrombin clotting time were noted in 10 patients. 
Granulomas and hemophagocytosis (sometimes confused with malignant 
histiocytosis) are characteristic findings on bone marrow biopsy (58,59) (see Case 
1). Isolated case reports indicate that pancytopenia occurs with B. abortus and B. 
suis infections, as well as B. melitensis (59,60). Coombs positive hemolytic 
anemias also have been reported (57). 

Although pathognomonic skin lesions have not been described, cutaneous 
findings occur in up to 10% of brucellosis patients and, therefore, may provide a 
helpful diagnostic clue (61 ,62). In a respective review of 436 patients with 
brucellosis from Spain, Ariza and co-workers (61) noted cutaneous manifestations 
in 27 (6%). They grouped the rashes into four distinct patterns: (1) disseminated 
papulonodular, (2) erythemanodosum-like, (3) purpura, and (4) diffuse 
maculopapular. The principle histopathologic findings consisted of perivascular 
lymphocytic and histiocytic infiltrates in the dermis, often forming true 
granulomas. 



Skeletal Involvement (see Cases Ill 
and IV). Frank osteoarticular involvement 
is the most frequent metastatic 
complication of brucellosis and is most 
likely to occur with B. melitensis infection 
(5). The experience at PMH clearly 
supports this contention. In their 
retrospective analysis from Peru, Gotuzzo 
et al. (63) described four distinct skeletal 
syndromes: (1) sacroiliitis (Case Ill), (2) 
peripheral arthritis (Case IV), (3) mixed 
arthritis, and (4) spondylitis (Table 5). The 
first two syndromes had a predilection for 
younger patients while spondylitis was 
particularly common in patients over 55 
years of age (54,63). Sacroiliilitis and 
peripheral arthritis were associated with 
acute brucellosis, while spondylitis was a 
complication of chronic disease (63,64). 

Brucallar Arthritis: Joint Involvement 

Sactotlutts 

Periphera4 arthruos 

Monoatthnus 

PolyarthritiS 

Mixed arthritos 

Sacroiliitis 

Peropheral arthrtlis 

59ondvlitis 

LcxlhZIUoo 

Unilateral 

Bilateral 

Hop 

Knee 

Ankle 

Shoulo"" 

Elbow 

Rheumatood-lika 

Pauctarucula~ 

Unilateral 

Bilateral 

Monoarticular 
PauctartfCular 

RheumatO<d·hke 
Lumbar spine 

Table 5 

39 
9 

12 

10 

3 
2 

2 
1 

10 

6 
2 
5 
I 

2 
7 
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Peripheral arthritis characteristically involved a single large joint of the lower 
extremity. Synovial fluid values from 13 patients with peripheral arthritis were 
extraordinarily variable (e.g., wbc and differentials ranging from 220 to 9820 total 
cells and 15 to 77%, respectively) (Table 6) (63). Ten to 20 percent of patients with 
spondylitis developed paravertebral abscesses which required surgical drainage 

Bruceller Arthritis: Synovial fluid 

White cell count (cells/mm') 

Mononuclear cells(%) 

Glucose (mg%) 

Proteon (g%) 

Positive cullure • 

Tripticase sov broth (TSBI 

Ruiz-castailltda's medium (RC) 

'One SF was cultured in TSB and RC. 

Table 6 

Range ...... 
220-9820 3883 

15-77 

15- 75 
4.3-7.6 

0/6 
3/6 

51 
43.3 

5.5 

(63). 

In many parts of the world, 
brucellosis and tuberculosis are both 
major causes of osteoarticular disease. 
Efforts have been made to distinguish 
these two infections radiographically 
(64-66). Sharif et al. (65) noted that 
tuberculosis, brucella spondylitis more 
frequently involved the lumbar spine, 
was more often focal, and was less 
frequently associated with paravertebral 

abscess. Cordero and Sanchez (66) noted that systemic symptoms were 
significantly more common in brucellosis patients. 

