Membrane sorting of Brucella 233

. . et e e e e 100+
280 W Wortmannin- w 100 B 10 C D
O wortmannin+ E -
= 200 S 80- 2 8- 1 2
: . | & 8 g
'i: i o " 2 ] a
g s 1501 T © 601 o a 64 -
£l . g i 5 g
£0 1004 E 4 E 4 <
T £ s -~
@ 2 e 32
° 50 & 204 < 24
a g _ R 1
0- : 2 0- h 0 . .
WT AvirB4 WT AvirB4 WT AvirB4 WT AvirB4
1071
—CO— Wild-type/worl-
—a— Wild-type/worl+
108 4 —{3— Avir84wort-
—a— AVirB4worl+
= 10°7
S
04 4
o ! T
o]
= e 1 z
i 7 I
1074 L T
+
101 T T T
2 24 48

Incubation time (h)

Figure 5. Effect of wortmannin treatment on B. abortus infection into macrophages. (A—C) Bacteria were
deposited onto macrophages in the presence or absence of wortmannin and incubated at 37°C for 15min.
Uptake (A), macropinosomme formation (B) or gentamicin protection (C) was quantitated as described (see
Experimental procedures). Black bars: Ba600 (wild-type); open bars: Bat04 (AvirB4). One hundred
macrophages were examined per coverslip (A and B). Data are the average of triplicate samples from three
identical experiments, and the error bars represent the standard deviation. (D) Kinetics of colocalization of
LAMP-1 with phagosomes containing B. aborfus. Ba600 (wild-type} (black bars) or Ba604 (AvirB4) (open bars)
was deposited onto macrophages with or without wortimannin treatment, then incubated for the periods
indicated at 37°C before fixation and probing with anti-LAMP-1 antibody (see Experimental procedures).
‘% LAMP-1 positive’ refers to percentage of internalized bacteria that showed co-staining with the LAMP-1,
based on observation of 100 bacteria per coverslip. Data are the average of triplicate samples from three
identical experiments, and the error bars represent the standard deviation. (E) Intracellular replication of
B. abortus in macrophages. Macrophages in the presence or absence of wortmannin were infected with Ba600
(wild-type) or Ba604 (AvirB4) as described in Experimental procedures. Data points and error bars represent
the mean CFU of triplicate samples from a typical experiment (performed at least four times) and their
standard deviation.

generalized plasma membrane ruffling induced
by B. abortus.

Consistent with these observations, regulation
of macropinosome formation induced by
B. abortus was different from that induced by
PMA. Inhibitor of PI3-kinase inhibits macropi-
nocytosis, not by interfering with the initiation
of the process but rather by preventing its
completion [12]. PI3-kinase is necessary for

macropinocytosis and phagocytosis, but not for
micropinocytosis or receptor-mediated stimula-
tion of pseudopod extension [12]. PI3-kinase
contributes to a late step in the formation of
macropinosomes and phagosomes, probably
the closure of pseudopodia to form intracellular
vesicles [12]. Our results showed that regula-
tion of macropinosome formation induced by
B. aborfus was a mechanism independent of
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PI3-kinase. Therefore, we concluded that
B. abortus stimulates macropinosome-like novel
large phagosome formation after swimming
internalization.

Macropinosome formation has been described
for Legionella pneumophila, and macropinosomes
containing L. pneumophiln included in lipid raft-
associated molecules {17]. Legionella pneumophila
modulates trafficking of phagosomes in which
they reside [18]. Legionella pneumophila resides in
phagosomes that restrict its fusion with host
endosomes and Iysosomes [19] and its intracel-
lular fate is decided by the type IV transport
system, Dot/Icm apparatus [20]. PI3-kinase
inhibitor blocks phagocytosis of avirulent mu-
tants, but not wild-type L. preumophila, without
affecting membrane ruffling and actin polymer-
ization [21]. The mechanism of macropinosome
formation by B. abortus and L. pneumophila may
be similar, but swimming internalization has not
been observed in L. preumophila internalization
and the process of initial internalization of
L. pneumophila into mouse bone marrow-derived
macrophages is still unclear.

This study showed that the early endosomal
membrane-tethering molecule EEA1 was ex-
cluded in B. gbortus-induced macropinosomes.
The presence of EEAl on phagosomes is a
requisite for the subsequent acquisition of late
endocytic characteristics. As EEA1 has been
implicated in trafficking between the trans-
Golgi network and endosomes [22] and in
homotypic fusion with early endocytic compart-
ments [23], the exclusion of this Rabb effector
from B. abortus-induced macropinosomes is
responsible for an orderly acquisition of late
endosomal membrane proteins. Consistent with
this, B. abortus-induced macropinosomes failed
to colocalize with endocytic and lysosomal
marker LAMP-1. The intracellular pathway in
Hela cells of the virulent B. abortus strain 2308
and the attenuated strain 19 is showed [6]. Both
bacterial strains are transiently detected in
phagosomes characterized by the presence of
early endosomal markers such as EEA1l [6].
Differences between this study and that study
[6] may be caused by using different types of
cell. Intracellular trafficking of B. abortus phago-
somes is different between professional phago-
cytes and non-professional phagocytes [24].

EEA1 associates with oligomeric structures
containing N-ethylmaleimide-sensitive factor
(NSF) and Rabaptin-5/Rabex-5 on endosomal
- membranes, and interacts directly with sintaxin
13 {25]. The function of the soluble NSF
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attachment protein receptor (SNARE) in mem-
brane transport is regulated by Rab proteins and
their effectors [26]. Rab effectors mediate initial
docking of vesicles to their target compartment,
which must be synchronized with the priming of
SNARESs and formation of trans-paired SNARE
complexes, ultimately resulting in lipid bilayer

-fusion [27]. Whether SNARESs are excluded from

B. abortus-induced macropinosomes is great
interest, and needs further investigation.

Material and Methods
Reagents

Tetramethyl rhodamine isothiocyanate (TRITC)-
dextran  of molecular weight 155,000
(TRD x 155), phorbol myristate acetate (PMA),
filipin, and wortmannin were obtained from
SIGMA (5t Louis, MO, USA). Cholera toxin B
subunit (CTB)-biotin conjugate was obtained
from List Biological Laboratories (Campbell,
CA, USA). Alexa Fluor 594-streptavidin,
Cascade blue-goat anti-rabbit IgG, Texas Red-
goat anti-rat [gG were obtained from Molecular
Probes, Inc (Eugene, OR, USA). Rhodamine-goat
anti-rabbit IgG was obtained from ICN Phama-
ceuticals (Aurora, QH, USA). TRITC-rabbit anti-
goat IgG was obtained from Chemicon (Teme-
cula, CA, USA). Anti-EEA1 goat polyclonal
antibody was obtained from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Anti-B.
abortus polyclonal rabbit serum was described
previously [8, 28]. Anti-LAMP-1 rat monoclonal
antibody 1D4B was obtained from Developmen-
tal Studies Hybridoma Bank, of the Department
of Pharmacology and Molecular Sciences, Johns
Hopkins University School of Medicine, Balti-
more, MD, USA and the Department of Biology,
University of Iowa, Iowa City, IA, USA.

