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To clarify the molecular basis of severe acute respiratory syndrome coronavirus (SARS-CoV) adaptation fo
different host species, we serially passaged SARS-CoV in rat angiotensin-converting enzyme 2 (ACE2)-express-
ing cells. After 15 passages, the virus (Rat-P15) came to replicate effectively in rat ACE2-expressing cells. Two
amino acid substitutions in the S2 region were found on the Rat-P15 § gene. Analyses of the infectivity of the
pseudotype-bearing S protein indicated that the two substitutions in the S2 region, especially the S950F
substitution, were responsible for efficient infection. Therefore, virus adaptation to different host species can
be induced by amino acid substitutions in the S2 region.

The 2002 to 2003 epidemic of severe acute respiratory syn-
drome (SARS) was causcd by SARS coronavirus (SARS-CoV)
infection. Initially, SARS-CoV was thought 1o be transmitted
lirst from marketplace animals to humans and then by human-
to-human spread (3. 7, 8). Although marketplace animals may
be the immediate source of the SARS-CoV found in humans,
SARS-CoV has been detected in other wild animals, e.g.. civet
cats, raccoon dogs (7), ferrets, and cats (15), suggesting that
SARS-CoV may have a broad host range. In addition. rats are
suggested to have been an animal vector in the SARS outbreak
in the Amoy Gardens in Hong Kong (20). Recently. horseshoc
bats have been reported w be @ natural reservoir of coronavi-
ruses close to SARS-CoV, and it is suggested that bats are
candidate natural reservoirs of SARS-CoV (9. 13). In order to
understand how the virus jumped to humans, it is important to
clucidate the molecular mechanism of SARS-CoV adaptation
to different species,

The SARS-CoV S protein mediates virus entry into cells
expressing the receptor molecule angiotensin-converting en-
zyme 2 (ACE2) (12). The receptor binding domuin (RBD).
located on the S1 region. is believed 1o be the critical deter-
minant of virus-receptor interaction (10. 27). It has been shown
that amino acid substitutions on the RBD are associated with
the SARS-CoV from palm civets adapted 1o humans (14).
Furthermore. a single amino acid substitution on the RBD
caused by serial in vivo passage of SARS-CoV in rats was
strongly associated with increased infection of rat ACE2-ex-
pressing cells (18). Thus. substitution(s) of amino acid residues
on the RBD may be one of the eritical molecular determinants

of SARS-CoV adaptation. On the other hand, in the case of
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mouse hepatitis virus, one or more amino acid substitutions of
the 82 region. in combination with those of the S1 region, are
intimately involved in receptor binding and extended host
range (2, 16, 19). The presence of a neutralizing epitope within
the 82 region of the SARS-CoV suggests that the S protein
binding to the host eell surface not only relies on the S1 region
but also depends on the global protein structure. including the
S2 region (4, 28, 29). These studies suggested that several
factors. including amino acid substitutions in the 82 region, in
addition to those in the RBD in the S1 region. play roles in
determining SARS-CoV infectivity, Thus, analyses of the en-
tire amino acid sequence of the S protein may be necessary to
understand the molecular mechanisms of viral adaptation o
diffcrent species.

Notably. SARS-CoV S protein-mediated entry into cells ex-
pressing riat ACE2 has been shown Lo be extremely low (11,
14). Since the coronavirus serially passaged in vitro acquires
amino acid substitutions that might be relevant to virus adap-
tation to different tvpes of cells (5. 23). we speculated that in
vitro passage of SARS-CoV in cells expressing species-specific
ACE2 would induce viral adaptation to different animal spe-
cies. To examine SARS-CoV adaptation to rat ACE2, we com-
pared replication efficiencies for SARS-CoV serially passuged
in rat ACE2-cxpressing cells and for a parental SARS-CoV
strain when inoculated to eells expressing rat ACEZ2.