Brucella Endocarditis (Case V). Brucella endocarditis occurs in less than 
1% of cases but accounts for rT!Ore than 80% of the fatalities due to this infection 
(67). In two large older series from Great Britain and the United States, 
endocarditis (mostly all B. abortus) accounted for 0.03 and 0.4% of cases, 
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respectively (68). In contrast, in Saudi Arabia, an area endemic for B. melitensis, 
9% of endocarditis cases are due to brucellosis (68). B. abortus almost 
exclusively involves the aortic valve, while B. melitensis may infect either or both 
the aortic and mitral valves. Bulky vegetations and embolic phenomena are 
common and for this reason brucella endocarditis often resembles that due to one 
of the "HACEK" organisms. Other complications of aortic valve endocarditis, such 
as myocardial abscesses and sinus of Valsalva fistulae, are well recognized with 
(67). If not properly treated, brucella endocarditis has an unremitting course with 
death, usually due to congestive heart failure, occurring with three months to one 
year. 

Results of initial CSF examination and serology for Brucella. 

CSF CSF 
Cer.tuospinal CSFcell proe.c;n sJua>IC 

Pattent prHIUI"C' count• levd Ievett CSF <"S Fbruedla Blood Serum bnx~la 

(mmH,OI (XIO"/L) (m&/L) (mmoi/LI cuhure •glutinauon t1tcr !.!ulcure ~ggiUIIftiUOn lllCt Other 

220 346 (86) 4.6l0 2.7 (7.3) <1:80 1:640 

llO 220 (87 ) 410 12 (4.6) 1:2.lb0 1:2.l60 Cerebral an!'osnm 
normal 

NO 86 (80) I. bOO 1.2 NO 1:1.280 
Ill 39l (92) 4.800 4.l (8.9) NO 1:640 1:2.560 CT scan showed 

hydrocephalus 
200 419(92) 870 2.9 (6.4) < 1:80 + I :2.l60 
440 l lOO 2.6 (l.9) NO 1:640 
NO 98(881 710 I. 7 (8.1) + NO l:l . llO 

350 2 190 3.6 NO <1:80 NO 1:2.l60 
NO NO liO 2.6 (l.4) NO + 1:640 CT scan showed opuc 

nerve swcllins 
10 2l0 46 (861 710 3.2 (l.9) NO NO 1.640 
II ISO 220(1001 MOO 2. 1 (7.3) + 1:320 + 1:640 
12 NO NO NO NO NO NO + l:l.l60 Cl scan s.howeu 

cerebral bleedinl!~ 
cerebral an~1osnm 
normal 

IJ NO 68 (97) 1.280 2.6 (l) 1:160 1:10.240 CT scan showed 
multip le infam 

14 NO )6 (9l) 6,340 1.~ (7.6) NO I: 1.280 
l l ISO l llO 4. 1 NO < 1:80 1:640 CT 5ean showed mass 

1n nghl panc~alloM. 

which ~rrued wuh 
treatment: cerebral 

angi~1'11m normal 
16 100 l0(100) 2.480 2.2 (7.8) I: 1.280 l:l.l 20 CT sc.an showed 

subdural hematoma: 
cerebral atrophy 

17 NO I '10 2.7 (7.2) NO U0.480 
18 400 230(49) l.ll l 2.3 ( 10. 1) + NO 1:1.320 MRI ofhnd and lower 

spane nonnal 

NOTE. - • n~tive: NO • not done; CT - compulcd lomoglillphtc: + • r"'O!U II\IC; MRJ - magncuc rcwnancc 1magmg. 

• Numbcn an perenthnn Oenote pen:enup of lym~tn. 
t Numbcn 1n pamtthna denote level of slucosc •n blood. 

Table 7 

Genitourinarv Brucellosis. Genitourinary tract involvement is a well
recognized localized complication of brucellosis, reportedly occurring in 2% to 
20% of men (52). In a series from Saudi Arabia involving 12 patients, ten 
presented with unilateral epididymo-orchitis, one had hydronephrosis, and one 
cystitis/urethritis (69). GU tract brucellosis may present with systemic signs or may 
be an isolated entity. Granulomatous orchitis secondary to brucellosis usually 
presents as an acute or chronic unilateral swelling of the testis (70). In Hispanic 
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populations, tuberculosis is the other major cause of granulomatous orchitis. 

