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Identification of the Causative Agents
and the Epidemiology of Porcine Brucellosis*

MARGARET E. MEYER, Ph.D. & H. S. CAMERON, D.V.M., Ph.D.

Brucella organisms that had been isolated from swine or from human beings exposed
to infected swine, and that had been previously identified as members of the species Br. meli-
tensis, were examined for their oxidative metabolism, for their growth patterns on media
containing basic fuchsin and thionin, and for their hydrogen sulfide production. These
organisms displayed the oxidative metabolic pattern that characterizes and identifies
the members of the species Br. suis. They also are identical to Br. suis, type 1, in their
tolerance to increased concentrations of thionin in the growth media. They are similar to
Br. suis, type 2. in their inability to produce hydrogen sulfide, and share with other members
of the species Br. suis the characteristic preference.for a porcine host. These findings are
evidence that these organisms are not Br. melitensis but are a biotype of Br. suis. Their
correct identification is important to understanding the epidemiology of brucellosis.

Precise descriptions of the organisms which induce
disease, and accurate methods for their identifica-
tion, are prerequisites to understanding the epidemio-
logy of disease. In a disease such as brucellosis,
which can be caused by several species of micro-
organisms and can have a variety of animals that
serve as hosts and reservoirs of infection, the
fulfilment of these prerequisites is particularly
important. It will remain difficult, or impossible, to
ascertain reservoirs of infection and to understand
the spread of this disease as long as the species of
Brucella remain inadequately defined. A current
example is the confusion caused by the continued
uncertain identity of many of the strains of Brucella
being recovered from swine. While most of these
strains have been reported from the mid-western
USA, their occurrence is not limited to this area
(see Table 1). Although Huddleson (1957) stated
that the organisms isolated from hogs and man in
the mid-western USA since 1949 were now classified
as Brucella suis, type 3, investigators are continuing
to identify these organisms as Brucella melitensis
(Hendricks, 1961); Br. suis, type 2; or Br. melitensis
biochemically but Br. abortus serologically (see
Table 1).
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The continued misidentification of Br. suis, type 3,
as Br. melitensis is understandable, as the two
organisms are similar to one another in their growth
patterns on basic fuchsin and thionin and in their
hydrogen sulfide production. Huddleson (1957)
indicated that the sugar fermentation tests of
Pickett & Nelson (1955) would serve to identify
these organisms, but there are no reports in the
literature confirming the accuracy of the tests, and
Renoux (1958) questions their value. Lack of a
method that ensures the differentiation of Br. suis,
type 3, from Br. melitensis has raised the question
whether this organism is, in fact, a variant of
Br. suis or of Br. melitensis (Beal et al., 1959;
Karsten, 1960).

This paper presents a method for differentiating
Br. suis, type 3, from Br. melitensis, presents evidence
substantiating Huddleson's (1957) classification of
it as a member of the species Br. suis, and discusses
informational errors that have arisen as a result of
identifying biotypes of Br. suis as Br. melitensis.

MATERIALS AND METHODS

Table 1 shows the geographical and host source
of the Brucella strains used in this study, their
identification at the time of receipt, and, where
known, the date of initial isolation. Strains 4 through
17 in Tables 2 and 3 are the strains that have been of
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TABLE 1
IDENTIFICATION, GEOGRAPHICAL ORIGIN AND
HOST ORIGIN OF 14 BRUCELLA STRAINS OF

UNCERTAIN IDENTITY

Strain Geo-
identi- Species identification
fication graphical Host origin at time of receipt

No.

3S-25 Indiana Man Fuchsin-fast Br. suis

3S-102 California Man Intermediate between
Br. suis and
Br. melitensis

4M-8 USA Man Fuchsin-fast Br. suis

4048 California Man Br. suis

H-3 Minnesota Swine Br. melitensis
(1933) (Danish Br. suis) a

H-13 Indiana Man Danish Br. suis

H-9 Alaska Man Danish Br. suis

669 Iowa (1960) Man or swine b Br. melitensis

670 Iowa (1960) Man or swine b Br. melitensis

671 Iowa (1960) Man or swine b Br. melitensis

679 Iowa (1960) Man or swine b Br. melitensis

682 Iowa (1961) Man Br. melitensis

686 Iowa (1961) Man Br. melitensis

B-537 Singapore Swine Br. melitensis
biochemically,
Br. abortus
serologically

a Originally identified as Br. melitensis; reclassified as
Danish Br. suis by the investigator who donated it for this study.