Bacterial strains and media

ANl B. abortus derivatives were from 544
(ATCC23448), smooth virulent B. abortus biovar
1 strains. Ba598 (544 AvirB4), Bab600 (544 GFP*)
and Ba604 (Ba598 GFP*) were described previ-
ously I8, 28]. Brucella abortus strains were main-
tained as frozen glycerol stocks and were
cultured on Brucella broth (Becton Dickinson
and Company, Cockeysville, MD, USA) or
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Brucella broth containing 1.5% agar. Kanamycin
was uscd at 40 pg/ml.

Cell culture

Bone marrow-derived macrophages from female
BALB/c mice were prepared as described
[29]. After culturing in L-cell conditioned me-
dium, the macrophages were replated for use by
lifting cells in PBS on ice for 5-10min, harvesting
cells by centrifugation, and resuspending cells in
RPMI 1640 containing 10% fetal bovine serum.
The macrophages were seeded (2-3x10° per
well) in 24-well tissue culture plates for all
assays.

Time lapse video microscopy

Bone marrow-derived macrophages were plated
in a Lab-Tek Chambered coverglass (Nalge
Nune, Naperville, IL, USA) and were allowed
to incubate overnight in RPMI 1640 contammg
10% FBS at 37°C in 5% CO,. Bacteria (2 x 105/ml)
were added to the chamber, which was then
placed on a heated microscope stage set to 37°C
for observation by wusing an Olympus IX70
inverted phase microscope with 100X UPlanApo
lens fitted with phase contrast optics. The
bacteria were allowed to pellet passively onto
the macrophages, and images were captured
over a 30min period. If further observations
were desired, new samples were prepared and
the procedure was initiated again.

To.capture images, the lens was focused on the
upper surface of the macrophage. When bacteria
began to appear within the focal plane of the
image, the images were captured every 15s
using a cooled charge-coupled device camera
(CoolSNAP; Roper Scientific, Trenton, NJ, USA),
and were processed using Openlab software
(Improvision, Lexington, MA, USA) on a Power
Macintosh G4 computer.

Detection of intracellular bacteria and
macropinosome formation by using
fluorescence microscopy

Brucella abortus strains were grown to A600=3.2
in Brucella broth and used to infect mouse bone
marrow-derived macrophages for various
periods at the indicated multiplicity of infection
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(MOI). Bacteria in 250 ul of RPMI 1640 contain-
ing Tmg/ml of TRD x 155 were deposited onto
the macrophages by 150 x g centrifugation for
S5min at room temperature, and were then
incubated at 37°C, for 0 (no incubation), 5, 15,
25, and 35min. Infected cells were fixed in
periodate-lysine-paraformaldehyde (PLP) {[30]
containing 5% sucrose for 1h at 37°C. The
samples were washed three times in PBS, and
were incubated three times for Smin each in
blocking buffer (2% goat serum in PBS} at room
temperature. The samples were stained with
anti-B. abortus polyclonal rabbit serum diluted
1:1000 in blocking buffer to identify extracellular
bacteria. After incubating for 1h at 37°C, the
samples were washed three times for 5 min each
with blocking buffer, were stained with Cascade
blue-conjugated goat anti-rabbit IgG diluted
1:500 in blocking buffer, and were incubated
for Th at 37°C. The samples were washed three
times and were placed in mounting medium.
One hundred macrophages were examined per
coverslip to determine the total number of
intracellular bacteria, macropinosome forma-
tion, and the total number of bacteria within
macropinosome. Macropinosomes were defined
as TRDx 155-labeled phagosomes in which
detectable TRD x 155 surrounding the bacteria
was observed by fluorescence microscopy.

Co-infection of wild-type and AvirB4
strain of B. abortus

Bab04 (AvirB4 GFP™) and 544 (wild-type GFP™)
were deposited onto bone marrow-derived
macrophages by 150 xg centrifugation at an
MOI of 20 for 5min at room temperature and
were then incubated at 37°C for 15min or 24 h.
Infected macrophages were fixed in PLP-sucrose
for 1h at 37°C. The samples were washed three
times in PBS, and were successively incubated
three times for 5 min each in blocking buffer 2%
goat serum in PBS) at room temperature. Then,
the samples were permeabilized in 0.1% Triton
X-100, were washed three times with blocking
buffer and were incubated with anti-B. aborfus
polyclonal rabbit serum diluted 1:1000 in block-
ing buffer. After incubating for 1h at 37°C, the
samples were washed three times for 5 min each
with blocking buffer, were stained with
rhodamine-goat anti-rabbit IgG diluted 1:500 in
blocking buffer, and were incubated for 1h at
37°C. Atter three washes with PBS, the samples
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were placed in mounting medium and visua-
lized by fluorescence microscopy.

Measurement of the efficiency of
bacterial uptake by cultured
macrophages

To measure the uptake of bacteria, mouse bone
marrow-derived macrophages were infected
with B, abortus as described in the previous
section. After 0, 5, 15, 25 and 35 min incubation
at 37°C, macrophages were washed once with
media and were incubated with 30 ug/ml gen-
tamicin for 30min. Macrophages were then
washed three times with fresh media and were
lysed with distilled water. Colony-forming units
{CFU) were determined by serial dilutions on
Brucella plates. Percentage protection was cal-
culated by dividing the number of bacteria
surviving the assay by the number of bacteria
in the infectious inoculum, as determined by
viable counts.

Measurement of the efficiency of
intracellular growth of bacteria

Bacteria were deposited onto macrophages at an
MOI of 20 by centrifugation at 150 x g for 5min
at room temperature, and were then incubated
at 37°C in 5% CO, for 1h. The macrophages
were then washed once with medium and were
incubated with 30 ug/ml gentamicin. At differ-
ent time points, cells were washed and lysed
with distilled water, and the number of bacteria
was counted on plates of a suitable dilution.