The SARS-CoV Franklurt-1 strain was inoculated at a mul-
tiplicity ol infection (MOI) of 0.01 PFU/cell onto Chinese
hamster ovary (CHO) cells transiently trunsfected with the
expression plasmid pcDNArat ACE2, which encodes rat ACE2
(18). The expression of ACE2 proteins was confirmed by West-
ern blotting (Fig. 1A). The plasmids were transfected into the
CHO cells at ethiciencies of about 80% , as estimated by indirect
mmunofluorescence methods (data not shown). The virus,
which was obtained [rom the culture supernatants of Frank-
furt-1-infected rat ACE2-expressing CHO cells, was reinocu-
lated at an MOI of 0.01 PFU/cell onto fresh CHO cells ex-
pressing rat ACE2. The culture supernatants were collected
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FIG. 1. Comparison of replication elliciencies of the SARS-CoV Ral-P15 strain serially passaged in rat ACE2-expressing cells and that ol a
parental SARS-CoV strain (Frunkfurt-1). (A) Expression of ACE2 proteins, CHO cells were transfected with plasmid pTargeT-hACE2 (0),
peDNArat ACE2, and pcDNArat ACE2MUT?2 (18), which encode human ACE2, rat ACE2. and variant rat ACE2 with amino acid residues 82
to 84 (NYS) corresponding to human ACE2 (MYP), respectively. Equal valumes of cell lysates were analyzed by Western blotting using a goat
antibody specific for human ACE2 (6) or B-actin. The low signal intensity on rat ACE2 is due to the lower reactivity of the antiserum to rat ACE2.
(B) Replication of viruses in CHO cells expressing rat ACE2, variant rat ACE2, or human ACE2. Rat-P15 or a parent Frankfurt-1 strain was
inoculated to CHO cells transfected with expression plasmids pcDNArat ACE2, pcDNArat ACE2ZMUT?, pTargeT-hACE2, or the pcDNA31(+)
vector. After 72 h, the replications of the virus in the cells were determined as 50% tissue culture infectious doses (TCID:,)/ml on Vero Eo cells.
(C) Assessment of virus entry of Rat-P15 on rat ACE2-expressing cells. CHO cells were transfected with expression plasmids encoding rat ACE2
or human ACE2. After 48 h, 10,000 PFU of Rat-P15 or a parent Frankfurt-1 strain was inoculated. After 3 h, the culture medium was removed.
and viral RNAs were isolated from the infected cells. Virus entry efficiency was estimated by quantification of the mRNAY level with a real-time
PCR assay (17). (D) Schematic representation of § proteins of Rat-P135 and Frankfurt 1. Amino acid substitutions at residues 811 and 950 in the

52 region of Rat-P135 are shown. The locations ol the RBD, heptad repea

after 48 hours postinfection (hpi). All the tfollowing passages
were performed by inoculation of the virus at an MOI of 0.002
PFU/eell and by collection of the culture supernatants at 72
hpi. Passages were performed |3 times, and the virus (Rat-
P15) was obtained from culture supernatants. In order to ex-
amine whether serial passages of SARS-CoV makes the virus
replicate efficiently in rat ACE2-expressing cells, Rat-P15 or a
parent Frankfurt-1 strain was inoculated onto CHO cells that
express ral ACE2. After 72 h, the virus titers of the culture
supernatants were determined. The replication of Rat-P15 was
higher than that ol the parent Frankfurt-1 strain in rat ACE2-
expressing CHO cells (Fig. 1B). In contrast, the replication of
Rat-P15 was similar (o that of parent Frankfurt-1 strain in CHO
cells expressing human ACE2 or variant rat ACE2 with amino
acid residues 82 to 84 (NYS) corresponding to human ACE2
(MYP) (18) (Fig. 1B). These results indicate that Ral-P135 came
to replicate more efficiently in rat ACEZ2-expressing cells.

To examine whether the Rat-P13 strain acquired the ability
to infect rat ACE2-expressing cells more elficiently than the
parent Frankfurt-1 strain, viral infection was determined by
quantitative real-time PCR assay after a shorter incubation
period (17). Viruses were inoculated onto CHO cells express-
ing rat ACE2 or human ACE2. After 5 h, virus entry was
estimated by measuring the amounts of newly svnthesized
mRNASY of SARS-CoV. As shown in Fig. 1C. Rat-PL5 propa
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gated more cfficiently than Frankfurt-1 strain in rat ACE2-
expressing CHO cells by more than 10-fold. This result indi-
cates that serial passages of SARS-CoV in rat ACE2-
expressing cells efficiently increased its ability 1o infect rat
ACE2-expressing cells.

To examine whether the Rat-P15 strain acquired amino acid
substitutions within the S protein during serial passage, the
nucleotide sequence of the S gene was determined as deseribed
previously (18). Interestingly, the amine acid sequence of the
RBD of Rat-P15 was identical to that of the parent Frankfurt-1
strain. In contrast, two amino acid substitutions on the S2
region were found: serine for alanine at amino acid position
811 (A811S) and phenylalanine for serine at position 930
(SY30F) (Fig. ID). Nucleotide sequencing of this region al
passages 1,3, 5, 7,9, 11, and 13 revealed that A811S substitu-
tion occurred after the 11th passage on rat ACE2-expressing
cells, whereas the S950F substitution occurred after the 3rd
passage (data not shown). This suggests that the two amino
acid substitutions had distinct roles in enhancing viral infection
in rat ACE2-expressing cells. On the other hand, virus which
was passaged L1 times in cells expressing variant rat ACE2 did
not have any amino acid substitutions in the S protein. These
results suggest that ASILS and SY50F substitutions were not
solely dependent on infection of CHO cells but were triggered
by serial passage in rat ACE2-expressing CHO cells.
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FIG. 2. Analysis of the significance of amino acid substitutions m
the S2 region for the efficient entry of the virus into rat ACEZ-express-
ing cells; analysis was done using VSV pseudotypes. VSVAG”
SEAP-G, in which the VSV glycoprotein gene was replaced with the
SEAP (secreted-type alkaline phosphatase) gene, was used for gener-
ating VSV pseudotypes bearing the C-terminally truncated S protein
of SARS-CoV as described previously (6). BHK cells expressing rat,
variant rat, or human ACE2 were inoculated with approximately 107
infectious units of VSV-St19 (wild), VSV-5t19-A811S (A811S5). VSV-
St19-S950F (S950F), or VSV-St19-A8118-5950F (A811S S950F). At
18 hpi, SEAP activities of culture supernatants were measured by
intensities of chemiluminescence reactions of alkaline phosphatase
and are represented as relative luminescence units (RLUs). The VSV
pseudolype bearing the S950F substitution rather than the AS11S
substitution efficiently infected rat ACE2-expressing cells.

