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ABSTRACT

Streptobacillus moniliformis is an etiological agent of rat-bite fever and
Haverhill fever in human infection. As the currently available methods
for identifying the causative bacteria are not satisfactory, we attempted to
establish them by PCR using newly designed primers for the 16S rRNA gene
of S. moniliformis. We then determined the prevalence of Streptobacillus
spp. in two species of feral rats thatinhabitan urban region in Japan, because
information on the prevalence of the bacteria in feral rats is obscure. The
use of PCR with newly designed primers showed that an extremely high
proportion of R. norvegicus harbored the bacteria (61/66, 92%), whereas
the prevalence was only 58% in R. rattus (30/52). The nucleotide sequence
analysis of the 16S rRNA gene of Streptobacillus spp. isolated from oral
swabs of feral rats showed at least two different types of bacteria among
isolates from R. norvegicus and R. rattus.

PE: Caroline

Key words
16S rRNA gene, polymerase chain reaction,
rat-bite fever, Streptobacillus spp.

Streptobacillus moniliformis is a type of bacteria indige-
nous to the oral cavity of rats and other animal species,
such as mice, guinea-pigs, gerbils, ferrets, cats, dogs,
koalas, and non-human primates (1) and has been isolated
from apparently healthy animals (2). However, S. monil-
iformis infection in humans may result-in rat-bite fever
or Haverhill fever. Two to 10 days after exposure to the
bacteria through a bite or abrasion by rats or through the
ingestion of water or food contaminated by rat feces con-
taining the bacteria, acute symptoms such as fever, malaise,
muscle pain, articular inflammation, and maculopapular,
petechial, or pustular rash develop (3). S. moniliformis
infection in humans has been reported worldwide, and
mortality has been estimated to be 13% when untreated

(3). However, the incidence of human infection might be .

underestimated because rat-bite fever is not only an un-
common disease, but the bacteria are difficult to isolate
by conventional culture methods without the use of a spe-

(© 2008 The Societies and Blackwell Publishing Asia Pty Ltd

cial culture medium, such as ATCC medium 488 broth
(Streptobacillus medium) (1, 2, 4).

To our knowledge, two studies have reported that
S. moniliformis can be identified by PCR (5, 6). Andre
et al. (5) used universal primers for the detection of the
16S rRNA gene. This method requires subsequent nu-
cleotide sequencing for identification, and the results may
not be conclusive if the specimen contains several species
of bacteria. Boot et al. (6) reported the use of PCR using
specific primers for the 16S rRNA gene to detect S. monil-
iformis, but, in our preliminary study, some non-specific
amplification was observed.

In the present study, we attempted to design new
primers that would enable us to detect S. moniliformis
more specifically. We also applied PCR using newly de-
signed primers to study the prevalence of the bacteria in
laboratory rats and in two species of feral rats that inhabit
an urban region.
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Table 1. Prevalence of Streptobacillus spp. in feral and laboratory-
reared SPF rats

n PCR positive Positive (%)

Feral rats

Norway rat (R. norvegicus) 66 61 92

Black rat (R. rattus) 52 30 58

Total 118 91 77
Laboratory rats

Fisher 344 28 0 0

Wistar 26 0 0

Total 54 0 0

Materials and methods

Rat samples

Feral R. norvegicus and R. rattus were captured at several
urban areas of Tokyo and its vicinity in Japan. Most of
the R. norvegicus were caught outdoors, whereas R. rattus
were all captured inside buildings (Table 1). Oral swabs
were obtained and kept at 4 °C until cultivation. SPF Fisher
344 and Wister rats {R. norvegicus) were obtained from
Japan SLC, Hamamatsu, Japan.

Cultures and isolations

Oral swabs were suspended in ATCC medium 488 broth
(Streptobacillus medium: heart infusion broth containing
0.9% peptone, 0.045% glucose, and 18.2% horse serum)
and incubated overnight at 37 °C under an atmosphere of
5% CO,. For the isolation of Streptobacillus spp., aliquots
were inoculated in an ATCC medium 488 agar plate
containing colisin nalidixic acid and sulfamethoxazole-
trimethoprim, and the plate was incubated at 37 °C under
anaerobic conditions (7).