LAMP-1 stai_ning

Infected macrophages were fixed in PLP-sucrose
for Th at 37°C and stained for extracellular
bacteria as described above. All antibody-
probing steps were for 1h at 37°C. Samples
were washed three times in PBS for 5min and
then permeabilized in —20°C methanol for 10s.
After incubating three times for 5min with
blocking buffer, samples were stained with
anti-LAMP-1 rat monoclonal antibody 1D4B
diluted 1:100 in blocking buffer [31]. After
washing three times for 5 min in blocking buffer,
samples were stained simultaneously with Texas
Red-goat anti-rat IgG. Samples were placed in
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mounting medium and were visualized by
fluorescence microscopy. Intracellular bacteria
were detected by GFP fluorescence and by
absence of staining with Cascade blue.

Colocalization of proteins with
macropinosomes

To detect localization of GM1 ganglioside in
macropinosomes, macrophage monolayers
were incubated for 5min with biotin-CTB
(10 ug/ml), were rinsed three times in RPMI
1640 and were incubated with either Ba600
(wild-type) and Ba604 (AvirB4) for the indicated
time periods at 37°C [8]. The macrophages were
washed once, were fixed in PLP-sucrose, were
probed for extracellular bacteria, as above, and
were permeabilized in 0.05% saponin for 10 min
at room temperature. After three washes with
PBS and incubation in blocking buffer, the biotin-
CTB was detected by using Alexa Fluor 594-
streptavidin (1:500 in blocking buffer). To detect
GFI linkages, the samples fixed as above were
permeabilized in methanol at —20°C for 10s and
were probed with purified aerolysin (2.5 g /ml)
for 1h at 37°C. The antibody-probing steps of
aerolysin (1:1000), and EEA1 (1:100) were the
same as for LAMP-1 staining. To detect choles-
terol, samples fixed as above were incubated with
the fluorescent cholesterol-binding drug filipin
(50mg/ml) for 2 h at room temperature [8].

Drug treatment

PMA and wortmannin treatments were done by
the method of Araki et al. [12]. Briefly, mouse
bone marrow-derived macrophages were incu-
bated with RPMI 1640 containing 30ng/ml
PMA or 100nM wortmannin for 30min at
37°C. After washing with media containing
PMA or wortmaninn, the macrophages were
infected with bacteria as described in the
previous section.
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Abstract

Non-tuberculous mycobacterium infection is rarely ac-
companied by pleural involvement. We report a very
rare case of Mycobacterium avium-intracellurare com-
plex (MAC} pleuritis with massive pleural effusion. The
patient was a non-compromised 67-year-old female and
had been treated for pulmonary non-tuberculous myco-
bacterium infection. She was admitted to hospital be-
cause of general malaise, low-grade fever and right pleu-
ral effusion. Cytologicai examination of the effusion did
not show malignant cells. MAC was only identified by
culture and PCR. No other bacteria were detected. Com-
plete resolution of the pleural effusion occurred after
administration of anti-tubercular agents (isoniazid, ri-

fampin, ethambutol} and clarithremycin.
Copyright® 2002 S. Karger AG, Basel

Introduction

Moist pleurisy in patients with Mycobacterium avium
complex (MAC) is rarer than tuberculosis. It has been
reported that MAC-related disease begins with centriaci-
nar abnormalities in the Jung, and the incidence of lym-
phatic abnormality is low. Tuberculosis (idiopathic pleu-
ritic type) is thought to cause pleuritis associated with
pleural effusion from the primary focus of a pulmonary
infection. Thus the onset of unilateral effusion is extreme-
ly rare in patients with MAC disease.

We report a rare case of a non-immunocompromised
Japanese woman with MAC pleuritis.

Case Report

The patient was a 67-year-old Japanese woman. She was admit-
ted to Nagasaki University Hospital because of general malaise, low-
grade fever and right pleural effusion. Physical examination showed
the patient was 155 cm tall, weighed 60 kg and had an arterial blood
pressure of 126/76 mm Hg, a pulse rate of 96/min and a temperature
of 37.3°C. Coarse crackles were present over the right lower lung
field. There was no lymphadenopathy.

Laboratory tests showed the erythrocyte sedimentation rate to be
72 mm/h, leucocyte count 4.5 x 10%1. Total proteins were 6.9 g/dl,
with low albumin {54.8%). A human immunodeficiency virus (HIV)
antibody test was negative. Tuberculin skin test reading was 15 mm.
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Fig. 1. Posteroanterior chest roentgenogram
at the time of admission. Note the presence
of the pleural effusion in the left thorax.

Chest X-ray (fig. 1) and computed tomography showed a massive
pleural effusion in the right lower region and pulmonary opacities in
the right middle and lower lung fields, as well as in the left lower lung
field. Bacteriological examination and culture of sputum showed the
presence of MAC. No other bacteria were detected. The pleural fluid
was yellowish clear with a specific gravity of }.035. Cytological exam-
ination of the effusion did not show any malignant celts. Biochemical
analysis of the effusion showed a protein level of 5.2 g/dl (serum pro-
tein 6.9 g/dl), lactose dehydrogenase 1,125 U/L, and Rivalta reaction
was positive. Bacteriological examinations, staining and culture of
the fluid were negative. MAC was identified in the pleural effusion
by culture and PCR using Amplicor Mycobacterium.

Based on the clinical findings and laboratory data, our diagnosis
was pulmonary diseasc and pleuritis due to MAC.

The treatment started with isoniazid 400 mg/day, rifampin
450 mg/day, ethambutol hydrochloride 500 mg/day and clarithromy-
cin 800 mg/day. A gradual improvement in the clinical features was
observed with ongoing treatment. The patient was discharged free of
symptoms three months after admission. A chest roentgenogram tak-
en at the time of discharge showed a complete resolution of the pleu-
ral effusion (fig. 2). She continued the same treatment for another
three months and was seen regularly at the outpatient clinic. A close
follow-up for more than two years after her discharge from the hospi-
tal indicates that the clinical course has remained unremarkable.

Discussion

It is generally assumed that when non-tuberculous my-
cobacterium is isolated from a closed space, it is responsi-

ble for the pathological changes observed. However, non--

tuberculous mycobacteria can be isolated from the pleural
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Fig. 2. Posteroanterior chest roentgenogram
taken at the time of discharge. Note the com-
plete resolution of the pleural effusion.

effusion in untreated patients with non-tuberculous my-
cobacterium infections, such as those with congestive
heart failure and metastatic tumours [1]. In the present
case, the patient did not have such an underlying disease.
The clinical features of this case were typical for pleuritis.
As we could only detect MAC in the pleural space and the
sputum, we diagnosed the condition as MAC pleuritis.