In order to analyze the significance of the two amino acid
substitutions for the efficient entry of the virus to rat ACE2-
expressing cells, a vesicular stomatitis virus (VSV) pseudotyp-
ing system (kindly provided by M. A. Whitt) (6) was employed.
VSV pseudotypes bearing S protein with a single amino acid
substitution (VSV-St19-A811S and VSV-St19-8930F), bearing
that with A811S and S950F double amino acid substitutions
(VSV-5119-A811S-S950F), and bearing thal having the amino
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cids of the wild type (VSV-St19) were generated. Alter the
expression plasmids encoding rat ACE2, variant rat ACE2, and
human ACE2 were transfected to Syrian baby hamster Kidney
(BHK) cells, each VSV pseudotype was inoculated. All the
VSV pseudotypes infected human ACE2- or variant rat ACE2-
expressing cells at similar levels (Fig. 2). On the other hand,
VSV-St19-A8118-S950F infected rat ACE2-expressing cells
more efficiently than VSV-St19. Interestingly. VSV-St19-
S950F, which carries the S protein with the S950F substitution,
inlccted ral ACE2-expressing Eclls more cllicicatly than did
VSV-St19-A811S with the ARILS substitution or VSV-St19.
This indicates that the S950F substitution has a significant role
in the efficient entry mediated by rat ACE2.

It has been shown that a single amino acid substitution in the
S2 region affects the maturation of the glycosylation process of
SARS-CoV § protein (1). Several lines of evidence indicate
that glycosylation of viral envelope proteins is a molecular
determinant for virus replication and infectivity (22, 24, 25. 26).
Therefore, the wild-type and mutant S proteins were subjected
to Western blotting to investigate the eflect of the amino acid
substitutions on the glycosylation of the § protein. The mutant
S protein with a single A811S substitution (S-AB11S), as well as
the wild-type S protein (S-wt), migrated somewhat more slowly
than those with a single S950F substitution (S-SY50F) or with
A811S and S9350F substitutions (S-A8115-S950F) (Fig. 3).
When S proteins were digested with endo-H, all mutant pro-
teins migrated with molecular masses comparable to those of
undigested controls. In contrast, when the expressed S proteins
were digested with PNGase-F, all the mutant proteins showed
migration patterns similar to that of the wild-type S protein.
This indicates that differences in migration patterns of S-8950F
and S-A811S-SY50F were due to altered attachment of com-
plex oligosaccharides during maturation. Our results indicate
that SY50F substitution affecled N-linked glycosylation of the S
protein and suggest that these differences are well correlated
with the increased efficiency of SARS-CoV infection of rat
ACE2-expressing cells.

undigested Endo-H PNGase-F
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FIG. 3. Analysis ot N-linked glycosylation of S proteins. SARS-CoV S proteins with the wild-type sequence (S-wt). an 5950F substitution
(5-S950F). an AS11S substitution (S-A8118), and ABL1S and S950F substitutions (S-A811S-S950F) that were expressed in 293T cells were treated
with endo-H or PNGase-F and then subjected along with undigested samples to sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The
§ protein was detected by Western blotting using a rabbit antibody specific for the 82 region (6).
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NOTES

In contrast to our findings that aminoe acid substitutions were

found in the S2 region, a substitution of tyrosine by serine
located in the RBD was detected in the in vivo-adapted SARS-
CoV (18). The difference between in vive and in vitro passage

may be attributed 1o replication sites; the substitution on the
RBD scems to be responsible for the efficient replication of the
virus on the alveolar area, where ACE2 is expressed at a low
level (18), whercas virus replicated in CHO cells where ACE2
was abundantly expressed by trunsfection of expression plas-
mids. Alternatively, it scems likely that innate immune re-
sponses i rats could seleet a particular SARS-CoV strain
adapted 1o rats. In summary, SARS-CoV adaptation 1o a par-
ticular animal species can be induced by amino acid substitu-
tions in the RBD within the 51 region but also by those in the
S2 region,
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Abstract

A method for rapid determination of viral RNA sequences (RDV) was applied to homogenates of Aedes aegypti collected in Thailand in an area
in which dengue fever (dengue hemorrhagic fever) is endemic, using the mosquito cell line C6/36. Nucleic acid sequences of dengue virus type 4
and cell fusing agent virus were detected. This RDV method has the potential to become a standard method for detection of both known and newly

emerging, unknown mosquito-borne viruses.
© 2007 Published by Elsevier B.V.