Bacterial strains and extraction of genomic
DNA

The bacterial strains used in the present study are listed in
Table 2. Bacterial species belonging to the family Fusobac-
teriaceae (Fusobacterium spp. and Leptotrichia buccalis)
and commensal species of the oral cavity of humans and
animals were included. Three reference strains of S. monil-
iformis (ATCC14647, ATCC49567, and ATCC49940)
were purchased from American Type Culture Collection
(Manassas, VA, USA). Strains of Fusobacterium, Lep-
totrichia, and Ensifer were obtained from RIKEN BioRe-
source Center (Wako, Saitama, Japan). Fusobacterium
nucleatum GTC 04469 was from Gifu University (Gifu,
Japan). Bacterial strains readily available in our laboratory

Table 2. Bacterial strains and polymerase chain reaction results

Amplification by primers

Bacterial strains S5/AS2  S/AS

S. moniliformis, ATCC14647 +
S. moniliformis, ATCC49567 +
S. moniliformis, ATCC49940 +
Bacillus anthracis, PAIl -
Bacillus cereus, NBRC3466 -
Bacillus subtilis, 3 -
Brucella abortus, 544 -
Brucella canis, QE13 - -
Brucella melitensis, 16M - -
Brucella suis, 1330 - -
Capnocytophaga canimorsus, ATCC35979 - -
Capnocytophaga cynodegmi, ATCC49044 - -
Capnocytophaga sputigena, ATCC33612 - -
Coxiella burnettii, Nine Mile - -
Ensifer meliloti, ICM20682 - -
Escherichia coli, DHS alpha -
Francisella tularensis, LVS -
Fusobacterium equinum, JCM11174 -
Fusobacterium necrophorum, JCM3718 -
Fusobacterium nucleatum, GTC 04469 -
Fusobacterium varium, JCM3721 -
Haemophilus influenzae, Type B -
Klebsiella pneumoniae, ATCC13883 -
Leptotrichia buccalis, ICM12969 -
Listeria monocytogenes, ATCC15315 -
Mycobacterium tuberculosis, ATCC27294 - -
Ochrobactrum anthropi, ATCC49187 - -
Pseudomonas aeruginosa, KH683 - -
Pasteurella aerogenes, ATCC27883 - -
Pasteurella canis, ATCC43326 - -
Pasteurella dagmatis, ATCC43325 - -
Pasteurella gallinarum, ATCC13361 - -
Pasteurella multocida, ATCC12947 - -
Staphylococcus aureus, ATCC29247 - -
Yersinia enterocolitica, Pa177 - -
Yersinia pestis, Yreka - -
Yersinia pseudotuberculosis, 319 - -

b+ o+

1+ 4+ 11

+

and used in the previous study (8) were also included. The
reference and new isolates of Streptobacillus spp. were cul-
tured on ATCC medium 488 agar plates at 37 °C overnight
under an atmosphere of 5% CO,, and DNA was extracted
using SepaGene (Sanko Junyaku, Tokyo, Japan) according
to the protocol supplied by the manufacturer. DNA from
non-Streptobacillus strains was also prepared as described
previously (8).

PCR and sequence analysis

Bacterial cells cultured in ATCC medium 488 broth
overnight were collected by centrifugation at 8900 x g for

© 2008 The Societies and Blackwell Publishing Asia Pty Ltd
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Table 3. Primers used in the present study

Primer name Sequence Target length Locationt (Z35305)
S5 5-CATACTCGGAATAAGATGG-37 269 bp 965-983

AS2 5-GCTTAGCTCCTCTTTGTAC-3/ 1233-1215

S 5-GCTTAACACATGCAAATCTAT-37 296 bp 39-59

AS 5-AGTAAGGGCCGTATCTCA-3/ 334-317

27f S-AGAGTTTGATCCTGGCTCAG-3/ 1482 bp 1-20

1492r 5-GGCTACCTTIGTTACGACTT-3/ 1482-1464

Primers S5 and AS2 were newly designated in this study. S and AS were prepared according to reference 6. 27f and 1492r were prepared according

to reference 10.
tGenbank accession number.

3 min and were then resuspended in 200 uL TE (10 mM
Tris-HCI, 1 mM EDTA-2Na, pH 8.0). After being heated at
99°C for 15 min, the clarified supernatant fluid was used
as a template for specific amplification of Streptobacillus
spp. DNA.