Qur patient was confirmed to be free of any coexisting
immunodeficiency, such as AIDS. Pleural involvement
without HIV infection has begn reported in a patient with
disseminated MAC infection. However, primary MAC
pleuritis without MAC infection is extremely rare. Okada
et al. [2] reported MAC pieuritis in a non-immunocom-
promised 35-year-old male. They indicated that the un-
vsually massive retention of pleural effusion was due to a
fack of treatment for approximately three months follow-
ing the onset of the pleuritis [2]. Although our case was
carefully followed in the outpatient department, the pleu-
ral effusion increased rapidly in volume. Previous studies
have indicated that malnutrition, impaired cellular im-
munity, apparently abnormal microvascular circulation
due to diabetes mellitus [3] and surgical treatment [4] may
enhance the development of pleuritis in infections caused
by MAC. Our patient showed no clinical features or labo-
ratory test results indicative of a dysfunctional immune
system, However, she could have underlying fibro-bullous
changes as a possible explanation for the development of
MAC disease.

Yanagihara/Tomono/Sawai/Miyazaki/
Hirakata/Kadota/Kohno
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Recently, Takahashi et al. [5] suggested that MAC may
be linked to a disease susceptibility gene and be deter-
mined by human leucocyte-associated antigens in pa-
tients with pulmonary MAC infections. Their results sug-
gest that some Japanese individuals may be susceptible to

MAC infections.
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Abstract: Salmonella enterica serovar Typhi and serovar Paratyphi A with reduced susceptibility to fluo-
roquinolones (MICs of ciprofloxacin, 0.25 to 2 pg/ml) have a mutation at codon either Ser-83 or Asp-87 of
2yrA gene. A screening method by PCR-restriction fragment length polymorphism (PCR-RFLP) was
designed to screen the mutations at codon Ser-83 and Asp-87 of the gyrA gene of S. enterica serovar
Typhi and serovar Paratyphi A clinical isolates. This method successfully screened the gyrA mutations of
8. enterica serovar Typhi and serovar Paratyphi A with reduced susceptibility to fluoroquinolones.

Key words: Salmonella enterica serovar Typhi, Salmonella enterica serovar Paratyphi A, RFLP, Fluoro-

quinolone resistance

Typhoid fever is sometimes a fatal infection to adults
and children that causes bacteremia and inflammatory
destruction of the intestine and other organs and requires
the urgent treatment by the administration of appropriate
antibiotics. Recently, fluoroquinolone has proven to be
effective for the treatment of typhoid fever, which
becomes the first-line drug for the treatment of typhoid
fever (3, 10, 13, 17). However, S. enterica serovar Typhi
strains resistant to fluoroquinolones and with reduced sus-
ceptibility to fluoroquinolones have been already report-
ed (2, 6, 11, 14-16). Further, several clinical treatment
failures with ciprofloxacin and other fluoroquinolones to
typhoid patients infected by the strains with reduced
susceptibility to fluoroquinolones have also been report-
ed (12, 16). The emergence and spread of the strains
with reduced susceptibility to fluoroquinolones have
been reported in several developing countries and also in
Japan. The mechanisms of fluoroquinolone resistance
have been well studied. Most of the acquired resistant
phenotype were attributed to mutations in the genes
encoding DNA gyrase (gyrA, gyrB) or DNA topoiso-
merase IV (parC, parE) (7-9, 18-20). The alterations at
the codon Ser-83 and Asp-87 of GyrA are the most fre-

quently found in the clinical isolates with reduced sus-
ceptibility to fluoroquinolones in 8. enterica serovar
Typhi and serovar Paratyphi A (1, 5). We previously
reported that only gyrA mutations contribute to the flu-
oroquinolone resistance in S. enterica serovar Typhi and
serovar Paratyphi A. Any gyrB, parC and parE mutations
which are responsible for the fluoroquinolone resistance
were not found in the clinical isolates of S. enterica
serovar Typhi and serovar Paratyphi A in our previous
study (5). The susceptibility test by diffusion with
nalidixic acid disk is now employed for the screen of the
strains with reduced susceptibility to fluoroquinolones.
However, alternate DNA based method is required for the
rapid screening for the strains with reduced susceptibil-
ity to fluoroquinolones. The purpose of this study is to
develop more rapid screening method for the detection of
fluoroquinolone resistant strains and the strain with
reduced susceptibility to fluoroquinolones than the ordi-
nary culture method.

The bacterial strains used in this study were collected
from the regional public health offices in Japan and all
isolates were obtained from either a blood culture or a
stool culture of individual patients and identified by

*Address correspondence to Dr. Haruo Watanabe, Depart-
ment of Bacteriology, National Institute of Infectious Diseases,
1-23-1, Toyama, Shinjuku-ku, Tokyo 162-8640, Japan. Fax:
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Abbreviations: Asp, aspartic acid; MIC, minimum inhibitory
concentration; PCR, polymerase chain reaction; QRDR, quinolone
resistance determining region; RFLP, restriction fragment length
polymorphism; Ser, serine,
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Table 1. Primers used for PCR-RFLP

Primers Sequence Primer position®
gyrA-F 5~TGT CCG AGA TGG CCT GAA GC -3 108-127
gyrA-Hinfl-as 5"-ATG TAA CGC AGC GAG AAT GGC TGC GCC ATA CGA ACG CTG GA*"G -3’ 302-261

* The primer positions were indicated by the number of nucleotide sequences from the start codon of gyrA gene.
» The mismatch sequence to produce a Hinfl site into the amplified fragment is indicated by asterisc on the primer of gyrA-Hinfl-as.