Keywords: Rapid determination; Dengue virus type 4; Cell fusing agent virus; Aedes aegypri

Dengue viruses (DENV) cause dengue fever, the most impor-
tant mosquito-bomne viral disease, and these viruses pose a major
public health problem in tropical and subtropical areas (Guzman
and Kouri, 2002). Aedes aegypti is the primary and most effective
epidemic vector of DENV (Gubler, 1998). Virological surveil-
lance of mosquitoes naturally infected with DENV, using a
reverse transcriptase-polymerase chain reaction (RT-PCR), is
thought to be a fast and effective predictive method for detecting
dengue outbreaks (Urdaneta et al., 2005). However, it is possi-
ble for mosquitoes to also carry viruses that are unknown or that
cannot currently be identified by RT-PCR based on known viral
nucleic acid sequences. Therefore, a system for rapid nucleic

* Corresponding author. Tel.: +81 425 61 0711, fax: +81 425 65 3315.
E-mail address: tmizutani@nih_go jp (T. Mizutani).

0166-0934/$ — see front matter © 2007 Published by Elsevier B.V.
doi:10.1016/j.jviromet.2007.07.008

acid sequence determination is necessary to identify newly
emerging mosquito-bome viruses.

Recently, a method was developed to determine rapidly
the RNA of viruses (RDV) that can determine the nucleotide
sequence of viral RNA without a specific primer (Mizutani et
al., 2007). It was also possible to detect mosquito-borne viruses,
such as West Nile virus, Japanese encephalitis virus, and DEN'V-
2, from culture supernatants (Mizutani et al., 2007). The RDV
method can detect at least 10* copies of in vitro synthesized
RNA (unpublished data). In this study, the RDV method was
used as a virological surveillance tool on Ae. aegypti collected
in the field in Thailand.

Ae. aegypti specimens (93 adult females) were collected
around houses of patients diagnosed clinically with dengue fever
in Jomthong District, Bangkok, Thailand, in July 2006. Each
mosquito was placed in a 0.5 ml tube and was homogenated
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Fig. I. Location of PCR fragments of viral cDNAs amplified using the RDV method. Amplified PCR fragments were directly sequenced and mapped in the flavivirus

genome.

using a pellet mixer in 100 pl of minimum essential medium
(MEM) with 4% fetal bovine serum (FBS). The homogenates
were centrifuged at 2500 rpm for 10min at 4°C, and 50 ul
of the supernatant was used. RT-PCR was performed using
the OneStep RT-PCR enzyme mix (Gibco-BRL, Cergy Pon-
toise, France) and primers designed to detect all four serotypes
of DENV. Eight of the 93 homogenates were DENV-positive.
Four DENV-positive homogenates numbered 1, 2, 3 and 4 were
filtrated using a Millex-GX filter (Millipore Corp., Bedford,
Massachusetts), and the filtrate was added to a C6/36 cell culture
(7 x 10° cells) in a 24-well plate. Total volume was brought to
I ml per well by adding MEM with 2% FBS, and was incu-
bated at 28°C in a CO; incubator. After 9 days, cytopathic
effects were observed in the cells exposed to DENV-positive
homogenate. The culture supernatants were collected and cen-
trifuged at 2500 rpm for 10min at 4°C. Then, 50 ul of the
supernatant was used for cDNA synthesis.

The four cDNAs were mixed for the following RDV method.
The protocol for the RDV method is described in detail else-
where (Mizutani et al., 2007). The nucleic acid sequences from
16 fragments were used to search for homological sequences
using BlastN. Three fragments were found to be highly homol-
ogous with DENV-4, and two fragments were found to be
homologous with cell fusing agent virus (CEAV) (Fig. 1). CFAV
belongs to flavivirus that does not have a vertebrate host (Stollar
and Thomas, 1975). CFAV replicates in Aedes mosquitoes
and in mosquito cells. No antigenic cross-reaction was found
between CFAV and other member of flavivirus (Cammisa-
Parks et al., 1992). The nucleotide sequence data are available
in the DDBJ/EMBL/GenBank databases under accession nos,
AB300619-AB300621 (DENV-4) and AB300622-AB300623
(CFAV). This result shows that nucleic acid sequences of
DENV-4 and CFAV can be detected using the RDV method with-
out using specific primers. To determine which homogenates
contained these viruses, the four cDNAs were pre-amplified
individually using a GenomiPhi V2 kit (GE Healthcare, Little
Chalfont, Buckinghamshire, UK) according to manufacturer’s
protocol. PCR was performed using KOD-Plus (Toyobo Co.
Ltd., Osaka, Japan). Primers for detecting DENV-2 and DENV-
4 are described by Morita et al. (1994). Three primer sets for
detecting CFAV were designed to be at the NS4A region of
CFAV based on accession number NC_001564. DENV-4, but not
DENV-2, was detected in all four of the cDNA samples, whereas
CFAV was only detected in the cDNA of homogenate 1, but not