Neurobrucellosis. As mentioned earlier, severe headaches and 
neuropsychiatric changes, including depression, are classic feature of brucellosis 
even in the absence of bona fide invasion of the central nervous system (1 ,5). 
However, direct involvement of the central nervous system by brucellosis occurs 
in less than 2% of cases (71 ). Several recent series describing the neurological 
complications of brucellosis indicate that neurobrucellosis may present with one 
of several syndromes (overlaps, of course, also being possible): (1) acute 
meningitis/meningoencephalitis, (2) chronic meningitis (often with involvement of 
one or more cranial nerves), (3) meningovascular (i.e., stroke) syndrome, (4) 
polyradiculopathy/neuropathy, (5) parenchymatous syndromes or brain abscess 
(Table 7) (72-74). Acute meningitis accounts for the majority of cases. CSF 
abnormalities occur in all of the neurobrucellosis syndromes (including the 
polyradiculopathy/neuropathy form) consistent with the fact that meningitis 
underlies all of these syndromes. Nuchal rigidity may be absent in up to one-half 
of patients with brucella meningitis (74,75). Conversely, meningeal signs and/or 
other signs of diffuse CNS involvement often are found in patients in whom 
localized neurological dysfunction dominates the clinical picture (71,74). CSF 
abnormalities typically involve moderate lymphocytic pleocytosis (usually 
<500/mm3

, mildly to markedly elevated protein (usually <200mg/dl), and mild 
moderate hypoglycorrhachia. Interestingly, approximately one-third of patients 
have normal CSF glucose. 

Gastrointestinal. A substantial proportion of patients have hepatic 
involvement manifested by chemical abnormalities of liver function tests. When 
transaminases predominate as the abnormal values, brucellosis may be mistaken 
for viral hepatitis (e.g., Case 1). Both caseating and noncaseating granulomatous 
hepatitis due to brucellosis are classic forms of the disease (1,38,76). As noted 
earlier, noncaseating granulomatous hepatitis is characteristic of B. abortus 
infection (38,39), while the histopathological picture of hepatitis due to B. 
melitensis appears to be more microabscesses or caseating necrosis (39,52). 
Chronic, suppurative liver abscesses due to B. suis infection Nonspecific 
gastrointestinal symptoms, such as nausea, vomiting, abdominal pain and 
diarrhea, are relatively common in brucellosis (1 ,49,52). Frank colitis has been 
documented in two brucellosis patients (77,78). 

Other Localized Complications of Brucellosis. Consistent with the protean 
nature of brucellosis are the numerous case reports documenting the diverse (and 
rare) localized manifestations of the disease. These include splenic abscess in 
patients with B. suis (76) and pneumonia (79). Splenic abscesses may reach 
tremendous size and be present for decades causing minimal localizing symptoms 
(76). Pneumonia is presumed to be due to inhalation of aerosolized bacteria. 
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Chronic brucellosis. Before chronic fatigue syndrome, fibromyalgia, and 
Lyme disease, there was chronic brucellosis! In the 1950's, the diagnosis of 
chronic brucellosis was in vogue for patients with prolonged (usually greater than 
one year) nonspecific symptoms. Some of these patients did, indeed, suffer from 
either relapses of brucellosis following inadequate antimicrobial therapy or occult 
metastatic complications (46). In many, however, the diagnosis was used to 
explain a variety of nonspecific symptoms in the absence of objective evidence 
of active or relapsed infection. As is true of Lyme disease today, in many cases 
the diagnosis was made in the absence of evidence that a patient had ever had 
brucellosis. In a marvelous treatise, Spink (46) described criteria for making the 
diagnosis of chronic brucellosis. 

DIAGNOSIS 

Diagnosis of brucellosis requires a high index of suspension. The cases 
appended to this protocol demonstrate how the failure to consider brucellosis can 
be an important factor in delayed diagnosis. Thus, it is essential that patients with 
generalized febrile illnesses compatible with brucellosis be questioned about their 
occupations and avocations, eating habits (especially ingestion of unpasteurized 
dairy products), foreign travel, and exposure to livestock and domestic animals. 