biochemical tests and serological tests on the basis of
standard criteria. The ciprofloxacin resistant sirains
were selected by culturing the ciprofloxacin susceptible
strains or the strains with decreased susceptibility to
ciprofloxacin in the medium supplemented with
ciprofloxacin (4). A total of 32 strains of S. enferica
serovar Typhi ( 3 ciprofloxacin resistant strains, 25 clin-
ical isolates with reduced susceptibility to ciprofioxacin
and 4 ciprofloxacin susceptible strains} and 15 strains of
S. enterica serovar Paratyphi A (4 ciprofloxacin resistant
strains, 7 clinical isolates with reduced susceptibility to
ciprofloxacin and 4 ciprofloxacin susceptible sirains)
were used for this study (5). The MICs of ciprofloxacin
and nalidixic acid were determined by Etest (AB Biodisk,
Solna, Sweden), according to the manufacturer’s instruc-
tions. The determination of gyrA mutations were previ-
ously described (4, 5). The PCR-RFLP method of
screening gyrA mutations for Salmonella typhimurium
was previously described by Giraud et al., which was
used in this study with a slight modification for S. enter-
ica serovar Typhi and serovar Paratyphi A (4). We
designed the PCR-RFLP to detect common mutations
related to fluoroquinolone resistance at codon Ser-83
and Asp-87 of GyrA. The PCR was performed with the
primers, gyrA-F and gyrA-Hinfl-as, which is expected to
produce a 195-bp amplified fragment with two Hinfl
restriction sites at the codon corresponding to Ser-83
and Asp-87 of GyrA,; the reverse primer gyrA-HinfI-as,
whose sequence is different by one base from the origi-
nal gene sequence, introduced an artificial HinfI cleavage
site at Asp-87 codon of GyrA according to the primer-
specified restriction site modification method (Table 1).
Restriction enzyme digestions were performed in a total
of 20 pl of the mixture containing 10 pl of PCR product,
2 i of 10X digestion buffer and 5 U of Hirfl for 60 min
incubation at 37 C. The digested PCR products were
separated in 15% polyacrylamide gel electrophoresis.
The alterations of the gyrA gene have a major role in
the fluoroquinolone resistance of gram negative bacteria
among the mechanisms of quinolone resistance. Our data
in previous study showed that only the strains with
reduced susceptibility to fluoroquinolones were found in
the clinical isolates, and that the typical resistant strains
(MIC of ciprofloxacin; =4 pg/ml) were never found. We
determined the gyrA mutations of more than 100 strains

of §. enterica serovar Typhi and serovar Paratyphi A
with reduced susceptibility to flucroquinolones. S. enter-
ica serovar Typhi and serovar Paratyphi A clinical iso-
lates with reduced susceptibility to fluoroguinolones
had only a single mutation in the gyrA gene at the posi-
tion of either Ser-83 or Asp-87 of GyrA (Table 2), and
other gyrA mutations were never found in the clinical iso-
lates of S. enterica serovar Typhi and serovar Paratyphi
A. The alterations in the quinolone resistance deter-
mining regions (QRDR) of the gyrB and parE genes
were not found in all of the clinical strains tested. The
typical fluoroquinolone resistant strains (MIC of
ciprofloxacin; =4 pg/ml), which were obtained by exper-
imental selection in vitro, had mutations at both of Ser-
83 and Asp-87 of GyrA (Table 2). Our previous findings
clearly showed that gyrA mutations were essentially
involved in the reduced susceptibility to flucroquinclones
and fluoroquinolone resistance of S. enferica serovar
Typhi and serovar Paratyphi A. Therefore, the screening
of gyrA mutations is considered to be necessary and
sufficient for the screening of the strains with reduced
susceptibility to fluoroquinolones in S. enterica serovar
Typhi and serovar Paratyphi A.

A fragment including gyrA QRDR was amplified by
PCR with the primers gyrA-F and gyrA-Hinfl-as (Table
1). The size of the amplified fragment was 195 bp,
which is the same in all S. enterica scrovar Typhi and
serovar Paratyphi A strains tested. After HinfI digestion,
the cleaved fragments of the susceptible strains of S.
enterica serovar Typhi and serovar Paratyphi A consist-
ed of 3 bands (137, 43 and 15 bp; RFLP pattern D in Fig.
1), which was produced by the Hinfl sites at the
nucleotide sequences corresponding to Ser-83 and Asp-
87 of GyrA. The 15-bp smallest fragment, which was
produced by the cleavage between Ser-83 and Asp-87 of
GyrA, was invisible in Fig. I, however, it is easy to be .
differentiated from the other types. The digested frag-
ment of the strains which have a mutation in codon Ser-
83 of GyrA consist of 2 bands (152 and 43 bp; RFLP
pattern B in Fig. 1), which lost the Hinfl site corre-
sponding to the Ser-83 of GyrA. The fragment of the
strains which have a mutation in codon Asp-87 of GyrA
consist of 2 bands (137 and 58 bp; RFLP pattern C in
Fig. 1). The fragment of the strains which have muta-
tions in both Ser-83 and Asp-87 were not digested by
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Table 2. The results of RELP patterns, MICs and gyrA muations of each strains

MIC (ug/ml) gyrA®
Serovar Strain No. CPEX® NA® 83 87 RFLP-pattern *
TCC (Ser) GAC (Asp)
Typhi NIHP3-4” =32 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A NIHP3-1"7 >32 >256 TTC (Phe) AAC (Asn) A
Typhi NIHP3-43% 16 =256 TTC (Phe) TAC (Tyr) A
Typhi NIHP3-39 8 >256 TIC (Phe)  TAC (Tyr) A
Paratyphi A NIHP3-44" 8 >256 TTC (Phe) TAC (Tyr) A
Paratyphi A NIHP3-3% 8 >256 TTC (Phe)  TAC (Tyr) A
Paratyphi A NIHP3-41% 8 >256 TTC (Phe)  TAC (Tyr) A
Paratyphi A 950040 2 >256 TTC (Phe) None B
Typhi 000006 0.5 >256 TAC (Tyr) None B
Typhi 000007 0.5 >256 TAC (Tyr) None B
Typhi 000008 0.5 =256 TAC (Tyr) None B
Typhi 000009 0.5 >256 TAC (Tyr) None B
Typhi 000012 0.5 >256 TAC (Tyr) None B
Typhi Q00015 0.5 >256 None GGC (Gly) C
Typhi 000016 0.5 >256 TAC (Tyr) None B
Typhi 000019 0.5 >256 TAC (Tyr) None B
Typhi 990069 0.5 >256 TAC (Tyr) None B
Typhi 990026 0.5 >256 TAC (Tyr) None B
Typhi 980083 0.5 >256 TAC (Tyr) None B
Typhi 990106 0.5 >256 TTC (Phe) None B
Typhi 990097 0.5 >256 TAC (Tyr) None B
Typhi 000022 0.5 >2356 TAC (Tyr) None B
Typhi 000023 0.5 >256 TAC (Tyr) None B
Typhi 000025 0.5 >256 TAC (Tyr) None B
Paratyphi A 990112 0.5 >256 TTC (Phe} None B
Paratyphi A 990110 0.5 =256 TTC (Phe) None B
Paratyphi A 000040 0.5 >256 TTC (Phe) None B
Paratyphi A 000055 0.5 >256 TTC (Phe) None B
Paratyphi A 900021 0.5 =256 TTC (Phe) None B
Paratyphi A 980043 0.5 =256 TTC (Phe) None B
Typhi 990018 0.25 =256 TTC (Phe) None B
Typhi 990120 0.25 >256 TTC (Phe) None B
Typhi 990102 0.25 >256 TTC (Phe) None B
Typhi 970004 0.25 >256 TTC (Phe) None B
Typhi 990020 0.25 >256 None GGC (Gly) C
Typhi 990104 0.25 64 TTC (Phe) None B
Typhi 000015 0.25 64 None TAC (Tyr) C
Typhi 000027 0.25 64 None TAC (Tyr) C
Typhi 000037 0.25 64 None TAC (Tyr) C
Paratyphi A 970131 0.032 4 None None D
Paratyphi A 000066 0.016 4 None None D
Paratyphi A 990118 0.064 2 None None D
Typhi 990100 0.032 2 None None D
Typhi 990113 0.016 2 None None D
Typhi 010053 0.016 2 None None D
Typhi 010063 0.016 2 None None D
Paratyphi A 010044 0.032 1 None None D