85 and AS2 primers, which target the 165 rRNA gene of
S. moniliformis, were newly designed (Table 3). PCR with
S5 and AS2 primers was performed using puReTaq Ready-
to-Go PCR beads (GE Healthcare Bio-Science Corp., Pis-
cataway, NJ, USA) in a 25 pL reaction volume containing
5 pmol (0.5 pl) of each primer, 2.5 pl cultured supernatant
fluid, or 2.5 ng (2.5 pl) template bacterial DNA for verifi-
cation. The PCR program consisted of initial denaturation
at 95 °C for 3 min, 35 cycles of denaturation at 95 °C for
20 sec, annealing at 57 °C for 1 min, extension at 72 °C for
1 min, and final extension at 72°C for 7 min. A touch-
down PCR procedure, which was used by Boot et al. (6),
was also examined using both pairs of primers: S/AS and
S5/AS2 (Table 3).

Sequencing templates from reference ATCC strains of
S. moniliformis and isolates were prepared by PCR using
the universal primers for the 16S rRNA gene of eubacte-
ria, 27f and 1492r (Table 3) (9). Then, the PCR products
were purified using GPX PCR DNA and Gel Band Purifi-
cation Kit (GE Healthcare Bio-Science Corp.) according
to the manufacturer’s instructions. The purity of prod-
ucts was also inspected by electrophoresis on agarose gels.
Purified PCR products were adjusted to concentrations
of 5-10 ng/uL and sequenced using the BigDye Termina-
tor v3.1 cycle sequencing kit (Applied Biosystems, Foster
City, CA, USA) according to the manufacturer’s directions
with the sequencing primers 27, S, S5, AS, AS2, and 1492r.
Sequencing reaction products were purified using Centri-
sep Spin Columns (Princeton Separations, Adelphia, NJ,
USA), dried, and resuspended in 20 pL Hi-Di formamide
before capillary electrophoresis on ABI PRISM 3100 Ge-
netic Analyzer (Applied Biosystems). The sequencing data
sets were exported from the instrument and aligned using

© 2008 The Societies and Blackwell Publishing Asia Pty Ltd

the GENETYX-MAC Ver.13.0 software (GENETYX Corp.,
Tokyo, Japan).

Biochemical tests

ATCC strains of S. moniliformis and isolates were tested
with API 20E (API Laboratory Products, Hampshire, UK),
IDtest NF-18 (Nissui Pharmaceutical Co., Tokyo, Japan),
and BACTOLABO oxidase test (Wako Pure Chemical In-
dustries, Osaka, Japan), in accordance with the manufac-
turer’s instructions. Included tests are listed in Table 4.

RESULTS

Detection of S. moniliformis gene by PCR

We first compared the specificity of newly designed
primers (S5 and AS2) with those (S and AS) reported pre-
viously (6). As summarized in Table 2, specific amplifica-
tion of S. moniliformis DNA was achieved with the primers
S5 and AS2 (Fig. 1 and Table 2) without non-specific am-
plification of genes from other bacterial strains. In con-
trast, the S and AS primers amplified DNA fragments not
only from S. moniliformisbut also from Fusobacteriumand
Leptotrichia, which indicated that the primers S5 and AS2
are superior for the specific detection of S. moniliformis
(Fig. 1, Table 2). Similar results were obtained when the
touchdown PCR was performed (6). There was no appar-
ent difference in the sensitivity between the PCR using
different sets of primers. DNA samples of 1-5pg were
necessary for both methods.

The clarified supernatant fluid from bacterial culture
in ATCC medium 488 broth was then examined by PCR
using the 85 and AS2 primers to detect the presence of
S. moniliformis-specific sequences. PCR results indicated
an extremely high proportion of R. norvegicus (61/66,
92%); however, the prevalence of Streptobacillus spp.
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Table 4. Biochemical characteristics of ATCC strains and isolates

ATCC strains

R. norvegicus isolates

Rattus rattus isolates

ATCC No.

DDBJ Accession no.