Culture of Brucella. A definitive diagnosis of brucellosis can be made only 
if a brucella species is recovered from a clinical specimen. For reasons discussed 
earlier, it is essential that the clinical microbiology laboratory be notified when 
specimens suspected of harboring brucella are sent there. In several prospective 
studies (involving exclusively patients with B. melitensis infection) the percentage 
of patients with positive blood cultures varied between 70% and 85% (80-83). In 
contrast, Shehabi et al. (84) reported positive blood cultures in only 45% of 
patients. The fastidious nature of brucella often is cited as the reason for the 
relative insensitivity of blood cultures. In view of the capabilities of the modern 
clinical microbiology laboratory, this may be less important than the intermittent 
nature of the bacteremia (especially in chronic brucellosis) coupled with the fact 
that brucellosis patients often receive broad-spectrum antimicrobials before blood 
cultures are drawn. 

Culture of bone marrow has been proposed as a means of supplementing 
the poor sensitivity of blood cultures. In a prospective study, Gotuzzo et al. (80) 
found that culture of bone marrow had a sensitivity of 90%. Shehabi et al. (84), 
however, found that only 27% of patients had positive marrow cultures. The 
combined sensitivity of blood culture plus serological tests (described below) is 
such that routine culture of bone marrow for brucellosis is certainly unnecessary. 



20 

Nevertheless, it is important to be aware of this potentially useful diagnostic 
modality. Even in well-documented cases of neurobrucellosis, culture of brucella 
from CSF appears to be the exception, rather than the rule (71 ). 

Serological Tests. Detection of brucella-specific antibodies, has for 
decades, been an invaluable adjunct to culture for the diagnosis of brucellosis. 
More than 95% of brucellosis patients will have positive serological studies if 
correctly performed (84,85). A titer of 1:160 or greater in the standard tube 
agglutination (STA) test, the assay most frequently utilized, is considered 
diagnostic in an appropriate clinical setting (5,84,85). Beginning with the classic 
study of Reddin et al. (86), a number of investigators have demonstrated that 
persistent or relapsed infection is associated with continued high levels of lgG 
antibodies (85,87 -89). In the STA test, 
lgG and lgM antibodies are 
distinguished by pre-incubating the 
sera with 0.05 M 2-mercaptoethanol; lgG 
antibodies are 2ME-resistant (Fig. 10). 
Buchanan and Faber (88) showed that a 
~1: 160 titer of 2ME-resistant antibodies 
one or more years after infection 
indicated active brucellosis. More 
recent studies using ELISA to 

2560 
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d. t" . h t"b dy SUbClaSSeS have Ruiprocai of Brucella Agglutinins in S.rum bt-IS lngUIS an I 0 for• and aft•r Exposurt to M•rcaptoethanoi Obtained from 
confirmed that elevated levels of lgG 6 Pali•nts with Chronic Suppurativ• Bruc•llosis. 

indicate chronic infection (87,90,91). 
Fractionation of the antibody response 

Figure 10 

also may be useful in patients with vague symptomatology and reactive brucella 
serologies, particularly if they have a history of prior treatment or occupational 
exposure. At PMH the agglutination test for 2ME-resistant antibodies is rarely 
utilized. The technologist I spoke with in the PMH Clinical Immunology Laboratory 
could not remember the last time this test was ordered! Brucella-specific 
antibodies are usually detectable in the CSF of patients with neurobrucellosis 
(71 ,73,74). 

In some patients with true brucellosis, agglutination tests will be negative. 
Physicians need to be aware of potential causes of falsely negative serological 
tests in brucellosis. In some instance, technical factors, such as a prozone 
phenomenon or the presence of serum blocking antibodies, may be responsible 
(5,85). Both of these can be circumvented by diluting the serum prior to 
performing the agglutination assay. In other brucellosis patients, delayed 
seroconversion is the cause of seronegativity. These individuals either should 
have repeat titers drawn or, alternatively, have their serum assayed by a more 
sensitive test (e.g., ELISA). Finally, the conventional serological tests do not pick 
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up B. canis, because it is a rough form of brucella that lacks the carbohydrate 
determinants on its LPS shared by B. abortus, B. melitensis, and B. suis. Special 
serological tests must be performed if infection with B. canis is suspected (3-5, 17). 
Newer assays that use outer membrane proteins, rather than whole cells, for 
serodiagnosis are not subject to this limitation (89). 

Recently, molecular methodologies based upon the use of DNA probes and 
PCR also have been studied for the diagnosis of brucellosis (92,93). Their 
usefulness in the clinical setting has not been determined. 