2 CPFX, ciprofloxacin; NA, nalidixic acid.
 Mutants experimentally selected in vitro.

9 None, no mutations were found.
# The digested patterns in Fig. 1.
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Fig. 1. PCR-RFLP patterns of the representative strains after
Hinfl digestion. The theoretical fragment sizes according to the
gyrA sequence are mentioned in the text.

Hinfl restriction enzyme due to the point mutations at the
both sites, and the fragment size did not change after the
digestion with Hinfl (RFLP pattern A in Fig. 1}. We
examined 32 strains of S. enterica serovar Typhi and
23 strains of S. enferica serovar Paratyphi A, which
include the fluoroquinolone resistant strains that were
experimentally selected in vitro, the strains with reduced
susceptibility to fluoroquinolone, and the fluoroquinolone
susceptible strains, and we could successfully screen
the strains with reduced susceptibility to fluoroquinolones
by this method (Table 2). Establishment of surveillance
system for the detection of gyrA mutations will be the
most important to find out the fluoroquinolone resis-
tance of S. enferica serovar Typhi and serovar Paratypht
A. PCR-RFLP method described here may be one of
methods for the rapid detection of such mutations.

In conclusion, the surveillance for antimicrobial resis-
tance of S. enserica serovar Typhi and serovar Paratyphi
A should be continued. Particularly monitoring the
emergence of strains with double mutations in the gyrA
genes, that are fully resistant to fluoroquinolones, is
important for the antimicrobial resistance surveillance of
clinically relevant S. enterica serovar Typhi and serovar
Paratyphi A.

This work was partially supported by a grant-in-aid for Inter-
national Health Cooperation Research (12A-1) from the Ministry
of Health, Labour and Welfare (to K.H.).
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SUMMARY

We developed an immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA), using
partial recombinant nucleoproteins (tINP) of Reston Ebola virus (EBO-R) and Zaire Ebola virus
(EBO-Z). We examined the reaction of 10 sera from cynomolgus macaques naturally infected
with EBO-R to each of the partial rNP in the IgG ELISA. All the sera reacted to the C-terminal
halves of the tNP of both EBO-R and EBO-Z. Most of the sera reacted to the RAC {amino acid
(aa) 360-739), and RA6 (aa 451-551) and/or RAS (aa 631-739) at a higher dilution than to the
corresponding truncated rNPs of EBO-Z. The results indicate that this IgG ELISA is useful for
detecting EBO-R specific antibody, and may have a potential to discriminate EBO-R infection

from other subtypes.

INTRODUCTION

Ebola virus, which belongs to the family Filoviridae,
order Mononegavirales, is divided into four subtypes:
Zaire Ebola virus (EBO-Z), Sudan Ebola virus
(EBO-S), Cote d’Ivoire Ebola virus (EBO-CI), and
Reston Ebola virus (EBO-R) [1]. Ebola virus has a
negative-stranded RINA genome whichencodesnucleo-
protein (NP), P protein (VP35), matrix protein (VP40),
glycoprotein (GP), second nucleoprotein (VP30), pro-
tein associated with the membrane (VP24), and
RNA-dependent RNA polymerase (L) [2, 3). EBO-Z,
EBO-S, and EBO-CI emerged in equatorial Africa,
and are known to cause haemorrhagic fevers in
humans [4-6]. Experimental infection has also dem-
onstrated that EBQO-Z causes a similar fatal disease
in guinea-pigs and non-human primates [7-9]. EBO-
R emerged in a monkey export and breeding facility

* Author for correspondence.

in the Philippines and caused fatal illness among non-
human primates [10, 11]. EBO-R-infected monkeys
were exported to the United States in 1989, 1990 and
1996 [12-16], and to Italy in 1992 [17]. No sympto-
matic infection has been recorded in humans infected
with EBO-R [11, 13, 14, 17].

The epidemiological situation concerning EBO-R
in the Philippines and the other Asian countries is not
known. This is partly due to the lack of an EBO-R
antibody-detection test kit that can be applied to epi-
demiological studies [18, 19]. Recently enzyme-linked
immunosorbent assay (ELISA) for detecting immuno-
globulin G (IgG) to EBO-Z using the recombinant
NP (rNP) has been developed [20, 21]. The use of re-
combinant proteins has the great advantage of pre-
paring the antigens without any specified facility, and
in modification of the antigens suitable for the assay.
In the present study, we prepared a panel of the
truncated rNPs of EBO-R and EBO-Z and developed
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Table 1. Primers for the amplification of DNA encoding EBO-R NP and

EBO-Z NP

Primers for

EBO-R NP  Sequences

RES-N3F 5-GCT GGA TCC* AGA GAA CTC GAC AGC CT-%
RES-N5R “ACC GAA TTCt GGG GTC AAT TGC ACT AT-3
RES N6F 5-GAC GGA TCC* GAC ACT ATC ATT CCT AAT AGT GC-¥
RES-N6R  5-TTC GAA TTCt TCG GTG CCT GTT GTA TT-3%
RES-N7F 5-GCA GGA TCC* GAG GAA CAA GAA GGT CA-3’
RES-NTR  5-CTT GAA TTC} ACC GAT ATC AGG GTC TT-3¥'
RES-N8F 5-GCT GGA TCC* TCA CAA TTG AAT GAA GAC C-3'
RES-N8R  5-GTG GAA TTCt TTA CTG ATG GTG CTG CAA-3'

* BamHI recognition site.
T EcoRI recognition site,

an IgG ELISA using the rNPs. This new IgG ELISA
demonstrated high specificity and sensitivity to detect
EBO-R antibodies.