Test 14647 49567 49940 AB330754 AB330755 AB330756 AB330757 AB330758 AB330759 AB330760

Oxidase - - - - -
Indole - - - - _
H,S production - - - - -
Nitrate reduction + + + + +
Acetoin production -
Amygdalin fermentation — - - - -
Esculin in hydrolysis - - + - -
Urea hydrolysis - - - - -
Citrate utilization - - - - -
Arginine dihydrolase - - - - -
Beta-galactosidase - - - - -
Gelatinase - - - - -
Lysine decarboxylase - - - - -
Ornithine decarboxylase — - - - -
Tryptophan deaminase - - - - -
Urease - - - - -

Acid produced from:
Arabinose
Fructose
Galactose
Glucose
Inositol
Lactose
Maitose
Mannitol
Melibiose - - - -

Rhamnose - - - - -
Sorbitol - - - - -
Sucrose - - - - -
Xylose +

1S + s
I+ 1 + s
1+ 1 + s
21+ =
I+ 1'+ s

+
+
+
+
+

|
1
L
1
|

b+t + s
I+ 1 + s
P+ 1 + s
I+ 1 + s
I+ 1 + s

+
+
+
+
+

W, weak reaction.

among R. rattus was much lower (30/52, 58%). All the
laboratory SPF rats tested negative (Table 1).

Isolation of Streptobacillus spp.

After incubation for 24 hr on an ATCC medium 488 agar
plate, several colonies of bacteria resistant to antimicrobial
agents were observed. Colonies with a diameter of approx-
imately 0.1 mm were chosen and tested by PCR with the
S5 and AS2 primers. After examination of more than 1000
colonies, only four colonies obtained from R. norvegi-
cus and three from R. rattus tested positive. The colonies
that formed on the ATCC medium 488 agar appeared
translucent and greyish white. When cultured in the ATCC
medium 488 broth, cotton-puff-like colonies, which were

4

typical in the culture of S. moniliformis (10-13), showed
agglomeration (Fig. 2a).

Microscopic observation showed that the isolates were
pleomorphic Gram-negative bacilli with irregular, lateral
bulbar swellings (Fig. 2b).

Biochemical character of isolates and ATCC
strains

As summarized in Table 4, the biochemical characteris-
tics of three reference ATCC strains of S. moniliformis
and seven isolates were almost identical. All isolates and
ATCC strains had positive reactions for nitrate reduction.
Although the esculin hydrolysis test gave variable results,
depending on the strain, other tests on all strains gave
identical results.

© 2008 The Societies and Blackwell Publishing Asia Pty Ltd
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a §5-AS2  (269bp)
M 1 2 3 4 5 6 1 8 N

b S-AS (296bp)
M 1 2 3 4 5 6 7 8 M

. Fig. 1. Specificity of PCR amplifications using (a) $5-AS2 primers and (b)
i S-AS primers. M, size marker. Lanes 1-3, S. moniliformis (ATCC 14647,
49567, and 49940). Lanes 4-7, Fusobacterium spp. (F equinum
JCM11174, F necrophorum JCM3718, F. nucleatum GTC 04469, and
F. varium JCM3721). Lane 8, Leptotrichia buccalis JICM12969.

o under an atmosphere of 5% CO, (24 hr, 37 C).

© 2008 The Societies and Blackwell Publishing Asia Pty Ltd

Sequence analysis of the 16S rRNA gene

The nucleotide sequences of the 16S rRNA genes were
determined for four isolates from R. norvegicus (DDB]
Accession nos. AB330754, AB330755, AB330756, and
AB330757), and they were compared with that of the
ATCC14647 strain of S. moniliformis. A high degree of ho-
mology (99.7-99.9%) was observed among them. In con-
trast, three isolates from R. rattus (AB330758, AB330759,
and AB330760) were more distantly related, and the ho-
mology level was low (97.8-98.3%). Sequence homology
between isolates from R. norvegicus and R. rattus varied
from 97.6 to 98.5%. These sequence variations were mostly
observed in the region at nucleotide positions 1 to 300 in
the 16S rRNA gene (Fig. 3).