TREATMENT 

Probably no other aspect of 
brucellosis engenders more controversy Effect of Antibiotics on Intracellular Brucella 

than its treatment. When, Magoffin and 
Spink (94) demonstrated in 1951 that 
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10. 

the ability of brucella to reside within 
mononuclear phagocytes protects the [~o• 
bacterium from antimicrobial agents : 
(Fig. 11), they ushered in the era of ~ 10• 

modern chemotherapy for brucellosis. • 
From this and numerous other in vitro, i lo• 

animal, and clinical studies major 
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principles have emerged to guide the 
development of chemotherapeutic 
regimens for brucellosis: (1) while 
brucella species are extremely sensitive 
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to many antimicrobial agents in 
conventional bactericidal assays, such 

Figure 11 

36 •• 60 72 14 

tests often do not predict clinical efficacy and (2) successful treatment of 
brucellosis requires prolonged chemotherapy with a combination of agents, and 
(3) optimal treatment regimens for brucellosis should include at least one agent 
with good intracellular penetration. All forms of monotherapy (including 
combination drugs such as trimethoprim-sulfamethoxazole and highly lipophilic 
agents) tested to date have had unacceptably high failure rates. 

In the 1950's, the combination of tetracycline (2g/d for 6 weeks) and 
streptomycin ( 1 g IM for 2-3 weeks) emerged as the gold standard for the treatment 
of systemic brucellosis. Repeated studies of this combination have shown failure 
rates well below 5% (1 ,5,95). Because of its greater lipophilicity (which improves 
cellular penetration) and longer half-life (which improves patient compliance), 
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doxycycline replaced tetracycline. Though extremely effective, regimens 
employing streptomycin are complicated by the fact that this aminoglycoside is 
toxic and must be administered parenterally. Gentamicin is a less toxic alternative 
recommended by Sanford (95). However, gentamicin also must be administered 
parenterally and published evidence documenting its equivalence to streptomycin 
is limited. 

Rifampin, which 
has excellent 
bioavailability and good 
penetration of cell 
membranes has 
emerged as a major 
drug for the treatment 
of brucellosis; in most o 
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regimens, rifampin (600- - 4o :a 
900 mg/day) is ~ 
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Actuarial probability of 
treatment failure for the two treat• 
ment groups. Probabilities were 
calculated using the Kaplan-Meier 
method. Numbers with arrows rep
resent available patients throughout 
the follow-up period. DR • doxy· 
cycline·rifampin combination thera
py; DS • doxycycline-streptomycin 
combination the rapy. P > 0.2 using 
Mantel-Cox. 
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administered in £ 
combination with 
doxycycline (200 
mg/day) (5). While the 
combination of 
doxycycline and 
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streptomycin given for Figure 12 

only 30 days is clearly superior to a 30 day regimen of doxycycline and rifampin 
(82), the two regimens are almost equally efficacious when administered for six 
weeks (81 ,83). Currently the World Health Organization considers the doxycycline
rifampin combination to be the treatment of choice even though it appears to be 
slightly less effective than doxycycline-streptomycin, particularly for spondylitis 
(Fig. 12) (81 ,83). Many authorities recommend doxycycline-streptomycin for the 
treatment of spondylitis or other suppurative forms of brucellosis or, if 
doxycycline-rifampin is used, that the combination be given for an even longer 
duration than that recommended by the WHO. Most authorities recommend 
trim.ethoprim/sulfa and rifampin or trimethoprim/sulfa and an aminoglycoside for 
the treatment of brucellosis in children (95,96). 