in homogenates 2, 3, and 4 (data not shown), indicating that both
DENV-4 and CFAV co-infected the mosquito of homogenate 1.
Integration of part of the CFAV genome in C6/36 genomic DNA
has been reported (Crochu et al., 2004). However, CFAV was
not detected from RNA and DNA extracted from two different
C6/36 cell stocks using RT-PCR (data not shown). Although it
cannot be ruled out that the CFAV genome was integrated in the
genome of the C6/36 cells below detection level, these results
strongly suggest that CFAV nucleic acid sequences found by the
RDV method originated from the mosquito of homogenate 1.

[t was demonstrated that the RDV method is able to detect
DENYV and CFAV without using specific primers for amplifica-
tion. There have been a number of mosquito-borme outbreaks
of flaviviruses recently, and birds are also important vectors for
viruses such as West Nile virus. Recently, direct determination
of avian viral RNA sequences was demonstrated in allantoic
fluids inoculated with a test specimen using the RDV method
(Sakai et al., 2007). The RDV method therefore has the potential
to become a standard method for the detection of both known
and newly emerging, unknown avian-borne and mosquito-borne
viruses.
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Short Communication

Simultancous Detection of the Genus Brucella by Combinatorial PCR
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SUMMARY: We have developed a combinatorial polymerase chain reaction (PCR) precedure to identify four
major species of the genus Brucella simultaneously. Four pairs of primers targeting the genes encoding a cell
surface protein (BCSP3 /) and outer membrane proteins (omp2b, ompla and omp3 1) were prepared. PCR using
these primers gave rise to specific patterns of amplification for cach Brucella spp. examined in this study. B.
abortus could be identified when fragments of BCSP3/ and omp2b/2a were amplified by B. abortus-specific
primers. B. melitensis could be identified by the amplification of fragments of BCSP3 1. omp2b/2a and omp3!
using pair of primers B4/BS, JRF/JPR-ab and omp3 /. Identification of B. canis could be achieved when the
amplicons of amp2b/2a were detected by B. canis-specific primers, as could the identification of BCSP3/
and omp3/. 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). Morcover, it 1s 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 BCSP3/ (6) or 16S-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 [S711 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
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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 Brucella, 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 SepaCGene (Sanko Junyaku, Tokyo, Japan)
according 1o 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 | min,
annealing at 65°C for 1 min and extension at 72°C for | min,
followed by a final extension at 72°C for 7 min.

The primers designed and used for the simultaneous 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/BS, was previously reported to amplify
a 224-bp DNA fragment from a gene encoding a 31-kDa
cell surface protein (BCSP3/) that 1s 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 amp2b ompla omp31
Species Strain - ‘ - =
B4/BS JPF/JPR-ab  JPF/JPR-ca  JPF/JPR-ab  JPF/JPR-ca 1S/1AS

Brucella abortus 5441 + + - + . B
Brucella abortus Takanashi" . . = ¥
Brucella abortus 125% + + - +
Brucella melitensis 16M" + - = = = +
Brucella melitensis HagiwaraB1" + + - + - i
Brucella melitensis TWCC40430" e + = ¥
Brucella melitensis H17-298" + + = - _ £
Brucella suis 1330" + + _ " N
Brucella suis S-13" = + _ i i
Brucella canis QEI13" - - + " N
Brucella canis Shizuoka03* + - + + i
Yersinia pestis Yreka ~ = & -
Yersinia pestis Al122 B = = -
Yersinia enterocolitica Pa2369 (03) = - - - =

Yersinia enterocalitica

Pa9571 (03)

Yersinia enterocolitica Pal2986 (O8)

Yersinia enterocolitica Pal77 (09) =
Yersinia pseudotuberculosis 319 =
Bacillus anthracis PAIL -
Bacillus cereus NBRC3466 =
Bacillus subtilis 3 -
Francisella nlarensis LVS =
Coxiella burnetii Nine Mile -
Eschericia coli DHS5 alpha =
Haemofilus influenzae Type B -
Klebsiella pneumoniae ATCC13883

Listeria monocytogenes ATCC15315 =
Mycobacterium tuberculosis ATCC27294 =
Pasteurella aerogenes ATCC27883 =
Pasteurella multocida ATCC12947 =
Staphylococcus aureus ATCC29247 3=
Streptobacillus moniliformis  ATCC14647

Ochrobactrum anthropi ATCC49187

Ochrobactrum anthropi ATCC49687 -

I'; Bacterial strains were supplied from National Institute of Animal Health, Tsukuba, Ibaraki. J::pun.