DISCUSSION

Feral rats are reservoirs for several zoonotic agents besides
Streptobacillus, such as Leptospira, Coxiella, Salmonella,
Yesinia, Toxoplasma, and Hantavirus (14, 15), and are im-
plicated in the transmission of these pathogens to humans
in urban environments (16). S. moniliformis bacteria are
indigenous to the oral cavity of rats and cause rat-bite
fever in infected humans (17). S. moniliformis infection of

Fig. 2. Typical cotton-puff-like colonies (a) and Gram stain (b) of an isolate from R. norvegicus. The bacteria were cultured in ATCC medium 488 broth
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Fig. 3. 165 rRNA sequence comparison among isolates and ATCC strains. The 165 rRNA gene from ATCC strain 14647 was used as the reference
sequence. The nucleotides that differ from those of the reference sequence are shown. The asterisk and minus in the columns show concordance and

deletion with a reference, respectively.

humans has been reported worldwide (2). More than 200
cases of rat-bite fever have been documented in the USA
(4). Feral rats, as well as those kept as pets or in schools,
are considered to be the source animals (11). Two fatal
cases of rat-bite fever were recently reported in the USA
after exposure to R. norvegicus (17).

In the present study, we designed new primers that
amplify the 16S rRNA gene of Streptobacillus spp. more
specifically than previously designed primers (6) (Fig. 1,
Table 2). The use of PCR with the newly designed primers
to detect bacteria showed that Streptobacillus spp. was
highly prevalent among feral rats in urban regions. Of

(© 2008 The Societies and Blackwell Publishing Asia Pty Ltd
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66 captured R. norvegicus, 61 (92%) tested positive for
Streptobacillus, whereas a lower proportion (58%, 30/52)
of R. rattus was shown to carry the bacteria (Table 1).

We also attempted to isolate Streptobacillus spp. us-
ing ATCC 488 agar plate containing colisin nalidixic
acid and sulfamethoxazole-trimethoprim under anaero-
bic conditions. Isolation of bacteria was hampered be-
cause of the presence of numerous bacterial colonies of
non-Streptobacillus spp. that were resistant to the an-
timicrobials. Therefore, only seven isolates could be ob-
tained from more than 1000 colonies grown from 91 PCR-
positive oral swabs.

Biochemical examinations showed that seven isolates
were nearly identical to three reference ATCC strains of
S. moniliformis (Table 4). However, the results of H,S pro-
duction (7), nitrate reduction (7, 18), and acid production
from xylose (18, 19) did not agree with previous results.
This discrepancy might have resulted from the fastidious
nature of these organisms and from the use of different
basal media (7).

Sequence analysis of the 165 rRNA gene suggested that
at least two different types were present among isolates
(Fig. 3). It was also suggested that different species of the
genus Rattus (R. norvegicus and R. rattus) might harbor
different types of bacterial strains. Because the rats were
captured in the urban area of Tokyo and its vicinity, where
two species of rats were sympatric, the presence of distinct
bacterial strains in different species of rats was probably
due to co-evolution of the bacteria with their hosts rather
than to differences in the geographical distribution of the
bacteria. It might be intriguing to study whether there
would be any differences in pathogenicity among bacteria
maintained by different species of rats. However, to ascer-
tain whether different types of bacteria are taxonomically
S. moniliformis, more detailed genotypic (e.g. DNA/DNA
homology) as well as phenotypic characterization of the
isolates in question is necessary.

Although the absence of Streptobacillus spp. is not a
prerequisite for SPF rats raised as laboratory experimental
animals, none of the SPF rats were found to be infected
with Streptobacillus spp. when tested using PCR. Because
individuals handling laboratory rats might be exposed to
the organism more frequently than the general public, rats
raised in the conventional environment should be tested
for the presence of bacteria.
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Simultaneous Detection of the Genus Brucella by Combinatorial PCR |

Koichi Imaoka*, Masanobu Kimura, Michio Suzuki, Tsuneo Kamiyama and Akio Yamada

Department of Veterinary Science, National Institute of Infectious Diseases, Tokyo 162-8640, Japan
(Received December 22, 2006. Accepted February 6, 2007)

SUMMARY: We have developed a combinatorial polymerase chain reaction (PCR) procedure to identify four
major species of the genus Brucella simultaneously. Four pairs of primers targeting the genes encoding a cell
surface protein (BCSP31) and outer membrane proteins (omp2b, omp2a and omp31) were prepared. PCR using
these primers gave rise to specific patterns of amplification for each Brucella spp. examined in this study. B.
abortus could be identified when fragments of BCSP31 and omp2b/2a were amplified by B. abortus-specific
primers. B. melitensis could be identified by the amplification of fragments of BCSP31, omp2b/2a and omp31
using pair of primers B4/B5, JRF/JPR-ab and omp3]. ldentification of B. canis could be achieved when the
amplicons of omp2b/2a were detected by B. canis-specific primers, as could the identification of BCSP3!
and omp31. If specific amplifications occurred using all pairs of primers, the strain was identified as B. suis.
Combinatorial PCR reported here thus appeared to be an ideal method of identifying Brucella spp., the causative

pathogen of human brucellosis.