Based upon in vitro bactericidal assays, ofloxocin is the most potent of the 
quinolones against brucella species (97). Not unexpectedly, experience already 
indicates that monotherapy with these agents is inadequate (98-100). It is likely, 
however, that these agents will prove efficacious in combination with other agents. 
Despite its excellent in vitro activity, results with ceftriaxone monotherapy also 
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Treatment of Neurobrucellosis and Endocarditis. Data for the treatment of 
neurobrucellosis and brucella endocarditis are extremely limited. Because 
streptomycin does not penetrate the CNS blood-brain barrier, treatment of 
neurobrucellosis should not be attempted with doxycycline-streptomycin even 
though cures with this combination have been reported (71,74). Most authorities 
recommend that patients with neurobrucellosis receive prolonged courses with 
two or three anti-brucella drugs that penetrate the blood-brain barrier (e.g., 
doxycycline, rifampin, bactrim) (71,73,74,103). Corticosteroids also have been 
used with apparent benefit in cases complicated by arachnoiditis and/or vascular, 
spinal cord, or cranial nerve involvement, (71,73,74,103), though strong proof of 
their efficacy is lacking. One highly experienced Spanish group recommends 
treatment until the patient recovers, the CSF glucose returns to normal, the cell 
count is <1 00/pl, and CSF antibodies begin to decrease; a mean of 8.5 months of 
treatment were needed to achieve cure by these criteria (71 ). With appropriate 
therapy, the prognosis for essentially neurological recovery appears to be 
surprisingly good. 

Cure of endocarditis requires bactericidal therapy, which is difficult to 
achieve with any combination of anti-brucella drugs. Thus, most authorities 
believe that early surgical intervention is mandatory for brucella endocarditis and 
that treatment should consisit of a combination of antimicrobial agents and valve 
replacement (104-106). However, there have been cases of brucella endocarditis 
cured by medical therapy alone (107,108), suggesting that car_efully selected 
patients could avoid surgery. Such patients obviously require careful observation 
so that complications necessitating valve replacement can be detected . as soon 
as possible. 

PREVENTION 

Experience in industrialized countries has demonstrated that eradication of 
brucellosis is possible using a well-coordinated campaign of serologic testing of 
cattle, slaughter of infected animals, and vaccination of uninfected herds. The 
attenuated strain 19 of B. abortus has been used in the United States as a vaccine 
for bovine brucellosis since the 1920's. Similar measures, once instituted in the 
1970's, dramatically lowered the incidence of swine brucellosis in the United 
States. An attenuated B. melitensis strain has been used successfully in a number 
of countries, though not in many countries where caprine brucellosis is enzootic. 
In the Soviet Union attenuated strains of B. abortus have been administered 
successfully to humans with occupational exposure to brucella; such vaccines, 
though apparently effective, have never been licensed in the United States. While 
the elimination of brucellosis from livestock ultimately is necessary to eradicate 
this disease, compulsory pasteurization of milk would curtail transmission of 
brucella to the vast majority of individuals who do not have close contact with 
livestock. Failure to invoke this single public health measure accounts for the 
vast majority of cases in endemic areas. 
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CASE I -ACUTE BRUCELLOSIS (B. suis) 

TC was a 63 yo black male with a history of hypertension who presented to 
the PMH Ambulatory Care Center with a two week history of anorexia, nausea, 
vomiting, abdominal pain, and constipation. One week PTA he was evaluated in 
the ACC at which time he had complaints similar to those which led to his 
admission one week later. During his first evaluation, he was noted to be mildly 
febrile (temp c;>f 38° C) and have mildly elevated liver function tests (AST 206, alk 
phos 136, total bili 1.4). He was felt to have viral hepatitis. His physical 
examination on admission was remarkable only for a respiratory rate of 40, 
temperature of 39° C and a grade IIINI systolic ejection murmur along the left 
sternal border. Admission labs were notable for a Hb/Hct of 9.7/30.2, wbc 6.5, 
creatinine 1.7, AST/ALT 565/312, alk phos 227, and total bili 1.5. After appropriate 
cultures were obtained, the patient was placed on ampicillin and gentamicin but 
continued to spike daily temperatures to 40° C. Cardiac evaluation, including a 
transesophageal echocardiogram, was unremarkable. On his sixth hospital day, 
the blood cultures grew B. suis. Brucella titers subsequently were positive at 
1:320. He defervesced promptly to bactrim, tetracycline, and gentamicin. 
However, several days after beginning appropriate anti-brucella therapy, his 
platelet count dropped abruptly to 10,000 and he developed a Gl bleed requiring 
16 units of packed red cells. Bone marrow biopsy showed hemophagocytosis and 
granulomas. The patient subsequently stabilized and was discharged to complete 
a six week course of bactrim and rifampin. 