2

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

test

2 Heat-inactivated bacteria, which was commercially available, was obtained from National Agriculture and Food Research Organization,

: A new isolate from blood of an imported brucellosis patient was supplied from Tokyo Women's Medical University, Tokyo, Japan.
: A new isolate from blood of an imported brucellosis patient was supplied from Tokyo Metropolitan Institute of Public Health, Tokyo, Japan.
: A new isolate from a piece of liver of an aborted puppy was isolated in our [aboratory

Table 2. Primers designated in this study

Target gene  Primer name Sequence ITargel -CJ.C.anilﬂk Location
ength accession
BCSP31 B4 (S)" 5-Tgg CTC ggT TgC CAATAT CAA 224bp  M20404 789-809
B35 (AS)" 5CgCegCTTgC CTTTCA geT CTg M20404 1012-992
omp?2 IPE (S) §-pCg CTC Agg CTg CCeg ACg CAA LU26438 2110-2130
JPR-ab (AS)  S-CAT TgC geT Cgg TAC Cgg Ag 186bp  U26438 2295-2276
JPR-ca (AS) 5-CCT TTA CgA TCC gAg CCg gTA 187bp  U26439 2296-2276
omp3i 15 (S) §-gTT CgC TCg ACg TAA CAg CTg 249bp  AF366073  218-238
1AS (AS) 3-gAC CgC Cgg TAC CAT AAA CCA 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 [86-bp fragments
from both omp2b and omp2a regions were amplified by PCR
with the pair of primers, JPF/JPR-ab. In contrast, since the

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 omp 2a
of B. suis (U26443) are identical to those of B. aborius and
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B, canis, respectively, fragments were obtained by PCR using
either the JPF/JPR-ab or JPF/JPR-ca primers. As shown in
Fig. |, PCR using a pair of primers, JPF/JPR-ab, amplified
a [86-bp fragment from B. abortus, B. melitensis and B.
suls, 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 18/1AS was designated to amplify a 249-bp
fragment from the omp3i/ gene encoding another Brucella
outer membrane protein. However, due to the presence of a
large deletion in the omp3 [ gene of B. aborius (14,16), prim-
ers |S/1AS did not amplify the fragment from 8. 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 BCSP3/ by B4/B5 primers. B. melitensis could be
identified by the amplification of fragments of 8CSP37 and
omp3l as well as omp2b and omp2a by a pair of primers,
JRF/JPR-ab, and omp3 1. In contrast, identification of B. canis
could be achieved if BCSP3/ and omp3 ! were amplified and
it 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 Brucelfa 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/B5, JPF/JPR-ab and 15/1 AS, 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 |S/1AS, we
were able to distinguish B. abortus and B. melitensis from
the other species by multiplex PCR, although 8. canis and

B canis QE13
4 M

8. suis 1330
2 3 4

B. melitensis 16M

1 2 3 4 M 1 M

300-bp

200-bp

100-bp

Detection patterns of four major biovars of Brucella spp. by four pairs of primers
Lane I, BA/BS; 2, IPF/JPR-ab; 3, JPF/IPR-ca; 4, 1S/1AS; M, Size marker

B. suis could not be differentiated in this manner (Table 1).
From these results, we concluded that it was mare 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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SR - TREHNLBET HATHEM(ZIEL, 12720, AR TIE2~5%F#E A B canis DBRFEEFDOESATL

%,

bHETIIRHE. AERIBHORNRTEIUM o110, BERRITERICRBEN TGN 27z, LAL, 1999
FAR1ABFOBRLEETIEBREICIEREN, BHLETATOEMICBEABHE STohtz. ThLl&,
20074E3 831 BBRAEETICBHIE8MA SN TUVEA, 200524, 2006 F5H & EFIZERLTLS(R) . Sh
(AR B EMAMMLI-CELYE. CLABMOBIZT L ESENERESNDLIIH2F10EBEZOND,

ENEREERL ST 2401055, MRS ECIYBENDHMBESNT. B melitensis BN RSN =24
(Fd#2, 4) (. WVFhEENTRELELDTHD, 161U 7 TOFADERICESEHEZ LN (IASR 26;
273-274. 20055 8) . 31 HlIE T T TOBRENASOI7OVILRAIZEDAREMEABLEDN TINS (IASR,
97 125-126. 20065:88) , B abortus BENHEEENI- 16 (Eh#6) (FF/H THRE-BEL. ABREZ AL EA
TEBLI-LEZLATEY. BERARLLTICSTPTOILIOERAEEIN TS, ZOLIC, KES(TW
ABRFELLTIETILENHD.