Brucellosis, a zoonosis caused by bacteria belonging to
the genus Brucella, is endemic in various parts of the world,
especially in countries of the Mediterranean region, Asia,
Africa and South America (1-3). Among the species of the
genus Brucella, the four major causative agents of human
brucellosis are B. melitensis, B. abortus, B. suis and B. canis,
although their natural hosts are usually confined to goats and
sheep, cattle, pigs and dogs, respectively (1-3). Moreover,
some species of the genus Brucella are considered to be
potential agents for bioterrorism (4).

Microbiological, serological and molecular techniques are
commonly used for the diagnosis of brucellosis (1,2,5).
Microbiological tests such as the isolation of bacteria from
host tissues or blood cultures followed by bacteriological char-
acterization remain important, although they are tedious and
time-consuming (2,5). The most widely used serological tests,
i.e., tube agglutination tests using inactivated B. abortus
or B. canis as antigens, show some degree of cross-reaction
with other bacterial strains (1,2). Moreover, it is difficult to
serologically distinguish the species within the genus Brucella
using the tube agglutination test (1,2).

Among molecular techniques, polymerase chain reaction
(PCR) is one of the most useful tools for the diagnosis of
brucellosis. It has been reported that identification of the
genus Brucella, but not of the species within the genus, can
be performed by PCR using primers targeting highly conserved
regions such as the BCSP31 (6) or 165-rRNA (7). As regards
the differentiation of species and/or biovars of Brucella within
the genus, several laboratories have reported PCR procedures
using highly specific primers and/or stringent assay condi-
tions. For example, it was reported that B. abortus could be
distinguished from B. melitensis by species-specific PCR tar-
geting 1S711 using primers designed based on the nucleotide
sequences of B. abortus (8,9). B. suis could also be discrimi-
nated from B. abortus using primer pairs designed according
to B. suis-specific sequences (10). Furthermore, identification

*Corresponding author: Mailing address: Department of Veteri-
nary Science, National Institute of Infectious Diseases, 1-23-1
Toyama, Shinjuku-ku, Tokyo 162-8640, Japan. Tel: +81-3-5285-
1111 ext. 2622, Fax: +81-3-5285-1179, E-mail: imaoka@nih.go.jp
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of B. canis could be accomplished by using specific primers
designed to amplify virB2 (11).

In Japan, the prevalence of brucellosis is quite low, but
cases of B. melitensis infection have recently been reported
(12,13). It remains possible that some people in Japan cur-
rently suffer from brucellosis, since canine brucellosis caused
by B. canis still exists in this country. Therefore, a reliable
diagnostic system capable of distinguishing between the four
species of the genus Brucelia, including B. canis, remains
necessary. In the present study, we attempted to develop a
PCR approach that could be used to identify the four major
species of the genus Brucella simultaneously using newly
designed primers.

Here, we used 11 strains belonging to the genus Brucella
and 23 strains of non-Brucella bacteria (Table 1). Brucella
strains were cultured on sheep blood agar plates and the DNA
was isolated using SepaGene (Sanko Junyaku, Tokyo, Japan)
according to the protocol supplied by the manufacturer. DNA
from non-Brucella strains was also prepared.

Isolated DNA was amplified using puReTaq Ready-To-Go
PCR Beads (GE Healthcare Bio-Science Corp., Piscataway,
N.J., USA) by PCR consisting of initial denaturation at 95°C
for 5 min, 35 cycles of denaturation at 95°C for 1 min,
annealing at 65°C for | min and extension at 72°C for 1 min,
followed by a final extension at 72°C for 7 min.