METHODS
Sera

Two and four rabbits were immunized four times with
the histidine-tagged entire EBO-R rNP (His-EBO-R-
NP) and the entire EBO-Z rNP (His-EBO-Z-NP),
respectively, using Imject-Alum (Pierce, Rockford,
USA). The His-EBO-R-NP and His-EBO-Z-NP were
prepared and purified as described previously [21, 22].
One cynomolgus monkey was immunized four times
at 2-week intervals with the His-EBO-Z-NP using
Imject-Alum. The sera were collected at 7, 30 and 73
days post immunization and used in the present study.

Ten serum samples collected from cynomolgus
macaques at a monkey export and breeding facility
in the Philippines (Facility A) were used. This facility
had experienced an EBO-R outbreak in 1996 [11].
These sera were determined to be EBO-R antibody-
positive by indirect immunofluorescence assay (IFA)
[22]. Three of these 10 macaques were demonstrated to
have EBO-R antigens in the sera by antigen-capture
ELISA [23]. Seventy-two sera were also collected from
cynomolgus monkeys at another breeding facility in
the Philippines (Facility B) where no EBO-R out-
break had ever occurred. These 72 sera were found to
be negative for EBO-R antibodies by IFA [22].

Preparation of the glutathione S-transferase
(GST)-tagged truncated Ebola NPs

The DNAs encoding the truncated NP of EBO-R
were amplified by polymerase chain reaction (PCR)

from the ¢cDNA of EBO-R (DDBJ accession no.
AB050936) using the primers shown in Table 1. The
PCR fragments were digested with both BamHI and
EcoRlI, purified and subcloned into a pGEX-2T vec-
tor (Amersham Pharmacia Biotech, Little Chalfont,
UK). The sequences of the inserts were confirmed to
be identical to the originals. The GST-tagged trunc-
ated NPs were expressed in E. coli (BL-21 strain)
and purified using glutathione Sepharose 4B column
chromatography, according to the manufacturer’s
instructions (Amersham Pharmacia Biotech). The
GST-tagged truncated EBO-R NPs included RAC
(amino acids (aa) 360-739), RAS5 (aa 360-461), RA6
(aa 451-551), RA7 (aa 541-640) and RAS (aa
631-739). The truncated EBO-Z 1NPs, ZAC (aa
361-739), ZAS5 (aa 361-460), ZA6 (aa 451-552), ZA7
(aa 541-640) and ZA8 (aa 631-739), were as pre-
viously reported [21]. The GST alone was expressed
and used as the negative control antigen in the IgG
ELISA.

IgG ELISA using GST-tagged truncated Ebola NPs

Wells of microtitre plates (Becton Dickinson, NI,
USA) were coated with the unified amount of RAC,
RAS5, RA6, RA7, RAR, ZAC, ZA3, ZA6, ZAT, ZAS
and GST in 100 ul of PBS, and incubated overnight
at 4 °C. The amounts of the antigens were determined
as described below. The plates were washed three
times with phosphate-buffered saline (PBS) contain-
ing 0005% Tween 20 (PBS-T); 200ul of PBS-T
containing 0-5 % bovine serum albumin (PBS-T-BSA)
was added, and incubated for 1 h at 37 °C. The wild
monkey sera were diluted at 1in 1060, 1 in 400, and 1in
1600 in PBS-T-BSA, and the hyper-immune rabbits
and monkey sera were twofold serially diluted from
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Table 2. Optimization of GST-Ebola rNPs* on the ELISA plate

GST

RAS RAG6 RA7 RAS ZAC ZAS ZA6 ZAT ZA8
39 28 90 47 22

43

RAC

18 37

39

26

82

The amount of coated antigen (ng/well)}

0:03 0-04 0-04 002 0-0% 004 0-04 0-02 0-03 NDY

0-04

Mean OD values? plus 3 standard deviation

of 72 sera from Ebola uninfected monkeys§

* RAC (aa 360-739), RAS (aa 360—461), RA6 (aa 451-551), RA7 (aa 541-640), RAS (aa 631-739), ZAC (aa 361-739), ZAS5 (aa 361-460), ZA6 (aa 451-552), ZAT

(aa 541-640), ZA8 (aa 631-739).

T The amount of each GST-Ebola rNP used for IgG ELISA was determined according to the antigenicity of GST-tag using an anti-GST goat polyclonal antibody at a

dilution of 1 in 500.

1 OD value for GST was subtracted from that for each GST-Ebola r1NP.

§ Cynomolgus monkeys derived from a monkey breeding facility (B) in the Philippines that have not experienced any Ebola outbreaks.

9 Not done.
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1 in 100 to 1 in 6400 in PBS-T-BSA; 100 ul of each
serum dilution was added to the antigen-coated wells,
and incubated for 1 h at 37 °C. After washing three
times with PBS-T, the wells were reacted with 100 xl
of horseradish peroxidase (HRP)-conjugated goat
anti-human IgG (Zymed Laboratories Inc., CA) for
monkey sera, or HRP-conjugated goat anti-rabbit
IgG (Zymed Laboratories Inc.) for rabbit sera, at a
dilution of 1 in 1000 in PBS-T-BSA. The plates were
then incubated for 1 h at 37 °C. After washing three
times with PBS-T, ABTS substrate (ABTS tablet
and ABTS buffer; Roche Diagnostics, Mannheim,
Germany) was added to the wells. The plates were
then incubated for 30 min at room temperature and
optical density (OD) at 405 nm were recorded. For
each sample, the adjusted OD value was calculated
by subtracting the OD of GST-coated well from that
of GST-fusion antigen-coated well. The mean plus
three standard deviation of the adjusted OD value
of 72 serum samples from Ebola virus uninfected
cynomolgus monkeys to each GST-tagged, truncated
Ebola rNPs was lower than 0-1 (Table 2). Therefore,
the cut-off value of the IgG ELISA was determined
to be 0-1. The antibody titres of serum samples were
defined as the reciprocals of the highest dilution
yielding a positive value.

The optimization of GST-tagged proteins on
ELISA plate

The amount of coated antigens on an ELISA plate
was standardized according to the antigenicity of
GST-tag. Briefly, several dilutions of the GST-tagged
truncated Ebola rNPs were coated on a microtitre
plate (Becton Dickinson, NJ, USA.). Then, the goat
anti-GST polyclonal antibody (Amersham Pharmacia
Biotech) and the HRP-conjugated anti-goat IgG
rabbit polyclonal antibody (Zymed Laboratories Inc.)}
were added as the primary and secondary antibodies
at dilutions of 1 in 500 and 1 in 1000, respectively. An
OD wvalue of 0-2 was taken as the cut-off value to
determine the end point dilution of each GST-tagged
antigen. The dilution of eight times lower than the
each end point dilution of each GST-tagged antigen
was defined as the amount of antigen coating. The
amount of each GST-tagged antigen used for the IgG
ELISA in this study is shown in Table 2.