EREEERAEETE36]E. WThEB canis [T T DKM BRHEA TS, SHILLICHLNEARED
EMEILZEHoNEN 2T,

TLESEDERICITHMMLELEONE BHICEMLERENRCES LS DRRZBHEARNM L, 0K
BEIZEE. B abortus 0B canis EMBREL-RBERBERTAThNh. REOBRKERERMTLARTHD
MOBEREEAZRENA0, 1:160LL L OB IZHBELHIFENS (X ARAVTATHoTHIB0EULD
HAEEL->TRHEOHNBESN TV A, 200744 BI1Z8. abortus |ZDWVTIZ40ELL EERRET HLITEES
Ni-). B melitensis . B. suis BENBEONDEETE, B abortus EMRELI-REDOBRHEZTS BHEOHEICE
EARAVETHY. MFOCBUOEENTHOIAIN, REENT TITHEESATOTHBETEGLILNSL,
ChETOBETEH. B-ERTORENBELALIIFITETRTENSMEINTEST . ARBEILEERITE
HIEYBEA TS, LHE, 15 (EP#) 2R E, BEMATOBMERTEHEN TV AN, MEREDH TH
TR T ERTIAEBNAENEELL, £-, PCREIZLIFHAKREFZHLTRETHY. BULBRE
FEFBEHSBICEBANATRETHD.
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Capnocytophaga canimorsus D\ BESh -, MME - EMBF L THRESA S
LB XBED 14

(Vol.28 p 299-300: 20074108 %)

200611, EREFEREERt A—HaHA L E—I2. ZERBF2OZHTSEO TSR ST,
NYPDRICFHERFN-2AR(CFRRETAEZZZLTEY., A XRGICERTH2HMELZHL. LA
BET-. BRERTT. B145FBICBREREA-T-M. MEEFE LY . Capnocytophaga canimorsus H 5T BEEH
o ROBOORAREETHLIN . RHCEHHIMNECHEH T/ THA.

fEH 7558, ik,

F R FIREEE,

BECEEE - R B 4530720 .

B 2006 11 2LV RICEFEEKENLNS . BATHELAE, 11 A48FREHNAHBEL, EELXR
%, BRITBATHo1-H, BERMH AREIZT, PO, 56mmHg, PCO, 31mmHe BB MEEEH D, MARE
(ZT. BBk 18,000/ i |, CRP 5.04mg/dl&E{B. M/ 1.575/ 1 1&FEBRIZHRED, 5(ZBUN 59mg/dl. Crt
243mg/dIEBHEEEXZHD, L ELY, BRMEDEL., DICHEEM M ERNEEERE) . ZRBTLOBZHIC
T.EPABEErEMNICH B S—IT80X,

WX B BRAE - EML L1, MEImmHg ARE2 . BRIA98.~ 43, FRIREI24. 5>, (KiB39.0°C, O, SATRIETE. £ 5
FF/—EER . EFEI2HFDAROERERT-ERHY.

WoERBRERE (K1),

EEER#RA (B MR ENRETH o120 BRLAIFRBEELL, F1HEA TR RS - B 6 MR K
ABHERETL. LB % IPM/CS 1g, CLDM 1,200mg) - Hr 5 O7 Y -FOY - AT-IEFIIR S 12 L HAMERMIAL
1. E3FAHCRP 31mg/dETHELIAY, LIEARBEMEAY ., M/ EH208 4 x 2B MO /MR ME. F4
BB SUEIMER &=, LR IZEAL., $6/m A ATFPREELUBER . £14% BCRP 3.7meg/dETETL
for-OmEFEFPIbEL. FRBREL, AlRD. MIRMZAERSLVTSLBREEEN M BHENWZAEEIZES
I B BRREARRICEBEL ., B BREAEMCENT. AR EEERBE D1 DTH S Capnocytophaga &
BE?16S rRNAIR{ZFIFRMPCREEELIEER. C canimorsus FHRABEFHIREENT -, T, HFETEEL
- FRIERBREL C canimorsus DIERERL TV, LLEDZEN S, FEFDOBREBEILC canimorsus £4)
BALT=.

ER:C canimorsus TAXOOBREERE THLIN AREBEHOMMEDOFRERELLTEATIIRTHESZH
BEZND), KB TOHREEIHT. XEBRRTE. WThELMOEESHLETLEZ. AubOREICBRERREL
-9 D) e, BLARYrDIBIZE - EmANZEL63B D BHEIND 28D &H THT=M. Fihs X[ ERIMTIE
MAEEBROHES DG KBICLDMMENRESHN TOSAHEENBLIEIERLTLS2), £, X OME
TlE. BEE - HEEE BRK- 72— ILhE- BREHFELE) ICEEFA S 4, REFOBIREFI
‘TSEDER I THoN, EPARNBNNEFELGIFELE 22T+ 2B ELED. BECBREOL
IMEEET. BEIAHAVR-ETHoTL. BE- REORIRYIERREERE2 T OLFIETHRET.
EREANCOBRBELEETHH MEEORIRICOVTIE. —BIZR-WIZLER-FETIL, BXEHELTERT
FrosRkE - EEHIRE - Pasteurella B - B2 DRI EMNBEEEI L. Amoxicillin-clavulanateE =X Clindamycin + ST&
FIORBEAE—BIRELGE, ABRABTIL. Amopicillin-sulbactam®E = [£Clindamycin + Ciprofloxacin hydrochloride
MNBIRENB5), C canimorsus [TPCG(NZL UG MNE—BIRTHDH6), LEOHERCEEZHEERL.AX
EHITERL-Imipenem, Clindamycint [Z(FR U TH1-EEZ D,
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THHN. BRECRERLLDBEELHY . RvrZ LB BREOBIE. BETH>TLEMBBEZBL. H
VERMOES NEEREERTEAETHD, AHCERILEVENER~OBENLETHD, TIECE
CHBGEMEEZAMEL-.