The primers designed and used for the simuitaneous iden-
tification of four major Brucella spp. are listed in Table 2.
The results are shown in Fig. 1 and summarized in Table 1. A
pair of primers, B4/B5, was previously reported to amplify
a 224-bp DNA fragment from a gene encoding a 31-kDa
cell surface protein (BCSP31) that is well conserved in all
Brucella spp. (M20404) (6). We have confirmed that this pair
of primers is specific for the genus Brucella, since no PCR
product was detected when DNA from bacteria other than
Brucella spp. was used as templates (Table 1). The gene
encoding Brucella major outer membrane protein 2 (omp2)
has two related regions, omp2b and omp2a, and these two
regions are 85% homologous and oriented in opposite direc-
tions (U26438) (14). Leal-Klevezas et al. reported that a 193-
bp fragment could be amplified with a pair of primers, JPF/
JPR, from B. abortus, B. melitensis and B. suis, but not from
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Table 1. Bacterial strains used in this study and the results of PCR

. ; BCSP31 omp2b omp2a omp31
Species Strain -

B4/BS JPF/JPR-ab  JPF/JPR-ca  JPF/JPR-ab  JPF/JPR-ca 1S/1AS
Brucella abortus 5449 + + _ + _ —
Brucella abortus Takanashi" + + - + _ _
Brucella abortus 125 + + - + _ _
Brucella melitensis 16M" + + - + _ +
Brucella melitensis HagiwaraB1Y + + - + _ +
Brucella melitensis TWCC40430% + + - + - +
Brucella melitensis H17-298% + + - + _ +
Brucella suis 1330" + + - - + +
Brucella suis S-130 + + - _ + +
Brucella canis QE13Y + - + - + +
Brucella canis Shizuoka03% + - + _ + +
Yersinia pestis Yrcka - - - — _ _
Yersinia pestis All122 - - — _ - _
Yersinia enterocolitica Pa2369 (03) - - — - - _

Pa9571 (05)
Pal12986 (O8)

Yersinia enterocolitica
Yersinia enterocolitica

Yersinia enterocolitica Pal77 (09) -
Yersinia pseudotuberculosis 319 -
Bacillus anthracis PAII -
Bacillus cereus NBRC3466 -
Bacillus subtilis 3 -
Francisella tularensis LVS -
Coxiella burnetii Ninc Mile -
Eschericia coli DHS5 alpha -
Huemofilus influenzae Typc B -
Klebsiella pneumoniae ATCC13883 -
Listeria monocytogenes ATCCI5315 -
Myvcobacterium tuberculosis ~ ATCC27294 -
Pasteurella aerogenes ATCC27883 -
Pasteurella multocida ATCC12947 -
Staphylococcus aureus ATCC29247 -
Streptobacillus moniliformis ~ ATCC14647 -
Ochrobactrum anthropi ATCC49187 -
Ochrobactrum anthropi ATCC49687 -

: Bacterial strains were supplicd from National Institutc of Animal Health, Tsukuba, Ibaraki, Japan.
: Heat-inactivated bacteria, which was commercially available, was obtained from National Agriculture and Food Rescarch Organization,

Tsukuba, Ibaraki, Japan as an antigen for a tube agglutination

test.

: A new isolatc from blood of an imported bruccllosis patient was supplied from Tokyo Women's Medical University, Tokyo, Japan.
: A new isolate from blood of an imported brucellosis patient was supplicd from Tokyo Metropolitan Institutc of Public Health, Tokyo. Japan.
3 A new isolatc from a picce of liver of an aborted puppy was isolated in our laboratory.

Table 2. Primers designated in this study

Target GenBank

Target gene Primer name Sequence length accession Location
BCSP31 B4 (S)‘v’ 5-Tgg CTC ggT TgC CAATAT CAA 224bp  M20404 789-809
B5 (AS)" 5'-CgC gCT TgC CTT TCA ggT CTg M20404 1012-992
omp2 JPF (S)? 5'-gCg CTC Agg CTg CCg ACg CAA U26438 2110-2130
JPR-ab (AS)  5-CAT TgC ggT Cgg TAC Cgg Ag 186 bp  U26438 2295-2276
JPR-ca(AS) 5-CCTTTACgATCC gAgCCggTA. 187bp  U26439 2296-2276
orﬁp3l . 18(S) 5-gTT CgC TCg ACg TAACAg CTg 249bp - AF366073  218-238
1AS (AS) 5"-gAC CgC Cgg TAC CAT AAACCA AF366073  446-466

Primers 1) and 2) were prepared according to reference 6 and 8, respectively. Others were newly designated in this study.