Indirect immunofluorescence assay (IFA)

The entire NP of EBO-R or EBO-Z was stably ex-
pressed in HeLa cells as reported previously [22, 24].
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The HeLa cells were trypsinized, washed with PBS,
spotted on 14-well Teflon-coated slide glasses (AR
Brown Co., Ltd., Tokyo, Japan), air dried and fixed
with acetone at room temperature for 5min. The
slides were stored at — 80 °C until use, The slides were
thawed and dried just before use; 20 ul of diluted
serum was spotted on the well of the slide, and in-
cubated under humidified conditions at 37 °C for | h.
After washing with PBS, the slides were reacted with
fluorescein isothiocyanate (FITC)-conjugated goat
anti-human IgG antibody (Zymed Laboratories Inc.)
at a dilution of 1 in 100 or with FITC-conjugated goat
anti-rabbit IgG (Zymed Laboratories Inc.) at a di-
lution of 1 in 100. The slides were washed with PBS
and examined for staining pattern under a fluorescent
microscope. The antibody titre in the IFA was defined
as the reciprocal of the highest dilution showing
positive staining.

RESULTS

Reaction of hyper-immune sera to each truncated
NP of EBO-R and EBO-Z in the I1gG ELISA

Reaction of EBO-R or EBO-Z hyper-immune rabbit
sera and the EBO-Z hyper-immune monkey sera were
examined by the IgG ELISAs with truncated EBO-R
tNPs or EBO-Z rNPs (Fig. 14, Fig. 15, Table 3). The
sera from EBO-R rNP-immunized rabbits (nos. 1 and
2} and those from EBO-Z rNP-immunized rabbits
(nos. 3-6) reacted to RAC, RAS, ZAC and ZA&8 at the
titre of 6400 (Table 3). All the sera from EBQO-R rNP-
immunized rabbits reacted to RAS, RA6, RA7 and
RAS, while the sera did not react to ZA6 and ZA7.
On the other hand, all the sera from ERQ-Z rNP-
immunized rabbits reacted to ZAS5, ZA6 and ZAS,
while two of them did not react to RA6 and RA7.

The sera serially collected from the monkey im-
munized with the EBO-Z NP were also examined
(Fig. 15, Table 3). The day 7 serum reacted to ZAC,
ZAS5 and ZA6. The day 30 serum reacted to ZAC,
ZAS5, ZA6 and ZA7, and the day 73 serum reacted to
ZAC, ZAS and ZAS6 at higher titres. Furthermore, the
day 73 serum also reacted to ZA8, RAC, RAS5 and
RAS.

Reaction of the sera from EBO-R infected monkeys
to each truncated ¥NP of EBO-R and EBO-Z in the
IzG ELISA

Ten IFA antibody positive monkey sera collected at
the Facility A in the Philippines were examined for the
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Fig. 1. The OD values at 405 nm in the IgG ELISA using
truncated Ebola rNPs. {4} sera collected from two rabbits
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reaction in the IgG ELISA (Fig. l¢, Table 3). All
the sera reacted to RAC and ZAC. Seven, 9, S and 7
of the 10 sera reacted to RAS5, RA6, RA7 and RAS,
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respectively, Three, 1 and 4 of the 10 sera reacted to
ZAS5, ZA6 and ZAS, respectively, while none reacted
to ZA7. The titres were at least 4 times higher for
RAC than for ZAC in 8 of the 10 sera in the IgG.
However, only 5 sera reacted to EBO-R NP at least
4 times higher titre than to EBO-Z tNP in IFA.

DISCUSSION

In the present study, we developed the IgG ELISAs
using the truncated rNPs of Ebola viruses. The reac-
tions of Ebola antibody positive sera to the truncated
rNPs of EBO-R and EBO-Z were analysed by the IgG
ELISA. The truncated rINPs used in the IgG ELISAs
covered the C-terminal halves of the NPs of EBO-R
and EBO-Z. It has been reported that the C-terminal
halves of the NPs are hydrophilic and antigenic, while
the N-terminal halves are hydrophobic and far less
antigenic [19, 21, 25].

All the hyper-immune rabbit sera reacted strongly
to RAC, RA8, ZAC and ZAS8 in the IgG ELISA.
The EBO-Z rNP-immune monkey serum collected on
day 73 after immunization reacted to ZAC and RAC,
Ten sera from EBO-R infected monkeys that died or
were sacrificed during the EBO-R outbrezk in the
Philippines in 1996 were also examined by the IgG
ELISA. These 10 sera were confirmed to be EBO-R
antibody positive by IFA. All the 10 sera reacted to
RAC and ZAC in the IgG ELISA. Seven of the 10 sera
also reacted to RAS8, and four (nos. 2408, 2191, 2195
and 2180) of them further cross-reacted to ZA8. Simi-
lar reaction pattern was demonstrated by Western
blotting (data not shown). The results suggest that
AC and A8 contains cross-reactive epitopes between
EBO-R and EBO-Z, and that the IgG ELISA using
RAC has a suitable degree of sensitivity compared
with IFA using Hela cells expressing EBO-R rNP.
Eight of the 10 sera from EBO-R infected monkeys
reacted to RAC at least 4 times higher titre than to
ZAC in the IgG ELISA, while only 5 sera reacted
to EBO-R rNP at least 4 times higher titre than to
EBO-Z rNP in IFA. Recent reports demonstrated
that humoral immune responses were mainly directed
against the NP and the VP40 in Ebola virus in-
fected humans [26, 27]. Therefore, the IgG ELISA
using RAC and ZAC would be useful for detecting
subtype-specific antibodies. Furthermore, 6 and 5 of
the 10 sera reacted to RA6 and RAR at a dilution
of 1 in 400 or greater, respectively. The results suggest
that the reaction to RAC, RA6 and/or RA8 can be
considered as a clue for truly positive reaction.

Several diagnostic methods have been developed to
detect Ebola-specific antibodies. It has been reported
that many of these methods fack the specificity in de-
tecting past filovirus infections. Thus, previous sero-
logical surveys could not illustrate the epidemiclogy
of the filoviruses [18, 19]. In this regard, the newly
developed IgG ELISA using the truncated rINPs
might be more useful for seroepidemiological studies,
especially in combination with IFA using HeLa cells
expressing Ebola rNP [22, 24].
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