HE 30
1)Janda JM, et a/ ., Emerg Inf Dis 12(2): 340-342, 2006
2Fith—xX BERERERMEYFHEE 1501): 9-14, 2005
INm B+, B ARTPRMEL 94: Suppl 263, 2005
4)Lion C, Eur J Epidemiol 12; 521-533, 1996
5)HBEEARA, 4% 67(1): 70-75, 2005
6)iZFEE E. Medical Postgraduates 42(2): 21-28, 2004
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F1. B2 —RERERERE

Mz 137 mEaqg
K 4.5 mEgqg:
C 100 mEg

Serological test
CRP 24.36 IU

Hematology Blood chemistry
WBC 125x%103 mrm3 TEB 2.3 g'd
RBC 395% 104 mrm3 Ab 30 gd
Hb 129 g'd AST 105 U
Pt 1.2x104mm3 ALT 38 IU
LDH 588 IU
Coaguration test ALP 420 U
PT 17.2 sac. ¥ GTP 71 U
INR 205 Ary.oase 96 IU
APTT 623 sec. CPK 1337 IV
FIB 186 mg d T-Bi 1.9mg'o
HPT all - BUM 61.9 mg d
ATID 37 Cri. 253 mgd

FDP 2128 g ™.

FMX @1
}

HBsAg  -)
HCV-Ab -

ABRiZ#EB

{me'd)
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Abstract

A latex agglutination test for detecting Echinococcus multilocularis coproantigen in definitive hosts was developed using latex
beads sensitized with EmA9 monoclonal antibody raised against somatic antigens of adult E. multilocularis. A primary test (LA 1)
was performed on 82 fecal samples of necropsied foxes, of which 46 were infected, and resulted in 61% sensitivity and 86%
specificity. To increase the sensitivity, 4 ng/mL of excretory/secretory antigens of adult worms was added to the samples in a
secondary test (LA 2), resulting in 91% sensitivity and 61% specificity. The positive predictive value of the LA 1 test and the
negative predictive value of the LA 2 test were both 85%. The combination of the LA 1 and LA 2 tests is applicable and practical for
use in situations that require quick diagnosis or screening based on the following interpretation: the samples that are positive in the
LA 1 test are positive; the samples that are negative in the LA 2 test are negative; and the samples that are negative in the LA 1 test

and positive in the LA 2 test are classified as suspicious,
© 2008 Elsevier B.V. All rights reserved.

Keywords: Echinococeus multilocularis; Latex agglutination test; ELISA; Coproantigen; Diagnosis; Definitive host

1. Introduction

Echinococcus multilocularis, one of the most serious
zoonotic parasites, is widely distributed in the northern
hemisphere, including Hokkaido, Japan (Eckert et al.,
2001). Humans are infected by ingesting eggs derived
from the feces of definitive hosts. In Hokkaido, the
prevalence of E. multilocularis in red foxes, the main
definitive host, has been approximately 40% over the last
two decades. Moreover, infections of domestic dogs,
which are another potential infectious source for humans

* Corresponding author. Tel.: +81 11 706 5196;
fax: +81 11 706 5196.
E-mail address: nnonaka@ vetmed hokudar.ac jp (N. Nonaka).

0304-4017/$ — see front matter © 2008 Elsevier B.V. All rights reserved.

doi: 10.1016/).vetpar.2007.12.029

because of their close proximity, have been reported not
only on Hokkaido, but also on the main island of Japan
(Kamiya et al., 2007; Morishima et al., 2006; Nonaka
et al., 2006). In response to the deteriorating situation, a
reporting system for canine echinococcosis has been
enforced in Japan since October 2004; as of March 2007,
seven cases have been detected.

The ability to perform a rapid and on-site diagnosis/
screening for infection in definitive hosts would be
beneficial for small animal practitioners in their risk
management; however, this is difficult to perform with
the currently available diagnostic tools. Fecal egg
examination is inaccurate for Echinococcus species
because of the morphological similarity of eggs among
taeniid species and the intermittent excretion of eggs
even after maturity (Eckert and Deplazes, 2001;

Please cite this article in press as: Nonaka, N, et al., A latex agglutination test for the detection of Echinococcus multilocularis
coproantigen in the definitive hosts, Vet. Parasitol. (2008), doi:10.1016/j.vetpar.2007.12.029
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