B. canis (15). In this study, we designed two novel antisense
primers, JPR-ab and JPR-ca, which are specific for B. abortus
(U26438) and B. canis (U26439), respectively. In B. abortus
and B. melitensis, it was observed that 186-bp fragments
from both omp2b and omp2a regions were amplified by PCR
with the pair of primers, JPF/JPR-ab. In contrast, since the
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nucleotide sequences of target regions of B. canis differ from
those of B. abortus and B. melitensis, the B. canis fragments
omp2b and omp2a were amplified only when the JPR-ca
primer was used together with the JPF primer. On the other
hand, since the sequences of amplicons of omp2b and omp2a
of B. suis (U26443) are identical to those of B. abortus and
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Fig.1. Detcction patterns of four major biovars of Brucella spp. by four pairs of primers.
Lanc 1, BA/BS; 2, JPF/JPR-ab; 3, JPF/JPR-ca; 4, 1S/1AS; M. Sizc marker,

B. canis, respectively, fragments were obtained by PCR using
either the JPF/JPR-ab or JPF/JPR-ca primers. As shown in
Fig. 1, PCR using a pair of primers, JPF/JPR-ab, amplified
a 186-bp fragment from B. abortus, B. melitensis and B.
suis, but not from B. canis, while the primers JPF/JPR2-ca
amplified a 187-bp fragment from B. canis and B. suis. A
pair of primers 15/1AS was designated to amplify a 249-bp
fragment from the omp3/ gene encoding another Brucella
outer membrane protein.  However, due to the presence of a
large deletion in the omp3 1 gene of B. abortus (14,16), prim-
ers 1S/1AS did not amplify the fragment from B. abortus
(Table 1).

These results demonstrated that four species of Brucella
could be successfully identified by combinatorial PCR using
four sets of primers (Fig. 1). B. abortus could be identified
when the amplification of fragments of omp2b and omp2a by
B. abortus-specific primers (JRF/JPR-ab) took place, moreover,
B. abortus could also be identified based on the amplifica-
tion of BCSP31 by B4/B5 primers. B. melitensis could be
identified by the amplification of fragments of BCSP3/ and
omp31 as well as omp2b and omp2a by a pair of primers,
JRF/JPR-ab, and omp3!. In contrast, identification of B. canis
could be achieved if BCSP31 and omp31 were amplified and
if the amplicons of omp2b and omp2a were detected by B.
canis-specific primers (JRF/JPR-ca), but not by B. abortus-
specific primers (JRF/JPR-ab). In cases when specific ampli-
fications occurred using all pairs of primers, the strain was
identified as B. suis. In this study, we included 23 bacteria
belonging to genera other than Brucella spp. Since the PCR
series reported here did not amplify any fragments from these
23 non-Brucella bacteria, this method appears to be highly
specific for the genus Brucella. Moreover, this PCR also
amplified specific sequences from mouse tissue homogenates
and blood experimentally spiked with B. abortus or B. canis
(data not shown). The PCR detection limit was observed to
be approximately 1 pg of DNA (data not shown).

Since multiplex PCR has been used for the simultaneous
detection of several pathogens, we also attempted to establish
a multiplex PCR for the detection of Brucella spp. However,
the detection limit of that multiplex approach was inferior
to that of the PCR reported here, most likely due to the
competitive consumption of ingredients among amplicons
(data not shown). Additionally, multiplex PCR using the
primer pairs, B4/BS5, JPF/JPR-ab and 1S/1AS, did distinguish
B. abortus and B. canis from other Brucella spp., but B.
melitensis could not be differentiated from B. suis. In contrast,
using the primer pairs, B4/BS, JPF/JPR-ca and 1S/1AS, we
were able to distinguish B. abortus and B. melitensis from
the other species by multiplex PCR, although B. canis and
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B. suis could not be differentiated in this manner (Table 1).
From these results, we concluded that it was more practical
to perform combinatorial PCR rather than a multiplex PCR
to identify the genus Brucella at the species level.

Although we tested a limited number of biovars belonging
to each Brucella spp., it appears likely that the method reported
here will enable the reliable identification of the four major
species of the genus Brucella which infect human beings.
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