b Isolated during a recent outbreak in Iowa; specific host not
stated.

uncertain identity, and are referred to herein as
Br. suis, type 3.
The nomenclature and classification of species

and biotypes used in this paper are as described by
Huddleson (1957), with the exception that the
biotypes have been designated 1, 2 and 3, rather
than I, II and III, in accordance with the recom-
mendations of the International Subcommittee on
the Taxonomy of Brucella at the VIlIth Inter-
national Congress for Microbiology, Montreal, 1962.

Conventional procedures for ascertaining carbon
dioxide requirements, hydrogen sulfide production,
and the bacteriostatic action of basic fuchsin and
thionin on the growth of the organisms were carried
out as recommended by the Joint FAO/WHO Expert
Committee on Brucellosis (1953, 1958). The method
of Jones (1958) was used for the preparation of
monospecific antisera.

Resting cell suspensions for manometric deter-
minations were prepared as previously described
by Meyer & Cameron (1958). The substrates were
dissolved in Sorensen's 0.06 M phosphate buffer
and, when necessary, the pH of the solution was
adjusted to 7.0 by the addition of sodium hydroxide.
Conventional manometric techniques were employed
to determine oxygen uptake (Umbreit et al., 1957).
Each flask contained: cell suspension, 1.0 ml;
solution containing 5 mg of the desired substrate,
0.5 ml; buffer, 1.4 ml; and 20% KOH, 0.1 ml.
Endogenous respiration rates were determined for
each experiment. The figures given in the results are
(QO2N) values with the endogenous rate sub-
tracted.

RESULTS AND DISCUSSION

Table 2 compares the biochemical characteristics
of Br. melitensis with those of the three biotypes of
Br. suis, and Table 3 compares the oxidative meta-
bolic pattern of Br. melitensis with the patterns
displayed by the biotypes of Br. suis.

Table 2 shows that Br. suis, type 3, is similar to
Br. melitensis and Br. suis, type 2, in that it does not
produce H2S, but it is identical to Br. suis, type 1,
in its ability to grow in the presence of four to five
times the concentration of thionin that inhibits the
growth of Br. melitensis. Additionally, Br. suis,
type 3, is indistinguishable from Br. suis, type 1,
in its catalase and urease activity (Huddleson, 1961).

Table 3 shows that the organisms classified as
Br. suis, type 3, display a pattern of metabolism that
is uniform for this group and is similar to the
oxidative patterns of Br. suis, types 1 and 2, and
that the oxidative pattern is distinctly different from
that of Br. melitensis.
The rates of utilization on D- and L-alanine,

L-asparagine, L-glutamic acid, DL-ornithine, DL-
citrulline, L-arginine, L-lysine, and D-ribose are
within the rate ranges that characterize the species
Br. suis and differentiate it from Br. abortus and
Br. melitensis (Meyer & Cameron, 1961; Meyer,
1961, 1962; Meyer & Morgan, 1962). Br. suis,
type 3, can, however, be differentiated from Br. suis,
types 1 and 2, by rate differences on L-arabinose and
D-galactose. In view of the quantitative and quali-
tative similarities that exist between Br. suis, type 3,
and other members of the Br. suis species, and its
dissimilarity to Br. melitensis, it is evident that this
organism is properly classified as a biotype of
Br. suis.
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TABLE 2
DIFFERENTIATION OF BRUCELLA MELITENSIS FROM THE BIOTYPES OF BRUCELLA SUIS

BY THE CONVENTIONAL BIOCHEMICAL TESTS

H2S production Dye bacteriostasis a Agglutination
C02 for onday: Basic fuchsin ~~~~~~~~withSpecies and strain C02 for on day: Basic fuchsin Thionin monospecific