Comments: This is the only case of brucellosis not due to B. melitensis available 
in PMH records. The patient's toxicity coupled with the confusing constellation 
of multiple constitutional symptoms with minimal localizing signs are typical of 
acute brucellosis (usually 2° B. suis or B. melitensis). As noted in the protocol, 
gastrointestinal symptoms are well described in brucellosis. The peripheral blood 
and bone marrow abnormalities also are well recognized hematologic 
complications of brucellosis. 
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CASE II - INADEQUATELY TREATED SUBACUTE BRUCELLOSIS (?UNDULANT 
FEVER) 

JL was a 31 yo Hispanic male admitted to PMH on 7/4/91 complaining of 
fever to 40°C, headache, nausea, chills, and flank pain of several days duration. 
He was appropriately cultured and begun on ampicillin, nafcillin and gentamicin. 
Lumbar puncture was normal. During five days in hospital, he defervesced and 
felt symptomatically better. He was discharged on the sixth day after admission. 
Approximately one week after discharge he noted recurrence of fevers and 
headaches. His symptoms worsened over the next four weeks until he began 
having daily night sweats and severe bitemporal headache. Physical examination 
on admission was remarkable for a temperature of 40°C and an ill, though 
nontoxic, appearance. Laboratory showed a Hb/Hct of 9.7/29.1, wbc of 2.9, and 
platelets of 107,000. CSF was unremarkable. The patient was begun on penicillin, 
nafcillin, and gentamicin but continued to spike temperature to 40° C. Anti
tuberculosis medicines were begun on day three. An abdominal CT scan showed 
mild splenomegaly. Bone marrow examination showed granulomas. On the fourth 
hospital day, B. melitensis was isolated from his admission blood cultures and 
serum brucella agglutination titer was positive at 1:640. Further history obtained 
at this time revealed that he travels to Mexico and ingests unpasteurized goat milk 
cheese. Over the next week he gradually improved on doxycycline and rifampin 
and was discharged to complete his six week course of therapy. 

Comments: This patient's fever curve seems suspiciously similar to true undulant 
fever. It is possible that the characteristic afebrile period fooled his physicians. 
Alternatively, he may have shown a partial response to gentamicin only to relapse 
after its discontinuance. This case illustrates how easy it is to mistake brucellosis 
for miliary tuberculosis and how important it is to obtain relevant historical 
information in order to expedite the diagnosis. 
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CASE Ill - BRUCELLA SACROILIITIS 

JB was an 18 yo Mexican female admitted 4/93 to PMH complaining of back 
pain radiating down her left leg and difficulty ambulating. Approximately one 
month before she had noted fever, headache and headache although these had 
resolved before the onset of her back pain. She denied any history of IVDA. Her 
physical examination was remarkable for pain over her left sacroiliac joint (though 
with full range of motion in her left hip) and splenomegaly. Laboratory showed 
pancytopenia (Hb/Hct of 8.2/26, wbc of 3000, and platelets of 100,000. LP was 
unremarkable. X-rays of her pelvis showed widening of her left sacroiliac joint; 
MRI scan of the same area showed sacroiliitis and osteomyelitis. She was placed 
on nafcillin/gentamicin. On her fifth hospital day, blood cultures were positive for 
B. melitensis and brucella titers subsequently were positive at 1 :320. She 
improved slowly on doxycycline/rifampin and was discharged on this regimen. 

Comments: Sacroiliitis is the most common osteoarticular complication of 
brucellosis. It should be considered in Hispanic patients especially, those without 
a history of IVDA. 
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CASE IV - BRUCELLA SUPPURATIVE ARTHRITIS 