No. isolation zg dye per ml medium:
1 2 3 4 10 15 20 10 15 20 25 50 A M

1. Br. melitensis 16 M Not required - - - - + + + + + + - - - +

2. Br. suis, type 1, 1330 P, + + + + - _ - + + + + + + -

3. Br. suis, type 2, 570 ,, _ _ + + + - - + - - + -

Br. suis, type 3:
4. 3S-25 , _ - + + + + + + + + + + -

5. 3S-102 , _ - + + + + + + + + + + -

6. 4M-8 -_ _ - + + + + + + + + + -

7. 4048 ,, - _ _ - + + + + + + + + + -

8. H-3 , - _ - + + + + + + + + + + -

9. H-13 ., _ _ _ - + + + + + + + + + -

10. H-9 , - - + + + + + + + + + + +

11. 669 ,, _ _ _ - + + + + + + + + + -

12. 670 , -_ - + + + + + + + + + -

13. 671 ,. _ - - - + + + + + + + + + -

14. 679 .. _ _ _ - + + + + + + + + + -

15. 682 ,, _ _ - + + + + + + + + + + -

16. 686 ,. _ - + - + + - + + + + + + -

17. B-537 , - - + + + + + + + + + -

a + = growth;-= No growth.
b A = Br. abortus antigen; M = Br. melitensis antigen.

Establishing the identity of these strains of swine
origin as a biotype of Br. suis rather than of Br. melit-
ensis is of epidemiological as well as taxonomic
importance.
The first reported isolation of organisms which

fit the description of Br. suis, type 3, but which
were identified as Br. melitensis, was by Jordan
& Borts (1946), when they isolated such organisms
from 26 human beings in Iowa. The source of these
infections was traced to swine. However, the source

from which the swine became infected with Br. melit-
ensis remains unexplained. Jordan & Borts (1946)
thought that the swine became infected from sheep
which had been imported to the mid-western USA
from the western and south-western States. How-
ever, the only reported occurrence of brucellosis in
sheep in the United States was that made by Stoenner

(1951), when he isolated Br. abortus from one out
of 104 samples of ewe's milk during an epidemio-
logical investigation of Q fever in California. It
therefore seems highly improbable that sheep could
have been the reservoir from which swine became
infected. The reverse cf this situation also deserves
contemplation. Sheep are known to be susceptible
to Br. melitensis. If there is an endemic reservoir of
Br. melitensis infection in the midwestern United
States, it becomes difficult to account for the fact
that infections and abortions in sheep due to
Br. melitensis are not being reported. When this
organism is viewed as a member of the Br. suis
species, its occurrence in swine is no longer a puzzle,
as the biotypes of the species display the same host
preference as do typical members of the species
(Meyer, 1962).
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TABLE 3
DIFFERENTIATION OF BRUCELLA MELITENSIS FROM THE BIOTYPES OF BRUCELLA SUIS

BY OXIDATIVE METABOLIC PATTERNS

Substrates

Species and strain Amino acids Carbohydrates
No.L- LL- DL- Lsar- gl-tmi DL- DL- L- L- Lrb- aa- D-

alanine asPanea gluamic ornithine citrulline arginine lysine arabe- ogalse ribose

1. Br. mel/itensis 16M 198 222 412 19 4 8 10 0 0 30

2. Br. suis, type 1, 1330 30 8 17 123 99 50 66 210 115 342

3. Br. suis, type 2, 570 38 35 156 144 156 87 19 239 77 423

Br. suis, type 3:

4. 3S-25 20 0 62 115 98 52 145 48 8 349

5. 3S-102 23 0 50 130 108 85 i0 30 25 326

6. 4M-8 10 0 58 106 100 66 83 20 30 342

7. 4048 33 13 40 114 92 50 109 40 28 341

8. H-3 106 22 89 216 123 108 90 29 28 293

9. H-13 18 20 100 178 108 78 115 47 13 370

10. H-9 22 9 87 139 65 45 50 43 0 204

11. 669 33 7 80 110 87 50 146 24 22 331

12. 670 50 32 91 126 131 78 136 72 32 318

13. 671 89 60 99 161 157 110 161 87 66 393

14. 679 31 27 45 81 82 68 87 35 90 308

15. 682 37 0 68 113 109 61 121 29 15 224

16. 686 17 8 9 107 117 81 96 4 1 229

17. B-537 65 0 68 164 54 55 100 0 10 290

Organisms of similar description to those reported
by Jordan & Borts (1946), and also identified as
Br. melitensis of swine origin, have been reported by
Kabler et al. (1947) in Minnesota, by Damon &
Scruggs (1950) in Indiana, by McCullough et al.
(1951) in Illinois, and by Hendricks (1961) in Iowa.
Not all of the cultures reported on by these investi-
gators were available for examination in this study.
However, cultures representing the time spanned by
the reports (from 1930 to the 1961 outbreak in
Iowa) and from the geographical areas involved
(Minnesota, Indiana, and Iowa) were available and
all can be identified as Br. suis, type 3.

Establishing the correct identity of these organisms
of swine origin should also clear up an apparent
anomaly in the literature that concerns the infectivity
and pathogenesis of experimentally induced Br. meli-
tensis infections in swine. Hoerlin (1952) found that
infection of swine could be uniformly achieved by

intravenous, conjunctival, and intravaginal routes of
exposure. Abortions occurred and the infection then
spread to the controls. From these results Hoerlein
(1952) concluded that the pathogenesis of Br. meli-
tensis infection in swine was similar to that of
Br. suis. In contrast, Beal et al. (1959) recovered the
organism from the lymph-node of only one of eight
pigs exposed orally and were unable to demonstrate
a bacteraemia. After subcutaneous exposure, one of
eight shoats developed a short-term bacteraemia,
but Brucella was not recovered from any of the
animals at autopsy. Only after intravenous inocu-
lation with up to 102 000 million organisms could
the organism be recovered from the lymph-nodes of
three out of eight pigs. The discrepancy in results is
attributable to the fact that the strain of organism
used by Hoerlein was Br. suis, type 3, isolated
originally from a hog in 1947, and that the strain
used by Beal et al. (1959) was Br. melitensis. Beal
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et al. (1959) examined Hoerlein's strain and found
that it was sufficiently different from their known
Br. melitensis that they referred to Hoerlein's strain
as Br. melitensis, American type. This nomenclature
has led Karsten (1960) to believe that there are
" peculiar cases of brucellosis in pigs in the United
States" and to urge that Br. melitensis of swine
origin continue to be known as the American type

to distinguish it from what he calls the classical or
Mediterranean type of Br. melitensis. The correct
identification of " American-type Br. melitensis" as
Br. suis, type 3, resolves this nomenclatural difficulty.
As may be noted from Table 1, Br. suis, type 3, is not
restricted in its geographical location to the mid-
western United States, but has also been found in
other parts of the USA and in other countries.

RtSUMt

Des Brucella, isolees it partir de porcs infectes ou de
sujets ayant ete en contact avec de tels porcs et considerees
jusqu'ici comme Br. melitensis ont et examinees selon
leurs proprietes oxydantes metaboliques, selon leur
croissance sur des milieux contenant de la fuchsine
basique et de la thionine, et selon leur degre de production
d'hydrogene sulfure. En fait, les proprietes metaboliques
ont ete celles qui caracterisent et identifient l'espece
Br. suis, et sont nettement distinctes de celles de Br.
melitensis. Par les techniques conventionnelles, ces orga-
nismes sont identiques a Br. suis, type 1, du fait de leur
tolerance a des concentrations croissantes de thionine
dans les milieux de culture. Ils partagent aussi avec les
autres membres de l'espece Br. suis leur affinite pour le

porc. Ces r6sultats viennent a l'appui de la recommanda-
tion d'Huddleson, pour lequel il convient de les classer
comme Br. suis, type 3, et non comme Br. melitensis.
Le fait d'identifier les organismes d'origine porcine

comme etant Br. suis, type 3, permet d'aplanir les diver-
gences relevees dans la litterature et consacr6es aux
differences de virulence et de pathogenese observees chez
des porcs atteints par des organismes * de type * Br.
melitensis. Les porcs sont apparemment de mauvais
hotes pour Br. melitensis et ne servent pas de reservoirs
infectieux pour Br. melitensis aux Etats-Unis. I1 n'y a
d'ailleurs dans la litterature aucune observation selon
laquelle le porc serait un reservoir de Br. melitensis dans
d'autres parties du globe.
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