PR was a 26 yo Hispanic male who presented to PMH on 4/6/93 with fever, 
chills, and a hot, swollen right knee. In December of 1992 he had traveled to 
Mexico to help with the chores on his father's farm. Four weeks into his trip, he 
began having fevers, dry cough, and headache for which he was given an 
unknown oral antibiotic. His fevers disappeared and he returned to the United 
States several weeks later. Two weeks after he returned, he noted recurrence of 
fever, headache, and dry cough. The fevers persisted for several weeks and then 
disappeared. The fevers returned after an afebrile period of approximately one 
week. Several days later he noted the onset of progressive pain and swelling in his 
right knee. Physical examination was remarkable for a temperature of 41 o C, 
anterior cervical lymphadenopathy bilaterally, and a warm, tender, moderately 
swollen right knee with effusion. Laboratories showed a Hb/Hct of 13.9/39, wbc of 
1 0.6, and platelets of 213,000. The right knee synovial fluid contained 11,000 wbc 
(SOP,32L,8M), total protein 5.4, and 1800 rbc. X-ray of the knee showed only 
effusion. Upon admission, the patient was placed on nafcillin and ceftriaxone for 
presumed staphylococcal or gonococcal arthritis. Over the subsequent four days, 
his knee continued to worsen and he spiked daily temperatures above 40° C. 
Brucellosis titers, obtained one week after admission, were positive at a titer of 
1 :640. At that time, a complete history revealed the patient's extensive animal 
contact and ingestion of unpasteurized goat's milk while in Mexico. The patient 
was treated in hospital with doxycycline, gentamicin, and rifampin and then 
discharged to complete a six week course of doxycycline/rifampin. 

Comments: As with the first case, the waxing and waning of the patient's 
temperature seems compatible with undulant fever. The prolonged fever prior to 
the development of the arthritis would be unusual for staphylococcal arthritis and 
even more so for gonococcal arthritis. The differential on the synovial fluid also 
suggested an etiology other than conventional suppurative arthritis. In this case, 
gentamicin was added in view of the seriousness of the arthritis and concerns in 
the literature over the efficacy of doxycycline-rifampin combination for 
osteoarticular complications of brucellosis. 
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CASE V - B. ABORTUS ENDOCARDITIS 

(Generously provided by Dr. Clark Gregg, Ft. Worth, TX.) 

RML was a 29 yo white male with congenital aortic stenosis. At age 11 he 
underwent aortic valvulotomy and at age 18 (1971) underwent AVR with a Bjork
Shiley prosthetic valve. For the past several years he worked as a veterinary 
assistant during which he had extensive exposure to domestic livestock. It is 
unclear whether he handled B. abortus strain 19 vaccine. In 3/92 he was admitted 
to Harrison Methodist Hospital in Fort Worth with fevers and left upper quadrant 
pain. Three weeks PTA he underwent teeth cleaning at which time he was 
prophylaxed with keflex. His fevers began approximately one week afterwards. A 
physician diagnosed sinusitis and prescribed a 10 day course of keflex; his fevers 

·persisted. His admission physical examination was unremarkable. His aortic 
prosthesis was felt to be functioning normally though a 3mm pedunculated mobile 
mass was visualized on transesophageal echocardiogram. An abdominal CT scan 
showed a splenic infarction. Blood cultures prior to the institution of antibiotics 
subsequently were negative. He was started empirically on vancomycin, 
gentamicin, and rifampin for possible SBE of his aortic valve prosthesis. Because 
of the question of drug fever, antibiotics were discontinued approximately one 
week later. Multiple blood cultures were negative and he was discharged for 
further follow-up as an outpatient. 

He was readmitted in 7/92 with a right parietal intracerebral hemorrhage with 
left hemiparesis. Again, blood cultures obtained prior to the administration of 
antimicrobials were negative. He underwent craniotomy for drainage of the 
hematoma and was discharged in 8/92 for rehabilitation. He reported intermittent 
low grade fevers during the remainder of 1992. In November 1992 he saw his 
physician for a flu-like illness and received amoxicillin/clavulinic acid. He was well 
until 2/93 when he noted onset of fever and malaise. One evening in March he 
experienced a rigor and spiked a temperature to 105° F. He was admitted to a 
local hospital. Blood cultures at that time grew a gram-negative coccobacillus 
subsequently identified as B. abortus. Physical examination showed a residual left 
hemiparesis, a new 2/6 aortic insufficiency murmur, 1/6 mitral regurgitation, 
splenomegaly. The patient was initially started on ampicillin/sulbactam plus 
gentamicin; bactrim was added when the blood culture report was obtained. On 
3/31/93, he underwent AVR with a St. Jude's prosthesis and uneventfully 
completed a six week course of Unasyn, doxycycline, and gentamicin. He has 
been asymptomatic during subsequent outpatient evaluations. 

Comments: This case demonstrates how extraordinarily insidious brucella 
endocarditis can be. The fact that B. abortus is less virulent than other brucella 
species may have contributed to the prolonged course. 
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